MILJOGIRAFF

LCA of recycling cotton

This is the report of the Life Cycle Assessment of recycling cotton (mechanically)
Date: 25 August 2016

Available to: public

Report number: 75

Issued by: Miljogiraff, Sédra Larmgatan 6, 411 16 Gothenburg.

PEACE LOVE AND GIRAFFES



OMI LJOGIRAFF Report 75 Life Cycle Assessment on Recycling cotton

1 Abstract!

The question is - “What is the environmental load of recycling cotton versus virgin production”?

Various studies show that recycled fibre has the potential to lower impacts from fibre, textile and garment production.
However, currently we lack quantitative data for how much impacts are lowered. H&M wants to understand the
environmental benefits of collecting and recycling textiles and garments into fibre ready for spinning compared

to sourcing virgin material. The reference used for virgin cotton is a well-known study for Cotton Incorporated by PE

and generic LCI data from Ecoinvent.

Hub per : :
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Figure 1: Process steps to recycle cotton from textile.

The most relevant and comparable environmental effects categories are Water use (m3), Climate change (kg CO2
eg.) and Fossil depletion measured as Primary Energy (MJ). The comparison is per 1000 kg cotton fibre.
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Figure 2 The most relevant and comparable aspects of conventional and recycled cotton as diagram. Note that Climate
impact is excluding sequestration and crop rotation (without excluding that the Climate impact in PE is 268).
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Unit Aspect PE - Virgin cotton fibre Ecoinvent - virgin cotton  Recycled cotton
fibre fibre

m3 Water use (and 2740 10801 635

consumption)

Kg CO2-eq | Climate impact 1958 3310 381

Kg SO2-eq | Acidification 18,7 36,3 4,5

Kg PO4-eq | Eutrophication 4,04 13 0,6

Kg R11-eq | Ozone depletion 0,0000076 0,000325 5,46887E-05

Kg ethene- | Smog creation 0,558 0,9 0,2

€q

MJ Primary energy (fossil) 15000 34699 5749

Table 1: The comparable aspects of one tonne conventional and recycled cotton as diagram. Note that Climate impact is
excluding sequestration and crop rotation.

For the comparison of the PE study with the H&M project it is very relevant to show the effect of the assumptions to
include sequestration and allocation to other crops. Using the assumptions in the reference study would change the
result regarding climate change but not the overall environmental impacts.

Collecting clothes and recycling cotton mechanically has a considerable potential to lower the overall environmental
impact on the most important effect categories (though not an all).

The result is limited to the aspects that has been possible to compare, but none of these aspects would point in the
other direction. Rather it would strengthen the case for recycling. The result is also limited in validity due to how the
environmental impacts are allocated between recycled and reused clothes. The physical allocation used can be
regarded as a worst case. The environmental effect categories water scarcity, occupation of land and toxicity, was not
comparable to the reference system, which would point in the direction that recycling is even more important.

A recommendation is to change the perspective for the comparison. Instead of comparing per the functional unit (FU)
1 kg fibre ready for spinning, it would be more constructive to use the FU X times of using 1000 kg product of virgin
and recycled cotton. In an example where X is 400 (2 life cycles) it would result in half as much cultivation and
incineration and one extra process of transport and recycling. Adding the GWP indicate that the potential contribution
of recycling in one extra loop, is roughly 40% lower climate impact (if recycled fibre completely replaces virgin).

Recycled cotton fibre would have much lower environmental impact if the recycling is made closer to the country of
collection.

Keep in mind that the washing and drying of clothes are the most important phase of the life cycle.
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1 Introduction and methodological framework

1.1 Background

Since 2013 H&M has enabled customers to return all their unwanted textiles, regardless of brand or condition, to any
H&M store around the globe. H&M is dedicated to extensively reduce textiles going to landfill and instead implement
circular processes turning textile waste into valuable resources. This garment collection program has a positive effect
on the product lifecycle through reuse, repurpose or recycling possibilities. Products are, as a first priority, to give the
clothes a second life (reuse) and secondly to recycle the fabric into fibres to produce new products. Currently, this is a
mechanical process with certain limitations. It's only available for cotton products and the recycled fibre content is
limited to 20% in new products. The ambition is to develop the recycling process to be able to handle other mixes of
fibre and increase the share of recycled fibres in new products to 100%.

During 2015 H&M collected more than 7 000 tons garments in different stores since the program started.

-“Various studies show that recycled fibre has the potential to lower impacts from fibre, textile and garment production.
However, currently we lack quantitative data for how much impacts are lowered. H&M wants to understand the
environmental benefits of collecting and recycling textiles and garments into fibre ready for spinning compared

to sourcing virgin material.”

The results of this study are to be used for internal buying strategies and communication and reporting to all
stakeholders including customers (e.g. sustainability report, in-store communication etc.).” (Bérjesson & Karlsson,

150722)
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1.2 Life Cycle Assessment (LCA)

In 1997, the European Committee for Standardization published their first set of international guidelines for the
performance of LCA. This ISO 14040 standard series has become widely accepted amongst the practitioners of LCA
and is continuously being developed along with progressions within the field of LCA (Rebitzer et al. 2003). The
guidelines for LCA are described in two documents; ISO 14040, that contains the main principles and structure for
preforming an LCA, and ISO 14044, which includes detailed requirements and recommendations. Furthermore, a
document containing the format for data-documentation (ISO/TS 14048), as well as technical reports with guidelines
for the different stages of an LCA (ISO/TR 14049 and ISO/TR 14047), are available in this standard series. (Carlsson
& Palsson, 2011)

The environmental management method Life Cycle Assessment (LCA) is used in this study. The LCA has been
performed according to the 1ISO 14040 series standards.

Table 2: ISO documents relevant to LCA, a selection.

Area Document Use
LCA ISO 14040 (2006a) Basic principles and structure for conducting LCA
ISO 14044 (2006b) Detailed requirements and recommendations
ISO/TS 14048 (2002) Format for data documentation
ISO/TR 14047 (2012a) | Examples of application: environmental impact assessment
ISO/TR 14049 (2012b) Examples of application: goal and scope description, life cycle
inventory
OVRIGT | ISO 14025 (2006c¢) Environmental Product Declarations
ISO 14046 (2014a) Water footprint
ISO/TS 14067 (2013) Carbon footprint

-

.,
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Figure3. The four phases of Life Cycle Assessment

1.

The scope, including system boundary and level of detail, of an LCA depends on the subject and the intended
use of the study. The depth and the breadth of LCA can differ considerably depending on the goal of a
particular LCA.

The life cycle inventory analysis phase (LCI phase) is the second phase of LCA. It is an inventory of input per
output data with regard to the system being studied. It involves the collection of the data necessary to meet
the goals of the defined study.

The life cycle impact assessment phase (LCIA) is the third phase of the LCA. The purpose of LCIA is to
provide additional information to help assess a product system’s LCI results so as to better understand their
environmental significance.

Life cycle interpretation is the final phase of the LCA procedure, in which the results of an LCI or an LCIA, or
both, are summarized and discussed as a basis for conclusions, recommendations and decision-making in
accordance with the goal and scope definition.
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Figure4: The concept of Life Cycle Assessment.

LCA can assist in

o identifying opportunities to improve the environmental performance of products at various
points in their life cycle,

o informing decision-makers in industry, government or non-government organizations (e.g. for
the purpose of strategic planning, priority setting, product or process design or redesign),

o the selection of relevant indicators of environmental performance, including measurement
techniques,

o Marketing (e.g. implementing an Eco labelling scheme, making an environmental claim, or
producing an environmental product declaration).

LCA addresses the environmental aspects and potential environmental impacts) (e.g. use of resources and
environmental consequences of releases) throughout a product's life cycle from raw material acquisition through
production, use, end-of-life treatment, recycling and final disposal (i.e. cradle-to-grave).

A major part of the environmental impact of a product depends on choices taken during the product development
phase, e.g. materials, processes, functionality etc. The basic principles for abatement come from the discipline of
cleaner technology, is defined in the concept of Integrated Product Policy (European Commission, Environment).
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2 Goal and Scope

The question is -“What is the environmental load of recycling cotton versus virgin production™?

We know that the conventional cotton farming has severe sustainability issues that has to be addressed. But what are
the alternative fiber resources? Organic farming methods are promising but still small scale. Better Cotton Initiative (a
big project by WWF) are also reducing the environmental impacts substantially. Alternative fibres, such as Lyocell
from dissolved pulp is also a promising contribution. Recycling cotton textiles in chemical and mechanical ways are a
promising option to these solutions.

This study is looking into the environmental aspects of mechanical recycling of cotton textile. However, it does not
consider other scenarios for used textile.

2.1 Goal

To have an assessment of the environmental impacts of mechanical recycling of cotton textiles into new fabric. And
then to make a comparison between recycled cotton fibre and virgin cotton fibre.

The ambition is to be viable for generic comparison but the process of mechanical recycling is still under development
and specific data has been used.

The intended audience is for internal strategies, external collaborations and public stakeholders. The report is to be
used as a basis for active communication.

2.2 Scope

2.2.1 Name and Function of the Product/System

The name of the product assessed is “Cotton fibre ready for spinning”. The scope is limited in order to focus the
resources and to avoid inclusion of specific LCI data that may distort the results from answering the question “what is
the environmental impact of recycling cotton versus virgin production”. The systems being compared are in principle:
e Garment collecting in stores - Transport to recycling facilities - Mechanical recycling process -> Cotton fibre
ready for spinning
e Cotton production - Transport of lint cotton - Ginning - Cotton fibre ready for spinning

The report compares only recycled fibres and new fibres. The report cannot make any assessment on what is the best
approach to deal with clothes which are not used anymore. In reality recycled cotton would be combined with virgin
cotton in a new product.

2.2.2 The Functional Unit

The scope of an LCA shall clearly specify the functions (performance characteristics) of the system being studied. The
functional unit shall be consistent with the goal and scope of the study. One of the primary purposes of a functional
unit is to provide a reference to which the input and output data are normalized.

The functional unit of this study is 1 kg of cotton fibre ready for spinning, to be used in textile for clothing.
It is assumed that the weight of the cotton used in textile is the same for recycled and virgin cotton fibre.
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System Boundary

The system boundary determines which unit processes shall be included within the LCA. The selection of the system

System

boundey |

System

boundary shall be consistent with the goal of the study. The criteria used in
establishing the system boundary shall be identified and explained.

The system boundary for this study is limited to material production (fibre for
spinning) excluding manufacturing (fabric) and assembly (i.e. jeans).

In manufacturing, extraction of raw materials, production of energy,
generation of waste and emissions they are taken account for all along the

MATERIAI
PRODUCTION

N ’\" process chain. The life cycle follows a core; around which boundaries are
S w I drawn depending on how peripheral the issues are. It is described in Figure
( A s O
M[:) MANUFACTURING S ‘&S . N .
gy I System boundary 1: Material composition for the component, manufacturing
I

O and assembly.
N System boundary 2: Production of material, energy and transport.
System boundary 3: Acquisition of raw materials and production of energy.

B Vi

ASSEMBLY

EC] o

PRODUCIT

Figure 5: LCA system boundaries of manufacturing.

T L

Allocation Procedure

Economic allocation will be used as far as possible. When the variations in data are expected to change the
result, the sensitivity is analysed. When other allocation is used it is expressed clearly if it may be significant
to the results.

Method chosen: Recycled Content: "Allocation cut-off by classification" (in accordance with ISO standard - not
allocated to the recycled content )

Method not chosen: Allocation Default: "Allocation at the point of substituition" (in accordance with Ecoinvent
policy - allocated to the recycled content)

The concept is further described in Appendix 5
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2.2.5 Life Cycle Methodology

The impact categories, category indicators and characterization models used are determined by the demands stated
in 1ISO 14040/44 and chosen to give the best answers of the goal and scope.

In order to assess which category of impact that is the most important the LCIA method ReCiPe (Goedkoop, 0.a.,
2009) will be used. The impact assessment methods and characterization models used are further described in part
4.1 Method for impact assessment. For the sake of comparison the same impact categories addressed by the most
well-known public global study (Cotton Incorporated and PE International, 2012) of virgin (conventional) cotton will
also be used. Another public study on cotton from US and Turkey was also used as a reference (Julian Allen, 2005).
The environmental impact categories used in these studies can be seen in Table 4.

The environmental impact categories that are being addressed with specific methods can be seen Table 3.

Aspect Unit Reference system Method
Water use and consumption m3 yes CML 2Inventory
Water Scarcity m3 No Hoekstra 3
Climate impact (GWP) Kg CO2-eq Yes IPCC11
Chemical use (toxicity) CTUh No USEtox 4
Acidification (AP) Kg SO2-eq Yes ReCiPe®
Eutrophication (EP) Kg PO4-eq Yes CML?
Ozone depletion (OD) Kg R11l-eq Yes ReCiPe®
Smog creation (POCP) Kg ethene-eq Yes CML?
Primary energy fossil (PED) MJ Yes CED?6
Occupation of land m? no ReCiPe®

Table 3 Addressed aspects and the method for assessment.

2 CML IA Baseline version 3.03 World 2000

3 Hoekstra et al 2012 (Water Scarcity) V1.02
4 USEtox (recommended + interim) 1.04

5 ReCiPe Midpoint (H) 1.12 Methods, World
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Environmental Impact Categories

Abbreviation Technical Term  Example Impact Unit Worst Case
AP Acidification Acid rain kg SO, equivalent A measure of emissions that cause acidifying
Potential effects to the environment. The acidification
potential is described as the ability of certain
substances to build and release H+ ions.
EP Eutrophication Nutrient loading to kg PO, equivalent A measure of emissions that cause eutrophying
Potential stream effects to the environment and can be aquatic or
terrestrial. A typical impact on aquatic systems is
accelerated algae growth that ultimately can lead
to decrease water oxygen levels.
GWP Global Warming Greenhouse gas kg CO, equivalent A measure of greenhouse gas emissions, such as
Potential emitted C0O2 and methane. These emissions are causing an
increase in the absorption of radiation emitted by
the earth, magnifying the natural greenhouse effect.
ODP Ozone Depletion Ozone hole over polar kg R11 equivalent A measure of thinning of the ozone layer in the
Potential ice caps upper atmosphere.
POCP Photochemical Smog kg Ethene- A measure of emissions of precursors that
Ozone Creation aquivalent contribute to low level smog, produced by the
Potential reaction of nitrogen oxides and VOCs under the
influence of UV light.
PED Primary Energy Electricity & fuel MJ PED is expressed in energy demand from non-
Demand needed renewable resources (e.g. petroleum, natural gas,
etc.) and energy demand from renewable resources
{e.g. hydropower, wind energy, solar, etc.). Efficien-
cies in energy conversion (e.g. electricity, heat,
steam, etc.) are taken into account.
wu Water Used Water used in washing m?® A measure of all the water applied, both directly
machine and indirectly, degraded plus consumed, in any
phase of a product’s life. It can be considered to
be the gross amount of water used. It does not
include precipitation.
wcC Water Consumed Water evaporated in m®* A measure of water, both directly and indirectly,
dryer that leaves a watershed. It does not include
degraded water and can be considered to be
the net amount of water used.
ETP Ecotoxicity Animal health PAF m* /day Freshwater ecotxicity impacts are defined by the
Potential UNEP and SETAC USEtox model.
HTP Hurman Toxicity Human health Cases Human toxicity potential impacts are defined by

Potential

the UNEP and SETAC USEtox model.

Table 4 Impact categories used in reference study (Cotton Incorporated and PE International, 2012).

2.2.6 Interpretation to be used

Interpretation of the results are made by identifying the data elements that contribute significantly to each impact
category, evaluating the sensitivity of these significant data elements, assessing the completeness and consistency of
the study, and drawing conclusions and recommendations based on a clear understanding of how the LCA was
conducted and the results were developed.
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2.2.7 Datarequirements

This LCA include specific information on primary flow (boundary 1) and generic information on secondary flow
(boundary 2 and 3). It is common practice to scan for the most important factors (“cut off” at 95% as a minimum)
rather than being very thorough. The level of depth (fidelity) depends on the availability of inventory data. In general,
the more details you know, the more environmental impact is revealed. That has to be balanced by covering the whole
perspective of the life cycle. By employing general data from certified organisations, the fidelity and amount of Life
Cycle Inventory (LCI) data may increase very much. It is crucial however, to understand that specific producers may
differ significantly from general practice. Only by in depth investigations can it be perfectly determined. The picture
below describes how a system can be studied on different depth.

System

Unit

Figure6: System (black box) or unit (high fidelity) data.

For the best flexibility of adjusting LCI data to changes in the product systems, it is also necessary to allow many
process steps. General process steps are thus separated from supplier specific parts.

2.2.8 Data quality requirements

Data quality requirements shall be specified to enable the goal and scope of the LCA to be met. The data quality
requirements should address the following:

e time-related coverage: age of data and the minimum length of time over which data should be
collected;

e geographical coverage: geographical area from which data for unit processes should be

collected to satisfy the goal of the study;

technology coverage: specific technology or technology mix;

precision: measure of the variability of the data values for each data expressed (e.g. variance);

completeness: percentage of flow that is measured or estimated,;

representativeness: qualitative assessment of the degree to which the data set reflects the true

population of interest (i.e. geographical coverage, time period and technology coverage);

e consistency: qualitative assessment of whether the study methodology is applied uniformly to
the various components of the analysis;

e reproducibility: qualitative assessment of the extent to which information about the
methodology and data values would allow an independent practitioner to reproduce the results
reported in the study;

e sources of the data;

e Uncertainty of the information (e.g. data, models and assumptions).

The methodology for the gathering of data has been that assigner send out a project description, then a format is
created on web (SimaPro Share and Collect) and then it is followed up by meetings (Skype). All major assumptions
are validated with assigner and described in this report.

Specific LCI data is developed for core of the LCA the main processes. This study use also generic data from
Ecoinvent (Hirschier, o.a., ecoinvent Version 3.2 Database, 2015) and no “Input/output data”® has been used. Most
data for “upstream” and “downstream” processes are based on general processes that are thoroughly validated.
Generic data is often comprehensive which have to be considered in the overall assessment. An example of generic
data is the production of consumables, energy, waste treatment and transports.

6 Regional data for gross net balance per product or services.
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The following requirements were set (see below) for all the central LCI data to be used. More peripheral aspect may
deviate from the DQI based in the rule for “cut off”.

Time period:

Mixed data Multiple output allocation

2010 and after Physical causality

2005-2009 Socio-economic causality
Geography Substitution allocation

Europe, Western Not applicable

Europe, Eastern

Asia, South East Waste treatment allocation

Asia, China Not applicable

Africa

Cut-off rules

Technology Less than 1% (environmental

Average technology relevance)

Modern technology

Best available technology System boundary

Second order (material/energy flows

Representativeness including operations)

Data from a specific process and

company Boundary with nature

Average from a specific process Agricultural production is part of

Average from processes with similar production system

outputs

2.2.9 Assumptions
Attributional perspective is used.

Assumption is that I: Collect would collect clothes and re-use or recycle them to other products, regardless if H&M
uses the system to recycle textile. As a consequence, the system boundaries are kept to a minimum.

The alternative would be to employ a perspective that consider the effects. It may be that people buy
less fast fashion, that reuse and recycling is scaled up and that farming of cotton is being reduced.

Assumptions that are specific, are noted under the life cycle inventory, chapter Life cycle inventory analysis (LCI).

2.2.10 Type of critical review

A critical review is necessary to allow for external communication and comparison with results from another study on
conventional cotton. This is a public study with comparative assertions. Therefore, a review panel would be
recommended according to ISO 14040 if it should be published. For the moment it is agreed that the review is
conducted only by one person. The LCA expert (Jungbluth) is engaged to perform the critical review.

The International Organization for Standardization (1SO) (2006a:6.3) states the following concerning the procedure for
the review of a comparative study planned to be published:

“A critical review may be carried out as a review by interested parties. In such a case, an external independent expert
should be selected by the original study commissioner to act as chairperson of a review panel of at least three
members. Based on the goal and scope of the study, the chairperson should select other independent qualified
reviewers. This panel may include other interested parties affected by the conclusions drawn from the LCA, such as
government agencies, non-governmental groups, competitors and affected industries.”
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2.2.11 Limitations of LCA

The broad scope of analysing a whole life cycle of a product and the holistic approach can only be achieved at the
expense of simplifying other aspects. Thus the following limitations have to be taken into account as recently
summarised by (Guinée, o.a., 2004)

LCA does not address localised aspects, it is not a local risk assessment tool

LCA is typically a steady-state, rather than a dynamic approach

LCA does not include market mechanisms or secondary effects on technological development
LCA regards processes as linear, both in the economy and in the environment

LCA focuses on environmental aspects and says nothing on social, economic and other
characteristics

LCA involves a number of technical assumptions and value choices that are not purely science
based

O O O O O

e}
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3 Life cycle inventory analysis (LCI)

The inventory was created by preparing and sending out a format to the suppliers appointed by
Hennes & Mauritz (Karlsson E. , 2015).

I: Collect GmbH (Gupta, Environmental manager, 2015), is supplying the data on collection of textile
from the stores and sorting out reusable clothes and recyclable textile. Artistic Milliners (Uddin, 2015)
is supplying the data on shredding to fibre for spinning.

Figure 7 show the four main steps included in the system boundaries of this study. All steps will be
described in depth described in this chapter.

Hub per

Stores

_ 3 Shredding

W Sorting

country

Figure 7: Process steps to recycle cotton from textile.

3.1 Recycled Cotton (mechanically)

3.1.1 Primary data (collected)

The specific data was collected using the digital format SimaPro Collect (PRé Sustainability, 2016). As
a basis for the questionnaire, the approach Environmental System Analysis was used.

1. raw material
Emmisions to
Energy air (& noise) 2. energy
l T 3. releases to air and noise
Value adding Productive 4. p ro d U CtS
material Output . .
5. Ancillary materials
: 6. Water
Process vonproductve 7, releases to water and soil
Qutput
T 1 8. co-products and waste

Emmissions to

LD water/ground

snckamaﬁ m Green Performance Map - Handbok,
Malgrdalens higskalo ISBN-nr. 975-51-7455-080-2

Figure 8 Environmental System Analysis as standard for data to be collected. (Kurdve, 2014)

The answers were completed over webinar and with information from Environmental reports.
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3.1.2 Calculated data

The CO2 emissions from natural gas at AM in Pakistan have been calculated (Lubian, 2016) based on
the specific heat value (Uddin, 2015).

3.1.3 Validation of data

A check on data validity is conducted during the process of data collection to confirm and provide
evidence that the data quality requirements for the intended application have been fulfilled. The
emission calculations were controlled by calculating the carbon content from the general composition
of natural gas, the emission data from Swedish EPA and Ecoinvent. The conclusion is that the values
for the CO2 emissions are slightly underestimated in relation to the input of gas. In relation to the
output of electricity it may be slightly overestimated as the efficiency rate is around 25% (Lubian,
2016) in comparison to average in US at 28% (EIS US, 2016).

3.1.4 Collection and sorting

Stores

Sorting ML Shredding

Supplier of data:
[:COLLECT GMBH
A der Strusbek 19,
22926 Ahrensburg
Germany

Recorder
Marcus Wendin at Miljogiraff.

In this assessment of the environmental impacts of recycling cotton to fibre ready to
be new yarn we have based the calculation on existing data from I:Collect 2014 in
India. In order to make a representative model that is also correct we use existing
records from the ICO processes in Germany and make adjustments when needed to
suit the actual situation. We are following the ISO standard for LCA, which means
that the source of data and assumptions are possible to trace back from the
documentation.

Transports of raw material are starting at the collection points at stores. The clothes
are packed and sent to hubs with the same transport service (Distribution Centre)
that deliver the clothes to the stores.

The average mode of transport is estimated by recorder and H&M to be Truck with 1COUNTRR SMANT oot
payload 16-32 ton and emission standard Euro V.

Transport from stores to hub are estimated by recorder and H&M as an average per country.
— In Japan the collection Points for H&M are in 50% Tokyo 0 km and 50 % Osaka 502 km
(guestimate by recorder). Average distance is 251 km.
— In Korea the collection Points for H&M are in 100% Seoul (guestimate by recorder). Distance
is 600 km (i.e. 6 hours by train)
— In Malaysia the collection Points for H&M are in 50% Kuala Lumpur, 50% Pasir Gudang.
Distance is 171 km (half of 343 km).
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The clothes are not stored in the hubs but only loaded to a new container. Then the clothes are sent
from the hub to port. The average distance is estimated by ICO to 100 km with truck with payload 16-
32 ton and emission standard Euro IV.

The ports for shipments to India are
— Tokyo, Japan
— Pusan, South Korea
— Pasir Gudang, Malaysia

The distances are from Searates (Searates, 2015)

The share textile per port is based on the assumption to be the same as the share for I1:CO in general
(Gupta, Analysis 09_38 43, 2014). The details on the supply of textiles are described in Appendix 14
as the ton of textiles as inflow per country. The share is calculated based on only the countries used in
the H&M project which is 8% of the total) to | Collect in general 2014. (For the specific recycling project
at H&M US may not be a supplier.)

Nation share of textile Distance (km) Sea Transport
(ton*km)

Tokyo, Japan 89% 10578 754119

United States 0% 16673 0

Saint Petersburg, Russia 0% 13487 0

Pasir Gudang, Malaysia 9% 5214 39047

Ashdod, Israel 0% 5742 0

Pusan, South Korea 2% 7896 9631

Table 5 Data for the model of boat transports of 80 tonnes of textiles to I:CO india.

The products at I1:CO are reused textile 40% and recycled textile 60% Waste is 0% (in India)
Therefore 100% cotton jeans are used.

The jeans are cleaned of metal contaminants and cut to wipers. These are then sent for further
processing to Spinning mills or shredded/pulled to produce fibres at own site. (Port Kandla, India to
Karachi, Pakistan.)

The transport from ICO in India to AM in Pakistan via boat and lorry is included in this dataset.

For details about the LCI data, see:

Appendix 9 ICO 2014 (H&M)

Appendix 10 Transport to 1:CO (H&M)

Appendix 11 Transport by DC from Collection Points to Hubs (H&M)
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3.1.5 Shredding at Artistic Milliners (AM)
Hub per : .
P » Sorting . Shredding
cou ntry
Supplier of data:
Artistic Milliners Denim Division Shredding
Masood Khan (Senior Quality Assurance Manager)
Contact No: 03002288146
Shredding of Input of raw material (denim jeans legs from I:CO) into Output of recycled cotton fibre.
Description Data Unit
Input of raw material (denim jeans legs from |:CO) 106.5 tons/year
Output of recycled cotton fibre 103.3 tons/year
Electricity used in processing of raw materials (Process from cutting 3600 kWh/year
of Pieces to Cotton Bales.)
Cotton waste produced from processing of raw materials (shredding) 3.2 tons/year
Other waste produced from processing of raw materials (shredding) Nil tons/year
Chemicals used in processing of raw materials (shredding) Nil tons/year

Table 6 Inventory for the shredding at AM.

Using electricity produced at site from Natural gas. The amount of natural gas consumed yearly is put
in relation to the amount of electricity produced yearly. The kg of CO2 is calculated based on the lower
specific heat value (9,83 kWwh/m3) (Uddin, 2015), that gives a higher content of carbon per energy
content in natural gas. The emissions have also been cross calculated based on the assumptions
about composition in the natural gas. Completed with data based on Ecoinvent 3, burned in gas
turbine, for compressor station RU.

For details about the LCI data, see Appendix 7 Electricity at Artistic Milliners Denim Division and
Appendix 8 Artistic Milliners Denim Division Shredding.
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3.2 Reference system, PE virgin Cotton

As a reference to the recycled cotton a global study prepared by Cotton Incorporated and PE (Cotton
Incorporated and PE International, 2012) is employed. To the knowledge of Miljdgiraff and our LCA
network it is the most updated and complete public LCA on cotton farming and textile production. The
variations in data availability, environmental systems and production systems are big so the global
average is a rough figure.

3.2.1 Primary data (collected)

Primary data collection was conducted globally, based on regions in the US (most of this LCI data is
based on another survey made by Reed et Al. 2009), China, India, Turkey, and Latin America
representative of specific growing and manufacturing conditions. Primary data collection was
accomplished in the form of spreadsheets and questionnaires, and supplemented by conversations
with cotton growers, textile mills, and consumers. In cases where primary data were not available or
were inconsistent, secondary data that were readily available from literature, machinery
manufacturers, previous Life Cycle Inventory (LCI) studies, and life cycle databases were used for the
analysis. The sources for any secondary data used are documented throughout the agricultural,
textile, and use phase sections of this study report.

Average cotton cultivation in the US, China, and India for the years 2005—2009 was incorporated into
PE INTERNATIONAL’s cultivation model based on regional production-weighted averages. Collecting
data over a range of years averages out seasonal and annual variations such as droughts and floods.
The US, China, and India represented 67% of the world’s cotton fiber production in 2010 (USDA
2011). The primary source of the amount of cotton produced in US annually in each state was Meyer
et al. 2009. Information on cotton acreage, production, yields, and irrigation by region was obtained
from the “China Statistical Yearbook 2009” compiled by the National Bureau of Statistics of China.

Country Production (million Area (million ha) Yield (kg/ha) Primary data
bales)

us 12.2 10.3 871  Meyer et al. 2009

China 32 5.3 1315 China Statistical

Yearbook 2009,
National Bureau of
Statistics

India 23 4.3 486 The ICAC
publications “Cost of
Production of Raw
Cotton” (2007 and
2010) and “Cotton

Production
Practices” (2005 and
2008)

Other 34.2

Total 101.4

Table 7 Production volumes of cotton globally (USDA 2011).

The LCA model was originally created using the GaBi 4 software system developed by PE
International, and the analysis was updated when the GaBi software was upgraded to version 5 in
2011. (GaBi 4, 2006; GaBi 5, 2011). The databases within the GaBi software were the source of the
secondary LCI data upon which energy production, raw and process materials, transport, and
wastewater treatment were modelled. These data were used to account for regional differences for
similar processes.
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The economic allocation resulted in 84% of the agricultural burden assigned to the fiber and 16% to
the seed. No burden was assigned to the stalks or gin waste.

3.2.2 Calculated data

The LCI data are contributing to the global average based on the weight of the produced volume. The
weighting factors are China 45.6%, US 24% and India 30.4%.

The leakage of nutrients from fertilisers are modelled by PE.

LCI data on pesticide production were modelled in PE INTERNATIONAL GaBi 5 software based on
generic pesticide production data taken from multiple sources (Birkved et al. 2006, Green 1987,
Hauschild 2000, Williams 2006, and Williams 2009).

The amount of pesticides applied to cotton fields was taken from USDA sources (USDA 2006 and
USDA 2007) for the U.S., one study (Brookes & Barfoot, 2010) for China and two studies (Hsu & Gale
2001 and ICAC 2009) for India.

The total quantity of applied pesticides was divided into fractions that deposit on the crop plants, on
the soil, or that drift off the field as particles or vapor and reach the surrounding environment. A
fraction of pesticide reaching the plants or the soil may volatilize depending on the properties of the
pesticide ingredients. In the same manner, a fraction of the pesticide that deposits on the soil surface
may reach surrounding surface waters through surface runoff. Another fraction may leach into the soil
and reach ground or surface water through, for example, drain pipes in cases where these are used
for soil drainage (Hauschild 2000).

Emission factors were defined for each pesticide and each region. Once the fraction not emitted to air
was estimated, the remaining mass was partitioned to the soil and to the plant based on pesticide
class. There are no direct applications of pesticides to water during cotton production, therefore
emissions to water from pesticides was zero.

The biogenic CO2 sequestered in the cotton plant and its fiber was directly accounted for in the
inventory as an input or uptake of carbon dioxide, which was treated as a negative emission of carbon
dioxide to air. For cradle-to-gate cotton fiber production, note that the positive value for GWP denotes
a net CO2 release during agricultural production, which means that the atmospheric carbon uptake of
the fiber is less than the burden associated with cultivation. The carbon sequestered in cotton will
eventually return to the air upon final disposal, so for this LCA, the CO2 sequestered during growth of
the cotton plants was modelled as a direct release to the atmosphere during the end-of-life phase.
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3.3 Reference system, Ecoinvent, virgin Cotton

One of the most well-known Life Cycle Inventory libraries are Ecoinvent 37. It includes many
thousands of datasets about the environmental aspects of industrial processes, including cotton
farming. Ecoinvent uses a systematic approach based on the ISO standard for LCA and best practice
of the LCA community. Still there are room for interpretations of how to employ the 1ISO 14044
standard and that’s why the Ecoinvent 3 includes two different approaches of allocation, as described
in chapter 2.2.4. The dataset used as a reference is called “market for cotton fibre GLO” with the
system “Recycled Content” (Allocation cut-off by classification).

3.3.1 Primary data (collected)

The production volume is 22254149659.8639 kg. One bale is 226,8kg (America, 2016) so the annual
production would be equivalent to 98 million bales 2014.

Primary data collection was conducted globally, based the US and China. The dataset was updated
2014-06-18. The dataset for China produces cotton (1000 kg) and cotton seed (1540kg). For US the
data is put together as described by the Ecoinvent report (Schnetzer, Data v3.0 (2012)). The yield in
US is 775 kg/ha and by product (seed) is 1144 kg/ha. The background baseline data used is from the
database NREL (National Renewable Energy Laboratory, 2006).

3.3.2 Calculated data

The LCI data are contributing to the global average based on the weight of the produced volume. The
weighting factors are China 26%, US 23% and “rest of the world” 51%.

This dataset has been extrapolated from year 2011 to the year of the calculation (2014). The
uncertainty has been adjusted accordingly.

7 Version: 3.0.2.1
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4 Life cycle impact assessment (LCIA)

Databases included in the software SimaPro 8 includes methods for the evaluation of the
environmental aspects which significantly streamlines the environmental assessment and the
communication of these.

Some terms are used below that require clarification:

- Environmental aspect: An activity that might contribute to an environmental effect, for
example “electricity usage”.

- Environmental effect: An effect that might influence the environment negatively
(Environmental impact), for example, “Acidification”, “Eutrophication” or “Climate change”.

- Environmental impact: The generated damage on a value we want to protect, for example

damage on human health, biological diversity etc.

This is described by a simple example where a person drives a car 1km, something that has several
different environmental aspects.

An environmental aspect can be carbon dioxide emission. This can contribute to the
environmental effect Global warming that for example might lead to the
environmental impact of flooding, draught and landslide.

Another environmental aspect could be the consuming of oil that contributes to the
environmental effect of resource depletion.

4.1 Method for impact assessment

The methods chosen for assessing the life cycle impact is ReCiPe 19, IPCC 1, Hoekstra 15, CML® and
USEtox ° .

4.1.1 Weighting and normalisation

Normalization is used in the results but weighting is avoided.

Normalization is the calculation of the magnitude of the category indicator results relative to some
reference information. The aim of the normalization is to understand better the relative magnitude for
each indicator result of the product system under study. It is an optional element.

Weighting is the process of converting indicator results of different impact categories by using
numerical factors based on value-choices. It may include aggregation of the weighted indicator results.

All environmental aspects are evaluated by the method ReCiPe° (Goedkoop, 0.a., 2009) to cover an
overall perspective on environmental effects. It was chosen for this study because it is the most
recently updated, the most comprehensive and the best adapted to all the environmental effects that
are relevant for this study. The ReCiPe is a life cycle impact assessment method which comprises
harmonised category indicators at the midpoint and the endpoint level. Weighting of environmental
effects require normalisation to geographic area. A World perspective has been chosen. Further, the
perspectives H/A are used as they represent the broadest scientific consensus (Goedkoop, o0.a.,
2009). For a more detailed description see Appendix 1, Methods for Impact Assessment

and Appendix 2: ReCiPe.

8 CML IA Baseline version 3.03 World 2000
9 USEtox (recommended + interim) European
10 ReCiPe (H) V1.04 / World ReCiPe H/A
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4.1.2 Single issues

Contrary to weighted results which is the combined results from many different environmental effect
categories, single issue focus on just one issue. It is important to break out some single issues that are
relevant for the analysed product considering that can be assessed more objectively with scientific
methods. Below is a small description of the single issues that have been chosen to be reported to
allow comparison and not to leave out the most important issues.

The (GWP) is calculated with IPCC!. It was chosen because it is the
method that best describes climate change potential for gases contributing to the greenhouse effect.
All these are well recognised scientific methods.

is assessed with Hoekstra Water Scarcity!® and with CMLSE,

For the evaluation of , USEtox is used to scan for toxic effects, however this perspective can
only be covered in a rudimentary way with the broad LCA perspective. Also the ReCiPe Midpoint
offers the opportunity to show separately Human toxicity, Ecological toxicity in freshwater, Ecological
toxicity in marine waters and Ecological toxicity in terrestrial environment. By studying the weighted
result by ReCiPe Single Score, we will choose the category of eco toxicity that has the greatest impact
(i.e. Human toxicity).

For the evaluation of the " ", the ReCiPe Midpoint offers the opportunity to show
separately Land occupation as agriculture and Land occupation as urban. Transformation of
agricultural land is accounted for as loss of land availability that could have been used for cultivating
food crop as an alternative livelihood.The three forms of “land use” has been added together.

For the evaluation of the " " the method Cumulative Energy Demand (CED) has
been chosen. CED offer the possibility to calculate cumulative energy like energy inherited in oil, gas
and most materials.

4.2 Classification

Assignment of LCI results to impact categories should consider the following, unless otherwise
required by the goal and scope:

Identification of LCI results that relate to more than one impact category, including
— assignment of LCI results that are exclusive to one impact category;
— distinction between parallel mechanisms (e.g. SO2 is apportioned between the
impact categories of human health and acidification),
— Assignment to serial mechanisms (e.g. NOx can be classified to contribute to
both ground-level ozone formation and acidification).

11IPCC 2013 GWP 100a (HFC, PFC and SF6 as CO2-eq) V1.02
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4.3 Characterisation

The calculation of indicator results (characterization) involves the conversion of LCI results to common
units and the aggregation of the converted results within the same impact category. This conversion
uses characterization factors. The outcome of the calculation is a humerical indicator result.

The method of calculating indicator results shall be identified and documented, including the value-
choices and assumptions used.

If LCI results are unavailable or if data are of insufficient quality for the LCIA to achieve the goal and
scope of the study, either an iterative data collection or an adjustment of the goal and scope is
required.

The usefulness of the indicator results for a given goal and scope depends on the accuracy, validity
and characteristics of the characterization models and characterization factors. The number and kind
of simplifying assumptions and value-choices used in the characterization model for the category
indicator also vary between impact categories and can depend on the geographical region. A trade-off
often exists between the simplicity and accuracy of the characterization model.
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4.4 Results - Recycling cotton fibers

The results are in general presented in diagrams in the categories??

e Seatransport

e Land transport

e Shredding

e Sorting
This way representing impact assessment is easy to overview. To offer full transparency of the details,
the tables of the results per LCI data is available in appendices.
In the diagrams, all the aspects that are not within one category are summed in what is labelled as
“Top”, 3.

4.4.1 Overview of environmental effect:

The method for an overview of impact assessment is ReCiPe 19, The functional unit is 1 kg of textile
ready for spinning.

4.4.1.1 Weighting

The diagram shows the comparison of environmental effect categories from the contributing activities.
The most important effect (based on subjective weighting by an expert panel) is on Human Toxicity,
Climate change, Particulate matter and Fossil depletion.

35,
Fossil depletion
30, .
Metal depletion
25, Natural land transformation
Urban land occupation
20, Agricultural land occupation
Marine ecotoxicity
15, H Freshwater ecotoxicity
B Terrestrial ecotoxicity
10 Freshwater eutrophication
5, MW Terrestrial acidification
I B Climate change Ecosystems
0, . T T T T T . T H lonising radiation
<R L,on& %Qo‘& ng‘& é\{&e’ 6&*\% o‘&\% B Particulate matter formation
,b’é'bo b\‘.\é\ Q}@(\ ,ba,&& 5‘0& ° B Photochemical oxidant formation
2 \,'bQ $,bé' N

Figure 9: Recycled cotton impact assessment overview, ReCiPe Endpoints Single score.

The result Fossil depletion can be derived to petroleum and gas production used mostly for the
transports. The result Particulate matter can be derived to sea freight almost completely.

12 The calculation of impact assessment from LCI data in categories is called grouping.
13 Top include all the aspects that are not within one category.
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The result Climate change can be derived to sea freight, lorry freight and waste collection.
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The result human toxicity can be derived to the water emission of Copper (sea transport) air emission

of Antimony (land transport) and the water emissions of Manganese, Barium and Selenium.

The results is also derived to the processes “LCA data”. The biggest contribution is from Sea Freight
and the “Remaining” is spread on very small contributions.

processes “LCA data” pt share

Transport, freight, sea, transoceanic ship {GLO}| processing | 13,5277 28%

Alloc Rec, U

Petroleum {RoW}| petroleum and gas production, on-shore | 3,6975 8%

Alloc Rec, U

Petroleum {RME}| production, onshore | Alloc Rec, U 3,6553 8%

Remaining processes 26,7402 56%
47,6208

Table 8 Process contribution with ReCiPe Endpoint (H) V1.12 / World ReCiPe H/A.

4.4.1.2 Normalisation

Normalisation is also a way of putting the environmental impact in the different effect categories in
relation to each other. It is based on how big an environmental impact is in relation to the “actual
emissions”. In that perspective the biggest impact is on ecotoxicity. (Note Top*3)

1,2E-03
1,0E-03
8,0E-04
6,0E-04
Sorting
4,0E-04 .
m Shredding
2,0E-04 M Land transport
_ i I II I _ M Sea transport
0,0E+00' T T | — T T |=|._\ .TOp
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Figure 10: Recycled cotton impact assessment overview, ReCiPe Normalisation.
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4.4.1.3 Categorisation

Report-75

Page 30

Each effect category is also assessed without weighting and normalisation using ReCiPe Midpoints. It is a way to have units that is comparable

outside this study.

Impact category Unit Total per 1 kg cotton Top Sea Land Shredding Sorting
fibre transport transport
Climate change kg CO2 eq 0,38 0,02 0,21 0,07 0,03 0,05
Ozone depletion kg CFC-11 0,00000005 0,00000000042 | 0,00000003 | 0,00000001 | 0,000000001 | 0,000000007
€q
Terrestrial acidification kg SO2 eq 0,004 0,000 0,004 0,000 0,000 0,000
Freshwater eutrophication kg P eq 0,00003 0,00000 0,00002 0,00000 0,00000 0,00001
Marine eutrophication kg N eq 0,00017 0,00003 0,00011 0,00001 0,00000 0,00002
Human toxicity kg 1,4-DB 0,06 0,00 0,03 0,03 0,00 0,01
€q
Photochemical oxidant kg NMVOC | 0,004 0,000 0,003 0,000 0,000 0,000
formation
Particulate matter formation kg PM10 eq | 0,002 0,000 0,001 0,000 0,000 0,000
Terrestrial ecotoxicity kg 1,4-DB 0,0001 0,0000 0,0000 0,0000 0,0000 0,0000
€q
Freshwater ecotoxicity kg 1,4-DB 0,002 0,000 0,001 0,001 0,000 0,000
€q
Marine ecotoxicity kg 1,4-DB 0,003 0,000 0,001 0,001 0,000 0,000
€q
lonising radiation kBq U235 0,03 0,00 0,02 0,01 0,00 0,00
€q
Agricultural land occupation m2a 0,00 0,00 0,00 0,00 0,00 0,00
Urban land occupation m2a 0,01 0,00 0,00 0,00 0,00 0,00
Natural land transformation m2 0,0001 0,0000 0,0001 0,0000 0,0000 0,0000
Water depletion m3 0,001 0,000 0,001 0,000 0,000 0,000
Metal depletion kg Fe eq 0,01 0,00 0,01 0,00 0,00 0,00
Fossil depletion kg oil eq 0,13 0,00 0,07 0,02 0,01 0,02

Table 9 ReCiPe Midpoint (H) V1.12 / World Recipe H, Characterisation per Unit 1 kg recycled cotton.
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4.4.2 Global Warming Potential (GWP)

IPCC* was used to assess the GWP in further detail. First out is an overview in Figure 11. (Note that
“top” represents all that is not in a group.) Hotspots can be derived to emission of CO2 from
combustion of fuel for Sea transport (heavy fuel oil), Land transport (diesel), Shredding (natural gas)
and Sorting (diesel in waste transport).

kg CO2 eq

Sorting

Shredding 7%
3%

Land transport
9%

Total
50%
Sea transport
28%
Top
3%
Figure 11 GWP in kg CO2 eq. / 1 kg recycled cotton fibre, per group.
Unit Total Top Seatransport Land transport Shredding Sorting
kg CO2 eq 0,381 0,023 0,210 0,068 0,027 0,052

Table 10 GWP in kg CO2 eq./ 1 kg recycled cotton fibre, per group.

For a detailed table of the process contribution please see Appendix 19.

4 1PCC 2013 GWP 100a V1.01
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As the table below describes, the most climate emissions are from the collecting of clothes (1:CO) and
a smaller share from the production of electricity used for shredding (at AM) and for waste treatment of
soiled textile.

Total 0,381 kg CO2 eq
Textiles ICO RecCotton 0,33 kg CO2 eq
AM Electricity 2014 0,0268 kg CO2 eq
Waste textile, soiled {GLO}| market for | Alloc Rec, U 0,0235 kg CO2 eq

Table 11 GWP for 1 kg recycled cotton, major contributions.

4.4.2.1 GWP for collecting clothes (1:C0O)
The details of the collecting (transports) show that the sea freight stands for half of the GWP and the
transport by trucks from stores to hubs stands for a quarter.

4.4.2.2 GWP for shredding (AM).

The important environmental aspect for shredding is electricity. The Global Warming Potential (GWP)
for the electricity produced at AM is with a life cycle perspective 768 g/kWh. The major contribution
85.7% is from the combustion at AM. Then the rest is from production and exploration of natural gas
(13.7 %), transport via pipeline (0.5 %) and production of gas turbine (0.06%)

105,
100,
Natural gas, high pressure {RoW}|
95, — — . market for | Alloc Rec, U
1 Gas turbine, 10MW electrical
X 90, 1 {GLO}| market for | Alloc Rec, U
35 H Transport, pipeline, long distance,
’ natural gas {GLO}| market for |
Alloc Rec, U
80, - B AM Electricity 2014
75, -
IPCC GWP 100a
Analysing 1 kWh 'AM Electricity 2014";
Method: IPCC 2013 GWP 100a V1.01 / Characterisation

Figure 12 GWP for electricity produced at AM.
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4.4.3 Water Scarcity

4.4.3.1 Water Scarcity
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Calculating the contribution to water scarcity is done with the method Hoekstra'® (Arjen Y. Hoekstra,
2011). A control (Checks) of missed (no index) water flows gives a total number of 0,013 m3 but none
of these contribute to water scarcity. Hotspots can be derived to water use for production of fuel for

Sea transport (heavy fuel oil) and Sorting (decarbonised water for waste treatment).
Sorting
Shredding 10%
0%
Land transport
9%

Total
50%
Sea transport
28%
Top
3%
Figure 13 Water footprint (Hoekstra) of 1 kg recycled cotton fibres.
Unit Total Top Seatransport Land transport Shredding
(m3)
m3 0,001216  5,78E- 0,000688 0,000223 4,13E-06

05
Table 12: Water footprint (Hoekstra) of 1 kg recycled cotton fibres.
For a detailed table of the process contribution please see Appendix 22.

4.4.3.2 Water Use

Sorting

0,000243

An analyses of all the inventory water give 0,635 m3/kg out of which most is turbine use (55%),

Cooling (1%) and raw material (44%).

15 Hoekstra et al 2012 (Water Scarcity) V1.02
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4.4.4 Primary Energy Demand (PED or CED)

Calculating the total use of non-renewable energy include the primary sources of energy and is done

with the method CED*® (Frischknecht R., 2003). Hotspots can be production of fuel for Sea transport
(heavy fuel oil), Land transport (diesel), Shredding (natural gas) and Sorting (diesel in waste
transport).

Primary Energy Demand (MJ) per 1 kg recycled cotton fibre.

7,00

6,00

5,00

4,00

3,00

2,00

1,00 .

m B

Total Sea transport Land transport Shredding Sorting

W Non renewable, fossil MJ W Non-renewable, nuclear MJ

Figure 14 Primary Energy Demand in MJ / 1 kg recycled cotton fibre, per group.

For a detailed table of the process contribution please see Appendix 23 and Appendix 24.

16 Cumulative Energy Demand V1.09
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4.4.5 Ozone depletion

Calculating the contribution to ozone depletion is done with the method ReCiPe Midpoint 17 . Hotspots
can be derived to emission of emission ozone destroying gases (Methane, bromotrifluoro-, Halon
1301) for Sea transport (heavy fuel oil) and Land transport (diesel).

Ozone depletion kg CFC-11 eq

Sorti
Shreddin orting
1%

7%

Land transport
11%

Total per 1 kg
cotton fibre
50%

Sea transport
31%

Top
0%
Figure 15 Ozone Depletion in kg CFC-11 eq / 1 kg recycled cotton fibre, per group.

For a detailed table of the process contribution please see Appendix 25.
For a table of the total impact contribution please see Appendix 20.

17 ReCiPe Midpoint (H) 1.12 Methods, World
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4.4.6 Acidification Potential (AP)

Calculating the contribution to ozone depletion is done with the method ReCiPe Midpoint 1. Hotspots
can be derived to emission of SO2 (sulphur dioxide) and NOx (Nitrogen oxides) from combustion of
fuel for Sea transport (heavy fuel oil).

Terrestria Jification kg SO2 eq
Land tra Shredd Sorzlng
39 1% | 3%

Total per 1 kg
cotton fibre
50%

42%

Sea transportf

Top
1%
Figure 16: Terrestrial acidification in kg SO2 eq./ 1 kg recycled cotton fibre, per group.

For a detailed table of the process contribution please see Appendix 26.
For a table of the total impact contribution please see Appendix 20.
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4.4.7 Eutrophication Potential (EP)

Calculating the contribution to ozone depletion is done with the method CMLS8. Hotspots can be
derived to emission of NOx (Nitrogen oxides) from combustion of fuel for Sea transport (heavy fuel oil).
Eutrophication kg PO4--- eq

Sorting
5%

Shredding

Land trar

Total
50%

Sea transport
36%

Top
3%
Figure 17: Eutrophication kg PO4--- eql kg recycled cotton fibre, per group.

For a detailed table of the process contribution please see Appendix 27.
For a table of the total impact contribution please see Appendix 21.
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4.4.8 Photo chemical Ozone Creation Potential (POCP)

Calculating the contribution to street level ozone creation is done with the method ReCiPe Midpoint 7
and CML8.

Hotspots can be derived to emission of NOx (Nitrogen oxides) from combustion of fuel for land
transport (diesel).

Photochemical oxidant formation kg NMVOC
. | Sorting
Shreddin

1% 6%

Land tre

5%

Total per 1 kg
cotton fibre
50%

Sea transport
37%

Top
1%
Figure 18: Photochemical oxidant formation kg NMVOC /1 kg recycled cotton fibre, per group.

For a detailed table of the process contribution please see Appendix 28.
For a table of the total impact contribution please see Appendix 20 and Appendix 21.
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4.4.9 Toxicity

Calculating the contribution to toxicity (eco and human) is done with the method USETox8.

Normalisation indicate that Human Toxicity Cancer, is best representing the issues.
0,0003

0,0003 +———

0,0002 -

0,0002 -

0,0001 -

0,0001 -

Human toxicity, cancer Human toxicity, non- Freshwater ecotoxicity
cancer

Sorting
B Shredding
M Land transport

M Sea transport
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Figure 19: Toxicity Normalised / 1 kg recycled cotton fibre, per group.

Impact category Unit Total

Human toxicity, cancer CTUh 8,58E-09
Human toxicity, non-cancer CTUh 4,75E-08
Freshwater ecotoxicity CTUe 1,237112

Table 13 Toxicity in CTU /1 kg recycled cotton fibre

For a detailed description of the method please see Appendix 4
For a detailed table of the process contribution please see Appendix 28.
For a table of the total impact contribution please see Appendix 20.

18 USEtox (recommended + interim) 1.04

19 The characterisation factor for human toxicity (Human Toxicity Potential) is expressed in
Comparative Toxic Units (CTUh/kg), providing the estimated increase in morbidity in the total human
population per unit mass of a chemical emitted (cases/kg), assuming equal weighting between cancer

and non-cancer due to a lack of more precise insights into this issue.

The characterisation factor for aquatic ecotoxicity (Ecotoxicity Potential) is expressed in Comparative
Toxic Units (CTUe/kg) and provides an estimate of the potentially affected fraction of species (PAF)
integrated over time and volume per unit mass of a chemical emitted (PAF m3.day/kg).
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4.5 Reference system, PE virgin Cotton

Allocation is 84% lint cotton and 16% fibre (seed). However, this is highly dependent on market prices,
which fluctuate from 75-90% to lint. Note that it is the result in column with Cotton Fiber that should be
compared to the recycled fibre.

Table 25

Global Average LCIA Results for Cotton Fiber, Knit Fabric and Woven Fabric

Impact Category Abbreviation Cotton Fiber Knit Fabric Woven Fabric
[1,000 kg) [1,000 kg] [1,000 kg]
Acidification [kg S02-Equiv.] AP 18.7 61.4 72.0
Eutrophication EP 3.84 1286 126
[kg Phosphate-Equiv.]
Global Warming * [kg CO2-Equiv.] GWP 268 9,070 8,760
Ozone Depletion [kg R11-Equiv.] ODP 7.60E-06 2.66E-05 3.07E-05
Smog Creation [kg Ethene-Equiv.] POCP 0.408 3.6 4,06
Energy from Fossil Sources [MJ] PED 15,000 114,000 110,000
Water Use [m?] Water 2740 16,100 17,500
Water Consumption [m?] Water 2120 49.4 67.2

* Cotton fiber is approximately 42% carbon, thus there are 1540 kg CO2-Equiv. stored in 1,000 kg of fiber that is then released at end of life.
Table 14: Reference values for virgin cotton fibres (Cotton Incorporated and PE International, 2012).
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4.5.1 Global Warming Potential (GWP)

The study created a reference system to detect impacts that would occur even if the agriculture all and
were uncultivated (not used by humans). These differences are credited back to the cotton system.
The Climate impact is 268 kg CO2eq/1000 kg cotton +1540 kg CO2 eq stored?° in 1000 kg cotton
released at end of life (1,808 kg CO2-eg/1000 kg cotton). Credit of 1540 kg CO2 eq. for the carbon
stored in fibre during agricultural phase (not represented in Figure 20). The organic cotton study
(International, 2014) cites the total carbon, including that in the fibre, for their comparison.

The largest GWP contributions is the fertilizer production and field emissions.

Post-harvest contributions emissions are from process energy, transportation, and packaging.
Fertilizer surplus from cotton cultivation is treated as credit for next crop (avoided production of mineral
fertiliser).

4.5.1.1 Expertopinions

An expert (Merja, 2016) on LCA models for agricultural systems was consulted regarding “allocation
for crop- rotation”.

- “There should not be any biogenic carbon calculation in the case of cotton. The whole amount of
fertilizer is usually allocated to the crop in question. Allocating to the next crop is wrong. Yes, if it is no
reason to include entire crop rotation in the consideration, but it would be another matter and in
general there is not enough knowledge to do so”.

Another expert (Schmidt, 2016) on LCA models for consequential perspective was consulted
regarding “inclusion of CO2 uptake and biogenic emission”.

- “There should not be either CO2 uptake or any biogenic carbon calculation in the case of cotton
products, instead it evens out. An alternative is to include CO2 uptake and CO2 emissions in the End
of Life. But for the comparison “cradle to gate” it is relevant show that agricultural products do not use
as much fossil CO2 as oil based fibres.”

The author (Thylmann, 2016) of the reference study (Cotton Incorporated and PE International, 2012)
was also consulted.

- “The values given in COTTON INC. 2012 are considering the carbon uptake in the product (1540 kg
CO2 per 1000kg, resulting in a value of 268 kg CO2-equiv. per 1000 kg of lint cotton). As cotton is a
short-lived consumer good, this carbon dioxide is released later at the end-of-life in the product, so
that it is only temporarily stored. This is why the carbon uptake is not considered in the impact
assessment and is not declared in the organic cotton study (International, 2014). The GWP impact
method used in this study refers to a time frame of 100 years (GUINEE ET AL. 2001). Assuming a
lifetime of the fibre of 10 years (highly uncertain value because of the different use patterns of textiles),
10% of the carbon stored in the product could be credited as a reduction in global warming potential.
That is a potential reduction in GWP of 154kg, or 15%. However, given the large uncertainty of the
expected lifetime of the final product, as a conservative approach the temporal storage of CO2 in the
product is not considered in the results shown below.”

Lately PRé changed the way they deal with Carbon uptake. SimaPro used to take the uptake of biotic
CO2 plus the release of this carbon into account, just as this was done in Ecoinvent up to version 1.2.
Ecoinvent changed this and now ignores the uptake, but also does not include the release of biotic
CO2 and CO. The ReCiPe (ReCiPe method, 2016) method follow the latter principle in ReCiPe and
most other SimaPro methods. For a LCA the result is the same, for a it
is not.

Another expert (Doka, 2016) says — “that IPCC guidelines for national annual reporting of greenhouse
gases, state that sources and sinks of biogenic releases *can* (not must) be ignored, as the cycle time
is usually small and uptake and release would cancel each other out.

20 Sequestration or CO2 uptake
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But in LCA | would say you inventory a CO2 uptake when you have a /physical //process/ where a
CO2 uptake is actually taking place. If that sink process is outside your system boundaries (for
instance because you are looking at disposal of paper, starting with the waste) then you should
respect those system boundaries and report the results you find with them.”

4.5.1.2 Conclusion
In accordance to the iso standard the attributional perspective should not take credit for next crop if the
system is not being expanded, or that the input from previous agriculture is included as input.

In this LCA on recycled cotton, the issue of system boundaries is similar, but the other way around.
Production of the product has CO2 uptake. After a short period of use, the most common disposal
scenario is incineration. So it should even out. But the scope of the study is Cradle to gate and
comparing to another recycled material. With the reasoning of Gabo Doka, the CO2 uptake should be
used. But it would give a result that is lower than will actually occur in a full Life cycle. So it would
distort the results. Thus, since the sequestration is over a period that is short (less than the time
periods in IPCC of 100, 50 and 20 years) the CO2 uptake is excluded.

Another solution is system expansion, comparing 400 (example) times use jeans of virgin and recycled
cotton. The example is assuming that the jeans are used 200 times before disposed of either direct to
incineration or to recycling for one extra life before incineration. It would result in half as much
cultivation and incineration and one extra process of transport and recycling. Appendix 13

The methods for impact assessment deal with sequestration and biogenic CO2 in different ways if one
interprets what indexes that are included (in SimaPro). The method IPCC does not treat biogenic CO2
and fossil differently (the burning of cotton emits CO2 no matter if it is biogenic or fossil. The CO:
uptake (sequestration) should be excluded. The GHG method on the other hand include sequestration
and biogenic emissions if reported separately.

So to be consequent the reference value for GWP on conventional cotton fibre is 1,808 kg CO2-
€0g/1000 kg cotton) + 150 kg CO2-eq/1000 kg cotton for the surplus of fertilizer (estimated from Figure
20). Total: 1958 kg CO2-eq/1000 kg cotton)

The corresponding figure for GWP on organic cotton fibre is 978 kg CO2-eq/1000 kg cotton)
(International, 2014).
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Figure 20

Global Warming Potential [kg CO2 eq./1,000 kg of Cotton Fiber]
by Contributors

2,000 — W Transport
W Seed Production
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Manufacture
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400 —
-800 ~
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Figure 20 GWP for conventional cotton fibre (Cotton Incorporated and PE International, 2012)
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4.5.2 Water Scarcity

Two terms are used, water use and water consumption. Neither of them is exactly the same as water
scarcity. A reason for not using water scarcity is presumable that the methods now available was not
widely accepted at the time.

This is explained at page 9 in the Cotton Inc. study.

- “Several new metrics to describe water use from an LCA perspective are in development; however,
presently there are two primary methods for modelling and reporting water and both were used for this
study:

Water Used (WU) refers to all of the water involved, both directly and indirectly, in any phase of a
product’s life. WU includes the groundwater, river and surface water used for irrigation during cotton
cultivation and the water used for wet processing during the textile manufacturing phase. WU also
includes the cooling water diverted during electricity (energy) production. It can be considered the
gross amount of water used.

Water Consumed (WC) also consists of both direct and indirect water and is defined as the water that
leaves the watershed from which it was drawn. In cases where water is returned to the same
watershed, such as for treated wastewater from textile processes and consumer laundering, a credit is
applied. In the case of irrigation water, it is considered to be 100% consumed since the water taken up
by the cotton plant evaporates and falls later as rainfall into a different watershed or into the ocean
and therefore no credit is applied. WC can be thought of as the net amount of water used.

To further illustrate both definitions, consider the direct water used and consumed during the
laundering of a shirt. WU can be thought of as all the water that goes through the washing machine
during the wash cycle. WC can be thought of as the amount of water that was retained in the shirt and
then evaporated during drying. The indirect water associated with the production of the electricity
needed to run the washing machine would be added to both WU and WC. In power generation a
portion of the indirect water is returned to the same watershed so a credit would be given for this water
in the WC calculation.”

Water use-2,740 m3 water/1,000 kg of cotton
e Consists of ground water, river and surface water used for cotton irrigation.
o 80% used directly for irrigation. » Cooling water evaporated during electricity production and
other indirect uses also included in the water use

Water consumption — 2,120 m3 water/1000 kg cotton
e lrrigation is main source of water consumed in the fibre phase
e Additional water consumption takes place in upstream processes, especially in the provision
of energy.

Not included - 7,000 m3 of water/1,000 kg of global average cotton from precipitation to field.
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Figure 16 Figure 17
Water Usage in Cotton Production Water Consumption in Cotton Production
[m?/1,000 kg Cotton Fiber] by Water Source [m?/1,000 kg Cotton Fiber]
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Figure 21 Conventional cotton, Water scarcity (Cotton Incorporated and PE International, 2012)

4.5.3 Primary Energy Demand (PED or CED)

Primary energy demand?! (non-renewable) -15,000 MJ/1000 kg cotton
e Main contributors: fertilizer production processes (37%) followed by post-harvest (27%),
irrigation (21%), and tractor operations (19%).
o Fertilizer for next crop provide credit, about 10% of the PED used
¢ Between-season losses due to volatilization and leaching of nitrogen were accounted for with
PE cultivation model.

4.5.4 Ozone depletion

Ozone depletion — 7.60E-06 kg R11-eq /1000 kg cotton
e ODP emissions are usually minimal and related to electricity production, in this case for
fertilizer production, pesticide production, post-harvest, and the nutrient allocation in crop
rotation
¢ Inaddition, R11, R12, R22, and R114 emissions occur (at negligibly small rates) during
fertiliser and pesticide production.

4.5.5 Acidification Potential (AP)

Acidification- 18.7 kg SO2-eq / 1000 kg cotton

AP strongly affected by ammonia (NH3) field emissions and field operations. Post-harvest operations
from combustion of fossil fuels and the disposal of packaging materials.

Significant contribution from irrigation and tractor operations due to nitrogen oxides.

Processes related to pesticide and seed production essentially no contribution to AP

21 PED is also known as Cumulative Energy Demand (CED)
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4.5.6 Eutrophication Potential (EP)

Eutrophication - 3.84 kg Phosphate -eq/1000 kg cotton
Potential leaching of nitrate (NO3-) into groundwater was the main contributor.

Figure 19

Eutrophication Potential [kg PO43- eq./1,000 kg of Cotton Fiber]
by Contributors

s ® Transport
» Field Fuel Use
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?_J

EP
Figure 22 Conventional cotton, eutrophication (Cotton Incorporated and PE International, 2012)
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4.5.7 Photo chemical Ozone Creation Potential (POCP)

POCP / Smog creation — 0.408 kg Ethene —eq /1,000kgcotton
Non-Methane Volatile Organic Compounds (NMVOCSs), 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.
Further Sources-Nitrous oxide emissions resulting from the natural degradation of mineral and

organic fertilizer nitrogen in and on the soil.
Negative values (e.g., Crop Rotation, Field Emissions) due to cause and effect relationships
between nitrogen monoxide (NO) emissions and the POCP. According to CML method, NO

emissions have positive (reductive) effect on creation of ozone (O3).
Figure 22

Photochemical Ozone Creation Potential [kgC2H4 eq./1,000 kg

of Cotton Fiber] by Contributors
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Figure 23 Conventional cotton, POCP (Cotton Incorporated and PE International, 2012)

4.5.8 Toxicity

Toxicity (eco and human) is discussed but no results reported due to limitations, uncertainties and

implausibility of the USEtox model.
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4.6 Reference system, Ecoinvent, virgin Cotton

Allocation is 84% lint cotton and 16% fibre (seed).

4.6.1 Global Warming Potential (GWP)
The Climate impact is 3310 kg CO2eq/1000 kg cotton

4.6.2 Water Scarcity
The water scarcity, “contribution to fresh water depletion is 2750 m3 WSI /1000 kg cotton

The total use of water as raw material was summed up from the inventory to 10801 m3 per 1000 kg

cotton. But as you can see in Figure 24 most of the turbine water is released back to the environment
immediately. Thus there is not really an impact of turbine water in the balance.

Water m3 per 1000 kg cotton fibre
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Figure 24 The water balance for virgin cotton fibre on a global market.

4.6.3 Primary Energy Demand (PED or CED)
Primary energy demand?? (non-renewable) -38675 MJ/1000 kg cotton.

22 PED is also known as Cumulative Energy Demand (CED)
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Figure 25 Primary energy demand for Virgin Cotton in reference system Ecoinvent and the impact
assessment method CED 16,

4.6.4 Ozone depletion
Ozone depletion — 3.25E-04 kg CFC-eq /1000 kg cotton

4.6.5 Acidification Potential (AP)
Acidification- 36.3 kg SO2-eq / 1000 kg cotton

4.6.6 Eutrophication Potential (EP)
Eutrophication — 1,27 kg Phosphate -eq/1000 kg cotton

4.6.7 Photo chemical Ozone Creation Potential (POCP)

POCP / Smog creation 0,88 kg Ethene —eq /1,000kgcotton 8. (ReCiPe Midpoint gives 14,5 kg
NMVOC).

4.6.8 Toxicity

Toxicity (cancer) is calculated with the USEtox model to 0,000138 CTUh per 1000 kg cotton fibre.
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4.7 Comparison with reference system

The dominant environmental impact is on Human Toxicity, Climate change, Particulate matter and
Fossil depletion. And the aspect water use.
The most relevant environmental effects for conventional cotton is Occupation of land, Water use,
Water scarcity, Human Toxicity, Climate change and Fossil depletion.
The most relevant and comparable environmental effects categories are Water use, Climate change

and Fossil depletion.
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Aspect Abbrevia Unit PE- virgin Ecoinvent H&M -
tion cotton fibre - virgin Recycled

cotton cotton
fibre fibre

Water use (and water m3 2740 (2120) 10801 63523

consumption)

Water Scarcity water m3 2750 1,2

Climate impact GWP Kg CO2-eq 1958 (2682) 3310 381

(excluding

sequestration?* and

crop rotation?)

Chemical use (toxicity)  TOX CTUh?® 1,4E-4 8,6E-6

Acidification AP Kg SO2-eq 18,7 36,3 4,527

Eutrophication EP Kg PO4-eq 4,04 1,27 0,58%

(excluding crop

rotation?®)

Ozone depletion oD Kg R11-eq 7,6E-6 3,25E-4 5,5E-5

Smog creation POCP Kg ethene- 0,558 0,88 0,17

(excluding crop eq

rotation3°)

Primary energy (fossil) PED MJ 15000 3469931 574932

(CED)
Occupation of land land use  m?2 853033 12

Table 15 Comparison in results of all aspects with reference system (per tonne).

In the diagrams below, the environmental impact of recycled cotton is divided per the same value of

virgin cotton.

23 Turbine use of water.

24 Estimated to - 1540 kg CO2

25 Estimated to - 150 kg CO2

26 QOriginal value for cotton fibre Cradle to gate, including CO2 uptake and cropratation.
27 Terrestrial Acidification

28 Estimated to - 0,2 kg PO4*

29 Fresh water Eutrophication

30 Estimated to -0,15 kg Ethene

31 Fossil excluding nuclear that is 3973 MJ per tonne (for the sake of comparison)

32 Fossil excluding nuclear that is 211 MJ per tonne (for the sake of comparison).

33 Agricaltural land occupation
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Comparable and relevant, relative PE, virgin cotton.

Primary energy (fossil)
Smog creation

Ozone depletion
Eutrophication
Acidification

Climate impact

Water use (and consumption)

TTTr[TT

0% 500% 1000% 1500% 2000% 2500% 3000% 3500% 4000% 4500%
B Recycled cotton fibre M Ecoinvent - virgin cotton fibre M PE - Virgin cotton fibre

Figure 26 Comparison of only the relevant and comparable environmental effects.

Comparable, absolut figures

Primary energy (fossil)

Climate impact

Water use (and consumption)

0 5000 10000 15000 20000 25000 30000 35000 40000
B Recycled cotton fibre H Ecoinvent - virgin cotton fibre M TE - Virgin cotton fibre

Figure 27 Comparison of all environmental effects, in absolute figures.
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Comparable, absolut figures

Smog creation

Eutrophication

Acidification

0 5 10 15 20 25 30 35 40
B Recycled cotton fibre B Ecoinvent - virgin cotton fibre B TE - Virgin cotton fibre

Figure 28 Comparison of Smog, Eutrophication and Acidification, in absolute figures.

Comparable, absolut figures

Ozone depletion

0 0,00005 0,0001 0,00015 0,0002 0,00025 0,0003 0,00035
B Recycled cotton fibre H Ecoinvent - virgin cotton fibre M TE - Virgin cotton fibre

Figure 29 Comparison of Ozone depletion, in absolute figures.
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5 Life Cycle Interpretation

The life cycle interpretation phase of an LCA or an LCI study comprises several elements as
Depicted in Figure30, as follows:
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Identification of the significant issues based on the results of the LCI and LCIA phases

of LCA;
An evaluation that considers completeness, sensitivity and consistency checks;
Conclusions, limitations, and recommendations.

The relationship of the interpretation phase to other phases of LCA is shown in Figure30.

Life cycle assessment framework
/ Goal and ™, Interpretation
»|  scope 4 = —'
. definition_/ Evaluation by
Identification E mmteness
of — check,“ ,
. < - sensitivity check;
~ T sn_gmﬂwnt - consistency
—>‘ Inventory 1\ Issues check,
\ analysis | 1 | g ~ other checks. Direct
33 % Applications:
- Product
\4 development
and
improvement;
== Conclusions, limitations and recommendations L@ | — Strategic
/Impact Y ‘ ] plannipg; '
™ | assessment s / - Public policy
N = making;
— Marketing;
- Other.

Figure30, Relationships between elements within the interpretation phase with the other phases of LCA

The interpretation shall also consider the following in relation to the goal of the study:

The appropriateness of the definitions of the system functions, the functional unit and
system boundary;
Limitations identified by the data quality assessment and the sensitivity analysis.

The documentation of the data quality assessment, sensitivity analyses, conclusions and any
Recommendations from the LCI and LCIA results shall be checked.

The LCI results should be interpreted with caution because they refer to input and output data and not

to environmental impacts. In addition, uncertainty is introduced into the results of an LCI due to the
compounded effects of input uncertainties and data variability. One approach is to characterize
uncertainty in results by ranges and/or probability distributions. Whenever feasible, such analysis
should be performed to better explain and support the LCI conclusions.
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5.1 Completeness check

The specific process for recycling cotton is compared to a broad average of conventional cotton. It
would be complete to create scenarios where the cotton is recycled in different countries. Different
wages could imply different solutions. The energy mix would also affect much. The distances for
transport would not change dramatically as an average. Also recycling in the country of collection
would imply much less transport and lower environmental impact if the fibres are also used in that
region for new products.

Some of the environmental effect categories was not possible to compare with the reference system.
The major ones being water scarcity, occupation of land and toxicity. All of these would point in the
direction that recycling is even more important.
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5.2 Sensitivity check

The objective of the sensitivity check is to assess the reliability of the final results and conclusions by
Determining how they are affected by uncertainties in the data, allocation methods or calculation of
category indicator results, etc.

In a sensitivity check, consideration shall be given to

The issues predetermined by the goal and scope of the study,
The results from all other phases of the study, and
Expert judgements and previous experiences.

The output of the sensitivity check determines the need for more extensive and/or precise sensitivity
analysis as well as shows apparent effects on the study results.

5.2.1 Sensitivity Recycled cotton

Is only conducted for the choice of textile origin as it may affect the GWP for transport. When origin
with the longest distance (US) is excluded it gives 5% lower results on GWP (438 gram CO2
equivalents instead of 461). Excluding also Russia and Israel gives only 381 gram CO2 equivalents.

120
100
80
X 60 -
H Baseline
a0 - B US excluded
20 -
IPCC GWP 100a
Comparing 1 kg 'Baseline' with 1 kg 'US excluded';
Method: IPCC 2013 GWP 100a V1.01 / Characterisation

Figure 31 Scenario in GWP for change in transport.
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5.2.2 Sensitivity in reference system
Is only conducted for spinning and consumer use assumptions. Thus not for cotton fibre.
For the comparison of the PE study with the H&M project it is very relevant to show the effect of the
assumptions to include sequestration and allocation to other crops. Using the assumptions in the
reference study would change the result regarding climate change but not the overall environmental
impacts.

Effect category Unit Reference Excluding Excluding sequestration

study (PE) sequestration and crop rotation

Climate impact Kg CO2-eq 268 1808 1958

(GWP)

Eutrophication Kg PO4-eq 3,84 4,04

(EP)

Figure 32 Scenario for changes in assumption in reference study.

The high value of ozone depletion is a merely an effect of differences in background data. It is much
different in Ecoinvent data for cotton for comparison. Than ozone depletion is also lower for the
recycling also. Thus ozone depletion cannot be used as the basis for comparison.

5.3 Consistency check

The collected and generic data is consistent in the two major parts of the system. But in comparison to
the reference system that one is using an average of collected data.

The goal to know if recycled cotton has substantially lower environmental impact, is partially fulfilled by
comparing conventional farming to recycling. To have a complete picture a consequential perspective
would be necessary.

Regional data on environmental aspects has been used and the impact assessment has employed a
world perspective. Indeed, local environmental effect could be normalised to background environment
and recipients. But for the global environmental effects it is clearly representative.

Allocation rules has been the same throughout the study but not the reference system has been
adjusted to have a consistent basis for comparison. However, it is not clear if, in the reference system,
allocation is made to recycled content or not. It is estimated not to have a big impact on the reference
system but it would have a big effect on the system for recycling cotton.

Also, the allocation to reused clothes and recycled fabric is made on physical basis. Economic
allocation would significantly affect the results. But it would also be much more sensitive to specific
cases due to that the value of reused clothes depends much on the selection of clothes and market
place.

The elements of impact assessment have been consistently applied.
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5.3.1 Shredding

The environmental aspect electricity production for the shredding of textile is a key parameter. Thus it
was tested against the option of using electricity from the grid and comparing it to a similar production.
The result below, show that the internal electricity production is a better option than the grid and that
the LCA model is consistent to generic data.

The emission of CO2 per kWh natural gas is 162 g/kWh which can be put in relation to 190 g/kWh
used in the UK study on cotton from US and Turkey (Julian Allen, 2005). The average in Sweden is
204.8 g/kWh (Naturvardsverket (Swedish EPA), 2015). The variations are rather large but can
probably be derived to differences in system boundaries and used indexes. However, the values are
close enough to know that the order of magnitude is correct.

450,
Fossil depletion
400, .
Metal depletion
350, Natural land transformation
300, Urban land occupation
250, Agricultural land occupation
B Marine ecotoxicity
200, -
M Freshwater ecotoxicity
150, Terrestrial ecotoxicity
100, = Freshwater eutrophication
50 m Terrestrial acidification
H Climate change Ecosystems
0, T
AM Electricity 2014 Electricity, medium  Electricity, low M lonising radiation
voltage {RU}| voltage {IN}| W Particulate matter formation
natural gas, burned market for | Alloc
in gas turbine, for Def, U m Photochemical oxidant formation
compressor station B Human toxicity
| Alloc Def, U

Figure 33 Comparison of the environmental impact (ReCiPe Endpoint) for electricity production at
internally at AM, generic Ecoinvent data for Russian el from natural gas and the grid in India.
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5.4 Conclusions, limitations and recommendations

The conclusions below are valid within the frame of the of the study;
- This study is looking into the environmental aspects of mechanical recycling of cotton textile.
However, it does not consider other scenarios for used textile.

Collecting clothes and recycling cotton mechanically has a considerable potential to lower the overall
environmental impact on the most important effect categories (though not an all). The result is limited
to the aspects that has been possible and relevant to compare,

. However, none of these aspects would point in the other direction. Rather it would
strengthen the case for recycling.

The result is limited in validity due to how the environmental impacts are allocated between recycled
and reused clothes. For different product segments and markets that would mean a varying value. But
the used allocation can be interpreted as a worst case as the price of recycled fabric is much lower
that the price of resalable clothes (Torring, 2015).

A recommendation is to change the perspective for the comparison. Instead of comparing per the
functional unit (FU) 1 kg fibre ready for spinning, it would be more constructive to use the FU X times
of using 1000 kg product of virgin and recycled cotton. In an example where X is 400 (2 life cycles) it
would result in half as much cultivation and incineration and one extra process of transport and
recycling. Adding the GWP indicate that the potential contribution of recycling in one extra loop, is
roughly 40% lower climate impact.

However, it is important to keep in mind that the washing and drying clothes are the most important
phase of the life cycle.

5.4.1 Improvement opportunities of logistics

The impacts of transporting collected clothes are significant. Thus it is proposed to recycle closer to
the point of collection in order to reduce the impacts. A recycling closer to the place of collection
makes sense only if also the next stage of using the fibres is not far away. To consider this the system
boundary of the LCA could be improved. It should be expanded to the gate of the “NEXT production
stage”.

This report uses the perspective of H&M. North-west India and South-east Pakistan is a region
suitable for textile production from both virgin and recycled fibre, due the abundance of good quality
cotton, skilled denim producers and low salaries. That implies that expanding the system boundary
would only marginally effect the results.

However, it is also realised in this study that collected textile for recycling is a bi-product of collected
textile for reuse which has more economic margins. Considering the whole system including the
market for reused textile, would imply different geographic points of the "NEXT production stage".
Further it would require economic allocation between textile for reuse and textile for recycling.

5.4.2 Improvement opportunities of sorting

Collecting clothes for reuse is very profitable. The rest of the material will be shredded. If it contains
elastic polymers or strong plastic materials, it may cause significant down time of machines. To avoid
risks of this the cotton recycling is relying on sorting out jeans legs and cutting out the metals and
three layer seams. A suggestion is that sorting jeans upstream (in store) would reduce the need for
sorting down streams and thus improve the process a lot.
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Appendix 1, Methods for Impact Assessment

Classification

Classification means that all categories of data are sorted into different categories of environmental
effects. Readymade methods for this have been used in order to evaluate a broader perspective and
find the most potential categories.

The aim with the characterisation is to quantify each element’s contribution to the different categories
of environmental effect, respectively. To do this, each category of environmental effect is multiplied
with characteristic factors which are specific for the data- and the category of environmental effect.
The result from the characterisations gives answer about what or which emissions that leads to a
significant environmental influence. For each characteristic factor calculates the potential
environmental influence which could arise if an element released to the environmental or if a resource
is consumed.

Classification and characterisation is where all items in the inventory are assigned to the effect it is

likely to have on the environment (Baumann & Tillman, 2004).
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Figure 34 lllustration of the Impact Assessment of an LCA

When this link is determined, we call it an environmental aspect. This environmental aspect has to be
linked between the environment and the process before you can say that it is established and that the
process is unsustainable. In the early stages of Lifecycle Assessment substances that were found in
the inventory was assigned to environmental aspects. In order to reach for the ultimate goal of
sustainability, it is important also to describe the local and global environment. Environmental aspects
that may have an impact are located and after that, the link to the inventory and to the process path
features may be analysed and established.
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Weighting

The results of an LCA may depend on the method for impact assessment. There are a few different
models to assist in assessment of the environmental impacts connected to the life cycle e.g. ecological
scarcity (ECO), the environmental theme method (ET), ECO indicator (El), ReCiPe and the
Environmental Priority Strategies in Product Design (EPS) method.

Weighting method implies that all of the data classes are weighted together so that only one number is
expressed for the weighting method. To do a weighting, different data categories are weighed from
some form of valuations principle. The basis of a valuation could be either individual or a community’s
political and/or morality valuations. The weighting expresses the relation between values in the
community and variations in the nature. The more effect or deviation an environmental aspect has
from the valuations, the higher weighting value gets the environmental aspect [Lindahl et al. (2002)].
The basis of valuations which are used to develop a weighting method could be; political decisions,
technical-financial conditions, nature conditions, effects of the health, panels, and studies of
behavioural patterns. In a weighting method, there are either only one of this valuation basis or it will
be a combination of these valuation bases. Since the basis of valuations varying for each weighting
method, a comparison between different methods will give a shifting in the result [Lindahl et al.
(2002)].

The mostly used weighting methods are collected in the book “The Hitch Hiker's Guide to LCA”,
written by Baumann H. & Tillman A-M. (2004), and the most important are presented below:
Ecoindicator’99: is a weighting method based on the distance-to-target principle and the target is
established as environmental critical loads 5 % ecosystem degeneration, or similar. Ecoindicator'99
are determined from three different cultural perspectives; hierarchism, egalitarian and individualist. An
average value from the three cultural perspectives has been calculated and is used in this study.
Ecoindicator'99 is based on Goedkoop and Spriensma (1999) (Baumann & Tillman, 2004).

EPS 2000 is different from the two other weighting methods above in that case that it is not based on
the distance-to-target principle. Instead this method is based on the willingness-to-pay for avoiding
damages on environmental safeguard subjects. The EPS method is especially suitable for assessment
of global impacts, such as climate change potential and resource depletion. The EPS indices are
prepared by a group at Chalmers University of Technology and a steering committee from the industry
in Sweden.

EPD 2007: This method is to be used for the creation of Environmental Product Declarations or
(EPDs), as published on the website Swedish Environmental Management Council (SEMC)
www.environdec.com. The original document is titled: "Revision of the EPD® system into an
International EPD®’. In the standard EPDs one only has to report on some specific impact categories.
Specific product category guidelines may require extra information.

The ReCiPe method is the most recently updated, the most comprehensive and best adapted to the
environmental effects that are relevant in the area (Europe). ReCiPe is a life cycle impact assessment
method which comprises harmonised category indicators at the midpoint and the endpoint level.
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Appendix 2: ReCiPe

ReCiPe LCIA Methodology Life cycle assessment (LCA) is a methodological tool used to quantitatively
analyse the life cycle of products/activities. ISO 14040 and 14044 provide a generic framework.

After goal and scope has been determined, data has been collected, an inventory result is calculated.
This inventory result is usually a very long list of emissions, consumed resources and sometimes other
items. The interpretation of this list is difficult. An LCIA procedure, such as the ReCiPe method is
designed to help with this interpretation.

The primary objective of the ReCiPe method is to transform the long list of inventory results, into a
limited number of indicator scores. These indicator scores express the relative severity on an
environmental impact category. In ReCiPe we determine indicators at two levels:

Eighteen midpoint indicators
Three endpoint indicators

ReCiPe uses an environmental mechanism as the basis for the modelling. An environmental
mechanism can be seen as a series of effects that together can create a certain level of damage to for
instance, human health or ecosystems. For instance, for climate change we know that a number of
substances, increases the radiative forcing, this means heat is prevented from being radiated from the
earth to space. As a result, more energy is trapped on earth, and temperature increases. As a result of
this we can expect changes in habitats for living organisms, and as a result of this species may go
extinct.

From this example it is clear that the longer one makes this environmental mechanism the higher the
uncertainties get. The radiative forcing is a physical parameter that can be relatively easily measured
in a laboratory. The resulting temperature increase is less easy to determine, as there are many
parallel positive and negative feedbacks. Our understanding of the expected change in habitat is also
not complete, etc.

Low (very) high
uncertainty uncertainty
) IPCC Temp increase
equivalency | mmmp | And risk of )
- factors specie extinction

Figure35: Example of a harmonised midpoint-endpoint model for climate change, linking to human health
and ecosystem damage.

So the obvious benefit of taking only the first step is the relatively low uncertainty.

ReCiPe combines mid- and endpoints

In ReCiPe we indeed calculate eighteen of such midpoint indicators, but also calculate three much
more uncertain endpoint indicators. The motivation to calculate the endpoint indicators is that the large
number of midpoint indicators is very difficult to interpret, partially as there are too many, partially
because they have a very abstract meaning. How to compare radiative forcing with base saturation



Report-75
(UMILJOGIRAFF

Life Cycle Assessment of recycling cotton
Page 67

numbers that express acidification? The indicators at the endpoint level are intended to facilitate easier
interpretation, as there are only three, and they have a more understandable meaning
The idea is that each user can choose at which level it wants to have the result:

Eighteen robust midpoints, that are relatively robust, but not easy to interpret

Three easy to understand, but more uncertain endpoints:

Damage to Human health

Damage to ecosystems

Damage to resource availability

The user can thus choose between uncertainty in the indicators, and uncertainty on the correct
interpretation of indicators.

The figure below provides the overall structure of the method
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Table 16: Impact category name and unit in ReCiPe (Goedkoop, 0.a., 2009)

Impact category name

Climate change CC

Ozone depletion OD

Terrestrial acidification TA
Freshwater eutrophication FE
Marine eutrophication ME
Human toxicity HT
Photochemical oxidant formation
POF

Particulate matter formation PMF
Terrestrial eco toxicity TET

Freshwater eco toxicity FET
Marine eco toxicity MET

lonizing radiation IR
Agricultural land occupation
ALO

Urban land occupation ULO
Natural land transformation NLT
Water depletion WD

Mineral resource depletion MRD
Fossil resource depletion FD

Indicator name

infra-red radiative forcing
stratospheric ozone concentration
base saturation

phosphorus concentration
nitrogen concentration
hazard-weighted dose
Photochemical ozone
concentration

PM10 intake

hazard-weighted concentration

hazard-weighted concentration
hazard-weighted concentration

absorbed dose
Occupation

Occupation
Transformation
amount of water
grade decrease
upper heating value
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Unit

kg (CO2 to air)

kg (CFC-115 to air)

kg (SO2 to air)

kg (P to freshwater)

kg (N to freshwater)

kg (14DCB to urban air)
kg (NMVOCS to air)

kg (PM10 to air)

kg (14DCB to industrial
soil)

kg (14DCB to
freshwater)

kg (14-DCB7 to marine
water)

kg (U235 to air)

m2xyr (agricultural
land)

m2xyr (urban land)

m2 (natural land)

m3 (water)

kg (Fe)

kg (oil)

At the endpoint level, most of these midpoint impact categories are further converted and aggregated
into the following three endpoint categories:

Damage to human health (HH)

Damage to ecosystem diversity (ED)

Damage to resource availability (RA)

Climate change: Climate change causes a number of environmental mechanisms that affect both the
endpoint human health and ecosystem health. Climate change models are in general developed to
assess the future environmental impact of different policy scenarios. For ReCiPe 2008, we are
interested in the marginal effect of adding a relatively small amount of CO2 or other greenhouse
gasses, and not the impact of all emissions.

Ozone layer: The characterisation factor for ozone layer depletion accounts for the destruction of the
stratospheric ozone layer by anthropogenic emissions of ozone depleting substances (ODS). These
are recalcitrant chemicals that contain chlorine or bromine atoms. Because of their long atmospheric
lifetime, they are the source of Chlorine and Bromine reaching the stratosphere. Chlorine atoms in
chlorofluorocarbons (CFC) and bromine atoms in halons are effective in degrading ozone due to
heterogeneous catalysis, which leads to a slow depletion of stratospheric ozone around the globe.

Acidification: Atmospheric deposition of inorganic substances, such as sulphates, nitrates, and
phosphates, cause a change in acidity in the soil. For almost all plant species there is a clearly defined
optimum of acidity. A serious deviation from this optimum is harmful for that specific kind of species
and is referred to as acidification. As a result, changes in levels of acidity will cause shifts in species
occurrence (Goldcorp and Spriensma, 1999, Hayashi et al. 2004). Major acidifying emissions are NOX,
NH3, and SO2
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Eutrophication: Aquatic eutrophication can be defined as nutrient enrichment of the aquatic
environment. Eutrophication in inland waters as a result of human activities is one of the major factors
that determine its ecological quality. On the European continent it generally ranks higher in severity of
water pollution than the emission of toxic substances. Aquatic eutrophication can be caused by
emissions to air, water and soil. In practice the relevant substances include phosphorus and nitrogen
compounds emitted to water and soil as well as ammonia (NH3) and nitrogen oxide (NOx) emitted to
air.

Toxicity: The characterisation factor of human toxicity and eco toxicity accounts for the environmental
persistence (fate) and accumulation in the human food chain (exposure), and toxicity (effect) of a
chemical. Fate and exposure factors can be calculated by means of ‘evaluative’ multimedia fate and
exposure models, while effect factors can be derived from toxicity data on human beings and
laboratory animals (Hertwich et al., 1998; Huijbregts et al., 2000).

Particulate matter formation: Fine Particulate Matter with a diameter of less than 10 pm (PM10)
represents a complex mixture of organic and inorganic substances. PM10 causes health problems as
it reaches the upper part of the airways and lungs when inhaled. Secondary PM10 aerosols are
formed in air from emissions of sulphur dioxide (SO2), ammonia (NH3), and nitrogen oxides (NOx)
among others (World Health Organisation, 2003). Inhalation of different particulate sizes can cause
different health problems.

Land occupation: The land use impact category reflects the damage to ecosystems due to the effects
of occupation and transformation of land. Although there are many links between the way land is used
and the loss of biodiversity, this category concentrates on the following mechanisms:

1. Occupation of a certain area of land during a certain time;

2. Transformation of a certain area of land.

Both mechanisms can be combined, often occupation follows a transformation, but often occupation
occurs in an area that has already been converted (transformed). In such cases the transformation
impact is not allocated to the production system that occupies an area.

lonizing radiation: This describes the damage to Human Health related to the routine releases of
radioactive material to the environment.

Water depletion: Water is a scarce resource in many parts of the world, but also a very abundant
resource in other parts of the world. Unlike other resources there is no global market that ensures a
global distribution. The market does not really work over big distances as transport costs are too high.
Extracting water in a dry area can cause very significant damages to ecosystems and human health.

Fossil depletion: The term fossil fuel refers to a group of resources that contain hydrocarbons. The
group ranges from volatile materials (like methane), to liquid petrol, to non-volatile materials (like coal).
There is a highly politicised debate on the availability of conventional (liquid) oil, and this makes it
difficult to obtain reliable unbiased data. The spectrum of views ranges from the Peak-oil movement
(www.aspo.org or peak-oil.com) to international organisations like the International Energy Agency
(IEA), or commercial organisations like the Cambridge Energy Research Agency (CERA). Therefore, it
is hard to determine the seriousness of the depletion of oil, and which model to use, for this category
the IEA model is used.

In ReCiPe 2008 it has been decided to group different sources of uncertainty and different choices into
a limited number of perspectives or scenarios, according to the “Cultural Theory” by Thompson 1990.
Three perspectives are discerned:

Individualist (1)
Hierarchism (H)
Egalitarian (E)
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These perspectives do not claim to represent archetypes of human behaviour, but they are merely
used to group similar types of assumptions and choices. For instance:

Perspective | is based on the short-term interest, impact types that are undisputed,
technological optimism as regards human adaptation.
Perspective H is based on the most common policy principles with regards to time-

frame and other issues.
Perspective E is the most precautionary perspective, taking into account the longest
time-frame, impact types that are not yet fully established but for which some indication

is available.
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Appendix 3 Cumulative Energy Demand V1.09

Method to calculate Cumulative Energy Demand (CED), based on the method published by Ecoinvent
version 2.0 and expanded by PRé Consultants for raw materials available in the SimaPro 7 database.
Contact info: http://www.ecoinvent.org/contact/

Frischknecht R., Jungbluth N., et.al. (2003). Implementation of Life Cycle Impact Assessment
Methods. Final report Ecoinvent 2000, Swiss Centre for LCI. Duebendorf, CH, www.ecoinvent.ch
Wood is not included in this methodology due to the frequent use of wood as feedstock in SimaPro.
Normalization: it is not a part of this method.

Weighting: Each impact category is given the weighting factor 1.

For more information, see the Database manual.

Adaptations (August 2004, v1.01):
Added: Additional oil resources; Water, barrage
Corrected values: Uranium ore, 1.11 GJ per kg, in ground; Uranium, 2291 GJ per kg, in ground;
Uranium, 451 GJ per kg, in ground; Uranium, 560 GJ per kg, in ground.
Not included: Energy from hydrogen; Energy, recovered; Energy, unspecified; Oil; Steam from waste
incineration.
Other adaptations (March 2005, v1.02): - Sulphur removed.
Other adaptations (August 2005, v1.03):- In impact category Non-renewable, fossil the
characterisation value for "Gas, natural in ground” has been changed from 40,3 to 38.3 MJ LHV/m3
following the Ecoinvent 1.2 update.
Other adaptations (February 2008, v1.04):
- Minor adaptations in Unit names and Impact category names (capitals, points) for more consistency
with other categories.
Other adaptations (April 2008, v1.05):
- Seven extra substance flows are added:

Energy, gross calorific value, in biomass, primary forest'

Geothermal converted'

Energy, solar, converted'

Energy, from hydrogen’

Energy, unspecified’
- The characterisation factor of Peat, in ground' raw biotic in IC non-renewable, fossil has a new
characterisation factor = 9

Other adaptations (November 2009, v1.06):
- Created a new impact category: 'Non-renewable, biomass' and moved the substance 'energy, gross
calorific value, in biomass, primary forest' to this new impact category.

Other adaptations (March 2010, v1.07):
Weighting: The weighting factor of impact category non-renewable biomass was changed to 1

Other adaptations (August 2010, v1.08):
- The quantity and unit of the single score is changed:
v1.07: Indicator (Pt)
v1.08: Energy (MJ)
Other adaptations (August 2014, v1.09):
- The following flows were added:
Coal, bituminous, 24.8 MJ per kg
Coal, hard, 30.7 MJ per kg
Gas, natural/kg
- The factor for Methane was changed from 35.9 to 55.53 MJ/kg (the previous value was in MJ/m3,
which is the incorrect unit).
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Appendix 4 USEtox (recommended + interim) V1.04 / Europe 2004

The USEtox model to create consensus on LCIA toxicity characterization factors has been developed
by a team of researchers from the Task Force on Toxic Impacts under the UNEP-SETAC Life Cycle
Initiative. For more information, visit www.usetox.org or contact usetox@usetox.org. This
implementation is based on data retrieved from the USEtox website on May 17, 2010.

The USETox model provides a list of substances grouped into:
A: Recommended characterization factors
B: Interim characterization factors

In this version, both recommended and interim characterisation factors are included. SimaPro also
contains a version of USEtox with recommended factors only, called USEtox (consensus only).

In USEtox, a distinction was made between recommended and interim characterization factors,
reflecting the level of reliability of the calculations in a qualitative way. Characterisation factors for
'metals’, 'dissociating substances' and 'amphiphilic' (e.g. detergents) were all classified as interim due
to the relatively high uncertainty of addressing fate and human exposure for all chemicals within these
substance groups. For the remaining set of chemicals, consensus has been reached that
recommended aquatic Eco toxicological characterisation factors must be based on effect data of at
least three different species covering at least three different trophic levels (or taxa) in order to ensure a
minimum variability of biological responses.

Using the version with recommended characterization factors only implies that characterisation factors
for substances like metals and detergents are missing.

The USEtox team advises to use the recommended USETox characterization factors ALWAYS
together with the interim factors, as otherwise the substances concerned would be characterized with
zero impact as no characterization factor is applied to their emissions.

When an emission characterized with interim characterization factors is dominating the overall impact,
it implies that the associated results have to be interpreted as having a lower level of confidence. A
sensitivity study might by performed by applying only the recommended characterization factors to see
if and how the results (and the conclusions) change.

An example can be found in metals. They all obtained interim factors, and tend to dominate all the
organic substances with several orders of magnitude in most LCAs. We recommend practitioners to
take care communicating results that are dominated by interim characterisation factors, as the
uncertainties of these interim factors can be very high (several orders of magnitude).

If improved data become available or the model is updated in the future, interim factors could
eventually be recalculated and become recommended factors if consequently they fulfil the criteria.

The impact categories are:

- Human toxicity, cancer

- Human toxicity, non-cancer
- Eco toxicity

The characterisation factor for human toxicity (Human Toxicity Potential) is expressed in Comparative
Toxic Units (CTU/kg), providing the estimated increase in morbidity in the total human population per
unit mass of a chemical emitted (cases/kg), assuming equal weighting between cancer and non-
cancer due to a lack of more precise insights into this issue.

The characterisation factor for aquatic Eco toxicity (Eco toxicity Potential) is expressed in Comparative
Toxic Units (CTUe/kg) and provides an estimate of the potentially affected fraction of species (PAF)
integrated over time and volume per unit mass of a chemical emitted (PAF m3.day/kg).
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Normalization factors were developed for Europe and North America for 2004 and 2002/2008,
respectively (Laurent, A., Lautier, A., Rosenbaum, R.K., Olsen, S.1., Hauschild, M.Z. 2011. Int J LCA
16 (8): 728-738.). For Eco toxicity, normalization references using the PestLCI model (Birkved and
Hauschild 2006) were used, which assume that only 5% and 0.1% of applied pesticides ends as direct
emissions to air and to water, respectively. Laurent et al. 2011 also includes normalization factors
assuming 100% of the consumed pesticides as direct emissions to agricultural soil (referred to as
"Pest-to-soil" in the paper).

Please note that some common toxic substances are missing such as: methane, carbon monoxide,
aluminium and ammonia. Also groups of substances are excluded such as: PAH, hydrocarbons,
NMVOC and particulates.
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Appendix 5: The concept of allocation

The inputs and outputs shall be allocated to the different products according to clearly stated
procedures that shall be documented and explained together with the allocation procedure. The sum
of the allocated inputs and outputs of a unit process shall be equal to the inputs and outputs of the unit
process before allocation.

Whenever several alternative allocation procedures seem applicable, a sensitivity analysis shall be
conducted to illustrate the consequences of the departure from the selected approach.

Allocation of environmental aspects may occur
Crude oil when a process produces more than one product.
o The basis for this allocation is primarily economic
value, secondarily physical properties. If the
allocation has low importance it may be “cut-off”,
Waste not considered, instead all load is on the studied
and product.
emissions  The method chosen for the allocation is the cut-off
method. The cut-off method assigns the loads
caused by a product to just that product. When the
cut-off method is used, environmental aspects or
Co product processes which can be assumed to contribute
less than 1 %, do not have to be included in the
study [Baumann H. & Tillman A-M. (2004)].

Electricity
and

Product:

lubrication Natural gas

Figure 37: Allocation example

The study shall identify the processes shared with other product systems and deal with them
according to the stepwise procedure, presented below:

1. Wherever possible, allocation should be avoided by dividing the unit process to be allocated
into two or more sub-processes and collecting the input and output data related to these sub-
processes, or expanding the product system to include the additional functions related to the
co-products.

2. Where allocation cannot be avoided, the inputs and outputs of the system should be
partitioned between its different products or functions in a way that reflects the underlying
physical relationships between them; i.e. they should reflect the way in which the inputs and
outputs are changed by quantitative changes in the products or functions delivered by the
system.

3. Where physical relationship alone cannot be established or used as the basis for allocation,
the inputs should be allocated between the products and functions in a way that reflects other
relationships between them. For example, input and output data might be allocated between
co-products in proportion to the economic value of the products.

"Allocation cut-off by classification” (ISO standard).

Recycled Content:

The underlying philosophy of this approach is that primary (first) production of materials is always
allocated to the primary user of a material. If a material is recycled, the primary producer does not
receive any credit for the provision of any recyclable materials. As a consequence, recyclable
materials are available burden-free to recycling processes, and secondary (recycled) materials bear
only the impacts of the recycling processes. For example, recycled paper only bears the impacts of
waste paper collection and the recycling process of turning waste paper into recycled paper. It is free
of any burdens of the forestry activities and processing required for the primary production of the
paper.
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Furthermore, producers of wastes do not receive any credit for recycling or re-use of products
resulting out of any waste treatment. For example, heat from the incineration of municipal solid waste
can be used to heat houses or offices, and therefore has a value. Nevertheless, the incineration is
allocated completely to the treatment of the waste, and therefore the burdens lay with the waste
producer. The heat comes burden-free. This approach to by-product allocation has also been used in
Ecoinvent versions 1 and 2, where it was the only available system model.

In the 1ISO standards, boundaries with other systems, and the allocation of environmental burdens
between them, are based on the recommendations of the international EPD system34, which are also
in line with the requirements and guidelines of the 1ISO14040 and 1SO14044 standards (IEC, 2008). In
accordance with these recommendations, the Polluter Pays (PP) allocation method is applied. For
allocation of environmental burdens when incinerating waste, this implies that all of the processes in
the waste treatment phase, including emissions from the incineration are allocated to the life cycle in
which the waste is generated. Following procedures for refining of energy or materials used as the
input in a following/receiving process, are allocated to the next life cycle.

Environmental impact rests with waste Environmental impact rests with generator and distributor
generator of district heat, electricity, process steam etc -
Incifjeration plant
Wast Collec Waste Equipment to make Distributi
aste > trp—p| = ‘?f 'O g trp g incineration in—{pl| k| use of thermal . KB ~'° ”l“ 1Nty kbt Consumer
geneératar site boiler to destruct energ eg. tubes, system
the waste pumps, generator

Figure 38: Allocation of environmental impacts between two life cycles according to the PP allocation
method. Here regarding to incineration of waste and resulting energy products (Image from IEC, 2008,
pl4).

In the case of recycling, environmental burdens are accounted for outside of the generating life cycle,
and have thus been allocated to the subsequent life cycle which uses the recycled materials as input.
In this LCA, the heat and electricity recovered from the incineration of waste has been taken into
account, but modelled as an empty energy process which does not affect the inputs of the life cycle.
Recovered energy from waste incineration has been presented and discussed in the results in
comparison to cumulative energy demand. Avoided materials due to recycling of cardboard and
plastics have not been taken into account, this in accordance to the EPD recommendations.

Allocation at the point of substitution (Ecoinvent recommended)

Specifically, in the allocation-based system models, all marketable by-products yielded in treatment
activities are moved into the activities producing the treated material for treatment as waste in a
process called allocation at the point of substitution. Similarly, in the case of Specialty Productions, the
reference product of the activity will be handled from now on as a by-product of an ordinary treatment
activity.

Then, all multi-output activities are allocated (using the allocation criteria defined for the specific
System Model). This allocation is happening at the point of substitution, and the marketable by-
products issued in treatment activities get allocated in the activities they have been moved into.

34 EPD (Environmental Product Declarations) by the International EPD Cooperation (IEC)
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Appendix 6: AM Electricity 2014

SimaPro 8.1.1.16

Project

Calculation:
Results:
Product:

Method:
Indicator:
Skip categories:

Exclude
infrastructure
processes:
Exclude long-
term emissions:
Sorted on item:

Sort order:

Impact category

Impact assessment
392 LCA on recycling cotton

Analyse
Impact assessment

1 kwWh AM Electricity 2014 (of project 392 LCA on recycling
cotton)
IPCC 2013 GWP 100a V1.01

Characterisation
Never
No

No

Impact category
Ascending

IPCC GWP 100a

Total

AM Electricity 2014

Transport, pipeline, long distance, natural gas {GLO}|
market for | Alloc Rec, U

Gas turbine, 10MW electrical {GLO}| market for | Alloc
Rec, U

Natural gas, high pressure {RoW}| market for | Alloc Rec,
U

Date:
2016-04-14

kg CO2 eq

0,767669028
0,657916188
0,003758924

0,000467703

0,105526212
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Appendix 7 Electricity at Artistic Milliners Denim Division

SimaPro 8.1.1.16  process Date: 2016-04-14

Project 392 LCA on recycling cotton Time: 16:15

Process

Category type Material

Process Miljogir000042634900007

identifier

Type Unit process

Process name Electricity at Artistic Milliners Denim Division

Status To be revised

Time period 2010 and after

Geography Asia, Indian region

Technology Modern technology

Representativen  Data from a specific process and company

ess

Multiple output Not applicable

allocation

Substitution Not applicable

allocation

Cut off rules Less than 5% (environmental relevance)

Capital goods Second order (material/energy flows including operations)

Boundary with Not applicable

nature

Infrastructure No

Date 2015-11-26

Record Marcus Wendin

Generator Masood Khan (Senior Quality Assurance Manager) Contact No: 03002288146

External documents

Literature Artistic Milliners Denim Division

references

AM Environmental Report
Marcus Wendin

Electricity Grid Pakistan

Niels Jungbluth

ESU calculation from standard
SMED

Swedish EPA emission factors
Ecoinvent 3

Collection SimaPro Share and Collect

method

Data treatment The kg of CO2 is calculated based on the lower specific heat value (9,83
kWh/m3), that gives a higher content of carbon per energy content in natural
gas.
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Verification
Comment

Allocation rules

System
description

Products

AM Electricity
2014

Materials/fuels

Transport,
pipeline, long
distance, natural
gas {GLO}|
market for | Alloc
Rec, U

Gas turbine,
10MW electrical
{GLO}| market
for | Alloc Rec, U

Electricity/heat
Natural gas, high
pressure {RoW}|
market for | Alloc
Rec, U

Emissions to air
Particulates,
unspecified
Nitrogen oxides

Carbon
monoxide, fossil
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The emissions have also been cross calculated based on the assumptions
about composition in the natural gas.

Calculations of emissions are also made by Niels (average of the three values,
composition of European natural gas according to Ecoinvent).

Completed with data based on Ecoinvent 3, burned in gas turbine. For
compressor station RU.

To be verified

Masood Khan (Senior Quality Assurance Manager) Contact No: 03002288146

This unit LCI data refer to the electricity from burning fossil natural gas.

The amount of natural gas consumed yearly is put in relation to the amount of
electricity produced yearly. It gives a low efficiency (25%). This could be
followed up over time to adjust for periodic effects.

Economic and Rec Content "Allocation cut-off by classification" (not allocated
to the recycled content). Attributional perspective.

Miljogiraff
Waste category
Electricity kWh Textiles
TrPGas kgkm
1,25E-9*Electricity p Completed with data based on
Ecoinvent 3 - allocation, rec for
natural gas, burned in gas
turbine. For compressor station
RU.
NaturalGasVol m3
high. pop. PartEmis kg
sion
high. pop. NOXEmi kg
ssion
high. pop. COEmis kg

sion
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Carbon dioxide, high. pop. CO2weig kg

fossil ht3

Mercury high. pop. 1,63E- kg
9*Electri
city

Dinitrogen high. pop. 1,087E- kg

monoxide 5*Electri
city

Sulfur oxides high. pop. 5978E- kg
6*Electri
city

NMVOC, non- high. pop. 1,0869E- kg

methane volatile 5*Electri

organic city

compounds,

unspecified

origin

Methane, fossil high. pop. 4,89E- kg
5*Electri
city

Input parameters

NaturalGasVol 7101398 m3 at NTP from Sui Southern Gas
Company

Electricity 19765222 kWh per year 2014 Produced by own unit
for burning Natural Gas.

DistNaturalGas 100 km Natural gas comes through pipeline
[Estimated by Marcus]

Particulates 22 mg/Nm3 [AM Environmental Report]
burning of natural gas, reffering to the
fluegas.

NOXx 335 mg/Nm3 [AM Environmental Report]
burning of natural gas, reffering to the
fluegas.

CoO 765 mg/Nm3 [AM Environmental Report]
burning of natural gas, reffering to the
fluegas.

FluegasVol 12,4 Nm3 fluegas per Nm3 burned natural gas
[ESU calculation from standard]

CO2genericNM3 87000 mg/Nm3 [ESU calculation from standard]
burning of natural gas, reffering to the
inflow of natural gas.

COgeneric 638 mg/Nm3 [ESU calculation from standard]

NOxgeneric 367 mg/Nm3 [ESU calculation from standard]

CO2genericMJ 56 g/MJ natural gas consumed (EU)
[Ecoinvent]

CO2reflkWh 205,27 g/kWh el produced by EON Sweden [Par
Lindman email 20160315]

CO2ref2kWh 247 g/kWh el produced by Oresundskraft
Sweden [Par Lindman email 20160315]

CO2ref3kWh 203,4 g/kWh el produced by Kraftringen Sweden

[Pér Lindman email 20160315]
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CO2ref4kWh 204
CO2ref5kWh 580
CH4share 0,9
C2H6share 0,06
C3H8share 0,04
COsmed 15
CO2smed 204,8
HspecGasBTU 950
BTUperkWh 3412,142
kWhperBTU 0,000293
HspecGasKwh 0,278418
CuFtPerCuM 35,31467
CarbonShare 0,762
CO2ref8kWh 228,4

Calculated parameters
PartEmission EmissionFlow*Particulates/1000

000
NOXEmission EmissionFlow*NOx/1000000
COEmission EmissionFlow*C0O/1000000
TrPGas NaturalgasWeight*DistNaturalG
as
CO2Emission EmissionFlow*CO2genericNM3/
1000000
COgenericEmissi  EmissionFlow*C0O/1000000
on
NOxgenericEmis  EmissionFlow*NOx/1000000
sion

NaturalgasWeigh
t

NaturalGasVol*densnaturalgas

CH4kmol CH4weight/CH4molar
COkmol COweight/COmolar
EmissionFlow NaturalGasVol*FluegasVol
COweight COEmission

CO2refékWh 1000*CO2Emission/Electricity
C3H8molar 12*3+1*8

Report-75

Life Cycle Assessment of recycling cotton

Page 80

g/kWh el produced by X Denmark [Par
Lindman email 20160315]

g/kWh el produced by (Ecoinvent) 100MV
in India [calculated by Par Lindman email
20160315]

Methane share in Natural Gas
[http://www.energigas.se/Energigaser/FAQ/
Naturgas]

Ethane share in Natural Gas
[http://www.energigas.se/Energigaser/FAQ/
Naturgas]

Propane (and longer) share in Natural Gas
[http://www.energigas.se/Energigaser/FAQ/
Naturgas]

g/MJ natural gas consumed [SMED]
g/kWh natural gas consumed [SMED row
12079, year 2013 Sweden)]

BTU/SCF Specific heat value [Khawaja
Faheem Uddin 4 April 2016]

kWh/SCF Specific heat value [calculated
from Khawaja Faheem Uddin 4 April 2016]
35cuft/lcum

share at 11,025 kWh/m3 [Emiliano Lubian
DGE emiliano.lubian@dge.se]

g/kWh natural gas at 9,83 kWh/m3
[Emiliano Lubian DGE
emiliano.lubian@dge.se]

kg

kg
kg
kgkm

kg
kg
kg
kg

kmol

kmol

Nm3 fluegas per year

kg CO in the flue gas during one year

g/kWh el produced [ESU calculation from
standard]
Propane kg/kmol
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C2H6émolar 12*2+1*6 Ethan kg/kmol
CH4molar 12*1+1*4 Methane kg/kmol
COmolar 12*1+16*1 Carbon monoxide kg/kmol
CH4weight NaturalgasWeight*CH4share Methane kg
C2H46weight NaturalgasWeight*C2H6share Ethan kg
C3H8weight NaturalgasWeight*C3H8share Propane kg
C3H8amount C3H8weight/C3H8molar kmole
C2H6amount C2H46weight/C2H6molar kmole
CH4amount CH4weight/CH4molar kmole
CarbonAmountT  C3H8amount*3+C2H6amount*2  kmole total of Carbon atoms in Natural gas
otal +CH4amount*1
CO2molar 12*1+16*2 Carbon dioxide kg/kmol
COamount COweight/COmolar kmole in fluegas
CO2amount CarbonAmountTotal-COamount  kmole in fluegas
CO2weight CO2amount*CO2molar kg in fluegas by AM Pakistan [calculated
by Marcus Wendin 20160315]
CO2ref7kWh 1000*CO2weight/Electricity o/kWh el produced by AM Pakistan

CO2generickWh
CO2perKWhgas

NaturalgasEnerg
y

CO2genericMJ*MJperkWH

1000*CO2weight3/NaturalgasEn

ergy
NaturalgasWeight*NaturgaskWh

[calculated by Marcus Wendin 20160315]
g/kWh natural gas consumed (EU)
[Ecoinvent]

g/kWh natural gas consumed (AM)

kWh natural gas consumed (AM)

HspecGasKwhPe HspecGasKwh*CuFtPerCuM kWh/m3 [calculated from Khawaja Faheem
r™M Uddin 4 April 2016]
HspecCheck NaturgaskWh*densnaturalgas kWh/m3 [calculated from Patrik Klintbom 4

NaturalgasEnerA
M
Carbonweight

NaturalgasWeight*HspecGasKw
hPerM
CarbonShare*NaturalgasWeight

April 2016]
kWh natural gas consumed (AM)

kg carbon in natural gas consumed and
emitted

CarbonAmount Carbonweight/Cmolar kmole

Cmolar 12 Carbon kg/kmol

CO2weight2 CarbonAmount*CO2molar kg ok calculation

CO2weight3 0,001*CO2ref8kWh*Naturalgas kg CO2 calculated based on the lower

EnerAM

specific heat value that gives a higher
content of carbon per energy content in
natural gas.
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Appendix 8 Artistic Milliners Denim Division Shredding

SimaPro 8.1.1.16
Project

Process

Category type
Process identifier
Type

Process name
Status

Time period
Geography
Technology
Representativeness

Multiple output
allocation
Substitution allocation

Cut off rules

Capital goods
Boundary with nature
Infrastructure

Date

Record

Generator

External documents
Literature references

Collection method
Data treatment
Verification
Comment

Allocation rules

System description

Date:
Time:

process
392 LCA on recycling cotton

Material

Milj6gir000042634900005

Unit process

Artistic Milliners Denim Division Shredding
Revised

2010 and after

Asia, Indian region

Modern technology

Data from a specific process and company
Unknown

Not applicable
Less than 1% (environmental relevance)

2016-04-14
18:24

Second order (material/energy flows including operations)

Not applicable
No

2015-11-26
Marcus Wendin

Masood Khan (Senior Quality Assurance Manager) Contact No:

03002288146

Artistic Milliners Denim Division
email 2015-12-18
Marcus Wendin

SimaPro Share and Collect

verified by Khawaja Faheem Uddin 2 April 2016
Artistic Milliners Denim Division Shredding

Masood Khan (Senior Quality Assurance Manager)
Contact No: 03002288146

Shredding of Input of raw material (denim jeans legs from I:CO) into
Output of recycled cotton fibre. Using electricity produced at site from

Natural gas.

Economic and Rec Content "Allocation cut-off by classification" (not

allocated to the recycled content). Attributional perspective.

Miljogiraff
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Products Waste category
AM Rec Cotton fibre OutputCottonFiber ton Textiles

Materials/fuels
Textiles ICO RecCotton InputCottonTextile ton

Electricity/heat
AM Electricity 2014 ElectricityShredding*OutputCottonFiber kWh

Waste to treatment

Waste textile, soiled CottonWaste ton
{GLO}| market for |
Alloc Rec, U

Input parameters

OutputCottonFiber 103,3 ton/yea
r

InputCottonTextile 106,5 ton/yea
r

EIShreddingAM 3600 kWh / year Electricity
consumption for shredding
fibres at AM

Calculated parameters

ElectricityShreddinglC  EIShredding kWh/ton (based on the

@) value from ICO)

ElectricityShredding ElShreddingAM/OutputCottonFiber kWh / ton Electricity
consumption for shredding
fibres at AM

CottonWaste InputCottonTextile-OutputCottonFiber ton/yea
r
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Appendix 9 ICO 2014 (H&M)

SimaPro
8.1.1.16

Project

Process

Category
type
Process
identifier
Type
Process
name
Status
Time
period
Geograph
y
Technolog
y
Represent
ativeness
Multiple
output
allocation
Substituti
on
allocation
Cut off
rules
Capital
goods
Boundary
with
nature
Infrastruct
ure

Date

Record
Generator

Literature
references

process

Life Cycle Assessment of recycling cotton

392 LCA on recycling cotton

Date:
Time:

Material

Milj6gir000042634900001

Unit process

ICO 2014 (H&M)

To be reviewed
2010 and after

Asia, Indian region

Modern technology

Data from a specific process and company

Physical causality

Not applicable

Less than 5% (environmental relevance)

Second order (material/energy flows including operations)

Not applicable

No

2015-11-11

Marcus Wendin
Chetan Gupta, gupta@ico-spirit.com, +49 4102 4545-420, I:COLLECT GMBH An

der Strusbek 19, 22926 Ahrensburg Germany
External documents

I:Collect GmbH

Marcus Wendin

H&M SimaPro Collect format

HHHH T
15:09
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Collection  SimaPro Share and Collect + communication via Skype
method
Data Adjustment of existing records to suit a scenario for recycling.
treatment
Verificatio  Chetan Gupta date 4 april 2016
n

Comment [:COLLECT GMBH
An der Strusbek 19,
22926 Ahrensburg
Germany

In this assessment of the environmental impacts of recycling cotton to fibre ready to
be new yarn we have based the calculation on existing data from 1:CO 2014 in India.
In order to make a representative model that is also correct we use existing records
from the ICO processes in Germany and make adjustments when needed to suit the
actual situation. We are following the iso standard for LCA, which means that the
source of data and assumptions shall be

Possible to trace back from the documentation.

Transports of raw material are starting at the collection points at stores.

The clothes are packed and sent to hubs with the same transport service (Distribution
Center) that deliver the clothes to the stores.

The average mode of transport is estimated by recorder and H&M to be Truck with
payload 16-32 ton and emission standard Euro V.

Transport from stores to hub are estimated by recorder and H&M as an average per
country.

In Japan the collection Points for H&M are in 50% Tokyo 0 km and 50 % Osaka 502
km (guestimate by recorder). Average distance is 251 km.

In Korea the collection Points for H&M are in 100% Seoul (guestimate by recorder).
Distance is 600 km (i.e. 6 hours by train)

In Malaysia the collection Points for H&M are in 50% Kuala Lumpur, 50% Pasir
Gudang. Distance is 171 km (half of 343 km).

The clothes are not stored in the hubs bot only loaded to a new container.

Then the clothes are sent from the hub to port. The average distance is guestimated
by ICO to 100 km with truck with payload 16-32 ton and emission standard Euro IV.

The distances are from Searates https://www.searates.com/reference/portdistance/

The products are reused textile 40% and Recycled textile 60% Waste is 0% (in India)
Therefore 100% cotton jeans are used.
The jeans are cleaned of metal contaminants and cut to wipers. These are then sent
for further processing to Spinning mills or shredded/pulled to produce fibres at own
site. (port Kandla, India to Karachi, Pakistan.)

Allocation  Economic and Rec Content "Allocation cut-off by classification" (not allocated to the

rules recycled content ). Attributional perspective.
System Miljogiraff
descriptio

n
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Products

Textiles TextileIn*SortedRecCotton kg
ICO

RecCotton

Textile TextileIn*SortedReUse kg
ICO Reuse

Avoided products
Resources

Materials/fuels

Transport  Textileln kg
to ICO

Soap CleaningDetergents kg
{GLO}|

market for

| Alloc

Rec, U

Lubricatin  LubricantsICO*densityDiesel kg
g oil

{GLO}|

market for

| Alloc

Rec, U

Lubricatin  Grease kg
g oil

{GLO}|

market for

| Alloc

Rec, U

Diesel, DieselEnergy MJ
burned in

building

machine

{GLO}|

market for

| Alloc

Rec, U

Transport, DistLocal*Consumables kgkm
freight,

lorry >32

metric

ton,

EURO4

{GLO}|

market for

| Alloc

Rec, U

Municipal  DistWaste*(Waste+WasteTextile) kgkm
waste

collection
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service by
21 metric
ton lorry
{GLO}|
market for
| Alloc
Rec, U
Transport,
freight,
lorry 16-32
metric
ton,
EURO3
{GLO}|
market for
| Alloc
Rec, U
Transport,
freight,
sea,
transocea
nic ship
{GLO}|
market for
| Alloc
Rec, U

TrpindiatoPort+TrpKarchitoPort

TrpIndiaPakistan

Electricity/heat

Electricity,
low
voltage
{IN}|
market for
| Alloc
Rec, U
Electricity,
low
voltage
{IN}
market for
| Alloc
Rec, U
Graphic
paper,
100%
recycled
{GLO}|
market for
| Alloc
Rec, U
Packaging
film, low
density
polyethyle
ne {GLO}|

Elsorting

EIShredding/(TextileIn*SortedRecCotton)*ShreadlCO

Paper

PlasticfiimICO

Life Cycle Assessment of recycling cotton

kgkm

kgkm

kwh

kwh

ton

ton
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market for
| Alloc
Rec, U

Waste to treatment

PET
(waste
treatment)
{GLO}|
recycling
of PET |
Alloc Rec,
U

PE (waste
treatment)
{GLO}|
recycling
of PE |
Alloc Rec,
U

Steel and
iron
(waste
treatment)
{GLO}|
recycling
of steel
and iron |
Alloc Rec,
U

Core
board
(waste
treatment)
{GLO}|
recycling
of core
board |
Alloc Rec,
U

Waste
textile,
soiled
{GLO}|
market for
| Alloc
Rec, U
Paper
(waste
treatment)
{GLO}|
recycling
of paper |

PlasticStrap

PlasticfiimGods+PlasticfimICO

MetalStrap

Cardboard

WasteTextile

Paper

Life Cycle Assessment of recycling cotton

ton

ton

ton

ton

kg

ton
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Alloc Rec,
U

Steel and RecSteel kg
iron
(waste
treatment)
{GLO}|
recycling
of steel
and iron |
Alloc Rec,
U

Input parameters

ProdVolu 3500 tonnes/month

melC0201 2015 3500

5 (from
collection and
sorting)

DistindiaP 481 km Distance

akistan From I:CO in
India (Kandla)
to Artistic
Milliners (AM)
in Karachi,
Pakistan.

SortedRe 0,4 Share of

Use incoming

textiles that
are sorted for

ReUse
SortedWa O Share of
ste incoming

textiles that
are sorted for
Waste
DistKandl 40 km Distance
aGandhih From Port
am Kandla,
Gujarat, India
to sorting
facility in
Gandhiham
Elsorting 30000 kWh / month
Electricity (for
sorting,
collection and
preparation)

ShreadIC 0 on (1) off (0) if

@] Shredding is
done at I:CO
or not

DieselFor 1200 litre

klift
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PlasticStr 3
ap

Plasticfilm 3,5
Gods

MetalStra 2
p

Cardboard 3
SoiledClot 1,5
hes

Paper 0,5

DistLocal 40

DistWaste 40

DistKarac 30
hiAM

Packaging 5
Bags

Allocation 24
RecCotton

Plasticfilm 7,5
ICO

RecCotton 0,4

Life Cycle Assessment of recycling cotton
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ton Plastic
strap waste is
sold to
recycling. I:CO
receive it with
input.

ICO receive 3-
4 tons with
input material
which goes for
recycling

ton sold to
recycler

ton reused for
packaging

ton municipal
waste

ton sold to
recycler

km transport of
purchased
consumables.
General
assumption by
Record maker
(Marcus)

km transport of
waste.
General
assumption by
Record maker
(Marcus)

km Distance
From Port in
Karachi to
Artistic
Milliners (AM)
kg /ton fibre
packed, could
be recycled by
the AM for
further
shredding
purposes

% physical of
products
Cotton fiber
ton ICO buy 7-
8 tons (HD or
LD).

Share of
Sorted
Recycle that is
for cotton fiber
recycling
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ShareFabr
ic

Lubricant
sICO
Grease
CleaningD
etergents
ElShreddi
nglCO

Elperhour

Productio
nrate

Life Cycle Assessment of recycling cotton

0,5

10

20
300

515

160

320

Calculated parameters

SortedRec
ycle

DieselEne

rgy
Consuma
bles

Waste

Trpindiato
Port

TrpKarchit
oPort

WasteText
ile

Allocation
Reused

1-SortedReUse-SortedWaste

DieselMJLtr*DieselForklift
DieselForklift+(PlasticStrap+PlasticfiimGods+PlasticfilmICO+MetalS
trap+Cardboard+Paper)*1000+LubricantsICO+Grease+CleaningDet
ergents
(PlasticStrap+PlasticfilmGods+PlasticfilmICO+MetalStrap+Cardboar
d+Paper)*1000+RecSteel+RecFabric

DistKandlaGandhiham*TextileIn*SortedRecCotton

DistKarachiAM*TextileIn*SortedRecCotton

TextilelIn*SortedWaste

SortedReUse*Textileln/(TextileIn*SortedReUse+TextilelIn*SortedRe
cCotton)*100
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Share of
RecOther that
is fabric (ie
thick layers).
litre lubrication
oil

kg Grease
Litre Cleaning
detergents
kWh / ton
Electricity
consumption
for shredding
fibres at ICO (
515 Units /tons
of fibres
produced)
Average
power
consumption -
160 units/ hr
Average
production -
320 kg/ hr

Share of
Textileln that
is used to
recycle.

MJ

kg Purchased
consumables
as a total

kg
Restmaterial
as a total
kgkm of
transport by
truck for
SortedRecCott
on

kgkm of
transport by
truck for
SortedRecCott
on

kg /month
2014 Sept
Calculated

% allocatoed
to reuse of
clothes
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TrpindiaP
akistan

SortedRec
Cotton
SortedRec
Rest
RecOther

SortedChe
ck

RecFabric

RecSteel

ShareStee
|

Textil
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DistindiaPakistan*TextileIn*SortedRecCotton

SortedRecycle*RecCotton
SortedRecycle*RecOther

1-RecCotton

SortedReUse+SortedRecCotton+SortedRecRest+SortedWaste

TextilelIn*SortedRecRest*ShareFabric

TextileIn*SortedRecRest*ShareSteel

1-ShareFabric

Textileln
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kgkm of
transport by
boat for
SortedRecCott
on

Share of
Textileln
Share of
Textileln
Share of
Sorted
Recycle that is
not for cotton
fiber recycling
(ie Zipper,
buttons, thick
layers).
Check that all
shares is
100%

kg Amount of
RecOther that
is fabric (ie
thick layers).
kg Amount of
RecOther that
is steel (ie
Zipper,
buttons).
Share of
RecOther that
is steel (ie
Zipper,
buttons).

kg
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Appendix 10 Transport to 1:CO (H&M)

SimaPro
8.1.1.16

Project

Process

Category
type
Process
identifier
Type
Process
name
Status

Time period
Geography
Technology
Representati
veness
Multiple
output
allocation
Substitution
allocation
Cut off rules
Capital
goods
Boundary
with nature
Infrastructur
e

Date

Record
Generator

External
documents
Literature
references

Collection
method

process

392 LCA on recycling cotton

Date:
Time:

Material

Milj6gir000042634900003

Unit process

Transport to I:CO (H&M)

To be reviewed

2010 and after

Asia, Indian region
Modern technology
Data from a specific process and company

Physical causality

Not applicable

Less than 5% (environmental relevance)
Second order (material/energy flows including operations)

Not applicable
No

2015-11-11

Marcus Wendin

B
15:01
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Chetan Gupta, gupta@ico-spirit.com, +49 4102 4545-420, I:COLLECT GMBH An
der Strusbek 19, 22926 Ahrensburg Germany

|:Collect GmbH

Marcus Wendin

H&M SimaPro Collect format

Analysis 09_38 43
Data on supply of textiles
SimaPro Share and Collect + communication via Skype
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Data
treatment
Verification

Comment

Allocation
rules
System
description

Products

Transport to
ICO

Avoided
products

Resources

Materials/fuel

S
Transport

Store to Hub

Transport,
freight, sea,

transoceanic

ship {GLO}|
market for |
Alloc Rec, U
Transport,
freight, lorry
>32 metric
ton, EURO4
{GLO}|
market for |
Alloc Rec, U

Electricity/he

at
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Adjustment of existing records to suit a scenario for recycling.

Chetan Gupta date april 2016
The clothes are not stored in the hubs bot only loaded to a new container.
The packaging material is included in this set of data.

The the clothes are sent from the hub to port. The average distance is guestimated
by Generator to 100 km with truck with payload 16-32 ton and emission standard
Euro IV.

The ports for shipments to India are
Tokyo, Japan

Pusan, South Korea

Pasir Gudang, Malaysia

The distances are from Searates
https://www.searates.com/reference/portdistance/

Economic and Rec Content "Allocation cut-off by classification" (not allocated to
the recycled content ). Attributional perspective.

Miljogiraff

Textileln kg
Textileln kg
TrpBoat kgkm
TrpTruck kgkm
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Polyethylene PlasticStrap kg

terephthalate

, granulate,

amorphous

{GLO}|

market for |

Alloc Rec, U

Packaging Plasticfilm ton

film, low

density

polyethylene

{GLO}|

market for |

Alloc Rec, U

Steel, low- MetalStrap ton

alloyed

{GLO}|

market for |

Alloc Rec, U

Corrugated Cardboard ton

board box

{GLO}|

market for

corrugated

board box |

Alloc Rec, U

Textile, jute PackagingBags kg

{GLO}|

market for |

Alloc Rec, U

Input

parameters

DistUSIndia 16673 km Distance to
Port Kandla in
India from
supplier country
Vancouver and
NY

DistGermindi 12056 km Distance to

a Port Kandla in
India from
supplier country
Hamburg (not
used for H&M
project)

DistJapanind 10578 km Distance to

ia Port Kandla in
India from
supplier country
Tokyo, Japan

DistRussialn 13487 km Distance to

dia

Port Kandla in
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DistChinalndi
a

Distlsraellndi
a

DistMalaysial
ndia

DistIndiaPaki

stan

SortedReUse

SortedWaste

DistKandlaG

andhiham

Elsorting

ElShreddingl
CO

ShreadICO

DieselForklift

7896

5742

5214

481

0,4

40

30000

515

1200
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India from
supplier country
Saint Petersburg,
Russia

km Distance to
Port Kandla in
India from
supplier country
Hong Kong,
China (not used
for H&M project)
km Distance to
Port Kandla in
India from
supplier country
Ashdod

km Distance to
Port Kandla in
India from
supplier country
Pasir Gudang,
Malaysia

km Distance
From I:CO in
India (Kandla) to
Artistic Milliners
(AM) in Karachi,
Pakistan.

Share of incoming
textiles that are
sorted for ReUse
Share of incoming
textiles that are
sorted for Waste
km Distance
From Port
Kandla, Gujarat,
India to sorting
facility in
Gandhiham

kWh / month
Electricity (for
sorting, collection
and preparation)
kWh / ton
Electricity
consumption for
shredding fibres (
515 Units /tons of
fibres produced)
on (1) off (0) if
Shredding is done
at 1:CO or not
litre
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PlasticStrap 3

Plasticfilm 3,5
MetalStrap 2

Cardboard 3
SoiledClothe 1,5
S

Paper 0,5
DistKarachiA 30
M

PackagingBa 5
gs

AllocationRe 60
cycled

DistindiaKor 9833
ea

DisttoPortJP 100

DisttoPortRU 100

DisttoPortIL 100

DisttoPortMY 100

DisttoPortKkR 100

DisttoPortusS 100

Life Cycle Assessment of recycling cotton
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ton Plastic strap
waste is sold to
recycling. 1:CO
receive it with
input.

ton

ton sold to
recycler

ton reused for
packaging

ton municipal
waste

ton sold to
recycler

km Distance
From Port in
Karachi to Artistic
Milliners (AM)
kg /ton fibre
packed, could be
recycled by the
AM for further
shredding
purposes

% physical of
products

km Distance to
Port Kandla in
India from
supplier country
Pusan, South
Korea

km Distance
From hub to port
guestimated by
Generator ICO
km Distance
From hub to port
guestimated by
Generator ICO
km Distance
From hub to port
guestimated by
Generator ICO
km Distance
From hub to port
guestimated by
Generator ICO
km Distance
From hub to port
guestimated by
Generator ICO
km Distance
From hub to port
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Calculated
parameters
TrpBoat

TrpTruck

Consumable
S

TrpUSIndia
TrpJapanindi
a

TrpRussialnd
ia

TrpKorealndi
a
Trplsraelindi
a
TrpMalaysial
ndia
TrpUStoPort
TrpJapantoP
ort

TrpRussiato
Port

TrpKoreatoP
ort

TrplsraeltoPo
rt

TrpMalaysiat
oPort

TrpIindiatoPo
rt

Life Cycle Assessment of recycling cotton

TrpUSindia+TrpJapanindia+TrpRussialndia+Trplsraellndia+T
rpMalaysialndia+TrpKorealndia
TrpUStoPort+TrpJapantoPort+TrpRussiatoPort+TrpKoreatoP
ort+TrplsraeltoPort+TrpMalaysiatoPort+TrplndiatoPort
(PlasticStrap+Plasticfiim+MetalStrap+Cardboard+Paper)*100
0

DistUSIndia*TextileIn*ShareUS
DistJapanindia*TextileIn*ShareJP
DistRussialndia*TextileIn*ShareRU
DistindiaKorea*TextilelIn*ShareKR
Distlsraellndia*TextileIn*SharelL
DistMalaysialndia*TextileIn*ShareMY
DisttoPortUS*TextileIn*ShareUS
DisttoPortJP*Textileln*ShareJP
DisttoPortRU*TextileIn*ShareRU
DisttoPortKR*TextileIn*ShareKR
DisttoPortIL*TextileIn*SharelL

DisttoPortMY*TextileIn*ShareMY

DistKandlaGandhiham*Textileln
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guestimated by
Generator ICO

km Total boat
distance

km Total Truck
distance

kg Purchased
consumables as a
total

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn

kgkm of transport
by boat for
TextilesIn
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Appendix 11 Transport by DC from Collection Points to Hubs (H&M)

SimaPro 8.1.1.16
Project

Process

Category type
Process identifier
Type

Process name
Status

Time period
Geography
Technology
Representativenes
S

Multiple output
allocation
Substitution
allocation

Cut off rules
Capital goods
Boundary with
nature
Infrastructure
Date

Record
Generator
Collection method
Verification
Comment

process
392 LCA on recycling cotton

Date: 2016-06-02
Time: 14:33
Material

Milj6gir000042634900002

Unit process

Transport by DC from Collection Points to Hubs (H&M)
To be reviewed

2010 and after

World

Average technology

Average of all suppliers

Physical causality
Not applicable

Less than 1% (environmental relevance)
Second order (material/energy flows including operations)
Not applicable

No

2015-11-13

Marcus Wendin

Erik Karlsson, H&M

Scenario based on current information, estimation and assumption.

Erik Karlsson, H&M

In this assessment of the environmental impacts of recycling cotton to fibre
ready to be new yarn we have based the calculation on existing data from
I:CO

2014 in India. In order to make a representative model that is also correct we
use existing records from your processes and make

adjustements when needed to suit the actual situation. We are following the
iso standard for LCA, which means that the source of data and assumptions
shall be

possible to trace back from the documentation.

Transports of rawmaterial are starting at the collection points at stores.
The clothes are packed and sent to hubs with the same transportservice
(Distribution Center) that deliver the clothes to the stores.

The average mode of transport is estimated by recorder and H&M to be
Truck with payload 16-32 ton and emission standard Euro V.

The clothes are not stored in the hubs bot only loaded to a new container.
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Allocation rules

System
description

Products

Transport Store to
Hub

Resources

Materials/fuels

Transport, freight,
lorry 16-32 metric
ton, EURO4 {GLO}|
market for | Alloc
Rec, U

Input parameters
DistCPHuUbUSA

DistCPHublsrael
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Then the clothes are sent from the hub to port. The average distance is
guestimated by ICO to 100 km with truck with payload 16-32 ton and
emission standard Euro V.

Transport from stores to hub are estimated by recorder and H&M as an
average per country.

In Japan the collection Points for H&M are in 50% Tokyo 0 km and 50 %
Osaka 502 km (guestimate by recorder). Average distance is 251 km

In Korea the collection Points for H&M are in 100% Seoul (guestimate by
recorder). Distance is 600 km (i.e. 6 hours by train)

In Malaysia the collection Points for H&M are in 50% Kuala Lumpur, 50%
Pasir Gudang. Distance is 171 km (half of 343 km).

Other scenario:::::

In USA the collection Points (CP) for H&M are at west coast 60% (half of
2054 km to LA) and East coast 40% (half of 2064 km to Miami) Average
distance is 1029 km (half of 2058 km)

In Israel the collection Points for H&M are in 30% Netanya 71,7 km, 30 %
Sderot Rothsch 111 km and 40% Haifa 150 km (guestimate by recorder).
Average distance is half of 115 km

In Russia the collection Points for H&M are in 50% Saint Petersburgh and
50% Moskva. Average distance is 363 km (half of 727 km).

Economic and Rec Content "Allocation cut-off by classification" (not
allocated to the recycled content ). Attributional perspective.
Miljogiraff

CollectedTextiles2014HM ton

TrpSum tkm

1029 km In USA the collection Points (CP) for
H&M are at west coast 60% (half of 2054 km
to LA) and East coast 40% (half of 2064 km
to Miami) Average distance is half of 2058
km

58 In Israel the collection Points for H&M are in
30% Netanya 71,7 km, 30 % Sderot Rothsch
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DistCPHubJapan

DistCPHubRussia
DistCPHubKorea
DistCPHubMalaysi

a

CollectedTextiles2
014HM

Calculated
parameters
ShareCheck
TrpCPHUbUSA
TrpCPHublsrael
TrpCPHubJapan
TrpCPHubRussia
TrpCPHubKorea
TrpCPHubMalaysi

a
TrpSum
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251

363

600

171

80

ShareJP+ShareUS+ShareR
U+ShareMY+SharelL+Shar
eKR+Shareln
DistCPHUbUSA*ShareUS*C
ollectedTextiles2014HM
DistCPHublsrael*SharelL*C
ollectedTextiles2014HM
DistCPHubJapan*ShareJP*
CollectedTextiles2014HM
DistCPHubRussia*ShareRU
*CollectedTextiles2014HM
DistCPHubKorea*ShareKR*
CollectedTextiles2014HM
DistCPHubMalaysia*ShareM
Y*CollectedTextiles2014HM
TrpCPHuUbUSA+TrpCPHubl
srael+TrpCPHubJapan+Trp
CPHubRussia+TrpCPHubK
orea+TrpCPHubMalaysia
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111 km and 40% Haifa 150 km (guestimate
by recorder). Average distance is half of 115
km

In Japan the collection Points for H&M are in
50% Tokyo 0 km and 50 % Osaka 502 km
(guestimate by recorder). Average distance is
251 km

In Russia the collection Points for H&M are in
50% Saint Petersburgh and 50% Moskva.
Average distance is 363 km (half of 727 km).
In Korea the collection Points for H&M are in
100% Seoul (guestimate by recorder).
Distance is 600 km (i.e. 6 hours by train)

In Malaysia the collection Points for H&M are
in 50% Kuala Lumpur, 50% Pasir Gudang.
Distance is 171 km (half of 343 km).

ton Collected Textiles 2014 by HM for the rec
project according to Chetan 1:CO

ok

tonkm
tonkm
tonkm
tonkm
tonkm
tonkm

tonkm
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Appendix 12 IPCC on GWP in relation to GHG and GWP

IPCC

The characterisation factors per substance are identical to the IPCC 2007 GWP (100a) method in
SimaPro. The only difference is that carbon uptake and biogenic carbon emissions are included in this
method and that a distinction is made between:

1 Fossil based carbon (carbon originating from fossil fuels)

1 Biogenic carbon (carbon originating from biogenic sources such as plants and trees)

1 Carbon from Land transformation (direct impacts)

-1 Carbon uptake (CO2 that is stored in plants and trees as they grow)

The draft standards require fossil and biogenic carbon to be report separately. Reporting of carbon
caused by direct land use change is currently defined as optional, depending on the product category
while reporting of carbon uptake is not required.

GHG

Companies shall quantify and report the following: » Total inventory results in CO2 e per unit of
analysis, which includes all emissions and removals included in the boundary from biogenic sources,
non-biogenic sources, and land-use change impacts

Removals from the atmosphere typically occur when CO2 is absorbed by biogenic sources (i.e.
plants) and converted to energy during photosynthesis. However, removals may also occur when a
product absorbs atmospheric CO2 during use, or when CO2 from the atmosphere is used during a
processing step.

The amount of removal calculated for materials of biogenic origin should only reflect the amount of
carbon contained, or embedded, in that material. For example, if a product requires 50 tons of wood
input that is 50 percent carbon, 25 tons of carbon removal is assumed. To convert carbon to CO2 , the
tons of carbon are multiplied by the ratio of molecular weights of CO2 (44) and carbon (12),
respectively.
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Appendix 13 System expansion of the LCA model (suggestion)

FU: 400 (example) times use 1000 kg product of virgin and recycled cotton.

Process Virgin Recycled Virgin Recycled
cultivation 2 1 836 418
manufacturing 2 2 0 0

sale 2 2 0 0

200 days of use 2 2 0 0

Transport 0 1 0 411

recycling 0 1 0 50

combustion 2 1 3080 1540

Total 3916 2419 1497

Recycling potential

Another LCA model is system expansion, comparing 400 (example) times use jeans of virgin and
recycled cotton. The example is assuming that the jeans are used 200 times before disposed of either
direct to incineration or to recycling for one extra life before incineration. It would result in half as much
cultivation and incineration and one extra process of transport and recycling.

Adding the GWP (in a rough manner) indicate that the potential contribution of recycling in one extra
loop, is 38% lower climate impact.

In this comparison recycled cotton replaces 100 % of virgin fibre. Currently that figure is only 10% so
that is of course an important factor to include in the model.

The number of lifecycles would also lower the environmental impact of recycled cotton dramatically.
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Appendix 14 Data on supply of textiles (Gupta, Analysis 09_38 43, 2014).
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Year: 2014

8 097 305,50
Country Weight % von gesamt
DE 1331 491,95 16,44%
FR 740 961,52 9,15%
ES 594 305,17 7.,34%
JP 592 756,38 7,32%
CN 486 468,68 6,01%
IT 473 184,62 5,84%
NL 444 882,56 5,49%
CH 438 278,85 5,41%
BE 327 743,25 4,05%
GB 323 782,50 4,00%
SE 244 234,68 3,02%
us 236 260,28 2,92%
DK 234 200,87 2,89%
RU 224 288,27 2,77%
AT 197 031,62 2,43%
HR 149 593,34 1,85%
Fl 119 480,78 1,48%
BG 104 820,00 1,29%
GR 103 620,00 1,28%
NO 89 719,83 1,11%
CA 86 677,45 1,07%
PT 86 543,05 1,07%
HU 76 927,50 0,95%
MY 62 267,00 0,77%
Si 59 888,19 0,74%
IL 48 360,00 0,60%
PL 37 891,21 0,47%
LV 37 720,64 0,47%
HK 25 041,00 0,31%
EE 21 113,53 0,26%
LT 20 945,82 0,26%
IE 13 920,00 0,17%
RO 11 660,42 0,14%
KR 10 142,00 0,13%
LU 10 039,00 0,12%
TR 9 124,00 0,11%
SK 7 905,00 0,10%
SG 7 074,00 0,09%

HM rec cotton

592 756,38

0,00

0,00

62 267,00

0,00

10 142,00
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Share

0,891141358

0,093611306

0,015247336
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Ccz 6 528,54 0,08%
TH 432,00 0,01%
Sum 8 097 305,50 665165,38
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Appendix 15 Flow diagram of ReCiPe° (Single score) for 1 kg recycled cotton fibre.

In the diagram the arrow thickness correspond to the environmental load. Normalisation is less
subjective than weighting as single score, but it has the pattern is the same in this case. To the left is
the results as a sum in percent and in points not summed to the right

1kg
AM Rec Cotton
fiber

0 Pt

19,4 thm| [ |
Transport, freight,
Se3, ransoceanic

il

| 10,676 tkm| | 19,4 tkm
Transport, freight, Transport, freight, Transport, freight,
lorry 16-32 metrc lorry 16-32 metric 583, Uanso0eanic
on, EURO4 | ten, EURO4 ship {GLO}|
23.9% | ||| oee| || ]1]] 0.0155 x
0,48 tkm | | 0.0431 kg | 0,48 tkm | | 00431 kg |
Transport, freight, Heavy fuel oil Transport, freight, Heavy fuel ol
lomry 16-32 metric RoW}| market for lormy 16-32 metric RoW I) markem for
ton, EUROC4 I' lAllboc Rec, ton, EURO4 1 |
17% isa9 | || ]] 0,00255 Bx om|||||||
0,0431 kg
Heavy fuel oil
{RoW}} petroleum
refinery operation ||
3,09E-5 Pt
[ TTlo105kg T | [TTo1os kgl [T
Petroleum {GLO}| Petroleum {GLO}|
market for | Alloc market for | Alloc
| I I L
2,02E-7 Pt |




Report-75
(UMILJOGIRAFF

Life Cycle Assessment of recycling cotton
Page 107

Appendix 16 Flow diagram of GWP for rec cotton.

1,61 kg
Transport to ICO

0,278 kg CO2 eq

1kg
AM Rec Cotton
fiber

0,381 kg CO2 eq

1,03 kg
Textiles ICO
RecCotton

0,33 kg CO2 eq

[ [0,0234 tkm | |
Municipal waste
collection service

0,0306 kg CO2 eq

1,61 kg
Transport Store to
Hub

| I—

0,0679 kg CO2 eq

0,0232 tkm
Municipal waste
collection service
by 21 metric ton
0,0303 kg CO2 eq

| e— | E—

|| |ton, EURO4] |

[17 0,401 tkm []]
Transport, freight,
lorry 16-32 metric

0,0679 kg CO2 eq

16,4 tkm
Transport, freight,
sea, transoceanic
ship {GLO}|

[1] 16,4 tkm |||
Transport, freight,
sea, transoceanic
| | ship {GLO}|
0,19 kg CO2 eq

0,19 kg CO2 eq

0,285 tkm ‘ 2,12E-13 p|
Transport, freight, Port facilities
lorry 16-32 metric {GLO}| market for

ton, EURO4 | | Alloc Rec, U] |
0,0484 kg CO2 0,0348 kg CO2 eq
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Appendix 17 Flow diagram of Toxicity® for rec cotton (cut in two pieces to fit to page).

0,00178

| Stme, ﬁ

low-2licyec
{503 markas

0000119 g
Siag, unslicyeds
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Appendix 18 Process contribution with ReCiPe Endpoint (H) V1.12 / World ReCiPe H/A / Normalisation.

LCl data

Transport, freight, sea, transoceanic ship {GLO}| processing | Alloc
Rec, U

Transport, freight, lorry 16-32 metric ton, EURO4 {RoW}| transport,
freight, lorry 16-32 metric ton, EURO4 | Alloc Rec, U

Municipal waste collection service by 21 metric ton lorry {RoW}|
processing | Alloc Rec, U

Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| transport,
freight, lorry 16-32 metric ton, EURO4 | Alloc Rec, U

AM Electricity 2014

Waste textile, soiled {RoW}| treatment of, municipal incineration | Alloc
Rec, U
Brake wear emissions, lorry {RoW}| treatment of | Alloc Rec, U

Electricity, high voltage {CN}| electricity production, hard coal | Alloc
Rec, U

Electricity, high voltage {IN}| electricity production, hard coal | Alloc
Rec, U

Transport, freight, lorry >32 metric ton, EURO4 {RoW}| transport,
freight, lorry >32 metric ton, EURO4 | Alloc Rec, U

Heat, district or industrial, other than natural gas {RoW}| refinery gas,
burned in furnace | Alloc Rec, U

Waste natural gas, sour {GLO}| treatment of, burned in production flare
| Alloc Rec, U

Remaining processes

Points of
environmental
impact
3,85E-05
6,97E-06
3,64E-06
2,83E-06

2,57E-06
2,54E-06

1,74E-06
1,46E-06

1,33E-06
1,06E-06
9,69E-07
8,74E-07

2,22E-05
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Appendix 19 Global Warming Potential of 1 kg recycled cotton fibre in kg CO2 eq. per Process.

Process (LCI data) kg CO2 eq
Transport, freight, sea, transoceanic ship {GLO}| processing | Alloc Rec, U 0,129

Transport, freight, lorry 16-32 metric ton, EURO4 {RoW}| transport, freight, lorry  0,0336
16-32 metric ton, EURO4 | Alloc Rec, U

Municipal waste collection service by 21 metric ton lorry {RoW}| processing | 0,0249
Alloc Rec, U
AM Electricity 2014 0,0229

Waste textile, soiled {RoW}| treatment of, municipal incineration | Alloc Rec, U 0,0195

Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| transport, freight, lorry  0,0136
16-32 metric ton, EURO4 | Alloc Rec, U

Electricity, high voltage {IN}| electricity production, hard coal | Alloc Rec, U 0,0089

Transport, freight, lorry >32 metric ton, EURO4 {RoW}| transport, freight, lorry 0,0087
>32 metric ton, EURO4 | Alloc Rec, U

Electricity, high voltage {CN}| electricity production, hard coal | Alloc Rec, U 0,0073

Heat, district or industrial, other than natural gas {RoW}| refinery gas, burned in  0,0069
furnace | Alloc Rec, U

Waste natural gas, sweet {GLO}| treatment of, burned in production flare | Alloc  0,0043
Rec, U

Hard coal {CN}| mine operation | Alloc Rec, U 0,0042

Natural gas, vented {GLO}| natural gas venting from petroleum/natural gas 0,004
production | Alloc Rec, U

Remaining processes 0,0925
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Appendix 20 Environmental overall Impact of 1 kg AM Rec Cotton fiber analysed with ReCiPe Midpoint (H)
V1.12 / World Recipe H

Impact category Unit Total per 1 kg cotton fibre
Climate change kg CO2 eq 0,38
Ozone depletion kg CFC-11 eq 0,00000005
Terrestrial acidification kg SO2 eq 0,004
Freshwater eutrophication kg P eq 0,00003
Marine eutrophication kg N eq 0,00017
Human toxicity kg 1,4-DB eq 0,06
Photochemical oxidant kg NMVOC 0,004
formation
Particulate matter formation kg PM10 eq 0,002
Terrestrial ecotoxicity kg 1,4-DB eq 0,0001
Freshwater ecotoxicity kg 1,4-DB eq 0,002
Marine ecotoxicity kg 1,4-DB eq 0,003
lonising radiation kBq U235 eq 0,03
Agricultural land occupation m2a 0,00
Urban land occupation m2a 0,01
Natural land transformation m2 0,0001
Water depletion m3 0,001
Metal depletion kg Fe eq 0,01
Fossil depletion kg oil eq 0,13
Impact category Unit
Climate change kg CO2 eq
Ozone depletion kg CFC-11

e
Terrestrial acidification kg S02 eq
Freshwater eutrophication kg P eq
Marine eutrophication kg N eq
Human toxicity kg 1,4-DB

€q
Photochemical oxidant kg NMVOC
formation
Particulate matter formation kg PM10 eq
Terrestrial ecotoxicity kg 1,4-DB

€q
Freshwater ecotoxicity kg 1,4-DB

e
Marine ecotoxicity kg 1,4-DB

e
lonising radiation kgq U235

€q
Agricultural land occupation m2a
Urban land occupation m2a
Natural land transformation m2
Water depletion m3
Metal depletion kg Fe eq




Report-75
(UMILJOGIRAFF

Life Cycle Assessment of recycling cotton
Page 112

| Fossil depletion kg oil eq
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Appendix 21 Environmental overall Impact of 1 kg AM Rec Cotton fiber analysed with CML-IA baseline
Vv3.03 / World 2000

Appendix 22 Water Footprint of 1 kg AM Rec Cotton fiber analysed with Hoekstra et al 2012 (Water
Scarcity) V1.02

Process LCI data m3
Heavy fuel oil {RoW}| petroleum refinery operation | Alloc Rec, U 0,0003
Water, decarbonised, at user {RoW}| water production and supply, 0,0002
decarbonised | Alloc Rec, U

Diesel {RoW}| petroleum refinery operation | Alloc Rec, U 0,0002
Oxygen, liquid {RoW}| air separation, cryogenic | Alloc Rec, U 7,97E-05
Electricity, high voltage {IN}| electricity production, hydro, reservaoir, 7,75E-05

alpine region | Alloc Rec, U

Remaining processes 0,0005
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Appendix 23 Primary Energy Demand of 1 kg AM Rec Cotton fiber analysed with Cumulative Energy

Demand V1.09/ Single score

Process LCI data
Petroleum {RoW}| petroleum and gas production, on-shore | Alloc Rec, U

Petroleum {RME}| production, onshore | Alloc Rec, U

Petroleum {RU}| production, onshore | Alloc Rec, U

Petroleum {RoWs}| petroleum and gas production, off-shore | Alloc Rec, U
Natural gas, high pressure {RoW}| natural gas production | Alloc Rec, U
Natural gas, unprocessed, at extraction {GLO}| production | Alloc Rec, U

Petroleum {RoW}| production, onshore | Alloc Rec, U

Hard coal {RoW}| mine operation | Alloc Rec, U
Petroleum {RAF}| production, onshore | Alloc Rec, U

Polyethylene, low density, granulate {RoW}| production | Alloc Rec, U

Petroleum {NG}| petroleum and gas production, on-shore | Alloc Rec, U

Hard coal {CN}| mine operation | Alloc Rec, U
Natural gas, high pressure {RU}| natural gas production | Alloc Rec, U

Petroleum {NO}| petroleum and gas production, off-shore | Alloc Rec, U

Hard coal {RNA}| mine operation | Alloc Rec, U

Waste natural gas, sweet {GLO}| treatment of, burned in production flare |
Alloc Rec, U

Petroleum {GB}| petroleum and gas production, off-shore | Alloc Rec, U
Uranium ore, as U {RNA}| uranium mine operation, underground | Alloc
Rec, U

Sweet gas, burned in gas turbine {RoW}| processing | Alloc Rec, U

Polyethylene, low density, granulate {RER}| production | Alloc Rec, U

Remaining processes

MJ
1,206

1,192
0,5204
0,492
0,2035
0,1984
0,1556

0,1482
0,1212

0,1191

0,1164

0,116
0,114

0,0967

0,0859
0,0675

0,066

0,0619

0,059

0,0588

0,65
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Appendix 24 Primary Energy Demand of 1 kg AM Rec Cotton fiber analysed with Cumulative Energy
Demand V1.09 /Characterisation
Impact category Unit Total Top Sea Land Shredding Sorting
transport transport
Non renewable, MJ 5,57 0,06 3,11 1,08 0,52 0,80
fossil
Non-renewable, MJ 0,1774 0,0011 0,1358 0,0164 0,0011 0,0230
nuclear
Non-renewable, MJ 0,0012 0,0000003 0,00008 0,00003 0,0000003 0,00115
biomass
Renewable, MJ 0,0336 0,0003 0,0193 0,0060 0,00011 0,0079
biomass
Renewable, wind, MJ 0,0107 0,00007 0,0084 0,0010 0,00007 0,0011
solar, geothe
Renewable, water MJ 0,0541 0,0004 0,0394 0,0057 0,0004 0,0082
Appendix 25 Ozone Depletion of 1 kg AM Rec Cotton fiber analysed with ReCiPe Midpoint (H) V1.12/
World Recipe H/ Characterisation
Process LCl data kg CFC-11 eq
Petroleum {RoW}| petroleum and gas production, on-shore | Alloc 1,84E-08
Rec, U
Petroleum {RME}| production, onshore | Alloc Rec, U 1,82E-08
Petroleum {RU}| production, onshore | Alloc Rec, U 7,78E-09
Remaining processes 1,04E-08
Appendix 26 Terrestrial acidification in kg SO2 eq. of 1 kg AM Rec Cotton fiber analysed with ReCiPe
Midpoint (H) V1.12 / World Recipe H/ Characterisation
Process LCIl data kg SO2 eq
Transport, freight, sea, transoceanic ship {GLO}| processing | Alloc Rec, U 0,0033
Waste natural gas, sour {GLO}| treatment of, burned in production flare | Alloc Rec, 0,0001
U
Municipal waste collection service by 21 metric ton lorry {RoW}| processing | Alloc 0,0001
Rec, U
Natural gas, high pressure {RoW}| natural gas production | Alloc Rec, U 9,08E-05

Transport, freight, lorry 16-32 metric ton, EURO4 {RoW}| transport, freight, lorry 16- 8,79E-05
32 metric ton, EURO4 | Alloc Rec, U

Electricity, high voltage {CN}| electricity production, hard coal | Alloc Rec, U 7,69E-05
Electricity, high voltage {IN}| electricity production, hard coal | Alloc Rec, U 5,87E-05
Waste textile, soiled {RoW}| treatment of, municipal incineration | Alloc Rec, U 5,76E-05

Remaining processes 0,0006
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Appendix 27 Eutrophication of 1 kg AM Rec Cotton fibre analysed with ReCiPe Midpoint (H) V1.12 / World

Recipe H / Characterisation

Process LCl data

Spoil from hard coal mining {GLO}| treatment of, in surface landfill |
Alloc Rec, U

Spoil from lignite mining {GLO}| treatment of, in surface landfill | Alloc
Rec, U

Sulfidic tailing, off-site {GLO}| treatment of | Alloc Rec, U

Basic oxygen furnace waste {RoW}| treatment of, residual material
landfill | Alloc Rec, U
Remaining processes

kg P eq
1,73E-05

1,07E-05

3,81E-06
8,35E-07

7,0E-07

Appendix 28 Photochemical oxidant formation kg NMVOC 1 kg AM Rec Cotton fibre analysed with ReCiPe

Midpoint (H) V1.12 / World Recipe H/ Characterisation

Process LCl data

Transport, freight, sea, transoceanic ship {GLO}| processing | Alloc
Rec, U

Municipal waste collection service by 21 metric ton lorry {RoW}|
processing | Alloc Rec, U

Transport, freight, lorry 16-32 metric ton, EURO4 {RoW}| transport,
freight, lorry 16-32 metric ton, EURO4 | Alloc Rec, U

Waste textile, soiled {RoW}| treatment of, municipal incineration | Alloc
Rec, U

Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| transport,
freight, lorry 16-32 metric ton, EURO4 | Alloc Rec, U

Natural gas, vented {GLO}| natural gas venting from petroleum/natural
gas production | Alloc Rec, U

AM Electricity 2014
Diesel, burned in building machine {GLO}| processing | Alloc Rec, U

Diesel, burned in diesel-electric generating set {GLO}| processing |
Alloc Rec, U

Remaining processes

kg NMVOC
0,0025

0,0003

0,0002

9,36E-05

6,49E-05

6,18E-05

5,78E-05
5,27E-05

3,96E-05

0,0005
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Appendix 29 Human toxicity, cancer / 1 kg recycled cotton fibre, analysed with USEtox (recommended +
interim) V1.04

Process LCI fdata CTUh
Slag, unalloyed electric arc furnace steel {RoW}| treatment of, residual 3,31E-09
material landfill | Alloc Rec, U

Spoil from hard coal mining {GLO}| treatment of, in surface landfill | Alloc 1,26E-09
Rec, U

Basic oxygen furnace waste {RoW}| treatment of, residual material landfill | 1,17E-09
Alloc Rec, U

Spoil from lignite mining {GLO}| treatment of, in surface landfill | Alloc Rec,U  6,54E-10

Sludge from steel rolling {RoW}| treatment of, residual material landfill | Alloc  6,11E-10
Rec, U

Remaining processes 1,58E-09

Appendix 30 Human toxicity, non-cancer / 1 kg recycled cotton fibre, analysed with USEtox
(recommended + interim) V1.04

Process LCI data CTUh
Tyre wear emissions, lorry {RoW}| treatment of | Alloc Rec, U 6,15E-09
Sulfidic tailing, off-site {GLO}| treatment of | Alloc Rec, U 6,08E-09
Brake wear emissions, lorry {RoW}| treatment of | Alloc Rec, U 4,64E-09
Spoil from hard coal mining {GLO}| treatment of, in surface landfill | Alloc 3,56E-09
?i?]cc’ iler car shredder residue {RoW}| treatment of, municipal incineration | 3,06E-09
Alloc Rec, U

Tyre wear emissions, lorry {RER}| treatment of | Alloc Rec, U 2,5E-09
Remaining processes 2,15E-08

Appendix 31 Freshwater ecotoxicity/ 1 kg recycled cotton fibre, analysed with USEtox (recommended +
interim) V1.04

Process LCI data CTUe
Scrap steel {RoWs}| treatment of scrap steel, municipal incineration | Alloc 0,2246
Rec, U

Scrap copper {RoW}| treatment of, municipal incineration | Alloc Rec, U 0,1672
Sulfidic tailing, off-site {GLO}| treatment of | Alloc Rec, U 0,1446
Spoil from hard coal mining {GLO}| treatment of, in surface landfill | Alloc 0,1103
Rec, U

Waste textile, soiled {RoW}| treatment of, municipal incineration | Alloc Rec, U 0,1064
Zinc in car shredder residue {RoW}| treatment of, municipal incineration | 0,0916
Alloc Rec, U

Remaining processes 0,3924



