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Textile supply chain
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Overview of textile supply chain*

*Allwood, J. M., Laursen, S. E., Rodriguez, C. M. de, & Bocken, N. M. P. (2006). Well dressed? The present and future sustainability of clothing and textiles in the United Kingdom. (Technical Report). Cambridge,
UK: University of Cambridge - Institute for Manufacturing. http://www.ifm.eng.cam.ac.uk/uploads/Resources/Other Reports/UK textiles.pd f. Accessed 4 May2017



http://www.ifm.eng.cam.ac.uk/uploads/Resources/Other_Reports/UK_textiles.pd

Traceability and its
purpose/drivers

“[...]the ability to trace the history, application or location of an
entity by means of recorded identifications.” (1ISO 8402:1994)

Traceability is the ability to track a product batch and its histoty through the whole, or part, of a
production chain from harvest through transport, storage, processing, distribution and sales
(hereafter called chain traceability) or internally in one of the steps in the chain for example the
production step (hereafter called internal traceability) *

*Moe, T. 1998. Perspectives on traceability in food manufacture. Trends in Food Science & Technology, Vol. 9, No. 1, pp. 211-214.



Traceability and its
purpose/drivers

* Counterfeit detection

* Inventory management

* Supply chain management

* Transparency

* Sustainability (accountability)
* Product security

* Product recall

* Servicing (eg. repairing)
*Disposal/recycling

ctc.



Traceability and its
purpose/drivers

Types of counterfeit goods seized at borders

Pharmaceuticals
and personal care

Watches and jewellery Handbags and wallets

Ol Sunglasses

Perfumes and cosmetics

*Includes accessories

Sources: US Department of Homeland Security; European Commission

* Counterfeit detection i Fake!

* Inventory management Latest available, % by value
* Supply chain management United

* Transparency 0

* Sustainability (accountability) Euupedn

* Product security

* Product recall Economist. com

* Servicing (eg. repairing)
*Disposal/recycling

ctc.

https://www.weforum.org/agenda/2016/06/instagram-is-filling-up-with-fake-goods-and-organized-crime-s-the-winner/



http://www.weforum.org/agenda/2016/06/instagram-is-filling-up-with-fake-goods-and-organized-crime-s-the-winner/
http://www.weforum.org/agenda/2016/06/instagram-is-filling-up-with-fake-goods-and-organized-crime-s-the-winner/

Traceability and its
purpose/drivers

* Counterfeit detection

* Inventory management

1/ 2017 ALERTS
* Supply chain management PRODUCT categories/ The 5 most notifed products
* Transparency 29% 20% 12% 6% 5%
* Sustainability (accountability) —
* Product security " fi"i;-
* Product recall T m g s e

* Servicing (eg. repairing)
*Disposal/recycling
ctc.

https://ec.europa.eu/consumers/consumers safety/safety products/rapex/alerts/repository/content/pages/rapex/reports/docs/Rapex annual Report 2017.pdf



https://ec.europa.eu/consumers/consumers_safety/safety_products/rapex/alerts/repository/content/pages/rapex/reports/docs/Rapex_annual_Report_2017.pdf

Traceability and its
purpose/drivers

* Counterfeit detection

* Inventory management
. Data related to 106 companies
* Supply chain management fashion companies representing
330 brands*
* Transparency
* Sustainability (accountability)
* Product security
* Product recall

Are broad auditing results shared publicly?

FINAL : RAW
STAGE i MATERIALS

YES 23% T YES 2%

Is there a pubilic list of supplier facilities
(including names and addresses)?

FINAL
STAGE

RAW

v MATERIALS

YES 10%

YES 34% YES 2%

* Servicing (eg. repairing) < T I

*Disposal/recycling
etc.

*https://www.rrepp.com.au/uploads/contentFiles/files/FashionReport 2017 13%20April FINAL low%20res.pdf

Has the company traced 100% of all of its
facilities for the following stages of production
(partial = some traced)?

‘ INPUTS

YES 18%

FINAL
STAGE
YES 69%

RAW
MATERIALS
YES 7%



http://www.rrepp.com.au/uploads/contentFiles/files/FashionReport_2017_13%20April_FINAL_low%20res.pdf

Key message:

Ihus traceability claims should be Warning over thousands of fake counterfeit goods

customized according to the and clothes - and how to spot them
defined purpose

seized millions of fake electronics, dodgy designer clothes and counterfeit football shirts last year and the
he dangerous

. = By Simon Meechan
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POSTED ON JULY & 2016 BY ADMIN

ARE Y7UR CLOTHES HELPING TO FUND
ISLAMIC STATE?

Since September last year, Islamic State militants have
gained control over the Syrian cotton production, which
could mean that the clothes you buy can indirectly
benefit ISIS.

y on th-




Traceability Data Management

Ideal data management system

Recycle

Remanufacture
Chemical Reuse
Processing
— =f- —_—
Fibre Yarn Fabric_ ) Manufacturer Recycle/Reuse
Weaving/Knitting (Apparel) A
' A ‘ |
[ | | ‘; |
¥ ¥ ¥ ¥ Li
Tag (Fiber Stage) Tag (Yarn Stage) Tag (Fabric Stage)
t t t l
[ ———— - — L S ———————— [
L ]
‘Information Flow =+ ——= ‘ Product Database Material Flow <™ ‘

An ideal traceability system*

*Agrawal, T. K., Koehl, L., & Campagne, C. (2018). A secured tag for implementation of traceability in textile and clothing supply chain. The International Journal of
Advanced Manufacturing Technology, 99(9-12), 2563-2577.



Traceability Data Management

Zooming at dyadic level
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<?xml version="1.0" encoding="UTF-8"?>
<dataroot generated="2016-09-22T13:45:48"
xsi:noNamespaceSchemalocation="LotIDs_v4.xsd"
“http://www.w3.0rg/2001/XMLSchema-instance”
"urn:schemas-microsoft-com:officedata”>
- <LotIDs>
<Lot_ID>12345</Lot_ID>
<Product_type>CO_120GSM</Product_type>
<Start_Date>2016-06-14T00:00:00</Start_Date>
<End_Date>2016-08-31T00:00:00</End_Date>
- <OutboundProfInfo>
<Lot_ID>12345</Lot_ID>
<ID>1</ID>
- <BuyerInfo>
<ID>1</ID>
<Ref_ID>1</Ref_ID>
<Buyer_name>xx1 Germents Ltd.</Buyer_name>
<Buyer_ID>ZU-G</Buyer_ID>
<Contact_no>XxX-3000000x</Contact_no>
<Product_Name>Graige fabric</Product_Name>
<shipment_ID>34F45G3</Shipment_ID>
<Shipping_info>xx2 Logistic Company</shipping_info>
<sShipping_date>2016-09-17T00:00:00</Shipping_date>

Product
Channel

Traceability




Traceability Data Management

Chain

traceability Information
< > / Channel

Zooming at dyadic level

IDENTIFIER
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' Product TRADED UNIT
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Physical prodoct ——(}—
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Traceability Data Management

Tier |

. . f Tier 3 ‘ 2
Distributed data 5 4 o |
management SYStem _4 ......... ok | } " ; I Direct

Managed links

for network
traceability

cr

o — T |

4 tier to Initial suppl

Retailer
managed
database

———  Product flow <---7--°>  Information flow \:I Supply chain actor II' Retailer

Kumar, V., Hallqvist, C., & Ekwall, D. (2017). Developing a framework for traceability implementation in the textile supply chain. Systems, 5(2), 33.



Traceability Data Management

Distributed data management

system, an example

Raw Fibre
matenal imchustry

| I Send raw material data ¢

Yam
industry

Fabric
industry

I— Send fibre data

Send yvam data

Traceability request

Dyeing Apparel
industry industry

Retailer

.

i Retum mformation

-
-

' Retum imformation

s

"| | Send fabric data :

-
Send dycing data | a

D “Send apparel data

Traccability request |

I'raceability request
™

X

uscr

—_

Returmn information |

—

Retum information

*Kumar, V., Hallgvist, C., & Ekwall, D. (2017). Developing a framework for traceability implementation in the textile supply chain. Systems, 5(2), 33.




Traceability Data Management

Distributed data

management system

Different

data types

actor 1
®

_ _ i
7 ) +CompanyName L ]

Primary information

Record inbound
material information

Record processes
information

Record outbound
product information

Record regulation and
accreditation inforamtion

Different
data access

Secondary information

Private information

Shareable information

Public information

—3CCE5S

acoess
-

establish Retailer

Customer

The use-case diagram for the traceability information*

+raceabilitylD +ID
#generateCode(LotNo key time) clogarese:
actor 3
actor |
+LotNo
+description ]
#generateLotNo g
8
v

*Kumar, V., Hallgvist, C., & Ekwall, D. (2017). Developing a framework for traceability implementation in the textile supply chain. Systems, 5(2), 33.



Traceability Data Management

Blockchain based data zwf AN
management

Data-E Data-F

Data-B Data-C Data-D
“Hash-B HashC | HashD “HashE | __Hash-F
PHashe || PlEeshc]) Plomsno]| —plHeshE]) ED
= W1 L:»'_<
2 e Ausditer
Hash ? }7/\/\ Nﬁ EL\N\T
Boras -> 41sd52f6df3e6f5e + Sweden -> asfsfbdfnsfn454dflvad Blockchain modules*

*Agrawal, T.K., Sharma, A., & Kumar, V. (2018). Blockchain-Based Secured Traceability System for Textile and Clothing Supply Chain. In Artificial Intelligence for Fashion Industry in the Big
Data Era (pp. 197-208). Springer, Singapore.



Key underlying Components of
Traceability

* Identify all data that would be required for
future from traceability context Identify

* Record the identified traceability data

* Communicate the necessary traceability data
with supply chain partners (stakeholders) with
flow of products orservices

Communicate

* Manage long term links for exchange of

request of traceability data (preferred in an
automated way) Record data

Manage links

Underlying components of traceability*

*Gencod-EAN France. (2001). Traceability in the Supply Chain: From Strategy to Practice. France. http://www.can-trace.org/portals/0/docs/ean_france_traceability_1-
21.pdf. Accessed 5 January 2017



Key Underlying Components of
Components of Traceability
Traceability System

* Identify all data that would be required
for future from traceability context

* Record the identified traceability data

* Communicate the necessary traceability

* Policy Claim which provides the
purpose of the traceability project
* Traceable Asset

* Entry/Exit Points and their conditions,

|
I |
. . [
data with supply chain partners | describing the condition/requirements
. [
(stakeholders) with flow of products or ! on the traceable asset !
. , . !
__services T Transformauon rules, in conformance 1
' It i Tt iy ik T 1 I I
[

* Manage long term links for exchange
| of request of traceability data (preferred
1
[
1

* Audit Agency, monitoring all rules and |
in an automated way)

| |
| |
1 conditions for meeting traceability !
| |
| |

G o o - o o S S S S S B S S B B B B G S B B B B e B S e e s el
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Key undetlying Components of

Traceability
Traceable Resource Unit (T'RU): deciding granularity

‘ Trade unit 15510 l]\ P Trade unit 15510 U
,% Raw material . f‘
‘-Trade unit 16515 [J”/ batch 151 r H /| Trade unit 16515 U
. /
‘ Trade unit 16518 ﬂ/ 0 Production 5\ | Trade unit 16518 U
T~ h/’ Raw material d petiea L
7 [
> Join » \ *  Split \_‘" ‘ Trade unit 18771 LI‘/7 batch 156 u Trade unit 18771 Ij
/ Mix \ ( Trade unit 18851 [ | T C Trade unit 18851 IJ
: ngredient
. 71 |~ batch838 > t Production ,r*’
‘ Trade unit 19001 [J” —— batch 212 K j Trade unit 19001 U
- i \I\!
‘Tradeunit 19432 l/’\ - Ingredient Trade unit 19432 j
0] \
; A batch 915 a \
| Trade unit 19768 H n \\ Trade unit 19768 j

Source: TraceFood (2008). Received Internal in company Sent



Key undetlying Components of

Traceability
Traceable Resource Unit (I'RU): deciding granularity

— — — &> Material
«——> Information

Key message:

Spinn'iarﬁlg 1

0 Trade-off: Precision vs. Cost P
e Traceability cost vs. Product o
pricing

ol
%l 8

Manufacture

. Problem-based TRU ”definition”

Customer

Fibre Supplier - Yarn : Fabric : Apparel

Manufacturing Manufacturing  Manufacturing Retail & Sales




Traceability Data Management

. . Chain
Zooming at dyadic level -0
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Traceability Data Mapping with product

oy |
’))) {g:’ Covert - RFD

-Magnetic Bar code

- Holograms
- QR codes

[x] L




Traceability Data Mapping with product

No unauthorized reproduction

Characteristics of
ideal traceability tag

Robustness
Easy manufacturing

Reclaimable

DigitalIdentity
Easyreadable
Robustness

Textile integrability

Digital Identity
Product

o Easy readable
traceability

Robustness



Traceability Data Mapping with product

Fiber-based
traceability tag
through
forensics




Traceability Data Mapping with product

Yarn-based
traceability tag Ceeen

ool Decoder
Information g (weave

( text, i 8 code
number, R Analysis)
image,
video, X Information

music, etc.) Read out

Xin, B., Hu, J., Baciu, G., & Yu, X. (2011). Development of weave code technology for textile products. Fibres & Textiles in Eastern
Europe, (2 (85)), 33-35.



Traceability Data Mapping with product

Yarn-based T TOPRN >
traceability tag % |
S -~ -~ m& ey {
lh . ’ 7 o ’5-'*::: e, -!‘-13; =t
’ ‘ "o T
‘ ‘ \ p—
| \
’ ! S ;" e hasy s

(a) (b)

Kumar, V, Koehl, L., Zeng, X., & Ekwall, D. (2017). Coded yarn based tag for tracking textile supply chain. Journal of manufacturing
systems, 42, 124-139.



Traceability Data Mapping with product

Pattern encoded

QR CO de rRe_gEtr;tEn __________ E "Verification ~Authentic Product |

Secure Code

|
| Product Data |
I
|

Server

Textile

Agrawal, T. K. (2019). Contribution to development of a secured traceability system for textile and clothing supply chain (Doctoral dissertation, University of Boras).



Product integrity and
certification

Label-based
traceability

OEKO-TEX®

DODDDODD Institute

Tesht subsiances rocives
. D= b comistandand 100
Fﬂ.l RTRADE

": 6 -:*
. ::'
FA'R .
-J"l
made in

N\
Eu NS
EED'HhE' mqunAmRn %G “\L respect

M X HAVELAAR



What i1s a certification

system?

Standard — definition of sustainable
products and related practices

Compliance verification through
certification and monitoring process

v’ Certification systems also offer
implementation support to actors
along the supply chain through
guidance, tools, training and funding

Label (optional)

Revision

what's in it?

evaluation of
impacts and practices

feedback from
stakeholders

---------- ----‘

sustainability
label

--------‘

ﬁ-----------------'

Source: Steering Committee, 2012



Variety of sustainability
certifications

Ecolabel Index (2014) identifies 108 labels and certification
schemes in the Textile, Leather and Clothing (TLC) sector.

mmittee, 2012 (based on Ecolabe

Key message:

*  Multiplicity of these ecolabel based
CoC is a concern.

Single-attribute
labels
- one stage of the
product’s life

cycle

Multi-attributes
ecolabels
almost every life
cycle stages but acts
on different stages
separately

Life cycle-
oriented labels

assessing the life
cycle as a whole

Environmental

labels
emphasis on

ecological criteria

Sustainable

labels

holistic approach

ecological &
social criteria

Social labels
emphasis on
social criteria

OEKO-TEX®
standard 100

OCS-Organic
Content
Standard

BCI-The Better
Cotton Initiative
e3T™
sustainable
cotton program

Fairtrade Standard
for cotton

CARE & FAIR
RUGMARK

The EU Ecolabel

;o ®
The bluesign Textile
standard
GOTS -Global
Organic Textile
Standard

Recycled Standard
STeP-Sustainable

GRS -Global

Cradle to Cradle

SMaRT-Consensus

Sustainable
Product

Source: Koszewska, 2015




Traceability based
certification
mechanism (1) el i g opric i ot pric o o

sold is actually sustainable — liability risk for brand!

Raw Material .pe . . .
Standard / Q * Scope certificate shows that company is certified to produce to the given
Verificati Y .
erification standards, but it is not enough to show that product is actually produced to that
Farm / Raw Material . . . . -
e o standard (as companies are usually dealing with both certified and non-certified
Transaction prOdUCtS)
Certificate . e L. . .
* Transaction certificate is issued for both buyer and seller each time the certified
products are shipped, and allows to perform a mass balance test - how much of
Scope - certified product is received and how much is shipped out
Certificate
. T i T i Ti ti
e Corieace Corificaee Certificate

Transaction ¢ 3
Certificate ‘ | T u

Knitting/VVeaving Dyeing/Finishing Sewing Brand / Retailer

Scope Scope Scope Scope
Source: Textile Exchange, 2012 Certificate Certificate Certificate Certificate



Traceability based
certification
mechanism (2)

* Scope Certificate and Transaction Certificate, when applied together,
allow tracking certified products from the certified farm, through all
steps of processing, and into the final product — protection from
liability!

* When a transaction certificate is attached to all shipments that
contain certified input, complete chain of custody is possible (e.g. OE
certification)

o Chain of custody allows establishing a traceability system

Source: Textile Exchange, 2012



Understanding
traceability models

* Different sustainability certification systems use different traceability
models:

- |Identity preservation

- Bulk segregation

- Mass balance

- Certificate trading or ‘book and claim’” model

Source: http://cottonupquide.org/sourcing-options/understanding-traceability/



http://cottonupguide.org/sourcing-options/understanding-traceability/

Model 1: Identity Preservation

Sustainable

|

Sustainable

Model 2: Bulk segregation

Intermediaries

source
(100kg) source
Intermediaries (100kg)
Retailer / Brands: _ ;
Sustainable (180kg sustainable, _ Retailer / Brands:
source [ 180kg non- sustamable (180kg sustainable,
k > source 180kg non-
(100kg) sustainable) (100kg) e
Intermediaries
N?"' Non- Intermediaries
sustanable | il EE——
source .
(200kg) (200kg)
*10% loss due to wastage *10% loss due to wastage
Model 3: Mass Balance Model 4: Certificate trading / Book and claim
Online
Intermediaries buying/selling of
Sustainable 100kg sustainability
source I — certeates
(100kg) Sustainable
9 source il 200kg T
(100kg) e sustainability
S certificates
Retailer / Brands: / 100kg
Sustainable (180-Il(goskusta|nable, Retailer / Brands:
s&;a:(ce t d nl())ln-* Sustainable (180kg sustainable,
( 9 sustainable) source 180kg non-
(100kg) sustainable)*
Non-
sustaiable I Non-
el sustainable
(200kq) Intermediaries source
(200kg)

*10% loss due to wastage

Source: http://cottonupquide.org/sourcing-options/understanding-traceability/

Intermediaries
*10% loss due to wastage


http://cottonupguide.org/sourcing-options/understanding-traceability/

Certification characteristics/design - Key

questions

Training, technical support, connection
to funding opportunities available or
not?

Multi-stakeholder dialogue or limited to
certain market actors?

Capacity-
development
services

Approach to
development

Aligned or not with stakeholder’s

expectations?
Standard

content/scope
of certification
requirements

Stringency of

certification What happens if requirements are not
requirements high enough or too high?

Certification
characteristics

Credible or not?
Verification and
monitoring How long is the verification/monitoring
services process and how often it occurs?

Traceability

model Identity preserved or mass balance?



Thanks
Questions?

rudrajeet.pal@hb.se
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