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Textile industry is known for being one of the pollutant ones. The supply chains are
typically long and fragmented and difficult to trace. It is impossible for the consumers
to be sure about the origin of textiles they are buying and sincerity of the sustainability
actions that companies are implementing. The industry has acknowledged the need
for the reliable system that can authenticate the traceability and reliability of the supply
chain.

Four experts in their field from one Finnish textile company were interviewed for this
gualitative study. The aim was to find out what is the current situation of traceability in
the industry and what is the role of Industry 4.0 technologies in improving it. The results
showed that even though the technologies are seen potential, they are not widely used
yet. Their integration demand huge investment and education of the staff. Additionally,
to get the full benefit the whole supply chain needs to be involved, which may be a bit
tricky since upstream of the chain might be in developing countries where internet
access is not necessarily always available. It is expected that big corporations and
luxury brands will be the first ones in using these technologies for the supply chain
purposes, and later since cost will decrease smaller companies may jump onboard.
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Tekstiiliala on tunnetusti yksi saastuttavimmista teollisuuden aloista. Toimitusketjut
ovat tyypillisesti pitkid ja pirstaloituneita ja niitd on hankala jaljittaa. Kuluttajien on
vaikeaa saada selville ostamiensa tekstiilien alkuperda ja yritysten lupaamat
vastuullisuus -toimet on vaikeaa todentaa. Alalla on tunnistettu tarve riippumattomalle
jarjestelmalle, jonka avulla voidaan todentaa toimitusketjun lapinakyvyys ja
uskottavuus.

Tassa  kvalitatiivisessa  tutkimuksessa  haastateltin ~ yhden  suomalaisen
tekstiiliyrityksen neljaa asiantuntijaa. Tavoitteena oli saada selville mika on toimialan
nykytilanne jaljitettdvyyden kannalta, ja erityisesti mika olisi teollisuus 4.0-
teknologioiden rooli sen parantamisessa. Tutkielman tulokset osoittivat, etté
toistaiseksi teknologiat eivat ole laajassa kaytossa, vaikkakin niiden nahdaan olevan
potentiaalisia tyokaluja vastuullisuuden ja jaljitettdvyyden parantamisessa. Niiden
kayttoonotto vaatii kuitenkin suuria investointeja seka henkiloston kouluttamista.
Liséksi, jotta teknologioista saadaan suurin hyoty irti, on koko toimitusketjun liitettdva
mukaan, joka saattaa olla hankalaa, varsinkin jos toimitusketjun alkupda sijaitsee
kehittyvissd valtioissa, joissa ei aina ole esimerkiksi internet-yhteyttd jatkuvasti
saatavilla. Odotettavasti suuret ketjut tai ylelliset brandit tulevat olemaan ensimmaisia
naiden teknologioiden hyoddyntajia, ja siten pienempien yritysten on helpompi tulla
mukaan, kun teknologioiden kayttdonoton kustannukset laskevat.
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1 INTRODUCTION

Textile industry is pollutant resource-based industry and due to globalization and
outsourcing, the companies typically have their partners located in different part of the
world sometimes in poor and underdeveloped areas. Therefore, supply chains are
relatively long, complex, and fragmented and their degree of sustainability is being
difficult to track (Kumar, Hallgvist, & Ekwall, 2017). Nowadays, companies are not only
responsible for their own actions but are expected to assure sustainability of their
whole supply chain (Krause, Vachon, & Klassen, 2009). Many stakeholders, the most
importantly the consumers have increased their awareness of sustainability issues.
However, it is still quite challenging for consumers to really be sure if what they are
purchasing is meeting their sustainable requirements because data is not easily
available or clear. Now, typically traceability information is limited to the country of
origin, which is marked on printed labels of product (Henninger, 2015). In the past,
textile history has not highlighted the traceability but nowadays it has become larger

concern (Kumar et al., 2017).

Transparency and traceability in supply chains has been defined by European Union
as one of the key priorities to promote sustainability, and responsible management in
global supply chains (European Commission, 2017). Centralized traceability systems
are not the best solutions because of the trustworthiness of them and data being easily
manipulated. (Reyna et al., 2018; Faridi et al., 2021). Industry 4.0 technologies are
promising enablers of addressing the sustainability issues such as transparency and
traceability of supply chains. Different technologies together might help to have
automated data input which cannot be tampered and therefore supply chain could
become more reliable and transparent. The technologies could be possible solution
for traceability in the future of supply chains. The technologies enable the secured
information sharing, real-time data, and visibility through the whole supply chain.
(Faridi et al., 2021). This could be solution for providing reliable, comparable data for
the companies and customers in the future (Agrawal, Kumar, Pal, Wang, & Chen,
2021).



This chapter introduce the background of the study, presents the research gap and
research questions. In addition, it defines the key concepts that are relevant to the

study and give structure details of the study.

1.1 Research gap and research questions

The purpose of this study is to address the gap in supply chain literature that exists
due to Industry 4.0 technologies in textile supply chains are relatively new. There
simply are not a lot of studies conducted in textile industry nor in general. The aim is
to find out how Industry 4.0 technologies can help addressing transparency and

traceability problems of supply chains of textile industry.

Main research question:
What is the role of Industry 4.0 technologies in increasing transparency and traceability

of sustainable supply chain?
The sub-questions:

e What is the role of traceability and transparency in the supply chains of textile
industry?
e What technologies can be used and how?

e What barriers there are for implementing these technologies?

1.2 Definition of the key concepts

Sustainability

Sustainability gained people’s attention after United Nations in 1987 defined
sustainability as “meeting the needs of the present without compromising the ability of
future generations to meet their own needs” (World Commission on Environment and

Development, 1987) and it is still widely used phrase for defining the term.

Triple bottom line
Elkington introduced in his book “Cannibals with Forks: the triple bottom line of 215t
century business” (1997, 69) the theory of Triple Bottom Line which refers to how

sustainable business should be considering through economic, environmental, and
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social sides of its performance. So, the success of the company should not only be
measured through its financial bottom line but as well by its environmental and social
(Elkington, 1998; Norman & MacDonald, 2004). To achieve sustainability so that there
will be opportunity for future generation to meet their needs as well, all three aspects
have to be considered (Elkington, 1998, 71). Already for some time the stakeholders
of companies have demanded the sustainability (Closs et al., 2011; Norman &
MacDonald, 2004). All three are interdependent and are not stable and fluctuating due
to what is happening around the world, different pressure from politics and other issues
are affecting the concentrations (Elkington, 1998, 73). To really know the company’s
bottom line of all three sides they need to be measured, calculated, audited, and
reported (Norman & MacDonald, 2004). There is regulated way to calculate
economical bottom line, however, environmental, and social are much harder to really
calculate for comparable data (Norman & MacDonald, 2004). Concentration on three
bottom line improve in the long run efficiency and profitability (Closs et al., 2011).

Supply chain (SC)

Supply chain is a set of different activities and firms that transform the raw materials
along the way in the chain to the ready item for the end user. It consists of material
and related information flow between supply chain participants and therefore, requires
relationship between supply chain members across different tiers (Mentzer et al.,
2001; Seuring & Muller, 2008a).

Supply Chain Management (SCM)

Supply Chain Management primary objective is to integrate and manage the material
and information flow between supply chain participants for improved long-term
performance for particular company and along the way the whole chain. It consists of
forecasting, purchasing, sourcing and supply part of the operations (Mentzer et al.,
2001).

Industry 4.0

Industry 4.0 stands for 4™ industrial revolution that changes the industry through
development of technologies. Old systems in manufacturing and especially in textile
industry are not providing the technology for real-time data and possibility for accurate

traceability systems. Industry 4.0 is about new technologies that allows the business
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and engineering processes be interconnected (Faridi, Ali, Duan, & Wang, 2021). It is
digitalization of processes that provide real-time access for the product information
(Bullobn Pérez, Queiruga-Dios, Gayoso Martinez, & Martin del Rey, 2020). Smart
factories, machines and censors are connected and can communicate if they detect
some kind of problem. They can gather and store huge amount of data. This way
supply chains can be interconnected and communicate between different processes
(Faridi et al., 2021).

1.3 Structure of the thesis

The thesis is structured as following: First the study starts with introducing sustainable
supply chains as everything is based on that theme. Then traceability is discussed as
it is important part of increasing sustainability of the supply chains. Next chapter
presents digitalization of supply chains and introduces the framework for the study. It
digs deeper to the Industry 4.0 technologies and presents how they could be
integrated to supply chain of textile industry for increasing sustainability. The empirical
part of study is following next, and it introduces the research method as wells as the
findings gained through the data collection. At the end, the study is concluded with
discussion based on theory and empirical part and practical implementations are

presented.



2 SUSTAINABLE SUPPLY CHAIN

Globalization have opened almost limitless possibilities for companies to outsource
their operations not only within the country they operate but around the globe (Prajogo,
Chowdhury, Yeung, & Cheng, 2012; Saberi, Kouhizadeh, Sarkis, & Shen, 2019). This
together with tightened competition between supply chains are affecting that different
part of supply chains are spread around the globe. As the supply chains are complex,
long, and widely spread there might be difficulties to monitor and ensure each step of
the supply chains and company’s might not be aware what is happening along their
supply chain. Due to this phenomenon, there might be increased social and
environmental burden for the products or services the company produces (Seuring &
Muller, 2008b). Especially some incidents during past years such as factory collapse
in Dhaka in 2013, which killed over 1000 garment factory employees, and other
environmental neglect have raised the interest of inhumane working conditions, poor
environmental preservation, and responsibility of the outsourcing companies for these

actions (Macchion et al., 2018).

2.1 Sustainable supply chain management

Sustainable supply management is defined to be strategic and transparent integration
of the company’s goals in economic, environmental, and social dimensions (Seuring
& Miller, 2008) of material, information and capital flow management and cooperation
with the companies inside its supply chain (Carter & Rogers, 2008). The goals are
derived from stakeholders and customers’ requirements (Seuring & Muller, 2008) and
are based on triple bottom line and supported by traceability, risk management,

transparency, strategy, and culture (Carter & Rogers, 2008).

Sustainable supply chain management is being responsible not only for the focal
company’s actions and not even just first-tier suppliers but for the whole supply chain,
from raw materials until the ready-made item. The company needs to ensure that
environmental and social dimensions of sustainability are respected in every step of
production (Seuring & Miiller, 2008). Sustainable companies are those that do not

cause any net harm on environment or society by operating in their business and still
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manage to do profit despite that. However, the truly sustainable companies are
considered the ones that could continue their business forever (Pagell & Wu, 2009).
Unfortunately, rarely there are truly sustainable companies and normally companies
that are considered sustainable are just a bit more sustainable than their competitors
in the industry (Montabon, Pagell, & Wu, 2016; Pagell & Wu, 2009). At the end, the
sustainability is about trade-offs, because typically none of the business decision can
be perfectly and equally the most ethical, environmentally friendly, and financially the
best choice (Closs et al., 2011).

Sustainability effects on how the product or service the company is selling is designed,
what is durability of it and what kind of features it has. It effects on choosing the
marketing channels and communication of the firm and product. To achieve
sustainable product sourcing, raw material, and other component selection as well as
production, packaging and distribution and recycling needed to be done in respect of
all three dimensions of sustainability (Closs et al., 2011). This all aims for improved
sustainability of the product or service and its goal is to satisfy the customer and gain
competitive advantage (Seuring & Miuller, 2008). There can be two ways of
sustainable supply chain, either start from building the sustainable supply chain before
the firm can offer the end product to the customer or to make existing supply chain
more sustainable by changing the product or its by-products such as packaging to
more sustainable alternatives (Bowen, Cousins, Lamming, & Farukt, 2001; Seuring &
Muller, 2008). The strategies are not excluding each other and can co-existing in

supply chain and change over time (Seuring & Muller, 2008).

External pressure and stimulus are the driving forces of company’s sustainability
(Bowen et al., 2001; Closs et al., 2011; Seuring & Mller, 2008). These can be directed
towards company from many different stakeholder groups, but customers and
government being the most important ones. Customers are the ones that makes the
decision of buying at the end and create the demand for the product or service.
Different kind of governmental control is affecting such as local municipalities and
multi-national governments that have legal demands and regulations towards
company’s actions (Seuring & Miiller, 2008). Other external pressures that companies
are facing are legal demands/regulations, response to stakeholders, need for

competitive advantage, environmental and social pressure groups, and fear of
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reputation damage (Seuring & Miller, 2008). Additionally there are pressures also
from inside the industry by other competitor’s supply chains and their sustainability
endeavors (Gold, Seuring, & Beske, 2010). Companies might have pressure derived
from the fear that environmental and social challenges in their supply chain would be
revealed, and customers would abandon the company or boycott it, which would cause
reputation loss. The companies are forwarding their pressure along the supply chain
to their suppliers, and they are forwarding it to theirs (Seuring & Mdller, 2008). The
companies are also asking their suppliers to follow the guidelines set by environmental
and social standards (E.G., ISO 14001, SA 8000) (Seuring & Mduller, 2008).

External pressures are not enough alone to increase company’s sustainability. The
pressures are causing a spark, but they need to be combined with the firm’s and its
supply chains internal capabilities to lead to a better sustainable supply chain
management. Meaning, the supply chain needs certain resources, competences and
capabilities that can enable sustainability in supply chain. It is important that company
has strategic and complete purchasing policies and procedures (Bowen et al., 2001).
The company need to build a collaborative and effectual relationship with its suppliers
and customers (Gold et al., 2010) and communicate with them openly (Seuring &
Muller, 2008) to be able to build well working cross-functional teams together with their
own company and their suppliers (Bowen et al., 2001). The company should take
proactive measures such as educating the staff (Seuring & Mdller, 2008) and making
sure the purchasing personnel has good knowledge and professional approach
towards sustainability issues combined with having good technical skills (Bowen et
al., 2001). But also it is important to be using management system standards (such as
iso 14001) and be monitoring, evaluating and reporting the suppliers’ performance
(Seuring & Miiller, 2008).

This all comes down to the firm, their desire to become a sustainable and responsible,
and their proactive and strategic decision to pursuit towards it (Bowen et al., 2001).
Therefore, sustainability goals need to be incorporated in the strategy so everyone
from top management until operational personnel are entitled to promote sustainability
in their work that external pressures are demanding (Pagell & Wu, 2009) and internal
capabilities and resources are enabling (Bowen et al., 2001). However, needed to be
noted that there are barriers for these actions. Sustainable supply chain management
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have higher cost and demands increased effort for all the coordination. There might
be even more complexity caused by these goals in supply chain and the poor
communication in the supply chain can cause challenges in implementing the strategy.
Barriers can be overcomed if every participant of the supply chain is able to see the
long-term vision of better performance of the whole chain (Seuring & Miiller, 2008). It
is believed that focusing on triple bottom line dimensions in business will lead to better
efficiency and profitability in the long run within the whole supply chain (Closs et al.,
2011).

Collaboration between supply chain partners is strategic issue when targeting
sustainability (Garcia-Torres, Albareda, Rey-Garcia, & Seuring, 2019; Pagell & Wu,
2009). Collaborative relationships are more proactive and have close contact and high
communication between the partners (Cox, Lonsdale, Watson, & Qiao, 2003). Trust
between the partners is a major part of effective collaboration and relationship
(Garcia-Torres et al., 2019). Partners that trust each other and have well working
relationship are better in information sharing, which is very needed in developing
sustainability within supply chain. However, sustainability issues are already making
operations more complex and require more time and investment so the endeavor
towards collaboration needs to be evaluated by the results it could provide and
supplier by supplier (Grudinschi, Sintonen, & Hallikas, 2014). Additionally,
collaborative relationship might not even be possible at all the times. It is highly
dependent on suppliers’ and buyers’ dominance over market and power distribution
(Cox, 2004).

2.2 Traceability of supply chains

Complexity and uncertainty of the supply chains are the main problems in
manufacturing industries (Cheng & Simmons, 1994; Saberi et al., 2019). And because
of those problems supply chains have poor traceability abilities and therefore lack of
reliability from the consumers and other stakeholders (Faridi et al., 2021). Therefore,
transparency and traceability have become important ways to improve the
sustainability of supply chains (Cheng & Simmons, 1994). As mentioned before the

company is responsible for its whole supply chain. Information sharing between the
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partners and the pressure of consumers demand for sustainability as well as
companies fear of what supply chains might reveal, is clearly pointing out the need for
traceability and it being one of important parts of sustainable supply chain. Loss of
competitive advantage and reputation due to lack of transparency in supply chain can
be costly for the firm. Poorly performing supply chain, fraud, inefficiency, and pilferage
are possible in complex supply chains and therefore traceability becoming demanded

issue in supply chains (Saberi et al., 2019).

Traceability is defined by being the ability to track and trace in supply chain.
Compared to term transparency, which refers more to general visibility of supply chain,
traceability is being able to access detailed level of supply chain, meaning exact
production lot or process for example (Sunny, Undralla, & Madhusudanan Pillai, 2020).
Traceability is the ability to be aware and show the present activities as well as the
activities from the past (Cheng & Simmons, 1994; Rosado Da Cruz, Antonio Miguel &
Ferreira Cruz, 2020). It is ability to trace all the steps back from readymade product to
the raw materials used and to verify the originality of steps (Cheng & Simmons, 1994).
According to ISO 9000 traceability is ability to trace the products history and its origin
of raw materials, how it is manufactured and its location. Additionally, status
traceability means to provide the information of current status, and performance
traceability provides information to help comparing the situation with the plans and
goal traceability help to assess the performance to the goals (Cheng & Simmons,
1994).

Complex supply chains, especially including multi-tier suppliers need to be
transformed into more traceable and transparent to increase the sustainability and
responsibility (Agrawal et al., 2021; Closs et al., 2011). Traceability it is the main
enabler of sustainability (Garcia-Torres et al., 2019) and it needs to be long-term goal
at strategy level and from there it can be derived to at each level (Cheng & Simmons,
1994). To gain transparency of supply chain it should be possible to trace each step
of the supply chain. From production of raw materials until the final readymade
product, and all the information along the way should be collected, stored and
available in public. Thus, consumers will have the possibility to decide according to

their conscience and preferences the products they want to purchase (Rosado Da



Cruz, Anténio Miguel & Ferreira Cruz, 2020). Main dimensions of traceability are
governance, collaboration, tracking and tracing (Garcia-Torres et al., 2019). The firm
collaborates with the suppliers and retailers to be able to provide full traceability in
their supply chain. It consists of being able to show for the consumers origin of the

product and in the recall incident the possibility to trace the product (Closs et al., 2011).

Detecting and measuring are important part of the traceability as you need to detect
to measure, you cannot control without measuring and you cannot manage if you
cannot control (Cheng & Simmons, 1994). And the challenge here is that the focal
company is responsible for their whole supply chain but at the same time they lack
visibility in their supply chain (Garcia-Torres et al.,, 2019). It is important that
information sharing, visibility, and accessibility but also management of competences
and knowledge throughout the supply chain so the sustainability objectives are met
and implemented (Garcia-Torres et al., 2019).

Nowadays environmental and social dimension of business is starting to be valued as
much as economic, sometimes even in the expense of economic. Consumers are
ready to pay premium for the products/services that are produced sustainably (Rosado
Da Cruz, Anténio Miguel & Ferreira Cruz, 2020; Sunny et al., 2020). However, the
consumer needs to have clear and easily accessible information to make purchasing
decisions that are aligned with their values (Montecchi, Plangger, & Etter, 2019; Saberi
et al., 2019). When the product price is higher, but the information is not consistent, or
time consuming to obtain, consumer might not choose “the greener option” to
purchase. The supply chain should be transparent for the customer, so when doing
purchasing decision customers could know what the origins of raw materials are, if the
companies involved in supply chain are environmentally friendly and if the workers of
the supply chain are being treated with socially acceptable standards (Carter &
Rogers, 2008). And all this information should be easily available, understandable,

and comparable (Rosado Da Cruz, Antonio Miguel & Ferreira Cruz, 2020).

Traceability also increases effectiveness and reduce risk due to better awareness of
process in the supply chain (Pagell & Wu, 2009). It is easier detect and be aware of
the problem when whole supply chain is open and familiar. So, it is important to build
transparency between supply chain partners. It is good that the partners have
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sustainability related risk management system and have collaborative relationship to
be able in succeeding in that (Garcia-Torres et al., 2019). Traceability is also crucial
part for certification (Rosado Da Cruz, Anténio Miguel & Ferreira Cruz, 2020) for
example for organic cotton certificates the traceability of cotton’s of every step of
production is mandatory. Traceability systems are good tools for managing the
sustainability in supply chain (Rosado Da Cruz, Anténio Miguel & Ferreira Cruz,
2020).

There are a lot of positives sides of traceability however, it is also cost-adding activity
and Cheng & Simmons (1994) even controversially declares it being rarely value-
adding however, need to be noted that a lot has changed since they published their
article. So good traceability system must have the accurate amount of information at
appropriate cost. Too much information together without critical assessment of what
is really needed can lead to more damage and confusion than aid (Cheng & Simmons,
1994). Sometimes the lack of standards can be the challenging part. Other issues
might rise if the responsibilities and objectives are not clear and because of that having
audit fatigue or double record (Garcia-Torres et al., 2019). Also, need to be noted
that not all supply chains can afford higher price due to traceability effort, some
products just will not be purchased by consumers because of the higher price
as traceable products are still considered premium (Sunny et al., 2020). However,
no traceability model can be truly complete and there will always be some loss of
reality as it is impossible to consider all the information and events (Cheng &
Simmons, 1994).

So, traceability is still challenging across the industry, (Rosado Da Cruz, Antonio
Miguel & Ferreira Cruz, 2020) to gather and to know what the appropriate amount of
data is and handle the costs. Currently supply chains are dependent on centralized
information management systems for example on ERP (enterprise resources planning
system) and rely on third party organizations for storage of their valuable and sensitive
data (Saberi et al., 2019).
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3 DIGITALIZATION

This chapter explains how integration of Industry 4.0 technologies such as Internet of
Things (loT), Blockchain and Radio Frequency Identification (RFID) to firm’s
information systems can increase the sustainability and traceability of supply chain.
These new digital technologies provide the means for gathering, sharing, and
analyzing the data between supply chain partners, such with suppliers and their
customers and verify its originality. The need for these new technologies is due that
the traditional systems do not support the modern requirements for traceability. They
lack possibilities for gathering real-time data and the data they are providing is difficult

to analyze for further usage (Faridi et al., 2021).

Faridi et al. (2021) suggests the integration of 10T and Blockchain technology in textile
manufacturer’s information systems for enabling the data gathering in real-time and
for validating its originality and for gaining satisfaction of the costumer. Integration of
loT and Blockchain systems are providing possibility to overcome the issues traditional
systems are facing and provide traceable and reliable supply chain by automated
information gathering through IoT technology and decentralized, immutable, auditable,
and reliable blockchain technology. These systems provide interconnection between
the business processes, quality improvement, product fault traceability, traceability,
transparency of supply chains and customers reliability (Faridi et al., 2021). It could
offer digitalization of processes that provide real-time access for the product

information (Bullon Pérez et al., 2020).

Varriale, Cammarano, Michelino, and Caputo (2021) suggest integration of RFID, 10T
and Blockchain into supply chain. It would connect RFID with the internet for data
collection without human involvement for a traceability and transparency and

blockchain for validating the data being reliable.

3.1 RFID

RFID’s consist of magnetic chip that can include huge amount of data as well as
identify each unique product identification by using Electronic Product Code (EPC)
(varriale, Cammarano, Michelino, & Caputo, 2021). They can be devices attached to
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the product enabling monitoring the supply chain in real-time (Bullén Pérez et al.,
2020). The data gathered by RFID can be transmitted to systems by special readers.
By adopting the system, it can provide better traceability of supply chain by collecting
the data into the chip. The gathered information can help in cost reduction and
optimizing the processes as well as logistics and therefore increase safety and quality
of the product (Varriale et al., 2021). The use of the technology is not completely new
and can provide real benefits to supply chain management. However, the data is
usually transmitted through Bluetooth or NFC and therefore the data is not secure. It
requires supporting technology for authentication and certification of the data and here
loT and Blockchain can have a role (Varriale et al., 2021).

3.2 Internet of Things

Internet of Things is system where everything, all items are connected to each other
and its user via internet, they can interact with each other and gather big amount of
data (Faridi et al., 2021; Reyna, Martin, Chen, Soler, & Diaz, 2018). Nowadays these
loT devices can be anything from wearable to hardware (Reyna et al., 2018). To
being able to connect the product and the networks as well as benefit from automatic
information entry, another technology is needed which helps to remove human
involvement in data gathering (Montecchi et al., 2019). There are several different
censors and devices that can be attached in material or product to enable this. For
example, wireless censors, Quick Response codes (QR), Electronic Product Codes
(EPC), Radio Frequency Identification Devices (RFID) are technologies that are
making the tracking possible (Bullon Pérez et al., 2020; Faridi et al., 2021). The main
idea would be collecting the data without the human involvement as physical objects
can be connected to internet (Varriale et al., 2021).

In textile manufacturing business products and processes can be connected in I0T via
RFID tags that track each step of the product in real-time. Each individual product can
have Electronic Product Code stored in the tag that helps the process (Faridi et al.,
2021; Pal & Yasar, 2020). This way the physical items can provide easily and in real-
time data for analyzing and using that for operative decision making. The technology
is already used in apparel industry for inventory management, transportation and

tracking as well as in supply chain management (Pal & Yasar, 2020). And it is

13



recognized to be important technology in traceability management systems (Faridi et
al., 2021).

However, the challenges in I0T is limited memory and computer capacity as well as
reliability. How to be sure that the data can be trusted, as somebody can add wrong
information for their own benefit (Reyna et al., 2018). The technology is centralized
and need authorization (Faridi et al., 2021). So even though the technology is used
and developed it still lacks its full potential as well as it is lacking security and privacy
(Pal & Yasar, 2020). In order to trust the data all participants should have access to it
and be able to verify it (Reyna et al., 2018). Blockchain has emerged as technology
for solution of the security problem. Decentralized management system would provide

better security and therefore better reliability.

3.3 Blockchain

Sensitive data of economic transactions needs protection and here blockchain
technology can provide a solution as it is working by security of decentralized network
and is auditable and verifiable (Reyna et al., 2018). Blockchain technology could
provide a solution for loT system security (Pal & Yasar, 2020). Every transaction
gathered by loT could be validated and approved by consensus of most of the chain,
which ensures the reliability of the recorded data and shared across the whole chain
(Pal & Yasar, 2020).

Blockchain was originally introduced in 2008 by Nakamoto and was designed to be a
platform for managing Bitcoin. It is distributed digital ledger technology that can record
all digital events executed and shared among its participants (Saberi et al., 2019).
Transactions become blocks that are arranged chronologically and are visible and
verified by all other participants. All blocks are cryptographically linked, which prevents
the possibility to manipulate the data (Agrawal et al., 2021; Sunny et al., 2020). The
data recorded in blockchain cannot be modified later without the approval of
authorized participants, which can prevent from corruption. When one participant
creates new transaction, it will be added in to the blockchain. This transaction need
verification and auditing from majority of blockchain with pre-specified rules. Once it is
done this transaction will be added to blockchain as a new block. So simply speaking
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the technology is a system grouping the data into blocks and each unique block is
linked to each other into chain (Bullon Pérez et al., 2020). It is decentralized and do
not need middleman. It is secure, audible, and reliable (Montecchi et al., 2019; Saberi
et al., 2019). Blockchain technology is considered new form of information technology
and is suitable for applying it in business (Pal & Yasar, 2020). There is clear benefit
compared to centralized systems that are missing transparency and trust (Sunny et
al., 2020).

3.3.1 Blockchain in supply chain management

The technology is suitable for collection, storage, and management of data and have
been used recent years in supply chain management as well as it is providing
transparency, traceability, and security to supply chains (Agrawal et al., 2021; Saberi
et al., 2019). Blockchain technology is already used in industries such in food, mineral,
mining, and pharmaceutical sector where it can help to track for example the food
guality, water usage of production, temperature, location of specific lots and other
features. There are already several firms that have started their pilot (Rosado Da Cruz,
Antonio Miguel & Ferreira Cruz, 2020). It is still at very beginning of its full potential,
but it can be disruptive technology and nowadays emerging topic in supply chain
management (Saberi et al., 2019). Blockchain is acknowledged to be reliable solution
as it is decentralized, transparent, and immutable system (Rosado Da Cruz, Antonio
Miguel & Ferreira Cruz, 2020) and using blockchain traceability systems increases

transparency of supply chains (Sunny et al., 2020).

It provides transparent product history so for example the consumer can be sure the
product is manufactured ethically without harming the environment (Saberi et al.,
2019) and can be sure about its origin, authenticity, custody, and integrity (Montecchi
et al., 2019). The technology can tell product details, location, quantity, and ownership
(Sunny et al., 2020) and the information is available in real-time (Saberi et al., 2019).
It could help to overcome information infrastructure breakdown, information delays,
poor transparency of data, poor compatibility in IT platforms among supply chain
partners. System relies a lot on automatization and due to decreased human

involvement it minimizes the risk of human error. Blockchains add value to the product
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as it enables the ability to track and trace (Sunny et al., 2020). The goal is to gain
consensus between parties that not necessary trust each other but without centralized
authority (Reyna et al., 2018). Certification of products are expensive and require third-
party for auditing and blockchain technology provides system that enables certification
more transparent and secure way without the need for third-parties (Agrawal et al.,
2021; Montecchi et al., 2019).

Blockchain can be either public or private. Blockchains designed for cryptocurrency
are public and open for everybody to access and upload data. However, for supply
chain it should be private and permissioned to join and perform transactions (Agrawal
et al., 2021; Saberi et al., 2019). Also, it should consist only of limited partners that are
all known and do not need to stay anonymous to each other, and limited part which
would be determined in advance still open for wider public, such for customers (Saberi
et al., 2019). It needs to have different level of publicity so there would be public part
where customers and other stakeholders can access but also private and restricted
levels so only authorized partners can access some parts of the blockchain. This will
ensure that all data is recorded in blockchains to keep all partners accountable.
However, it is possible for companies to keep their competitive advantages for
example prices private and that part of blockchain only visible between buyer and
supplier and not for other suppliers that might be competitors with each other (Agrawal
et al., 2021; Saberi et al., 2019).

However, blockchains disadvantage is being inefficient sometimes (Rosado Da Cruz,
Antonio Miguel & Ferreira Cruz, 2020). Some consensus mechanisms are requiring a
lot of computation power and hardware resources and for example consensus protocol
of Bitcoin blockchain needs mining known as Proof of Work (PoW). This consumes a
lot of energy, which decreases the environmental sustainability, which is in a way an
opposite of one of the initial goals of using blockchains in supply chain management
(Sunny et al., 2020). Other consensus protocols that are more energy efficient are for
example proof of stake, proof of elapsed time, byzantine fault tolerance, proof of
existence, delegated proof of stake (Rosado Da Cruz, Antdnio Miguel & Ferreira Cruz,
2020), proof of authority among others that does not need mining and need less
resources (Sunny et al., 2020). Also new blockchains are developed efficiency in mind
(Rosado Da Cruz, Antonio Miguel & Ferreira Cruz, 2020). Additionally, capacity and
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scalability might be a challenge as at least at this point very wide chains affect the
performance of technology and synchronization might take time (Reyna et al., 2018).

As it is quite new in research and in real-life, its full potential is not yet discovered
(Sunny et al., 2020). Blockchain could be most suitable for the products that
considered as high involvement products, that are new, expensive, important, or
personally relevant. Luxury and pharmaceutical items that can be easily counterfeited
would also benefit of the technology. It can be strategic investment for manufacturing
that requires a lot of traceability. Reduces the complexity due to elimination multiple
intermediaries (Montecchi et al., 2019). However, customers’ needs to be informed
how to access the data, which could require packaging and marketing changes as well

as application for accessing the data (Melissa, Zhang, & Radziwill, 2018).

3.4 Integration of Industry 4.0 technologies in to the companies systems

As the technology in general and especially in supply chain management is relatively
new there are a lot of challenges yet to overcome. Blockchain requires the help of
technologies such as IoT, RFID, GPS etc. to gather and enable the availability of data
(Sunny et al., 2020). Even though they are secure and immutable after uploading
information to the blocks they are not completely safe from being manipulated from
the outside (Saberi et al., 2019; Sunny et al., 2020) as they cannot detect if someone
wants intentionally to corrupt the data from the beginning. So, the data uploaded is
subjective and it is possible to put incorrect data for your own benefit. This leads to
importance of objectives and benefits; they need to be clear for everyone as well as it
needs to benefit all parties in supply chain in order to work properly and to prevent
disingenuous behavior (Sunny et al., 2020).

The technology is expensive, and the high investment might effect on total cost of
supply chains, so the product price might need to be increased. On the other hand,
consumers are willing to pay more for such a feature as traceability, but this mean that
not all the supply chains can afford this (Sunny et al., 2020). It is also challenging to
integrate such systems if the suppliers do not have access to expensive smart devices
and sometimes even proper internet connection. This will require education and some

aid from downstream supply chain partners (Sunny et al., 2020). The possibility of
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resistance of new way of working exists as well, as transformations are always
challenging (Sunny et al., 2020). Companies might not be ready to replace their well
working data management systems, so the new systems should be flexible to be able
to be intergraded to the old systems rather than completely replacing the old ones
(Sunny et al., 2020). At the moment as it is still relatively new technology and system,
there are not that many professionals in this field and they are needed for helping the
integration (Sunny et al., 2020). Shared data can be a problem as not every business
is willing to share their sensitive data with everybody else and especially to their

competitors (Montecchi et al., 2019; Sunny et al., 2020).

New technologies make possible to trace social and environmental aspects of
business to increase sustainability in it supply chains (Rosado Da Cruz, Anténio
Miguel & Ferreira Cruz, 2020). However, IT-enablement to supply chains is not always
easy task and it require a lot of investments and can be very costly. There are multiple
barriers to overcome in this task as well. Integration of digital technology requires top
management support, and it needs to be long term strategy and have strong
commitment (Saberi et al., 2019). There need to be balance between supply chain
partners, lack of appropriate infrastructure or fund combined with resistance towards
new systems can lead to low level of IT-system integration. The fear for information
security, lack of trust and awareness of usage and breakdown of both the system and
supply chain are challenging issues (Jharkharia & Shankar, 2005). To get reliable and
useful information in traceability all partners and units need to be involved from the
beginning (Rosado Da Cruz, Antonio Miguel & Ferreira Cruz, 2020). The challenge is
how to create distributed environments without the need of outside middleman for

authorizing the information (Reyna et al., 2018).

Even though the technologies would be integrated into the systems flawlessly it still
requires a lot of finetuning as just massive amount of data without meaning is not the
answer. It can be causing more confusion than aid to the customer if the marketing

message is not thought well through (Montecchi et al., 2019).
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4 METHODOLOGY

This chapter introduces the empirical part of the research. It explains how the research
was conducted, how the data was gathered and analyzed. The interviewed people are
introduced, and reliability and validity of the research is discussed. The aim is to
provide detailed description how the research was conducted and justify the decisions

behind the chosen methods for the study.

4.1 Research methodology and data collection

This research was made mainly using qualitative methods, including both theoretical
and empirical parts. Qualitative method was chosen for this study due to lack of
research done about these themes and to gain better understanding of the subject. As
gualitative research tries to explain phenomenon by using theoretical framework
combined from previous studies (Barratt, Choi, & Li, 2011). The thesis was done as
deductive study because this research tries to test the previous theory in case
company in specific industry (Elo & Kyngés, 2008). The aim was to compare theory
against the real-life case company. Theoretical part will be based on previous studies
of the subjects such as sustainable supply chain, traceability, and Industry 4.0
technologies and how they can improve traceability. However as especially Industry
4.0 technology is relatively new subject to study in supply chains, the results of
different studies needed to be combined to gain complete overview of the subject.

Empirical part of this study was done as a case study.

Data for the study was collected through semi-structured interviews. The questions
were planned based on themes from theoretical part. After all the interviews were held
and transcript, the data was analyzed using thematic analysis. First, themes and sub-
themes were drawn from theoretical part. Then using coding and grouping under
themes and sub-themes, which helped collecting important issues related to the
themes from theoretical part and reducing unnecessary data from the material gained
from interviews (Vaismoradi, Jones, Turunen, & Snelgrove, 2016). Thematic analysis
is good way to work on material gained from transcript interviews, because this study
was including four interviews and there was many pages of littered data. Therefore,

effective system was needed for more complete analysis and not getting lost in wide
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amount of data (Elo & Kyngas, 2008). This analysis style was helping to compare the
themes with each other and find their relation to the bigger picture of the study. As a
research process thematic analysis is said to be effective and transparent (Vaismoradi
et al.,, 2016). To help processing all the data gained through interviews, qualitative
data analysis software programmes such as QDA miner was used, so the data was
analyzed with more ease and to help not being overwhelmed by the amount of it. This
method gave the possibility to arise some themes that researcher has not noticed

beforehand and give valid new information for the study.

Case study is chosen for this research to understand phenomenon in real-world
context. It aims to gain holistic view of phenomenon in specific industry in specific
organizational and managerial processes of it. It is acknowledged that this type of
study will give limitation for the outcome as the results cannot be generalized (Yin,
2014, 4, 16).

The empirical part was gathered through four interviews that were held during
September 2022. All interviewees worked in the same Finnish textile company and
were in different kind of positions related to the supply chain and information

technology.

4.2 Reliability and validity

It is researchers’ ethical responsibility to do the study with integrity and honesty
(Adams, Khan, Raeside, 2014, 21). That is why it is needed to be assessed the
reliability and validity of the study to be transparent. The researcher is also needed to
be objective with the results, even if they are not aligning with the desired result of the
study (Adams et al. 2014, 22).

As all interviewees were from the same company, generalizing the results cannot be
done through the industry nor to the other industries. So even repeating the study for

the other company in the same industry could give completely different results.

The interviewer tried to stay as neutral as possible during the interviews, not asking

leading questions and not making any pre-assumptions about the subjects.
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5 FINDINGS

This chapter introduces concrete empirical part of the study. It gathers the findings
from interviews and categorizes them into the themes that are derived from the

research question and sub-questions.

5.1 Textile industry and sustainable supply chains

All Interviewees were bringing up the commonly known issue of textile industry being
globally one of the most polluting industries. Supply chains of textile industry are
typically fragmented and the data along the way of the chain is not accessible. It came
clear that the role of supply chains in sustainability related actions are critical, as
supply chains contain everything from sourcing to aftermarket. It was considered that
as upstream is the beginning of the chain and are typically in less developed countries
than downstream, the main focus and extra work is needed there. When supply chains
are fragmented, as they typically are in supply chains of textile industry, some kind of
data system is needed to record all the data along the way of the chain and validate
it. And with the help of intelligence could be translated this data to marketing messages
and emission calculations. Digitalization has and will have a major role in making that

part better.

All interviewees agreed that today, consumers are conscious, and they are demanding
more and more sustainability actions from the companies. Especially, certain type of
consumers are putting pressure on the companies, they are expecting and demanding
sustainability and traceability from companies they buy their textiles from. It is not just
nice-to-have thing anymore, but people are expecting to know the origin of the
products and that the company’s supply chains are transparent. They are interested
to know the materials used being sustainable but also traceable. And this is not just
consumers that are demanding those things but all the stakeholders of the company.
Sustainability is not value adding activity anymore it is slowly but steadily becoming a
norm. It was also pointed out that, there are certain deadlines related to sustainability
for example in EU level. So, the demand for sustainability is not only coming from
stakeholders’ side, but also demanded legally as well. Some interviewees though it

was still sad that some companies are doing bare minimum and only according to
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legislation and are not showing any proactivity. Sustainability is not trend anymore, but
it is emerging issue, and it is here for good.

Wholesalers were mentioned by interviewees to play crucial part here too. Typically,
they have the power to put pressure to change the way suppliers are operating.
Wholesalers can be important customers for supplier so if they are asking for a
different tag or more detailed data about the supply chains the suppliers do not have
any other option than to follow. All the time questions regarding supply chains,
transparency and certifications are becoming deeper and more detailed. Some things
that were considered company’s private information in the past are openly presented
in company website nowadays. So, according to the interviews for example to get
RFID more commonly used in textile industry, it should be demanded from

wholesalers.

However, even though sustainability is increasing in textile industry, companies and
stakeholders are aware and involved, all interviewees thought that in bigger picture
today sustainability is still a competitive advantage in the industry. Although, in the
future it will become a norm and, in few years, we will wonder how we even needed to
discuss the issues we are having now. Even though there is clear demand for
sustainability, the price issue is still limiting factor, how much the customer is willing to

pay extra for sustainability, where is the limit.

In opinion of the interviewees bigger companies might face attitude from the
consumers that they are greenwashing if they pursue sustainability actions.
Consumers might think that the company is just having a marketing trick and not really
investing in sustainability issues. This is quite controversial as the bigger companies
are having more money to invest in development. Here the technologies that can
gather data and verify the authentity of it can help consumers to be assured the data

is real and not there just for the marketing tricks.
Interviewees were considering that it was clear that sustainability is difficult subject,

nobody can ever be ready with it. It is kind of a journey that company gets involved

with and it is developing all the time. There are always more sustainable materials for
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example. Even though some company can be called sustainable, there is plenty of
things that it can still do better.

5.2 Traceability and transparency

Interviewees though that the most important aspects to develop supply chains is to
increase sustainability, transparency, and traceability. Additionally, aftermarket was
pointed to be clearly one important aspect as well. At the same time the biggest
challenge was mentioned to be indeed traceability. There is surprisingly little
traceability in supply chains, and the challenging part is tracing the item from the
scratch to aftermarket. When item is ready and packed and is shipped from A to B
then it is easier to trace. The challenging part is the transferring the materials used in
ready items, how not to mix those. When producing material and fibers it is not
necessarily clear where it will go in the future. So, they should contain some kind of
batch identifier, which would follow the material to weaving, dyeing etc. and the data
would follow until the ready item. At the moment it is not possible, at least not in

industrial level, interviewee says.

Shipment can be gps- validated and trackable. However, in many cases it would be
more fun rather than very beneficial to really see in real time the whole supply chain,
as very rarely you need that info to be in real-time. Sea containers are already
including gps but the real-time data is not available, and compared to consumer
webstore orders which can always be trackable, it is not normally existing. Other
aspect about tracking the shipping containers that came up was if some censor
attached to container would record temperatures and humidity. These kinds of censors
obviously exist but could be used for example in long distance shipments where the
countries that produce items and pack those has very different climate and the
shipping time is long. If the supplier is packing goods poorly during rainy season and
they are too damp they might get affected by it. With these censors we could be sure
they are packed in certain humidity levels, and it stays correct the whole journey and

if not, the proof would be available.

That is why choosing the right partners such as who is producing the item, who takes

care of dye stuff and who is forwarder is very important, it is how the companies can
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have control over the supply chain. Technology can help outsourcing the services for
helping the companies easily show customers the data

5.3 Trailblazers

When asked if being a pioneer in sustainability or technology helping solve
sustainability issues such as blockchains, Al, RFID etc. the interviewees considered
that being pioneer in sustainability was a competitive advantage, however being a
pioneer in technology helping to solve sustainability related issues were considered
not. This was due to new technology being costly and developing speedy, so it is better
to observe what is the industry doing and access carefully where to invest as the
resources are limited especially for the smaller companies. Being a pioneer in
sustainability was considered as a competitive advantage and being possible even for
a smaller company. If all the data in supply chain such as origin of the product and
other traceability issues are easily available and shown to the consumers even smaller
company can become a pioneer. Being a pioneer in sustainability technology is a bit
more difficult for a smaller player due to high costs. And it is still quite difficult for a
small company to really make a difference. There is limited number of actions that
small company can do before it hits the limitations of costs and being profitable at the

same time.

Interviewees thought that globally it would be very important if bigger companies such
as Nike, Inditex and H&M would collaborate to help the industry become more
sustainable. Also new technologies helping sustainability can become more normal if
bigger companies would initiate those first. This kind of companies alone or together
would initiate sustainability technology and try to find solutions in sustainability issues
globally. This way technologies would develop faster; costs would decrease, and
smaller companies could take part of the development too. Bigger companies have
bigger budgets and investment would be more possible for the smaller players too as
the costs would decrease. That is why smaller companies are a bit stuck at the
moment with these technologies, and it will take some time before they can invest in
those technologies. There are some big corporations that have started to use, even in

Finland but it is not possible for everybody.

24



Some other industries are already having for example blockchains included in their
supply chains traceability actions, for example Arla, Swedish dairy company is already
tracing milk supply chain by validated blockchain. Of course, it is used now only in

Sweden so it is not very wide network, but it is a start.

5.4 Certifications

Interviewee says that certificates indicates that you are “on the good guys side”
however when you dig deeper it's not always so simple. Some customers have lost
their believe in certificates and that is why validating the certificates becomes very
important. There is a need for the system that customer can him/herself check the
origin, and reliable data is easily available, and it can really be trusted. There are plenty
of different certificates on products and the customer don’t always know what they
even mean, so there is definitely a need for some kind of semi-standardized validating

system, interviewee says.

Certificates are also problematic for smaller companies. Sometimes purchasing
companies are interested in different certificates and it is very costly, bureaucratic and
time consuming to acquire all of them, especially if supplier do not see the other benefit
for himself. In some cases, especially in Asia those certificates can be fraudulent. It
can be very difficult for company to choose which certification they should strive for.
All of them are focusing from the different angles to production. All the companies
might not have resources for this, and at some point, might lose their business if this

becomes standard, says interviewee.

5.5 Aftermarket

When material is made of one raw material like cotton it is easily recyclable at the end
of its lifecycle, however if you add elastane to it its recyclability suffers. Interviewee
suggests that supply chain pricing should also consider aftermarket, so the costs of

recycling is already covered from the beginning of product life cycle.

Interviewees explains that there are many pilots of closed loop recycling where for

example used textiles are processed and made to new items or even fibers. The rising
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costs of raw materials might affect the development of recycling processes. In the past
recycling materials and transforming them into new material has been too expensive
but as virgin materials becoming nowadays more costly the interest towards recycled
materials are rising from that angle as well. At the same time, they are developing fast
and there are plenty of different kind of new projects regarding the issue. Digitization
is playing major role here again as there are textile recycling facilities where is newest
technology that can detect fiber. This way recycling could become easier and less

costly.

It came up also during the interviews, that there is also strong secondhand trend, and
there are different kind of platforms nowadays where used items can be sold easily
sometimes without middleman. Here digitalization’s and new technologies such as
RFID tag could help storing the origin of the product data even for the 2" or 3" cycle

consumer.

5.6 Price

Even though the companies want to act responsibly and would love to get involved in
different kind of technologies that would help them achieve their goals all the
companies are still trying to make a profit, interviewee says. Sustainability and
technologies are causing extra cost and, in some cases, even very big investment and
interviewees were asked about how they see it being the problem and what kind of

solutions could be found.

All interviewees agreed that sustainability, traceability, and transparency are the key
development factors in supply chains. Additionally, it was noted that there are certain
technologies that could help to achieve those development goals. Blockchains, RFID,
loT and GPS are all considered as possible technologies to help solve or just make a
bit better the sustainability issues within the chain. They already exist and are available
as well as all the data needed within the chain is there. Utilizing the data of the whole
supply chain is costly but crucial what comes to sustainability. It is big investment but
will pay off in the future. The question is, who is going to cover the costs, because it is
expensive, and interviewees thought that worldwide there is not that many companies

that have the money to do that at the moment.
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Investment should also be compared to the price of the items company is selling, how
much extra costs can textiles include, interviewee says. If all costs are translated to
the prices of the goods company is providing the costumers will be the one deciding
how much they are willing to pay for these issues. It is different for luxurious brand to
add costs along the way of supply chain as their products are already pricier so adding
extra will not change dramatically the end price. Luxury brands and big corporations
are pioneers here as, they have bigger budgets for developing these issues. And when
it becomes more common and development of best practices that will lead to the price

will decrease as discussed earlier.

For the small batches it is still relatively easy to track a batch but when there is a bigger
production keeping those batch apart is more problematic. This mean that traceability
is easier for smaller batches but at the same time the costs are higher. So, the real
problem here is to find a solution how to achieve cost effective traceability. It will take
some time for smaller companies to get onboard, and it will happen but at the moment
is impossible to predicts will it take few years or ten. That is why for the smaller
company it is important to choose partner companies well, that is the point where
smaller company can make a difference even though it could not necessarily

participate in the first weave of sustainability technologies.

As long it is expensive investment for different part of supply chain, it needs to have
benefit for all the parts not only to downstream of supply chain. It is challenge at the
moment, for example here in Finland we have possibility, but it is not the same for the
whole world, says interviewee. Not everybody has the access to Internet or have
possibility or interest to invest in technology and it would be sad to utilize the
technology only partly and some part would continue to send e-mail when other part
is receiving data automatically in the system, but on the other hand it needs to be
started somewhere. Also, even if the technologies are there they are still not commonly
used. It takes time to develop technologies to serve the industry and the purpose, so
it will take time and trials to find the right set up which works best, considered

interviewee.

Interviewees brought up that the direct costs of investment in technology are not the
only limiting factor. The technology can help the issues, but human resources are also
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affecting the integration. There is a need for professionals that understand blockchains
and other technologies to get the full benefit. So, in the future professional staff or

educating the professionals can be seen as investment as well.

Interviewee agreed that there are plenty of gaps now with the carbon footprint
calculations, a lot of different styles to calculate and a lot of manual work. There are
plenty of data available about shipping the goods, different carbon footprint
calculations about shipping methods and vehicles. However, in textile industry dyeing
and finishing are impacting greatly the footprint, and these are not that easily available.
There are plenty of space for improvement, and maybe blockchain could be the

missing piece to these.

5.7 Technologies

In this chapter is discussed what kind of thoughts and experiences does the
interviewees have about Industry 4.0 technologies. It was asked what their opinion
about these technologies is in helping supply chains to become more sustainable,
transparent, and traceable. Additionally, it was asked if they see benefits in them but
also what are the main barriers for start using those. None of the interviewees had
experience in their current nor previous workplaces of using them. Al was the only one

that was utilized by one interviewee in their last position.

57.1 RFID

All interviewees were familiar with RFID technology but also it is not completely new,
and it has existed already for a while. Launching RFID system in the company would
require a lot of investments. To work, it would require tags either by containers, pallets
of by item, which would include the information needed about the unit, RFID portals in
the warehouses for being able to read those tags and integrations into the company’s
systems that the portals would transfer the data read from tags directly to the systems.
Taking into warehouse shipping batches would be easier, just bring the batch through
RFID portals and it would tell immediately the ERP how much of what item it just
received. This would save some work in warehouses as manual work as well as

human error would decrease. Once again it would be a costly investment and the
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benefit of starting to use the system should be great. Bigger companies would benefit
from this more as the volume is bigger and the costs of investment would divide to the
end prices more equally. Interviewees suggested that at this moment there is not great
benefit of start using this as even though this will decrease manual work the price is
too high and not profitable for smaller companies so the request should come from
wholesalers that they want this and smaller ones just need to follow the request. In US
Wallmart is using this but in Europe not that many yet. RFID is costly investment; with
all the equipment and integrations it would take many years to see the benefits of the

investment compared to normal barcode scanners.

5.7.2 GPStag

Interviewees were also mentioning GPS tags, that could be used similarly as RFID.
In textile industry these tags could be used from the cotton field already. Tags could
be activated on the field for example, this way raw material could be traced to
production and to shipment. There is already GPS tracked containers, which can be
utilized. Again, probably only bigger forwarders are using this not the smallest ones.
At the moment the only benefit here would be tracking the shipment, sometimes when
the schedules are tight there might be helpful but mostly still just additional not

necessarily usable data.

5.7.3 loT

This subject was not very widely discussed during the interviews. It was brought up
that there are different kind of censors that can trace the conditions of the shipment
for example. The reason might be that it is still not widely used or just being part of
other solutions meaning that as a standalone technology not very useful of known in

this industry or by these interviewees.

5.7.4 Blockchain

Interviewees thought that blockchain is one clear tool for validating supply chain being
trustworthy. The data inputted into the blockchains can be traceable and if modified
there will be some kind of mark always left. It is democratic data available for
everybody. There are different kind of blockchains, and they can be validated

differently, not all need mining, which is widely used validating system in finance.
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It would also benefit resources as it is not only traceable and transparent, but it could
enhance the process and speed up documentation. Maybe certificates can be added
there as well, and system would make sure they are always up to date, interviewee
suggests. Smart contracts can be utilized for digitalization bill of lading. Biggest
forwarders are thinking if they can skip banks for shipping documents processing.
However, here collaboration is needed between forwarders, that they decide which
blockchain they start using because shipments are not going through just one
forwarder along their way. Blockchains are secure and are used in finance so the
technology can be utilized here well in the future. Maybe still would be needed some

kind of validating party but would speed up the process a lot.

5.7.5 Al

Al came up in the interview as it can be used for forecasting many parts of supply
chain, increase the performance and the demand management, the performance of
the plant. Al can suggest different models. There are plenty of data available, but there
is need for bring more Al and automatization, as human resources are slower and as

human error are always possible.

5.8 Future

For the future interviewees predicted sustainability interest to grow and being a norm
as mentioned earlier. They thought that the acts towards more sustainable and
transparent business will continue to grow and digitalization being important part of
making that possible. They also considered the need of data increasing, meaning that
the data that is required in 10 years can be very specific and detailed compared to this
date. Similarly, as it has involved in the past years, as discussed earlier that some
data that was considered as company secret, is now openly available and companies

are proud to declare.
New technologies are invented all the time now and, in the future, so they will not go

away. However, as the development is so fast and unpredictable it is still hard to tell

what and when will something become mainstream. Now the technologies discussed
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here are seen as leading technologies in sustainable supply chains, but it can change
completely very fast. Somebody invents tomorrow something new that is better in
terms of costs, speed, reliability, and transparency, than available ones and quickly

become widely used in the industry.

The important thing is that all the parts of supply chain need to be involved in usage
of new technologies to make a change. It cannot be that some part of chain is
automatized and taking advantage of the new technologies and at the same time there
are still some parts of the chain still sending e-mails and manually filling data that could
be gathered otherwise. All the interviewees predicted that most likely big players such
as Inditex or similar are going to be the ones who will take biggest leaps here first and

the rest will follow soon after.
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6 DISCUSSION AND CONCLUSIONS

This chapter discuss the findings and concludes what is gained through interviews and
how the theory aligns with the real-life business. It also highlights how much of theory
part is not yet possible in real-life even though considered as a good direction. This
chapter presents practical implementations, limitations and future studies are

discussed at the end.

6.1 General discussion

Most of the theory part was backed up by the interviews. Sustainability, traceability
being the key in increasing sustainability of textile supply chains and digitalization such
as Industry 4.0 technologies making that possible were all discussed quite similarly in
theory part and in the interviews. Both the theory and the interviews say that some
sort of data tracking system is needed in fragmented supply chains of textile industry.
It was recognized that digitalization has and will have a major role in making supply
chains more traceable and sustainable. Interviews aligned with the theory that
customer has the biggest role in this change and the greatest limitation is money, or
the lack of it. However, the interviews brought the reality of the situation, that even
though it is all clear in theory, we are not quite there yet, and this is not necessarily
possible in near future, however it was pointed out that as technologies develop
rapidly, nobody can predict how fast the leap to these, or similar ones is going to be.

The pressure for the company becoming more sustainable is coming from many
directions but the most important ones are the customers and government (Bowen et
al., 2001; Closs et al., 2011; Seuring & Miuller, 2008). This was also discussed with
interviewees, as they agreed on customers demand for sustainability and traceability
being the strongest driver for the companies in to going to the path of being more
sustainable. Second aspect interviewees mentioned were legal issues, as there are
already deadlines regarding sustainability on governmental level, which is forcing
companies to act as well. Other interesting point was brough up in interviews that the
wholesalers were important driving factor for different kind of sustainability actions for
the textile companies. Of course, it can be directed again from the point of the end
customers demanding that from wholesalers and they can be considered just a
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middleman in customers’ demands. Both theory (Cheng & Simmons, 1994; Saberi et
al., 2019) and interviewees were discussing that customers do not trust sustainability
of the textile supply chains and that complexity and uncertainty are the main reasons.
Traceability and transparency are important ways to improve it (Cheng & Simmons,

1994; Saberi et al., 2019) and interviews aligned with that statement.

Many research says that nowadays consumers are more conscious and are willing to
make their purchasing decisions based on traceability and sustainability of the supply
chains of the company. They are willing to pay premium for the more sustainable
option (Rosado Da Cruz, Antonio Miguel & Ferreira Cruz, 2020; Sunny et al., 2020).
The data of supply chains needs to be clear and reliable that the customer can really
make the decision that goes in line with their values (Montecchi, Plangger, & Etter,
2019; Saberi et al., 2019). This was recognized by interviewees that especially certain
kind of customers value sustainability and are willing to pay a bit more for sustainable
option. However, technology investments for increasing traceability and sustainability
were considered at the moment very high for small and medium sized businesses and
there was serious concern if the customer is willing to pay extra and where is the limit
for the premium price. Luxury brands and big corporations were mentioned for being
able to include extra cost of investments in their pricing. For big corporation that means
that they divide the costs for a bigger quantitates so per quantity cost is not affected
highly on total price of the product and for the luxury brands the increased costs are
possibly not very high in percentage of total price and if the product is already
expensive the price is not something that affects purchase decision that strongly. In
conclusion most probably as Sunny et al., 2020 highlights that not all supply chains
can afford higher price due to traceability efforts and there will be consequences of the
higher prices caused by that. And as discussed in interviews regarding the traceability
technologies smaller companies need to wait that bigger and luxury companies clear
the way and make those technologies more affordable for the rest. Technology
investment is not the only case, there will be needed investment in people as the
technology is relatively new so there is not that many professionals (Sunny et al.,
2020).

Newest traceability research is highlighting that old technologies are not providing the
means for gathering and processing the data of supply chains for the needs we have

33



nowadays regarding the traceability. Industry 4.0 digital technologies could be the
answer to the problem (Faridi et al., 2021). This digitalization of processes is giving a
gate to the real-time product information (Faridi et al., 2021). Based on interviews we
are not quite there yet. All these technologies are promising and can provide a lot of
help for the tracking supply chains but are too big investment for a smaller company
to enter at this moment. All agreed on that bigger companies and luxury companies
are going to be the first one to take these technologies (there is already some pilots).
After the good set-up is found, the price will decrease as well as know-how is
developed. Before that there is no point for a small and medium sized textile

companies to really get involved to the fullest, said interviewees.

Faridi et al, 2021 suggest integrating RFID, 10T and blockchain into the textile supply
chains for the better traceability systems. All the technologies were discussed in the
interviews and GPS tags and Al were something new compared to the theory part. All
the technologies were considered as good tools but also were noted that as
technology develops so fast not necessarily these are the ones used in the future.
Which was also noted in research as they are relatively new their full potential is not
completely discovered yet in the research nor in the real life (Sunny et al., 2020).

Other challenges were both noted in theory and by the interviewees that even though
the downstream of the supply chains would be fully integrated and prepared to use
these technologies, upstream is typically in the developing countries that might even
lack of internet connection (Sunny et al., 2020). This was also noted by interviewees,
that to gain best benefit the whole chain needs to be linked and it might not be possible
due to certain limitation of the countries where upstream supply chain is typically
located. The system cannot work the fullest If it is only half-automated system, where
some part of the chain is fully integrated and automated and other part is still filled by

somebody sending e-mails.

Additionally, interviewees pointed out aftermarket being important part as well in
traceability and sustainability issues. All these Industry 4.0. technologies provide the
possibility to track and ensure the products raw materials and therefore there are
opportunities to utilize it better in circular economy. Secondhand sale is benefitting of
technologies by giving the opportunity for next consumer of the product to trace its
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history. Also, post-consumer and post-industry waste can be better utilized when
knowing exactly the composure to feedstock of fibers that can be made to new
materials. This can prevent textiles for ending in landfill or incineration (Melissa et al.,
2018).

Interviewees mentioned that there are gaps in carbon footprint calculation and these
technologies can help to measure carbon footprint, Saberi et al. (2019) agreed on that
it can help emission calculations. But most importantly they can help to see where the
problem is, to help in targeting actions for better sustainability in the big picture
(Rosado Da Cruz, Anténio Miguel & Ferreira Cruz, 2020).

In conclusion, the theory of integration of RFID, 10T and Blockchain into the company’s
supply chain system is a possible option and could bring true benefit to the company
such as increased traceability, but cannot be utilized now at least by the small and
medium sized company. Due to rapid development of technology, it is impossible to
say if this is the best set up. The situation requires trailblazers to test and find best-
practice, and only then smaller companies might include Industry 4.0 technologies into
their supply chains.

6.2 Practical implications

Digital transformation always changes the economy. Automatizations will decrease
the need for traditional manual work and therefore affects the job market. This will
cause the intermediate jobs to disappear and therefore unemployment rate could rise.
However, at the same time there will be need for experts in the technology but most
likely those will be filled with younger educated employees as it would be more difficult

and probably costly to educate older generations for the positions needed.

There are always a lot of things to improve easily when traditional company decides
to become more sustainable. First important steps are not requiring that much extra
effort and might even be cost-effective. There is certain phase where company gets
pretty easily and from that point next steps are harder to achieve. The first steps would

be taking advantage of all low hanging fruits on its way to increasing traceability and
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transparency. And only then concentrate to the next steps such as newest
technologies for bettering this aspect (Carter & Rogers, 2008).

Interviews highlighted importance of traceability and transparency and technologies
being the missing link in that in theory. However, it was also highlighted that in practice
we are not there yet, some small things can be done already such as smart contracts
in documentations but there are a lot of issues to be solved before the whole textile
supply chain can be digitalized and utilized in full. Also, biggest barrier here is finance,
small and medium sized companies do not have the possibility to invest in that as the
technologies are too new and underdeveloped. Only few companies worldwide can do
that now. So, for the small and medium sized companies it is very important to choose

the right partners and together try to make the difference.

Company needs to be very clear what customers their offerings are targeting as not
all supply chains can afford traceability improvement by newest technology. And at the
same time not all the customers are necessarily that interested that they are willing to
pay premium for knowing what kind of journey their sweater or towel has travelled.
However, even though the customer is the main driver for sustainability actions now,
it is possible that at some point it will change. The companies might face in the future
the situation where there will not be any other option than become more sustainable

and it will become a norm, not competitive advantage.

Automatization is always good way to reduce human error, and with these
technologies it is possible. They can help to address bullwhip effect by reducing the
information distortion. In the long run, the paperwork will disappear as everything is
digitalized improving the environmental aspects. Gathered data could help making
better decisions for the company so the greenhouse gas emissions could be reduced
due to better carbon footprint calculation. Automatization by these or similar

technologies can also reduce control processes.

In the new world situation where supply chains are facing a lot of difficulties from many
directions the change for more sustainable solutions and investing in the technology
solutions might be challenging. In the last two years, supply chains have been
tormented by the effects of COVID-19 but recently also by Ukrainian war. The prices
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of raw materials are increasing, there are traffic jams in the ports, causing longer
transport times and uncertainty and now there are direct effects of Russian sanctions
such as rising gas prices and others. Now, as all prices are rising additional cost from
technology investment or similar can be problematic. However, these are not short-
term projects, at some point situation will stabilize one way or another and there will
be demand for this, that cannot be denied. It might be the situation as if sustainability
issues are not took care of during “the crisis”, the company might fall behind when

economy starts blooming again.

6.3 Limitations and future studies

This thesis has many limitations as many thesis do. The interviews were done within
one Finnish textile company with limited number of interviews. The result gained
though this study is limited to only Finnish market and to only textile industry. The
interviewees all were from the same company, causing that generalization cannot be
done even in Finnish textile industry. Very different results could be gained through
different case company. Additionally, none of the interviewees had practical
experience about the Industry 4.0 technologies, which caused the discussion being

guite shallow and theory-based.

The subject is relatively new so there are not a lot of data available done in qualitative
nor quantitative research. However, this is giving plenty of opportunities for the future
studies in the subject but also this study could be repeated in some other case
company. As the subject is relatively new similar research set-up could be used for
other companies but especially through companies that are piloting these
technologies. Digitalization of bill of lading could be done as a possible case that could

be done in practice.
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APPENDICES

Appendix 1: Interview questions

Background information:

1. Could you tell me about yourself and your background? What have you done

over the years and how long have you been in this role in your company?

In your current position, what do you and your team do?

3. Tell me briefly about your role within and your experience/knowledge of the
supply chain?

4. What is your company’s role in the supply chain?

no

Research question: What is the role of industry 4.0 technologies in increasing

transparency and traceability of sustainable supply chain?

Sustainability, transparency, and traceability

1. In your opinion, how important is sustainability in textile industry? And in the

firm you are working at?

Why do you think it is important?

In your opinion, how sustainable is the industry? And your firm?

4. What do you think, is the role of supply chain in improving sustainability of
textile industry?

5. In your opinion, what are the most important things to improve related to
sustainability in supply chains of textile industry? And in your firm?

6. What are your company’s solutions to increase sustainability in supply chain?

7. What are the challenges related to sustainability in supply chains?

8. How important are transparency and traceability in textile industry? And in
supply chain processes?

9. Are transparency and traceability important in your case? Why?

10.In your opinion, how they should be improved?

11.Do you think transparency and traceability of supply chain increase
sustainability of the firm?

12.What is the future of sustainability, traceability and transparency in your firm?
In the industry?

w N

Digital technologies in SCM (industry 4.0. BC, Al, RFID, IoT etc) (explain)

1. How familiar you are with these technologies?
2. Does your company have any prior experience with these technologies? If
yes, please explain what technology and how it was used.
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o

In your opinion, which of these technologies could improve sustainability,
traceability, and transparency of the supply chain? And how?

Do you think applying digital technologies in SCM processes is important in
your firm? Why? In the industry? Why?

In your opinion, what are the main challenges for implementing these
technologies?

In your opinion, what are the major drivers of applying these technologies?
What do you think about systems and digital technologies around them in
your firm that are related to supply chain? Do they work well for present and
future demands?

In your opinion, how does the digital supply chain will look in the future?

In your opinion, is it important that the firm is first in the industry to apply new
technologies or to wait, watch and learn from other’s mistakes before
committing to the new technologies? Why?

Integration of RFID, IoT and BC

1.

no

~

In your opinion how would integration of these three technologies benefit
SCM?

In your idea, what is the role of data in SCM?

Do you think sharing data is important in supply chain to improve
sustainability?

What are the benefits and challenges of having too much data of supply chain
due to integration of such systems?

In your opinion, should the new technologies be integrated into the existing
systems or should the systems be completely renewed?

Can supply chain tolerate increased costs because of increased
sustainability?

Can supply chain tolerate increased costs because of the new technologies?
Something else?
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