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GLOSSARY

Allocation

O3DUWLWLRQLQJ WKH LQSXW RU
cess or a product system between the product
system under study and one or more other

product systems” (ISO 14040:2006, section

3.17).

Background system

“Those processes, where due to the averaging
effect across the suppliers, a homogenous mar-
ket with average (or equivalent, generic data)
can be assumed to appropriately represent the
respective process ... and/or those processes
that are operated as part of the system but

that are not under direct control or decisive

decisions analyzed in the study” (JRC 2010, p.

XV\7§%§1\X/ \{VR\E,YCF@OESJ BRFOXGHV “UV\

the manufacturer itself and any downstream

life cycle stages where the manufacturer can

HI[HUW VLIJQL“FDQW LQtXHQFH $V D
VSHFL“F SULPDU\ GDWD VKRXOG E
foreground system.

Functional unit

O4XDQWL*HG SHUIRUPDQFH RI D SU
for use as a reference unit” (ISO 14040:2006,
section 3.20).

Life cycle

A view of a product system as “consecutive and

LQtXHQFH RI WKH SURGXFHU R WrkerinBdrl Rt@y¥s P. froBi&w material acquisi-

2010, pp. 97-98). As a general rule, secondary
data are appropriate for the background sys-

tion or generation from natural resources to
“QDO GLVSRVDOP ,62 VHEV

WHP SDUWLFXODUO\ ZKHUH S UL Pbiglihciadesalbmateridal aad efiérgy puts as

to collect.

Closed-loop and open-loop
allocation of recycled material

“An open-loop allocation procedure applies to
open-loop product systems where the material
is recycled into other product systems and the
material undergoes a change to its inherent
properties.”

“A closed-loop allocation procedure applies to

closed-loop product systems. It also applies to
open-loop product systems where no changes
occur in the inherent properties of the recycled
material. In such cases, the need for allocation
is avoided since the use of secondary material
displaces the use of virgin (primary) materials.”

(ISO 14044:2006, section 4.3.4.3.3)

Critical Review

“Process intended to ensure consistency
between a life cycle assessment and the
principles and requirements of the Interna-
tional Standards on life cycle assessment” (ISO
14044:2006, section 3.45).

Foreground system

“Those processes of the system that are

well as emissions to air, land, and water.

Life Cycle Assessment (LCA)

“Compilation and evaluation of the inputs, out-
puts and the potential environmental impacts
of a product system throughout its life cycle”
(ISO 14040:2006, section 3.2).

Life Cycle Inventory (LCI)

“Phase of life cycle assessment involving the
FRPSLODWLRQ DQG TXDQWL*“FDWLR
outputs for a product throughout its life cycle”

(ISO 14040:2006, section 3.3).

Life Cycle Impact Assessment (LCIA)

“Phase of life cycle assessment aimed at

understanding and evaluating the magnitude

DQG VLIJQL“FDQFH RI WKH SRWHQW
impacts for a product system throughout the

life cycle of the product” (ISO 14040:2006, sec-

tion 3.4).

Life cycle interpretation

“Phase of life cycle assessment in which the
“QGLQJV RI HLWKHU WKH LQYHQWR
impact assessment, or both, are evaluated in
UHODWLRQ WR WKH GH“QHG JRDO C
to reach conclusions and recommendations”

VSHFL*F WR LW Y DQG RU GLUHFV{’I%ledd_:%(%,%&ti&]\SE).



10

EXECUTIVE SUMMARY

Life Cycle Assessment (LCA) allows the holistic
examination of the environmental impacts and
resource utilization of a product, from the raw
materials used in its creation to its disposal at
the end-of-life. A fundamental component of

and cotton exporting countries during the
study period. In an effort to collect the best
quality data, textile mills that have relationships
with Cotton Incorporated account representa-
tives were selected based on the products that

/&$ LV WKH /LIH &\FOH ,QYHQW R U \thédgmanuwactuxeDtielevedr &f vertical integra-

tion of relevant energy and material input and
environmental release data associated with the
manufacturing and other processes. The primary
purpose of this project was to provide robust

tion, and their location. Countries and regions
of interest (South/Central Asia, East Asia,

(XubvLD DQG /DWLQ $PHULFD ZHUH LGHQWL*"

based on world textile manufacturing volume.

DQG UHFHQW /&, GDWD IRU JOR E DCorstmarWwae Qeteribridata were collected

production and textile manufacturing ensuring
that cotton is accurately represented in LCAs, as
well as to provide an update to a similar study
completed in 2010. Additionally, Life Cycle
Assessments (LCAs) were performed to evalu -
ate the environmental impacts of three cotton
garments: t-shirt, knit casual collared shirt, and
woven casual pant. The study was conducted ac -
cording to the principles of the ISO 14040 series
and subjected to a critical review.

The LCA was divided into three primary phases:
agricultural production (seed to production of

D EDOH RI "EHU IURP WKH JLQ
(bale to fabric to cut-and-sew), and use (con-
sumer use and disposal). Agricultural data were
collected from the United States, India, China,
and Australia to represent average production
conditions from 2010 to 2014. These countries
represented the top three cotton producing

by Cotton Council International and Cotton
Incorporated using an international, third party
market research company to survey respon-
dents in the uppermost consuming countries
regarding their use and laundering practices

for t-shirts, knit casual collared shirts, and casual
woven pants. The survey was conducted from
May through June 2015 in the United States,
China, Japan, and the European Union.

When the entire cotton life cycle is considered,
the textile manufacturing and consumer use
phases dominate most of the impact categories
Wdelspitelih@ dro8udiRypé] ®sMllurdted in Figure
ES-1 for the knit collared casual shirt. This is
due primarily to garment laundering and high

HOHFWULFLW\ XVH LQ “EHU SURFHVVLQJ

expenditures related to conditioning, process-
ing, heating, and eventual drying of water

GXULQJ WKH SUHSDUDWLRQ G\HLQJ DQG “QL)\



processes. Although agricultural production’s phase contributed the most to all but two im-

contribution to total impact was lower than the pact categories due to high energy usage and

consumer use and textile manufacturing phases use of various process chemicals. Textile manu-

in most categories, water consumption, eutro- facturing optimization should focus on energy
SKLFDWLRQ DFLGL“FDWLRQ-DQGHHMPIGHBFLVXVR®Y POHDQHU HQHUJ!
sociated with nitrogen fertilizer, irrigation, and use of more environmentally friendly process
JLOQQLQJ ZHUH LGHQWL“HG DV PDMRMPERQ®V IDEX&WRURFPMRVHY WR FU
overall impact. IDEULF 7KH XVH SKDVH DOVR FRQW

cantly to most impact categories. Use phase

impacts are dominated by consumer use due

to laundering. Use phase impact reductions can

EH PDGH WKURXJK WKH PRGL“FDWL
ing behavior by switching from machine drying

to line drying, using cold wash water with ap-
SURSULDWH GHWHUJHQWY DQG XV
washing machines.

Continued improvement in the cotton garment
production system should focus on several
areas within the supply chain. For water con-
sumption and eutrophication, cotton irrigation
and fertilizer use within the cotton cultivation
process are key parameters which should be
further optimized. The textile manufacturing

FIGURE ES-1Relative contribution to each impact category for knit collared casual shirt.
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The purpose of this project was to develop and publish detailed global aver-
age Life Cycle Inventories (LCIs) for cradle-to-grave production of cotton
“EHU DQG IDEULF $GGLWLRQDOO\
WR HYDOXDWH WKH HQYLURQPHQWDO LPSDFWV RI WK
VSHFL“FDOO\ W VKLUWY NQLW FDVXDO FROODUHG V
Incorporated commissioned thinkstep to perform these analyses according to

WKH SULQFLSOHV RI WKH

LCA is a demonstrated method to objectively
DQG VFLHQWL“FDOO\ HYDOXDWH
ments of a product and its potential impact

on the environment during every phase of

its production, use, and disposal. The LCA
approach was utilized in initial studies under-
taken by the cotton industry to evaluate the
environmental impact of farming practices and
textile production systems. The initial work led
to a greater understanding of how the industry
could lower its energy use, carbon emissions,
and other environmental impacts. The current
study was undertaken to identify additional
opportunities for improvement and to ensure
that accurate, up-to-date LCI data are available
for those evaluating cotton products across
the supply chain.

Cotton Incorporated’s Agricultural and Environ-
mental Research and Corporate Strategy and
Program Metrics divisions were responsible
for data collection and quality checks of cotton
production and consumer data, respectively.
Textile data were collected by the Global
Supply Chain Management and the Product
Development and Implementation (PDI) divi-
sions. In addition, textile experts from the PDI
division quality checked the data submitted
by the textile mills. A detailed list of Cotton
Incorporated contributors can be found in
Appendix H: Cotton Incorporated Contributors.

/ILIH &\FOH $VVHV

,62 VHULHV

The goals of this study were to:

W 'ghlpp%rlf'u\égg(olf" foﬁonUaHch%SljfoH E|srived

products with current and accurate Life
&\FOH ,QYHQWRU\ /&,
production and textile processing.

GDWD IRU

2. Collect global consumer use data for assess-
ment and decision making.

3. Provide a life cycle assessment of textile
products (knit casual collared shirt, t-shirt,
and casual woven pants).

4. Monitor progress and measure changes
for continuous improvement.

5. Guide decisions about current research
priorities and new research initiatives.

Internal stakeholders include those involved

in research, marketing and communications, in
operations (with the goal of process improve-
ments), and in design (with the goal of design
improvements). External stakeholders include
importers, suppliers, and other industry players.

Although the objectives of this LCA do not
include comparative assertions, the LCI results
will be incorporated into searchable LCI data-
bases. Therefore, to ensure the highest level
of quality and credibility, a critical review

of the study was conducted per Section 7

of ISO 14040.
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SCOPE OF
THE STUDY



The following sections describe the general scope of the project to achieve
WKH VWDWHG JRDOV 7KLV LQFOXGHV EXW LV QRW C
FL‘F SURGXFW V\VWHPV WR EH DVVHVVHG WKH SURG
DQG UHIHUHQFH tRZV WKH VI\VWHP ERXQGDU\ DOORF
FULWHULD RI WKH VWXG\

2.1 PRODUCT SYSTEM(S)

The products under study include three basic The base fabric for each of the three products

apparel items made from 100% cotton fabric: ZDV SURGXFHG IURP FRWWRQ “E
a knit t-shirt, a knit collared casual shirt, and wo- G\HV DQG “QLVKHV PD\ KDYH EHHQ
ven casual pants. The knit collared casual shirt style effects and performance features, such

and woven casual pants are the same products DV DSSO\LQJ D VWDLQ UHVLVWDQW
as studied in the 2010 LCA, only the garment The fabric for the knit collared shirt was speci-
descriptions were updated from “golf shirt” and “HG WR EH D VLQJOH SLTXH NQLW I
ONKDNL SDQWVP LQ RUGHU WR U bftheFgyméntaddPsieeVe & B ihbedukiit fabric

more globally-recognizable. In addition to the was used to construct the neck and sleeve trim.

products included in the last study, a knit t-shirt Additionally, two buttons made from polyeth-

was added to the scope in response to frequent ylene copolymer were part of the construction.
UHTXHVWYVY DQG WR UHtHFW WKH 3h¢tshiktbady, Qldeves] &nd ydclketivere

of the expanded consumer use regions. While constructed from a single jersey knit fabric. The

only the United States was considered in the casual woven pants were constructed from a

consumer use phase in the previous study, 7.5 ounces/square yard twill fabric for the base

consumer behavior scenarios were expanded fabric, belt loops, and back pockets. Addition-

to include use in Asia and Europe. According ally, three polyethylene copolymer buttons

to research from CCI & Cotton Incorporated’s and a metal zipper were part of the functional

Global Lifestyle Monitor™, t-shirt ownership design. Pocket liners were constructed from

LV VLIQL“FDQWO\ KLIJKHU WKDQ RWdW¢hpoMeRsS twilkfaluiaVThese product

categories owned (dress shirts, casual shirts, VSHFL*FDWLRQV ZHUH FKRVHQ WR
and active shirts). product for each of the studied garments.

2.2 PRODUCT FUNCTION(S) AND FUNCTIONAL UNIT

The scope of the study is the cradle-to-grave For this study, it is assumed that a knit casual

production of cotton products. The major func- FROODUHG VKLUW ZHLJKYVY RQ DYHU
tional units are separated for knit and woven IXQFWLRQDO XQLW RI NJ “QLV
fabrics, and an intermediate functional unit is this represents 3,278 shirts. This study assumes

DOVR GH“QHG DV WKDW D NQLW W VKLUW ZHLJKV RQ
f NJ RI “EHU DQG WKH IXQFWLRQDO XQLW R} NJ “

ments, this represents 4,651 shirts. It is assumed

that a pair of woven casual pants weighs on
DYHUDJH J IRU WKH IXQFWLRQD
NJ “QLVKHG JDUPHQWYV WKLV UHS
pairs of casual pants.

f NJ RI “QLVKHG JDUPHQWYV
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FIGURE 2-1:Life cycle system boundaries and functional units.
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TABLE 2-1: System boundaries.

Included Excluded

Q Cotton growth, cultivation, and ginning 8Human labor

9 Ancillary material production 8Construction of capital equipment
(dyes, chemicals, etc.)

O Energy and emissions for fabric production, 8Maintenance and operation of support equipment
including facility overhead

O Energy and materials for garment creation 8Production and transport of packaging materials
(cut-and-sew)

O 7UDQVSRUW RI LQWHUPHGLDWH D Q GBTranspoK tod retall Ro@usorvey
Q 7UDQVSRUW RI “QLVKHG IDEULF IRU FXW DQG VHZ

O Fabric use phase washing and drying (in homes
only —no dry cleaning considered)

O Fabric end-of-life
O Ecotoxicity Potential

9O Human Toxicity Potential




2.3 SYSTEM BOUNDARIES

The cradle-to-grave LCI for global average

“EHU FRYHUV UDZ PDWHULDO SU

through ginning. The impacts are calculated
for a functional unit of 1,000 kilograms (kg) of

“EHU 7KH FUDGOH WR JDWH /&,V [IR
IDEULF WDNH WKH “EHU /&, WKUR XJ
G\HL-QJ

NQLWWLQJ RU ZHDYLQJ
pacting or sanforizing. The impacts for fabric
manufacturing are calculated for a functional
unit of 1,000 kg of knit fabric or 1,000 kg of
woven fabric, as appropriate. Cradle-to-grave
LCA results evaluate the impacts of 1,000 kg
of knit casual collared shirts, 1,000 kg of knit
t-shirts, and 1,000 kg of woven casual pants
through use and disposal. Primary data was
collected for the agriculture production, textile
manufacturing, and garment use and end-of-
life (EoL) phases. Secondary data were used for
the cut-and-sew portion of the supply chain.
System boundaries are shown in Figure 2-1.

2.3.1 Time Coverage

Primary data was collected by Cotton Incorpo-
rated through partnerships with researchers,
industry, and cooperators and represents the
years 2010 to 2014 (agricultural data), 2014 to
2015 (textile data), and 2015 (consumer use
data). Agricultural data were collected over a
range of years to average out seasonal and
short-term weather events such as droughts
DQG tRRGV
obtaining proprietary inputs and outputs for

2.3.2 Technology Coverage

%té( v'f/evrvel‘(:caIgctéé'J fgr I?ep;‘r'gsgn ative tech-
nologies in each region. Growth of cotton was
modelled n GaB| ts with the thlnkstep agricul-
| to approbma}(e\_' clc-)nsgzar the pa-

eters o r% i ere t growing Systems and
e con&séent w[%h(%he Z%ﬁ) LCA. For fabric
productlon, representative mills were chosen in
each region based on their technology, vertical-
ity, and data availability. With many possible
unit process paths, the most representative

VSHFL“F FRPELQDWLRQ RI SURFHVYV
for each country, providing nation-aggregated

/&,V EXW JLYLQJ tH[LELOLW\ WR FF
SURGXFWLRQ SDWKV ZLWKLQ WKH
gies of each country.

tura m

Ancillary and process material data, such as

the production of chemicals, fuels, energy, and
power, were adopted as average industry mixes
from the GaBi ts software system database (cur-
rent release GaBi ts, http://www.gabi-software.
com). The list of raw materials and correspond-
ing datasets used is described in Annex C: Life
Cycle Inventory Datasets.

2.3.3 Geographical Coverage

The geographical coverage for this study
is as follows:

'LWK WKH SUDFWLFD @& 8B 9"k Ey§ivsie

y United States (Far%est Southwest,

D VXI“FLHQW QXPEHU RI PLOOV LQ EWARVE & BW0edsy g

wovens in the dominant manufacturing coun-
tries, textile data collection was limited to only
twelve months prior. Consumers were surveyed
from May to June 2015 regarding their current
use, laundering, and disposal habits. Addi-
tional data necessary to model base material
production and energy use were adopted from
the GaBi ts software system database and are
described further in Appendix C: Life Cycle
Inventory Databases. Based on knowledge of
industry developments, it is assumed that the
results are generally valid for a minimum of the
next 5 years.

y China (Xianjiang or Northwest, Yellow
River, & Yang Tse) with a concentration on
the Northwest

y India (North, Central, & South)

y Australia

f Cotton fabric manufacture
y Eurasia
y Latin America
y South and Central Asia
y East Asia
y Raw & ancillary material production
(United States & Europe)

f Consumer use of textiles and end-of-life
y United States
y Europe (United Kingdom,
Italy, & Germany)
y China
y Japan

7+( 678'<
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Cotton growth and cultivation data collection
was determined based on the top cotton
producing and exporting countries. According
to the USDA, the top three cotton-producing
countries are China, India, and the United
States (67% of world’s production in 2014)

and the top three exporting countries were

the United States, India, and Australia (28% of
global exports) for the time period that the data
collection represents (USDA, 2015a).

The cotton fabric manufacturing data included
yarn production, fabric production, and prepa-

and knit fabric based on spindles installed and
machinery shipments. (ITMF, 2012) Countries
in Latin America were included to provide a
more global look at the environmental effects
of textile manufacturing, which is prone to loca-
tion shifts as changes in trade policy and labor
costs occur.

Europe and the United States were the regions
included for raw and ancillary material produc-
tion. According to the World Trade Organiza-
tion’s International Trade Statistics 2014, the
European Union and the United States are the

UDWLRQ G\HLQJ DQG “QLVKLQJ Rp ihpoitiviglarRd@xportiXg-edibRs for chemi-

the sensitive and detailed data required from
mills, companies were chosen based on knowl-
edge of manufacturing processes and relation-
ships with account representatives from Cotton
Incorporated. According to ITMF data, Asia is
the leading producer of yarn, woven fabric,

2.4 ALLOCATION

2.4.1 Multi-output Allocation

Multi-output allocation generally follows the
requirements of ISO 14044, section 4.3.4.2.
When allocation becomes necessary during the
data collection phase, the allocation rule most
suitable for the respective process step is ap-
plied and documented along with the process
in Chapter 3.

Allocation of background data (energy and
materials) taken from the GaBi 2016 databases
is documented online at http://documentation.
GaBi-software.com/.

When a process yields more than one valu-
able output, environmental burden is shared
between the different co-products. A notable
need for allocation is in the growth of cotton
plants. Two valuable co-products come from

cals. (WTO, 2014)

For the consumer use and EoL data collection,

the United States, the European Union, China,

and Japan were chosen based on consumption
of apparel products.

crop at the ginning process and upstream are

split based on the ratio of the average eco-

QRPLF YDOXH RI ERWK VHHGY DQG “EHU RYHU
years 2010 to 2014 to account for seasonal and

PDUNHW tXFWXDWLRQV 'DWD IURP 1%6 Z |
used to verify that this value was also represen-

tative of cotton production in China, therefore

the 16% value was assumed to represent global

average conditions.

'XULQJ WKH PDQXIDFWXUH RI IDEULF VKRUW °
and noils were produced as valuable co-prod-

ucts and sold offsite. An economic allocation

RI LPSDFW WR WKHVH tRZV ZDV GHHPHG UHDV
DEOH EHFDXVH WKH “EHUV DUH XVHG LQ WKH
production system of textile manufacturing

and the noils are too valuable to be considered

waste (approximately $1.00 per kg compared

WR SHU NJ IRU “EHU TKURXJKRXW WKH W

WKLV VAIVWHP FRWWRQ “EHU DQGPVHXCYFWOWDQUXKRLW SURFHVVHV ZDVWH tRZ

USDA (2015c) were used to establish the aver-

recycled internally or sold offsite were treated

DJH UDWLR RI VHHG WR “EHU S U RS byproviugs@nd \@erg\cKtiaff from the system

United States from 2010 to 2014. This ratio

was determined to be 1.4. The same data set
provided that the price of seed was $0.11 per
SRXQG DQG “EHU ZDV
same time period. Therefore, total value of a
SRXQG RI “EHU zZzDV
1.4 *$0.11 for a total value of $0.95. Thus 16%
of the economic value of the harvested crop is
in the seed, so the burdens of producing the

boundaries.

Allocation was used in creation of upstream

SHU SRQ@}AJ/E?M %V hQ WKH *D%L GDWDEDVH VXFK DV

products Documentatlon for upstream data

SOXV WK EF’\})ﬁ (EBU(B% Heaﬁqst No allocation

was app ed in the consumer phase.



2.4.2 End-of-Life Allocation used to allocate the burden to the appropriate
disposal method based on typical practices for

End-of-life (EoL) allocation generally follows .
each country or region.

the requirements of ISO 14044, section 4.3.4.3.

The EoL allocation has been altered from the (QHUJ\ UHFRYHU\ ODQG“OO0OLQJ FXW RII D¢
previous LCA. Several factors led to this deci- proach): Any open scrap inputs into manu-

sion. The previous LCA studied consumer use facturing remain unconnected. The system

and EoL in the United States only, where survey boundary includes the waste incineration and

respondents indicated that a vast majority ODQG“OO0LQJ SURFHVVHV IROORZLQJ WKH S
of clothing is reused or donated to charity at pays-principle. In cases where materials are

WKH HQG RI WKH JDUPHQWMYV “U \s¥ht £3 whkte indmérititititdey are linked to

this study has been expanded to include an inventory that accounts for waste composi-

consumption in countries where disposal is tion and heating value as well as for regional

VLIQL*FDQWO\ PRUH OLNHO\ WR RAFKIUH QR LMFGCHWE K@ DW WR SRZHU RXWSXW
the EoL assumption has been increased to 100 ,Q FDVHV ZKHUH PDWHULDOV DUH VHQW WR
years for this study, and is not limited to the they are linked to an inventory that accounts for

HQG RI WKH “UVW OLIH IRU WKH JfasicoripvéitiohKréidihl Rakébe rates, and

it is assumed that in that time period, a majority ODQG“0O0 JDV FDSWXUH DV ZHOO DV XWLOL
of articles will be disposed of through either tDULQJ YV SRZHU SURGXFWLRQ 1R FUHGI

ODQG“O0LQJ RU LQFLQHUDWLRQ péwerohéafrodfidbnlafe Essigned.

incineration rates for each country studied were

2.5 CUT-OFF CRITERIA

The following cut-off criteria were used to If the proxy for an excluded material has a
ensure that all relevant environmental impacts VLIQL“FDQW FRQWULEXWLRQ WR WKH RYH
were represented in the study: more information is collected and evaluated
in the system.
fMass: ,I D tRZ LV OHVV WKDQ- RI WKH FXPXOD
tive mass of all the inputs and outputs of the 7KH VXP RI WKH QHJOHFWHG PDWHULDO tRZ
LCI model, it may be excluded, provided its not exceed 2% of mass or energy. For the
environmental relevance is not a concern. processes within the system boundary, all

fEnergy: .1 D tRZ LV OHVV WKDQ  RY{ W@ R&XBKR HQHUJV DQG PDWHULDO tRZ GD
lative energy of all the inputs and outputs of been included in the model. In cases where no

the LCI model, it may be excluded, provided matching life cycle inventories are available to
its environmental relevance is not a concern. UHSUHVH QW D tRZ ,SU R G DWD KDYHEHHQ
_ based on conservative assumptions regarding
f Environmental relevance: ,1 D tRZ PHHWYV WiHmental impacts. The choice of proxy
above criteria for exclusion, yet is thought to GDWD DUH GRFXPHQWHG LQ &KDSWHU 7K
SRWHQWLDOO\ KDYH D VLJQL"FRRWorth@s¥ brdhly BufaldftMé ReSlits of the
LPSDFW LW LV HYDOXDWHG ZLWiseSsHhEnt hibbebrftE & lanked and is

by chemical and material experts within discussed in Chapter 5.
Cotton Incorporated and from thinkstep.
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2.6 SELECTION OF LCIA METHODOLOGY

AND IMPACT CATEGORIES

The impact assessment categories and other
metrics considered to be of high relevance

to the goals of the project are shown in Table
2-2 and Table 2-3. Various impact assessment
methodologies are applicable for use in the
European context including, e.g., CML, ReCiPe,
and selected methods recommended by the
ILCD. This assessment is predominantly based
on the CML impact assessment methodology
framework (CML 2001 update April 2013). CML
characterization factors are applicable to the
European context, are widely used and respect-
ed within the LCA community, and are required
for Environmental Product Declarations under
EN 15804.

Global warming potential, including biogenic
carbon and non-renewable primary energy de-
mand, were chosen because of their relevance

Human health particulate air covers particulate
matter emissions of various aerodynamic diam-
eters (with a reference substance of particulate
emissions with an aerodynamic diameter less
WKDQ SP RU 30
it is a key outdoor air quality indicator and a
major contributor to respiratory disease around
the world, particularly in urban areas. The TRACI
2.1 methodology was used to quantify PM2.5.

Water consumption (i.e. the anthropogenic
removal of water from its watershed through
shipment, evaporation, or evapotranspiration)
as well as the water scarcity footprint (WSF),
has also been selected due to its high political
relevance. The UN estimates that roughly a bil-
lion people on the planet don't have access to
improved drinking water, which entails a variety
of problems around ecosystem quality, health,

WR FOLPDWH FKDQJH DQG HQHUJandintthitiod.QF\ ERWK

of which are strongly interlinked, of high public
and institutional interest, and deemed to be

one of the most pressing environmental issues
of our time. The global warming potential im-
pact category is assessed based on the current
IPCC characterization factors taken from the 5th
Assessment Report (IPCC, 2013) for a 100-year
timeframe (GWP100), as this is currently the
most commonly used metric.

Additionally, the project includes an evaluation
of human toxicity and ecotoxicity potentials

from employing the USEtox™ characterization
model. USEtox™ is currently the best available
approach to evaluate toxicity in LCA and is the
consensus methodology of the UNEP-SETAC
Life Cycle Initiative. The precision of the current
USEtox™ characterization factors is within a fac-
tor of 100-1,000 for human health and 10-100

(XWURSKLFDWLRQ DFLGL“FDWLR @r flesQ\@itess EdRtokiRity KRdsehbaum R. K.,

cal ozone creation potentials were chosen
because they are closely connected to air, soil,
and water quality and capture the environ-
mental burdens associated with commonly
regulated emissions such as NOx, SO2, VOC,
and others.

Ozone depletion potential was chosen because
of its high political relevance, which eventu-
ally led to the worldwide ban of more active

RIRQH GHSOHWLQJ VXEVWDQFHV

less active substances is due to be completed
by 2030. Current exceptions to this ban include
the application of ozone depleting chemicals in
nuclear fuel production. The indicator is there-
fore included for reasons of completeness.

et al., 2008). This is a substantial improvement
over previously available toxicity characteriza-

WLRQ PRGHOV EXW VWLOO VLIJQL“FDQWO\ KLJ

for the other impact categories noted above.
Given the limitations of the characterization
models for each of these factors, results are re-
ported as “substances of high concern,” but are
not to be used to make comparative assertions.

The evaluation of land use indicators according
toWh& EANBDA InethbdR Bedk, & hl., 2010) were
added as agricultural production for cotton
typically requires more land than an industrial
process. Since this is a relatively new methodol-
ogy, this study is an opportunity to begin to

gain insight on the associated metrics for cot-
ton production.

DQG ZDV FKRVHQ EHFDX\



TABLE 2-2: Impact category descriptions.

Impact Category

Global Warming

Potential (GWP100)

Abiotic Resource
Depletion
(ADP elements)

Eutrophication
Potential (EP)

$FLGL“FDWLRQ

Potential (AP)

Photochemical
Ozone Creation
Potential (POCP)

Ozone Depletion
Potential (ODP)

Human Toxicity (HT)

Ecotoxicity (ET)

Human Health
Particulate Air
(HHPA)

Water Scarcity
Footprint (WSF)

Description

A measure of greenhouse gas emissions such as CO
and methane. These emissions are causing an increase
in the absorption of radiation emitted by the earth,
increasing the natural greenhouse effect. This may in
turn have adverse impacts on ecosystem health,
human health, and material welfare.

The consumption of non-renewable resources leads

to a decrease in the future availability of the functions sup-
plied by these resources. Depletion of mineral resources
are reported separately. Depletion of mineral resources

is assessed based on ultimate reserves.

Eutrophication covers all potential impacts of excessively
high levels of macronutrients, the most important of which
are nitrogen (N) and phosphorus (P). Nutrient enrichment
may cause an undesirable shift in species composition and
elevated biomass production in both aquatic and terrestrial
ecosystems. In aquatic ecosystems increased biomass
production may lead to depressed oxygen levels because
of the additional consumption of oxygen in biomass
decomposition.

A measure of emissions that cause acidifying effects in the

HQYLURQPHQW 7KH DFLGL“FDWLRQ SR Wead@aldnD O ét¥l.,.D02HDV XUH RI D

molecule’s capacity to increase the hydrogen ion (H+) con-
centration in the presence of water, thus decreasing the pH

YDOXH 3RWHQWLDO HIIHFWV LQFOXGH “VK PRUWDOLW\

and the deterioration of
building materials.

A measure of emissions of precursors that contribute to
ground level smog formation (mainly ozone O3), produced
by the reaction of VOC and carbon monoxide in the pres-

HQFH RI QLWURJHQ R[LGHV XQGHU WKH

Ground level ozone may be injurious to human health and
ecosystems, and may also damage crops.

A measure of air emissions that contribute to the depletion
of the stratospheric ozone layer. Depletion of the ozone
leads to higher levels of UVB ultraviolet rays reaching the
earth’s surface, with detrimental effects

on humans and plants.

A measure of toxic emissions which are directly harmful to
the health of humans and other species.

Particulate matter emissions of various aerodynamic diam-
eters (with a reference substance of particulate emissions
with an aerodynamic diameter less than

SP RU 30

A measure of the stress on a region due to water consump-
tion addressed by applying the water stress index (WSI).
The WSI is the ratio of total annual freshwater withdrawals to
hydrological availability with values ranging from 0 (no water
stress) to 1 (high water stress). It is multiplied by the water
consumption value to indicate which portion of consumption
contributes to water deprivation.

Unit

kg CO:
equivalent

kg Sb
equivalent

kg PO,
equivalent

kg SO2

kg C2H4
equivalent

LQtXHQFH RI

kg CFC-11
equivalent

CTUh

CTUe

PM2.5
equivalent

Litres

of water
equivalent
(H20e)

Reference
(IPCC, 2013)

(van Oers, de
Koning, Gui-
née, & Hup-
pes, 2002)

(Guinée,
et al., 2002)

(Guinée,

(Guinée,
et al., 2002)

(Guinée,
et al., 2002)

(Rosenbaum
R. K., etal.,
2008)

(Enivronment
and Hu-

man Health,
European
Environment
Agency (EEA),
2013)

3“VWHU
Koehler, &
Hel, 2009)
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It shall be noted that the above impact catego- inventory only captures that fraction of the total

ries represent impact potentials, i.e. they are environmental load that corresponds to the
approximations of environmental impacts that functional unit (relative approach). LCIA results
could occur if the emissions would (a) actually are therefore relative expressions only and do
follow the underlying impact pathway and not predict actual impacts, the exceeding of
(b) meet certain conditions in the receiving thresholds, safety margins, or risks.

environment while doing so. In addition, the

TABLE 2-3: Other environmental indicators.

Indicator Description Unit Reference

Primary Energy A measure of the total amount of primary energy extracted MJ (lower (Guinée, et al.,

Demand (PED) from the earth. PED is expressed in energy demand from heating 2002)
non-renewable resources (e.g., petroleum, natural gas, etc.) value)

and energy demand from renewable resources (e.g., hydro-
SRZHU ZLQG HQHUJ\ VRODU HWF (H“FLHQFLHV LQ HQHUJ\ FRQYHU
sion (e.g., power, heat, steam, etc.) are taken into account.

Blue Water A measure of the net intake and release of fresh water across Cubic (thinkstep,
Consumption (BWC) the life of the product system. This is not an indicator of envi- meters of 2014)
ronmental impact without the addition of information about water

regional water availability.

Blue Water Use A measure of total amount of freshwater withdrawn from a Cubic (thinkstep,
(BWU) watershed. This is not an indicator of environmental impact meters of 2014)
without information about regional water availability. water
As this study does not intend to support Additionally, cropping patterns in Australia
comparative assertions to be disclosed to third and the United States were diverse and
parties, no grouping or further quantitative XVXDOO\ LQFOXGHG VLJQL“FDQW LQFOXVLRQV
cross-category weighting has been applied. natural ecosystems in the farmscape.

Instead, each impact is discussed in isolation

without reference to other impact categories .

EHIRUH "QDO FRQFOXVLRQV DQG ﬁﬂgQﬁﬁlﬁe%Dk\'/ﬁﬁ\g
WXUH ,Q KLV V

are made.

An area of public concern is the use of geneti-

\J/DQLVPV- *02V E\ DJULFXO

XG\ ZH GLG “QG WKDW WKH
GMO cotton was prevalent across all countries

26.1 Impacts not Addressed and regions evaluated. However, there is no )

by Study ./&$ PHWULF DYDLODEOH WR VSHFL“FDOO\ DVV

y impact of GMOs, and a recent study found no

7KHUH LV JURZLQJ VFLHQWL®F L Qhihirhk e inbp@ct¥\oKEMD ¥dage in crops

WL*FDWLRQ RI WKH LPSDFWYV RI KNafdn& ABaddhhley bf \§dieHcés RERyineering,

biodiversity. While there are different assess- DQG OHGLFLQH KLOH WKH EHQH*“WV RI
ment methods in some sort of an experimental GMO cotton usage such as decreased insecti-

stage, there is no commonly agreed (i.e. recom- cide usage and increase productivity (Brookes,

mended in the ILCD handbook, for PEF studies 2014) will impact the metrics reported in this

or similar) method mature enough to be added study, none are explicit to GMO usage.

to the “standard” LCA impact categories. Quali-

tatively biodiversity was assessed though data

collected in the agricultural phase of this study

WKDW GLG “QG LQWHUFURSSLQJ WR EH D FRPPRQ
practice in regions of India and China.



2.7 INTERPRETATION TO BE USED

The results of the LCI and LCIA were inter-
preted according to the goal and scope. The
interpretation addresses the following topics:

the main process step(s), material(s), and/or
emission(s) contributing to the overall results.

f Evaluation of completeness, sensitivity, and
consistency to justify the exclusion of data
from the system boundaries as well as the
use of proxy data.

f Conclusions, limitations, and
recommendations.

Note that in situations where no product out-
performs all of its alternatives in each of the
impact categories, some form of cross-category
. . evaluation is necessary to draw conclusions

f . GHQWL*“FDWLRQ RI VLJQL FDQWreg%oci;'nb%ggnvi%
product over the other. Because this LCA does
not have a goal of comparison to other prod-
ucts, no weightings have been applied and no

assertions about comparison are made.

eﬁtaPs\L{periority of one

2.8 DATA QUALITY REQUIREMENTS

The data used to create the inventory model
shall be as precise, complete, consistent, and
representative as possible with regards to the
goal and scope of the study under given time
and budget constraints.

f Measured primary data are considered to be
of the highest precision, followed by calculat-
ed data, literature data, and estimated data.
The goal is to model all relevant foreground
processes using measured or calculated
primary data.

f Completeness is judged based on the com-
pleteness of the inputs and outputs per unit
process and the completeness of the unit
processes themselves. The goal is to capture
all relevant data in this regard.

f Consistency refers to modeling choices and
data sources. The goal is to ensure that dif-

duce the results of the study based on the
information contained in this report. The
goal is to provide enough transparency with
this report so that third parties are able to
approximate the reported results. This ability

PD\ EH OLPLWHG E\ WKH-H[FOXVLRQ RI

dential primary data and access to the same
background data sources.

f Representativeness expresses the degree
to which the data match the geographical,
temporal, and technological requirements

FR

GH*QHG LQ WKH VWXG\MV JRDO DQG VFRS

goal is to use the most representative primary
data for all foreground processes and the
most representative industry-average data
for all background processes. Whenever such
data were not available (e.g., no industry-
average data available for a certain country),
best-available proxy data were employed.

IHUHQFHV LQ UHVXOWY UHtHFW DFWXDO GLIITHUHQFHYV

between product systems and are not due
to inconsistencies in modeling choices, data
sources, emission factors, or other artifacts.

f Reproducibility expresses the degree to
which third parties would be able to repro-

An evaluation of the data que(l?ity with regard
to these requirements is provided in Section 5
of this report.

7+( 678'<
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2.9 TYPE AND FORMAT OF THE REPORT

In accordance with the ISO requirements (ISO,
2006b) this document aims to report the results
and conclusions of the LCA to the intended
audience completely, accurately, and without
bias. The results, data, methods, assumptions,
and limitations are presented in a transparent

PDQQHU DQG LQ VXI“FLHQW GHWDLO WR FRQY

complexities, limitations, and trade-offs inher-
ent in the LCA to the reader. This allows the
results to be interpreted and used in a manner
consistent with the goals of the study.

2.10 SOFTWARE AND DATABASE

The LCA model was created using the GaBi
ts software system for life cycle engineering
developed by thinkstep AG. The GaBi 2016 LCI

2.11 CRITICAL REVIEW

To ensure credibility, a critical review was
conducted according to ISO 14044, section
6.3. The review team was chosen based on
expertise in LCA, cotton agriculture, and textile
manufacturing. The reviewers are:

f Christina Bocher, DEKRA
f Dr. Alan Franzluebbers, USDA, ARS

f Dr. lan Hardin, University of Georgia

database provides the life cycle inventory data
for several of the raw and process materials
obtained from the background system.

The Critical Review Statement can be found in
Annex A: Critical Review Statement. The Criti-
cal Review Report containing the comments
and recommendations of the independent
experts as well as the practitioner’s responses is
available upon request from the study commis-
sioner in accordance with ISO/TS 14071.









3.1 AGRICULTURAL DATA COLLECTION
AND MODELING PROCEDURE

All primary data were collected using custom- guestionnaires were developed and adapted
ized data collection templates, which were sent WR FRWWRQ VSHFL“F FXOWLYDWLR
out by email to the respective data providers situations.

in the participating companies. Upon receipt,
each questionnaire was cross-checked for com-
pleteness and plausibility using mass balance,
stoichiometry, as well as internal and external
benchmarking. If gaps, outliers, or other incon-
sistencies occurred, thinkstep engaged with the
data provider to resolve any open issues.

The secondary data from literature and the
primary data from surveys were compared and
matched to obtain highest data quality. Never-
theless, the data used for the four countries (the
United States, India, China, and Australia) vary
in completeness, representativeness, and age.
Data for China were obtained in a lower quality

Primary data collection was conducted globally and completeness due to nondisclosure rules
based on regions in the United States, China, and less extensive statistical reporting, but were
,QGLD DQG $XVWUDOLD UHSUH V Hmpwed\sindeHheRdst\g®baFcbtidh LCA was
growing conditions. Primary data collection conducted.

was accomplished in the form of spreadsheets

and questionnaires, supplemented by surveys 3.1.1 Overview of Agricultural System

and conversations with cotton growers and The tolg_three roducing cotton countries

RWKHU FRXQWUL VSHFL®F UHJLRQRAG R A the URRRE 5i&eb) and top

expertg (I.e. extension agents, grower group three exporting cotton countries (the United
executives). In cases where primary data were . )

; ilabl . istent q States, India and Australia) were selected for
notavariable orwere inconsistent, secondary inclusion in this study based on data for USDA

data;hat were re;a\dlly avalIable.frolellftergturle, (2015a) for study period 2010 to 2014, In many
machinery manutacturers, previous Lite t.ycle cases those conducting an LCA for a cotton

Inventory (LCI) studies, and life cycle databases product will not know the country of origin for

were used for the analysis. The sources for any WKH “EHU VR WRS SURGXFLQ-J DQG
secondary data used are documented through- . ; .
tries were considered the most important to

out the report. characterize. China, India, and the United States

Average cotton cultivation in the United States, all have distinctive growing regions within the
China, India, and Australia for the years 2010 to countries, where the environment and cultural
2014 was incorporated thinkstep’s cultivation SUDFWLFHV KDYH VLJQL*FDQW GLII
model based on regional production-weighted collection and modeling of the agricultural sys-
averages. Collecting data over a range of years tem were conducted on a regional basis, and
averages out seasonal and annual variations then regional production weighted averages
VXFK DV GURXJKWV DQG tRRGV Mere @oulapdier tieaesourigs. Australia
Australia, China, and India represented 67.2% has more uniform growing conditions across ©
Rl WKH ZRUOGMV FRWWRQ “EHU Sheranty end wag trerted 9 R single region. ©
study period (USDA, 2015b). Background Agricultural production in China and India is -
data on ancillary materials, energy and fuels, conducted on small farm holdings using labor =
transportation, and end-of-life were taken intensive practices, in contrast to the United @
from the thinkstep’s GaBi databases. States and Australia where cotton production v
is conducted on farm holdings of 500 hectares =
Agricultural data were taken from direct grower (ha) or larger and is highly mechanized. ~
LOQWHUYLHZV DQG VXUYH\V VFLHQWL“F SDSHUV N
reports, and national statistics. The data were In China the majority of farms are less than 1 ha =
reviewed by experts from different areas and in size and in India the average farm size ranges .
compared with already existing LCA studies from 0.5 to 2 ha. The exceptions for both China
ODWORFN 0 HW DO &R W W Rd Ingiaxags @ theynophern growing regions
&0L$ 7H[WLOH ([FKDQJH of both countries where farms tend to be larger

Zhang, Liu, Xiao, & Yuan, 2015). Standardized and there is a higher level of mechanization.
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The land in the southern provinces of China
and India are intensively farmed, often using
relay and intercropping production practices.
Bullocks (or other animals) are used frequently
in India and to a lesser extent in China for land
preparation and plowing. Some farmers in both
countries have access to hand (walk-behind)
tractors and many use powered backpack
sprayers to apply farm chemicals.

The level of irrigation varies by region with
irrigated cotton ranging from 10% to 100% of
the cotton area based on climate and average
annual rainfalls. Transgenic technology has
been adopted globally for cotton, with James
(2015) estimating that biotechnology adoption
is above 90% in all four countries considered.

Note that all data reported in the following
paragraph are based on data from UDSA
(2015b) to allow global comparisons using a
consistent data source. India had the largest
area planted to cotton (11.9 million ha) in the
world and was a close second in cotton produc-
tion (29.1 million 218 kg bales) to China. How-
ever, yields of 532 kg per ha are lower than in
the other countries for the study period. China,
number one in cotton production, harvested
32.5 million bales from 5.1 million ha. Australia
had the greatest yield of 1,997 kg per ha,
primarily due to the ideal climate for cotton and
uniform access to irrigation water. While China
and India both have smallholder farms, farmers
in China typically have greater access to new
technologies than those in India. The United
States is third in production with 12.2 million
bales harvested from 4.3 million ha. Cotton
yields in the U.S averaged 924 kg per ha during
the study period. Together the four countries
produced an average of 81.8 million bales, 67%
of world’s cotton production. The United States,
India, and Australia also accounted for more
than half of the cotton exported in the world
from 2010 to 2014.

312 &OLPDWH :DWHU 8VH DQG 6RLO 'D

Global climate and soil data sets of relatively

high quality were available for all countries

considered in the study. The CLIMWAT 2.0

Database (FAO, 2006) was used to extract

30 year average weather station records for

each cotton production region modeled. The

database includes temperature, rainfall, wind

speed, radiation, relative humidity, and rainfall

for over 5,000 weather stations worldwide. In

most cases, at least six weather stations were

available per region within a country and data

from these individual stations were combined

to create an average condition for each region.

These data were used in the thinkstep agricul-

tural model, as well as to verify irrigation levels

in each region by using the data with CROP-

WAT 8.0 (FAO, 2009), a computer program for

the calculation of crop water requirements and

irrigation requirements based on soil, climate,

DQG FURS GDWD XVLQJ D-FURS FRHI*FLHQW D¢
proach to estimate evapotranspiration. For each

UHJLRQ D FXVWRP FURS FRHI*FLHQW ZDV FUH
UHtHFW W\SLFDO SODQWLQJ DQG KDUYHVW Wl
region. Several studies in diverse environments

in the United States have shown that there is

not a large difference in magnitude of the crop

FRHI“"FLHQW IRU FRWWRQ EXW LW LV KLJKO\ (
dent on season length that can be accounted

for in the CROPWAT program. For example,

Hunsaker et al. (2005) found a mid-season crop

FRHI“FLHQW DV GH“QHG E\ &523:%$7 RI LQ
Arizona, Howell et al., (2004) measured a mid-

season value of 1.2 in the Northern Texas High

Plains, and Fisher (2012) also found a maximum

value of 1.2 in the humid Mississippi Delta. The

average climate data compiled for each region

is provided in Table 3-1. From the data in the

table it is clear that cotton is produced in a wide

variety of climates and this study captures a

wide range of conditions.



TABLE 3-1: Climatic average maximum and minimum monthly temperatures and monthly
climatic rainfall totals based on data.

United States

—
8
=
=
(1}
L

Southwest

Mid-South

Southeast

Northwest

Minimum Temperature (degrees Celsius)

January 5.2 -2.3 1.0 0.0 -14.5 -0.9 -8.1 8.0 12.1 20.9 20.6
February 6.8 -0.1 3.0 1.0 -10.0 0.6 -5.8 10.4 145 21.6 20.4
March 8.5 4.3 8.0 6.0 -1.3 5.2 0.7 15.4 19.3 234 17.8
April 11.0 9.6 12.0 10.0 6.5 111 7.6 21.3 24.0 25.4 13.3
May 14.5 14.4 17.0 15.0 12.3 16.4 14.0 25.9 26.0 26.3 9.2
June 18.4 18.9 21.0 19.0 16.2 20.8 19.2 27.6 25.6 26.3 5.9
July 215 21.1 22.0 21.0 18.1 24.4 22.0 26.2 24.0 25.7 4.7
August 21.2 20.5 22.0 21.0 16.5 23.9 21.0 25.3 23.0 25.2 6.2
September 18.7 16.7 19.0 18.0 10.8 18.8 14.8 23.9 22.6 24.8 9.1
October 13.9 10.5 12.0 11.0 3.2 13.1 8.7 19.0 20.0 24.0 13.3
November 8.6 4.3 7.0 6.0 -4.7 6.7 1.0 12.6 15.3 23.0 16.3
December 53 -0.7 3.0 2.0 -11.5 1.2 -5.6 8.8 12.7 21.6 19.1
Maximum Temperature (degrees Celsius)
January 16.6 11.2 12.7 11.0 -2.3 7.0 2.7 215 26.9 30.2 34.3
February 194 13.9 15.2 14.0 2.3 8.5 6.0 245 30.3 324 33.7
March 215 18.5 20.1 18.0 12.5 14.0 12.5 30.1 34.9 35.0 311
April 25.4 23.6 24.7 23.0 21.4 20.3 20.7 36.3 38.4 36.3 26.9
May 29.6 27.6 28.2 27.0 27.2 25.8 27.5 39.9 39.4 375 21.9
June 33.9 321 31.9 31.0 31.3 295 31.7 39.0 35.9 36.7 18.5
July 35.9 34.2 B8l5) 32.0 33.1 32.2 31.5 34.4 30.4 35.7 17.8
August 35.2 334 33.2 31.0 321 32.0 30.2 32.8 29.0 35.3 19.7
September 329 29.4 30.2 29.0 26.5 27.0 26.3 33.7 30.3 35.0 23.6
October 28.1 24.4 255 24.0 18.6 21.9 20.6 331 33.3 33.0 27.6
November 21.4 17.7 19.7 19.0 7.9 15.6 11.9 28.7 315 30.6 30.9
December 16.6 12.6 14.7 14.0 -0.1 9.5 4.6 23.7 29.1 29.7 33.7
Total Rainfall (mm)
January 40 32 104 109 3 34 5 11 2 8 7
February 33 35 106 111 4 51 7 16 0 10 46
March 34 44 114 123 5 78 12 10 3 19 49
April 15 53 113 90 6 106 35 9 1 42 40
May 89 130 98 8 121 34 21 1 59 46
June 86 110 99 10 154 63 61 99 38 25
July 15 69 112 123 11 185 193 201 250 68 33
August 17 72 102 110 8 149 151 227 188 80 32
September 16 76 107 89 6 106 56 99 187 125 28
October 17 63 89 71 5 75 30 16 28 193 42
November 30 42 117 82 4 55 18 140 42
December 34 34 124 101 3 26 5 72 48
;‘Z:;g:] 70 391 561 519 | 43 81 531 607 752 644 303
Total
o —— 258 694 1327 1206 72 1139 608 680 768 854 507

,19(1725< $1$/<6,6
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A common global data set was also used to
estimate soil properties in each region (percent
sand, silt, and clay) using a 0.5 by 0.5 degree
soil grid (Batjes, 2005). The data were imported
into ArcMap 10.1 (ESRI, 2012) and average
soil textural values calculated for each region.
In some cases this did “homogenize” the soil

properties, but it was deemed the best ap-

proach feasible (as opposed to modeling

HYHU\ UHJLRQ DW D YHU\ “QH VFDOH $Q H[DF
of the percent sand data is provided in

Figure 3-1, which also shows the state or

province that had cotton production for the

four countries in the study.

FIGURE 3-1:Percent sand content with cotton producing state or province outlined for the four

countries included in the agricultural phase of this study.
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3.1.3 Agricultural Data Sheets

For each region within a country, an Excel work-
book was created to provide the data to supply
thinkstep’s questionnaires. Each workbook
contained the following sheets:

1. In-season Field Practices: Planting and
harvest dates, pesticide application dates
and rates, a summary of fertilizer applica-
tion rates, tillage practices, crop rotations,
soil erosion rates, summary of irrigation
practices and fuel use, and harvest informa -
tion including yields and by-products.

2. Ginning Data: Data on post-harvest pro-
cessing including electrical energy, fuel
use, and packaging materials.

Pumping Energy Calculations: In irrigation

regions, energy to pump water can be

VLIQL“FDQW +RZHYHU GDWD ZHUH UDUHO\
available on total irrigation fuel use per

unit area. One of the challenges is a single

SXPS PD\ VHUYH VHYHUDO “HOGV SURGXFLC
GLIITHUHQW FURSV PDNLQJ LW GLI*"FXOW WHF
WLRQ RXW HQHUJ\ WR D VSHFL“F “HOG HYH
when electrical meter readings or total fuel

use is known for a given pump. Therefore,

energy use for irrigation was estimated

based on total lift (pumping depth to

ground water plus distance to the water

outlet), outlet pressure, volume of water

DSSOLHG DQGbHQHUJ\ VRXUFH EDVHG RQ V
procedures of Hoffman et al. (1992).



4. Soil Data: Data extracted from the Batjes processes. Detailed information on all input

(2005) data set for sand, silt, and clay data and citations are contained in the original
percentages were stored in this sheet and guestionnaires provided to thinkstep. Note
then averaged for the region. that similar methodologies to compute energy

5. Fuel Calculations: For operations involving use and characterize the chemical and physi-

WUDFWRUV RU RWKHU “HOG HTX?SpHRw HUW LY RI FRWWRQ "EHU DQG

also necessary to estimate the fuel use for byproducts were used for all countries.

a given operation, as few farmers track In order to characterize cotton production
fuel use by crop. Similar to the pumping practices in the United States, the 17 cotton
scenario, on any a given day a tractor may growing states in the country were assigned to
be used to plant soybeans, cotton, and four regions:
ZKHDW ZLWK IXHO XVH E\ “HOG QRW UHFRUGHG
Therefore, grower survey data combine 1. Southeast: Virginia, North Carolina, South
with ASABE (2011) procedures were often Carolina, Georgia, Alabama, and Florida
XVHG WR HVWLPDWH IXHO XVH2!RMidésuth Misissippi, Louisiana,
“HOG RSHUDWLRQV Tennessee, Missouri, and Arkansas

6. Climatic Data: The individual station data 3. Southwest: Texas, Oklahoma, and Kansas

extracted from CLIMWAT and CROPWAT
outputs were exported to this sheet.

The regional averages are presented

in Table 3-1. Where possible, all regional data were calcu-
lated as production weighted averages (i.e.
more weight to data from states that produced
more bales). The goal was to represent the av-
erage conditions from 2010 to 2014, and when
possible, annual data were averaged for these
years before calculating production weighted

)D U :H®@alfornia, Arizona, and
New Mexico

An overview of the data collection procedure
and data sources for each country are provided
in the following sections.

3.1.4 Agricultural Data

Collection: United States regional averages. Distribution of cotton pro-
The information provided in this section is an duction in the United States for the 2012 crop
overview of the primary data sources used year is represented in Figure 3-2 to illustrate
across all regions in the United States to supply cotton growing areas within each state.

data on cotton production, harvest, and ginning

FIGURE 3-2:Number of 480-pound cotton bales produced per county in the United States in 2012.
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The primary source of state level production establish cottonseed production levels. Table
data was from USDA (2015c) that provides 3-2 provides an example of the production
DQQXDO FRWWRQ \LHOG DQG FR Wwidghipg fanidtion Sdyétopexi For cotton grow-
tion by year and state. It was used to assign ing regions in the United States. For example, in
the production weighting (average number of the case of the Southwestern states, production
480 pounds bales produced in that state from impacts in that region will receive a greater
WR DQG IRU DOO “EHU \L WeyBt icdMpting Qverages for the United
pounds per acre. The same U.S. Department of States as it had the greatest cotton production
Agriculture (USDA) database was also used to GXULQJ WKH “YH \HDU SHULRG FRQVLGHUHG

TABLE 3-2: Regional total harvested area, total production in region, yield, and production weighting
function for the United States based on averages from 2010 to 2014.

Region Total Area Total Yield Weighting
Harvested (ha) 218 kg Bales (kg per ha) Factor
Far West 227,568 1,726,180 1,650 11%
Southwest 1,684,015 5,642,100 729 35%
Mid-South 722,380 3,723,800 1,122 23%
Southeast 1,119,385 4,951,400 962 31%
United States 3,753,347 16,043,480 930 100%

serving leadership positions on the boards of
Cotton Incorporated or the American Cotton
Producers Association. These interviews took
place during cotton leadership meetings and
consisted of 17 questions provided in Annex
B. The NRS also included these 17 questions in
addition to a number of other questions about
general farming practices, research needs, and
demographics. The number of responses by
state to the NRS was closely correlated to the
production by state.

3.1.5 Grower Practices

Producer practices were characterized using
data from Cotton Incorporated’s 2015 Natural
Resource Survey (NRS) and cross-compared
with data from the USDA Agricultural Resource
Management Survey (ARMS). The NRS data
were from a comprehensive survey of U.S. cot-
ton producers that included responses from
925 producers and represented 10% of the
cotton acres grown in the United States in 2014.
Data from these sources were used to charac-
terize producers’ tillage systems, number of
chemical applications, rotational crops, double
cropping practices, cover crops, and timing of
operations and to supplement information on
irrigation practices.

3.1.6 Rainfall and Erosion Data

Figure 3-3 was developed using data from

the USDA NRCS National Cartographic and

Geospatial Center, Fort Worth, TX (2010) that

L ) is based on average annual rainfall from 1971

When there were missing data or questions WR DQG VKRZV KRZ VLJQL“FDQWO\ UDLQID
on production practices in a given region, cot- varies across the United States. The data from

ton specialists and other agricultural experts WKLV “JXUH DQG RWKHU VWDWH OHYHO ZHDW!
in that region were consulted for the needed records were found comparable to the climate

,19(1725<

1) ( &<&F(

information. Over 60 in-person grower inter-
views were also conducted of U.S. producers

data available in CLIMWAT shown in Table 3-1.



FIGURE 3-3:30-year average rainfall in the U.S. cotton producing states.
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Erosion rates per region were estimated from
the USDA, NRCS National Resource Inventory
(USDA, 2013a). Data from that inventory are
represented in Figure 3-4. Note that only data
related to the cotton growing states pictured

in Figure 3-2 were considered in the analysis.

In general, the erosion data represented in
Figure 3-4 were consistent with RUSLE2 erosion
estimates obtained using the Fieldprint®
Calculator tool from Field to Market® (Field

to Market®, 2015) with data obtained during
grower interviews.

FIGURE 3-4:Soil cropland water erosion rates for the United States (USDA, 2013a).
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317 ,UULJDWLRQ DQG :DW H lerggevddgh $o thaDn any given year, some

Applied irrigation water and irrigated acreage
was determined from the USDA's Farm and
Ranch Irrigation survey (USDA, 2013b) that
represented conditions in 2013 and combined
with similar data from the NRS (97% of NRS
responses were for the 2014 growing season).
The CROPWAT simulations were also com-
pared to these data and there was typically very
good agreement between regional average
predicted climatic average irrigation amounts
and the regional average based on the 2013
and 2014 data. Much of the consistency can

be attributed to: 1) in the far western United
States, rainfall plays a minor role in meeting
ZDWHU QHHGYV

states will have above average rainfall and
others will be in some form of drought.

3.1.8 Energy Use Estimates

JRU RWKHU WUDFWRU EDVHG “HOG RSHUDWLR
from the NRS were combined with ASABE
SURFHGXUHV WR HVWLPDWH IXHO XVH IR
operations. Data reported in Faulkner et al.
(2011) to document fuel use in cotton strippers,
and Willcutt et al. (2009) for modern spindle
harvesters, were used to estimate fuel use in
harvest operations. Example fuel use require-
ments by operation are shown in Table 3-3. The
percentage of farmers using a given operation

PXFK RI WKH V RxavegizrHavdite gugnber of times that opera-

8QLWHG 6WDWHV LV GH“FLW LU U LioDAastaTiel@@ duwikgHhe seagan Mere

crop needs cannot be met, resulting in year to

based on data from the NRS. The summation of

\HDU FRQVLVWHQF\ LQ LUULJDW L& Qpedationsiviay usei@Eomputeda fuel use

the more humid regions of the mid-south and
southeastern United States, the regions are

rate per hectare.

TABLE 3-3: ([DPSOH IXHO XVH UHTXLUHPHQWY EDVHG RQ VSHFL“F HTXLSPHQW FRQ“JXUDWLRC

Field Operation

Fuel Use Per Operation (I per ha)

Rip / Paratill

Disk

Row Clean & Cultivate
Bed

Plant

Spray

Shred Stalks

Plant Cover Crop
Broadcast Fertilizer
Inject Fertilizer
Spindle Harvester

Harvest Support

9.0
8.6
1.8
6.7
2.0
1.4
5.8
2.8
2.8
9.1
19.3
6.2

Data for electrical energy use in ginning were
largely based on Valco et al. (2015), which
based data on 2013 survey results of ginners
by each region in the United States. Dryer fuel
use data in that survey were found to be highly
variable, and measured data from selected gins
in the United States reported by Hardin and
Funk (2014). Characteristics of gin trash and
cotton residues were based on data reported in

Holt et al. (2000) and the data in that study were

also used to characterize the properties (heat

content and carbon levels) of gin byproducts in

the other countries. The chemical properties of

FRWWRQ “EHU IRU DOO FRXQWULHYV ZDV EDVH(
presented in Wakelyn et al. (2006). A summary

of key agricultural practices by region in the

United States are provided in Table 3-4.



TABLE 3-4: Summary of key data collection metrics by region for the United States.

Plant Date 15-Apr 20-May 8-May 5-May
Harvest Date 15-Oct 5-Nov 15-Oct 20-Oct
Harvested Area ha 228 1,684 722 1,119
Soil Data

Clay % 26 24 30 31
Silt % 25 21 23 22
Sand % 49 55 47 47
Soil Erosion Rate kg soil ha* yr* 1,098 5,460 7,683 8,288
Direct Energy and Irrigation

Diesel Use I ha-1 79.7 60.7 64.3 51.9
Irrigated Area % 100 45 44 16
Irrigated Amount* mm 978 330 254 152
Weighted Irrigation* mm 978 149 112 24
Irrigation Energy kWh ha*/yr. 4127.16 805.2 307 210
Fertilizer Rates

N kg ha* 172 7 127 102.2
P05 kg ha't 27 25 50 53.9
K20 kg ha* 34 8 87 98.9
Harvest Ginning

Seed Cotton kg ha* 4210 1808 3063 2467
Fiber Yield kg ha* 1,473 651 1,121 962
Distance to Gin km 19 24 24 37
Gin Electrical Use kWh (227 kg bale) * 52 47 38 35

*Irrigation amount is the level of water applied in the region if the land is irrigated. 7KH O:HLJKWHG ,UULJDWLRQP ZDV XVHG
LQ WKH VWXG\ WR DGMXVW WKH ZDWHU DSSOLHG WR UHSUHVHQW WKH DPRXQW RI ZDWHU WKDW
DOO DFUHV LQ WKH UHJLRQ

©

©

\
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3.1.9 Agricultural Data 6. Yellow River Basin: Hebei, Henan, Shaanxi, ;
Collection: China Shandong, Shanxi, Tianjin, and Beijing

\

China ranks number one in the world in cotton 7. Yangtze River Basin: Hubei, Hunan, =

production. Average production from 2010 to Jiangsu, Jiangxi, Zhejiang, and Anhui ~

z D.V PLOOL R Q N_‘J EDOH \IlheRl\Iloml%WI-ésL{ region is the largest and most >

representing 27% of the world’s cotton during productive growing region in China (Table -

the s.tudy pgrlod (UStaA,l\IZOt?a). -It—hs pl)lrlmary 3-5) due in part to nearly all the area receiving —

gr.owmg rgglons are the or. wesh . etlow . irrigation water. There are new government =

River Basin, and Yangtze River Basin. Provinces policies to continue the migration of cotton to v

making up these regions are: the west S

5. Northwest: Gansu and Xinjiang :
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TABLE 3-5: WR DYHUDJH KDUYHVWHG DUHD “EHU SURGXFWLRQ \LHOG DQG UHJLRQDO
factor for Chinese cotton growing regions based on province level data from NBS (2015).

Region I-Aarvested Number of Yield Weighting
rea (ha) 218 kg Bales (kg per ha) Factor
Yellow River 1,653,244 7,714,328 1138 27%
Yangtze River 1,205,544 6,229,151 1207 21%
Northwest 1,742,776 15,117,302 1801 52%
China 4,601,564 29,060,781 1382 100%

3.1.11 Data Sources

Data for production practices in China remain
limited but have improved since the previous
global cotton LCA. Dai and Dong (2014) pro-
vide an overview of many of the current cotton
production practices across China and Liwen

of Agricultural. Pumping depth data and hydro-
logical characteristics of the regions were taken
from Ahmed et al. (2010).

3.1.12 Grower Practices

Much of cotton in China is produced on small

HW DO SURYLGH VLJQL"“FD Q arns tofteless thaD EHR ¥\aize, especially in

production practices in the Northwest China.
Data from the China Statistical Year Book (NBS,
2015) translated by Mr. Hongzhi Li (Cotton
Incorporated) provide data on harvested area,
production, yields, and irrigation by region.

the Yangtze and Yellow River regions. This al-
lows extensive hand labor and greatly reduces
petroleum energy requirements. Chinese cot-
ton farmers employ practices that shorten the
cotton-growing season. In the Yellow River and

0DQ\ VSHFL“F GHWDLOV RQ SUR G Xangwke Riger Bashs-onttoiF isl double cropped.

and equipment use were supplied by question-
naires on cotton production completed by
faculty at Anhui University (Anhui University

of Finance and Economics, China academy of
cooperatives, Bengbu, Anhui Province, Hongye
Road No. 255). The 2014 National agricultural

Practices in these regions include the trans-

SODQWLQJ RI VHHGOLQJV DQG WKH XVH RI SO
as mulch. In the Northwest the growing season

is short therefore there is only one crop per

year. The plastic mulch protects the seedlings

from the broad swings in temperatures during

SURGXFW FRVW DQG SUR“W FR P Stheday\ahdRngniRize&tDenobs of soil moisture.

sued by the National Development and Reform

:KLOH WKHUH DUH EHQH*WYV IURP WKH SODVWI

&RPPLVVLRQ FRQWDLQHG VLIQL“FPRUREHURURPRYLRQ RI WKH “OP DW WKH HQG

on fertilizer, energy use, and labor require-
ments. This information also received transla-
tion assistance from Mr. Li. Data on the level of
mechanization in each region was provided by
China Agricultural Mechanization News pub-
lished 3 December 2014. The Cotton National
Standard provided data on gin energy use and
packaging practices in China. Data on pesticide
use for the Northwest region was provided by
Liwen et al. (2014) and supplemented with data
from Anhui University. Pesticide use data for the
eastern regions was supplied by Dr. Lu YanHui,
Institute of Plant Protection, Chinese Academy

VHDVRQ FDQ OHDYH D VLJQL“FDQW DPRXQW R
in the soil. This has resulted in reduced root de-

YHORSPHQW ZDWHU LQ“OWUDWLRQ DQG UHWE
decreased crop emergence (Liu, 2014).

Mechanization is much more prevalent in the
Northwest where the population density is
lower and where mechanized cotton harvest
exceeds 60%. Intercropping is also a common
practice in the Yellow and Yangtze River re-
gions. Table 3-6 provides a summary of grower
practices in China.



TABLE 3-6: Summary of key data collection metrics by region in China.

Plant Date 15-Apr 15-Apr 15-Apr
Harvest Date 1-Sep 1-Oct 1-Oct
Total Harvested Area 1000 ha 1,743 1,206 1,653
Soil Data

Clay % 29 31 35
Silt % 35 29 27
Sand % 37 40 38
Soil Erosion Rate kg soil ha* yr* 1,000 10,000 6,500
Direct Energy and Irrigation

Diesel Use I ha? 29 11.8 11.8
Irrigated Area % 100 20 90
Irrigated Amount* mm 500 80 162
Weighted Irrigation* mm 500 16 145.8
Irrigation Energy kWh hat yrt 190 41 83
Fertilizer Rates

N kg hat 140.8 90.3 101.5
P>0Os kg ha* 121.6 54 54
K20 kg ha* 36.2 34.1 34.1
Harvest Ginning

Seed Cotton kg hat 4976 2963 2676
Fiber Yield kg ha* 1,891 1,126 1,017
Distance to Gin Km 35 10 10
Gin Electrical Use kWh (227 kg bale) * 68.1 68.1 68.1

,UULJDWLRQ DPRXQW LV WKH OHYHO RI ZDWHU DSSOLHG LQ WKH UHJLRQ LI WKH ODQG LV
LQ WKH VWXG\ WR DGMXVW WKH ZDWHU DSSOLHG WR UHSUHVHQW WKH DPRXQW RI ZDWHU

DOO DFUHV LQ WKH UHJLRQ

3.1.12 Agricultural Data
Collection: India

India is highly dependent on agriculture. Within
the study period approximately 7 million Indian
farmers produced almost 30 million, 218 kg
bales of cotton. This was 24% of the world’s
cotton making India second only to China in
production. At 12 million ha India ranks number
one in area planted to cotton but has lower
yields than China and the United States, with
the average cotton holdings per farm being
about 1.5 ha. The majority of the cotton is

grown in ten provinces that are grouped into
three different regions: North, Central, and
South. Provinces making up these regions are:

8. North: Punjab, Haryana, and Rajasthan

9. Central: Gujarat, Maharshtra, Madhya
Pradesh, and Orissa

10. South: Andhra Pradesh, Karnataka, and
Tamil Nadu

A summary of production for the above regions
is provided in Table 3-7.

LUULJ
WKDW
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TABLE 3-7: WR DYHUDJH KDUYHVWHG DUHD “EHU SURGXFWLRQ \LHOG DQG UHJLRQDO
cotton growing regions based on province level data (CAB, 2015).

sed  Nmbeel L r9 ) weighingFactr
North 1,523,500 4,717,890 677 16%
Central 7,501,250 16,805,046 488 56%

South 2,949,500 7,846,904 578 26%

India 12,134,500 29,827,982 536 100%

3.1.14 Data Sources of the three regions in India at the end of the
,QGLD KDV D IDLUO\ VLIJQL“FDQW 2\9%\&["\%’?%‘3@“8‘ TPgIuegtions asked

. . were focused on how closely the farms in each
available data sources, such as province level . dhered to th ded .
production data by year (CAB, 2015) and region adhered to the recommended practices.

. . Grower interviews were focused in at least
grower recommended practices by region, . - . -
. . . one province per region as pictured in Figure
from public university support outreach centers

in each province (ICAR, 2014). Cotton Incorpo- 3t5 A_pproglr;atAely.so t_o 40 fzrmer; \t/vereABA
rated contracted Agribusiness Associates to interviewed by Agribusiness Associates ( )

. . . . . representatives in each region.
interview growers and their advisors in each P 9

FIGURE 3-5:Indian provinces where grower interviews were conducted.
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The Indian government maintains a very de- measures in place, and as climatic conditions

tailed database of ground water levels and this KDYH D VLIJQL“FDQW LPSDFW RQ HURVLRQ L
data was used in calculating irrigation energy source was considered acceptable. Additional

use (CBWB, 2012). An example of the data from data on water and fertilizer practices reported

CGWB (2012) is provided in Figure 3-6 showing by Buttar et al. (2012) were used to supple-

WKHUH DUH VLJQL“FDQW YDUL D WrhméhtinforghatbH dhtsal vesiFaUrritvants

the country, with the greatest depth to water and irrigation levels. Data on ginning in India

in the most arid region in the northwest part of was available from Patil and Arude (2014) and

the country. Data on soil erosion was taken from energy use for the type of double roller gins

Singh et al. (1992) which provided a contour used in India was supplemented from Estur and

map of erosion rates for the country. In most re- Gergely (2010).

gions of India there were few soil conservation

FIGURE 3-6:Indian depth to water map taken from plate VII of CGWB (2012).
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3.1.15 Grower Practices

India is the only country to grow all four species
of cultivated cotton. These are the Asian cottons

G. arboreum (Desi cotton)and * KHUEDJFHXP

as well as G. barbadense and G. hirsutum.
Hybrid cottons are planted on 90% of the cot-
ton area. Production practices varied somewhat
according to the type of cotton planted.

The North Region is characterized by cotton
grown entirely as an irrigated crop. The climate
is adverse at planting with high temperatures
and the growing period is limited to May to
October. The Central Region is characterized by
a hot, semi-arid climate. Planting in this region
is dependent upon the onset of monsoon

(middle of June to July). The South Region is
also characterized by a hot semi-arid climate.
However, the agro-climate is more suitable for
cotton, especially with the bimodal distribution
of rainfall in some areas of the South Region.
The planting season is primarily August to Sep-
tember but there is also a small summer crop
planted in January to February in Tamil Nadu.

Approximately 65% of India’s cotton is pro-
duced on non-irrigated land and the remaining
35% on irrigated land. The North Region is
almost 100% irrigated while the Central and
South regions are primarily produced without
irrigation. Other characteristics of the regions
are given in Table 3-8.

TABLE 3-8: Summary of key data collection metrics by region in India.

Plant Date 1-May 15-Jun 1-Jul
Harvest Date 20-Oct 15-Nov 15-Dec
Total Harvested Area ha 1,524 7,501 2,950
Soil Data

Clay % 20 56 36
Silt % 30 28 23
Sand % 50 16 41
Soil Erosion Rate kg soil ha* and year 4,000 6,000 7,000
Direct Energy and Irrigation

Diesel Use | ha?t 20 14.82 18.5
Irrigated Area % 100 17 10
Irrigated Amount* mm 475 200 100
Weighted Irrigation* mm 475 34 10
Irrigation Energy kWh hat yrt 618 115 64
Fertilizer Rates

N kg hat 84.5 79.5 95.6
P,0s kg hat 455 22.7 17
K20 kg ha* 7.8 2.3 2.3
Harvest Ginning

Seed Cotton kg ha* 1782 1287 1521
Fiber Yield kg ha* 677 489 578
Distance to Gin Km 1 2 1
Gin Electrical Use kWh (227 kg bale) * 31.8 31.8 31.8

,UULJDWLRQ DPRXQW LV WKH OHYHO RI ZDWHU DSSOLHG LQ WKH UHJLRQ LI WKH ODQG LV LUULJDWHG
WR DGMXVW WKH ZDWHU DSSOLHG WR UHSUHVHQW WKH DPRXQW RI ZDWHU WKDW ZRXOG KDYH EHHQ X




3.1.15 Agricultural Data conditions, and well-adapted varieties. Com-

Collection: Australia pared to the other countries in the study, Aus-

tralian cotton production practices are relatively

FRQVLVWHQW DFURVV WKH FRXQWU\ GXH L
the fact cotton is entirely grown in the eastern

part of the country (see Figure 3-7). The area

devoted to cotton cultivation, production, and

yield average for the study period in Australia is

provided in Table 3-9.

During the study period of 2010 to 2014, Aus-
tralia was the third largest cotton exporter in the
world and the seventh largest cotton producing
country (USDA, 2015b). It also has the highest
yields of any country in the world due to its
access to irrigation water, ideal environmental

TABLE 3-9: Average harvested area, production and yield during 2010 to 2014 study period for Australia.

Harvested Number of Yield
Area (ha) 218 kg Bales (kg per ha)
465,000 4,120,000 1,957
3.1.17 Data Sources tion practices are derived from a 2013 survey of

cotton growers conducted by Roth Rural Pty Ltd
on behalf of CRDC. Survey responses covered
92,687 ha of irrigated cotton (23% of the total
irrigated crop) and 9,853 ha of dryland cotton
production (27% of the total dryland crop in
2012 to 2013). Energy use and tillage opera-
tions on farms were from an industry survey on
energy use conducted by the National Centre
for Engineering in Agriculture. Energy use at
the gin is derived from surveys of the two major

The Cotton Research and Development Cor-
poration (CRDC) coordinated data collection

in Australia. Australian cotton production is
relatively homogenous and therefore the data
set chosen is based on cotton production in
the Namoi valley. In particular, it is focused

on data from the Australian Cotton Research
Institute, where much of the industry’s research
is conducted and which provides access to
detailed published data and research results. o . Lo .
Nevertheless, where industry-wide data is avail- gihning compame_s ope.ratlng n the Namol

able it was used, for example pesticide use and valley. Water use is a.n '|ndustry-W|de aver_age
ZDWHU XVH “IXUHV &oLPDWH G DRFTINNB\ERLFIT % also an indus
the long-term data set published by the Bureau ry V‘f'de >-year averg e, based on information
RI OHWHRURORJ\ <LHOG “JXUHV POSeiby BoEssipnggrop consultants
were based on data published in the Australian resp_ons.lble or pest |nsp§ctlon and pesticide
Cotton Grower derived from data from the application recommendations. The area covered

Australian Bureau of Statistics. Industry produc- by the consultant.s who provide information
averages approximately 60 % of the crop.
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FIGURE 3-7:Cotton growing areas in Australia (map from Cotton Australia).

3.1.18 Grower Practices

The average Australian cotton farm is family
owned and operated and grows 495 hectares
of cotton. Australian growers supplement
cotton with other crops including wheat, chick-
peas, and sorghum and many Australian cotton
farmers also graze sheep and cattle. There

are more than 1,200 cotton farms in Australia,
roughly half in NSW and half in Queensland.

While most of Australian cotton is irrigated, it is
mostly grown in the 400-800 mm summer rain-
fall zone of country, so rainfall meets nearly half
of the crop’s water needs most years. Like the
United States, production practices in Australia
are highly mechanized. A summary of some
key measures derived from the data collection
process is given in Table 3-10.




TABLE 3-10: Some key measures of Australian cotton production.

Measure Units Value
Planting Date 15-Oct
Harvest Date 15-Apr
Diesel Use I ha? 114
Irrigated Area % 90
Irrigated Amount* mm 601
Weighted Irrigation* mm 541
Nitrogen Rate kg ha? 192

Gin Electrical Use kWh (227 kg bale) * 34.05

,UULJDWLRQ DPRXQW LV WKH OHYHO Rl ZDWHU DSSOLHG LQ WKH UHJLRQ LI WKH ODQG LV LUULJ
VWXG\ WR DGMXVW WKH ZDWHU DSSOLHG WR UHSUHVHQW WKH DPRXQW RI ZDWHU WKDW ZRXOG |
the region. Irrigation units are mm of depth of water on 1 ha of land.

3.1.19 FARM Model

Agrarian systems belong to the most complex
production systems within LCA due to their de-
pendence on environmental conditions that are
variable in time (e.g., within a year, from year
to year) and in space (e.g., varies by country,
region, site conditions). The following factors
contribute to the complexity of agricultural
modeling:

f The variety of different locations
f Small scale soil variability within locations
f The large number and diversity of farms

f The variety of agricultural management prac-
tices employed

f Technically, no determined border to the
environment

f Complex and indirect dependence of the
output (harvest, emissions) from the input
(fertilizers, location conditions, etc.)

f Variable weather conditions within and be-
tween different years

f Variable pest populations (insects, weeds,
disease pathogens, etc.)

f Different crop rotations

Due to the inherent complications characteriz-
ing an agricultural system, a nonlinear complex
agrarian model was used for plant production
(developed by thinkstep and the University

of Stuttgart, Germany). This model covers a
multitude of input data, emission factors, and
parameters. This part of the GaBi model is used
for cradle-to-gate (seed-to-bale) environmental
impact assessment associated with planting,
growing, harvesting, processing, handling,

and distribution of cotton. For annual crops, a
cultivation period starts immediately after the
harvest of the preceding crop and ends after
the harvest of the respective crop.

,19(1725< $1$/<6,6
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3.2 LCAMETHODOLOGY

3.2.1 System Boundary

Provided within the agrarian plant model is
the entire production of cotton (and its by-
products) including harvest processes up to the

“HOG HGJH 7KH PRGHO LQFO XG H Wata BdnGJSBA (ROR5W) Indicktes that the total

burdens of all relevant input materials for the
cultivation process itself (commercial fertilizer
including lime, organic fertilizer, pesticides, and
seeds including their production and transport).
The model includes the cradle-to-gate burdens

RI IXHO FRQVXPHG LQ WKH “HOG

(e.g., equipment) including direct emissions to
air from the combustion of the fuel. The model
includes irrigation (excluding equipment pro-
duction) and excludes agricultural infrastructure
and farm buildings. All relevant processes
taking place on the area under cultivation
including emissions into air and ground water
(lower limit of rooted soil zone) are integrated.
Heavy metals remaining in soil are considered
as emissions in soil. Integration of erosive loss
of Norg (organic nitrogen) and Corg (organic
carbon) as well as of nutrients (e.g., phospho-
rus) in water is considered. *

3.2.2 Reference System

The reference system is an inverse process
used to assess the behavior of land that is

QRW XVHG DJULFXOWXUDOO\ RU

pogenically. In particular losses of nitrate to
groundwater and emission of gaseous nitrogen
compounds that result from nitrogen deposi-
tion onto this land are considered. This takes
place in both the main cropping system as well
as on land not under cultivation. Therefore, not
all occurring emissions can be assigned to the
crop as they also occur on non-cultivated land,

e.g., if this is fallow or a nature reserve. Here it is

assumed that the nitrogen balance is neutral for
the reference system, as any entry of nitrogen
with rainfall is re-emitted from the systems in
various forms into groundwater and air.

In addition to the emissions of nitrogen com-
pounds, the soil erosion is mapped including
the associated conditional entries of organic
carbon contained in the soil and some heavy
metals in surface waters. The same principle
is applied that this erosion occurs to a lesser
extent also in non-utilized natural systems and

therefore cannot be assigned completely
to the main crop.

3.2.3 Land Use Change

global area devoted to cotton cultivation has
stayed between 30 and 35 million hectares
since 1960. Therefore, no emissions from land
use change were considered in this study as all
areas in the regions under study were under
agriculral dultizedoh RIQMvre than 20 years.
Indirect land use change (iLUC) is also not
considered.

324 DWHU ORGHOLQJ

Water use is modelled based on the framework
of ISO 14046 (please refer to Annex G for a
detailed description of the terms used). Surface
and groundwater use for irrigation were mod-
eled based on primary data and statistical data

FROOHFWHG VSHFL“FDOO\ IRU WKLV SURMHFW

Koehler, & Hel, 2009). Water used for irriga-

tion is assumed to be 100% consumptive use
3“VWHU .RHKOHU +HO

consumption is assessed using CROPWAT 8.0

data, following the approach described by the

water footprint network (Franke, Boyacioglu, &

Hoekstra, 2013).

LOQtXHQFHG DQWKUR

3.2.5 Carbon Modeling

Carbon-based emissions such as CH,, CO, and

CO; are considered in foreground and back-
ground datasets. Background datasets include
emissions resulting from the production of
fertilizer, pesticides, electricity, and diesel, while
foreground datasets contain emissions such as
CO,, due to combustion of fossil fuels by the
tractor or irrigation engines, and application
and decomposition of urea fertilizer in the soil.

Soil carbon is another potential source or sink
of carbon dioxide. Soil carbon balances are
used to describe any increase or decrease in
soil organic carbon (SOC) content caused by a
change in land management, with the implica-
tion that increased/decreased soil carbon (C)
storage mitigates or enhances climate change.
The net effect of cotton cultivation is highly
variable and depends on various factors such

1 Throughout this report, the term ‘organic’ is used to describe materials and compounds containing carbon,
not to be confused with the designation for products made without synthetic fertilizer, etc.

*UHHQ ZDWHU



as fertilization or soil cultivation practices.
Conservation tillage techniques are especially

seen as promising approaches to increase SOC.

It is estimated by applying no tillage in the
Southeastern United States, SOC increases on
average by 0.48+0.56 t C ha ! yr! compared to
conventional tillage (Causarano, Franzluebbers,
Reeves, & Shaw, 2006). Assuming that all of
the carbon can be stored in the soil in the long
term a CO, reduction of 0.59 kg CO .eq per

kg of seed cotton can be realized (assuming a
yield of 3,000 kg fw ha %, 2,676 Ib fw/ac and an
average carbon storage rate of 0.48 t C ha-1

\uU 7KLV ZRXOG LPSO\ D VLJQL“F'_P
UHGXFWLRQ RI WKH *+* IRRWSUL(\R/ihih%(') anl'a’}/r\éwtlﬁeQa“

However, limitations of C sequestration for
climate change mitigation include the following
constraints: (i) the quantity of C stored in soil
LV “QLWH
even if SOC is increased there may be changes

upon the anthropogenic emissions associated

with the regional agriculture practices. Some of

the carbon sequestered in cotton will eventu-

DOO\ UHWXUQ WR WKH DLU DW (R/ GXULQJ ¢
incineration and some carbon will be seques-

WHUHG LQ WKH ODQG“0O0 HYHQ EH\RQG WK}
GWP timescale.

3.2.6 Nutrient Modeling

Nitrogen plays a fundamental role for agricul-
tural productivity and is also a major driver for
the environmental performance of an agricul-
tural production system. For these reasons it is
[&X YDOXDWH DOO UHOHYDQW
gri%u'ﬂlHaY system.
The thinkstep agriculture model accounted for
the nitrogen cycle that occurs in agricultural
S

)ﬁtems.
LL WKH SURFHVV LV UHYHUVLEOH DQG LLL

The different N-based emissions are calculated

LQ WKH tX[HV RI RWKHU JUHHQKRaXfokbwsDVHYV HVSH

cially nitrous oxide (N ,O) and methane. Due
to these variations and related uncertainties
(Powlson, Whitmore, & Goulding, 2011) carbon

f NH; emissions to air from mineral and or-
ganic fertilizers are adapted from the model

VHTXHVWUDWLRQ FRXOG KDYH EH}?E%WVH . egh (B{Rntrepy3R00) and

it is not considered within the scope of this
study. Furthermore, the end-of-life of gin waste
is excluded, leaving the system burden-free

PRGHOHG VSHFL“FDOO\ IRU WKH FURSSLQ.
dependent on the fertilizer-NH 4+ content, the
soil-pH, rainfall, and temperature. The follow-

DQG ZLWKRXW DQ\ EHQH*WV WR w K ePissop fastors akeusey by default and

*LQ ZDVWH FRQVLVWYVY RI EURNHQ

plant remains (residues). In the worst case, its
storage and processing could be associated
with additional environmental impacts. On the
other hand, it is occasionally returned back to
the land as organic fertilizer. Therefore, attribut-
ing no burdens to the gin waste is a neutral
approach, neglecting a small potential envi-
ronmental impact and also annulling a similarly

vV WHG LR l15‘8(\J(H PRUH VSHFL“F LQIRUF
available. For ammonium nitrate, calcium am-
monium nitrate, monoammonium phosphate,
diammonium phosphate, and ammonium
sulphate 2% of fertilizer N input, for urea
ammonium nitrate 8% and for urea 15% are
emitted. These values are identical with data
from Ddéhler et al. 2002 (with exception of the
ammonia emissions).

VPDOO HQYLURQPHQWDO EHQH*WfNHUWMKXHHQXOBURGXFW RI GHQLWUL“FDV

Beside emissions, positive effects (sinks) due
to natural conversion of gases in the soil were
considered. Gaseous sinks are related predomi-
nantly to the methane depression function of
natural soils due to their oxidizing and micro-
bial transformation of methane. A default value

of 1.5kg CHsha' ZDV DVVXPHG IRU “HOGt\ékéDn

value of 2.5 CH, ha' as default in the reference
system process (Dammgen 2009).

The biogenic CO , sequestered in the cotton

SODQW DQG LWV “EHU LV GLUHFW QAdiaERrSR Neeferditdsysem after

the inventory as an input or uptake of carbon

GLR[LGH )RU FUDGOH WR JDWH FRWYEKQ “ESWFIWKLRU WKH FXOWLYDWL

resulted in both positive and negative GWP
values for different growth regions depending

QLWUL“FDWLRQ LV D SURFHVV RI PLFUREL
reduction that ultimately produces molecular 3
nitrogen through a series of intermediate
gaseous nitrogen oxide products. N , emis-
sions are assumed to be 9% of the N-fertilizer
input based on a literature review made by
Van Cleemput (1998). N , emissions are also
%t% consideration to determine the
nitrate leaching potential.

f NO is an intermediate product produced in
PLFURELDO GHQLWUL*FDWLRQ 12 HP

L 19(1725< $18/<6

<
=

N-input from air plus 0.43% of the N-fertilizer
QV

/,)P&<&/

according to Bouwman et al. (2002).
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f N,O is an intermediate product produced in

3.2.8 Pesticide Emission Modeling

PLFURELDO GHQLWUL"FDWLRQ %('):rllzaﬁdulrgtilfe%i]ev\l/gug glgbglgéotton LCA,

2006, N,O emissions were calculated as 1%
of all nitrogen available including nitrogen
applied with fertilizers, atmospheric deposi-

WLRQ PLFURELDO QLWURJHQ *

available from previous crop cultivation, and
indirect emissions.

f NOs. emission to groundwater is calculated
based on available nitrogen derived from a
nitrogen balance (N not lost in gaseous form
or taken up by the plant, stored in litter, stor-
age in soil, etc.). Depending on the leaching
water quantity and soil type, a fraction of this
available nitrogen is calculated to be leached
as nitrate. Water available for leaching is es-
timated based on CROPWAT 8.0. The actual
amount of water leached depends on the wa-
ter retention capacity of the soil (considered
in the study based on soil type).

f Norg and NO ;. emissions to water occur
due to erosive surface run-off. See Soil Ero-
sion section for a description of soil erosion
modelling.

Besides nitrogen-based emissions to water

and air, phosphorus emissions are taken into
consideration in the model. Phosphorous emis-
sions are typically dominated by surface runoff
of soil to surface water, causing eutrophication
of water bodies, thus they are directly related to
soil erosion. Please refer to the Soil Erosion sec-
tion for a description of soil erosion modelling.

3.2.7 Soil Erosion

Data on soil types and soil erosion rates are
described in a previous section on agricultural
data collection for each country. It is assumed
that 10% of the eroded soil accesses the waters,
based on evaluation of different literature
sources, while the rest accumulates to col-
luviums on other surfaces and is assumed
irrelevant in the life cycle assessment (Fuchs

6FKZDU] +LOOHQEUDQG
OROOHU 6FKPLGW
Nichols, 2005). The nutrient content of the soil
entering surface water with soil erosion was
assumed to be 0.05% for phosphor, 0.6% for
nitrogen (organic bound), and 0.4% for nitrate
— representing values from literature indepen-
dent from soil management practices.

a simple pesticide emission model was used
that only addressed the emissions at the time

2008) to address off-site fate and transport of
the pesticides. Experiences with that version
of USEtox indicated the model was not ap-
propriate to characterize the fate and transport
of pesticides applied to agricultural lands.
Therefore, one emission model used in this
study was to use the EPIC (Environmental Policy
Integrated Climate) component of APEX (Agri-
cultural Policy/Environmental eXtender) model
:LOOLDPV HW DO
2006). EPIC was used to conduct 40-year
weather simulations for different soil scenarios
at three locations in the United States (Georgia,
Arkansas, Texas, and California). As EPIC is a

:LOOLDPV

f lication and th elied on the factors in
[&L\?P\/E\B%H rl\/\)ng%J IQ86(WR[‘ 5RVHQEDXP 5 HW

,]DXUUDOC

“HOG OHYHO PRGHO WKH VLPXODWLRQV ZHUH
WR D “HOG LQ HDFK RI WKRVH VWDWHV VR WK

will not be completely representative of the
regions. Furthermore, the data sets needed to
conduct the EPIC simulations in India and China
were not readily available, so pesticide emis-
sion factors for regions in those countries were
estimated by matching climates and soil types
to those of the U.S. regions. In the event a pesti-
cide was used in India or China, but not simulat-
ed in the United States, a proxy was determined

E\ “QGLQJ D SHVWLFLGH WKDW zZDV VLPXODWH

similar chemical properties, especially focused
on matching the soil organic carbon-water par-
WLWLRQLQJ FR.HBetaUsel@aNof EPIC
did rely on a number of assumptions to gener-
ate emission factors for each global region, a
second approach to pesticide emissions was to
assume 1% was emitted to the atmosphere and
the remainder was emitted to the soil.

3.2.9 Land Use

Land use was considered in this study and as-
sessdd @fowihg the LANCA method (Beck, et

1HDULQ &I, 20B0R Widdse refer to Annex E: Evaluation

of Land Use (LANCA) for an overview on land
use modelling and results. For a full description
of the LANCA land use modelling approach
please refer to Beck et al. 2010.



3.2.10 Labor tural equipment is typically small from an LCA

Currently, resources associated with labor are perspective, but there can be exceptions that
not commonly addressed in LCA since for many LQFOXGH KDUYHVWLQJ HTXLSPHQW LQ VRP

SURGXFWY ODERU GLIIHUHQFHYV ‘E?ffﬁ(?gi:ﬁ?'g}?”??rﬂtf aLZEO%LH wever, in this

. . ) study m the cottdn was harvested,
However, there are considerable differences in
. and when that was not the case, the harvest was
labor use between mechanized and non-mech-

. i . . conducted by machines covering large areas.
anized agricultural production systems. This y glarg

UHVXOWHG LQ VLIQL“FDQW GLIIH'l\.‘ﬁmgcllfﬁl\glf '(ﬁ?gﬂﬂﬁ???&a\bk}%(%@(w

. . per kifogram of nachine weight as an approxi-
labor requirements between countries. The ener. <e for agricultural hiner
LPSOLFDWLRQV RI WKHVH GLHHUE@%’W(/ ’E(ﬁ’f—f‘ € [of Aprip iyl paghinery.

i
quantify from an LCA perspective and were not ofz);;pr)(r)&i?:!t]elj ;gté%% I?(er:?ti:ah::e?g??osrs
addressed in this study. ' '

manufacturing is fairly large. However, assum-
ing an 8 year life, Nemecek and Kagi (2007) use

3.2.11 Equipment 12 years for combine harvesters and 600 ha of

Impacts associated with the energy used by cotton harvested per year with a yield of 1,000
agricultural equipment were accounted for in kg per ha, thus the manufacturing energy only
the agricultural phase of the study. Because of represents 0.05 MJ per kg of cotton harvested.
the life time of equipment and the large areas Therefore, the impact of equipment manufac-
it covers, the impact of manufacturing agricul- turing was not considered in this study.

3.3 TEXTILES DATA COLLECTION AND MODELING

3.3.1 Textiles Data Collection (YHU\ PLOO UHSRUWHG PDWHULDO tRZV VH!
for knit or woven fabrics. The mills were verti-
cally integrated at different levels and may buy
and sell intermediate materials. For this reason,
each process was isolated and compared
across all the mills reporting for that process.
This enables the creation of a horizontal aver-
age at each step. Unit processes are grouped
together to create global averages. There was a
change in the grouping of processes versus the
collection groupings for the 2010 study. Due to
complexity, time constraints, and the inability

The textile manufacturing data were measured
or calculated from primary sources, and supple-
mented with literature and industry averages.
All textile unit processes were completely con-
sidered and were calculated to create global
averages for each process. All background data
were derived from the GaBi database, which
has its representativeness and completeness
documented here: http://www.gabi-software.
com/support/gabi/gabi-6-Ici-documentation/

Primary textile data were collected from 15 RI PRVW PLOOV WR DFFXUDWHO\ JHQHUDW F

WH[WLOH PLOOV NQLW PLOOV Dr@diddualpryesses that @appen continuously,

however, only data from 13 were used in the several of the processes were combined as ©

LCA due to errors or missing information. shown below in Table 3-11. <
\
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TABLE 3-11: Textile unit processes grouping.

Knit Fabric (2015) Knit Fabric (2010) Woven Fabric (2010)  Woven Fabric (2015)
Yarn Production Opening, Cleaning, Opening, Cleaning, Yarn Production
Mixing Mixing
Carding Carding
Predraw Predraw
Combing Combing
Drawing Drawing
Roving Roving
Spinning Spinning

Repackaging (Fill) Beaming, Slashing,

Drying (Warp Yarn)

Beam/ Slash/ Dry (Warp)

Knitting Knitting Weaving Weaving
Preparation Preparation
Batch Dyeing Preparation
Continuous Dyeing Preparation
Batch Dyeing Continuous Dyeing
Finishing Finishing—Wet Finishing—Wet Finishing
(Wet and Foam) (Pad, Curing) (Pad, Curing) (Wet and Foam)
Compacting Compacting Sanforizing Sanforizing
3.3.2 Textile Manufacturing Each textile mill received a data collection

template in Excel format, with different tabs
for each unit process. The most vertically inte-
grated mills took raw bales of cotton through

In an effort to collect the best quality data, tex-
tile mills were selected based on the products

that they manufacture, their level of verticality, .
X . . . spun yarn and then knitted or wove the yarn
and their location. Countries and regions of

interest (Eurasia, East Asia, South/Central Asia, LQWR GIHG QLVKHG IDEULF 0DQ\ PLOOV SXU

DOG /DWLQ $PHULFD ZHUH LG H QWEMEHAERRAUCEs SH3F as spun yam, so
. . HDFK PLOO RQO\ UHSRUWHG GDWD IRU LWV RZ
world textile manufacturing volume. Preference

. . . . . SURFHVVHY LQ KRXVH 'XH WR FRQ*GHQWLDOL
was given to mills with vertically integrated .

. S . FL*F PLOO GDWD FDQQRW EH VKDUHG EXW D I
operations. However, not all participating mills

were vertically integrated. A total of 39 textile data coIIectlor_1 template is shown in Annex F:
. . . . . Example Textile Data to convey the level of de-
mills from major textile-producing regions were

LGHQWL“HG DQG DVNHG WR SDU WT'&'L%W#'WWOEG(% E‘BW'b‘”ﬁcﬁ% data in
. . . . this template are combined from ditferent mills

lection. Mills were sent an introduction letter

. WR SURWHFW FRQ“GHQWLDOLW\ EXW LW JLYH
and received follow-up calls from account . .

. . a feel for the types of information collected.

representatives to explain the process and
answer questions. Of the 39 mills contacted,
22 initially agreed to participate and signed
nondisclosure agreements.



Cotton Incorporated experts worked collec- garment, so each unit process step was mod-

tively with all mills to review and approve data HOHG LQGHSHQGHQWO\ IRU JUHDWHU tHJ[LE
submitted. At the end of the data collection The different unit processes and their inputs

deadline, 15 surveys were received: 9 from and outputs are displayed below in Figures

woven fabric manufacturers and 6 from knit 3-8 and 3-9.

fabric manufacturers. Each survey was quality h uni h mill |
checked by a team of textile experts from Cot- For each unit process, each mill's annua

WRQ ,QFRUSRUDWHG DQG FOD U L“FPHHANRYPHR WR§ViAed Py the annual

were returned to the mills. From the surveys outpu; for tha},un('jt .process tg create an I'Inlvsn-
received, 13 contained usable data (7 woven tory of normalized inputs and outputs. Mill data

fabric manufacturers and 6 knit fabric manufac- were then rrc])lleo! together by productrl]on \IIO:)- |
turers). A second round of quality control was ume at ea(C:: unit process to create the globa
performed on the data by thinkstep. average LCls.

The fabric production steps varied depending
on the intended use and characteristics of the

FIGURE3-8: :RYHQ IDEULF XQLW SURFHVV FKDLQ EDOH WR “QLVKHG IDEULF
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FIGURE3-9:.QLW IDEULF XQLW SURFHVV FKDLQ EDOH WR “QLVKHG IDEULF
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In an effort to collect more detailed information bined. Therefore, for mills that only provided
on chemicals used in the preparation, dyeing, total energy, energy and inputs were allocated
DQG “QLVKLQJ SURFHVVHV WKH ToXéhvthWnitRpQdeds adddtdiddta/industry
updated from the 2010 study to include more average weighting. For mills that could not pro-

VSHFL“F FKHPLFDO W\SHV )RU H|\ide S8ataHndusbrir &r&be Qrdxies were used.
Agents’, ‘Alkali’, ‘Acids’, and ‘Other Chemicals’
were presented as separate line items on the
2015 data collection sheet, allowing for more
precise data collected from the mills and
limiting the need to use expert estimations to
allocate the chemicals.

Equipment manufacturers’ energy demand

data are reported below in Table 3-12 for

reference. Note that only ring spinning is pre-

VHQWHG DOO VOLYHU IRU ULQJ VSLQQLQJ ZD!
Combed sliver was drawn and made into rov-

ing before ring spinning. Because there were

In addition to material inputs and outputs, QRW HQRXJK PLOOV WR PDLQWDLQ FRQ*“GHQW
process energy was collected. Mills were asked rotor or air-jet spinning, data for all spinning

to provide data for each unit process, but many methods were rolled together into a produc-

could only supply energy for yarn production tion weighted average for the global average

RU SUHSDUDWLRQ G\HLQJ “QLVKLSidni8djproEdds/ VHV FRP



TABLE 3-12: Process machinery energy from equipment manufacturers. Energy is reported in MJ/1000 kg.

Fabric Type Electricity Steam and Natural Gas
Knits/Wovens Opening, Cleaning, Mixing* 299.66

Knits/Wovens Carding* 384.34

Knits/Wovens Predraw Prep* 105.44

Knits/Wovens Combing (Ring Spinning only)* 194.65

Knits/Wovens Drawing* 210.17

Knits/Wovens Roving (Ring Spinning only)* 637.32

Knits/Wovens Ring Spinning* 7280.04

Knits/Wovens Rotor Spinning* 5288.86

Knits/Wovens Finishing 2211.93
Knits Prep and Yarn Dyeing 623.00 9308.25
Knits Backwinding

Knits Creeling

Knits Knitting 926.00

Knits Prep and Batch Dyeing 697.57 10023.93
Knits Compaction 75.89 4589.56
Wovens Repackaging (Fill)

Wovens Beam Slash Dry (Warp) 2211.93
Wovens Weaving 10430

Wovens Prep and Continuous Dyeing 331 4202
Wovens Sanforizing 74 4313

3.3.3 Cut-and-Sew

Cut-and-sew energy and waste data were ob-
tained (TC2, 2009) for the original 2010 study.
Since new process data could not be obtained
from garment manufacturers and because few
process improvements have occurred in this
SRUWLRQ RI WKH VXSSO\ FKDLQ
the 2009 data were used in this study. The
materials in a knit collared casual shirt, t-shirt,
and woven casual pant were measured by de-
constructing high-end and low-end garments
purchased in the United States.

The average knit casual collared shirt, average
t-shirt, and average woven casual pant are cal-

culated by arithmetic averages of the low-end
and high-end garments’ components. Material
inputs are shown below in Table 3-13: Garment

FRPSRQHQWYV >JUDPV JDUPHQW@ $ GHFLVL

made to retain the 305 g mass of a collared

NQLW VKLUW IURP WKH “UVW VWXG\

(5 "RRIS B fPssbIp compaipons:
The range of possible shirt weights based on
construction variables and ordinary process-
ing variability would include 305 g. The same
decision was not made for the casual pants
since import data shows that pants have been
trending toward lighter weights over the past
“YH \HDUV

LQVWH
©

,19(1725< $1%/<6,
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TABLE 3-13: *DUPHQW FRPSRQHQWYV >JUDPV JDUPHQW@

Average Average Average

Garment Component Material Knit Casual Knit Woven
Collared Shirt T-Shirt Casual Pant
Body Fabric Component 100% Cotton 247.02 225.07 401.60
Buttons Polyethylene 0.55 NA 1.80
Copolymer

Tags Polyester, Nylon 0.59 NA 1.05
Lining Polyester NA NA 23.48
Pockets 100% Cotton NA NA 25.96
Seam Reinforcements/ 100% Cotton NA NA 10.78
Zipper Lining
Waistline/Collar/Sleeve 100% Cotton 27.09 NA 31.68
Zipper (metal) Brass NA NA 13.20
Belt Loops 100% Cotton NA NA 5.33
Zipper (Plastic) Polyester NA NA 9.00
Total** 275.25* 225.07* 512.76*

*Values may not add due to rounding.

=LSSHU XVHG LQ WRWDO LV DQ DYHUDJH JLSSHU PHWDO DQG SODVWLF DUH DYHUDJHG WRJHWKHU
HYHQ WKRXJK QR VLQJOH JDUPHQW ZRXOG KDYH ERWK D PHWDO DQG SODVWLF JLSSHU

For this study, it is assumed that a knit casual NJ “QLVKHG JDUPHQWYV WKLV UHSUHVHQWYV
FROODUHG VKLUW ZHLJKV RQ DY Rhirfd.JG¢nerallyl ledg&reduiked information

IXQFWLRQDO XQLW RI NJ “Q L ¥ KigingldbelrRprr@ed/of added by decals

this represents 3,278 shirts (Table 3-14). Pres- that cannot be weighed.

ence or absence of sleeve trim, number and
types of buttons, pockets and aesthetic design
elements, and variations in type of knit fabric
for trims and collars (e.g., rib vs. interlock) can
all affect this total weight.

It is assumed that a pair of woven casual pants

ZHLJKV RQ DYHUDJH J IRU WKH IXQFWLRQD
R NJ “QLVKHG JDUPHQWY WKLV UHSUHVH
1,949 pairs of casual pants. For all garments,

the calculated number of garments includes

This study assumes that a knit t-shirt weighs on cut-and-sew losses, and only provides the cot-

DYHUDJH J IRU WKH IXQFWLR Qdd porto® af\tthe Rdrments.

TABLE 3-14: ODVV RI JDUPHQWYV FXW DQG VHZ ORVV DQG QXPEHU RI JDUPHQWYV SHU NJ F

# of Garments/1,000

Garment Type g*/Garment Cut-and-Sew Loss (%) kg of Garments
Knit Collared Shirt 305 15.2% 3,278
Knit T-shirt 225 15.0% 4,444
Woven Pants 513 12.4% 1,949

*UDPV RI FRWWRQ SHU JDUPHQW




The energy used in the cut-and-sew phase
assumed a grid energy mix with the following
breakdown: China 42%, EU 28%, India 7%,
Turkey 5%, Bangladesh 1%, Vietnam 2%, United
States 5%, Rep of Korea 5%, Pakistan 4%, and
Indonesia 2%. The source of this relative con-
tribution by country and region is World Trade
Organization (WTQO) textile exports by country
(WTO, 2014).

TABLE 3-15: :DVWHZDWHU WUHDWPHQW HPLVVLRQV WKUHVKROGV IRU HItXHQW ZDWHU LQ

Due to the lack of data on water emissions from
all the textile manufacturing partners, water
emissions were supplemented by using the ap-
plicable regulatory threshold values, which are
summarized in. Table 3-15: There is not enough
empirical data available from the countries of
manufacture to conclude whether using thresh-
old values is a best case or worst case estimate
on average.

East Asiat

Total Kjeldahl Nitrogen as NH3

Nitrate Nitrogen

Ammonia Nitrogen 10
Total N 15

Total Inorganic N

Ammonia Nitrogen 10
dissolved Phosphates (as P) 0.5
Total P 0.5

Total Organic Carbon (TOC)

cﬁﬂﬁg} er]icjaz Anggyigas Eurasia’
100
10
5t0 25
5.0 t0 20
5 191023
05010 3.0
1010 33
100 30 5.0t035
250 30to 100
30 30
5510 9.0 510 10

:KHUH UDQJHV DUH JLYHQ WKH DYHUDJH EHWZHHQ WKH PLQ DQG PD[ ZDV XVHG

TSS 50
COD 250
BOD 20
pH 6t09
6RXUFH

1 KWW S

6DIH*XDUG®6
2 KWW S

3 KWW S

4 KWW S

XVHG
SGI 3DJH

Z2ZZ VIVIJURXS XV FRP HQ 2XU &RPSDQ\ 1HZV DQG OHGLD &HQWHU 1HZV DQG 3UHVV 5H(
&KLQD 'LVFKDUJH 6WDQGDUGV RI :DWHU 3ROOXWDQWYV IRU "\HLQJ DQG )LQLVKL

FSFE QLF LQ *HQHUDOG6WDQGDUGYV SGI SDJH

ZZZ FHS XQHS RUJ SXEOLFDWLRQV DQG UHVRXUFHY PDULQH DQG FRDVWDO LVVXHV Ol
ZDVWHZDWHU VHZDJH DQG VDQLWDWLRQ FODVV

ZZZ FVE JRY WU GE LSSFHQJ LFHULNEHOJH LFHULNEHOJH
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3.3.4 Consumer Use

Consumer use behavior data were collected by
Cotton Council International and Cotton Incor-
porated using an international, third-party mar-
ket research company to survey respondents in
the uppermost fraction of apparel-consuming
countries regarding their use and launder-

ing practices for t-shirts, knit casual collared
shirts, and casual woven pants. The survey was

having 60% or greater internet penetration.

In order to secure a representative sample in
China, a mixed mode methodology was used
which included 40% self-administered online
surveys and 60% face-to-face interviews. The
guestionnaires were similar across countries,
with minor differences to account for cultural
distinctions.

Approximately 1,000 consumers were surveyed

FRQGXFWHG IURP 0D\ WKURXJK -X%& tountry vitR a ‘totdl sample of just over

countries including the United States, China,
Japan, Italy, the United Kingdom, and Germany.
The United States, Japan, Italy, the United
Kingdom, and Germany were self-administered
guantitative online surveys using the research
company'’s multi-million member panel as well

6,000 respondents. Respondents were ages

18 and older and were representative of each
country’s demographics. In order to qualify for
the survey, respondents had to own at least one
t-shirt, one casual collared shirt, and one pair of
casual woven slacks. Each respondent had to

DV WKHLU FHUWL*HG SDUWQHU ShearthftiVaudu@r (h&d\oHa@nh¥ivash) their

only methodology was used for those countries

TABLE 3-16: Sample size by country.

own garments.

Country Sample Size

United States
China

Japan

Italy

United Kingdom
Germany

Total

9.0
8.6
1.8
6.7
2.0
1.4
5.8

Laundering details are reported in Table 3-17
Washing machine data and Table 3-18 Dryer
Data. Most of the energy and water require-
ments that were used to calculate global aver-
ages for washer and dryer cycles were taken
from government sources and academic publi-
cations. Washer load size was averaged based
on government and academic publications

IRU HDFK FRXQWU\ "H*QLWLRQV RI KRW DQG F
water vary by region. For instance, in Asia, no

water that is initially being used for laundering

is heated for that purpose, though bath water

may be reused for laundering. Cold water is

DVVXPHG WR EH WKH PRVW HI“FLHQW FRQGLW
KRW ZDWHU OHDVW HI“FLHQW VR UDQJHV DUFH
Table 3-17.



TABLE 3-17: Washing machine data.

Parameter Quantity Unit Source

Unit—Ibs

(CDR(EUV), 2010), (Yamaguchi, Seii,
Wash Load Size (small load) 3.70 Ibs/load Itagaki, & Nagayama, 2011) (BS EN,
2011), (Federal Register, 2010)

Wash Load Size (average load) 8.88 Ibs/load
Wash Load Size (x-large load) 14.55 Ibs/load
Average Load Detergent 82.75 grams/load (Schenck, 2013)
Unit—kg
(CDR(EUV), 2010), (Yamaguchi, Seii,
Wash Load Size (small load) 1.68 kg/load zgig; k(iéfal:ggggilg%:z:dlej}gl(ggglizs’?ér,
2010)
Wash Load Size (average load) 4.04 kg/load
Wash Load Size (x-large load) 6.61 kg/load
Average Load Detergent 82.75 grams/load (Schenck, 2013)

ORVW (I"FLHQW :DVKHU

(EPA, 2015), (China National Institute
of Standardization, 2013), (CDR(EU),

Water Consumption per unit 66.62 (L/load)/unit 2010), (Yamaguchi, Seii, Itagaki, &
Nagayama, 2011)

Water Temperature** 20-30 c

Electricity Consumption 0.69 (kWh/load)/

(kWh/Load) per unit ' unit

/HDVW (I“FLHQW :DVKHU

(Federal Register, 2010), (China
. . . National Institute of Standardization,
Water Consumption (L/Load) per unit 89.05 (L/load)/unit 2013), (CDR(EU), 2010), (Yamaguchi,
Seii, Itagaki, & Nagayama, 2011)

Water Temperature 23 -60 ©

Electricity Consumption 136 (kWh/load)/

(kWh/Load) per unit ' unit

/[HDVW (I“FLHQW FDQQRW EH FRPSDUHG WR ORVW (I“FLHQW GXH WR PHWULFV FKDQJLQJ IRU '2( G

©
©
\Y
&
—
3
Y
[To)
o
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—
]
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TABLE 3-18: Dryer data.

Parameter Quantity Unit Source
(CDR(EUV), 2010), (Yamaguchi, Seii,
) Itagaki, & Nagayama, 2011), (BS EN,
Dryer Load Size (small load) 3.70 Ibs/load 2011), (Evans, 2014), (Federal Register,
2010)
Dryer Load Size (average load) 9.10 Ibs/load
Dryer Load Size (x-large load) 14.63 Ibs/load
(QHUJ\ (I“"FLHQW 'U\HU
. ) (Yamaguchi, Seii, Itagaki, & Nagayama,
a&;&;‘tgg d?‘";”umm‘:“o” 0.89 (kW:/r']‘i’tad)/ 2011), (BS EN, 2011) (CDR(EU), 2010),
p (CDR(EU), 2012), (CFR, 2015)
Gas Consumption (kWh/Load) per unit 0.27 (kWTJ/r:gad)/ (CFR, 2015)
Conventional Dryer
- ) (Yamaguchi, Seii, Itagaki, & Nagayama,
a&;&;‘tgg d?‘";”umm‘:“o” 202 (kW:/r']‘i’tad)/ 2011), (BS EN, 2011), (CDR(EU), 2012),
P (CFR, 2015)
Gas Consumption 0.35 (therms/
(therms/Load) per unit ’ load)/unit

The following equation demonstrates the cal-
culation of washings per life as calculated from
the Global Laundering Study consumer data.
The same calculation method holds true for
t-shirts, casual collared shirts, and casual
woven slacks:

Assuming each pair/shirt owned is worn and
washed evenly:

/ILIHWLPH E LiRebnzY
Garments

Using the Global Laundering Study data (Table
3-19) the calculated washings for the lifetime
of a t-shirt is 18, 22 washings for a casual
collared shirt, and 24 washings for a pair

of woven casual slacks.

TABLE 3-19: Summary of Cotton Council International and Cotton Incorporated’s Global Laundering Study data.

Description

Average months a garment is owned

Casual
T-Shirts Collared Knit
Shirts

Casual Woven
Pants

Lifetime DQG ZRUQ RQ D UHJXODU EDVERR “uvw oL 1#° 43.9
Loads Average number of washings per month 7.0 5.0 4.5
Garments Average number of garments owned 14.9 9.2 8.4
Lifetime o Total Washings in a Lifetime (38.8x7.0)/ (40.9x5.0) / (43.9x4.5)/
“UVW OLIHWLPH 14.9=18.2 9.2=22.2 8.4 =235




JRU WKH ::7 RI HItXHQW IURP- P X QthtBI(F5tbt&)) [&/Dakiiyg the mean value for mu-

water generated from laundering in the use nicipal wastewater for each region. The mean
phase, there is no sludge to be treated as with values are summarized in Table 3-20 and the
traditional municipal wastewater treatment. range of values are illustrated in Figure 3-10.
Therefore, the existing municipal wastewater Note that the average values are higher than
treatment processes were adapted based on the median values, therefore using the average
the Total Solids (TS), Total Organic Carbon values rather than the median values represents
(TOC), Nitrogen total (N total) and Phosphorous a worst case scenario for this process.

TABLE 3-20: /DXQGU\ ZDVWHZDWHU WUHDWPHQW HItXHQW YDOXHV DQG VRXUFHV NJ YDOXH}

Country Wastewater Type

20141 India Laundry 5.86E-04 1.89E-04 1.89E-05 1.90E-05

2009 2 Australia Laundry 4.91E-06 2.20E-07

20133 Brazil Commercial Laundry 5.70E-04 7.98E-06 3.45E-05

20104 Turkey Grey water 9.83E-05 6.66E-06 7.30E-06

2013°% England Grey water 8.30E-05 2.30E-05 8.50E-06

1976° n/a Laundry 1.75E-03 3.80E-04 2.70E-05 7.80E-05

19987 n/a Laundry 6.58E-04 1.10E-04 1.23E-05 1.01E-04

19998 n/a Laundry 4.00E-06 2.10E-05

1974° USA Laundry 2.42E-04 1.26E-05 1.71E-04

2014 % Dubai Laundry 8.33E-04

2003 1 Slovenia Laundry 9.33E-05 2.75E-06 9.90E-06

20142 China Laundry 5.86E-04 1.89E-04 1.89E-05 1.90E-05

Mean 9.98E-04 2.69E-04 1.20E-05 4.50E-05

CoV 65% 94% 70% 123%

6RXUFH

1 KWW S UG VSULQJHU FRP DUWLFOH \% IXOOWH[W KWPO

2 KWW S 22Z FOZ FVLUR DX SXEOLFDWLRQV ZDWHUIRUDKHDOWK\FRXQWU\ ZIKF FRQWDPLQ|

3 KWW S “OH VFLUS RUJ +WPO B KWP

4 KWW S RQOLQHOLEUDU\ ZLOH\ FRP GRL MFWE DEVWUDFW MVHVVLRQLG $ %&$ 3

"VI\VWHPOHVVDJH :LOH\ 2QOLQH /LEUDU\ ZLOO EH XQDYDLODEOH RQ 6DWXUGD\ WK )HEUXDU\
*07 ) $ $ (67 ) $ $ 6*7 IRU HVVHQWLDO PDLQWHQDQFH $SRORJLHV IRU W

KH LQFRQYHQLHQFH XVHU,V$XWKHQWLFDWHG IDOVH GHQLHG$FFHVV&XVWRPLVHGOHVVDf)o_H

5 KWWSV ERRNV JRRJOH FRP ERRNV"KO HQ OU LG MXLFU\ /D5J& RL IQG SJ 3% GT JUF\"f\ JUI
\ ZDVKLQJ FKDUDFWHULVWLFV FRPSRVLWLRQ RWYV &+5H T E W VLJ %1989ZI&NKE [(WKS%:0 E
DJH T I IDOVH Y RQHSDJH T I IDOVH 2

6 KWW S 227 UHVHDUFKJDWH QHW SUR“OH ORJHQVB+HQ]H SXEOLFDWLRQ B&KDUDRBWHUL
links/0a85e52dd93473e947000000.pdf

7 KWWSV 22Z UHVHDUFKJDWH QHW SXEOLFDWLRQ B*UH\:DWHUBSHFODPDWLRQBI%UBlR

8 KWW S 22Z VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH SLL 6 N

9 KWWSV DUFKLYH RUJ VWUHDP FKDUDFWHULVWLFVR EUDQ &+$5%$&7(5,67,&62B B%5$1€ B (

10 KWWS 72ZZ VOLGHVKDUH QHW OHOYLQ(OGLQ UHF\FOLQJ RI ODXQGU\ ZDVWHZDWHU WP&‘URXJ

11 KWWSsS 72z2Z VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH SLL 6 —

12 KWWSV 7ZzZ LQIRQD SO UHVRXUFH EZPHWD HOHPHQW HOVHYLHU H D D D Gl
o3
V
]
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FIGURE 3-10:Median, 90/10 percentiles, and min/max values for wastewater emissions from laundry
(arithmetic mean marked with white diamond).

1.0E+00

TS TOC N total P total

3.3.5 End-of-Life ODQG“O0 WKDW GRHV QRW KDYH PRGHUQ HTX
or standards for the treatment of leachate or

Consumer data from the Global Laundering ODQG*“00 JDVHV

Study indicated complex disposal patterns for

garments at EoL. The vast majority of cotton With regards to biogenic carbon, it is not

garments were shown to be reused or repur- assumed that all of the carbon sequestered

SRVHG DQ DYHUDJH RI RQH IR XUMirifgRlovitiRdRiMexcBttbt/plant is released as

indicate they throw away the items surveyed biogenic carbon dioxide since some of carbon

(25% of consumers throw away t-shirts, 24% is likely to be emitted as biogenic methane

throw away causal collared shirts, and 26% depending on the type of waste treatment in

throw away casual woven slacks). Since the life- WKH ODQG“0O0 DW (R/ )RU LQFLQHUDWLRQ DC
time (even considering multiple uses or users) biogenic carbon is assumed be released as

of garments was less than the time period used carbon dioxide, though it is possible that some

to evaluate GHG effects (100 years), the EoL carbon will be released as methane or carbon

for garments was modeled simply as a direct PRQR[LGH )RU ODQG“O0OLQJ WKH *D%L PRGHC
release of the sequestered carbon as a CO set percentages for the amount of carbon that

emission to air. is released as either carbon dioxide or methane

based on the EPA WARM? model for the United

States for example. Furthermore, it is common

SUDFWLFH LQ 8 6 DQG (8 ODQG“O0OV WR HPSO
ODQG“0O0 JDV FDSWXUH WHFKQRORJ\ ,Q WKLV

Although not the case in most instances, the
garments are assumed to be disposed of at
EoL rather than reused or recycled.

Table 3-21 shows the percent of the total the biogenic methane captured is burned and

JDUPHQW ZDVWH WKDW JRHV WR reespdashogen carhoq diox@e. Accurate

eration at EoL. In the case of China, it was found GDWD RQ WKH LPSOHPHQWDWLRQ RI ODQG“0OO0O
that some waste goes uncollected and, of capture in Japan and China were not available,

what is collected, some goes to undesignated therefore they were not assumed to capture

GLVSRVDO VLWHV RU LQIRUPDO OD@& O3 PIQGZ0Q PHWKDQH
modeled as littering in terms of an informal

2 http://lwww3.epa.gov/iwarm/



TABLE 3-21: Percent of garment waste to respective EoLs in considered regions of use.

Parameter us? EW? Japan? China

3HUFHQW WR /DQG*“0 080% 30% 80% 57%*

Percent to Incineration 20% 70% 20% 13%

Percent to Other * 0% 0% 0% 30%

6RXUFH

1 86 (3% 7TDEOH WRWDO ZDVWH QRW UHF\FOHG RU FRPSRVWHG KWWS Z2ZZ HSD JRY VLWHV S
BDGYQFQJBVPPBIV SGI

2 (XURVWDW KWWS HF HXURSD HX HXURVWDW VWDWLVWLFV H[SODLQHG LQGH[ SKS O0XQLFLS
KWWS ZZZ Q\WLPHV FRP ZRUOG DVLD KRZ GR MDSDQHVH GXPS WUDVK OHW XV FRXC

8QGHVLIQDWHG SODFHV VXFK DV LQIRUPDO ODQG*"OOV RU OLWWHULQJ

3.3.6 Background Data was modeled using national and regional grid
mixes that account for imports from neighbor-
3.3.6.1 Fuels and Energy ing countries and regions.
National and regional averages for fuel inputs
and electricity grid mixes were obtained from
the GaBi 2016 databases. Table 3-22 shows the
most relevant LCI datasets used in modeling

the product systems. Electricity consumption

Documentation for all GaBi datasets can be
found at http://www.gabi-software.com/
support/gabi/gabi-6-Ici-documentation/

TABLE 3-22: Key energy datasets used in inventory analysis.

Energy Dataset Name Primary Source Year Geography
Hard coal Thermal energy from hard coal thinkstep 2012 BR, CN
) Thermal energy from heavy .
Heavy fuel oil fuel oil (HFO) thinkstep 2012 BR, IN
CN, EU-27, ID,
Electricity Electricity grid mix thinkstep 2012 IN, JP, KR, MX,
TH, TR, US
Electricity from natural gas thinkstep 2012 CN
Electricity from hard coal thinkstep 2012 CN ©
. BR, CN, EU-27, ©
Natural gas Thermal energy from natural gas thinkstep 2012 IN, JP. TR, US v
- %
[LTXL"HG Thermal energy from LPG thinkstep 2012 EU-27,US o
petroleum gas ©
Steam Process steam from natural gas 90% thinkstep 2012 IN L\é
N
N~
-l
o
—
]
v
]
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3.3.6.2 Raw Materials and Processes mentation for all GaBi datasets can be found at
http://www.gabi-software.com/support/gabi/
gabi-6-Ici-documentation/ . Additional datasets
used as proxy datasets are given in

Data for upstream and downstream raw materi-
als and unit processes were obtained from the
GaBi 2016 database.

Table 3-23 and Table 3-24. Datasets used in the
agricultural modeling are given in Table 3-25.

Table 3-23 shows the most relevant LCI datasets
used in modeling the product systems. Docu-

TABLE 3-23: Key material and process datasets used in inventory analysis.

Material/Process Dataset Name Primary Source Year Geography

Acetic acid from methanol
Acetic acid (low pressure carbonylation) thinkstep 2015 us
(Monsanto process)

Antimicrobial agent Silver antimicrobial thinkstep 2012 DE
Brass zipper Brass (Cuzn20) thinkstep 2015 EU-27
Steel cold rolled coil worldsteel 2007 GLO
Catalase Enzyme (estimation over glucose) thinkstep 2013 DE
Catalyst Sodium chloride (rock salt) thinkstep 2015 us
&DWLRQLF “[DW Anrdonium chloride thinkstep 2015 DE
&RDWLQJ “QLVKEdyhethylmethacrylate .
agent granulate (PMMA) thinkstep 2015 DE
. Ginned Cotton (Region Mix, Cotton
GRS R Cotton Incorporated 2015) Incorporated o e
Dispersant 'LVSHUVLQJ DIHQW XQVSH F Lthirkstep 2015 GLO
Disperse dye Disperse dyes thinkstep 2015 GLO
Urea formaldehyde resin in- situ .
DMDHEU foam (EN15804 A1-A3) thinkstep 2015 DE
'"\H “[DWLYH Ammonium chloride thinkstep 2015 GLO
Fire retardant Monoammonium phosphate (MAP) thinkstep 2015 us
Hydrogen peroxide Hydrogen peroxide (50%, H202) thinkstep 2015 us
Hydr_c_)gen peroxide Calcium silicate thinkstep 2015 EU-27
stabilizer
/IDQG“0O0 +D.]DUGRXV .ZDVWH QRQ VSH'Ehll‘nklgtep 2012 GLO
(c rich, worst scenario)
30DVWLF ZDVWH RQ ODQ G "0 Ghinkstep 2015 EU-27
7H[WLOHV RQ ODQG“OO0O thinkstep 2015 EU-27
*ODVV LQHUW ZDVWH RQ O D Qtlrikstéep 2015 EU-27
/IDQG“0O0 RI FRWWRQ WH[WL OtHinksieg W H 2015 CN, EU-27, US
/IDQG“O0 RI FRWWRQ WH[WLOH. VW H
ZLOG ODQG“0O0 HVWLPDWLR inkey 2015 CN
JHUUR PHWDOV RQ ODQG“0OO0 thinkstep 2015 EU-27
Lubricants /IXEULFDQWY DW UH“QHU\ thinkstep 2012 BR, EU-27
Magnesium chloride Sodium chloride (rock salt) thinkstep 2015 EU-27
Nylon zipper Polyamide 6.6 (PA 6.6) GF injection thinkstep 2015 DE

moulded part (0,02 - 0,2kg)

Continued on next page >



Material/Process

Optical brightener

Pigment

Polyester fabric

Polyethylene

Dataset Name

Polyamide 6.6 granulat (PA 6.6)
(HMDA via adipic acid)

Compounding (plastics)

Aniline (Phenyl amine, Amino
benzene)

Titanium dioxide pigment
(sulphate process)

Polyester resin unsaturated (UP)

Polyethylene terephthalate

WHUHSKWKDODWHUHEW H3/(7

Polyethylene
terephthalate
granulate

Polyethylene
terephthalate resin

Reactive dye

Sequestering agent
Sewability agent

Size

Soil resist agent
Soda

Sodium bicarbonate

Sodium dithionite
Sodium hydroxide
Sodium sulphate

Softener

Starch

Sulfur dye
Surfactant

Vat dye

Waste incineration

Wastewater
treatment

Water

Water resistant textile
“QLVKLQJ DJHQVé‘

Wetting agent

Polyethylene terephthalate granulate

(PET via DMT)

Polyethylene terephthalate
resin (via PTA)

Reactive dyes
EDTA

Polyethylene Low Density
Granulate (LDPE/PE-LD)

Starch/PVA blend

& tRXURFDUERQ
Soda (Na2CO3)

Sodium bicarbonate
Sodium dithionite

Sodium hydroxide (caustic soda)
mix (100%)

Sodium sulphate

Softener (fatty acids amino
compounds)

Dried starch (corn wet mill)
(economic allocation)

Vat dye

Tensides (alcohol ethoxy
sulfate (AES))

Vat Dye

Textiles in municipal waste
incineration plant

Laundry wastewater treatment
(sludge treatment mix)

Laundry wastewater treatment mix
Laundry wastewater treatment mix
Process water

Tap water
tRXURFDUERQ

Non-ionic surfactant (fatty acid
derivate)

Primary Source

thinkstep
thinkstep

thinkstep

thinkstep
thinkstep

thinkstep

thinkstep

thinkstep

thinkstep

thinkstep
thinkstep

thinkstep
thinkstep
thinkstep

thinkstep

thinkstep
thinkstep
thinkstep

thinkstep

thinkstep
thinkstep
thinkstep
thinkstep

thinkstep

thinkstep

thinkstep

thinkstep
thinkstep
thinkstep

thinkstep

thinkstep

Year

2015

2015

2015

2015

2015

2015

2015

2015

2015
2015

2015

2013

2014

2015
2015
2015

2015

2015

2015

2015

2014

2015

2014

2015

2016

2016

2016
2015
2015

2014

2015

Geography

us

GLO

DE

EU-27

DE

DE

DE

us

GLO
GLO

us

DE

DE

us
us
GLO

us

GLO

GLO

us

GLO

us

us

EU-27

EU-27

us
CN
EU-27

EU-27

DE

GLO
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TABLE 3-24: Additional datasets uses as proxy datasets.

Material/Process Dataset Name

Urea formaldehyde resin in-situ

LRIl B foam (EN15804 A1-A3)

Hydrogen peroxide

- Calcium silicate
stabilizer proxy

Catalase proxy Enzyme (estimation over glucose)

Soaping agent (sodium

Polyacrylate proxy polycarboxylate)

Sulfur dye proxy Vat dye

Magnesium

chloride proxy Sodium chloride (rock salt)

Antimicrobial agent Silver antimicrobial

Soil resist agent & tRXURFDUERQ

Water resistant textile

“QLVKLQJ DJHQV§L tRXURFDUERQ

Primary Source

thinkstep

thinkstep
thinkstep
thinkstep
thinkstep
thinkstep

thinkstep

thinkstep

thinkstep

2015

2015

2013

2015

2014

2015

2014

2014

2014

Geography

DE

EU-27

DE

GLO

GLO

us

DE
DE

DE

TABLE 3-25: Datasets used in agricultural modeling.

Material/Process Dataset Name Primary Source
Ammonia Ammonia (NH3) thinkstep
Ammonium sulphate g‘g?;?:r:iﬁ[gyshu}l?j?:é;g%Zr;zum thinkstep
DAP Eeirz:irl?zng:)?lijupr\r;: ;Jhosphate granular thinkstep
Diesel "LHVHO PL[ DW “OO0LQJ VWDW thRiGtep
Electricity Electricity grid mix thinkstep
Fungicide )JXQJIJLFLGH XQVSHFL“F thinkstep
Herbicide +HUELFLGH XQVSHFL"“F thinkstep
Insecticide ,QVHFWLFLGH XQVSHFL"“F thinkstep
Jute Flax - fabric thinkstep
3( “OP 3ROVHWK\OHQH “OP /'3( 3( /' thiMkétep

Plant growth

30DQW JURZWK UHJXODWRU
regulator

Potassium chloride

Potassium chloride (KCI/MOP, 60% K20)

Seed treatment

Urea Urea (agrarian)

XRE®H FL“F

thinkstep

6HHG WUHDWPHQW XQVSHF L “thinkstep

thinkstep

2015

2015

2015

2015
2015
2015
2015
2015
2015
2015

2015

2015

2015
2015

Geography

us

us

DE

$8 ,1 86 &1
$8 ,1 86 &1
DE
DE
DE
EU-27
us

DE

EU-27

DE
us




3.3.6.3 Transportation Vehicle Inventory and Use Survey (2002) and

U.S. EPA emissions standards for heavy trucks

in 2007. The 2002 VIUS survey is the latest

DYDLODEOH GDWD VRXUFH GHVFULELQJ WU
consumption and utilization ratios in the United

6WDWHY EDVHG RQ “HOG GDWD /DQJHU

the 2007 EPA emissions standards are consid-

ered to be the appropriate data available for

describing current U.S. truck emissions. Fuels

The GaBi 2016 database was used to model were modeled using the geographically appro-

transportation. Truck transportation within the priate datasets.

United States was modeled using the GaBi U.S.
truck transportation datasets. The vehicle types,
fuel usage, and emissions for these transporta-
tion processes were developed using a GaBi
model based on the last U.S. Census Bureau

Average transportation distances and modes of
transport are included for the transport of the
raw materials, operating materials, and auxiliary
materials to production and assembly facilities.
Transport to the consumer phase was assumed
to be 100 miles by truck from cut-and-sew to
consumer phase.

Transportation distances and modes are given
in Table 3-26. Datasets used to model transpor-
tation are given in Table 3-27.

TABLE 3-26: Transportation distances by cargo ship and truck.

Average
Truck

Fabric Transport between Phases Global Average Ship

Woven Production (pants)

Fiber Production to Fabric 13,474 km
Fabric to Cut-and-Sew 13,252 km
Cut-and-Sew to Consumer Use 9,530 km
Consumer Use to EoL 32km
Knit Production (shirts)
Fiber Production to Fabric 12,270 km
Fabric to Cut-and-Sew 10,155 km
Cut-and-Sew to Consumer Use 9,530 km
Consumer Use to EoL 32km

TABLE 3-27: Transportation and road fuel datasets. ©
©

\

: @

Dataset Name Primary Source Geography ;

Heavy fuel oil +HDY\ IXHO RLO DW UH"“QHU\ thinkatéfy 6 2012 usS v
Heavy fuel oil +HDY\ IXHO RLO DW UH“QHU\ thinkatéf 6 2012 BR, CN, EU-27, IN 2
N~

Diesel "LHVHO PL[ DW UH*“QHU\ thinkstep 2012 BR, ﬁ\lN'UESU'”' )
’ o

Rail Rail transport cargo - Diesel thinkstep 2015 GLO -
Ship Bulk commodity carrier thinkstep 2015 GLO =
Truck Truck-trailer thinkstep 2015 GLO D\?
]
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3.4 LIFE CYCLE INVENTORY ANALYSIS RESULTS

,62 GH“QHV WKH /LIH &\FOH , @iibsequeviRrapact/a&sessment in order to
analysis result as the “outcome of a life cycle provide a transparent link between the inven-
LOYHQWRU\ DQDO\VLV WKDW F D WanaRdiMphet asskddmeRtZagults. Table 3-28
crossing the system boundary and provides the gives the LCI results for all garment types per
starting point for life cycle impact assessment.” functional unit of 1,000 kg garments and

As the complete inventory comprises hundreds represents emissions that are 90% of each

RI tRZV WKH EHORZ WDEOH -RQO\inpacV@®gpny D VHOHF
WLRQ RI tRZV EDVHG RQ WKHLU UHOHYDQFH WR WKH

TABLE 3-28: LClI results of garments.

Input or Output per ton of Garment

INPUT—per ton of garment

Energy resources Casual pants Polo shirt T-shirt

Nonrenewable energy resources

Crude oil MJ 32,700 37,800 35,500
Hard coal MJ 96,900 56,500 51,400
Lignite MJ 14,400 16,300 15,800
Natural gas MJ 107,000 157,000 149,000
Uranium MJ 15,800 16,600 15,000
Renewable energy resources 0
Primary energy from hydro power MJ 9,910 11,100 10,500
Primary energy from solar energy MJ 65,500 90,400 89,800
Primary energy from wind power MJ 4,540 5,090 4,750

Material resources
Water kg 30,200,000 33,900,000 32,500,000

Carbon dioxide kg 2,590 3,660 3,620

OUTPUT—per ton of garment

Valuable
Garment kg 1,000 1,000 1,000
Emission to air

Inorganic emissions to air

Carbon dioxide kg 18,100 18,000 17,000
Carbon dioxide (biotic) kg 2,060 2,130 1,960
Nitrous oxide (laughing gas) kg 2.22 3.10 3.09
Ammonia kg 18.4 25.1 25.0
Nitrogen oxides kg 44.5 41.8 40.3
Sulphur dioxide kg 711 59.0 573
Carbon monoxide kg 18.7 16.0 15.1

Organic emissions to air

Continued on next page >



Input or Output per ton of Garment

Group NMVOC to air kg 18.0 17.7 15.5
Methane kg 48.4 47.6 44.5
Methane (biotic) kg 50.5 51.2 47.4

Metal emissions to air

Mercury (+11) kg 0.00484 0.000383 0.000363
Lead (+I1) kg 0.0222 0.01130 0.01020
Zinc (+11) kg 0.0294 0.01450 0.01330

Emission to fresh water

Metal emissions to fresh water

Arsenic kg 0.168 0.00649 0.00648
Chromium (+VI) kg 0.00266 0.00346 0.00344
Zinc kg 0.0158 0.164 0.164

Inorganic emissions to fresh water

Ammonium / ammonia kg 2.46 3.60 3.41
Nitrogen organic bounded kg 5.44 7.62 7.58
Phosphate kg 1.28 1.80 1.80
Phosphorus kg 0.462 0.612 0.551

Emissions to soil

Metal emissions to soil

Lead (+I1) 0.00366 0.0245 0.0243
Mercury (+11) 0.0000204 0.00016 0.000159
Zinc (+11) 0.0236 0.0784 0.0754
Nickel (+11) 0.00126 0.00823 0.00814
Cadmium (+11) 0.000141 0.000738 0.000728

Inorganic emissions to soil
Ammonia kg 4.79 4.86 4.58

Phosphorus kg 0.174 0.168 0.144

,19(1725< $1$/<6,6
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LCIA RESULTS




This chapter contains the results for the impact categories and additional met-

ULFV GH“QHG LQ VHFWLRQ ,W VKDOO EH UHLWHUD
LPSDFW FDWHJRULHYVY UHSUHVHQW LPSDFW SRWHQWLI
environmental impacts that could occur if the emissions would (a) follow the

underlying impact pathway and (b) meet certain conditions in the receiving
HQYLURQPHQW ZKLOH GRLQJ VR ,Q DGGLWLRQ WKH
fraction of the total environmental load that corresponds to the chosen func-
WLRQDO XQLW UHODWLYH DSSURDFK /&,%$ UHVXOWYV
RQO\ DQG GR QRW SUHGLFW DFWXDO LPSDFWV H[FH
PDUJLQV RU ULVNYV

4.1 RESULTS: COTTON PRODUCTION (CRADLE-TO-GATE)

The following sections show results of the f Post Harvest: Transport to cotton gin, cotton

study for each Life Cycle Impact Assessment JLQ LWVHOI DQG SDFNDJLQJ DW
(LCIA). The results of the cultivation model are after ginning.

SUHVHQWHG SHU NJ RIFRWW ?I%fél%ﬂéysﬁt\é{n:‘]ﬂhgreference system

gate (after ginning). The agricultural results are
based on the latest version of the cultivation without human use. In particular, losses of

model developed by thinkstep within the GaBi nitrate to groundwater and gaseous nitrogen
WV VRIWZDUH . 7K H JOREDO DYHU Dg%poﬁr\-gyca%fdr}é&ﬂpp% IpiBtHJ#are
presented for a production-weighted average mapped. This discharge and conversion to
RI'FRWW B_Q 'E H Ut Q WHKH TRXU UH Vo%l’é'rgn\fvewe‘glorfs%r)g %I\Q(/Hnlrfar\f)oth the
Graphs are splllt into main contributor as main cropping system as well as on unused
described herein: land. Therefore, not all of these emissions can
f Crop Rotation: Credits or impacts due to be assigned to the crop since they also occur
QXWULHQW VXUSOXV RU GH*FLW inihe¢asg@inop-eyitiaiignse.g., for a fallow
VSHFL“F QXWULHQW HI“FLHQF\ VRINGUS Bsery® Foptpeyejerence system it

previous and following crop, and manage- is assumed that the nitrogen balance is bal-
ment practices. anced, as any entry of nitrogen with rainfall is

re-emitted from the systems
in various forms into ground water and air.

is used to model the system’s behavior

f Fertilizers Production: Emissions from

fertilizer production.
f Seeds: Seed transport from planting seed

f Field Emissions: Emissions to groundwater, GLVWULEXWRU WR IDUP DQG “HOG

air, and soil from degradation of mineral and
organic nitrogen in the soil. f Tractor Operations: Field operations

L - . (e.g., sowing, fertilizing, harvesting).
f Irrigation: Emissions from operating

generators for irrigation pumps. f Transportation: Transports from
production facility to farm (e.qg., fertilizer,

f Pesticides Production: Emissions from lime, pesticides, diesel).

pesticide production.

f Pesticide Application: Refers to active ingredi -
ents applied. Impact is related to the chemical
characteristics (toxicity, stability, radiative
forcing, etc.) of the applied substances.
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7KH UHODWLYH FRQWULEXWLRQ RAPH&nE glohaDwaimddEpotential (GWP), they

process to the total impact for each impact produced a positive effect on photochemical
FDWHJRU\ IRU JOREDO FRWWRQ “&bhe cRatiBnpitental (RQCR)due to the
illustrated in Figure 4-1 and actual values are prediction of the interaction of POCP with
listed in Table 4-1. The results represent global increases in soil nitrogen. Another important
DYHUDJHV SHU NJ RI FRWW R QoritEdtor \Rels\VieHilizer manufacture, which
ginning based on a production-weighted per- showed high impact on primary energy de-

FHQWDJH RI FRWWRQ “EHU IURP 8ndhd @KD)QAWP, @iGtic Depletion (ADP),
DQG $XVWUDOLD $OWKRXJIK “H O Gnii ¢zbné dépR@N pdtehtiaH(ODP). Detailed
LGHQWL“HG WR EH D PDMRU FR Q WistusSidrVafRathwiiRatt daWddm is provided
SKLFDWLRQ SRWHQWLDO (3 D F liGhe"f5IDWihg BeQBR WHQW LD O

TABLE 4-1: OHDVXUHG LPSDFWV IRU HDFK VWDJH RI FRWWRQ SURGXFWLRQ SHU

NJ RI “EH

S
S

c ) c

S A = » i)

=] ()] ) =

S & £ 2 o = 8

o c e 7 c = ] =

o S =]

c § o 2 g B 2 =2 2

Q [@) ie) = @ = X he} -

o = - = (=)} 7] Q —

= 7} Q@ (] = o IS Q ©

(@) @ LL LL = (o o LL =
GWP
[kg CO2- -59.4 -16.1 -982 390 163 39 200 26.6 109 17.1 -113
Equiv.]
PED [MJ] -1084.5 0.0 0.0 7226 2015 835 2295 626 1619 189 13720
AP [kg
S02- 0.1 -0.2 22.0 1.0 1.3 0.1 12 0.0 0.9 0.1 26.4
Equiv.]
EP [kg

Phosphate-  -2.54E-02 -6.87E-01 7.89E+00 1.75E-01 1.16E-01 107E-02 8.65E-02 1.72E-02 2.10E-01 1.97E-02 7.8
Equiv.]

ODP [kg
R11- -4.65E-09 0.00E+00 O0.00E+00 2.39E-08 1.05E-08 1.07E-09 8.54E-09 7.55E-09 4.07E-10 6.68E-11  4.7E-08
Equiv.]
POCP [kg
Ethene- -9.00E-03 1.13E-01 -3.16E-01 8.02E-02 8.08E-02 1.39E-02 8.32E-02 1.00E-02 107E-01 -4.78E-04 0.2
Equiv.]
BWC [kg] -2.37E+02 0.00E+00 0.00E+00 1.66E+03 1.56E+06 2.29E+02 1.29E+03 1.56E+02 1.35E+02 2.38E+01  1.56E+06
BWU [kg] -1.57E+04 0.00E+00 0.00E+00 1.34E+05 1.84E+06 3.88E+04 2.16E+05 1.91E+04 561E+03 3.62E+02  2.24E+06
HHPA [kg
PM2,5- -6.57E-03 0.00E+00 8.92E-01 1.51E-01 2.48E-01 1.05E-02 3.96E-01 -4.88E-03 1.09E-01 4.84E-03 1.8
Equiv.]
ADP [kg

: -4.49E-05 0.00E+00 0.00E+00 4.14E-04 1.62E-05 4.03E-04 1.37E-05 1.43E-05 7.95E-06 1.36E-06  8.3E-04
Sh-Equiv.]
LOI

0.6 0.0 10615 3.7 3.1 15 1.9 6.6 21 0.3 10634

[sam*yr]




FIGURE 4-1: 5 HODWLYH FRQWULEXWLRQ WR HDFK LPSDFW FDWHJRU\ IRU FRWWRQ “EHU SU|
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41.1 ‘:DWHU 8VH value represents blue water consumed divided
by all cotton produced whether produced with

Results in this section describe water usage o
irrigation or not.

(degraded + consumed) as well as water con-
sumption (consumed only) of cotton cultivation
and ginning in terms of cubic meters per kg of FIGURE 4-2:Blue water usage in cotton production

FRWWRQ “EHU >Pu NJ FRWWRRB) “EH@FRWWRQ “EHU@ E\ SURFHVV VWDJH
that an LCA considers both direct and indirect
water use. Direct water use refers to water used
directly in the production of cotton products ~ 22°Y

VXFK DV LUULJDWLRQ ZDWHU ZDWHU WR G\H DQG Q:\ZZ{

sport

textile products, and water used in the washing 2,000 Paci:;:;e
machine. Indirect water use can come from ® Ginning
several sources, but a major source is the water 1,500 B Pesticides
associated with power generation. m Irrigation

W Fertilizer
Figure 4-2 shows the water demand of cotton 1,000 B Field Emissions
cultivation and processing at the gin (post- B Reference System
harvest). In total around 2,235 m3 of blue water 500 B Crop Rotation
DUH XVHG WR SURGXFH NJ RI"FRW

this consists of groundwater, river, and surface
water used for cotton irrigation. Approximately
82% of the water is used directly for irrigation.
Cooling water evaporated during electricity
production and other indirect uses are also BWU
included in the water use metric. Thus, the

0

-500
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1RWH WKDW WKLV YDOXH H[FOXG4Y.3SUHDBWHWYDBNWRRIVIW QGH]J

is assumed that precipitation would follow the
natural hydrologic cycle regardless of the land
type and therefore has no environmental bur-
den from an LCA perspective. Approximately

Pu RI ZDWHU LO WKH IRUP RI,SUNPL

during the cultivation period is associated with

a 1,000 kg of global average cotton, calculated
as a production weighted average of the cli-
matic rainfall that reaches cotton growing areas
during the growing season. Depending on the
environment, stage of plant growth, site condi-
tions, and soil type, precipitation in the form of
rainfall is either used by the plant, evaporates
IURP WKH VRLO LQ“OWUDWHYV

ZDWHU WDEOH RU UXQV RII WKHIQ%)S%E::)I;);@I&;Z?E \Xz?

and lakes.

The water usage examination presented in Fig-
ure 4-2 focuses on the system water input, but it
does not say anything about the effective crop
water requirement which would be calculated

in a water footprint calculation.

412 :DWHU &RQVXPSWLRQ

Figure 4-3 shows the water consumption in cot-
ton production. All water used for irrigation is
assumed to be consumed and is the dominate

The water stress index (WSI) is based on a
withdrawal to availability ratio and takes into ac-
count temporal variability of water availability.
OXH HHQ DQG DUH FODVVL"HC
no water st?éés\ﬁ.y\?a ues\%e een 0.1 and 0.5
indicate “moderate water stress”. Values from
0.5 to 0.9 stand for “severe water stress” and
values >0.9 indicate “extreme water stress”. The
global average WSl value is 0.602, indicating
that the world as a whole is already under se-
vere water stress. The water stress index is used
to characterize water consumption according
wKBegRrplavalabiiy Thep 15 yarel seess
glﬁhl?\? bal aver-
age wa ssS ind e resulting unit is kg
of water equivalents (kg water eq.) and termed
the water scarcity footprint.

The global mean water stress index for cotton

was 0.77, which is higher than the world aver-

age with a standard deviation of 0.25. There

ZDV VLIJQL“FDQW YDULDWLRQ RI ZDWHU VWUH"
for the different growing regions within this

study. When multiplying the water consumption

times the mean global cotton water stress index

(0.77) divided by the average water stress index

(0.602), the water scarcity footprint is 1,993 kg

VRXUFH RI ZDWHU FRQVXPHG LQ WBWHBHUTSEBVH NJ RI FRWWRQ “EHU

Additional water consumption takes place in
upstream processes, especially in the provision
of energy. However, this represents less than
1% of the overall reported water consumption.

FIGURE 4-3:Blue water consumption in cotton

SURGXFWLRQ >P NJ FRWWRQ
1,600
............. B Transport
B Field of Use
Packagin
1,200 inni o
............. | Ginning
B Pesticides
m Irrigation
800 B Fertilizer
~~~~~~~~~~~~ B Field Emissions
B Reference System
400 B Crop Rotation
0
-200

BWC

4.1.4 Primary Energy Demand

Figure 4-4 illustrates the global average pri-
mary energy demand (PED) from fossil sources
for cotton cultivation and gin processing
(post-harvest) expressed as megajoules per kg

"EHFRWWRQ “EHU >0- NJ@ ORVW RI WKH HQHI
is used in fertilizer production processes (46%)
followed by ginning (14%), irrigation (13%), and
tractor operations (10%). Residual fertilizer
remaining in the soil that can be used for the
next crop provides a credit, representing about
7% of the PED used (note: between season
losses due to volatilization and leaching of
nitrogen were accounted for with thinkstep’s
cultivation model).



FIGURE 4-4:Primary energy demand from fossil
VRXUFHV >0-

FIGURE 4-5:Eutrophication potential [kg PO43-

NJ RI FRWWRQ “EHUBTE\ FRQW (RIEKRWRWRQ “EHU@ E\ FRQWULEXWRUYV

16,000
"""""""" W Transport

® Field of Use
12,000 Péck_aglng
.............. | Ginning

B Pesticides

m Irrigation
8,000 B Fertilizer
""""""" B Field Emissions

B Reference System
4,000 H Crop Rotation
0
-2,000

PED

4.1.5 Eutrophication Potential

Figure 4-5 illustrates the impact of cotton culti-
vation and ginning on eutrophication potential
(EP) in kg PO43- equivalents/1,000 kg cotton
“EHU
the agriculture related EP. The potential leach-
ing of nitrate (NO3-) into groundwater was the
main contributor to EP in this study. Because

(PLVVLRQV IURP WKH “HOG tEHHBWHVHOMGLWRR I

10
W Transport
B Field of Use
8 Packaging
B Ginning
6 B Pesticides
m lIrrigation
m Fertilizer
4 B Field Emissions
B Reference System
2 B Crop Rotation
0
2
EP
416 *OREDO :DUPLQJ 3RWHQWLDO

Figure 4-6 illustrates the impact of cotton culti-

vation and ginning on global warming potential

(GWP) in kg CO2 equivalents/1,000 kg cotton

NJ &2 HT ZDV WDN'
WR DFFRXQW IRU WKH FDUERQ VWRUHG LQ
the agricultural phase that will be later released

in the EoL phase (Figure 4-35: Global warm-

HXWURSKLFDWLRQ LV SUHGRP L Q In@ptential Ify pést @detc@on phase.). The

by emissions of nutrients to water, agricultural
systems are one of the largest contributors to
eutrophication. Surface runoff of nitrate and
phosphorus contributes to eutrophication

and it can be a local environmental problem
depending on climate, soil conditions, and
available nitrogen for leaching. The main effects
are seen in areas where nutrients from agricul-
ture are accumulated by a water system, such
as in the ‘dead zone’ in the Gulf of Mexico at
the mouth of the Mississippi river. This example
is used to illustrate the term “eutrophication
potential” — the primary source of nutrient load-
ing to the Mississippi river is the tile-drained
regions of Minnesota, lowa, lllinois, Indiana, and
Ohio (David, 2010).

data in Figure 4-6 represents the gross GHG
emissions during agricultural production and
processing at the gin. When incorporating the
credit, the cradle-to-gate global mean GWP
ZDV NJ &2 HT SHU
indicates that on a global average, cotton cul-
tivation absorbed more carbon CO2 than the
emissions associated with cultivation activities
and required materials.

NJ RI “EHU 7KLV

As indicated above, the carbon taken in by the
cotton growth stores carbon for a period of
WLPH LQ WKH IRUP RI D “EHU XQWLO WKH H
ZKHUH LW VORZO\ GHFD\V LQ D ODQG“0OO0 RI
ally released through other means. The end-of-
life release of biogenic carbon, or carbon that
was previously absorbed from the environment,
is assumed to be within the 100 year time
horizon used to calculate the GWP and thus the
temporary carbon storage is assigned no credit.
The value of temporary carbon storage is not
commonly considered in LCAs, however, recent
research by Levasseur et al. 2010 indicates that

/&,$ 5(68/76
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storing carbon for time periods less than 100 4.1.7 Ozone Depletion Potential
years can translate into reduced environmental
warming within the 100 year time horizon. This
approach was not used for this study, however,
it is worth noting that the temporary carbon
storage could result in lower GWP impacts
when using methods as those described by
Levasseuer et al. 2010 and Daystar et al. 2016.

Figure 4-7 illustrates the impact of cotton

cultivation and ginning on ozone depletion

potential (ODP) in kg R11 equivalents/1,000

NJ FRWWRQ “EHU 6LQFH PRVW R]JRQH GHSOHW
chemicals (mostly refrigerants) were phased

out of common use after the Montreal Protocol

was implemented in 1989 (UNEP Ozone

The largest of the life cycle GWP burdens come Secretariat), the remaining ODP emissions are
from fertilizer production (27%) and emissions usually minimal and are related to electricity
from the decomposition of the fertilizer in the production. As fertilizer production, pesticide
“HOG 'XULQJ QDWXUDO FR Q Yadugtior, Qost-hiarvest end the nutrient

es nitrogen is transferred into the greenhouse allocation in crop rotation have electricity

gas nitrous oxide (N20). Post-harvest activities production in their upstream life cycles, they
contribute to GWP due to emissions from were dominant sources of ODP. In addition,
energy, transportation, and packaging. Fertilizer R11, R12, R22, and R114 emissions occur
not used during cotton cultivation can be used during fertilizer and pesticide production.

by the next crop, so it is treated as a credit for

avoided production of mineral fertilizer (shown FIGURE 4-7:Ozone depletion potential [kg R11

as a negative emission). Irrigation and ginning HT NJ RI FRWWRQ “EHU@ E\ FROWULEXWRUYV
represent 14% and 11% of the total emissions,

respectively. Tractor operations for sowing,

spraying, fertilizing, weeding, and harvesting 6.0E-08
are responsible for 7% of the total GWP. The 777 B Transport
crop rotation process captured carbon in the 50E-08 W Field of Use
soil due to increased root matter from cotton 7T Packaging
. . . . B Ginning
cultivation and created a negative emission. 4.0E-08 » Pesticides
The reference system compared to cotton culti-  Irrigation
vation created a negative emission as well. 3.0E-08 ® Fertilizer
............... B Field Emissions
2.0E-08 B Reference System
FIGURE 4-6:Global warming potential [kg CO2 o B Crop Rotation
HT NJ RI FRWWRQ “EHU@ E\ FRQWULEX
0.0E+00
2,000
""""""" B Transport
1,500 ® Field of Use -1.08-08
""""""" Packaging ODP
1,000 H Ginning
B Pesticides
500 m Irrigation
""""""" B Fertilizer 4.1.8 Photochemical Ozone
0 m Field Emissions Creation Potential
m Carbon Credit
-500 m Reference System Figure 4-8 illustrates the impact of cotton
""""""" B Crop Rotation cultivation and ginning on photochemical
1000 ozone creation potential (POCP) in kg C2H4
1,500 HTXLYDOHQWYV NJ FRWWRQ “EHU 32&3 LV
~~~~~~~~~~~~~ commonly referred to as smog creation
-2,000 SRWHQWLDO 32&3 LV VLIQL“FDQWO\ LQtXHQF!
GWP Non-Methane Volatile Organic Compounds

(NMVOCs), carbon monoxide, and nitrogen
oxides from combustion processes in

the tractor, in the generators used to run
irrigation pumps and in the natural gas and



propane used to dry cotton at the gin. Nitrous combustion of fossil fuels and the disposal of

oxide emissions resulting from the natural packaging materials. Irrigation and tractor op-

degradation of mineral and organic fertilizer erations are a source of nitrogen oxides which

nitrogen in and on the soil are additional FRQWULEXWH WR SRWHQWLDO DFLGL“FDWL
contributors to POCP. Negative values (e.g., related to pesticide and seed production had

FURS URWDWLRQ “HOG HPLVYVLR @ssenddiyhd c@iibutidhRo AP.
VSHFL“F FDXVH DQG HIIHFW UHODWLRQVKLSY EHWZHHQ
nitrogen monoxide (NO) emissions and the
POCP. According to the CML method, NO
emissions have a positive (reductive) effect
on the creation of ozone (03).

FIGURE 4-9: $FLGL“FDWLRQ SRWHQWLDO >NJ 62 HT
NJ RI FRWWRQ “EHU@ E\ FRQWULEXWRUV

30
. . S W Transport
FIGURE 4-8:Photochemical ozone creation potential = Field gf Use
>NJ& + HT NJ RI FRWWRQ “EHU@ .
Packaging
B Ginning
B Pesticides
6.0E-01 m lIrrigation
| Transport B Fertilizer
u Field of_Use B Field Emissions
4.0E-01 P§Ck?9'”g B Reference System
""""""""" B Ginning ® Crop Rotation
B Pesticides
2 OE-01 B Irrigation
~~~~~~~~~~~~~~~~~ | Fertilizer
B Field Emissions
0.0E400 B Reference System
® Crop Rotation 5
AP
2.0E-01
JoEoL 4.1.10 Abiotic Depletion

POCP Abiotic depletion (ADP) represents the use or
consumption of natural resources including
metals, crude oil, and other non-living natural

419 S$FLGL*FDWLRQ 3RWHOQ \&I:%Z s. These impacts are often associated

il fuel use in energy production sys-

Figure 4-9 illustrates the impact of cotton cul- tems. As such, the energy intensive process of
WLYDWLRQ DQG JLQQLQJ RQ DFL GelttifiteDMOHRIDNS &50/HAQAMIGIDADP (48%).
(AP) in kg SO2 equivalents/1,000 kg cotton The other agriculture process stage contribut-
“EHU $3 DOVR NQRZQ DV DFLG UidtQthe RDPHEs\Wdstrides thet contributed
strongly affected by ammonia (NH3) emissions 46% to the overall impact. Pesticides within the
IURP WKH “HOG 1+ LV FUH D Whbdel usex bt 1Qig analysis did not create a
transformation of mineral and organic nitrogen large PED. This indicates that ADP elements are
fertilizer and has the potential to react with required in the production process that contrib-
water in the atmosphere to form “acid rain”, ute to the relative high ADP of the pesticides
resulting in reduced pH in natural habitats instead of energy usage.

(e.g., lakes) thereby causing ecosystem impair-

PHQW $FLGL“FDWLRQ LV VWURQJO\ DIIHFWHG E\ 1+
HPLVVLRQV IURP “HOG RSHUDWLRQV (PLVVLRQV
from post-harvest operations arise from the

/&,$ 5(68/76
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FIGURE 4-10:Abiotic depletion (ADP elements) [kg
6E (TXLY
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4.1.11 Toxicity Metrics

One area where there was a high degree

of uncertainty in the agricultural model was
the emission factors to estimate the fate of a
chemical, particularly pesticides, at the time of
application. While the best possible estimates
were made, the values do not account for the

termined that the assumptions surrounding the

NJ RI FRWWRQ "EHU@ Epe&tRife\ekhisSign'YaRidrs to air, plant, soil and

ZDWHU KDG D VLIJQL“FDQW LRSDFW RQ WKH *Q
ity results. In this study, using EPIC to predict

HPLVVLRQV IURP WKH “HOG UHGXFHG WKH SUF
toxicity potential from 66% to as much as 99%

versus assuming all pesticide emissions were to

the soil.

4.1.12 Human Health Particulate

Particulate matter is known to cause health

issues in humans and cotton growth directly

and indirectly contributes to particulate emis-

sions. The largest contributor to human health

SDUWLFXODWH DLU ++3% HPLVVLRQV LV “HOG
sions where particulates are generated from

soil and emissions from the machinery used

for cultivation, Figure 4-11. Other stages that

were energy intensive such as ginning, irriga-

WLRQ DQG IHUWLOL]HU SURGXFWLRQ KDG VLJ
particulate emissions corresponding to the

energy required in each process stage.

FIGURE 4-11:Human health particulate emissions
WR DLU >NJ 30 HTLXY
by contributor.

NJ RI FRWWRQ “EHU@

2.0
QXPHURXV IDFWRUV WKDW LPSDFW- D FRPSRXQGMYV “ g Tansport

nal resting place at the time of application, such
as humidity, wind speed, percent plant and
weed cover, and type of application equipment
used. There is further uncertainty in the factors
used to predict the fate and transport of the
compound once it does come to rest.

The precision of the characterization model as
used in this study was within a factor of 100—
1,000 for HTP and 10-100 for ETP. Although this
is a substantial improvement over previously
available toxicity characterization models, the
uncertainty of this metric is substantially higher
than for the other impact categories in this
study. Risk assessment, which is outside the
scope of LCIA, is considered by agricultural
researchers to be a better measure of potential
impacts for pesticides. Such studies are re-
ported during registration for regulation in the

B Field of Use
15 Packaging
] Ginning

B Pesticides
1.0 B Irrigation
| Fertilizer

B Field Emissions
05 B Reference System
B Crop Rotation
0.0
-0.5

HHPA

4.1.13 Land Occupation Indicator
The land occupation indicator (LOI) displays the

86 DQG HOVHZKHUH DQG LQ VREH &k YsEm2folketlafifieYeriod (a year)
ZLWK KRWVSRWV LGHQWL"HG LQ fég‘tﬁieproductionofl,OOOkgofcottonand

Due to the high variability and lack of true risk
assessment, no detail reporting of the toxicity
results are presented in this report. It was de-

the duration, given in m2*yr. The land occupa-
tion is also highest for the cultivation process,
approximately 1 ha for one year to produce



1,000 kg of cotton. Other process stages do
contribute minimally to the overall impact, how-
HYHU WKH RYHUDOO LPSDFW LV
emissions stage. This impact is inversely cor-

related to yield meaning when yield increases

land occupation decreases. As yield increases
through continued research and development,

land use impacts will likely decrease.

FIGURE 4-12:Land occupation indicator [square me

standard deviation compared to the mean re-

sults from accounting for the carbon absorbed
GRPARBDWRBWROQHEHU WKDW FUHDWHYV D OF
negative emission. With this credit, the overall

emissions are reduced to a mean of -112 kg

CO2 eq. while the standard deviation among

the countries is 282kg CO2 eq. This variation

also results from different practices used for

growing cotton in the different regions. Addi-

WLRQDOO\ WKH DFLGL“FDWLRQ SRWHQWLD

WHU SHU \HDU NJ RI FRWWRQ "EH;%?DrEKLﬁ%V{TULE)'(\ﬂl'ﬁLﬁ/XH WR GLITHUH ORagbiele

Transport

Field of Use
Packaging
Ginning
Pesticides
Irrigation

Fertilizer

Field Emissions
Reference System
Crop Rotation

-2,000

LOI

4.1.14 Limitations

While extensive data were collected to quantify
agricultural impacts, agricultural systems are

growing practices between regions. Most
Rl WKH YDULDWLRQ LQ WKH DFLGL“FDWLRQ
ZHUH SULPDULO\ IURP WKH GLITHUHQW “HO(
that account for more than 80% of the overall
impact. Likewise, for eutrophication potential,
the standard deviation is again large due main-
O\ WR “HOG HPLVVLRQV IRU GLIITHUHQW UHJ
JURZLQJ SUDFWLFHYVY 7KH “HOG HPLVVLRQ F
also introduce some uncertainty into the results
DV WKHUH DUH PDQ\ YDULDEOHY WKDW DUH
DFFXUDWHO\ PRGHO “HOG HPLVVLRQV

The depletion of abiotic resources (ADP) is vari-

DEOH KRZHYHU LV FRQVLGHUHG WR EH LQ
ZLWK YDOXHVY OHVV WKDQ D JUDP SHU |
As a result of this, the variation seen between

FRXQWULHY LV DOVR LQVLIJQL“FDQW 7KH R
tion potential (ODP) for the different countries

was varied with a standard deviation over

75% of the value, however, the value is consid-

HUHG WR EH LQVLJQL“FDQW ZLWK YDOXHYV (
a thousandth of a gram.

There is Iittle variation in PED. While energy
LUULJDWLRQ ZDWHU FDQ EH VLJQI

LQKHUHQWO\ GLI"FXOW WR JHQHLlerg%bA Iso |h(!r|e|5|15lé§_lp%ﬁd—clt\(/lt)5'%us on

yearly weather conditions, spatial variations in
soil type, topography, and individual grower
management practices all introduce consider-
able variability for agricultural data. Where pos-

VLEOH WKLV ZDV SDUWLDOO\ DG%

year averages. In each country where a large
percentage of the acres are irrigated, there is

VLIQL“FDQW XQFHUWDLQW\ VXUU&%(Q(&&&E(B%QHUHSLM-Q\BMX

pumping depths, and the estimates of energy

DQ HQHUJ\ XVHG SHU XQLW “EHU EDVLV WK
ity from irrigation is decreased. Variation in WC
and WU is expected as the data set includes
irrigated and non-irrigated production systems
UG el s @narkd b condi-
tions. As the metrics in this study focused only
n blue water use and consum‘;tlon for which

I%Qhus the

variability.

XVH DUH KLJKO\ LQtXHQFHG E\ WKLV PHDVXUHPHQW

A measure of the variability in the agricultural
phase is provided in Table 4-2 which shows
the standard deviation of country averages
compared to the global mean value. For many
of the impact categories, the standard deviation
was well over 50% of the measured value and
for GWP the standard deviation was greater
than the absolute value of the mean. This high

The variability of agricultural systems also

presents challenges in modeling the fate and

transport of pesticides and fertilizers. For this

study, it was necessary to use models capable

of representing aggregated areas. Future work

will try to assess the impact of this aggregation

E\ XVLQJ VLWH VSHFL“F PRGHOV FDSD
logic routing on daily time steps for a select

/&,$no-'5(68/76
T
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number of case studies to better understand limited and had the highest level of uncertainty.
ZKDW DFWXDOO\ OHDYHV WKH “H O&pieRh¢ n@tddiahs, it was clear that for most
of the inputs to the LCA model, the differences

$ “QDO FRPPHQW LV WKDW WKH Gb%tWe%n %Glo%syvﬁtyn\{n\ alé%Llr'ntry exceeded

agrllmzjlt;ral prodl:]ctlon was. grleatefsthfordthe the differences between the mean values of a
United States, where a majority of the data were country owing primarily to differences in the

available at a regional or smaller level from owing environment. In order to identify any

"
RI"FLDO J R,YH UQPHQW HVWLPDW detaile \éﬁgnglegllrjl p‘rgcﬁ;césl_%hatneed to be
was not as extensive, but were robust enough considered by a farmer, impact metrics need

to' adequately represent growmg regions to be evaluated at the regional level.
within the country. Data for China was the most

TABLE 4-2: Mean and standard deviation for impact measures of the 11 different growing regions considered

LQ WKH DJULFXOWXUDO SKDVH UHVXOWLQJ IURP NJ RI FRWWRQ “EHU SURGXFWLRQ
Impact Category Units Global Mean Standard Deviation
GWP (with credit) >NJ &2 (TXLY @ -113 518
GWP (without credit) >NJ &2 (TXLY @ 1,326 518
AP >NJ 62 (TXLY @ 26.4 10.0
EP >NJ 3KRVSKDWH (TXLY 7@ 6.4
ADP >NJ 6E (TXLY @ 8.26E-04 2.08E-04
ODP >NJ 5 (TXLY @ 4.74E-08 8.20E-08
POCP >NJ (WKHQH (TXLY @.62E-01 0.197
PED >0-@ 13,720 6,263
HHPA >NJ 30 (TXLY @ 1.80 0.812
ET >878H@ 3,892 3,765
HTC >&78K@ 9.90E-07 3.18E-07
HTNC >&78K@ 8.07E-05 3.52E-05
wc >PA @ 1,559 2,120
wu >PA @ 2,236 3,070
LOI >VTP D@ 10,634 4,628
4.1.15 Conclusions: Cotton substances originate from the transformation
Production (Cradle-to-Gate) process of biogenic and chemical nitrogen.

Precision management of nitrogen fertilizer

f Field emissions were a major contributor to will continue to be a high priority for the cot-

several environmental impact categories: ton producers around the world.
HXWURSKLFDWLRQ SRWHQWLDO z%\?‘{/w%RQﬂg\ £ OYX
HQFHG E\ QLWUDWH DFLGL*“FD wiLFedlizerpmwdyctay is prothemnyportant
LQtXHQFHG E\ DPPRQLD DQG JO Reeniouterpyithr hgly impact on primary
SRWHQWLDO ZDV LQtXHQFHG E\ ehegy serngndkglpkalyvarming potential,

The photochemical ozone creation potential and photochemical ozone creation potential.
was reduced by nitrogen monoxide emis- Nitrogen fertilizer represents a majority of
sions which are known to have a reductive that Contribution, reinforcing the need for
effect on the creation of ozone. All these careful nitrogen management.



f Despite a high uncertainty of toxicity ef- FDUERQ FRQWDLQHG LQ WKH “EHU 7KH SF
fects in the impact categories of ecotoxicity EHQH“WV RI VWRULQJ FDUERQ LQ FRWWRC
potential and human toxicity potential, it is was not examined in this work, however,

HYLGHQW WKDW “HOG DSSOLFDW tdrIQ reRllic&tHeVGWP fnbp@dtsV

was the main contributor to impact based on
the parameters in the current USEtox™ 2.0
model. Further studies will be conducted to
determine how well USEtox™ represents the
fate and transport of pesticides.

f The global mean water scarcity index for
cotton growing regions was higher than
the global average. The scarcity index for
cotton was used to generate a water scarcity
footprint that relates water use to the water

f The net GHG emissions during the agricul- resources available in the cotton growing
tural phase of the LCA were relatively low and regions. Water use is dominated by the irriga-
close to the same magnitude of the carbon tion stage with less than 1% resulting from
dioxide equivalents represented by the upstream processes.

4.2 TEXTILE MANUFACTURING

4.2.1 Textile Manufacturing: Knit 4.2.1.1 Kbnit Fabric Textile Manufacturing
T-shirt and Casual Collared Shirt Results Results Summary

A summary of life cycle results for knit fabric Figure 4-13 shows the potential impacts by

DUH VKRZQ LQ )LJXUH zKHUH YW Lk PY RBHVVHV IRU NQLW FROODUHG F

lustrates the relative contributions of knit fabric Kn(i)t yamn spinning accounted for more than
production processes. The relative contribu- 45% of the textile impact in six of the thirteen

tion shown in Figure 4-13 only displays t-shirt categories considered. GWP' AP, HHPA, POCP,
results, however, they are nearly identical to BWU, and PED are all directly related to energy
the casual collared shirt's relative contributions. use. Although BWU would not necessarily be
Each impact will be displayed separately and a power-related indicator, as explained previ-
discussed for both t-shirt and casual collared ously, the high water use reported for the textile
shirt fabric production. manufacturing phase is attributed to the high
energy demand in the yarn preparation step

The following sections show results of the and in wet preparation and dyeing, and is much
study for each impact category per 1,000 kg larger than the direct water withdrawal for

of knit fabric. Graphs are broken out by full those wet processing steps. This higher energy
life cycle step: demand in the yarn spinning can be partially

attributed to the fact that a majority of the mills

participating in this study used ring spinning

and produced combed yarns, which require

more steps than either rotor spinning or air jet

VSLQQLQJ $V H[SHFWHG WKH G\HLQJ DQG

1. Yarn production: Energy for opening,
cleaning, mixing, carding, pre-drawing,
combing, drawing, and spinning cotton
“EHU LQWR \DUQ

2. Knitting: Energy for knitting yarn processes contributed to ODP, PED, ADP, EP,
into fabric. WC, ET, HHC, and HHNC. The fabric prepara-

3. Fabric preparation: Energy, chemicals, tion. contributed prime}rily to the ODP and BWC.
emissions to water, and wastewater Unlike the BWU metric, BWC, EP, ET, HHC, and
treatment. HHNC are related to the wet processing steps

due to the water that is evaporated from the
fabric and the wastewater that is released. Both
the t-shirt and collared casual shirt had similar
impacts for all impact categories and are not
individually discussed in the following sections.
5. Finishing: Energy, chemicals, and emis- The impact values, however, are given for both

VLRQV WR ZDWHU UHODWHG W garineKtslinZTeblg 4<eny Kabl€414.

drying, and curing of knit fabric.

4. Dyeing: Energy, dyes and chemicals, emis-
sions to water, and wastewater treatment
processes related to inversion, staging, jet
dyeing, extraction, and relax drying.

/&,$ 5(68/76

6. Compaction: Energy used to reduce
length shrinkage.
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FIGURE 4-13:Relative contribution to each life cycle impact category for knit collared casual shirt.

100%
""""""" m Compaction
80% m Knit F|n|sh‘|ng
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B Knit Preparation
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B Knit Yarn
10% Production
20%
l [
GWP PED AP DP POCP BWC BWU HHPA

TABLE 4-3: Cotton collared casual shirt life cycle stage results by contributor. Red cells correspond to higher
impact values and green cells correspond to lower impact values for each impact category.

Knit Yarn
Production
Preparation
Finishing
Compaction

Knitting

Knit
Knit

Unit

kg CO2 eq 10,184 4,231

=g
w
@

2,577 2,093

PED MJ 154,124 59,135 § 40,193 36,038
AP kg SO2 eq 64 34.4 ! . 12.9 1.41
EP kg PO4 eq 71 ) ; 0.63 2.61 2.37 0.05
ODP >NJ 5 (TXLY4@BE-05 2.41E-10 2.22E-05 2.19E-05 6.68E-08 3.40E-08
POCP kg C2H4 eq 38 . 0.18 0.23 0.69 4 0.08
BWC kg H20 237,484 2,772 | 114,417 516
BWU kg H20 13,981,263 7,795,407 694,262 2,692,389 1,726,213 145,343
HHPA kg PM2.5 eq 5.6 2.58 0.24 L 0.80 1.65 0.10

ADP kg Sb eq 6.49E-02 4.29E-04 2.85E-05 4.21E-02 1.97E-02 7.65E-06




TABLE 4-4: Cotton t-shirt shirt life cycle stage results by contributor. Red cells correspond to higher impact values
and green cells correspond to lower impact values for each impact category.

Unit

kg CO2 eq
PED MJ
AP kg SO2 eq
EP kg PO4 eq
ODP >NJ 5
POCP kg C2H4 eq
BWC kg H20
BWU kg H20
HHPA kg PM2.5 eq
ADP kg Sb eq

10,169

153,896

63.7

7.1

(TXLY2@LE-05

3.8

237,132

13,960,536

5.6

6.48E-02

Knit Yarn
Production

3.40E-08

7,783,850
2.57

4.28E-04

4.2.1.2 Textile Manufacturing Impacts

by Impact Category

4.2.1.2.1 Water Use

Water usage for knit fabric, which was mea-
sured in kg of water per 1,000 kg of fabric

>NJ + 2

FIGURE 4-14: :DWHU XVDJH IRU NQLW IDEULF PDQXIDFWXULQJ E\ WH[WLOH SURFHVV VWHS

3.17

0.13

3.22E-09

0.18

2,768

693,233 2,688,398

0.24

2.85E-05

Preparation

Knit

=
w
=

11,367

0.63

0.22

54,962

2,573

40,133

2.61

0.69

114,247

4.20E-02

Finishing

Knit

2,090

35,984

7

2.

2.19E-05

0.80

1,723,654

1.65

1.97E-02

Compaction

0.05

2.40E-10

0.08

Bil5

145,128

0.10

7.63E-06

step, is shown in Figure 4-14. The burden for
knits was primarily associated with the water
required for electricity generation during the
yarn production processes (81%) with a small
amount actually apportioned to the wet prepa-
ration and dyeing processes (19%).

NJ@ IRU HDFK WH[WLOH SURFHVVLQJ

1.6E+04

0.0E+00

BWU
Collared Shirt

BWU
T-shirt

Compaction
Knit Finishing
Batch Dyeing
Knit Preparation
Knitting

Knit Yarn
Production
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4.2.1.2.2 Water Consumption water treatment (such as rinse water) and that
Water consumption for knit fabric, which was eventually returns the water to the same water-
measured in m3 of water per 1,000 kg of fabric shed as it originated is not counted in WC. The

>SP + 2 NJ@ IRU HDFK W H[w PRc Re/gigheprgymption was evenly

step, is shown in Figure 4-15. Unlike water us- split among the other stages, except compac-

age, batch dyeing contributed 48% to the total tion, a.nd IS pr.|mar||y d,u? to water f:onsumptlon
water consumption. Water that is sent to waste- associated with electricity production.

FIGURE 4-15: :DWHU FRQVXPSWLRQ IRU NQLW IDEULF E\ WH[WLOH SURFHVV VWHS >P :DWHU
1.0E+04
.................. B Compaction
8.0E+03 ® Knit Finishing
.................. B Batch Dyeing
6.0E403 n Knit .Preparation
.............. Knitting
B Knit Yarn
40E+03 ' Production
2.0E+03
BWU BWU

Collared Shirt T-shirt
4.2.1.2.3 Primary Energy Demand associated with electricity use during the yarn
Primary energy demand (PED) from fossil sourc- production processes (46%), water conditioning
es for knit textile processes expressed as mega and treatment in the dyeing processes (26%),
MRXOHV SHU NJ FRWWRQ IDEDIOFG>GU\LQINI@G FXULQJ LQ NQLW “QLVKLQJ

is shown in Figure 4-16. The burden is primarily

FIGURE 4-16:Primary energy demand for knit fabric manufacturing by textile process step

>0- NJ RI FRWWRQ IDEULF@
160,000
.................. B Compaction
140,000 m Knit Finishing
.................. B Batch Dyeing
m Knit Preparation
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B Knit Yarn
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Collared Shirt T-shirt



4.2.1.2.4 Eutrophication Potential

Eutrophication potential (EP) for the manufac-
turing of knit fabric in kg PO4 equivalents/1,000
kg knit fabric is shown in Figure 4-17. The EP
burden in textile manufacturing was related to
wastewater emissions, with a smaller amount
attributed to waste impacts from power genera-
tion. Finishing of knit fabric represents 33%

of the burden. The remainder of the burden

was due to yarn production (27%) and dyeing

SURFHVVHYV LWKLQ WKH G\HLQJ DQG *“
ing processes, the burden comes from nitrogen

and ammonia emissions in the wastewater, as

well as power generation emissions. The EP

burden from yarn production was related to

emissions from power generation in the spin-

ning process.

FIGURE 4-17:Eutrophication potential for knit fabric manufacturing by textile process step

>NJ 32 HT NJ FRWWRQ IDEULF@
8
""" H Compaction
7 m Knit Finishing
""" B Batch Dyeing
6 m Knit Preparation
...... Knitting
B Knit Yarn
5 Production
4
3
2
1
0 -—
EP EP
Collared Shirt T-shirt

4.2.1.2.,5 Global Warming Potential

Global warming potential (GWP) for the
manufacturing of knit fabric in kg CO2 equiva-
lents/1,000 kg knit fabric is shown in Figure
4-18. The largest portion of the GWP burden
in textile manufacturing is related to electric-

ity consumption during the yarn production

processes (49%), with the second highest GWP

(25%) related to energy use in batch dyeing.

7KH NQLW “QLVKLQJ FRQWULEXWHG WR V
while both knitting and compaction contributed

minimally (4% and 2% respectively).

/&,$ 5(68/76
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FIGURE 4-18:Global warming potential for knit fabric manufacturing by textile process step

>NJ &2 HT

NJ FRWWRQ IDEULF@
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Production
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4.2.1.2.6 Ozone Depletion Potential

Ozone depletion potential (ODP) for the
manufacturing of knit fabric in kg R11 eq. per
1,000 kg knit garments is shown in Figure 4-19.
Since most ozone depleting chemicals (mostly
refrigerants) were phased out of common

use after the Montreal Protocol (UNEP Ozone

FIGURE 4-19: 2]RQH GHSOHWLRQ SRWHQWLDO IRU NQLW IDEULF E\ WH[WLOH SURFHVV VWHS >

GWP
T-shirt

Secretariat), ODP emissions today are usually
minimal and related to electricity production.
Due to the elimination of these products, there
are no direct emissions that impact ODP from
the textile manufacturing process. Although the
values were negligible, the ODP burden was

DVVRFLDWHG SULPDULO\ ZLWK NQLW “QLVKLQ,

0.0E+00

Compaction
Knit Finishing
Batch Dyeing
Knit Preparation
Knitting

Knit Yarn
Production

ODP
Collared Shirt

4.2.1.2.7 Photochemical Ozone
Creation Potential

Photochemical ozone creation potential (POCP)
for the manufacturing of knit fabric in kg ethane
equivalents/1,000 kg knit fabric is shown in
Figure 4-20. POCP is commonly known as smog

ODP
T-shirt

creation potential. The smog creation burden
for knit fabrics is primarily associated with en-
ergy use in the yarn production processes (74%
and 76% respectively) and dyeing processes
DQG “QLVKLQJ DQG

UHVSHFWLYHO\



FIGURE 4-20:Photochemical ozone creation potential for knit fabric by textile process

>NJ & + HT NJ FRWWRQ IDEULF@
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42128 $FLGL“FDWLRQ 3RWHQWLD @and is related to electricity consumption in tex-

YLIXUH LOOXVWUDWHY WKH D FIf BaWRENIRTEe ¥ag\pradyction process
tial (AP) for the manufacturing of knit fabric carried the majority of the burden (54%), with

measured in kg SO2 equivalents/1,000 kg knit VPD?OHQ FRQWULEXWLRQV IURP N CRENERSCHE
fabric. AP is also known as acid rain potential and (14%) dyeing.

FIGURE 4-21: $FLGL“FDWLRQ SRWHQWLDO IRU NQLW IDEULF PDQXIDFWXULQJ E\ WH[WLOH S
>NJ 62 HT NJ FRWWRQ IDEULF@

70

""" B Compaction

60 B Knit Finishing

~~~~~~ B Batch Dyeing
B Knit Preparation

50 .

...... Knitting
B Knit Yarn

40 Production
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20

10

0

AP
Collared Shirt T-shirt
4.2.1.2.9 Abiotic Depletion Potential WLRQ V\WVWHPV 7KH G\HLQJ DQG “QLVKLQJ

contribute 65% and 30% to the ADP. Process
chemicals and energy use were the major con-
tributing factors to the ADP. The other impact
categories contributed only 5% to the total ADP.

Abiotic depletion potential (ADP) represents
the use or consumption of natural resources
including metals, crude oil, and other non-living
natural resources. These impacts are often
associated with fossil fuel use in energy produc-

/&,$ 5(68/76
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FIGURE 4-22:Abiotic depletion potential for knit fabric manufacturing by textile process

>NJ 6E (TXLY

NJ FRWWRQ IDEULF@
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4.2.1.2.10 Toxicity Metrics

ADP
T-shirt

HTC impacts are attributed to the remaining

$V SUHYLRXVO\ VWDWHG WK H U H "Xfeagupctupng ghgses and are primarily

uncertainty surrounding the impact metrics

DVVRFLDWHG ZLWK LQ HVWLPDWLRJINWR HHFGWbEBWYRWURR SURFHVV VWHSV GF

however, some discussion of the predicted
distribution of toxicity impacts with the textile
phase are provided in this section. The impacts
to the ecosystem, or ecotoxicity (ET), which are
a measure of toxic emissions that are directly
harmful to plant and animal species, was pri-
marily created by the fabric preparation (21%),
G\HLQJ
other stage impacted ET. The preparation, dye-

associated with energy production.

nate the Human toxicity non-cancer (HTNC)
impacts contributing 95% of the total impact.

Of the total impacts, process chemicals such as
softeners used in these processes contribute
84% to the total HTNC impacts. Wastewater
treatment also contributed 4% to the HTNC.
The other process stages contributed less than

DQG "QLVKLQJ SURFH3YHMe overall HTNC through the use of

other process chemicals and energy.

LQJ DQG “QLVKLQJ SURFHVVHV UHTXLUH G\HV DQG
FKHPLFDOV DQG DOVR FUHDWH D4¥l2Q1 “ HiAVHAIH RaftioNdte Air

of wastewater that contributes to the ET.

Human toxicity cancer (HTC) impacts are also
associated with fabric preparation (20%), dye-
LQJ DQG “QLVKLQJ

97% of the overall impacts. Similar to ecotoxic-
ity, chemical production and use and wastewa-
ter emissions are the major contributing factors
to HTC. Wastewater alone contributed 72% to
the overall HTC impacts. In addition to waste-
water process, chemicals such as softeners, de-
tergents, and wrinkle resist chemicals are used
and contribute to the HTC. The other 3% of the

DFFRX\®OWRQIURGXFWLRQ

The human health particulate emissions to air
from knit textile manufacturing track closely
with the energy use (PED), Figure 4-23. The
NQLW “QLVKLQJ
dyeing (14%) are the major contributors to the
HHPA impacts and major users of process elec-
tricity. In addition to HHPA impacts associated
with energy production and use, the processes
also directly emitted particulate matter. The
other process stages contribute a total of 12%
to the HHPA.



FIGURE 4-23:Human health particulate air impacts for knit fabric manufacturing by textile process
>NJ 30 (TXLY NJ FRWWRQ IDEULF@
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4.2.2 Textile Manufacturing:
'RYHQ 3DQWV 5HVXOWYV

4221

Results Summary

The following sections show results for 1,000

kg of woven fabric. Although kg is not a unit
typically used to represent woven production
(usually square meters is used), the results were
normalized in this way in order to compare with
the knit outcomes.

%VKHG
ORUH VSHFL“FDOO\ WKH LPSDFWYV RI KH

following woven manufacturing processes
are highlighted:

1.

3.

Yarn production: Energy for opening,
cleaning, mixing, carding, predrawing,
combing, drawing, and spinning cotton
“EHU LQWR \DUQ

Beam / Slash / Drying: Energy and
chemicals for beaming, slashing,
and drying warp yarn.

:HDY L @dergy for weaving warp
DQG “O0 \DUQ LQWR IDEULF

HHPA
T-shirt

4. :RYHQ IDEULF S UEh&gylchamik R Q
cals, emissions to water, and wastewater.

‘RYHQ )DEULF 7H[WLOH ODQ>§|D9§§/[5Q{?ES%D3'€'”9 Energy, dyes

chemicals, emissions to water,
and wastewater treatment processes
related to dyeing.

6. Finishing: Energy, chemicals, and emis-

VLRQV WR ZDWHU UHODWHG WR WKH ZHYV

drying, and curing of woven fabric.

7. Sanforizing: Energy for sanforizing the
IDEULF

The woven fabric overall results from all pro-

cesses and impact categories are shown in

Figure 4-24. Impacts from woven preparation

and dyeing dominate the toxicity metrics. Im-

pacts from woven yarn production, beam, slash,

dry processing of warp yarn, and sanforizing

were primarily related to energy use. Impacts

IURP ZRYHQ SUHSDUDWLRQ G\HLQJ
are related to energy but also to chemicals

used in those processes and the resulting

DQG “C

ZDVWHZDWHU HItXHQW 7KH ZRYHQ “QLVKLC

dominated the ODP impacts.

/&,$ 5(68/76
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FIGURE 4-24:Percent impact contribution by textile process step for woven fabric.
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TABLE 4-5: Cotton woven pant life cycle stage results by contributor. Red cells correspond to higher
and green cells correspond to lower impact values for each impact category.

Sanforizing
Woven
Finishing
Continuous
Dyeing
Woven
Preparation
Weaving
Beam/Slash/Dry
Woven Yarn
Production

impact values

Preparation
Woven Yarn
Production
Beam / Slash
Continuous

Unit

kg CO2 eq 10,701

N
ik
N
N

PED MJ 132,763 b 25,698 b 19,225
AP kg SO2 eq 79.6 27.49 } 25.19 4.61

EP kg PO4 eq 4.43 0.84 0.97 0.64

Finishing
Sanforizing

POCP kg C2H4 eq 4.90 1.36 0.95 1.35 0.43 0.

BWC MA3 H20 182 21 6 12 54

BWU M73 H20 12,789 1,821 5,954 - 3,296

16 0.08

18 5

HHPA kg PM2.5 eq 15.1 231 6.07 4.33 0.75 0.36 0.13

ADP kg Sb eq 2.53E-02 1.88E-04 1.01E-04 1.01E-04 1.18E-02 1.90E-03 2.07E-04




4.2.2.2 Textile Manufacturing FIGURE 4-26:Blue water consumption

Impacts by Process for woven fabric by textile process
>P :DWHU NJ FRWWRQ IDEULF@
4.2.2.2.1 Water Use
:DWHU XVH >P + 2 NJ IDEULF%)OIRU FRQ
tinuously dyed woven fabric for each textile m Sanforizing
processing step is shown in Figure 4-25. The = Woven
water use burden was primarily associated with 160 Finishing
the continuous dyeing processes (8%), and the m Continuous
. . . Dyeing
water required for electricity generation for the = Woven
yarn production processes (47%) and weaving 120 Preparation
(20%). Water used in electricity production Weaving
is often referred to as indirect water as it is = Beam/Slash/Dry
not directly used in the processes required 80 B Woven Yarn
to manufacture the fabric, rather, it is used to Production
produce electricity. 0
FIGURE 4-25:Water use for woven
fabric manufacturing by textile process
>P :DWHU NJ FRWWRQ IDEULF@
14,000 4.2.2.2.3 Energy
"""""""" W Sanforizing Primary energy demand (PED) from fossil
12,000 'z‘i’:i‘;i?ng VRXUFHV >0- NJ ZRYHQ IDEULF@ E\ WH]
B Continuous process for continuously dyed woven fabric
10,000 Dyeing is illustrated in Figure 4-27. The burden was
"""""""" H Woven primarily associated with electricity in the yarn
8,000 Preparation production processes (47%), weaving (26%),
"""""""" Weaving and woven preparation processes (14%).
6,000 B Beam/Slash/Dry
~~~~~~~~~~~~~~~ B Woven Yarn
4,000 Production FIGURE 4-27:Primary energy demand from fossil
"""""""" sources for woven fabric manufacturing by textile
2000 SURFHVYV >0- NJ RI FRWWRQ IDEULF@
0
BWU B Sanforizing
12,000 m Woven
............... Finishing
4.2.2.2.2 Water Consumption B Continuous
. . . 10,000 Dyeing
Water consumption for woven fabric, which was = Woven
measured in m3 water per 1,000 kg of fabric 8,000 Preparation
>p o+ 2 NJ@ IRU HDFK WH[WLOH"SUE Weaving
step, is shown in Figure 4-26. The WC impacts 6,000 = Beam/Slash/Dry
were primarily associated with wet processing H Woven Yam
. . . . Production
steps in textile manufacturing and were highest 4,000
for woven preparation (37%) and continuous 7T
dyeing (30%). The woven yarn production and 2,000
ZRYHQ “QLVKLQJ FRQWULEXWHG ™ DQ
respectively, to the WC. The remaining process 0
stages contributed the balance of 13% to the PED

WC. The WC was only 1.4% of the total water
use and is minimal when compared to the other
life cycle stages.
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4.2.2.2.4 Eutrophication Potential

Eutrophication potential (EP) for the manu-
facturing of continuously dyed woven fabric

in kg Phosphate equivalents/1,000 kg woven
fabric is shown in Figure 4-28. The EP burden in
textile manufacturing is related to wastewater
emissions. Finishing contributes the largest
amount to the EP (58%) followed by yarn pro-
FHVVLQJ
processes is partially attributed to nitrogen and
ammonia emissions in the wastewater, but also
to the emissions from the power plants due to
the energy intensive nature of curing processes

IRU ZRYHQ “QLVKLQJ (XWURSKLF4OWLR

associated with energy production is the pri-
mary contributor for the energy intensive yarn
production process.

FIGURE 4-28:Eutrophication potential for
woven fabric manufacturing by textile process
VWHS >NJ 32 HT

7KH (3 DVVRFLDWHG ZLW
8,000

5
""" W Sanforizing
B Woven
4 Finishing
...... B Continuous
Dyeing
B Woven
3 Preparation
Weaving
® Beam/Slash/Dry
2 ® Woven Yarn
Production
1
0

4.2.2.2.5 Global Warming Potential

Global warming potential (GWP) for the manu-
facturing of continuously dyed woven fabric

in kg CO2 equivalents/1,000 kg woven fabric
is shown in Figure 4-29. The GWP burden in
woven textile manufacturing is evenly distrib-

FIGURE 4-29:Global warming potential for
woven fabric manufacturing by textile process
>NJ &2 HT NJ FRWWRQ IDEULF@

12,000

"""""""" B Sanforizing

H Woven
Finishing

B Continuous

QJ Dyeing

B Woven
Preparation
Weaving

............... m Beam/Slash/Dry

Woven Yarn

Production

GWP

NJ FRWWRQ IDEULF@

4.2.2.2.6 Ozone Depletion Potential

Ozone depletion potential (ODP) for the manu-

facturing of continuously dyed woven fabric in

kg R11 equivalents/1,000 kg woven fabric is

shown in Figure 4-30. Since most ozone deplet-

ing chemicals (mostly refrigerants) were phased

out of common use after the Montreal Protocol

(UNEP Ozone Secretariat), ODP emissions to-

day are usually minimal and related to electric-

ity production. Due to the elimination of these

products, there are no direct emissions from the

textile manufacturing process that impact ODP.

Although the numbers are negligible, the ODP

EXUGHQ LV SULPDULO\ DVVRFLDWHG ZLWK WK
process (80%), primarily from the production

RI tXRURFKHPLFDO GXUDEOH ZDWHU UHSHOOH
The woven preparation (13%), dyeing (5%),

and weaving (2%) contributed small amounts

to the ODP.

XWHG WR DOO SURFHVVHVY SULRU WR “QLVKLQJ DQG

is related to electricity consumption. Actual
percentages are yarn production processes
(20%), beam/slash/dry (22%), weaving (23%),
and woven preparation (17%).



FIGURE 4-30:0zone depletion potential for
woven fabric manufacturing by textile process
>NJ 5 HT

NJ FRWWRQ IDEULF@

2.0E-06

""""""""" B Sanforizing
1.8E-06 = Woven Finishing
1.6E-06 B Continuous
................. Dye|ng

1.4E-06 ® Woven
""""""""" Preparation
1.2E-06 .

................. Weaving

m Beam/Slash/Dry

B Woven Yarn
Production

0.0E+00

ODP

4.2.2.2.7 Photochemical Ozone
Creation Potential

Photochemical ozone creation potential (POCP)
for the manufacturing of continuously-dyed
woven fabric in [kg ethane equivalents/1,000

NJ ZRYHQ IDEULF@ LV VKRZQ LQ

is commonly known as smog creation potential.
The smog creation burden for woven fabrics is
associated primarily with the energy use which
is highest in the yarn production process (28%),
beam/slash/dry (19%), and weaving (28%).

FIGURE 4-31:Photochemical ozone creation
potential for woven fabric manufacturing by textile
SURFHVV >NJ & + HT

NJ FRWWRQ

6
~~~~~~ B Sanforizing
B Woven
5 Finishing
B Continuous
A Dyeing
...... B Woven
Preparation
3 Weaving
...... m Beam/Slash/Dry
B Woven Yarn
2 Production
1
0

POCP

42228 $FLGL*FDWLRQ 3RWHQWLDO

$FLGL“FDWLRQ SRWHQWLDO $3 DOVR NQR
rain potential, for the manufacturing of continu-

ously dyed woven fabric in [kg SO2 equiva-

OHQWYV NJ ZRYHQ IDEULF@ LV VKRZQ L«

4-32. AP is related to electricity consumption
in textile manufacturing. The yarn production
contributed 35% to the AP followed by weav-
ing (32%), beam/slash/dry (13%), and woven
preparation (10%). These impact contributions
closely track the PED impacts due to energy
usage and corresponding emissions that
contribute to the AP.

FIGURE 4-32: $FLGL“FDWLRQ SRWHQWLDO IRU

woven fabric manufacturing by textile process
>NJ 62 HT

NJ FRWWRQ IDEULF@

W Sanforizing

B Woven
Finishing

m Continuous
Dyeing

B Woven
Preparation
Weaving

® Beam/Slash/Dry

H Woven Yarn
Production

AP

IZPfZUﬂ'éz @Abiotic Depletion

Abiotic depletion potential (ADP) represents
the use or consumption of natural resources
including metals, crude oil, and other non-living
natural resources and is shown in Figure 4-33.
These impacts are often associated with fossil
fuel use in energy production systems. The
woven preparation and dyeing stages con-
tribute 43% and 47% to the ADP, respectively.
Because yarn production and weaving are not
prominent contributors to ADP in this case,
the production of process chemicals was the
source of impact. The other stages contributed
only 10% to the total ADP.
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FIGURE 4-33:Abiotic depletion potential for are attributed to the remaining textile manufac-

knit fabric manufacturing by textile process turing phases and are primarily associated with
>NJ 6E (TXLY NJ FRWWRQ 'DEULF@nergyproduction.

The woven preparation and dyeing steps
3.0E-02 dominate the human toxicity non-cancer
""""""""" B Sanforizing . . .

= Woven (HTNC) impacts contributing 61% and 26% of
2.5E-02 Finishing the total impact, respectively. The production
""""""""" m Continuous of process chemicals used in fabric prepara-

Dyeing tion and dyeing were the major contributors
= gg";g:‘aﬂon to the HTNC. The other woven manufacturing
) Weaving phases contributed 13% to the total HTNC with

LeE0Z. ® Beam/Slash/Dry contributions from production of other process

B Woven Yarn FKHPLFDOV XVHG LQ WKH ZRYHQ “QLVKLQJ DQ
1.0E-02 Production beam/slash/dry.
5.0E-03 4.2.2.2.11 Human Health Particulate Air

The human health particulate emissions to air
0.0E+00 from woven textile manufacturing track closely

ADP with the energy use (PED). The yarn production

(15%), beam/slash/dry (40%), and weaving

(29%) are the major contributors to the HHPA
4.2.2.2.10 Toxicity impacts and major users of process electricity.
$V SUHYLRXVO\ VWDWHG WKHUH In &dditiontg HHPAigpacts associated with
uncertainty surrounding the impact metrics energy production and use, the processes
DVVRFLDWHG ZLWK LQ HVWLP DW [asgdigetly emit periicalaemattemi hexather
however, some discussion of the predicted process stages contribute a total of 16% to
distribution of toxicity impacts with the textile the HHPA.

phase are provided as was done in the knits
section. The ecotoxicity (ET), a measure of toxic

A . . FIGURE 4-34:Human health particulate air for
emission which are directly harmful to plant and

woven fabric manufacturing by textile process

animal species, was primarily created by the >NJ 30 (TXLY NJ FRWWRQ IDEULF@
woven preparation (72%), continuous dyeing
DQG “QLVKLQJ SURFHVVHV 7KH ZRYHQ

SUHSDUDWLRQ G\HLQJ DQG “QLV¥LQJ SURFHVVHV

require dyes and chemicals and create a sig- W Sanforizing

QL“FDQW DPRXQW RI ZDVWHZDWHU WK-ULEXWH’:}\Zﬁ?ng

to the ET. The required wastewater treatment 12 B Continuous

contributed 82% to the overall ET while produc- - Dyeing

tion of softeners contributed 15%. m Woven
Preparation

Human toxicity cancer (HTC) impacts are also 8 Weaving

B Beam/Slash/Dry

® Woven Yarn
Production

associated with woven preparation (65%)

and dyeing (27%) accounting for 92% of the
overall impacts. Similar to ecotoxicity, chemical
production and use, and wastewater emissions -
are the major contributing factors to HTC. As a

known carcinogen, formaldehyde from wrinkle

resist product and use impacts the cancer po- 0
WHQWLDO LQ “QLVKLQJ 2WKHU SURFHVV R¥kKHPLFDOV WKDW
VHHP WR LQtXHQFH +7& LQFOXGH VRIWHQHUV DQG

detergents. The other 8% of the HTC impacts




4.2.3 Limitations 4.2.4 Conclusions

While primary data was collected for the f Yarn production is the main contributor for

textile manufacturing process (gate-to-gate), JOREDO ZDUPLQJ SRWHQWLBDO DFLGL“FDW
the quality of the primary data has a degree of tial, photochemical ozone creation potential,

uncertainty. In an ideal situation, researchers blue water use, and primary energy demand

would have been able to visit each mill to col- due to the high electricity demand. Energy

lect data directly from machines and energy or for weaving is also a major contributor for

water meters. Because this was not possible, these impacts in the woven pants scenario.

a mixture of primary and secondary data was
used as was described in 3.3 . Equipment data
was used to corroborate data received from the
mills, and all submitted data was subjected to
rigorous review by Cotton Incorporated indus-
try experts. Although the overall data quality of

f Energy for conditioning, processing, heating,
and eventual drying of the water in the prep-
DUDWLRQ DQG G\H SURFHVVHV LV DOVR D
contributor within the textile manufacturing
life cycle stage.

the project is high, additional data on energy f The relevant contributors to eutrophication

demands, chemical inputs, and wastewater potential in the textile manufacturing phase

outputs will enhance future studies. In addition, are more complex than the other impacts.

a larger mill sample size would provide greater For wovens, wastewater emissions from con-

detail for certain processes and help to smooth tinuous preparation and dyeing are primary

out variability in reported values. However, as LQtXHQFHUV WR (3 )RU WKH NQLW IDEULF
seen in the spinning sensitivity analysis for the facturing processes, upstream impacts from

previous 2010 cotton LCA, a large variability manufacturing of chemicals for preparation,

in energy data, even for such an important G\HLQJ DQG “QLVKLQJ DV ZHOO DV HPLVV
SURFHVV GLG QRW KDYH D VLJQL“fmaNeroensgtign pesessss qgan have

calculated LCIA values. as much impact on the EP as the actual

wet processes.
Data used to model the textile manufacturing

was collected from various mills in different
regions around the world. Care was taken to
survey a representative sample of 14 textile . . .
. .y .p P watershed so is not considered in the water
mills in regions that produce and export most i .
consumption metric. The water consumed

of the world’s textiles. Within the global aver- faciuri between wet
DJH WKHUH LV VLJOL“FDOW YDULDWIHY 8‘15'39(2535pﬁeﬁd08tw
This variation results from many factors, for processes and the upstream production of

y HQHUJ\ 7KHVH PDQXIDFWXULQJ ZDWHU tR
example, local laws and environmental regula- . .
. . . . far outweighed by water consumed during
tions, regional electricity production methods L .

. X irrigation and consumer washing.

or grids, types of machinery and processes, and

f Though considerable amounts of water
DUH XVHG LQ SUHSDUDWLRQ G\HLQJ DQG
ing, much of that water is returned to the

age of textile mills and technology. Data col- f7KH WR[LFLW\ PHWULFV ZHUH PRVW LQtXH
lected for this study was self-reported by each by woven preparation in the woven pants

mill and may be estimated leading to under VFHQDULR DQG WKH G\HLQJ DQG NQLW *“Ql
RU RYHU UHSRUWLQJ 7R PDLQWD Lhaser QriBakgtwarments. Whe upstream

of data, results for textile manufacturing were emissions associated with production of

not calculated on a per country or region basis process chemicals used are a major contribu-

as the cotton production was calculated. As a tor in addition to emissions of chemicals in

result of only horizontal averaging calculations, WKH ZDVWHZDWHU HItXHQW

standard deviations describing the range of
results based on country are not available.
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4.3 POST PRODUCTION: CUT-AND-SEW,
CONSUMER USE, AND END-OF-LIFE

The post production phase of the cradle-to- conducted examining use phase behavior
grave LCA system boundary included garment for China, Japan, Italy, Germany, the United
cut-and-sew, consumer use, and garment end- Kingdom, and the United States. Approximately
of-life. Results for the use phase are described one thousand responses were received from all
in this section. countries with an even split on male to female

respondents, as seen in Table 4-6: Use phase
4.3.1 Consumer Use Phase survey responses by country.

Survey Results

To determine the use phase impacts for laun-
dering and product lifetime, a survey was

TABLE 4-6: Use phase survey responses by country.

Country Respondents

China 1,003

Japan 1,000

Italy 1,004

Germany 1,005

United Kingdom 1,014

United States 1,015
The number of garment washes per life time Table 4-7. Respondents reported t-shirts as hav-
KLIKO\ LQtXHQFHV WKH XVH SKD g theHewedt Miivibe7d{ Washes and woven
global average number of garment washes was pants with the highest number of washes.

determined for each garment type and listed in

TABLE 4-7: 8VH SKDVH VXUYH\ UHVSRQVHV IRU WRWDO ZDVKHV LQ “UVW JDUPHQW OLIH

T-Shirts 18.2
Collared Casual Shirts 222
Woven Pants 23.5




Clothes drying is an important parameter when in the LCA model, those who do both types of

modeling garment use phase. Line drying uses drying were split equally between line drying

no fossil fuel energy while machine drying is and machine drying, which is shown in Table

energy intensive requiring electricity or natural 7KH FORWKHY GU\LQJ PHWKRGV KLJKO\
gas for heat. The use phase survey questions ence the use phase results and also showed

surrounding the drying methods show that high levels of variability between countries.

as a global average, 69% of the respondents This variability introduces uncertainty into the

line dried their clothes. Around 19% of the use phase results as the global average was

respondents indicated machine drying and the used for this analysis. The standard deviations

remaining respondents indicated using both of use phase impacts are reported in the use

line and machine drying. For ease of calculation phase limitations section.

TABLE 4-8: Global average clothes drying methods.

Drying Methods Used $LU GU\ OLQH OD\ tDW Imxauna&hire dryer
T-Shirts 74.7% 25.3%
Collared Casual Shirts 76.1% 23.9%
Woven Pants 76.5% 23.5%

TABLE 4-9: Global textile drying methods by drying type and country.

Air dry In a machine Combination

OLQH OD\ tDW GULS Gityér of machine
China 80% 3% 17%
Germany 7% 12% 11%
Italy 90% 4% 5%
Japan 91% 3% 7%
United Kingdom 69% 12% 19%
United States 13% 73% 14%
Average 70% 18% 12%
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4.3.2 Summary had the lowest number of total washes and the

. . . woven pant had the highest number of washes
The post production phase including cut-and- s .
. . over the product lifetimes. These differences
sew, consumer use, and end-of-life contributes

VLJOL*FDQWO\ WR WKH RYH-UDO o L'BEISEWA Y SANERNSIS Y higher
. impacts for the woven pants and consistently
ments. Within this phase, the use phase stands

. ) : . lower impacts for the t-shirt. Impacts in this
out as the primary contributor in all impact cat- .
. ) ) phase were measured on a basis of 1,000 kg of
egories except in one scenario, as noted below

in the ADP section. Generally, the impacts from garments which included impacts from zippers

. . and other materials, as well as material losses
the post production phase tracked with the . .
L . associated with the cut-and-sew process.
consumer use and product life time. The t-shirt

TABLE 4-10: Post production impacts for cut-and-sew, use, and end-of-life phases.

Cut-and-Sew
Cut-and-Sew
Cut-and-Sew

Units

[kg CO2-
(TXLY @

6.38E+02  8.16E+03 3.68E+02  8.12E+03 3.85E+02  6.76E+03

PED >0-@ 1.05E+05 6.91E+02 1.05E+05 6.91E+02 8.73E+04  6.91E+02
[kg SO2- ' :

AP (TXLY @ 1.78E+01 9.55E-01 4.32E-01 1.80E+01 5.72E-01 1.51E+01
kg

EP Phosphate- 3.93E-01  4.18E+00 4.19E-01  4.04E+00 4.21E-01 3.34E+00
(TXLY @

ODP L Rt 1.04E-06 3.55E-09 1.06E-06 3.55E-09 8.93E-07 3.55E-09
(TXLY @ : : . . . '
[kg Ethene-

POCP 2.46E-01 2.55E+00 1.00E-01 2.51E+00 1.09E-01 2.09E+00
(TXLY @

BWC >NJ@ 1.96E+03  2.50E+05 5.17E+02 2.39E+05 6.55E+02  1.97E+05

BWU >NJ@ 8.70E+06  3.58E+04 8.91E+06  3.58E+04 7.50E+06  3.58E+04
[kg PM2,5-

HHPA (TXLY @ 5.99E+00 1.54E-01 1.82E-01 6.08E+00 2.27E-01 5.10E+00

[kg Sb- y y ) : )
ADP (TXLY @ 1.16E-02 1.82E-05 1.32E-05  2.85E-03 1.52E-05  2.35E-03

4.3.3 Impacts by stage use phase is heavily dependent on consumer
EHKDYLRU WKH *:3 LV KLJKO\ LQtXHQFHG E\
4331 *OREDO :DUPLQJ 3SRWHQWL DIQJndering parameters and types of equipment

The global warming potential (GWP) impact used for laundering. The cut-and-sew phase
generated during post production processes is contributed 5% to the GWP and the end-of-life
dominated by the consumer use phase as seen contributed 16% to the GWP based on aver-
in Figure 4-35. The use phase contributed 78%, ages of all three fabric types. There was little
80%, and 77% to the GWP for pants, collared variation between the cut-and-sew and end-of-
casual shirts, and t-shirts, respectively. Since the life results for the three garments.



FIGURE 4-35: *OREDO ZDUPLQJ SRWHQWLDO E\ SRVW SURGXFWLRQ SKDVH >NJ &2 HT
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4.3.3.2 Eutrophication Potential

The post production eutrophication potential
(EP) impacts are dominated by the use phase
Figure 4-36. These impact results from waste-
water associated with the washing as well as
energy used in the laundering process. The
use phase contributes 69%, 68%, and 64% for

garment types.

Transport

EoL

Use Phase
Cut & Sew
Textile
Manufacturing
Seed to Bale
Garment

woven pants, collared casual shirts, and t-shirts,
respectively. The end-of-life contributed 25%
for woven pants and collared casual shirts and
28% for t-shirts. The cut-and-sew contribution
was small at approximately 7% for all three

FIGURE 4-36: (XWURSKLFDWLRQ SRWHQWLDO E\ SRVW SURGXFWLRQ SKDVH >NJ 32
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Pant Polo Shirt T-shirt
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4333 $FLGL“FDWLRQ 3RWHQWLDO AP impact for all three garment types. The AP
7KH DFLGL*FDWLRQ SRWHQWLDO "8l BeSpElyS/10 1R FlggiRag! grid used

post processing phases are dominated by the by thg cgnsumer, thus there |s.a high degree
use phase, as shown in Figure 4-37. Production of variation for different countries. The cut-
and use associated with laundering processes and-sew phase and end-of-life contrlbgted on
were the primary contributors to the use phase average 4% and 5% to the overall AP impacts
AP impacts. Out of the post processing phases, for each garment.

the use phase contributed over 90% to the

FIGURE 4-37: $FLGL“FDWLRQ SRWHQWLDO E\ SRVW SURGXFWLRQ SKDVH >NJ 62 (TXLY NJ
160
""""" W Transport
® EolL
120 W Use Phase
~~~~~~~~~~ ==
Textile
Manufacturing
80 lllll ® Seed to Bale
B Garment
Pant Polo Shirt T-shirt
AP
4.3.3.4 Primary Energy Demand woven pants use phase contributed 92% to

the total. The cut-and-sew phase for the pants
resulted in higher PED than the shirts, in part
due to different energy grids modeled based

on textile manufacturing location. The primary
energy demand for the use phase is also highly
dependent on the energy grid used, which
creates regional variations.

The primary energy demand (PED) for the post
production phases are dominated by the use
phase, Figure 4-38. The energy used through-
out the post production phases is a primary
contributor to many of the other measured
impact categories. Of the post production pro-
cesses, the use phase contributes 98% to the
collared casual shirt and t-shirts and the



FIGURE 4-38:3ULPDU\ HQHUJ\ GHPDQG E\ SRVW SURGXFWLRQ SKDVH >0- NJ RI FRWWRQ
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4335 %OXH :DWHU &RQVXPSWLR Q drying and the water consumed during energy
production processes are divers of the BWC
impact. In total, the use phase contributes 98%
to the overall BWC.

The blue water consumption (BWC) for post-
production processes was dominated by the

use phase, as seen in Figure 4-39. The water
evaporated from the garments during clothes

FIGURE 4-39: % OXH ZDWHU FRQVXPSWLRQ E\ SRVW SURGXFWLRQ SKDVH >NJ NJ RI FRW
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4336 %OXH :DWHU 8VH primarily from water used in energy produc-
tion required for laundering and water used in
laundering that is returned to the watershed.
Of the post production phases, the use phase
contributed 98% to the total BWU. The energy
use associated with cut-and-sew process con-
tributed 1-2% to the BWU.

The blue water use (BWU) for post-production
processes was also dominated by the use
phase, as shown in Figure 4-40. The BWU mea-
sures the water that is used in processes that is
later returned to the same watershed as it was
sourced. The BWU within the use phase results

FIGURE 4-40: %OXH ZDWHU XVH E\ SRVW SURGXFWLRQ SKDVH >NJ NJ RI FRWWRQ JDUPHQW
3.0E+07
.................. = Transport
2.5E+07 ® EoL
.................. ] USe Phase
2.0E+07 " CcutéSew
.................. = Textile
Manufacturing

15E+07 = Seed to Bale

B Garment
1.0E+07
5.0E+06
0.0E+00

Pant Polo Shirt T-shirt
BWU

4.3.3.7 Ozone Layer Depletion Potential are required for the use phase and cut-and-sew

processes. The use phase contributes 98% to
the total ODP with the cut-and-sew process
making up the balance.

The ozone layer depletion potential (ODP)
post production impacts are driven by the use
phase, Figure 4-41. The ODP impacts are gen-
erated by electricity production processes that

FIGURE 4-41: 2]RQH OD\HU GHSOHWLRQ SRWHQWLDO E\ SRVW SURGXFWLRQ SKDVH >NJ 5 HT
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Cut & Sew
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0.0E+00
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4.3.3.8 Photochemical Ozone and cut-and-sew processes. The use phase

Creation Potential contributes 84% to the total for the three gar-
The photochemical ozone creation potential ments. The cut-anq-sew POCP was hi.gher f.or
(POCP) post production impacts are driven by the pants due to different use of electrical grids.
the use phase, Figure 4-42. The POCP impacts Emissions from cotton decomposition in the
are generated by electricity production pro- ODQG*00 DOVR FRQWULEXWHG WR WKH 32&
cesses that are required for both the use phase accounting for approximately 10% of the total
POCP.

FIGURE 4-42:Photochemical ozone creation potential by post production phase
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4.3.3.9 Abiotic Depletion (mining) of metals depletes resources and has
a larger impact than plastics for buttons, which
is the only trim used in cut-and-sew for the shirt.
For the collared casual shirt and T-shirt, the use

The abiotic depletion potential (ADP) was
dominated by the use phase for the collared
casual shirt and T-shirt, however, the cut-and-
sew process dominated the ADP for the pants, phase ADP accounted for 9% of the overall
Figure 4 43. The ADP for the woven pants was impact. The use phase ADP for woven pants,

DURXQG “YH WLPHV KLJKHU WK D oWkt Sgngibpied,oqly y6 while the cut
shirts. This major difference stems from the and-sew process contributed 80% to the ADP.

use of a brass zipper in the pants. Extraction

/&,$ 5(68/76



/&,$ 5(68/76

100

FIGURE 4-43: $SELRWLF GHSOHWLRQ SRWHQWLDO E\ SRVW SURGXFWLRQ SKDVH >NJ 6E (TXLY
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4.3.3.10 Toxicity

The As with the other phases of this study,
detailed results on the toxicity metrics are not
provided due to the high uncertainty associ-
ated with the methodology, but the predicted
distribution of toxicity impacts with within the
use phase follows. The ecotoxicity (ET) impacts
were again dominated by the use phase. The
shirts use phase contributed 99% to the ET and
relates to the energy used during laundering.
The woven pants ET use phase contributed
96% to the pant total with 4% stemming from
the cut and sew process. The differences in the
woven pants and shirts ET results from the dif-
ferent cut and sew locations and thus different
energy grids used. It should be noted that there
is great uncertainty around the ET and other
toxicity measures used in this study. This high
level of uncertainty is common among all toxic-
ity measures using UseTox. Due to this uncer-
tainty, these results should be used for hot spot
analysis but not to compare to other studies.

The human toxicity cancer (HTC) impacts were
also dominated by the use phase,. The shirt
use phase contributed 92% to the HTC and the
woven pant use phase contributed 74% to the
HTC. The cut and sew phase contributed more

to the woven pant due to the different energy
grid used in that process. The EOL contributed
on average 6% to the total HTC. The HTC
impacts are primarily generated by electricity
production and thus track with the product
systems energy requirements.

The human toxicity non-cancer (HTNC) impacts
were similar to the other toxicity measures with
the majority of the HTNC impacts resulting from
the use phase. The HTNC impacts are primar-
ily associated with energy use involved in the
laundering process. The woven pant cut and
sew process has a higher HTNC impact due to
a different energy grid used for that process.

4.3.3.11 Human Health Particulate Air

The human health particulate air (HHPA)
impacts were dominated by the use phase

for each garment, Figure 4-44. The use phase
contributed 94% to the overall HHPA impacts
for the garments. HHPA impacts are primarily
associated with energy production to meet the
laundering energy demand. The end-of-life
(3%) and cut-and-sew (4%) process make up
the remaining percentages.
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4.3.4 Limitations based on the results from the six different coun-
tries. The standard deviations for the use phase

) . . were different for each garment. However, the
phase varied greatly by region due to different L
. . ; . use phase standard deviation was the same for
regional laundering behaviors, laundering

HTXLSPHQW HI“FLHQFLHV DQG Féph W'Bfﬂffﬁpgiajﬁforeamgarmen”ype'

. . cut-and-sew data was not modeled for
washing behavior. The consumer use data mod - . . .

. each of the six countries, rather it was modeled
eled in the use phase was collected through

. with an average cut-and-sew operation and
a comprehensive survey of consumers from

. . h iati lcul .
Kingdom, China, and Japan. The choice to y P '

. . . . HTC and ET had the highest standard deviation
line/air dry or use a mechanical dryer heavily

LQIXHQFHG WKH XVH SKDVH LPspEWN 1% %8“&%?"5@95&'5?\/\/“”%“'

. i . sidering all impact categories for each garment,
the use of hot water during washing required 9 P 9 9

high levels electricity and increased the impacts the average standard deviation as a percent of
9 ) . . . P the average value is 84%, 76%, and 83% for the
associated with electricity production.

t-shirt, collared casual shirt, and woven pants,

Data describing the global consumer use

Despite the highly regionalized use phase respectively. For the end-of-life, the average
characteristics, this LCA focused on the global standard deviation as a percent of the total
averages. Table 4-12 provides the standard was 39%.

deviations for each impact category calculated
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TABLE 4-11: Use phase standard deviations for garment use and EoL.

Collared
Woven Pants Casual Shirt T-shirt All
Use Use Use EoL

BWC 217,463 189,809 202,250 1,572
PED 95,177 70,224 44,990 59
GWP 5,762 4,098 2,745 233
AP 19 16 11 1
HHPA 1.88 4.10 3.88 0.06
EP 1.80 1.84 1.75 0.92
POCP 1.11 0.87 0.57 0.19
ADP 1.93E-03 1.52E-03 9.13E-04 5.21E-06

TABLE 4-12: Standard deviations as percentage of total impacts for each garment type
(data organized highest to lowest % for the woven pants use phase).

Collared
Woven Pants Casual Shirt T-shirt All
Use Use Use EoL
AP 100% 82% 68% 70%
PED 90% 67% 51% 8%
BWC 87% 79% 103% 71%
GWP 70% 50% 40% 14%
ADP 65% 53% 39% 28%
POCP 43% 34% 27% 66%
EP 42% 44% 51% 62%
HHPA 31% 67% 75% 36%
4.3.5 Conclusions O\ LQtXHQFHV WKH XVH SKDVH LPSDFWV GXH
f The use phase dominated the post produc- ;gg:);y&llgl:;sn.denng behaviors and regional

tion process impacts and were sensitive to
WKH QXPEHU RI ZDVKHV SHU JD U Pithip e ugesphase pargmeters, the most

LPSRUWDQW YDULDEOH WKDW FRQVXPHUV FI
ence is the drying method used. Air drying

clothing reduces energy use and lowers the

overall impacts of the consumer use phase.

f There was little to no difference in the impact
categories for the knit shirts and woven
pants, with the exception of abiotic depletion

© associated with cut-and-sew for woven pants. . .

= The other important choices consumers can
= f Use phase impacts had high levels of uncer- make to reduce environmental impacts are to
= tainty based on regional use modeling. This avoid small laundering loads and to use cold
- suggests that where the product is used high - wash water when possible.

d
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4.4 CRADLE-TO-GRAVE IMPACTS

This section contains Life Cycle Inventory As- Global average LCIA results for 1,000 kg t-
sessment (LCIA) results pertinent to all phases shirts, 1,000 kg of collared casual shirts, and
of the cotton life cycle, from cradle-to-grave. 1,000 kg of woven pants are shown in Table

'"HWDLOHG UHVXOWY VSHFL"“F WR 4HIB.RKhadld e nBted at ti8s . DA/isinot a

DUH UHSRUWHG LQ WKH FRWW R Q comphtatigU BAHEREn tRethree different

textile manufacturing, and use phase sections garments, rather this analysis provides useful

of this report. GDWD DQG LGHQWL“HVY KRWVSRWV ZLWKLQ
life cradle-to-grave life cycle.

TABLE 4-13: Global average LCIA results for t-shirt, collared casual shirt, and woven pants.

Units per 1,000 kg Collared

Impact of garment T-Shirt Casual Shirt Woven Pants

GWP >NJ &2 (TXLY @ 18,885 20,234 21,156

PED >0-@ 266,663 284,099 267,226

AP >NJ 62 (TXLY @ 131.7 134.6 139.3

EP >NJ 3KRVSKDWH (TXL Y@ 26.8 21.3

ODP >NJ 5 (TXLY @ 1.73E-05 1.75E-05 2.70E-06

POCP >NJ (WKHQH (TXLY @ 6.93 7.35 8.59

BWC >NJ@ 2,981,350 3,027,711 2,419,607

BWU >NJ@ 25,442,811 26,845,721 24,834,227

HHPA >NJ 30 (TXLY @ 14.34 15.29 24.28

ADP >NJ 6E (TXLY @ 7.57E-02 7.63E-02 4.34E-02
The relative contribution of each phase (agricul- 3. Post production: cut-and-sew, consumer
tural production, textile manufacturing, cut-and- use, disposal: Average garment creation,
sew, use and disposal) of the cradle-to-grave average use scenario (washing and drying),
life cycle of cotton knit and woven fabric is DQG DYHUDJH GLVSRVDO VSOLW EHWZH!
shown in Table 4-14. The results were modeled and cutoff subsequent lives).

using global average consumer use data. The . Transportation: Average transportation
OLIH FAFOH SKDVHV ZHUH GH"QHG Dgccbrn%gcﬁ)gs\[[he product life cycle.

1. Agricultural production: Crop growth
and cultivation, including ginning.

2. Textile manufacturing: Yarn prep, knitting
RU ZHDYLQJ G\HLQJ DQG “QLVKLQJ “EHU
into fabric.
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TABLE 4-14: Relative contribution to each impact category by garment.

-
%)
=
=

ut/Sew, Use,

Manufacturing
isposal

Seed to Bale
Seed to Bale

C
D

®
B

When the entire cotton life cycle is considered,
the textile manufacturing and consumer use
phases dominated most of the impact catego-
ries, see Figure 4-45, Figure 4-46 and Figure
4-47. This is due primarily to garment launder-

50%

54%

49%

27%

93%

53%

5%

52%

36%

94%

Manufacturing

Collared Casual Shirt Woven Pants

ut/Sew, Use,

ut/Sew, Use,
isposal

isposal
Seed to Bale
Manufacturing

C
D
C
D

3%
2%
0%
4%
0%
0%
2%

0%

“QLVKLQJ SURFHVVHV $OWKRXJK DJULFXOWXL
production’s contribution to total impact was

lower than the consumer use and textile

manufacturing phases in most categories, water

FRQVXPSWLRQ HXWURSKLFDWLRQ DFLGL“FDW

LQJ DQG KLJK HOHFWULFLW\ XV H em@sivasrhssoBiatdrl vith\vilttag@r fertilizer,

and energy expenditures related to condition-
ing, processing, heating, and eventual drying
of water during the preparation, dyeing, and

LUULJDWLRQ DQG JLQQLQJ ZHUH LGHQWL“HG
contributors to overall impact.

FIGURE 4-45:Relative contribution to each impact category for knit t-shirt.
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FIGURE 4-46:Relative contribution to each impact category for knit collared casual shirt.
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FIGURE 4-47:Relative contribution to each impact category for woven pant.
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Conclusions: Cotton Life Cycle ZDV DOVR D VLJQL*FDQW FRQWULEXWRU Z
(Cradle-to-Grave) textile manufacturing life cycle stage.
f The textile manufacturing was the largest f Consumer use phase contributed the most
contributor to all impact categories modeled to global warming potential, primary energy
except blue water consumption and eutro- demand, photo chemical ozone creation,
phication potential. Textile plant wastewater human health particulate air, and blue water
emissions, upstream production of energy, use. The consumer use phase including
and process chemicals drive eutrophication, laundering contributed more towards all the
DFLGL“FDWLRQ SRWHQWLD-O DQdMARRQIHGNIES thamihie putrgnd-sew and
sures. Yarn spinning was the main contributor end-of-life processes, except for the abiotic
IRU JOREDO ZDUPLQJ SRWHQW L D éePlgiipn retentiapyihinghg woven pants
potential, photochemical ozone creation scenario. The results were very sensitive to
potential, human health particulate air emis- assumptions since the number of lifetime
sions, blue water use, and primary energy washings and the impacts of those launder- 2
demand due to the energy intensive yarn ings can vary widely in practice and by ®
production process. Energy for conditioning, region. Since this data was a global average, e
processing, heating, and eventual drying fab- there is high degree of variability within L)
fic in the preparation and dyeing processes the use parameters. :.
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f It is important to note that compared to f Carbon sequestered during the growth of

East Asia, Eurasia, Latin America, and South/ cotton is modeled as a CO2 emission at
&HQWUDO $VLD WKH HPLVVLRQV edddiif®, ldven thBugh garments won’t
electricity has considerably less AP, EP, QHFHVVDULO\ EH WKURZQ DZD\ DIWHU WKHLL
GWP, and POCP per kWh. Since the textile useful life. The reuse and recycle of garments
manufacturing data in this study was derived can hold carbon for a number of years and
from countries other than the United States, could potentially hold carbon beyond the

the burdens from energy-intense textile temporal scope of this study of 100 years.
processes drove up these impact categories When carbon is locked up in products for
compared to the use phase, which was periods longer than 100 years, the end-
modeled with energy grids from the six of-life emissions are often emitted as they
studied countries. are considered outside of the study scope.

Furthermore, there is a growing understand-

ing of the value of temporary carbon storage

production’s contribution to total impact was WKDW ZKH Q, FRQVLGHU H G FRXOG DOVR LQtXt
lower than textile manufacturing in all of the the results by lowering the global warming

FDWHJRULHV HYDOXDWHG- +RZH YAQEIa§¥5ic s§img period.

f With the exception of water consumed
and eutrophication potential, agricultural

sions and fertilizer production were major f Continued improvement in the cotton gar-
contributors to several environmental impact ment production system should focus on
categories: eutrophication potential was several areas within the supply chain. For wa-

VWURQJO\ LQtXHQFHG E\ QLW U D Wet cobsbrhfiidn"dnb svtrdRi@cation, cotton
SRWHQWLDO ZDV LQtXHQFHG E\ DiAdgato@ and fedilx® Bde @ithin the cotton
ZDUPLQJ SRWHQWLDO ZDV LQtXH QuRirhGonEprocgEs\vilre ke parameters which
R[LGH DQG WR[LFLW\ LPSDFWYV Zshouk HeQurtket QpErkized. The textile

by pesticides and herbicides applied in the manufacturing phase contributed the most
“HOG 7KH JLQQLQJ SURFHVV DQ GoHlhtt thd\impatt categories due to high
quired for irrigation played a role in primary energy usage and use of various process

energy demand. chemicals. Textile manufacturing optimiza-

WLRQ VKRXOG IRFXV RQ HQHUJ\ HI“FLHQF\ X
of cleaner energy sources, and using more

environmentally friendly process chemicals

DQG SURFHVVHV WR FUHDWH “QLVKHG IDEUL
XVH SKDVH DOVR FRQWULEXWHG VLJQL“FDQV
most impact categories. Use phase impacts

are dominated by consumer use due to

laundering. Use phase impact reduction can

be made through the change of laundering

behavior by switching from machine drying

f Despite a high uncertainty of toxicity effects
in ecotoxicity potential and human toxicity
potential impact categories, it is evident that
textile manufacturing process chemicals
and associated upstream emissions are the
primary contributor. Although the USEtox™
model is currently the most precise LCA
model for evaluating toxicity, there are still
wide ranges in uncertainty around the actual
effects of the compounds contributing to the ) : - ;
toxicity measures. Thus, interpretation of the to line d.rylng, using cold wash yvater with
toxicity potential indices is challenging and appropriate detergents, and using more

WKH “QGLQJV RI WKLV VWXG\ DUHTPHLHRY: AR Re®) PDFKLQHYV
for identifying compounds of concern.
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5.1 IDENTIFICATION OF RELEVANT FINDINGS

f The textile manufacturing was the largest
contributor to all impact categories modeled
except blue water consumption and eutro-
phication potential.

f Consumer use phase impacts are highly
dependent on laundering practices such as
choice to use line drying or machine drying,
as well as the number of launderings per

f With the exception of water consumed and product lifetime.

eutrophication potential, agricultural produc-
tion’s contributions to total impacts were
lower than textile manufacturing in all of the
categories evaluated.

f The leading source of negative impacts
across several metrics by phase were:

yAgriculture production:  Nitrogen and
water use

yTextile manufacturing: Energy in yarn cre-
DWLRQ FKHPLFDO XVH LQ G\HLQ

yConsumer use: Mechanical dryer use

f Despite a high uncertainty of toxicity effects
in ecotoxicity and human toxicity potential
impact categories it is evident that textile
manufacturing process chemicals and
associated upstream emissions are the
primary contributor.

5.2 ASSUMPTIONS AND LIMITATIONS

Overall the data and models used in this study China. Also, several assumptions were neces-
DUH FRQVLGHUHG VXI“FLHQW W R sBriz Wdddetto Bstlonidt® peBtiGide emissions
able global mean for a majority of the impact factors from the EPIC simulations. For the textile
metrics considered across the three primary life phase, a limited number of textile mills could

cycle phases evaluated. In the agricultural pro-
duction phase the highest uncertainty in data
was around India, including the actual amount

be sampled and there are not extensive public
databases on textile production practices as
can be found for agriculture. Primary data for

of manure use to supplement synthetic fertilizer
applications, and agricultural chemical use in

cut-and-sew was not obtained and secondary
data was used.

5.3 RESULTS OF SENSITIVITY, SCENARIO,
AND UNCERTAINTY ANALYSIS

5.3.1 Sensitivity Analysis & end-of-life, Figure 5-1 and Figure 5-2. The
Sensitivity analyses were performed to test the sensitivity analysis was only performed with the

LQtXHQFH Rl SDUDPHWHU YDoxH&”WR&T\?\F@‘L’Y?—]’?EW@%%@E‘”PS’aSthe

. . . collared shirt scenario is nearly identical to the
on assumptions or otherwise uncertain on - . o

. t-shirt. The results from this analysis aim to pro-
the overall cradle-to-grave results. This study N . .
performed a sensitivity analysis on attributes vide insight into how uncertainty and modeling
. DVVXPSWLRQV LQtXHQFH WKH RYH

from each of the three major process stages of

) rave results.
seed to bale, garment manufacturing, and use 9
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FIGURE 5-1:Cradle-to-grave sensitivity analysis results for t-shirts and collared shirts (abbreviations for the impact
categories on the x-axis are provided in Table 2-2 and 2-3).
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FIGURE 5-2:Cradle-to-grave sensitivity analysis results for woven pants (abbreviations for the impact categories
on the x-axis are provided in Table 2-2 and 2-3).
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5.3.1.1 Agriculture Increasing and decreasing the knit dyeing and

7R H[DPLQH WKH KRZ WKH JURZLQRbBYNERY HigIRFWYV KDG WKH JUHDWHVW LQ
ences the overall cradle-to-grave results, the on the toxicity measures of HTC, HTNC, and ET,

regional impact standard deviations (STDEV) Figure 5-1.The cradle-to-grave HTC imp.acts )

were used to adjust the seed to bale impacts increased or decreased by 86% when this sensi -

These results are shown in Figure 5-1 and tivity analysis was performed. The HTNC and

Figure 5-2 where the adjusted cradle-to-grave ET cradle-to-gravg Impacts chaﬁged by 54%

value (global average +/- STDEV) is divided by and 18%, respectively. Another impact category

the “base case” non-adjusted value and shown showing a relatively high sensitivity to the dye-

as a percentage [(impact global average +/- LQJ DQG "QLVKLQJ VWDJHV ZDV WKH $'3 ZKI

LPSDFW 67'(9 LPSDFW JOREDO 5“?'?—9?9[%iLrE"’/@Th?R”ﬂFrimpa"tcatego”es

e .. . . . 0, i -
sensitivity analysis incorporating regional agri- all showed less t. an 10% chgnge while per
cultural impacts show that water consumption forming the sensitivity analysis.

impacts are highly dependent on growing re- The woven pants sensitivity that increased and

gion. Using one standard deviation adjustment decreased the fabric prep and dyeing impacts

from the global t-shirt average, the cradle-to- DOVR LQtXHQFHG WKH FUDGOH WR JUDYH W
grave water use would increase or decrease by measures the most, Figure 5-2. The HTC, HTNC,

71%. The seed to bale eutrophication potential and ET impacts changed by 34%, 34%, and

(EP) impacts were also dependent upon the 26% respectively when the sensitivity analysis

growing region and adjusting these impacts was performed. The cradle-to-grave ADP was

E\ RQH 67'(9 LQtXHQFHG WKH FUDGEOWRWMA IKNAVYHQtXHQFHG E\ WKHVH SURFHYV
EP impacts by 24%. Due to regional pest and showed a change of 30%. The cradle-to-grave

weed pressures as well as growing practices, primary energy demand showed a 10% change.

WKH HFRWR[LFLW\ (7 LPSDFWV ZhdbtheRRb4R chiQbiied Qifchhnged less

by the region. The cradle-to-grave ET impacts than 10% and were not highly sensitivity to the

were increased or decreased by 15% when the woven preparation and dyeing processes.

UHVXOWY ZHUH DGMXVWHG E\ RQH 67'(9 7KH LQtX

ence of the seed to bale phase on the other 5.3.1.3 Use phase

cradle-to-grave results were lower than 13% of ] ]
the overall impacts and are shown in Figure 5-1. Consumer use behaviors surrounding the
'KHQ H[DPLQLQJ WKH LQtXHQFH UNI{eRY BB aserinaigy griver of overall

of cotton growing on the woven pants, nearly garment environmental impacts. The number of

identical trends were observed, Figure 5-2. The times an individual launders their garment over )
only difference in the agricultural sensitivity WKH JDUPHQW OLIH WLPH SOD\V D VLJQL*FI

results stem from minor differences in losses the use phase impacts. Since number of total

ZKHQ PDNLQJ WKH “QDO JDUPHQ V{Pvnderings can vary drastically by the user and
also more generally by country, a sensitivity

was performed on the total number of garment

launderings. The number of total launderings

For the knit shirts, the textile manufacturing during the garments life was increased and

VWDJH VHQVLWLYLW\ H[DPLQHG W LRIPVHIF HE\RI WR GHWHUPLQH WKH LQt)»
LQFUHDVLQJ WKH EDWFK G\LQJ D& fre N p¥se fhpatK bk total cradle-to-

5.3.1.2 Textile Manufacturing

impacts by 50% and lowering them by 50%. JUDYH LPSDFW UHVXOWYV 7KH LQtXHQFH RI
These two processes were used as a sensitivity dering habits on the cradle-to-grave results, as
due to the relatively high impacts associated seen in Figure 5-1 and Figure 5-2, were similar
with these processes and lower primary for both the knit shirts and the woven pants and
data quality. For the woven pants, the woven WKH UHVXOWV DUH GLVFXVVHG ZLWKRXW V
preparation and dyeing steps were chosen as tion to either garment type, except for the ODP ~
they represented the hotspots for the woven impacts which are discussed separately. o
pants. The woven processes impacts were P
also increased and decreased by 50% to deter- The laundering process requires a considerable =)
PLQH WKH LQtXHQFH RI WKHVH S BRatR of\eregyfngutyardincreasing or @
overall results. GHFUHDVLQJ WKLV HQHUJ\ UHTXLUHPH%W L
~
—
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several impact categories that are primarily as- recycled material is used a new material is not

sociated with energy use. The PED, GWP, POCP, produced creating a potential environmental

and the HPA cradle-to-grave impacts were the savings. This type of environmental burden

most sensitive to the use phase laundering offset is not considered herein, however, could

and changed by 17%, 19%, 19%, and 20%, LQ VRPH VFHQDULRYV EH VLJQL“FDQW $Q DOW
respectively. These impact categories are also method to address the multiple lives of the

highly dependent on the energy grid mix of the garments is to allocate some portion of the

location of use, where the use phase would be cotton growth and textile manufacturing phase

OHVV LQtXHQWLDO LQ FRXQW U L HivpZdtstokhdédolditbr@lhbtoditife tindas. Al-

SURGXFWLRQ V\VWHPV DQG PR U HotafjanXofitQedélirbp@cts tQ additional product

countries with more polluting energy produc- OLIH WLPHV ZRXOG UHGXFH WKH LPSDFWV RI
tion systems. Cradle-to-grave blue water use life as examined in this report.

was also sensitive to the number of launderings

DV HDFK ODXQGHULQJ F\FOH XV HY.3[8 VUdceHamyAnalysis

amount of water and the cradle-to-grave blue With all life cycle assessment studies, there is

water use changed by 15% with the sensitivity D VLIOL‘FDOW DPRXQW RI XQFHUWDLQW\ ZLW]I

DQRDOI\VLV 7KH LQtX H_Q FH RIWKH rgg,‘ﬁ/l'r'él thSat cgnvs{_ém rgmvsve}\%ral different
cradle-to-grave ODP was notably different for

. . causes. Data uncertainty is commonly explored
the knit and woven garments. The ODP impacts . )
) ; through a Monte Carlo uncertainty analysis
for the knit garments were an order of magni-

) which can provide a range of results describ-
tude higher than those of the woven garment. . ) .
) ing the environmental impacts. A Monte Carlo
As such, any change in due to the use phase

LOIXHOFHY WKH NOLW FUDGOHN Wuncertaint %nall_ygis vl\:/)als: not\}nerfol_r|me9 for this
Q Q Q §ud]yH-Bwever, iﬂgﬂin ea\(% of t(ae Ii}{a cycle

than the woven pants. For the knit shirts, the ?_Ea es sections the va'riabilit%/ and uncertainty

XVH SKDVH SHUWXUEDWLRQ LQtX FHG 2'3 E .
sur oundlng Gh% |_t?\ta was explored. For agricul-

RQO\ ,DQG LQtXHQFHG,WKH ZRYMrg,tﬁelrJewasmuch/aRriabilityonwatercon-

grave OPD impacts by 19%. The other impact VXPSWLRQ DV.VRPH “HOGV DUH LUULJDWHG Zk
FDWHJRULHYVY ZHUH LQtXHQFHG E\ DV OL[\lgw%H cP\/ . .

BWC) and up to 12% (EP ers are not. Standard deviations of the regional

( ) and up to 6 (EP). responses were provided for this and other

impacts associated with cotton cultivation. As a

5.3.2 Scenario Analysis ZD\ WR VKRZ WKH LQtXHQFH RI WKHVH UHJLRQ
Scenario analysis was performed to compare ferences and uncertainty, the sensitivity analysis

results between different sets of assumptions examined how the cradle-to-grave results

or modeling choices. For this analysis, the gar- ZHUH LQtXHQFHG E\ DGMXVWLQJ WKH VHHG W
ments were assumed to be disposed of after impacts by one standard deviation.

WKH “UVW OLIH RI XVH ,Q UHDOLW\ PDQ\ JDUPHQWYV JR

on to have additional “lives” through donations inothersreafv\llhlchdls .|nherently uncertain '§
to thrift stores and reuse or as down cycled tHe mlJ:T-l Sr cl)_ au\r;vi':gsf‘z?weg f)lqi_'e”'/ DXOGHULOJ EHKDY
products such as rags or insulation. When Q Q Q Q

examining the cradle-to-grave impacts without was collected through surveys with over 4,000

the burden associated with the EoL, the t-shirt responses. From these responsgs, averages
cradle-to-grave impacts for GWP and EP are were cglculated gnd used for th'S_StUdy' The
PRVW LOtXHOFHG DQG GHFUH DVH?‘Eﬁ\al |mp%9;dva|ch would occur in real !lfe
5%, respectively. Removing the EoL impacts is highly _dependent Oh the user’s_ behavior
reduced the other impact categories 1% or less. surrounding the washing and drying methods

The woven pants and collared shirt exhibited ?/T/dKaI[ISO:OW mag): |5t/l\1/ﬂ£e|_zlngsDocc:r|_|bef<\)Ar/eM Uy oLt e
similar reductions in cradle-to-grave impacts QG JDU Q U o

when the EoL impacts were removed. of the number of washes during the garments
“UVW OLIH zDV DOVR H[SORUHG ZLWKLQ WKH \

Something not considered in this scenario analysis and showed that impacts relating to
analysis is the potential burden offset as the HQHUJ\ XVDJH ZHUH WKH PRVW LQtXHQFHG E\
material is reused or recycled. In theory, when a laundering behavior.



5.4 DATA QUALITY ASSESSMENT

Primary agricultural data were validated with
mass balance checks and consistency of en-
ergy use and emissions generated for similar
processes. Nitrogen balances were set up

by taking as much soil, dry and wet nitrogen
precipitation, and organic and chemical direct
and indirect fertilizer data as possible into

information from the GaBi 2016 database were
used. The LCI datasets from the GaBi 2016
database are widely distributed and used with
the GaBi 6 Software. The datasets have been
used in LCA models worldwide in industrial and

VFLHQWL"“F DSSOLFDWLRQV LQ LQWHUQDO

many critically reviewed and published, studies.

FRQVLGHUDWLRQ 6XUSOXV RU G H'tFepidcess oF pidRidiHgQhds®databets they

were compensated by a balancing tool within
the cultivation model. Sensitive data, (e.g.,
pesticide application rates) were tested using
sensitivity analysis. Finally data were compared
with existing Life Cycle Assessment studies of
FRWWRQ “EHUV H J *UDFH
Jean Study at: http://www.levistrauss.com/
sustainability/product/life-cycle-jean)

Primary textile manufacturing data were col-
lected from mills around the world. At each
unit process, the inputs and outputs were
normalized to comparable units, i.e. kg/1,000
kg intermediate output. Normalizing the input
data to a 1,000 kg output provided for easier
comparison across the mills who reported
data for each process. Technical and feasibility

checks were also performed by PE International

and Cotton Incorporated experts. Outlying data

are cross-checked with other databases and
values from industry and science.

5.4.1 Precision and Completeness

6Pr%:is}on: As the majority of the relevant
Qregroﬁn\é Ba'l\{lavare measured data or calcu-
lated based on primary information sources
of the owner of the technology, precision is
considered to be high. Seasonal variations/
variations across different manufacturers
were balanced out by using yearly averages/
weighted averages. All background data are
sourced from GaBi databases with the docu-

mented precision.

f Completeness: Each foreground process was
checked for mass balance and complete-
ness of the emission inventory. No data
were knowingly omitted. Completeness of

SRLQWYV ZHUH FRQ“UPHG RU FRUUHdrarbliftd driit Prdce¥ Kdta are considered

mills if possible.

Internal quality assurance (QA) was applied at
different stages of the project. The objective of
the QA process was to ensure that the data col-
lection, the development of the LCI model, and

to be high. All background data are sourced
from GaBi databases with the documented
completeness.

5.4.2 Consistency and Reproducibility

WKH “QDO UHVXOWYV DUH ERQYV LV \WErosisteraywkengua-Haiacansisiency, all

of the study, and that the study delivers the re-
quired information. The QA included a check of
the LCI datasets used, general model structure,
results applicability, and report documentation.
Inventory data quality is judged by its precision
(measured, calculated, or estimated), complete-
ness (e.g., unreported emissions), consistency
(degree of uniformity of the methodology
applied), and representativeness (geographical,
temporal, and technological).

To cover these requirements and to ensure

UHOLDEOH UHVXOWYV “UVW KDQG LQGXVWU\ GDWD LQ

combination with consistent background LCA

primary data were collected with the same
level of detail, while all background data
were sourced from the GaBi databases.

f Reproducibility: Reproducibility is supported
as much as possible through the disclosure of
input-output data, dataset choices, and mod-
eling approaches in this report. Based on this
information, any third party should be able
to approximate the results of this study using
the same data and modeling approaches.
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5.4.3 Representativeness or regions under study. Where country-
VSHFL“F RU UHJLRQ VSHFL*“F GDWD ZHUH XQL

able, proxy data were used. Geographical
representativeness is considered to be high.

f Temporal: All primary data were collected for
the year 2014. All secondary data come from
the GaBi 2016 databases and are representa-

tive of the years 2010-2013. As the study f Technological: All primary and secondary
intended to compare the product systems for GDWD ZHUH PRGHOHG WR EH VSHFL“F WR WK
the reference year 2014, temporal represen- nologies or technology mixes under study.
tativeness is considered to be high. :KHUH WHFKQRORJ\ VSHFL*“F-GDWD ZHUH XQD

f Geographical: All primary and secondary able, proxy data were used. Technological

GDWD ZHUH FROOHFWHG VvsHFL*FWRCNAE"ER'R e P be hioh.

5.5 MODEL COMPLETENESS AND CONSISTENCY

5.5.1 Completeness Overalll, the process chain and corresponding
GDWD LV FRQVLGHUHG VXI*FLHQWO\ FRPSOHW

All relevant process steps for each product
P P P detailed with regard to the goal and scope of

system were considered and modeled to rep- ic st
UHVHOW HDFK VSHFL*F VLWXDWLESY WD FROOHFWLRQ
for cotton cultivation, textile manufacturing,

and use phases was taken from representative 5.5.2 Consistency

samples of cotton growers, industry, and users. All assumptions, methods and data are consis-
In the textile manufacturing phase, however, tent with each other and with the study’s goal
some proxies’ process chemicals were used as and scope. Differences in background data

the process chemicals did not yet exist in the quality were minimized by predominantly using
GaBi database. The use of these proxies would LClI data from the GaBi 2016 databases. System

QRW OLNHO\ LQtXHQFH WKH RY H WDuddariés HaNoxaDon wiles, Hud Ynp@dt assess-
EXW FRXOG KDYH VRPH LQtXHQF HnéhQnathkdd hawe peéen lapplied consistently
measure for the textile manufacturing stage. throughout the study.

5.6 CONCLUSIONS, LIMITATIONS, AND RECOMMENDATIONS

5.6.1 Conclusions use phase did not have the great impact on
any single metric, it closely followed the textile
manufacturing section on several metrics. The
consumer use phase was very sensitive to the
number of launderings and indirectly the num-
ber of launderings can be related to garment
life. That is, a garment that is well constructed
and has a long life is more likely to have a

When considering the three primary life

cycle phases (agricultural production, textile
manufacturing, and product use), textile manu-
facturing was often the largest contributor to
the impact categories considered. Textile plant
wastewater emissions, upstream production

of energy, and process chemicals were major

: greater number of launderings and would in-
sources for these impacts as was the energy use )
. . . crease the impact of the use phase. Thus lower-
in yarn manufacturing. The agricultural phase

DOVR KDG VLJQL“FDQW LPSDFWViﬁg@sam%jﬁ@?%%%‘W‘iltﬂ%;(gecreasmg

. a garment would not have the
and blue water consumption. Sources for these . L .
. L . desired positive impact on the environment.
impacts were primarily related to nitrogen

fertilizer and irrigation water use. While the
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5.6.2 Limitations

This study represents global average practices
associated with the life cycle of typical cotton
apparel products. While it can provide some
context to comparison to other studies, it rep-
resents global average conditions, and as such,
cannot be used to infer the impact of a new
practice unless evaluated in the same global
context. For example, the agricultural data is
very sensitive to the regional climate—therefore,
if the data to evaluate the impact of changing
an agricultural practice is not collected in same
global context, the data from this study cannot
be used to make claims about the impact of
that practice. Similarly for textile and consumer
data, the difference in an energy grid in a
VSHFL“F FRXQWU\ UHODWLYH WR
could overwhelm any difference in changes

in a textile process or consumer behavior.
Additional, this LCA has been focused on the
environmental impacts and does not address
social or economic aspects of a product’s raw
materials, creation, and use.

5.6.3 Recommendations

Continued improvement in the cotton garment

production system should focus on several

areas within the supply chain. For water con-

sumption and eutrophication, cotton irrigation

and fertilizer use within the cotton cultivation

process are key parameters which should be

further optimized. The textile manufactur-

ing phase contributed the most to all but two

impact categories due to high energy usage

and use of various process chemicals. Textile

manufacturing optimization should focus on en -

HUJ\ HI“FLHQF\ XVH RI FOHDQHU HQHUJ\ VF
and use of more environmentally friendly

process chemicals and processes to create

“QLVKHG IDEULF 7KH XVH SKDVH DOVR FRQ
WKIK) U'-REDNOD WHRUPBRNW LPSDFW FDWHJRUL
phase impacts are dominated by consumer use

due to laundering. Use phase impact reduction

can be made through the change of laundering

behavior by switching from machine drying

to line drying, using cold wash water with ap-

SURSULDWH GHWHUJHQWY DQG XVLQJ PRU
washing machines.
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7.3 ANNEX C: LIFE CYCLE INVENTORY DATASETS

This is a summary of the Life Cycle Inventory (LCI) datasets used in the model.

Material/Process Data Set Primary Source Year
Acetic acid Acetic acid from methanol (low pressure thinkstep 2015
carbonylation) (Monsanto process)
Amylase
Antimicrobial agent Silver antimicrobial 1 thinkstep 2014
Brass Zipper Brass (CuzZn20) thinkstep 2015
Steel cold rolled coil worldsteel 2007
Catalyst Sodium chloride (rock salt) thinkstep 2015
&DWLRQLF “[DWLYH Ammonium chloride thinkstep
&RDWLQJ “QLVKLQJ DJHRMMmethylmethacrylate granulate (PMMA)2 thinkstep 2015
&RWWRQ “EHUV Ginned Cotton (Region Mix, Cotton Inc. 2015) Cotton Inc. 2016
Dispersant 'LVSHUVLQJ DIJHQW XQVSHFL“F thinkstep 2015
DMDHEU Urea formaldehyde resin in- situ foam thinkstep 2015
(EN15804 A1-A3)
‘"\H “[DWLYH VDPH DV FDWLRQLF “[DWLYH DERY khinkstep 2015
Enzymes Enzyme (estimation over glucose) thinkstep 2013
Fire retardant Monoammonium phosphate (MAP) thinkstep 2015
Hydrogen peroxide Hydrogen peroxide (50%, H202) thinkstep 2015
Hydrogen peroxide stabilizer Calcium silicate thinkstep 2015
/IDQG“0O0 +D]DUGRXV ZDVWH QRQ VSHFL"“F thinkstep 2012
(c rich, worst scenario)
30DVWLF ZDVWH RQ ODQG“0OO0 thinkstep 2015
7TH[WLOHV RQ ODQG“0OO0O thinkstep 2015
*ODVV LQHUW ZDVWH RQ ODQG*“O O thinkstep 2015
/IDQG“O0 RI FRWWRQ WH[WLOH ZD Viiiikstep 2015
/DQG“00 RI FRWWRQ WH[WLOH ZD VitNiiksteL O G OADIBG*“0 O
estimation)
JHUUR PHWDOV RQ ODQG“0O0 thinkstep 2015
Lubricants /IXEULFDQWY DW UH“QHU\ thinkstep 2012
Magnesium chloride Sodium chloride (rock salt) thinkstep 2015
Nylon zipper Polyamide 6.6 (PA 6.6) GF injection moulded thinkstep 2015
part (0,02 - 0,2kg)
Polyamide 6.6 granulat (PA 6.6) thinkstep 2015
(HMDA via adipic acid)
Compounding (plastics) thinkstep 2015
Optical brightener Aniline (Phenyl amine, Amino benzene) thinkstep 2015
Pigment Titanium dioxide pigment (sulphate process) thinkstep 2015
Polyethylene terephthalate Polyethylene terephthalate granulate thinkstep 2015

granulate

(PET via DMT)
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Material/Process

Polyethylene terephthalate resin

Reactive dye
Sequestering agent

Sewability agent

Size

Soil resist agent
Soda ash

Sodium bicarbonate
Sodium dithionite
Sodium hydroxide
Sodium sulphate
Softener

Starch

Sulfur Dye
Surfactant
Vat dye

Waste incineration

Waste water treatment

Water

Water resistant textile

“QLVKLQJ DIJHQW

Wetting agent

Data Set

Polyethylene terephthalate resin (via PTA)
Reactive dyes
EDTA

Polyethylene Low Density Granulate
(LDPE/PE-LD)

Starch/PVA blend

& tXRURFDUERQ

Soda (Na2CO3)

Sodium bicarbonate

Sodium dithionite

Sodium hydroxide (caustic soda) mix (100%)
Sodium sulphate

Softener (fatty acids amino compounds)

Dried starch (corn wet mill)
(economic allocation)

Vat Dye 1

Tensides (alcohol ethoxy sulfate (AES))

Vat Dye 1

Textiles in municipal waste incineration plant

Laundry waste water treatment
(sludge treatment mix)

Laundry waste water treatment (treatment mix)
Laundry waste water treatment mix

Process water

Tap water

& tXRURFDUERQ

Non-ionic surfactant (fatty acid derivate)

Primary Source Year
thinkstep 2015
thinkstep 2015
thinkstep
thinkstep 2015
thinkstep 2015
thinkstep 2014
thinkstep 2015
thinkstep 2015
thinkstep 2015
thinkstep 2015
thinkstep 2015
thinkstep 2015
thinkstep 2015
thinkstep 2015
thinkstep 2015
thinkstep 2014
thinkstep 2015
thinkstep 2016
thinkstep 2016
thinkstep 2016
thinkstep 2015
thinkstep 2015
thinkstep 2014
thinkstep 2015
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7.4 ANNEX D: TEXTILE PRODUCTION, CUT-AND-SEW,
USE PHASE AND EOL INPUT-OUTPUT VALUES

TABLE 7-1:Wovens textile production, cut-and-sew, use phase, and end-of-life input-output values.

Type Flow Magnitude Unit
Woven Yarn Production 2015
Inputs &RWWRQ “EHU 1320 kg
Electricity 9470 MJ
Thermal energy from hard coal 4150 MJ
Thermal energy from heavy fuel oil 94.3 MJ
Thermal energy from LPG 48.8 MJ
Outputs Yarn 1120 kg

30DQW EDUN DQG FRQWDPLQDQWV 12R ODQG"Oky

,QRUJDQLF ZDVWH WR ODQG“0O0 7.69 kg
JLEHU ZDVWH WR ODQG“0O0O 1.57 kg
Organic waste sold for other uses 0.512 kg
Fiber waste to recycling 0.401 kg
Comber Noils 0 kg
6KRUW “EHU 0 kg
Beam/Slash/Dry 2012
Inputs Yarn 1120 kg
Electricity 142 MJ
Thermal energy from hard coal 20700 MJ
:DWHU GHVDOLQDWHG GHLRQLVHG270 kg
Thermal energy from natural gas 1100 MJ
Starch (Polyglucose) 394 kg
Steam 17.2 kg
Polymethylmethacrylate granulate (PMMA) 11.3 kg
Thermal energy from LPG 10.9 MJ
Thermal energy from heavy fuel oil 9.81 MJ
Size 0.959 kg
Outputs Sized warped yarn 1110 kg
Water to wastewater treatment 446 kg
Recycled process water 446 kg
Water vapour 382 kg
Yarn waste to recycling 12.2 kg
© Size to recycling 2.13 kg
: ,QRUJDQLF ZDVWH WR ODQG“O0 0485 kg
: Organic waste to recycling 0.409 kg
@
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Type Flow Magnitude Unit

Adsorbable organic halogen compounds 0.00429 kg
$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

$PPRQLD > QRUJDQLF HPLVVLRQV O0GBETUHV K ZDRYHU @
$QLOLQH >+\GURFDUERQV WR IUHM000ZEBWHU @ kg
$QWLPRQ\ >HFRLQYHQW ORQJ W HILROOZER [UHVK KEDWHU @

Biological oxygen demand (BOD) 0.0104 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chemical oxygen demand (COD) 0.0318 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.000142 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR |UG00B0@DWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV W®&RO0Q1#V K ZDW K @
&RSSHU >+HDY\ PHWDOV WR |UH\K0ZID3IBH U @ kg
I1LFNHO >+HDY\ PHWDOV WR |UHVXO@mMWH U @ kg

Nitrogen (as total N) 0.0107 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL“HG >+\GURFDUERQU.0M66 IUHVK ZKDWHU @
3KRVSKRUXV > QRUJDQLF HPLVVLER@WBMWR IUHVKgZDWHU @
6ROLGY VXVSHQGHG >3DUWLFOHVWO2BR IUHVK ZBWHU @
6XOSKLGH >,QRUJDQLF HPLVVLRQOMOWRIIUHVK ZKHOWHU @

Total organic bounded carbon 0.00112 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
=LQF >+HDY\ PHWDOV WR IUHVK BD.DOM0E23@ kg
Weaving
Inputs Size warped yarn 1110 kg
Electricity 5070 MJ
Steam 252 kg
Thermal energy from hard coal 9720 MJ
Thermal energy from heavy fuel oil 105 MJ
Outputs Greige fabric 1070 kg
Yarn waste to recycling 32.3 kg
Fabric waste to recycling 10.1 kg
Inorganic waste to recycling 4.28 kg
,QRUJDQLF ZDVWH WR ODQG"OO 0.0516 kg
Waste fabric 0.019 kg

$11(;(6
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Type Flow Magnitude Unit

Woven Preparation

Inputs *UHLJH IDEULF >&RWWRQ @ 1070 kg
$FHWLF DFLG >2UJDQLF LQWHUPHG29YWH SURGKFWV@
&DOFLXP VLOLFDWH >0LQHUDOV @ 0.0543 kg
(OHFWULFLW\ >(OHFWULF SRZHU@ 1350 MJ
(OHFWULFLW\ IURP KDUG FRDO >6\V30AHP GHSHQMGHQW @
(Q]J\PHV VDFFKDUL“FDWLRQ >2SHUBWLQJ PDWHYLDOV @

Hydrogen peroxide (50%) 37.2 kg
> QRUJDQLF LQWHUPHGLDWH SURGXFWV@

1RQ LRQLF VXUIDFWDQW >2SHUDWQ@WIO7PDWHULKIOV @
6HTXHVWHULQJ DIJHQW >2SHUDWLQ39PDWHULD Gy @

Soda (sodium carbonate) 0.476 kg
> QRUJDQLF LQWHUPHGLDWH SURGXFWV@

Sodium chloride (rock salt) 3.89 kg
> QRUJDQLF LQWHUPHGLDWH SURGXFWV@

6RGLXP K\GUR[LGH FDXVWLF V&6 D kg
>, QRUJDQLF LQWHUPHGLDWH SURGXFWV@

Sodium sulphate 3.1 kg
> QRUJDQLF LQWHUPHGLDWH SURGXFWV @

6WHDP PS >VWHDP@ 913 kg
6XUIDFWDQWYV WHQVLGHV >2SHUD.WBEQJ PDWHKkHLDOV @

Thermal energy from hard coal (MJ) 556 MJ
>7TKHUPDO HQHUJ\@

Thermal energy from Heavy Fuel Oil 12.5 MJ
>7KHUPDO HQHUJ\@

7KHUPDO HQHUJ\ IURP /3* >7TKHUPDZB.HQHUJ\@ MJ
7KHUPDO HQHUJ\ IURP 1DW *DV >7KiM830PDO HQHMU\@

Outputs Prepared fabric 1050 kg
Fabric waste to recycling 0.429 kg
J)DEULF ZDVWH WR ODQG"0OO 0.281 kg
Water to wastewater treatment 15900 kg
Recycled process water 26300 kg
Water vapour 31200 kg
Adsorbable organic halogen compounds 0.117 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >, QRUJDQLF HPLVVLRQV WRI3UHVK ZDRYHU @
$QLOLQH >+\GURFDUERQV WR IUHUROZDWHU @ kg
$UVHQLF >+HDY\ PHWDOV WR IUHVRIB®WHU@ kg

Biological oxygen demand (BOD) 0.423 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVY.BOMOBBWHU @ kg

Chemical oxygen demand (COD) 1.08 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.00478 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

$11(;(6
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Type Flow Magnitude Unit
&KURPLXP >+HDY\ PHWDOV WR |UH\WBE2BDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV W®O0QT#V K ZD W KdJ @
&RSSHU >+HDY\ PHWDOV WR IUHV K./ HU @ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV M0B324JHVK ZDM/HU @
JOXRULQH >,QRUJDQLF HPLVVLRQWOWREIUHVK ZKQWHU @
,URQ >+HDY\ PHWDOV WR IUHVK ZD.002DE @ kg
/HDG >+HDY\ PHWDOV WR IUHVK ZID006L03@ kg
ODQJDQHVH >+HDY\ PHWDOV WR |WBMBE3ZDWHU @g
OHUFXU\ >+HDY\ PHWDOV WR IUHVIOM@MA HU@ kg
1LFNHO >+HDY\ PHWDOV WR |UH V&0@D3VH U @ kg
1LWUDWH >,QRUJDQLF HPLVVLRQWOMWROBUHVK ZRIVHU @

Nitrogen (as total N) 0.423 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL“HG >+\GURFDUERQU.0888 IUHVK ZKDWHU @

Phenol (hydroxy benzene) 0.00206 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

3KRVSKRUXV >, QRUJDQLF HPLVVLRQ@2MWR IUHVKgZDWHU @
6HOHQLXP >+HDY\ PHWDOV WR |IUHWEEBDWHU @ kg

Solids (dissolved) 0.065 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHW.82R IUHVK ZBWHU @
6XOSKLGH >, QRUJDQLF HPLVVLRQU.00085 IUHVK ZKDQWHU @

Total organic bounded carbon 0.0103 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR IUHOMXK3ZDWHU @ kg

=LQF >+HDY\ PHWDOV WR IUHVK ZD.00850 @ kg
Continuous Dyeing
Inputs Prepared fabric 1050 kg
Electricity 369 MJ
Thermal energy from natural gas 6130 MJ
Thermal energy from LPG 11.8 MJ
Electricity from hard coal 320 MJ
Thermal energy from hard coal 657 MJ
Thermal energy from heavy fuel oil 14.8 MJ
Sulfur dye 5.61 kg
Surfactants 19.8 kg
Titanium dioxide 5.17 kg
Reactive dye 11 kg
Non-ionic surfactant 0.0167 kg
Steam 2400 kg ©
Vat dye 2.69 kg :
:DWHU GHVDOLQDWHG GHLRQLYVH®I900 kg ;
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Type Flow Magnitude Unit

Sodium thiosulfate 0.044 kg
Polyacrylate granulate 3.98 kg
Enzymes 1.07 kg
Disperse dye 0.0139 kg
Acetic acid 5.11 kg
Antimigrant 2.67 kg
6RGLXP K\GUR[LGH FDXVWLF V&GD kg
Sodium sulphate 0.506 kg
Sodium dithionite 2.48 kg
Soda (sodium carbonate) 7.56 kg
Sodium chloride (rock salt) 129 kg
Outputs Dyed fabric 1030 kg
Fabric waste to recycling 0.707 kg
J)DEULF ZDVWH WR ODQG“0OO0O 8.03 kg
Recycled process water 26700 kg
Water to wastewater treatment 34500 kg
Water vapour 13700 kg
Adsorbable organic halogen compounds 0.04 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >,QRUJDQLF HPLVVLRQV OWR4QUHVK ZDRYHU @
$QLOLQH >+\GURFDUERQV WR IUHURBOZDWHU@ kg
$QWLPRQ\ >HFRLQYHQW ORQJ WHUMORR IUHVK KGDWHU @
$UVHQLF >+HDY\ PHWDOV WR IUHWKMBIBWHU @ kg

Biological oxygen demand (BOD) 0.514 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVKO@BBWHU@ kg

Chemical oxygen demand (COD) 1.18 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.00294 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR |UHMWE4BDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV WR.0DU32VK ZDW Ky @
&RSSHU >+HDY\ PHWDOV WR IUHVK.GEMWHU@ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV B0 HVK ZDMHU @
JOXRULQH >,QRUJDQLF HPLVVLRQW.003 IUHVK ZWHU @
L,URQ >+HDY\ PHWDOV WR IUHVK ZDWIs4d @ kg

/HDG >+HDY\ PHWDOV WR IUHVK ZD.00BIE @ kg
0DQJDQHVH >+HDY\ PHWDOV WR |UG0036 ZDWH U @g
OHUFXU\ >+HDY\ PHWDOV WR IUHVKO@WHHU@ kg
1LFNHO >+HDY\ PHWDOV WR IUHVKODBB®W HU@ kg

I1LWUDWH >, QRUJDQLF HPLVVLRQV OMB IUHVK ZRWHU @

$11(;(6

Nitrogen (as total N) 0.317 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @
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Type Flow Magnitude Unit
2LO0 XQVSHFL“HG >+\GURFDUERQW.M&® IUHVK ZQWHU @

Phenol (hydroxy benzene) 0.0018 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

3KRVSKRUXV > QRUJDQLF HPLVVLRO@285NR IUHVKgZDWHU @
6HOHQLXP >+HDY\ PHWDOV WR |1UHWB0MRDWHU @ kg

Solids (dissolved) 0.0226 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHW.8R IUHVK ZBWHU @
6XOSKLGH >,QRUJDQLF HPLVVLRQU.006& IUHVK ZWOQWHU @

Total organic bounded carbon 0.212 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR |UHWB3BDWHU @ kg

=LQF >+HDY\ PHWDOV WR IUHVK ZD.00%Y @ kg
Woven Finishing
Inputs Dyed fabric 1030 kg
Thermal energy from heavy fuel oil 13.1 MJ
Electricity from hard coal 70.7 MJ
Thermal energy from natural gas 1460 MJ
Thermal energy from LPG 18.8 MJ
Thermal energy from hard coal 581 MJ
Electricity 506 MJ
Water 24000 kg
Fire Retardant 0.107 kg
Antimicrobial 0.0383 kg
Polyethylene compound 0.0279 kg
Enzymes 0.0796 kg
Aniline 0.325 kg
Catalyst 0.422 kg
Acetic acid 5.2 kg
Softener 16.7 kg
Cyclohexane (hexahydro benzene) 0.0113 kg
:DWHU UHVLVW WH[WLOH “QLVKLQIAIYJHQW kg
Wrinkle resist 2.51 kg
Polymethylmethacrylate compound (PMMA) 0.0728 kg
Outputs Woven fabric 1030 kg
30DVWLF ZDVWH WR ODQG*“0OO0O 0.39 kg
Fabric waste to recycling 0.222 kg
Recycled process water 8540 kg
Water to wastewater treatment 8600 kg ©
Water vapour 6840 kg :
Adsorbable organic halogen compounds 0.0104 kg :
$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @ ry
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Type Flow Magnitude Unit
$PPRQLD >,QRUJDQLF HPLVVLRQV OWGBB6RUHV K ZDRY HU @
$QLOLQH >+\GURFDUERQV WR IUHM000ZIBWHU @ kg
$QWLPRQ\ >HFRLQYHQW ORQJ W HIDBOAR IUHVK KGDWHU @
$UVHQLF >+HDY\ PHWDOV WR IUHWG0RTVHU @ kg

Biological oxygen demand (BOD) 0.044 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHV.BO®DBWHU @ kg

Chemical oxygen demand (COD) 0.569 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.000675 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR IUHMOLEDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV W(R000262VK ZDW KdJ @
&RSSHU >+HDY\ PHWDOV WR IUHVK.@IDM/HU@ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV00B0II6HVK ZDkyHU @
JOXRULQH >,QRUJDQLF HPLVVLRQW0MHEIUHVK ZWHU @
L,URQ >+HDY\ PHWDOV WR IUHVK ZD.00ED @ kg
/HDG >+HDY\ PHWDOV WR IUHVK Z0D0064EaD kg
O0DQJDQHVH >+HDY\ PHWDOV WR |0.600K6ZDWH U @g
OHUFXU\ >+HDY\ PHWDOV WR |UHU.000@®98HU@ kg
1LFNHO >+HDY\ PHWDOV WR IUHVKOD@I®W HU@ kg
1ILWUDWH > QRUJDQLF HPLVVLRQW.00&UHVK ZRWHU @

Nitrogen (as total N) 0.135 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL*HG >+\GURFDUERQW.0/S IUHVK ZZQWHU @

Phenol (hydroxy benzene) 0.000458 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

3KRVSKRUXV > QRUJDQLF HPLVVLR@QM4WR IUHVKgZDWHU @
6HOHQLXP >+HDY\ PHWDOV WR |U®H0G022D WHU @ kg

Solids (dissolved) 0.00133 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHWXMR IUHVK ZBWHU @
6XOSKLGH >,QRUJDQLF HPLVVLRQU.OMB IUHVK ZWOWHU @

Total organic bounded carbon 0.139 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR |U®MHODBOA® WHU @ kg

=LQF >+HDY\ PHWDOV WR IUHVK ZD.00268 @ kg

Sanforizing
Inputs Woven fabric 1030 kg
Diesel 0.0372 kg
© Electricity 155 MJ
z Electricity from hard coal 35.3 MJ
e:‘; Thermal energy from hard coal (MJ) 249 MJ
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Type

Outputs

Flow Magnitude Unit
Thermal energy from Heavy Fuel Oil 5.61 MJ
Thermal energy from LPG 8.34 MJ
Thermal energy from Nat Gas 2440 MJ
:DWHU GHVDOLQDWHG GHLRQLVHG®970 kg
Woven fabric 1020 kg
/IDQG“O0 RI SODVWLF ZDVWH 0.173 kg
Steam 1960 kg
Fabric waste to recycling 0.203 kg

Water to wastewater treatment 3020 kg

Biological oxygen demand (BOD) 0.0906 kg

>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

2LO XQVSHFL*HG >+\GURFDUERQW.0AR IUHVK ZZQWHU @

6ROLGY VXVSHQGHG >3DUWLFOHY.080R IUHVK ZDWHU @

Cut-and-Sew Unit Process Data

Inputs Woven fabric 1020 kg
Brass component 15 kg
Electricity 299 MJ
Nylon 6.6 GF part (PA 6.6 GF) 5.36 kg
3RO\HVWHU UHVLQ XQVDWXUDWHG 883 kg
BRO\HWK\OHQH WHUHSKWKDODWH *“£49UV 3(7 kg

Outputs Cotton garment 1000 kg
:DVWH XQVSHFL“HG 127 kg

Use phase Unit Process Data

Inputs Cotton garment 1000 kg
Detergent 482 kg
Electricity 22900 MJ
Thermal energy from natural gas 362 MJ
Water (tap water) 408000 kg

Outputs Cotton garment 1000 kg
Water (processed) 204000 kg
Water vapour 204000 kg

End-of-life

Inputs Cotton garment 1000 kg

Outputs Incineration of textiles 457 kg
/IDQG“O0 RI WH[WLOHV 468 kg
/ILWWHULQJ :LOG /DQG“0OO0 75 kg

$11(;(6
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TABLE 7-2: Polo-shirt textile production, cut-and-sew, use phase and EoL input-output values

Type Flow Magnitude Unit
Knit Yarn Production 2015
Inputs &RWWRQ “EHU 1700 kg
Diesel 0.0932 kg
Electricity 15500 MJ
Electricity from natural gas 8080 MJ
Outputs Yarn 1340 kg
Comber noils 334 kg
6KRUW “EHU 110 kg
/IDQG“0O0 RI IHUUR PHWDOV 0.252 kg
Plant bark and contaminants to recycling 2.52 kg
:DVWH “EHU WR UHF\FOLQJ 11.4 kg
:DVWH “EHU WR ODQG“0O0O 0.0632 kg
Organic waste to recycling 1.26 kg
Knitting
Inputs Yarn 1340 kg
Electricity 1260 MJ
Lubricant 2.32 kg
Thermal energy from natural gas 1820 MJ
Outputs Greige fabric 1310 kg
,QRUJDQLF ZDVWH WR ODQG“OO0O 0.0226 kg
Waste lubricant for disposal 0.0603 kg
/LQW\ t\ WR UHF\FOLQJ 0.453 kg
Yarn waste to recycling 3.22 kg
Fabric waste to recycling 211 kg
:DVWH “EHU WR LQFLQHUDWLRQ 13.4 kg
Knit Preparation
Inputs Greige fabric 1310 kg
Acetic acid 3.3 kg
Calcium silicate 10.4 kg
Electricity 778 MJ
Enzymes 2.03 kg
Hydrogen peroxide (50%) 40.2 kg
6RGLXP K\GUR[LGH FDXVWLF V#GD kg
Sodium sulphate 0.0863 kg
Surfactants (tensides) 13.6 kg
© Thermal energy from LPG 548 MJ
“3 Thermal energy from natural gas 2480 MJ
;‘ :DWHU GHVDOLQDWHG GHLRQLVH®700 kg
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Type Flow Magnitude Unit

Outputs Prepared fabric 1300 kg
Recycled process water 21000 kg
Water to wastewater treatment 27200 kg
Water vapour 24500 kg
Adsorbable organic halogen compounds 0.00907 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >, QRUJDQLF HPLVVLRQV OW®RI7BUHVK ZDR¢ HU @
$UVHQLF >+HDY\ PHWDOV WR IUHWOZEBWHU @ kg

Biological oxygen demand (BOD) 0.935 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVKOIBBWHU @ kg

Chemical oxygen demand (COD) 4.99 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.00788 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR IUHMK7ZDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV W®&RO00T8BV K ZDW KdJ @
&RSSHU >+HDY\ PHWDOV WR IUHVKO.ER&VHU @ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV WBRIS8JHVK ZDMfHU @
JOXRULQH >,QRUJDQLF HPLVVLRQW.0I% IUHVK ZWHU @
,URQ >+HDY\ PHWDOV WR IUHVK ZDWH& @ kg
/IHDG >+HDY\ PHWDOV WR IUHVK ZQOVHE8@ kg
ODQJDQHVH >+HDY\ PHWDOV WR 11U ZDWHU @g
OHUFXU\ >+HDY\ PHWDOV WR |UH\K0@D88 HU @ kg
I1LFNHO >+HDY\ PHWDOV WR IUHVKODZB&W HU @ kg
I1LWUDWH >, QRUJDQLF HPLVVLRQVOWMREIUHVK ZRWNHU @

Nitrogen (as total N) 0.621 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL‘HG >+\GURFDUERQVOWMR IUHVK ZKQWHU @

Phenol (hydroxy benzene) 0.00788 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

Phosphorus 0.0658 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

6HOHQLXP >+HDY\ PHWDOV WR 1UB.MOR3DWHU @ kg

Solids (dissolved) 16.1 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHV1IWIR IUHVK ZBWHU @
6XOSKLGH >,QRUJDQLF HPLVVLRQW.MWH IUHVK ZKQWHU @

Total organic bounded carbon 0.325 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR |UHWEKSBDWHU @ kg
=LQF >+HDY\ PHWDOV WR IUHVK ZDW492 @ kg
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Type Flow Magnitude Unit
Batch Dyeing

Inputs Prepared fabric 1300 kg
Acetic acid 7.17 kg
Disperse dye 0.207 kg
Dispersing agent 0.207 kg
Electricity 1560 MJ
(Q]\PHV VDFFKDUL“FDWLRQ 12.4 kg
Reactive dye 166 kg
Sequestering agent 0.0518 kg
Soda (sodium carbonate) 93 kg
Sodium chloride (rock salt) 643 kg
Sodium dithionite 6.22 kg
6RGLXP K\GUR[LGH FDXVWLF V686D kg
Sodium sulphate 21.4 kg
Softener 48.9 kg
Surfactants (tensides) 6.11 kg
Thermal energy from LPG 1370 MJ
Thermal energy from natural gas 7650 MJ
:DWHU GHVDOLQDWHG GHLRQLYVHI@9000 kg
Steam 8490 kg

Outputs Dyed fabric 1190 kg
Fabric waste to recycling 6.46 kg
J)DEULF ZDVWH WR ODQG“0OO0O 1.33 kg
Recycled process water 34500 kg
Water to wastewater treatment 55800 kg
Nitrogen oxides 0.0271 kg
Sulphur dioxide 0.138 kg
Water vapour 38400 kg
Adsorbable organic halogen compounds 0.0111 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >, QRUJDQLF HPLVVLRQV WRISUHVK ZDRYHU @
$UVHQLF >+HDY\ PHWDOV WR IUHWORB@RWHU @ kg

Biological oxygen demand (BOD) 1.93 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVKOZDDPWHU @ kg

Chemical oxygen demand (COD) 9.2 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.0151 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR IUHGOBIZDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV WR.ODUHAVK ZDW K @

$11(;(6

&RSSHU >+HDY\ PHWDOV WR IUHVKO0.B4B8WVHU @ kg
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Type Flow Magnitude Unit
&\DQLGH >,QRUJDQLF HPLVVLRQV MOB30AJHVK ZDMyHU @
JOXRULQH >,QRUJDQLF HPLVVLRQW.08R IUHVK ZIRWHU @
,URQ >+HDY\ PHWDOV WR IUHVK ZDW45% @ kg
/IHDG >+HDY\ PHWDOV WR IUHVK ZD.00OEW @ kg
ODQJDQHVH >+HDY\ PHWDOV WR 1UGIE0R ZDWH U @g
OHUFXU\ >+HDY\ PHWDOV WR IUHVIOMBWHU @ kg
1ILFNHO >+HDY\ PHWDOV WR IUHVKOD&WHU @ kg
1ILWUDWH >,QRUJDQLF HPLVVLRQV OMRL IUHVK ZRWHU @

Nitrogen (as total N) 1.03 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL*HG >+\GURFDUERQVO¥8R IUHVK ZWKQWHU @

Phenol (hydroxy benzene) 0.0151 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

Phosphorus 0.108 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

6HOHQLXP >+HDY\ PHWDOV WR IUB.YR7Z5DWHU @ kg

Solids (dissolved) 50.3 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHV1I8BR IUHVK ZDWHU @
6XOSKLGH >,QRUJDQLF HPLVVLRQW.®R IUHVK ZWQWHU @

Total organic bounded carbon 0.4 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR |UHWEBRZDWHU @ kg

=LQF >+HDY\ PHWDOV WR IUHVK ZDWHY @ kg

Knit Finishing

Inputs Dyed fabric 1190 kg
Acetic acid 0.367 kg
Antimicrobial 0.377 kg
Diesel 0.145 kg
Electricity 1780 MJ
Softener 131 kg
Soil repellant 3.14 kg
Thermal energy from hard coal 2250 MJ
Thermal energy from heavy fuel oil 0.904 MJ
Thermal energy from LPG 3030 MJ
Thermal energy from natural gas 13000 MJ
:DWHU GHVDOLQDWHG GHLRQLVHX300 kg
Steam 683 kg
Water resist 30.8 kg
Wrinkle resist 4.05 kg
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Type Flow Magnitude Unit

Outputs Knit fabric 1180 kg
Fabric waste to recycling 6.16 kg
Recycled process water 1190 kg
Water to wastewater treatment 12000 kg
Water vapour 6180 kg
Adsorbable organic halogen compounds 0.000525 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >, QRUJDQLF HPLVVLRQVO®R3FUHVK ZDRHU @
$UVHQLF >+HDY\ PHWDOV WR IUHVKOZIBWHU @ kg

Biological oxygen demand (BOD) 0.281 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVRBROUZIDWHU@ kg

Chemical oxygen demand (COD) 1.84 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.00947 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR IUHMXKOZDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV W®RO094V K ZDW KdJ @
&RSSHU >+HDY\ PHWDOV WR IUHVKO.EBBWHU @ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV W®I9UHVK ZDMiHU @
JOXRULQH >, QRUJDQLF HPLVVLRQVOWIR IUHVK ZKRWHU @
,URQ >+HDY\ PHWDOV WR IUHVK ZDW24Y @ kg
/HDG >+HDY\ PHWDOV WR IUHVK ZQ0oW94T7 @ kg
ODQJDQHVH >+HDY\ PHWDOV WR IUBOMBE ZDWHU @g
OHUFXU\ >+HDY\ PHWDOV WR |UH\WKO@RAY HU @ kg
1LFNHO >+HDY\ PHWDOV WR IUHVKODZBWHU @ kg
ILWUDWH >, QRUJDQLF HPLVVLRQVOWR7IUHVK ZRWHU @

Nitrogen (as total N) 0.486 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL“HG >+\GURFDUERQVOW® IUHVK ZKQWHU @

Phenol (hydroxy benzene) 0.00947 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

Phosphorus 0.0489 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

6HOHQLXP >+HDY\ PHWDOV WR IUBYRIZBDWHU @ kg

Solids (dissolved) 1.68 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHVIWER IUHVK ZDWHU @
6XOSKLGH >, QRUJDQLF HPLVVLRQVOWM®R IUHVK ZYQWHU @

Total organic bounded carbon 0.0188 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR IUHNVK1ZDWHU @ kg
=LQF >+HDY\ PHWDOV WR IUHVK ZDWH4Y @ kg

$11(;(6
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Type Flow Magnitude Unit

Compaction

Inputs Knit fabric 1180 kg
Electricity 219 MJ
Thermal energy from LPG 1.12 MJ
Thermal energy from heavy fuel oil 668 MJ
Thermal energy from natural gas 781 MJ

Outputs Knit fabric 1180 kg
Steam 32.3 kg
Fabric waste to recycling 5.22 kg

Cut-and-sew Unit Process Data

Inputs Knit fabric 0 kg
Electricity 264 MJ
3RO\HWK\OHQH WHUHSKWKDODWH “EHHUV 3(7 kg

Outputs Cotton garment 1000 kg
:DVWH XQVSHFL“HG 179 kg

Use Phase Unit Process Data

Inputs Cotton garment 1000 kg
Detergent 455 kg
Electricity 23700 MJ
Thermal energy from natural gas 644 MJ
Water (tap water) 386000 kg

Outputs Cotton garment 1000 kg
Water to wastewater treatment 193000 kg
Water vapour 193000 kg

End of Life

Inputs Cotton garment 1000 kg

Outputs Incineration of textiles 457 kg
/IDQG“0O0 RI WH[WLOHV 468 kg
/[LWWHU :LOG /DQG“O0 RI WH[WLOHW5 kg
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TABLE 7-3: T-shirt textile production, cut-and-sew, use phase and EoL input-output values

Type Flow Magnitude Unit
Knit Yarn Production
Inputs &RWWRQ “EHU 1690 Kg
Diesel 0.0931 Kg
Electricity 15500 MJ
Electricity from natural gas 8070 MJ
Outputs Yarn 1330 Kg
Comber noils 333 Kg
6KRUW “EHU 110 kg
,QRUJDQLF ZDVWH WR ODQG*OO 0.252 kg
Plant bark and contaminants to recycling 2.52 kg
Fiber waste to recycling 11.4 kg
JLEHU ZDVWH WR ODQG“0O0O 0.0631 kg
Organic waste to recycling 1.26 kg
Knitting
Inputs Yarn 1330 kg
Electricity 1250 MJ
Lubricant 2.31 kg
Thermal energy from natural gas 1820 MJ
Outputs Greige fabric 1310 kg
,QRUJDQLF ZDVWH WR ODQG“O0  0.0226 kg
Waste lubricant for disposal 0.0603 kg
/LQW t\ WR UHF\FOLQJ 0.452 kg
Yarn waste to recycling 3.22 kg
Fabric waste to recycling 2.1 kg
:DVWH “EHU WR LQFLQHUDWLRQ 13.3 kg
Knit Preparation
Inputs Greige fabric 1310 kg
Acetic acid &3 kg
Calcium silicate 10.4 kg
Electricity 776 MJ
Enzymes 2.03 kg
Hydrogen peroxide (50%) 40.1 kg
6RGLXP K\GUR[LGH FDXVWLF V&GD kg
Sodium sulphate 0.0862 kg
Surfactants (tensides) 13.6 kg
(\_’% Thermal energy from LPG 547 MJ
5 Thermal energy from natural gas 2470 MJ
@
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Type Flow Magnitude Unit

:DWHU GHVDOLQDWHG GHLRQLVH®600 kg
Outputs Prepared fabric 1290 kg
Recycled process water 21000 kg
Water to wastewater treatment 27100 kg
Water vapour 24500 kg
Adsorbable organic halogen compounds 0.00905 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >, QRUJDQLF HPLVVLRQVOI®R7/BUHVK ZDR¢ HU @
$UVHQLF >+HDY\ PHWDOV WR IUHWOOZEYWHU @ kg

Biological oxygen demand (BOD) 0.934 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVKOIBDWHU @ kg

Chemical oxygen demand (COD) 4.98 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.00787 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR IUHVMXK7ZDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV W®R000T8VK ZDW KdJ @
&RSSHU >+HDY\ PHWDOV WR IUHVKO.ER&VHU @ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV WBRISUHVK ZDMfHU @
JOXRULQH >, QRUJDQLF HPLVVLRQW.0I%Y IUHVK ZKWHU @
,URQ >+HDY\ PHWDOV WR IUHVK ZDWH& @ kg
/HDG >+HDY\ PHWDOV WR IUHVK ZQOVHE @ kg
ODQJDQHVH >+HDY\ PHWDOV WR UK ZDWHU @g
OHUFXU\ >+HDY\ PHWDOV WR |UH\WKRO@DZ8Y HU @ kg
1LFNHO >+HDY\ PHWDOV WR IUHVKODZBW HU @ kg
ILWUDWH >, QRUJDQLF HPLVVLRQVOWMR7IUHVK ZRWNHU @

Nitrogen (as total N) 0.62 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL“HG >+\GURFDUERQVOWMR IUHVK ZKQWHU @

Phenol (hydroxy benzene) 0.00787 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

3KRVSKRUXV >, QRUJDQLF HPLVVLR@&MWR IUHVKgZDWHU @
6HOHQLXP >+HDY\ PHWDOV WR 1UB.YR3IIBOWHU @ kg

Solids (dissolved) 16 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHVIWER IUHVK ZDWHU @
6XOSKLGH >, QRUJDQLF HPLVVLRQW.OR IUHVK ZKQWHU @

Total organic bounded carbon 0.324 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR |UHWK2DWHU @ kg
=LQF >+HDY\ PHWDOV WR IUHVK ZDW492 @ kg

$11(;(6
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Type Flow Magnitude Unit
Batch Dyeing

Inputs Prepared fabric 1290 kg
Acetic acid 7.16 kg
Disperse dye 0.207 kg
Dispersing agent 0.207 kg
Electricity 1560 MJ
Enzymes 12.3 kg
Reactive dye 166 kg
Sequestering agent 0.0518 kg
Soda (sodium carbonate) 92.8 kg
Sodium chloride (rock salt) 642 kg
Sodium dithionite 6.21 kg
6RGLXP K\GUR[LGH FDXVWLF V@&GD kg
Sodium sulphate 21.4 kg
Softener 48.8 kg
Surfactants (tensides) 6.1 kg
Thermal energy from LPG 1370 MJ
Thermal energy from Nat Gas 7630 MJ
:DWHU GHVDOLQDWHG GHLRQLYVHI@9000 kg
Water (tap water) 8480 kg

Outputs Dyed fabric 1190 kg
Fabric waste to recycling 6.45 kg
J)DEULF ZDVWH WR ODQG"“0OO0O 1.33 kg
Recycled process water 34400 kg
Water to wastewater treatment 55800 kg
Nitrogen oxides 0.0271 kg
Sulphur dioxide 0.138 kg
Water vapour 38400 kg
Adsorbable organic halogen compounds 0.0111 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >,QRUJDQLF HPLVVLRQV WRISUHVK ZDRHU @
$UVHQLF >+HDY\ PHWDOV WR IUHWORB@RWHU @ kg

Biological oxygen demand (BOD) 1.92 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVKOZDDPWHU@ kg

Chemical oxygen demand (COD) 9.19 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.0151 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR IUHGOBIZEDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV WR.ODUHAVK ZDW K @

$11(;(6
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Type Flow Magnitude Unit
&RSSHU >+HDY\ PHWDOV WR IUHVK0.Z48W HU @ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV GB30UHVK ZDM/HU @
YOXRULQH >,QRUJDQLF HPLVVLRQW.080R2 IUHVK ZIRWHU @
,URQ >+HDY\ PHWDOV WR IUHVK ZDW452 @ kg
/HDG >+HDY\ PHWDOV WR IUHVK ZD.00W @ kg
ODQJDQHVH >+HDY\ PHWDOV WR UGS ZDWHU @g
OHUFXU\ >+HDY\ PHWDOV WR IUHVIOMIBW HU@ kg
1ILFNHO >+HDY\ PHWDOV WR IUHVKOD&W HU @ kg
1LWUDWH >,QRUJDQLF HPLVVLRQV OM®RL IUHVK ZRWHU @

Nitrogen (as total N) 1.03 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL*HG >+\GURFDUERQVO¥8R IUHVK ZKQWHU @

Phenol (hydroxy benzene) 0.0151 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

3KRVSKRUXV > QRUJDQLF HPLVVLR@QM8WR IUHVKgZDWHU @
6HOHQLXP >+HDY\ PHWDOV WR I1UBMR7ZZDWHU @ kg

Solids (dissolved) 50.2 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHV1I8BR IUHVK ZDWHU @
6XOSKLGH >,QRUJDQLF HPLVVLRQW.G8®R IUHVK ZWQWHU @

Total organic bounded carbon 0.399 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

9DQDGLXP >+HDY\ PHWDOV WR |1UHWBR2DWHU @ kg

=LQF >+HDY\ PHWDOV WR IUHVK ZDWH3J @ kg

Knit Finishing

Inputs Dyed fabric 1190 kg
Acetic acid 0.367 kg
Antimicrobial 0.376 kg
Diesel 0.145 kg
Electricity 1780 MJ
Softener 130 kg
Soil repellant 3.14 kg
Thermal energy from hard coal 2250 MJ
Thermal energy from heavy fuel oil 0.903 MJ
Thermal energy from LPG 3020 MJ
Thermal energy from natural gas 13000 MJ
:DWHU GHVDOLQDWHG GHLRQLYVHD300 kg
Steam 682 kg
Water resist 30.8 kg
Wrinkle resist 4.04 kg

Continued on next page >
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Type Flow Magnitude Unit

Outputs Knit fabric 1180 kg
Fabric waste to recycling 6.15 kg
Recycled process water 1190 kg
Water to wastewater treatment 12000 kg
Water vapour 6170 kg
Adsorbable organic halogen compounds 0.000524 kg

$2; >$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @
$PPRQLD >,QRUJDQLF HPLVVLRQV OM0R3BUHVK ZDRYHU @
$UVHQLF >+HDY\ PHWDOV WR IUHWOMZB®WHU @ kg

Biological oxygen demand (BOD) 0.281 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

&DGPLXP >+HDY\ PHWDOV WR IUHVKOBBODWHU@ kg

Chemical oxygen demand (COD) 1.83 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Chlorine (dissolved) 0.00945 kg
>, QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

&KURPLXP >+HDY\ PHWDOV WR IUHUBRIZDWHU @ kg
&KURPLXP 9, >+HDY\ PHWDOV W®RO0094EV K ZDW KdJ @
&RSSHU >+HDY\ PHWDOV WR IUHVKO.EBAWHU @ kg
&\DQLGH >,QRUJDQLF HPLVVLRQV WBRI8IUHVK ZDMfHU @
JOXRULQH >, QRUJDQLF HPLVVLRQW.I IUHVK ZKRWHU @
,URQ >+HDY\ PHWDOV WR IUHVK ZDW2¥ @ kg
/IHDG >+HDY\ PHWDOV WR IUHVK ZQ0oW945@ kg
ODQJDQHVH >+HDY\ PHWDOV WR 1UGO¥89 ZDWHU @g
OHUFXU\ >+HDY\ PHWDOV WR |UH\WKO@RAY HU @ kg
1LFNHO >+HDY\ PHWDOV WR IUHVKODZB% HU @ kg
ILWUDWH >, QRUJDQLF HPLVVLRQVOWR5IUHVK ZRWHU @

Nitrogen (as total N) 0.485 kg
> QRUJDQLF HPLVVLRQV WR IUHVK ZDWHU @

2LO XQVSHFL“HG >+\GURFDUERQVOW® IUHVK ZKQWHU @

Phenol (hydroxy benzene) 0.00945 kg
>+\GURFDUERQV WR IUHVK ZDWHU @

3KRVSKRUXV >, QRUJDQLF HPLVVLR@¥3NR IUHVKgZDWHU @
6HOHQLXP >+HDY\ PHWDOV WR IUBYRIZLBDWHU @ kg

Solids (dissolved) 1.68 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

6ROLGY VXVSHQGHG >3DUWLFOHVIWR IUHVK ZDWHU @
6XOSKLGH >, QRUJDQLF HPLVVLRQW.0¥&R IUHVK ZKQWHU @

Total organic bounded carbon 0.0188 kg
>$QDO\WLFDO PHDVXUHV WR IUHVK ZDWHU @

Continued on next page >
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Type

Flow Magnitude

Unit

9DQDGLXP >+HDY\ PHWDOV WR |UHWE8DWHU @ kg

=LQF >+HDY\ PHWDOV WR IUHVK ZDWHU @ kg

Compaction

Inputs Knit fabric 1180 kg
Electricity 219 MJ
Thermal energy 1.12 MJ
Thermal energy from heavy fuel oil 667 MJ
Thermal energy from natural gas 779 MJ

Outputs Knit fabric 1180 kg
Steam 32.2 kg
Fabric waste to recycling 5.21 kg

Cut-and-sew Unit Process Data

Inputs
Electricity 375 MJ
3RO\HVWHU UHVLQ XQVDWXUDWH Q0.9838 kg

Outputs Cotton garment 1000 kg
:DVWH XQVSHFL*“HG 176 kg

Use Phase Unit Process Data

Inputs Cotton garment 1000 kg
Detergent 373 kg
Electricity 20000 MJ
Thermal energy 574 MJ
Water (tap water) 316000 kg

Outputs Cotton garment 1000 kg
Water to wastewater treatment 158000 kg
Water vapour 158000 kg

End of Life

Inputs Cotton garment 1000 kg

Outputs Incineration of textiles 457 kg
/IDQG“O0 RI WH[WLOHV 468 kg
/ILWWHU :LOG /DQG“OO0 RI WH[WLOHWS5 kg

$11(;(6

149



$11(;(6

150

7.5 ANNEX E: EVALUATION OF LAND USE (LANCA)

Introduction

In recent years, scientists worldwide have
worked on the implementation of land use as-
pects into life cycle assessment and are thereby

same spatial resolution as the data collection
described in section 3.1. However, the LANCA
default data deviates from the site and project

VSHFL“F SULPDU\ GDWD FROOHFWHG LQ WKLYV

ses. Thisisw results shown below
FRQWLQXRXVO\ LPSURYLQJ WKH \?\j.ﬁeg? Egiésﬁﬂ @é“@

validity of LCA. The Department of Life Cycle
Engineering at Fraunhofer IBP developed a
method for calculating indicators for ecosystem
services and for implementing these indicators
into LCA studies and software systems. The ob-
jective of this method, entitled LANCA® (Land
Use Indicator Value Calculation), is to provide
and quantify indicator values that describe

the environmental impacts of land intensive
processes on ecosystem services. For a detailed
description of the method please refer to Beck
et al. (2010).

The evaluation of land use indicators are cho-
sen in this study because the kind of land use
has a high impact on soil functions and thereby
on ecosystem services. The LANCA® calcula-

X0G H FR
sessment and interpreted with care.

The following indicators are calculated: erosion

UHVLVWDQFH PHFKDQLFDO “OWUDWLRQ SK\V|
FDO “OWUDWLRQ JURXQGZDWHU UHSOHQLVKP

biotic production (Beck et al., 2010).

Land use Indicators are always given for “trans-
formation” and “occupation”. “Transformation”
refers to the permanent impacts occurring

after the regarded land use but caused by the
respective land use taking into consideration
the initial quality state of the land. “Occupation”
impacts occur during the time of the regarded
land use. The calculation scheme is demonstrat-
ed in Figure 7-1. In general, for occupation im-
pacts the land quality after the regeneration of

WLRQV DUH EDVHG RQ JHR HFR O RnhblUdn®i®cdnipdred Yothé dudity Bukng land

systems (GIS based). To ensure maximum
methodological consistency, the default values
from the LANCA data base were used, with the

FIGURE 7-1:Land use calculation scheme.

use whereas for transformation impacts calcula-
tion, the quality before the regarded land use
and after land regeneration is compared.

LGHUHG DV D “UVW VFUHHOQL(



Input data following tables show the natural conditions
. . of these locations and describe the reference
Data for calculating the land use impacts for the

FRWWRQ “EHU SURGXFWLRQ UHI H@nlﬁﬁ;ﬁ&efﬁwé'f‘ﬁtmﬁ%awm use type

countries and eleven different locations. The

China

Yangtze North West Yellow River

Biome Temperaftgéeds?uduous Desert, semi desert Temperaftgéedseimduous

Warm temperate fully Arid desert cold arid Snow winter dry hot

Climate region ;
9 humid hot summer summer

Natural, non-vegetated
Reference type tref Mixed tree forest, primary (desert, bare rock, snow, Mixed tree forest, primary
and ice areas)

Land use type t2 Arable, irrigated Arable, irrigated, intensive Arable, irrigated

United States

South East Mid-South Far West

Temperate, decidu- Temperate, decidu-

Biome Grassland Desert, semi desert
ous forest ous forest
Warm temperate Warm temperate Warm temperate
Climate region fully humid hot fully humid hot fully humid hot Arid desert hot arid
summer summer summer
Natural, non-vege-
Reference type tref Mixed t'ree forest, Mixed '(ree forest, Grassland tated (desert,
primary primary bare rock, snow,
and ice areas)
Land use type t2 Arable, irrigated Arable, irrigated Arable, irrigated Arati):]etélr:rsli%e;ted,

India ustralia
India North India Central India South
Biome Tropical savanna Tropical savanna Tropical savanna Desert, semi desert
Climate region Arid desert hot arid Equatorial Equatorial mon- Arid desert hot arid
monsoonal soonal
Natural, non-vege-
Deciduous forest, Deciduous forest, Deciduous forest, tated (desert,
Reference type tref . . .
primary primary primary bare rock, snow,
and ice areas)
Land use type t2 Arable, irrigated, Arable, irrigated Arable, irrigated Arable, irrigated

intensive
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Indicators

Six indicators assess land use effects incurred

WKURXJK WKH SURGXFWLRQ RI

each indicator values for the occupation and
transformation impact are calculated for the
foreground and background system of the cot-

production process, whereas impacts of the
background system, such as fertilizer and pes-

liste rately.

,: &Wg\gﬁéucﬂ%}_pmﬁ ofngig process, are

Occupation impacts

WRQ “EHU SURGXFWLRQ SURFH YV VThg kilowimy takle shews@he impacts of the

system refers to land use impacts occurring

land occupation for each indicator.

RQ WKH “HOG GXULQJ WKH UHVSHFWLYH DJULFXOWXUDO

Indicator Unit

Biotic Production

Foreground Background
System System

NJ ELRWLF SURGXFWLRQ SHU5.88E+08!J “EH U7.38E+00

Erosion Resistance .J VRLO SHU NJ “EHU 4.36E+04 1.50E+00

Groundwater Replenishment mm*m?2 ground water regeneration 1.09E+06 4.08E+02
SHU NJ “EHU

Land Occupation Pt \HDU SHU NJ “EHU 1.06E+04 1.07E+01

Mechanical Filtration FPt P RI ZDWHU SHU NJ I'6DH+05 3.99E+03

Physicochemical Filtration (cmol cation exchange 1.15E+08 6.37E+00
FDSDFLW\ Pt \HDU NJ “EHU

The indicator biotic production (BP) represents
the amount of biomass not produced per year
taking in consideration the biomass production
at the initial state before the respective land use
and after land regeneration. Like most of the
land use indicators, the agricultural production

As the name implies, the indicator groundwater
replenishment (GWR) displays the capability of
a soil to replenish groundwater. Groundwater
replenishment occupation impacts represent
the volume of groundwater that could not be
replenished due to or during the land use per

RI FRWWRQ KDV VLJQL“FDQW O D (unctioNaHunitReg@rded’ vV IR U

the occupation phase. The values for the other
contributors are comparatively small.

The indicator erosion resistance (ER) displays
the capability of soil to prevent soil loss. Ero-
sion resistance occupation impacts (expressed
by kg of eroded soil) represent the kg of soil
eroded in addition to naturally occurring soil
erosion during the land use per functional unit
regarded. The erosion resistance occupation
impacts refer almost all to the occupation of
land due to the cultivation of cotton. Impacts in
the background system can be ignored as their
values are very little.

The groundwater replenishment occupation
impacts are highest for the cultivation of cot-
ton. The other processes (background) show
smaller values, mostly below 100 mm*m?/1,000
NJ “EHU

The indicator land occupation displays the area
land used for the production of the product

and the duration, given in m?*a. The land
occupation is also highest for the cultivation
process, approximately 1 ha for one year. The
other values show only small impacts.



7KH LQGLFDWRU PHFKDQLFDO *“O \tisd pewWflnitionaliit riédakd&iOTha Yultivation

WKH FDSDELOLW\ RI D VRLO WR LdD¢dhan bad Hgain b Mghest phisicochemi-

respective of climatic conditions. Mechanical FDO “OWUDWLRQ RFFXSDWLRQ LPSDFWV ZK
“OWUDWLRQ LPSDFWYV UHSUHYVH Q e Wakts 6iRNe Kaekgrdrimd R iantae

WKDW FRXOG QRW EH “OWHUHG GwWryén@al. WKH ODQG XVH

per functional unit regarded, e.g., through sur-

face sealing. For this indicator, cultivation has Transformation impacts

the highest occupation impacts for mechani- LW LV D V VXPHG W K DW WKH “HOGYV ZKHU}F

FDO LQ"OWUDWLRQ DV ZHOO 7K chalvateci_'are l!ISDeg as Ié\eglﬁeﬁlturaq Iand before

VPDOOHU PHFKDQLFDO OWUDWLR a}ffert%estugledcottoncultlvatlonphase

7KH LOQGLFDWRU SK\VLFRFKHPLFm@tr&®Wm®wan@toraleJl)iesareCa|CU-

GLVSOD\V WKH DELOLW\ RI D VR Lleteghfet the ferggrgunet gystems that means for
3K\WLFRFKHPLFDO “OWUDWLRQ RPMEKETWONG YPWHRRVSURFHVV- RQ WKH “HOG
represent the amount of cations that could not tion impacts for each indicator are listed in the

EH “[HG WR WKH VRLO SHU NJ VR fotowing 1ably R wWKH ODQG

. . Foreground Background
Indicator Unit System System
Biotic Production (kg biotic production per year) 0 2.03E-02

SHU NJ “EHU
Erosion Resistance NJ VRLO SHU \HDU SHU NJO*EHU 2.56E-04
Groundwater Replenishment (mm*m2 ground water regeneration 0 7.71E-01
SHU \HDU SHU NJ “EHU
Land Transformation Pt SHU NJ “EHU 1.06E+04 6.35E+00
Mechanical Filtration (cm2*m water per day ) 0 -2.72E-02
SHU NJ “EHU
Physicochemical Filtration (cmol cation exchange capacity *m?2 0 -9.08E-03
SHU NJ SHU NJ “EHU
Most of the transformation impacts of the back- of biomass for energy generation or in mining
ground systems occur far up in the value chain of resources either for provision of energy or as
or life cycle, respectively, e.g., in the production raw materials.
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7.6 ANNEX F: TEXTILE DATA EXAMPLE

Material Inputs Kg/1,000kg Notes
Prepared Fabric 1,446,667 Kglyr 1,118
Water (specify water source, if known, 309,871 ma3/yr 239,529

under the "Notes/Comments" column. i.e.
surface, municipal, well, or reclaimed)

Reactive Dye 13,809 Kalyr 11
Direct Dye 0
Dye Fixative 751 Kalyr 0.58
Pigment
Sodium Hydroxide 49,697 Kalyr 38
Sodium Carbonate or Soda Ash 42,595 Kglyr 68
Enzymes 9,861 Kalyr 8
Salt—Sodium Chloride 357,734 Kalyr 277
Salt—Sodium Sulfate 867 Kalyr 2015
0.67 2015
Surfactant 13,395 Kalyr 10
Acid (Specify type in "Notes/ Comments" 9,269 Kalyr 7 Acetic Acid
column)/Neutralizer
Silicone Softener 258733 Kalyr 200
Cationic Softener 232860 Kalyr 180
Other Softener 297543 Kalyr 300 Non-ionic
softener
Recycled Material
Other Chemicals 142303 Kalyr 110 Sodium
Hydrosulphite
Other Inputs
Energy Inputs Amount Units MJ/1,000kg Notes
Electricity 6,765,764 MJlyr 5230
Heating Fuel
Fuel Oil

Natural Gas/LNG (liquid Natural Gas)

Continued on next page >
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Material Inputs Amount Kg/1,000kg Notes

/3* /LTXL“HG 3HWUROHXP *DV
Propane

Coal

Diesel

Gasoline

Heavy oil

Wood/biomass

Methane

Imported Steam 36,702,835 MJlyr 28,371

(steam you do not produce)

Material Outputs Amount Units Kg/1,000kg Notes
Dyed Fabric 1,293,667 Kglyr 1000

Fabric Waste Sent to Recycling 136,800 Kglyr 106

)DEULF :DVWH 6HQW WR /DQG*“0 06,200 Kaglyr 13

or Incineration

Water (recycled internally) 92,961 m3/yr 71,859

WasteWater (sent to onsite or shared 216,910 ma3/yr 167,671

industrial wastewater treatment plant)

WasteWater (sent to municipal
wastewater treatment plant)

WasteWater (discharged directly
to surface water)

Other Outputs 25,873 Kalyr 20 Cardboard,
paper, wire,
dust, scrap,
pallets, glass

NH3 1,300 Kalyr 1

BOD 3,600 Kglyr 3

COD 1,500 Kglyr 1

Total Dissolved Solids (TDS) or Salt 4,300 Kalyr 3

Total Suspended Solids (TSS) or Turbidity 1,100 Kalyr 0.85

Other Wastes or Emissions
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7.7 ANNEX G: ASSESSMENT OF WATER
USE—TERMINOLOGY AND METHOD

Introduction Terminology
Freshwater scarcity is recognized as one of the According to these publications, the following
most pressing environmental issues today and terms are used:

in the future. There is an increasing interest in
the LCA community to assess water use from a
LCA perspective.

f :DWHU Us¢ Bf water by human activity:
Use includes, but is not limited to, any water
withdrawal, water release, or other human

In August 2014, a new standard under the activities within the drainage basin impacting
14000 series (environmental management) was ZDWHU tRZV DQG TXDOLW\
released by the ISO (International Organiza- f DWHU FRQV XR8WdnR@d from,
tion for Standardization): ISO 14046 on Water

but not returned to, the same drainage

)R R_’WS U LQW 62 o 7KH VWDQG Db%s%.%t&%é‘n‘lsm#ption can be because
principles, requirements, and guidelines related of evaporation, transpiration, product

to water footprint gssgssment of prod_ucts, pro- integration, or release into a different drain-
cesses, and organizations based Qn life cycle age basin or the sea. Evaporation from
assessment (LCA). A water footprint assessment reservoirs is considered water consumption.

conducted according to this international

standard: f Surface water. :DWHU LQ RYHUODQG tRZ
and storage, such as rivers and lakes,

f is based on a life cycle assessment (accord- excluding seawater.

LQJ WR ,62 S .
Q f Groundwater: Water which is being

f is modular (i.e. the water footprint of different held in, and can be recovered from,
life cycle stages can be summed to represent an underground formation.

WKH ZDWHU IRRWSULQW L
f Green water: Refers to the precipitation on
fLGHQWL*HV SRWHQWLDO HQYLUR @iy th& WoBsPot-rBrSdh brie¥harges the

UHODWHG WR ZDWHU groundwater but is stored in the soil or tem-
f includes relevant geographical and temporal porarily stays on top of the soil or vegetation.
GLPHQVLRQV Eventually, this part of precipitation evapo-

. rates or trans§ires through plants. Green wa-
fLGHQWL*HV TXDQWLW\ RI ZDWHU té\é% ﬂ%% derﬁ)Qu(gti%/yfgr crop growth.

LQ ZDWHU TXDOLW\ DQG
f Blue water: Refers to water withdrawn from

f utilizes hydrological knowledge. ground water or surface water bodies. The

The 1SO 14046 does not specify particular blue water inventory of a process includes

methods or impact assessment categories that all freshwater inputs but excludes rainwater.

need to be applied or considered to meet the f Fresh water and sea water: “Fresh water”

above stated requirements. LV GH“QHG DV ZDWHU KDYLQJ D ORZ FRQFHQ

tion of dissolved solids (ISO 14046) 2. This
WHUP VSHFL“FDOO\ HIFOXGHV VHD ZDWHU DC
brackish water.

This study follows the terminology and prin-
ciples outlined in ISO 14046, and uses methods
that are aligned to this standard.

3 Freshwater typically contains less than 1 000 mg/l of dissolved solids and is generally accepted as suitable for withdrawal and
conventional treatment to produce potable water (ISO 14046).

4 Note: Typically, only water from irrigation is considered in the impact assessment of agricultural processes and the consump-
tion of rain water is neglected. The rationale behind this approach is the assumption that there is no environmental impact
of green water (i.e. rain water) consumption. Such an effect would only exist if crop cultivation results in alterations in water
HYDSRWUDQVSLUDWLRQ UXQRII DQG LQ“OWUDWLRQ FRPSDUHG WR QDWXUDO YHJHWDWLRQ $GGLW
such changes (if they occur) should be covered by assessment of land use changes rather than in water inventories. However,
ubLQ ZzDWHU XVH LV VRPHWLPHY DVVHVVHG LQ GLIITHUHQW PHWKRGRORJLFDO DSSURDFKHV RU FDQ
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Consumptive and Degradative Use

“Fresh water use” is differentiated into
“fresh water consumption” and
“degradative water use”:

f “Fresh water consumption” describes all
freshwater losses on watershed level which
are caused by evaporation, evapotranspira-
tion from plants 4, freshwater integration into
products, and release of freshwater into
sea (e.g., from wastewater treatment plants
located on the coast line). Note that only
“Fresh water consumption”, not sea water, is
relevant from an impact assessment perspec-
tive because fresh water is a limited natural
resource.

f “Degradative water use”, in contrast, denotes
the use of water with associated quality al-
terations and describes the pollution of water
(e.g., if tap water is transformed to wastewa-
ter during use). These alterations in quality
are not considered to be water consumption.

:DWHU 6FDUFLW\ )RRWSULQW

Water consumption is considered to have a
direct impact on the environment (e.g., freshwa -
ter depletion and impacts to biodiversity). The
blue water consumption can be derived directly
from the LCA inventories (water use/input

minus water released back into the watershed,
excluding rain water).

In the assessment of water consumption it is
crucial where the water consumption takes
place. In water abundant areas the effects of
water consumption will have a very low impact,
while in dry areas the effects will be large. In

this study, this difference is addressed by apply-

ing the “water stress index” (WSI) developed by
3“VWHU 7KH ZDWHU VWUHVYV
a withdrawal to availability ratio and takes into
account temporal variability of water availabil-
LW\ :6, YDOXHV EHWZHHQ
as “no water stress”. Values between 0.1 and
0.5 indicate “moderate water stress”. Values
from 0.5 to 0.9 stand for “severe water stress”
and values >0.9 indicate “extreme water stress”.
The global average WSI value is 0.602, indicat-
ing that the world as a whole is already under
severe water stress.

DQG

The water stress index is used to characterize
water consumption according to regional avail-
ability. Then normalization is applied by using

LQGH[ LV E

DUH FOI

WKH JOREDO DYHUDJH ZDWHU VWUHVV LQG

2009). The resulting unit is kg of water equiva-
lents (kg water eq.)

WSF: water stress footprint of the product
CWU;: consumptive water use—regional
WSI: water stress index—regional

WSlyoa : global average water stress index
(value: 0.602)
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7.8 ANNEX H: COTTON INCORPORATED CONTRIBUTORS

Cotton Production

% D U Q HM-AdriGultural Engineer
+DNH .-B@étbb Physiologist

.XUW] -5Ebt@mologist

Textile Production
$QNHQ\ 0D U-Deidand Finishing

&DJOH & KUY-Textie ISQogly Chain
&0ODSS -“BRber@rocessing
(NL]FHOHU R JORrkistHWHCNtacts
)ORUHYV —I@atinPArherican Mill Contacts
-RKQVRQ <YRuQdPrbduction
.ZDQ % R-@%RA Mill Contacts

/LQ -HAdia\Mill Contacts

1JDL 6-S-AsEHMIll Contacts

2M5HJD Q—Nddwpvens

7\QGDOO 5 —Dydirg artd Ginishing

:DOODFH 0O+Ef€ ByalelAssessment
&HUWL*“HG 3URIHVVLRQDO

Consumer End-Use
% DVWRYV -BCbOsuivar Darket Research

0D U W L Q—Leunde¥ihg

5 Contributions extend to overall management of the project throughout the supply chain
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6  Contributions extend to overall management of the project throughout the supply chain

7  Contributions extend to overall management of the project throughout the supply chain
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Final data analysis and results interpretation lead by Dr. Jesse Daystar, consultant for Cotton
Incorporated and Assistant Director at the Duke University Center for Sustainability and Commerce.
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