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Utilising traceability processes and systems has been recognised to have a positive
contribution to sustainability. The research aims answer to what are the key sustainability
issues in the supply chain (SC) and how benchmarked companies address these issues with
traceability systems driven by sustainability. Moreover, what are the main design principles
guiding the sustainability-driven traceability system for purchased items at VValmet?

The research is conducted as a case study commissioned by Valmet. The research includes
an academic literature review on the linkage between traceability and sustainability,
benchmarking of the global market-leading companies with established traceability
processes and unstructured interviews conducted at Valmet.

From the benchmarking, it was found that the companies have not yet strongly connected
the traceability processes to contribute to sustainability dimensions. Based on the empirical
study, the drivers to design such a system at Valmet are rising from external requirements
and expectations as well as an internal sustainability strategy. The sustainability-driven
traceability system must be able to trace purchased item-specific characteristics up to a
determined tier of the supplier in the SC. The tracing must also be done by an automated
system to enable an advanced level of tracing for purchased items in the upstream SC.

Based on the findings, twelve sustainability-related characteristics were proposed with the
required tier of the supplier where the information must be received. These characteristics
support the main sustainability focus areas indicated: carbon dioxide emission calculation,
assessing the social responsibility of the purchased items SCs’ and supporting transparent
sustainability reporting. These parameters create the main design principles for the system.
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Jaljitettavyysprosessien ja -jarjestelmien on tunnistettu vaikuttavan positiivisesti
kestavyyteen. Tama tutkimus pyrkii vastamaan mitka ovat tarkeimmaét kestavyyden haasteet
toimitusketjussa ja kuinka vertaillut yritykset ovat vastanneet ndaihin haasteisiin
kestavyyslahtoisen jaljitettavyysjarjestelman avulla. Lisaksi tutkimus vastaa siihen mitké
ovat tarkeimmét suunnittelu periaatteet kestavyyslahtoiselle jaljitettdvyysjarjestelmalle
Valmetissa.

Tutkimus on toteutettu tapaustutkimuksena Valmetin toimeksiannosta. Tutkimus sisaltaa
akateemisen  Kirjallisuuskatsauksen  jaljitettdvyyden ja kestdvyyden yhteydesta,
vertailuanalyysin globaaleista markkinajohtaja yrityksista, joilla on ké&ytéssa nykyaikaiset
jaljitettavyysjarjestelmat seké strukturoimattomista haastatteluista.

Vertailuanalyysista voidan todeta, ettd kyseiset yritykset eivat ole vield vahvasti yhdistaneet
jaljitettavyysprosesseja vaikuttamaan kestavyysulottuvuuksiin. Empiirisen tutkimuksen
perusteella, jarjestelman suunnittelun ajurit Valmetissa nousevat ulkoisista vaatimuksista ja
odotuksista seka sisdisesta kestavyysstrategiasta. Kestévyyslahtdisen
jaljitettavyysjarjestelman tulee kyetd jaljittdmé&n ostettavien osien osakohtaisia
ominaisuuksia madriteltyyn toimittajatasoon saakka toimitusketjussa taaksepéin.
Jaljitettdminen tulee toteuttaa tdysin automatisoidusti, jotta tavoiteltu kehittynyt
tarkkuustaso jaljitettdvyyden osalta ostettaville osille voidaan saavuttaa toimitusketjussa.

Tulosten perusteella 12 kestavyyteen liittyvdd osakohtaista ominaisuutta on ehdotettu
yhdessd vaaditun toimittajatason, josta jaljitettdvyystietoa tarvitaan. Nama ominaisuudet
tukevat tarkeimpid tunnitettuja kestévyyspainopisteita: hiilidioksidipaastojen laskenta,
sosiaalisesti kestavan toimitusketjun arviointia ostettavien osien toimitusketjussa seka
lapindkyvan kestavyysraportoinnin  tukeminen. N&ma ominaisuudet maédrittelevat
tarkeimmat suunnitteluparametrit jajlijetttavyysjarjestelman suunnittelulle.
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1 Introduction

Sustainable supply chains have become a general way to operate in the past decade among
different industries. External pressure from customers, stakeholders, and governments, in
addition to internal demand, is pushing companies to develop competencies in sustainable
supply chain management (SSCM) to respond to these changing market requirements and
expectations (Seuring & Muller, 2008). Traceability of the purchased items has been
recognised to have a significant positive impact on the SSCM performance in environmental,
social, and governance (ESG) dimensions (Gelderman et al., 2021). Traceability processes
and systems have been used in some industries for some materials; however, the utilisation
of such has generally only been related to quality management and not directly to purchased
items or process sustainability (Garcia-Torres et al., 2019). Even though the value of
traceability to sustainability development has been recognised, the utilisation and extensive

implementation is lacking in many industries, including manufacturing.

Companies are facing a fast change in customer demand and tightening government
regulations regarding the ability to trace the used items in the final product and the effects
of the products’ value chains. Moreover, the demand for sustainable development is now
and even more in the future pushing companies to implement such traceability processes and
systems (World Economic Forum, 2021). Therefore, sustainability-driven traceability
processes can be assumed to become more common and most likely a must for large
manufacturing companies to enable and enhance producing the required sustainability-

related information. Thus, the research on the topic is more current than ever before.

1.1 Background and motivation

In the past 20 years, supply chain management (SCM) has had major development steps
towards SSCM which has become a new paradigm in the field (Garcia-Torres et al., 2019;
Fraser et al., 2020). SSCM pushes the focal company to further inspect and take into account
the environmental and social dimensions of sustainability in a wider scope of the supply

chain (SC) (Seuring & Muiller, 2008). SSCM requires active collaboration among the
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network, guided by the focal company, to be able to produce sustainable products and
thereby respond to global competition (Marconi et al., 2017). Thus, focal companies become
more globally networked with more dispersed SCs where the responsibility for the item and
its sustainability stays at the focal company (Garcia-Torres et al., 2019). However, the more
dispersed, global, and multi-tier SCs create challenges with reduced visibility as well as
transparency along the SC (Marconi et al., 2017; Garcia-Torres et al., 2019; Hastig & Sodhi,
2020).

Traceability practices have been used in the food and agriculture industries for hundreds of
years (Schuitemaker & Xu, 2020). The aim of traceability activities from the beginning is
the ability to define the history of the properties and/or the properties associated with the
item thought out the value chain (Regattieri et al., 2007; Garcia-Torres et al., 2019).
Nowadays, item traceability is an important tool in SCM and SSCM, however, it has not

been adapted to many industries (Dai et al., 2015; Biswas et al., 2023).

In the past, there have been sustainability-related crises and scandals where the lack or
incompletes of the traceability system and processes have caused severe negative impacts
on the focal companies (Wilhelm et al., 2016; Garcia-Torres et al., 2019). Having established
traceability processes and visibility for multi-tier suppliers, the focal companies may
improve the prevention and handling of supply chain sustainability risks (Busse et al. 2017).
By utilising the traceability system, the focal companies may improve the transparency, trust
and governance of the complex SC. Traceability is one of the key tools for companies to
achieve and promote sustainability in the SC (Garcia-Torres et al., 2019). This underlines
the need for a traceability system beyond the required compliance of law and regarding

sustainability, in all ESG aspects.

In manufacturing, traceability has been used in the context of quality management (Cheng
& Simmons, 1994) for verification (Biswas et al., 2023), process efficiency (Schuitemaker
& Xu, 2020) and events control (Cheng & Simmons, 1994). Even though there is no current
regulation for manufacturing, the traceability system for material would enable companies
to develop the existing multi-tier and complex SC to be more transparent and sustainable
(Garcia-Torres et al., 2019).

The literature does not provide simplified managerial implications on building the
traceability processes or system for traceability regarding sustainability. Therefore,
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companies are required to develop unique solutions for sustainability-driven traceability. As
there are currently no specified industry-wide specifications on the design of such processes,
the case company is also entitled to the scope and design of its sustainability-driven
traceability processes and system. It is important to establish such processes in
manufacturing as by implementing the process the companies can gain comprehensive
benefits and create industry-wide positive contribution sustainability in the SC. When one
or a few large companies have sustainability-driven traceability systems in place, it is easier
for others to follow and amplify to effects. Also, as the case company is under European
Union (EU) laws and requirements as well as common sustainability goals, enhancing
sustainability by traceability enables companies to fulfil and achieve those. Especially, as
the requirements regarding sustainability reporting are constantly developing towards more
comprehensive and detailed. Thus, the thesis aims to provide research for the case company
to scope the process starting point, targets, and requirements for information on the
sustainability-driven traceability process. This study seeks to add more generalisability to
the findings related to traceability solutions, especially concerning sustainability, by

providing evidence from a specific industry and company.

The case company, Valmet Oyj is a Finnish process technology company for pulp, paper,
and energy industries, which is committed to enhancing the positive and reducing the
negative sustainability impact in its value chain (Valmet, 2023b). Valmet aims to reduce 20
per cent of its own SC emissions by 2030 and otherwise decrease the negative sustainability
impact (Valmet, 2023b). Having established traceability processes and system support the
actions on achieving the sustainability goals and therefore a viable tool for the company. As
the market demand together with the regulations is developing into more detail, Valmet
must-have tools and processes already in place to be able to quickly answer to these changes.
Currently, it is seen that enhancing sustainability through traceability proposes additional
value for Valmet in the sustainability aspects, however, in the future, these processes and
systems might be must-haves at the market-leading companies. Hence, the research is topical

across the company but also for the entire value chain.
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1.2 Problem statement

As there are no ready-to-use industry or company-level frameworks on how to scope
sustainability-driven traceability processes, the companies must conduct own research on it.
For scoping, defining, and designing the sustainability-driven traceability process and
system, it is necessary to know and identify, the specific expectations and requirements for
the information. Hence, this thesis provides an overview of the topic from current literature
and the already established process in incumbent companies, and how the topic has been
approached. For Valmet, the implications are the research of the sustainability-driven
traceability process and the system’s targets, requirements, and expectations. The results and
recommendations regarding the process and system can be utilised at VValmet for the further
design of such a process. The results can also be modified and utilised in other companies to

design sustainability-driven traceability processes.

The long-term target for Valmet is to integrate an automatic and systematic traceability
system as a part of the SSCM practices. The purpose of the system is to increase and improve
the knowledge of both the complex multi-tier SCs and the overall sustainability impact of
the item and item entities. Well-scoped traceability process and system regarding the
sustainability of the purchased items produces information for multiple functions and

supports achieving the sustainability goals of Valmet.

The aim is the identify the most relevant and important parameters to be traced from
purchased items contributing to the desired reported overall sustainability of the product.
The traced characteristics are identified from the academic literature accompanied by the
benchmarking of the already established sustainability traceability processes used by other
companies as well as interviews conducted for Valmet’s personnel. The research questions

for the thesis are presented below.
The main research questions are as following:

- What are the key sustainability issues in the SC, and how benchmarking companies

address these issues by utilising traceability system driven by sustainability?

- What are the design principles that guide the development of a sustainability-driven

traceability system for purchased items in Valmet’s SC?
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The first research question focuses on creating an understanding of enhancing sustainability
through traceability processes and systems as well as mapping the current general practises
around the topic. This information works as a base and reference for the scoping of the
system design principles at the Valmet. The second research question is targeted at the design
principles for the sustainability-driven traceability of the purchased items at Valmet. The
answer seeks to provide insights into what is expected of the system and what is required

from it.

Therefore, the objective of the thesis is the scope targets and requirements of the
sustainability-driven traceability process and system for purchased items, what information
is wanted and what is needed, for the case company. This is done to further conduct the
design of the process and system. The thesis will also provide a view of the sustainability-
driven traceability process utilisation and requirements at Valmet.

1.3 Scope and limitations

The scope of the thesis is defined according to Valmet’s needs. The focus of the thesis is on
the sustainability-related aspects of traceability in Valmet’s SCs. As traceability covers a
wide range of different activities in the SCM, sustainability is chosen as a focus point.

Sustainability is considered in the thesis to cover ESG dimensions of reporting.

The traceability of the physically purchased items is considered in SC down to the point
when the item has been received at the case company. The research will consider material
traceability and will not consider internal or external logistics. The study does not contribute
to the suppliers’ abilities, and it is expected that the information received by the case
company is accurate, correct and on time. Furthermore, the study gives an overview of the
possible outcomes that could be accomplished by the system and future directions of
development; however, it does not give a direct-action plan for further development of the

system.

The empirical part concentrates on one case organisation and only on the physical items. As
the study is conducted for Valmet’s paper business line (PAP), the results must be separately
evaluated for other business lines. As the process of development and implementation of the

traceability system is in the beginning, the study is conducted at a high level for purchased
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items in general. Therefore, the results must be further evaluated and applied to the different
purchased item categories as each category has its own specific and unique characteristics

and properties.

1.4 Structure of the thesis

The structure of the thesis is presented in Figure 1. The thesis begins with the introduction,
providing the reasoning and background for the study. The introduction also includes the
definition of the need for the research for the case company. The literature review consists
of three parts covering the topics of traceability, SSCM and the combined effects of the
previous. At first, traceability as a concept is defined and how it affects the SCM and SSCM.
This will provide the base for how traceability acts as an enabler for sustainability and what

aspects should and must be considered when designing the traceability processes and system.
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Figure 1, Structure of the thesis

Following the literature review, the company benchmarking combines the theoretical
literature review and empirical research. The benchmarking provides important knowledge
on how major incumbent companies have approached traceability process creation and
system implementation. The benchmarking will also demonstrate how sustainability
dimensions are considered in the traceability process, if so. The good and best practices as
well as shortcomings are identified from other companies are analysed. The major findings
regarding sustainability are then taken into the case company study. The data for the

benchmarking is collected from openly available sources and company-provided data.
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The empirical research is complemented by the study of the case company. The study
includes an overview of the current situation and stage of traceability regarding SSCM and
sustainability. This is followed by the data gathering through the interviews to collect the
desired outcomes and expectations of the results from the traceability system. The aim is the
collect outcomes and identify the required information to enable the results. This is followed

by a further discussion of the findings with proposed design principles.

Finally, the conclusions to the research topic and answers to the research questions are made
in the last chapter. The conclusion chapter includes the contribution to academia, the

research limitations and possible future research directions.
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2 Literature review on traceability regarding sustainability

This chapter will provide an academic literature review on how traceability in SCs provides
an improving factor for overall sustainability as a part of (S)SCM practises. The literature
review introduces reasons, purposes and used practices from secondary data sources
providing a wider perspective on traceability regarding sustainability in the manufacturing

industry.

The literature review is done to identify the recent academic findings on the currently
developing topic of sustainability in tracing. The literature is critically reviewed to frame the

most relevant findings for drafting the traceability process for the case company.

2.1 Definition of traceability

Traceability as a concept has been defined by several different standards and regulations,
however many of these are strongly linked to the food industry (Schuitemaker & Xu, 2020).
Even though the concept of traceability in SCM is defined at a high level, the systematic
development of a global definition has not been possible (Malik et al., 2021). This has been
due to the industry-specific requirements and regulations for traceability (Malik et al., 2021),
which originates from the level of comprehensiveness of traceability process implementation
(Schuitemaker & Xu, 2020). The most known general and SC-related traceability definitions
currently originate from the 1SO9000:2015 and the earlier versions; Global Standards One
(GS1) Traceability standard; and IPC-1782 Standard for Manufacturing and Supply Chain
Traceability (Garcia-Torres et al., 2019; Schuitemaker & Xu, 2020).

ISO (2015, p. 24) defines traceability in the ISO9000:2015-standard as the ‘ability to trace
the history, application or location of an object’. When discussing a physical item,
traceability may consider the origin of material or parts; process history; and distribution as
well as location information (ISO, 2015).

GS1 (2012, p. 13) defines traceability as follows: ‘the ability to track forward the movement
through specified stage(s) of the extended supply chain and trace backward the history,
application or location of that which is under consideration.”. GS1 Traceability Standard
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presents and defines minimum requirements for all industries and organisations to follow
(GS1, 2012). The actual definition is based on the 1SO standard; however, it is applied to
suit better the needs of businesses regarding SCM (GS1, 2012).

IPC-1782 defines traceability as an unbroken record of documentation for material, parts,
assemblies, processes, measurements, and associated uncertainties. IPC-1782 is for
manufacturing and supply chain traceability of electronic products, however, the standards
defined four levels of traceability, basic, standard, advanced, and comprehensive, which may
also be applied to other industries (Ford, 2016). The purpose of the standard is the indicate
what traceability data should be collected and discusses the capabilities to implement

automatic collection processes to it (Ford, 2016).

Other traceability definitions are specifically related to the food industry (Schuitemaker &
Xu, 2020), and therefore definitions presented in this chapter are used in the thesis. The
common factor of the presented definitions is in creating or building a systematic view of
the traceable objects’ history throughout the value chain. The definitions identify traceability
as an ability to collect and record the information regarding the traceable object throughout
the SC and value chain (Malik et al., 2021). The standards’ definitions also provide some

views on the traceable properties of the objects, such as location and applications.

2.1.1 Terminologies in traceability

GS1 (2012) divides the overall traceability of the SC process into internal and external
traceability. Internal traceability covers the defined traceable activities inside one process
step in the SC (GS1, 2012; Schuitemaker & Xu, 2020). External traceability, on the other
hand, refers to the traceable activities or events taking place between the process steps (GS1,
2012; Schuitemaker & Xu, 2020). Figure 2 presents the internal and external traceability in

the context of traceability in the entire SC.
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External Internal External Internal External Internal External
Traceability Traceability Traceability Traceability Traceability Traceability Traceability
Y

Traceability across the entire SC

Figure 2, Internal and external traceability across the SC, redrawn from GS1 (2012)

When discussing the overall traceability of the SC both, internal and external traceability
should be considered (Regattieri et al., 2007; GS1, 2012; Marconi et al., 2017). Thus, to
achieve traceability throughout the SC, all SC partners should have both internal and external
traceability of the object (GS1, 2012).

Opara (2003) proposes six elements of traceability, specifically for the food and agriculture
industry, to form a comprehensive traceability system. However, these six elements can also
be utilised, entirely, partially or modified, in an industry setting to complete the traceability
system (Schuitemaker & Xu, 2020).

- Product traceability — The physical location of the physical traced object at any stage
of the SC

- Process traceability — Variables, and events which have affected the traced physical
object

- Genetic traceability — Makeup of the product, both type and origin

- Input traceability — Genetic traceability of the material used in the product that does
not make up the product

- Disease/pest traceability — The epidemiology of pests, bacteria, and other
contaminants

- Measurement traceability — The measurement and different test data of the product

Furthermore, the elements proposed by Opara (2003) could be included in the two pillars of
item traceability proposed by Regattieri et al. (2007). The first pillar of product identification
indicates the physical characteristics, mechanical properties, and length of life (Regattieri et
al., 2007). This would include the elements of process, genetics, input, measurement and if
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applicable disease/pest traceability. The second pillar product routing indicates the
activities, movement, and other events along the SC (Regattieri et al., 2007). This pillar
would include the element of item traceability to being able to produce on time and complete

information on the physical movements of the item.

Jansen-Vullers et al. (2003) divide traceability processes into passive and active traceability
based on the purpose of use. Passive traceability refers to being able to have clear and on-
time visibility of the traced objects” movement and position (Jansen-Vullers et al., 2003).
Whereas active traceability utilises the passive traceability information for process
improvement, development, and control throughout the item value chain (Jansen-Vullers et
al., 2003). Passive traceability process complements the Regattieri et al. (2007) product
routing -pillar as well as external traceability presented in GS1 (2012) standard of enabling
the information collection of the traced objects activities and events thought out the recorded
history. The active traceability process complements both pillars of traceability proposed by

Regattieri et al. (2007) and affects both external and internal traceability processes.

2.1.2 The levels of traceability

The level of identification precision of the traceable object in the value chain can be defined
case by case. The traceable object can be a unit, a batch of items, a component, or a shipment
(Dai et al., 2015; Schuitemaker & Xu, 2020). Whichever, level of identification precision
the traceable object is, it is commonly referred to as Traceable Resource Unit (TRU)
(Regattieri et al., 2007; Dai et al., 2015). The information of the defined TRU is carried to
the traceability system and further transformed as knowledge of the TRU (Schuitemaker &
Xu, 2020).

The levels of overall traceability may be defined and implemented in the organisation at
different levels of preciseness and comprehension (Schuitemaker & Xu, 2020). The IPC-
1782 presents four levels of traceability: basic, standard, advanced and comprehensive
(Ford, 2016). Table 1 presents the levels with the collected data regarding the TRU material,
the process in the SC and the data collection method.
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Table 1, Levels of traceability according to IPC-1782 standard, modified from Ford (2016)

Level 1: Basic Level 2: Standard Level 3: Advanced Level 4:
Comprehensive

Material Listed to work Listed to batch/work Listed as loaded by AIll  the exact
order by part order by unique industry-specific material used in
number and material ID (where identification and each TRU
incoming order  applicable) unique  material 1D

(subject to the

constraints  of  the

processes)
Process Significant Common key process All the key process All available
process characteristics, characteristics, metrics: complete
exceptions and expectations, and expectations, and process data in the

events in the events to serialised events to serialised SC

batch record in TRU in the SC TRU in the SC

the SC
Traceability  90% Manual 70% Automation >90% Automation Fully Automated
Data
collection

According to IPC-1782 standard interpreted by Ford (2016) the basic level can be considered
as an entry level for traceability which is the minimum expectation when the traceability
process is acquired. The data collected is high level and does not require deep identification
to a single TRU. Therefore, the traceability data can be collected manually requiring less
effort. At the standard level, the unique identification of the material assemblies is added to
the basic level of traceability. At the standard level, the data collection begins the require a
more automatic collection system to provide better manageability and serialisation (Ford,
2016). The advanced level has a more detailed level of information required to trace per
TRU than the standard level with the TRU specifications. Also, the degree of data collection
must be higher to increase the collection and decrease the margin of error. The
comprehensive level presents the highest level of traceability where the data is precise
throughout the value chain in both material and processes (Ford, 2016). The data is collected
entirely automatically and furthermore integrated as a part of operational systems to enable

seamless data flow were needed.
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GS1 (2012) combines the identification precision and the level of logistical hierarchy to
indicate the level of traceability for TRU. Figure 3 presents the relationship between the

identification precision and the level of the logistic hierarchy, affecting the traceability level.

Identification
precisions

A
Unique
(serialised)
o
. '\\‘3‘ —
;acd&o\\
AN
Specific <€ %\\\%u
(batch) A
Generic

TRU before point of TRU after point of
sale sale

Shipment Batch/Lot

Level in logistical hierarchy

Figure 3, The level of Traceability for TRU, redrawn from GS1 (2012)

As seen in Figure 3, the level of traceability increases when the preciseness of identification
and the level of logistical hierarchy increases. The identification preciseness increases when
the TRU is closer to the serialised individual component. The highest level of identification
preciseness could be achieved if all the raw material(s) could be traced individually
throughout the value chain (Schuitemaker & Xu, 2020). The level of logistical hierarchy
increases when the traced logistical chain increases in length and includes more hierarchies
in the logistical chain of the TRU. The final desired traceability level of the TRU in the

company is dependent on the internal and external requirements, resources and will.

Cheng and Simmons (1994) have also identified three major traceability functions for
internal manufacturing systems: status tracing; performance tracing; and goal tracing. These
functions are applied to all management system’s three levels: strategy; planning and design;

and operations. Status tracing includes information on the current situation of the
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manufacturing system. Performance tracing indicates the level of progress against the plan.
Goal tracing shows the needed information to achieve the set goals for the system. Table 2
presents the application of the three tracing functions to the management system levels with

the exemplars of the information to be traced at each function and level.

Table 2, Three tracing functions in the three levels of management system, modified from
Cheng & Simmons (1994)

Levels of Management Function Examples of traced information

System

Operations Status tracing Batch size, run quantity and buffer stock
Performance tracing Engineering changes, output per person or

machine, and planned vs. actual output

Goal tracing Quality, inventory, and operations changes
Planning and design Status tracing Operational level, resource utilisation and work in
progress
Performance tracing Cost of product and productivity
Goal tracing The output of products and exploitation of new

technologies

Strategy Status tracing Demand level, expertise, and government
regulation
Performance tracing Return on investment, inventory turnover rate,

sales per time

Goal tracing Profit, market share and growth of the company

Although the traced functions presented in Table 2 are utilised by the manufacturing
companies to trace companies’ actions, the functions can be utilised on tracing other SC
partners as well. However, when applying the functions to trace SC partners, the used
functions must be selected based on the desired identification level. When targeting a tracing
process for the unique TRU, the management level is low, but the traced information may
be from any of the functions, status, performance, and goal. This enables comprehensive
tracing of the TRU throughout the manufacturing process in multiple tiers of SC. On the
other hand, when the needed or desired level of identification is more generic, the

management level may be higher, and all the functions may not be required to trace.
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2.2 Traceability in SSCM

Seuring and Muller (2008, p. 1700) have defined SSCM as follows: ‘management of
material, information, and capital flows as well as cooperation among companies along the
supply chain while taking goals from all three dimensions of sustainable development, i.e.,
economic, environmental and social, into account which are derived from customer and
stakeholder requirements.’. Garcia-Torres et al. (2019) utilise the Seuring and Miller (2008)
definition in the discussion on SSCM being managing the material flows throughout the
value chain while ensuring the economic competitive advantage while not causing a negative
impact on the social or natural environment. Gelderman et al. (2021) follows the previous
definitions of SSCM emphasising the integration and coordination in the value chain as well
as developing the item of the SC more sustainable. Developing more sustainable products
refers to actions on improving the products’ environmental and social quality aiming to fulfil
the customer needs and demands as well as gain a competitive advantage in markets (Seuring
& Muiller, 2008).

According to Seuring and Miller (2008), SSCM has three distinctive features of taking
extending the view of the SC, dealing with more performance objectives, such as social and
environmental and requiring more cooperation among the SC partners. SSCM has become
more and more a paradigm of SCM (Garcia-Torres et al., 2019) due to more complex,
multitier and global SC as well as increased costs and competition (Fraser et al., 2020;
Gelderman et al., 2021; Kazancoglu et al., 2022).

SSCM practices applied to the company enable companies to mitigate sustainability risks
coming from the dispersed global SC and deal bigger pool of stakeholders (Fraser et al.,
2020; Gelderman et al., 2021). Achieving SSCM in the companies requires extensive, open,
and close communication and cooperation among the SC partners (Gelderman et al., 2021).
This proposes challenges for focal companies which hold the power in the SC and also have
a responsibility for the products value chain (Garcia-Torres et al., 2019). The greatest
challenge is the lack of visibility for stakeholders’ activities and especially weak tracing of
the low-tier suppliers (Garcia-Torres et al., 2019; Gelderman et al., 2021).



2.2.1 Drivers for traceability in SSCM

Razak et al. (2021) have divided the drivers for the traceability process and system
implementation to the companies into internal and external. The internal drivers are further
divided into monetary and non-monetary. Figure 4 presents the main drivers for companies
manufacturing companies to implement the traceability process and system into the

operation.

Figure 4, Drivers for traceability process implementation, modified from Hastig & Sodhi
(2020), Razak et al. (2021), Toyryla (1999) and World Economic Forum (2021)

As seen from Figure 4, the main drivers risen from the literature are strongly linked to SCM.
Both internal and external drivers for the traceability process and system are directly or
indirectly linked to the SSCM activities. Even though there are many different drivers,
companies are still reluctant to implement such traceability systems (Dai et al., 2015).
Therefore, focal companies must be able to create motivation and commitment internally but
moreover with the SC partners (Dai et al., 2015).
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2.2.2 Effects of traceability in SSCM

Traceability has been recognised to be one of the major performance indicators or metrics
for global SCM (Biswas et al., 2023). United Nations (2014, p. 6) states traceability in the
context of sustainability as follows ‘traceability is a tool to assure and verify sustainability
claims associated with commodities and products, ensuring good practice and respect for
people and the environment all along the supply chain.’. In other words, traceability
processes increase information sharing regarding all sustainability aspects as well as provide
away to improve visibility and transparency among the SC partners. The traceability process
also has significant positive effects on achieving the UN’s Sustainable Development Goals
(SDGs) (Garcia-Torres et al., 2019).

Implemented traceability processes can embrace and improve relationships among SC
partners, especially when the purpose of traceability is in the sustainable development of the
product and/or process (United Nations, 2014). Having a traceability process implemented
in the companies as a part of SSCM can benefit the identification and prevention of product
liabilities, recall applications, quality management, proof-of-origin, logistics management,
security, accounting, and after-sales (Toyryla, 1999). The traceability processes, therefore,
not only help in risk management and standard compliance but furthermore has wider

positive effects on SSCM and economic viability (Cousins et al., 2019).

2.2.3 Enabling technologies of traceability in SSCM

Traceability systems have evolved from paper-based to IT-driven to accommodate more
efficient and on-time information gathering as well as information management (Razak et
al.,, 2021). As Toyryla (1999) has stated the criteria of the most useful and relevant
traceability data are comprehensiveness, accuracy, timeliness, easy availability, and security.
These criteria can be fulfilled by implementing available and emerging technology tools
(Kazancoglu et al., 2022). The choice of the technological solution is based on the
company’s requirements for the breadth and depth of the information and the goals for the
traceability system (Razak et al. 2021). Utilising the available and emerging technologies
will enable companies to achieve more sustainable business and become more resilient

towards uncertainty and possible disruptions in the SC (Kazancoglu et al., 2022).
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Most widely used technological solutions for traceability have been barcodes and Radio
Frequency Identification (RFID), however combining these with even newer technologies
such as the Internet of Things (1oT) and Blockchain have been recognised to bring the most
added value to the traceability process (Venkatesh et al., 2020; Razak et al. 2021; Roy, 2021).
The most clearly recognised and used technology for traceability is blockchain technology
(BT). In the blockchain, the recorded data are stored in blocks and are securely linked to
previous blocks creating a chain of interlinked data blocks (Venkatesh et al., 2020; Biswas
et al., 2022). BT has especially been brought up in the context of managing the SCs’
environmental and social sustainability (Hastig & Sodhi, 2020; Venkatesh et al., 2020;
Yousefi & Mohamadpour Tosarkani, 2022). The greatest benefits of BT are its security,
transparency, verification, and mitigation of fake data (Biswas et al., 2022). By adopting BT,
the social and environmental parameters can be traced throughout the value chain
transparently (Hastig & Sodhi, 2020; Venkatesh et al., 2020; Yousefi & Mohamadpour
Tosarkani, 2022).

2.3 Traceability on sustainability

The traceability process enables companies to trace social and environmental breaches
besides the standardised traditional SC point of view. Garcia-Torres et al. (2019, p. 87) have
referred to this as a Traceability for Sustainability (TfS) defined as follows ‘the ability to
combine SC information-sharing and visibility in such a way that actors within the chain
have access to information that is accurate, trusted, timely and useful for operational reasons
and to ensure the reliability of sustainability claims.”. According to Garcia-Torres et al.
(2019), TfS is moreover managing the competencies and knowledge across the entire value
chain and its partners to achieve common sustainability goals. TfS can also be seen as a key
element of the SSCM with a strong linkage to social and environmental sustainability
(Garcia-Torres et al., 2019).

For the environmental aspects of sustainability, traceability provides an advancing and
measuring tool (Gelderman et al., 2021). With the traceability system, the focal companies
would be able to collect and gather information related to environmental effects relate caused

by the TRU, SC and/or the SC partner. Examples of traced qualitative and quantitative
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characteristics are presented in Table 3. The characteristics can be modified to be suitable

for different levels of traceability.

Table 3, Traced sustainability related characteristics, modified from Hastig and Sodhi
(2020)

Environmental Social Governance

- Waste control and - Child labour - Certified SC
amount - Rural poverty trap - Audits

- Pollution and emission - Fair Trade - Sustainable production
control - Personnel training and and SSCM activities

- Environment impact development - Sustainable

- Water use and footprint - Compliance and prosperous procurement and

- Natural resource local economy and acquisition
exploitation community - Renewable energy

- Carbon footprint - Standard of living usage

- Hazardous spread and - Corporate Social - Code of Conduct
use of  hazardous Responsibility (CSR) (CoC); existence and
substances scrutiny and accountability compliance

- Recycling, reusing, - Human rights abuse
and reducing - Developing-country

- Standards exploitation

In addition to the environmental characteristics, Table 3 presents social and governance-
related characteristics. These characteristics are collected at the SC and SC-partner level and
further connect the information to TRU if required to achieve the desired traceability level
and accuracy. Social and governance characteristics are mostly qualitative measurements

which can be utilised as key performance indicators (KPIs) for assessment and analysis.

Garcia-Torres et al. (2019) have identified systematic traceability as a core enabler for TfS.
This is enabled by traceability systems and — innovation, to increase inter-organisational
transparency and information-sharing among the SC partners (Garcia-Torres et al., 2019).
However, the complexity of SCs and lack of resources, standards and capabilities have been
identified as the key barriers to tracing benefitting the TfS (Garcia-Torres et al., 2019). The
lack of visibility throughout the SC is a major limiting factor for focal companies to both
influence and improve the sustainability of the SC and especially beyond first-tier suppliers
(Fraser et al., 2020). As the distance and divergence in SC increase from the focal company,

the focal company’s ability to influence and furthermore improve sustainability decreases
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(Sauer & Seuring, 2018; Fraser et al., 2020). With a defined sustainability-driven traceability
process and system, the focal companies can collect and analyse sustainability-related
information in the SCs. After the information is collected and analysed, the gained
knowledge can be utilised in the (S)SCM and SC development activities to build capabilities

to influence positively the SCs’ sustainability.

2.4 Summary of the literature review

The main findings from the literature are related to how traceability processes and systems
contribute to and enable improved sustainability in the focal company, SC and SSCM.
Traceability had been defined as an ability to recall the material flows, events and processes
that happened to the TRU throughout the SC. Traceability increases visibility and
transparency along the SC and among the SC partners enabling improved governance,

development, and collaboration.

Traceability as a concept had been defined by several standards from which currently the
most relevant to the manufacturing industry are 1ISO9000:2015; GS1 Traceability standard;
and IPC-1782. Also, some general practices and concepts are discussed in academia.
However, these have been strongly related to the food and agriculture industries. Figure 5
presents the integration of the levels of traceability on IPC-1782 and the matrix from GS1
standards. Traceability in the companies increases in terms of preciseness,

comprehensiveness and effectiveness when moving towards the right-top corner.
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Figure 5, The levels of traceability integration of GS1 (2012) and IPC-1782 (Ford, 2016)
standards

The required and desired level of traceability processes is determined by the needs and
requirements both internally and externally. Such processes are used in some industries, such
as food and agriculture. However, in these, the processes are required to be in place by local
and global laws. Even though multiple standards regarding traceability do exist, there are

industry-specific unified nor standardised processes for manufacturing.

The main drivers for traceability processes and system implementation in manufacturing
companies are regulatory, customer and/or stakeholder expectations, (S)SCM activities and
increasing competitive advantage. The traceability processes have been recognised to
increase information sharing regarding all sustainability dimensions as well as improve
visibility, transparency, and trust along the SC. The biggest challenges for traceability
process development and implementation are the global complex and multi-tier SC.
However, in these cases, the benefit regarding SCM activities and sustainability is the

greatest.

Traceability concerning sustainability is a key element of SSCM practices. However,

processes nor systems have been widely implemented in manufacturing industry companies
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even though the value has been recognised in academia and practice. Garcia-Torres et al.
(2019) have brought up the concept of TfS to better describe the management of all
competencies across the items’ value chain to achieve common sustainability goals. TfS
especially highlights the social and environmental perspectives while the general definition
of traceability focuses on the governance dimension of sustainability. Even though
traceability has been recognised as an enabler and driver for the overall sustainability of the
SC and the items, the effects, and requirements in the context of sustainability have not been

widely researched (Gelderman et al., 2021).
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3 Research methodology

This chapter presents the research methodology used in the thesis. The research strategy and
the process are presented. Finally, the used data collection methods for the empirical part are

introduced.

3.1 Research methods

The research methods used in the thesis are presented in Figure 6. The methods are presented

using the research onion introduced by Saunders et al. (2016, p. 124).

Philosophy

Approach to theory development —-

Methodological choice ————

- Strategy

Figure 6, Research methodologies utilised in the thesis, modified from Saunders et al. (2016)



33

The study is conducted for exploratory purposes, aiming to gain an understanding of the
topic of traceability enhancing sustainability at Valmet. The exploratory nature gives
flexibility to the development of the research process and the conduction of the study when

new insights appear (Saunders et al., 2016).

The research philosophy represents and sets the assumptions as well as beliefs for the
knowledge creation in the research. This research embodies pragmatism as the research
philosophy. Research conducted by pragmatic philosophy begins with the problem which is
aimed to be provided practical actions and solutions (Saunders et al., 2016). Induction as an
approach to theory development is justified as the purpose of the research is to explore the
possibilities for the sustainability-driven traceability process design by collecting data and

generating conclusions (Saunders et al., 2016).

The methodological choice is a multi-method qualitative study as the used qualitative data
is collected utilising two distinguished methods: benchmarking and interviews. Qualitative
research design is supported by pragmatic philosophy and inductive approach that guide the
research to build an in-depth understanding of the problem and possible solution as well as
recommendations for it (Saunders et al., 2016). The chosen strategy for the research is based
on the objective and context of the research. The research embodies the case study -strategy
as it aims to create solutions in the real-life setting for Valmet to utilise (Saunders et al.,
2016). The case in the research is defined as one business line at the company, PAP. To build
an understanding of the case, qualitative data is gathered from the case company. The time
horizon in question is cross-sectional as the research provides a view of the studied
phenomena in a particular time (Saunders et al., 2016). This is an especially important factor
in this thesis as the topic is currently in constant development and external factors do change

fast.

The chosen techniques for data collection include benchmarking which is conducted by
reviewing secondary data openly available on the internet regarding the companies; and
interviews which are unstructured by nature. The benchmarking is done using the secondary
gathered data from the companies’ published documents. The unstructured interviews
promote the exploratory purpose and inductive approach of the research as the interview
style enables a wider context to build knowledge also on the underlining factors affecting
the research topic (Saunders et al., 2016).
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3.2 Research process

The research begins with the literature review to build a base knowledge which is followed
by the company benchmarking and empirical study at Valmet. The literature review provides
an objective overview of the traceability process and its connection to the SSCM as well as
the holistic sustainability of the product and company. This is conducted to establish an
understanding of the implications of the possible sustainability-driven traceability process
when introduced. After the literature review, the research consists of two parts:

benchmarking and empirical research on the case company.

3.2.1 Benchmarking process

The research includes a benchmarking on the already established traceability processes used
in large companies. The benchmarking together with the literature provides the answer to
the first research question. As the traceability processes or systems are currently not in place
at Valmet, the knowledge of how other companies have approached the topic from a
sustainability point of view and if have, is valuable for VValmet. Therefore, the goal of the
benchmarking was to identify and analyse already established traceability processes, how
those are linked to sustainability and what extent contribute to the product and/or supply
chain sustainability. The purpose was the identify good and best practices from others that
could be used, furthermore modified for Valmet to utilise. The identified best and good
practices also give guidance or validation in the planning and design of the traceability
processes at Valmet. Four companies for benchmarking were selected by the amount of
openly available information, the amount of information found on the traceability in the
companies’ publishing and the companies’ relevancy to the research. The selected
companies represent different industries than where Valmet operates for gaining a wider

perspective on the possibilities around traceability in sustainability.

Benchmarking is a process for identifying the highest standards for items, services or
processes among other companies, organisations, or operators, in a specific area (Bhutta &
Hug, 1999). As the best practices in the benchmark are identified and analysed, the gained
knowledge can be utilised in the improvement and development of its own processes and

practices (Bhutta & Huq, 1999; Kulikowski, 2021). By conducting the comparison with the
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other organisation in the specific area, the case company can learn and improve the
understanding of current events, and past and emerging development (Bhutta & Hug, 1999;
Kulikowski, 2021).

The conducted benchmarking process is presented in Figure 7. The process follows the
continuous Plan, Do, Check and Act (PDCA) cycle which has been widely understood as a
standard benchmarking model or method (Bhutta & Hug, 1999; Kulikowski, 2021). PDCA

cycle is a continuous improvement tool for business processes and quality management

which provides a generic and easily customisable approach for benchmarking (Kulikowski,
2021).

* Defining the « Identification « Analysis and « Adapt the
purpose of the of the discussion of gained
benchmarking benchmarked the of gathered knowledge in

« Identification companies data further
of the « The data empirical
benchmarking collection study
metrics

Figure 7, Benchmarking process, modified from Bhutta & Huqg (1999) and Kulikowski
(2021)

In the first step (“Plan”,) the benchmark is planned, and the objectives are defined. The
purpose of the benchmarking is determined before beginning. Bhutta and Huq (1999) have
identified three types of targets for benchmarking: performance, process, and strategy, to be

investigated.

- Performance benchmarking gives a measure of how well the company is doing
compared to others.
- Process benchmarking aims to provide a comparison of processes to be used for

improvement purposes.
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- Strategic benchmarking is conducted when the strategic direction is developed, and

competitor behaviour should be assessed.

Furthermore, the benchmarked criteria are decided, aimed to provide the most relevant
information from others to benefit Valmet in later stages. These criteria must only indicate
specific metrics but the underlying factors and processes behind those (Bhutta & Hug, 1999;
Kyrd, 2003; Kulikowski, 2021). The conducted benchmarking follows a process
benchmarking where the sustainability traceability methods and processes from other
companies are compared to guide the development and design of Valmet’s sustainability
traceability processes and system. Process benchmarking was chosen to support the
objectives providing an overview process used in other companies as there are no current

processes at Valmet to compare against nor strategic direction assessed.

The criteria for benchmarking are aiming to provide an overview of the traceability processes
in use, why what, and how are traced, as well as what are the current situation and future

plans of the process and system. The criteria are:
- Current status regarding traceability processes and system
- Driving force for traceability processes and system implementation
- How traceability processes and systems are implemented
- What factors are traced
- Future plans on sustainability traceability

The first criterion gives a snapshot of the level and overall status of the traceability processes
and systems in the company. By this, it can be determined how, breadth and depth, the
processes and further system implementation have been taken in the use. As the current
status is known, the understanding of why and how companies have enabled this as well as
on which direction the development in the companies is going. The driving forces and
implementation give input on why the companies have implemented traceability and what
level of traceability the companies currently are. The factors which are traced in each
company provide an important view of widely the processes used and moreover the length
of traced SC. As Valmet is at the beginning of the traceability process and system design,
the criteria give a view of what can be traced and what should be traced to get where the
other companies are. The future plans give directions on where the companies are heading
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and what are the goals for traceability, especially sustainability-related. This may also give

an estimation of how companies are invested in the subject of traceability.

In the second step (“Do”), the benchmarked and compared companies are decided. Bhutta
and Huq (1999) have identified four categories that the case company is benchmarked

against: internal, competitive, functional, and generic.

- Internal, the different units or departments within the same organisation are
compared.

- Competitive benchmarking includes the competitors in the same industry or
technological area.

- Functional benchmarking companies come from the same industry or technological
area.

- Generic benchmarking includes companies regardless of industry, with the best

processes in the researched area.

This research follows generic benchmarking as the selected companies are outside of Valmet
and outside of Valmet’s operative industry and technological area. As not many companies
are reporting or publishing information regarding the use of traceability processes and
systems, the number of possible benchmarking companies is limited. Also, the topic of
traceability and its linkage to sustainability in companies is not utilised or if is, it is not yet
communicated outside. Benchmarking companies located outside of the Valmet industrial
operational area can provide new ideas and input for the initial design. Also, the traceability

process and systems are easily adaptable for different companies and industries.

In the next step (“Check”), the gathered data is analysed, and conclusions are made based
on the analysis. The purpose of this is the find the answers to the previously defined criteria.
In the analysis, the aim is also to identify the most relevant factors and overall goal(s) aimed
to be achieved by benchmarking. The benchmarking data analysis was done by utilising
thematic analysis where the patterns of used words and themes are identified to provide an
answer to the benchmarking criteria. The thematic analysis method was chosen to provide
insights into the collected data around the different stages of the traceability process or
“themes” and the relationships between those. The thematic analysis also gives the flexibility

to be adapted for all qualitative data collection and benchmarking criteria used in this
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benchmarking. After the analysis, the findings are taken into consideration and utilised in

the following improvement as well as development actions (“Act”).

3.2.2 Empirical research process

The results of the empirical part of the research are presented in three parts followed by the
discussion part. The empirical part seeks to answer comprehensively the second research
question. The first part of the research is to understand the case company’s background
regarding sustainability and traceability. This creates the base knowledge and context of the
case company for the design and scoping of the sustainability-driven traceability system.
The first part is divided into two sub-parts. The first sub-part discusses the drivers for the
system design and implementation at VValmet. The second sub-part presents the focus areas
of the sustainability-driven traceability system from the ESG dimensions. The information
for these sub-parts is gathered from the conducted interviews and Valmet’s external
reporting. The sub-parts seek to provide an overview of the starting point for the definition
of the main design principles for the system together with the benchmarking findings. The
focus of the parts is on understanding why such a system is beneficial for Valmet and for

what sustainability-related traced information is valuable.

The second part introduces the objectives and requirements for the sustainability-driven
traceability system at the case company. The objectives will provide the frames on what is
desired and expected from the sustainability-driven traceability process. After the objectives
for such process and system at the case company are defined, the information required to
achieve the defined objectives and level of information is discussed. The focus of this part
Is on the practicalities of the scoping of the process and what is expected and required to

achieve the expectations.

In the end, the discussion part of the research presents the practical principles identified
throughout the research. The discussion answers the second research with the concrete

design principles and requirements for the system at Valmet.
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3.3 Data collection

The data collection methods for benchmarking and the interviews are presented in this
chapter. The data collection for both research techniques is done qualitatively and aimed to

provide in-depth information on the research topic (Saunders et al., 2016).

3.3.1 The benchmarking

The selection of the companies to be benchmarked was done using non-probability sampling
(Saunders et al. 2016). Meaning that the sample or the benchmarked companies were chosen
by using a subjective evaluation of the company’s relevance to provide information to
achieve the benchmarking goals. The selection follows more purposive sampling combining
heterogeneous and typical case techniques to give geographical and industrial variety,
however, selecting companies that are likely to have sustainability traceability processes

implemented to operations (Saunders et al. 2016).

The main criterion for company selection was the data availability of information regarding
the traceability process and system. The assumption was made that if such processes are
used in the companies successfully, the actions are informed by openly available company
sources. The selected companies have processes implemented for tracing physical objects in
the SC. The available information must provide some information to all the benchmarking
criteria. Also, information on traceability must be brought up in the area of sustainability

and sustainable development.

In the end, four companies were chosen for benchmarking the traceability processes. All the
chosen companies have global multi-tier SC, and the companies are major players in own
market areas like VValmet. The selected companies were Neste, Apple, Microsoft, and Nokia.
Two companies were from Finland and the other two were from the United States of America
(USA). The geographical distribution gives a greater overview of the reasons behind the
process implementation due to the different regulations as well as the global perspective of
SCM and SSCM. Three of the companies operate in the technology business, both in
software and hardware, and the fourth company operates in renewable energy development
and production. All these companies have taken sustainability and sustainable development

as key elements and focus points into the companies’ strategies.



40

Neste is a Finnish company producing sustainable and renewable fuels as well as feedstock
for chemicals and polymers for industries (Neste, 2022). Neste has become one of the
leading companies in its industry with renewable and more sustainable products through new
innovations and ambitious sustainability goals (Neste, 2022). Neste is vocal on the
traceability process and approaches in use for raw material tracing for palm oil and Palm
Fatty Acid Distillate (PFAD) (Neste, 2022). The traceability process is strongly linked to the

company’s sustainability agenda.

Apple is an American company that designs, produces, and markets electronics with related
services and technologies globally (Apple, 2022). Apple has a major goal to achieve carbon
neutral product footprint by the year 2030 (Apple, 2022). The key goals to achieve carbon
neutrality are improving resource efficiency throughout the SC and innovation in the
chemicals used in the hardware products (Apple, 2022). Traceability has been integrated as
part of SCM practises in the tracing of tin, tantalum, tungsten, and gold (3TG) for increased
visibility to SC for risk management and determination of the share of recycled materials
used in the products (Apple, 2022).

Microsoft is an American company providing a variety of technology solutions and
electronics (Microsoft, 2022b). Microsoft has been committed to becoming carbon-negative,
water positive and zero waste by the year 2030 which is achieved by sustainable digital
transformation on a strategic and operational level as well as embracing transparency in
communication (Microsoft, 2022b). At Microsoft, the traceability system has been
implemented to bring item-level visibility and predictability to ensure more cost-efficient
operations as well as minimise risks and quality concerns (Microsoft, 2020). Blockchain
integration is highly brought up with close collaboration with industry partners (Microsoft,
2020).

Nokia is a Finnish technology company providing telecommunications, information
technology and electronics (Nokia, 2023). Nokia emphasises the positive social contribution
of digitalisation, and connectivity to the world through the provided solutions by the
company (Nokia, 2023). Traceability processes at Nokia are related to the tracing of the
conflict minerals, 3TG (Nokia, 2021). The traceability process is linked to risk management
along SC as well as the SCM actions (Nokia, 2021).
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The data for benchmarking was gathered from secondary and open sources. Companies’
annual reports, CoCs, sustainability reports, conflict mineral reports and other company-
provided materials were reviewed. Secondary data from the companies’ publications and
other documents have been used throughout the benchmarking (Saunders et al., 2016). Using
data provided by the benchmarked companies must be taken into consideration when

assessing the data as a limitation for data validation.

3.3.2 The unstructured interviews

The interviews were conducted internally at Valmet in an unstructured nature to nurture
open, flexible, and informal dialogue. The aim of the interviews was the collect as many
ideas and comments regarding the topic as possible. Also, any underlining thoughts were
sought from the discussions around the possibilities and limitations of such a process
(Klenke et al., 2016).

Unstructured interviews are commonly used when exploring a new domain and when the
desire is the gathered information on a general topic, not specific questions (Wilson, 2013;
Klenke et al., 2016). The topic of traceability and its connection to enhancing sustainability
is new for Valmet, and therefore the unstructured interview as a method was chosen. The
method fosters wider and more complex problem-solving as the unstructured interview may
unveil out-of-the-box ideas and thoughts that could be left of the answer if questions would
be too guiding (Wilson, 2013; Klenke et al., 2016). Therefore, the interviews did not have a
defined set of questions. As the topic is new for Valmet, the more structured interviews with
specific questions could guide the interviewees’ answers too much. This could conflict with
the aim of the interview. As there were no pre-set questions, the answers are more like to be
ad hoc and things that come into the mind first. This is important for gathering the initial

ideas for scoping the topic for the future.

The interviews were conducted online, using Microsoft Teams, and face-to-face. The
duration of the interviews was between 60-90 minutes. Seven interviewees were selected
from PAP and corporate level, including people from SCM, sales and sustainability areas.
The interviewees with the areas of expertise are presented in Table 4. All the interviewed
people were from the manager or director level. The interviewees were selected by non-

probability purposive sampling where the sample or people were chosen by the relevancy to
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receive information and knowledge to design the sustainability-driven traceability process
(Saunders et al., 2016). The interviewed people also represent the organisational function
and areas that are likely to benefit from such process and system when in place as well as

contribute to the design and execution.

Table 4, The selected interviewees and interview dates

Interviewee Area of expertise Date

11 Sustainability 11.01.2023
12 Sustainability 06.02.2023
13 Supply Chain Management 30.03.2023
14 Supply Chain Management 06.04.2023
15 Supply Chain Management 11.04.2023
16 Sales 14.04.2023
17 Sales 17.05.2023

Before the interviews, the interviewees were given the topic of the work. Therefore, the topic
was further presented by the researcher to each interviewee at the beginning of the interview.
After, the introduction to the topic of sustainability-driven traceability and the objectives of
the research, the interviewees were given the space to comment on the work. The
interviewees guided the interviews towards their personal expertise areas. The interviewer
was able to make further detailed questions on the topics brought up to gain data supporting
the targets of the interviews. In the end, the interviewees were again given an opportunity to
ask questions from the interviewer. The main points from the interview were repeated by the

interviewer to the interviewees.

After the data was collected from the interviews, it was analysed. The analysed data is
presented in Appendix 1. The interview analysis is based on content analysis which seeks to
find particular words, topics, and relationships from the interviews (Saunders et al., 2016).
Words and topics brought up by the interviewees were grouped by applicability to
sustainability-driven traceability system design principles. By finding occurrences of the
different factors, these can be assumed and considered to have a contribution to the research.

If occurrences are in the multiple interviews, it is assumed to have a bigger impact on the
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research. Also, the noted emphasis on the specific discussed topics is considered in the

assessment of the relevancy.

Unstructured interviews provide rich data which is difficult to replicate and may also contain
large amounts of not relevant data for the research (Wilson, 2013). However, for the initial
research that the work represents, the replicability of the gathered data is not critical as the
understanding and knowledge of the topic develop over time. The reliability of the data
collected by interviews has threads of errors and bias on both the interviewees’ and the
interviewer’s behalf (Saunders et al., 2016). The researcher’s error and bias may occur in the
interpretation of the answers from the interviewees, and possible subjective notetaking from
the interviews. From the participants, the error may occur by the topic was new for the
interviewees and the interviewees not having background knowledge on the topic. However,
these threads were addressed by providing the presentation on the topic by the researcher,
allowing interviewees to focus on their personal expertise areas and searching for answers
which are relevant to the design principles of the system. The validity of the data is good as
the answers do provide information for the design of the sustainability-driven traceability
system and are consistent with one another. Internally, the answers can be generalisable by
the variety of the interviewees and the similarities of the provided answers regardless of the

position of the interviewees.
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4 The benchmarking of the companies with established traceability

processes

This chapter presents the benchmarking of the already established traceability processes and
the relationships of those to sustainability. First, the conducted benchmarking is introduced,
and the information is connected to the literature. After this, the major findings which are
relevant to Valmet are discussed. The outcomes of the benchmarking are then utilised in
further research of the sustainability-driven traceability process and system for Valmet.

4.1 The retrieved benchmarking data

The key findings from each benchmarked company are presented in Table 5. The Table 5

summarises the information retrieved from the process of data collection.
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Table 5, The benchmarking findings, information retrieved from Apple (2021; 2022), Microsoft (2020; 2022a, b), Neste (2022) and Nokia

(2021, 2023)

Peer company Neste Apple Microsoft Nokia
Business Oil refining and marketing, Technology company Technology corporation Telecommunications,
engineering  services  and information technology and
licenses production consumer electronics
technologies
Current status regarding 100% of the palm oil is Blockchain-based traceability Blockchain-based traceability In 2020, 98% of suppliers
traceability processes and traceable up to the exact system for tin, tantalum, system for cloud-based achieved full visibility of 3TG

system

plantation. The execution is
done by Supplier Sustainability
Portal.  Openly  available
Traceability Dashboard on the
company website.

tungsten, and gold (3TG) and
other minerals tracing.

hardware SC.

smelters in SC.

Driving force for traceability
processes and system
integration

EU laws require that all raw
materials used at Neste for
biofuel production must be
traceable up to the point of
origin.

Compliance with the
international standards and
initiatives on conflict mineral
sourcing. i.e. OECD Due
Diligence Guidance.

Achieving carbon neutrality in
2030.

Improving SCM practices; cost
savings, decreased cycle times,

minimising errors and
resilience.

Compliance with the
international  standards and

initiatives on conflict mineral

sourcing.
Increased value creation
throughout the SC.

Compliance with the
international  standards and
initiatives on conflict mineral
sourcing.

Risk management in SCM.
Assuring responsible (social
dimension) and conflict-free
sourcing.

How traceability process and
system implementation s
done/supported

Mapping of SC.
Following publicity available
data and supplier reporting.

Audits of traceability
requirements, conformity of the
OECD guidance, management
systems and/or risk assessment.

Digital twins follow TRU from
the origin, transport, storage,
and destination.

Financial and information flow
in the forms of statements of

Validation
Responsible
Assurance Program.

processes  under
Minerals
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Done in collaboration with
Consortium of Resource
Experts.

Suppliers of 3TG are required
to participate in the 3TG
traceability program.

works, invoices, and purchase
orders.

Blockchain provides a
transparent network for n-tier
participators to contribute.

What is traced

TRU up to the point of origin

3TG
Other minerals (unspecified)
TRU up to the mine

Item-level traceability
TRU up to smelters and country
of origin

TRU up to the smelters

Future direction
traceability system

of

To increase the TTP-approach
= “traceability to plantations”
determination on gathering data
from suppliers sourcing raw
materials in higher-risk areas.
To build an industrywide
acceptance for TTP-approach
could significantly improve the
overall transparency of palm oil
SC for all industries.

To have an innovative and data-
driven solutions in sourcing
that will reduce risk and
improve traceability.

To become more integrated part
of SCM in risk management
and determination of the share
of recycled material.

To significantly decrease scope
3 sustainability effects in the
SC by traceability and better
visibility.

To have a mine-to-datacenter
traceability process in the
future.

Implementation of the
traceability process to other raw
materials i.e. cobalt.
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The benchmarked companies emphasised the genetic and process traceability of the
processes and system. Meaning that the properties, characteristics, and events of the TRUs,
for instance, a specified unit of palm oil or 3TG, are traced along the SC. This would
represent product identification in an active manner where the traceability information of

TRUs development is utilised for value chain development activities.

The level of traceability in the benchmarked companies is overall high. Applying the IPC-
1782 standard, all the companies are at the advanced level of traceability. All the companies
are utilising automatic traceability systems when tracing the unique specified TRUs in the
companies. The further processes are not comprehensively described by the companies,
however, when looking at the traceability processes implemented it may be understood that
all the key events to the TRUs are being traced. When applying the GS1 standard, the
companies are using the traceability processes up to the use or point of sale and tracing as
well as identifying specific batches or quantities of TRUs. From the Cheng & Simmons
(1994) tracing functions, the status and goal tracing are in use to gain current information on

the outcomes.

4.2 The findings of the benchmarking

The benchmarking indicates that large incumbent companies do have extensive traceability
processes in place. The traceability processes are related to sustainability factors in the
companies and the special contribution to SSCM is evident. These processes are executed
automatically and systematically by different digital systems. Due to the benchmarking
company sizes and volumes of TRUs, the use of digital tools and systems was expected and

assumed. The key findings from the benchmarking are presented in Figure 8.
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Figure 8, Key findings from benchmarking

The main drivers for the traceability process and system integration are the obligations and
proposals by-laws, international standards, and other initiatives. For instance, Neste is
required to use only raw materials that are traced up to the point of origin for biofuel
production (Neste, 2022). Regarding conflict minerals, the companies are required to follow
the regulations and laws. The compliance is carried out in the benchmark for instance by
following the OECD Due Diligence Guidance for Responsible Supply Chains of Minerals
and United Nations Guiding Principles on Business and Human Rights (Apple, 2021; Nokia,
2021; Microsoft, 2022a).

The reporting regarding the traceability processes in Apple, Microsoft and Nokia was
concise. As the processes in Apple and Microsoft were designed for 3TG, the information
was provided in a specific context. Neste and Nokia have included information on the
traceability processes in the sustainability report or annual reports’ sustainability sections.
Specifically, traceability is mentioned in chapters related to SSCM practises which adds to
the fact that traceability is not only linked with SCM but moreover with sustainability

dimensions and practises of the companies.
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Improving the transparency along the SC has been raised as a key driver for the traceability
process and system integration. As the TRUs can be traced through the SC, the common
understanding of TRU-related information increases SC transparency in multi-tier SC
(Fraser et al., 2020). Increased transparency has a positive impact on SSCM as the
information is shared and validated among the multiple SC partners (Microsoft, 2020; Neste,
2022). This enables better and more overall sustainable development, visibility, and

predictability during uncertainty (Microsoft, 2020; Neste, 2022).

In the benchmarked companies the traceability processes have been successfully taken into
action. Neste and Nokia have indicated quantitively the percentage of the TRUs in the SC
for the traced materials. This shows that the process has been able to implement in
companies’ operations and that the process implementation is working. Especially Neste is
vocal and open in communicating the traceability process which would indicate the
successful implementation. Apple and Microsoft have indicated this by the qualitative means
that BT has been implemented to the SC and especially to conflict minerals 3TG. This shows
that the integration of BT into the traceability system has been successful and becoming a

way to operate.

BT has been used as a base technology for traceability systems at Apple and Microsoft. This
indicates that BT has been utilised, and it brings additional to tracing. There was no more
detailed information regarding the use of technological tools. In a wider review, the new
digital tools have become a standard way to operate traceability processes and systems. This
is online with the findings from the literature that the traceability activities are automatised
and manual tracing is not feasible on a larger scale. Tighter and more open collaboration
among the SC partners has been brought up as a major enabler for the development of the
traceability processes and system. As communication and information-sharing have become
easier and available thanks to digitalisation, tracing becomes easier in the global and multi-
tiers SCs. Closer and wider collaboration also enables development and learning regarding
sustainability dimension and traceability in the entire value chains as well as in the

ecosystem of different parties.

The traceability processes in the benchmarked companies are related to the SCM, moreover
for locating and verifying the origin of the TRU. The country of origin and for 3TG the

country of the smelter or refinery was the main accuracy that the companies used in the
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traceability processes. However, at Neste, it is required by law to have a more detailed point

of origin for the used raw material of the biofuels.

As the common practice among the benchmarked companies is to be able to trace materials
up to the smelter, in a more general way, it would mean the point where the raw material is
processed for use-as-such form. For different purchased parts this would mean a different
number of tiers of suppliers that should be able to visualise. In Microsoft’s case, the
traceability process was launched to extend to a second-tier supplier (Microsoft, 2020). After
the launch, the traceability process expanded to cover beyond second-tier suppliers up to the
mines, for minerals, as well as the after-use phase to cover end-end traceability throughout
the value chain (Microsoft, 2020). This could indicate that having the traceability
information up to the second-tier supplier would be enough for the launch scope of the
traceability system implementation.

None of the companies was specifically targeting traceability processes for the sustainability
dimension. Although traceability processes have noted effects on governance, the social and
environmental dimension are not brought up as main targets or drivers of traceability
processes. Even though, the sustainability dimensions are not mentioned as vocally, it may

be assumed that the processes and systems will contribute to ESG aspects, if not already.

The future direction in the companies related the sustainability traceability was the further
development of the processes and system. As the topic has been recognised to have a major
impact on the SSCM practises, the will for development is present. Also, the implementation
of the current processes and existing systems for more extensive use in the product portfolio
has been brought up. Especially, the process and system expansion to other than 3TG

materials as well as expanding the traceability further upstream and downstream of the SC.

To summarise, the traceability processes for purchased goods are used in industry-leading
companies for regulatory purposes. However, these processes are related to SCM and there
are no direct references or implications to sustainability of the purchased items or the end
product. The reporting regarding traceability and its connection to sustainability is curbed.
As there are no industry-specific standardised ways to enhance sustainability through
traceability, the design principles differ between the benchmarked companies. In general,
the companies are able to trace the traced items up to the level where the material is made in
use-as-such form or if obligatory, as in Neste case, up to the genetic birthplace of the raw
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material. The traceability processes and the link to sustainability are under development and
wider utilisation is under implementation. The changing requirements and demand from
stakeholders are pushing the companies to take advantage of the current up-to-day
technologies, such as BT. The exploration and exploitation of sustainability-driven
traceability processes at the benchmarked companies can be seen to expand and develop

rapidly in the near future.
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5 Drafting of the sustainability traceability process and system

The previous chapters have introduced the concepts and guidelines related to traceability and
most importantly traceability in sustainability-related activities from academic literature.
The benchmarking indicated the processes and systems in use for sustainability traceability
in incumbent industry-leading companies. The previous findings provide a base for the
sustainability-related traceability system design for purchased items for Valmet.

In this chapter, the gained knowledge from the previous chapters is utilised in the scoping
of the design of the sustainability-driven traceability process and system for Valmet. The
aim of the research is the define the starting point of the sustainability-driven traceability
process for purchased items at VValmet and after that to scope the targets and requirements
for such process. This part seeks to provide answers to the second research question defined

in this thesis.

5.1 The case company, Valmet Oyj

Valmet Oyj (referred to as Valmet) is a Finnish company developing and supplying process
technologies, automation, and services for the pulp, paper, and energy industries (Valmet,
2023b). Valmet currently has five business lines: services, flow control, automation systems,
pulp and energy, and paper (Valmet, 2023b). In this thesis, the focus is on the paper business
line or PAP which is responsible for producing and rebuilding complete production lines and
components for board, tissue, and paper production (Valmet, 2023b). The demand for more
efficient and optimised production technologies in terms of sustainability performance for
board, tissue and paper is also driving the sustainable development of the purchased items.
This is one of the key targets for PAP and implementing traceability processes and system
can enhance the comprehensive sustainability of the items. Also, as PAP operates in project
business, having traceability on sustainability-related information for individual items would
provide knowledge to be utilised in the long-term for multiple projects with the same or
similar items. In 2022, Valmet was a global market leader for all, board, paper, and tissue,

production technology providers (Valmet, 2023b).
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5.1.1 Sustainability at Valmet

Sustainability is strongly integrated into Valmet’s strategy and operations. This is done
through the Sustainability360° agenda which includes all the ESG dimensions covering
Valmet’s entire value chain: SC, own operations, and technology (Valmet, 2023b). The
Sustainability360° agenda serves as a foundation for sustainable operations due to the
alignment to the Paris Climate Agreement’s 1.5-degree pathway, Science-Based Targets
initiative and SDGs (Valmet, 2023b). The agenda with the three ESG dimensions and the
nine defined focus areas are presented in Figure 9.
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Figure 9, Sustainability360° agenda at VValmet (Valmet, 2023b)

From the nine ESG focus areas in Figure 9 traceability process would contribute to all
environmental focus areas, corporate citizenship from social as well as all the governance
focus areas. For environmental efficiency, climate, and circularity, traceability processes
support carbon dioxide (CO2) emission reduction at the suppliers’ operations. For corporate
citizenship, the traceability processes provide improved transparency to the effects of the SC

on the surrounding society and support Valmet’s initiatives on social responsibility



54

programs. For governance, the traceability processes will support quality management,

supplier collaboration, and transparency in reporting.

In 2022, Valmet had over 30,000 active suppliers across 60 countries (Valmet, 2023b). The
largest countries by purchase volume in 2022 were Finland, China, Sweden, and USA
(Valmet, 2023b). Valmet has set a target to enable more suppliers to reduce CO2 emissions
by 20% by 2030 along the SC (Valmet, 2023b). SSCM is a crucial part of Valmet’s
sustainability agenda. Due to the global complex multi-tier SCs with challenging SCM, a
systematic approach to governance is necessary. All Valmet’s suppliers are required to Sign
and comply with the Sustainable Supply Chain Policy which contains the minimum
requirements for suppliers in the areas of business ethics and legal compliance; human and
labour rights; occupational health and safety; climate and environmental management;
products and service safety; as well as general business requirements (Valmet, 2022).

5.1.2 Background for drafting of sustainability-driven traceability system at Valmet

Valmet has made previous efforts on testing the traceability processes to enable the tracing
of the purchased items. These efforts were targeted at improving SC risk management,
building a more extensive understanding of the SC, and answering demands from customers
and investors. However, no automated traceability system was put into operation. Purchased
items can be traced to the first-tier supplier from the enterprise resource planning (ERP)
system by the purchased orders. However, tracing in this way is done manually. The
information retrieved from purchased orders is based on Valmet item data, is limited to the
first-tier supplier, and does not contribute to item sustainability analysis.

Regarding sustainability, tracing is utilised to a certain point. In the environmental
dimension, the country of supplier ordinating from the item and supplier data is used together
with the category of the item to calculate the estimate of the CO2 emissions (Valmet, 2023Db).
From a social dimension, it is assumed that all the suppliers are committed and agreed on
the Valmet CoC and Sustainable Supply Chain Policy, therefore tracing of compliance of
these, is unnecessary for the first-tier suppliers. However, no systematic tracing processes

on the item or supplier level are in place.
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At VValmet, continuous improvement is based on five must-win actions: customer excellence,
leader in technology and innovation, excellence in processes, winning team, and business
accelerators (Valmet, 2023b). From these, the sustainability-driven traceability processes
would contribute to customer excellence, leadership in technology and innovation, and
excellence in processes. The sustainability-driven traceability process is likely to provide a
systematic and automated way to follow the sustainability impacts of the purchased items.
This enables even better serving the customers regarding the requirements and preferences;
accurate information on the sustainability impacts to be utilised in the product and SSCM

development; as well as preparation and answering to the uncertainty of the markets.

Valmet has excellent starting points for the design and implementation, the sustainability-
driven traceability process, furthermore a system. As there are no, extensive existing
processes, the design can be begun from any perspective. At Valmet, the sustainability point
of view would promote the sustainability strategy and increase the knowledge of the SC and
the purchased items. The research on the topic is current in the company and therefore the
results of the research provide new insights into the topic which has not been previous
research in this context.

5.2 The starting points for the sustainability-driven traceability system design at

Valmet

This sub-chapter will provide the knowledge gained from the interviews on the starting
points for the sustainability-driven traceability process for the purchased items at Valmet.
First, the main drivers brought up from the interviews are introduced and discussed. As the
main drivers are known the focus areas from ESG dimensions are defined. The parts will
create a base for more specific and unique scoping for Valmet. This chapter seeks to find

answers to the second research question.

5.2.1 The main drivers for sustainability-driven traceability at Valmet

The fast-phased development of the operational environment requires companies and entire
industries to shift the paradigm more towards sustainability and sustainable operations. This

proposes new opportunities for companies to innovate new and develop old ways to operate
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even more sustainably in all ESG areas. However, at the same time, the change in the
operative environment proposes challenges to successfully implementing new activities for
companies. Sustainable development was highlighted in all interviews as the reason for

acquiring new and developing old processes to support Valmet’s sustainability.

As stated, traceability of purchased items in technology and manufacturing industries
provides a tool to collect sustainability-related information regarding the TRU or the
suppliers in multi-tier SC. Valmet has an advance, systematic and well-established
sustainability strategy, which can be supported by traceability processes and systems when
implemented. The reporting requirements in the EU are becoming more comprehensive
around sustainability impacts and actions. Therefore, in the coming years may be expected
to cover information that is and could be collected by the traceability processes and system.
This may also the supported by the traceability system.

The drivers for the design of the sustainability-driven traceability system were identified
from the conducted interviews. The six main drivers were identified from the interviews
which were further divided into external and internal drivers. All the drivers are presented
in Figure 10. Externally, the demand from the customer and other stakeholders to have
greater knowledge of the purchased parts is growing, and the competition from other players
in the markets and rising expectations for reporting are pushing Valmet to invest in the
matter. The external drivers are related to all ESG dimensions; however, the greatest focus

in these is on the environmental aspects.

i

Figure 10, The drivers for sustainability driven traceability system at Valmet
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The most frequently mentioned drivers among the interviewees were ESG-related reporting,
external expectations from customers, shareholders and other stakeholders as well as
strengthening Valmet’s sustainability strategy. All these drivers are strongly interlinked with
one another and the global development in the operational environment. These drivers were
highlighted by all the interviewees regardless of organisational function and position which
consolidates the relevancy of the drivers. The obligatory and voluntary reporting
requirements are not only directly affecting Valmet’s ways to provide information but also
affecting customers’ and other stakeholders’ requirements for information from Valmet.
Traceability and especially a sustainability-driven traceability system was seen as an
additional tool for strengthening Valmet’s extensive sustainability strategy. This was due to
the system’s ability to provide currently additional and most likely required information on

the purchased items in the future.

The customers’ and other stakeholders’ expectations and furthermore requirements
regarding the environmental effects of the purchased item have changed in the past years.
This can especially be seen in the increasing demand for knowledge of the origin of
components, the use of new and recycled materials and detailed CO, emission calculations.
The knowledge of the environmental impacts has become one of the expectations and it has
become especially important when discussing a large-scale investment for decades for the
customer. This was highlighted by the interviewees working on sustainability and SCM.
Sales highlighted that environmental information on the purchased items does currently not
alone promote sales but does provide great additional information. This is due to that the
sustainability aspects are still not entirely integrated into the customers’ decision-making
processes. However, in the future, this will most likely develop in the direction where the
customers are more interested in the information provided by sustainability-driven
traceability systems. The traced information on environmental effects at Valmet is not only
been used for environmental impact assessment but also for complying with different
restrictions, laws, and customs as well as risk and quality management and assurance for the

customers.

Developing sustainability-driven processes and systems can be utilised as a factor in
increasing the competitiveness and capabilities in the markets. The competitive advantage is
created in the sense of the increased amount of accurate, reliable, and up-to-date information
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provided about the sustainability-related impacts as well as actions in Valmet’s SC. As said,
sales underlined that the sustainability-driven traceability system and its provided
information does not alone provide a competitive advantage, but the information further
utilised may be used in the comprehensive competitive advantage creation. This qualitative
and quantitative information could be used in the future in a bigger picture in branding,
marketing, and possibly pricing in the markets to increase competitiveness. Especially, as
the traceability processes and system, even when sustainability is driven, provide valuable

information for multiple different functions at VValmet.

As previously mentioned, the new and changing reporting practices both in voluntary and
mandatory reporting are pushing for continuous improvement and development in the
tracing of the purchased parts. Sustainability-related reporting is seen as the main area of
utilisation among the interviewees where the traceability system might provide the greatest
value for Valmet. EU is proposing the new Carbon Border Adjustment Mechanism (CBAM)
which when applied, requires companies that import CBAM-regulated products such as
certain iron and steel products from outside of the EU, to annually report the emissions
caused by the products (Tulli, 2023a). Also, the upcoming updates on GRI reporting
guidelines may propose new modules related to the traceability process itself or then require

data that can be obtained from the traceability process and system.

The internal drivers for sustainability-driven traceability process and system are the
increasing desire the gain knowledge on the global multi-tier SCs, development of the CO>
emission calculations, improving capabilities to answer to the rapidly changing operational
environment and devotion to become one of the first the implement such process as well as
drive to development in the area. A systematic and automatic traceability system provides a
useful tool for SSCM activities which could be used to complement already existing supplier
guidelines and actions. The traceability process would enable greater visibility and
transparency in the complex SC as well as enhance Valmet to become a preferred partner

regarding sustainability aspects.

As stated, Valmet has an advanced sustainability strategy with ongoing internal initiatives
to further develop the sustainability aspects. Internally, the main direct utilisation areas are
in environmental aspects. Especially, the development of a different and more accurate way
of calculating the caused CO> emissions from the purchased items and the entire scope 3,
has been brought up as one of the most important drivers for traceability process
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development and system implementation. As the CO, emission calculation is currently based
purely on the information obtained internally, the required information received from the SC
would enable more accurate ways for calculations. Valmet’s sustainability strategy was
brought up by all interviewees as one of the main drivers for the design and implementation
of the sustainability-driven traceability system. Furthermore, CO2 emission calculation was

brought up by the majority of the interviewees.

In the past years, the operative environment for VValmet has changed dramatically. The
economic and political development continues to challenge Valmet’s operations (Valmet,
2023b). Strengthening resiliency or the ability to adapt to change, is a crucial action to stay
competitive, innovate, and develop. The traceability process increases visibility and
transparency providing better conditions for overall risk management and long-term SSCM

activities throughout Valmet’s SC.

World Economic Forum (2021) white paper presents results that most of the companies that
responded to the survey are in the establishing, piloting, and scaling phase of the traceability
process. The companies are also still researching the possible application areas and proofing
the value of such processes (World Economic Forum, 2021). Reflecting on this and the
findings from the recent academic literature, Valmet could utilise the first-mover advantage
in the industry by successfully implementing traceability processes and systems. As a global
leader in its industry, establishing such a process may provide Valmet with intangible value
in branding and attractiveness as a partner amongst the competitors. Even though the gained
direct competitive advantage from traceability in the market would not be significant today,
it still creates pressure on competitors to establish a such system. Also, the traceability
process creates value for the companies and SC partners in the long term and therefore the
first-mover advantage can be seen further in the future. The vision is to become an industry
standard, and reference related to the sustainability-driven traceability process and system

of the purchased items.

5.2.2 The focus areas in ESG dimensions for Valmet

In the sustainability context, the objective of the traceability process and systems is to gather
information regarding purchased items’ sustainability impact in ESG dimensions. The
sustainability impact caused by the purchased items is directly connected to Valmet’s
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product sustainability and therefore important to include in Valmet’s overall impact

assessment and reporting.

From ESG dimensions, the relevant focus areas at the beginning of the designing Valmet’s
sustainability-driven traceability process are determined. By this, the process and system
scoping and design are directed to the most desirable outcomes to fulfil the objectives of the
process. From the ESG dimensions, the most relevant areas were discovered from the
interviews, together with emphasises from the company’s openly available reports. These
focus areas are presented in Table 6.

Table 6, The focus areas in ESG for the sustainability-driven traceability process at Valmet

Environmental Social Governance
The focus area  CO. emission calculation Responsible SC Transparent and coherent
reporting
What to trace Item characteristics Item characteristics and Item characteristics and
supplier information supplier information
Why itisin Enable more accurate Support corporate Support transparency of
focus realised CO; emission responsibility by providing information sharing, and
calculation for purchased visibility of the social ensure compliance with
items impacts caused by the regulations, company
purchased items policies, and initiatives
To whom it is Internally to (S)SCM, SC Internally to (S)SCM, SC External stakeholders,
important development, engineering,  development and shareholders, and
and marketing communications communications

From environmental aspects, the CO> calculation development was highlighted by all the
interviewees as the area benefiting most from the traceability process. This is in line with
Valmet’s sustainability agenda and targets of reducing emissions from the SC. However, the
reasoning behind the highlighting from the interviewees was strongly related to the accuracy
and reliability of the CO, emission calculation of the purchased items. Special mention was
that the calculation of the emission must be conducted on the item level and not just the
supplier or country level. Currently, the calculation is based on an adjusted factor for
purchased item categories and on the monetary value of the item (Valmet, 2023a). To gain

more accurate data from realised emissions, the information on the item and its
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transformation should be systematically gathered to develop the calculation. This
information gathering can indeed be facilitated by the sustainability-driven traceability

processes and system.

Developing the CO2 emission calculation of the item level supports achieving the targets of
reducing the scope 3 emissions at Valmet. Scope 3 emissions are defined in the Corporate
Value Chain Accounting Reporting Standard by Greenhouse Gas Protocol (2011, p. 28) as
‘all the indirect emissions that occur in the value chain of the reporting company, including
both upstream and downstream emissions’ excluding the purchased electricity, steam,
heating, and cooling as those belong to scope 2 emissions. Purchased items and services
make most of the CO2 emissions created in scope 3 after the emission created in the use
phase of products (Valmet, 2023a). As the CO, emissions from purchased goods and services
cause over 2,2 thousand tons of CO2 emissions, increasing accuracy and reliability by
calculating the realised emissions is critical. This can be supported by the sustainability-
driven traceability system. It would also enable better-targeted development measurements
for SC and items at VValmet, collaboration with the identified suppliers as well as make the

calculation more transparent and justified.

Being able to either directly trace the actual CO2 emissions of the purchased items or
characteristics for the emission calculation, does provide useful information for multiple
different parties. For SSCM to have accurate and up-to-date knowledge of the items’ SCs,
enables the work on reducing the actual emissions with relevant stakeholders. When the
actual emissions are known, the engineering and the suppliers are more knowledgeable to
work on designing and planning on reducing the created emissions. Moreover, being able to
present the emission quantities more accurately to Valmet’s customers, adds credibility to

marketing.

From the social dimension, verification of the responsible SC was brought up as the main
focus for the traceability process from Valmet’s documents. For Valmet, this would mean
tracing the negative impact on the surrounding society caused by the item and/or supplier.
The topic of responsible SC was brought up in the conversation on suppliers’ compliance
with Valmet’s Sustainable Supply Chain Policy and CoC. Social aspects are more
challenging to collect per item and, therefore, the traced characteristics and properties are
related both to the item and supplier. Receiving both qualitative and quantitative data
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regarding the social aspect of the items and suppliers provides an up-to-date way for being
able to indicate the responsibility of the SC.

Tracing the negative social impacts of the SC is more qualitative data gathering and therefore
the resulting data might require more manual assessment after the automatised traceability
process. The responsible SC in the process would mean recognised good practices being
followed, sourcing materials from responsible sources and complaining about the regulation
in the country of operation. Tracing the information regarding responsible SC is important
knowledge for SCM activities. As the knowledge on the effects of the items and the suppliers
are known first-hand, the possible risks on the topic can be noticed, prepared, mitigated, and
eliminated as earliest as possible. This is also important for external communication to be

able to provide accountable knowledge and data on the responsible SC.

Reporting was brought up as the main area of utilisation for the sustainability-driven
traceability process from the interviews by all interviewees. Under the Accounting Act,
Valmet must report CSR with the obligation to report policies on the environment,
employees, social issues, human rights and actions on corruption and bribery (Ministry of
Economic Affairs and Employment of Finland, 2023). The reporting form can be
independently decided by the companies, however, inclusion of the required information
(Ministry of Economic Affairs and Employment of Finland, 2023). At the Valmet, the
information is presented in the annual review and stand-alone documentation. Valmet is
currently reporting externally its sustainability performance according to the GRI standard,
UN Global Compact Communication of Progress, selected indicators from the EU Non-
Financial Reporting Directive and climate-related information from Task Force Financial
Disclosures (Valmet, 2023b). In addition to these, there is internal reporting of sustainability-
related information. It has been recognised at VValmet that the requirements for sustainability
reporting are rapidly developing and the preparation for it must be done accordingly
(Valmet, 2023b). Transparency in reporting throughout the value chain is vastly promoted
(Valmet, 2023b) and therefore having a systematic way of collecting sustainability-related
data from the purchased items and suppliers enhances information transparency. Also,
systematic data collection increases sustainability-related information availability as more

information is collected by one process automatically.

From the governance dimension, transparent and coherent reporting is important for

compliance with mandatory and voluntary regulations but also an important channel to
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communicate with stakeholders and shareholders on sustainability performance. For that
reason, having reliable, transparent, and accurate information to report as the global market
leader is a must. Sustainability-driven traceability processes and systems not only provide
the required information for reporting purposes, but the system can be further adjusted for

changing requirements in the future.

5.3 The scoping of the sustainability-driven traceability system at Valmet

This sub-chapter will provide the scoping for the sustainability-driven traceability process
and system at VValmet. First, the objectives and expectations of the process are defined. After
this, the requirements for information from the traceability process in order to achieve the

objectives are introduced.

5.3.1 The objectives of the sustainability-driven traceability system at Valmet

The overall vision for the sustainability-driven traceability process and system is to increase
the visibility along the SC to enable sustainable development at VValmet and enhance the
collaboration with the suppliers regarding sustainable development. The sustainability-
driven traceability process and system would be based on the definition of TfS introduced
by Garcia-Torres et al. (2019). To connect the definition to Valmet is that Valmet must have
the ability and visibility to the information regarding the purchased items in the SC that is
relevant and useful to the sustainability claims of the purchased items. In order to achieve
the vision, the traceability system must be designed, applied, and implemented at the
operational level. The sustainability-driven traceability at Valmet could be defined as the
ability to trace overall sustainability-related information of the purchased items and the

suppliers up to the desired level of supplier tiers in the SC.

It was clearly identified from the interviews that the sustainability-driven traceability system
must be able to trace defined characteristics on the item level. This was strongly highlighted
in the interviews by the people working in SCM. Tracing individual items would provide
information that is not received earlier and that could be used wider than just for (S)SCM
activities. This was seen bringing additional value for multiple organisational functions and

adding knowledge on strategic decision-making when the item-specific sustainability-
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related information. Moreover, tracing information on item level is seen and known to
become a must up to a certain level in the future and designing systems based on that will

enable faster adaptation and answering to requirements.

The sustainability-related information in this context includes the qualitative and
quantitative data purchased items upstream of its value chain. The desired level of
information is referring to the tier of suppliers from which the information is collected. Due
to the regulations, recommendations, and internal desire, the level of collected information

varies between the collected information inputs.

The main objectives of the traceability process and system are in producing sustainability-
related information from the purchased items for further knowledge creation for the
customers, shareholders, and other stakeholders. The main utilising purposes for the gained
knowledge are reporting, development products and SSCM practises. The sustainability-
driven traceability process needs to produce the pre-defined required and desired
information, especially in the beginning, to be able to utilise it in the best possible way.
Therefore, the specific targets for knowledge creation in the ESG dimension must be aligned

with the requirements of those asking and utilising it.

The TRUs for Valmet in the scope of this thesis would be the directly purchased level items
or assemblies made from specified items. Meaning that the TRUs are the ones that are bought
from the suppliers from the bill of material (BOM). In this thesis, the lower BOM tier

components that are not specified by Valmet, are excluded.

When referring to the literature findings, the Valmet sustainability-driven traceability would
represent the advanced level of such a process. The targeted level of the desired traceability
process is presented in Figure 11. The target area in the matrix is marked with red. The
matrix shown in Figure 5 is modified for Valmet purposes. The identification precisions
include four levels: the supplier, purchased subcontracted own designed items, purchased
commercial components and specific unique pieces of the item. The logistical hierarchy
follows the previous, shipment of items, a batch of the same items, items down to the Valmet

in the SC, and items down to the customer.
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Identification
precisions A

Specific unique Level 4: Comprehensive
piece

Commercial
Level 3: Advanced
components

.

Target area

____

Subcontracted own- Level 2: Standard
designed item

Supplier Level 1: Basic

Shipment Batch Ttem down to Item down to the
Valmet customer

Level in logistical hierarchy

Figure 11, The target for sustainability driven traceability system for Valmet

As seen in Figure 11, the target level for the sustainability-driven traceability system
regarding precision is advanced. The targeted identification precision is at the subcontracted
own-designed item level. This level includes the purchased items consisting of Valmet-
defined item or items. Having the identification precision on own design items at the
beginning would be enough for the design and implementation. This was discussed and
interpreted from the interviews. However, moving the target level to include commercial
components is crucial in the next steps of system development. If the information is traced
to specific unique pieces, the information gained could be too detailed. The tracing of
specific unique purchased items would be very resource-intensive, even when conducted
with the automatised system. Also, there would not be additional value moving from
subcontracted own-designed item level tracing to specific unique items as the sustainability-
related information gathered is comparable or identical between to two levels. On the other
hand, if the sustainability-related information would only trace to a supplier, the knowledge
gained would be too wide and would not be applicable to the purpose of the process. As
many suppliers supply a vast variety of different items with different sustainability impacts
in the value chains and therefore tracing the suppliers’ overall impacts would not provide

the desired level of information accuracy.
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The targeted logistical hierarchy is down to Valmet which means that the TRUs or items are
traced in the SC from Valmet upwards to the source of raw material. If only the shipment or
batch are traced, the information would not cover or be detailed enough on the item
throughout the SC. On the other hand, it would not be required to actively track the TRUs
after sales or Valmet in the sustainability context. After the sales, the sustainability aspects
are followed and assessed as the final product level. However, in the further development of
the traceability processes, the development should move towards the right-top corner of

Figure 11 with further traceability in the item and product SC and trace more precise TRUS.

To achieve the targeted level of traceability regarding sustainability, the process of tracing
must include all the key events affecting TRU in the SC. This would include information on
the processing of material into the used-as-such form and the work on refining the material
into the item, such as casting and machining. The sustainability-driven traceability process
embraces Regattieri et al. (2007) product identification pillar which guides the traceability
system to trace the physical and mechanical characteristics of the TRU. These are the factors

that do have a direct impact on the sustainability of the purchased items traced.

The sustainability-driven traceability at Valmet also represents, the process and genetic
traceability introduced by Opara (2003). These forms of traceability cover the events and
variables in the SC as well as the genetic properties of the actual item (Schuitemaker & Xu,
2020). Other, the traceability types introduced by Opara (2003) are not relevant or belong to
the scope of the research. The product, input and measurement traceability are all
possibilities for Valmet to integrate into the sustainability-driven process. However, at the
beginning of the design, the purpose is not to collect up-to-date information on the physical
location of the item in the SC, but information on the used materials that do not make the

item or the test data.

As the IPC-1782 standard indicates, the advanced level of traceability would require over 90
per cent automated systematic data collection of the TRUs (Ford, 2016). This would require
the use of tracing-enabling technology, to enable the achievement of the level of automatic
data collection. The wide utilisation of the new technology-based tracing is also supported
by the findings from the benchmarking. BT has currently been brought up as the main tool
for tracing in the literature and was emphasised in multiple benchmarked companies as one
of the enablers of the traceability process. This strengthens the previous conception of the
traceability system being based on the BT.
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GS1 standard (GS1, 2012) divides the traceability data into public and private. Public
information includes records of the SC partners and the information that is published in the
shared database (GS1, 2012). In Valmet’s case, this would include item data shared with the
suppliers governed by Valmet and the transportation to VValmet from the suppliers which are
governed by Valmet. The public traceability information represents information on the
supplier level and regarding entities of item or items. The private information includes all
the other traced information from the SC (GS1, 2012). In Valmet’s case, this would include
all the information regarding the item or items coming from suppliers. To achieve the
targeted traceability level, the public information received from the suppliers must be
collected or transferred at the assembly level and the private information collected at a

defined level.

To acquire the targeted level of traceability for the TRUSs, the development process is likely
to include the lower level or levels. However, the information traced in the level 1: basic and
level 2: standard in Figure 11 are related to the public traceability information and therefore
already behold at Valmet up to a certain level. This means level 1: basic is already
established at VValmet. Level 2: standard is also established at VValmet in public traceability
information; however, the private traceability information is not perfect. Therefore, the
development of the sustainability-related traceability process and system can also be begun
directly from the subcontracted own designed item/batch area. There were no significant
findings from the literature or benchmarking that the traceability process development must
be started from the first levels. However, achieving the first levels do complement and

support the development of the process.

In order to achieve a comprehensive tracing system, the tracing process must also include
other events affecting the TRU which in Valmet’s case would be the transportation between
the supplier tiers that is not managed by Valmet. Gathering such information, both internal
and external traceability are covered in the SC. Even though the major sustainability impacts
of the TRUs are considered to originate from the internal traceability stage, the external
traceability must be covered in order to establish full traceability of the SC. The external
traceability between the suppliers, which is not interpreted or managed by Valmet, is
currently not comprehensively transparent to Valmet. Hence, gaining knowledge on process

can add significant contribution to overall sustainability impact, especially in long multi-tier
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SCs. However, as stated the traceability of the transportation is exclude from the scope of
this thesis.

5.3.2 The required level for traced information at Valmet

The required level of the information to be traced by the traceability process is measured by
the tiers of suppliers the information is traced upstream in the SC. The ultimate target for the
sustainability-driven traceability process is the enable tracing up to the raw material supplier
and genetic birthplace of the material. The suppliers upwards from the second-tier supplier
are referred to as the n-tier suppliers. The n-tier suppliers are often or in most cases
challenging to trace as the visibility to that up in the SC is non-existing. However, tracing
this far up on the SC is not required in most cases. In the sustainability-related factors, the
tracing would be most beneficial up to the supplier tier with the most sustainability effects.
From the benchmarking findings, it can conclude that the currently used practice among
large companies is to establish tracing up to the smelters. In Valmet’s case means the tier of
supplier which transforms the raw material into a use-as-such form. This can be assumed to

be the targeted level of the supplier.

As an example, the multi-tier SC for purchased roll shell blanks which are subcontracted
own designed items. Roll shell blanks are cylindrical shell-shaped items made from different
steel compounds. Roll shell blanks are purchased directly from the first-tier supplier as ready
roll shells. The first-tier supplier does the bending, welding, and measuring for the steel
plates purchased and delivered from the second-tier supplier. The second-tier supplier
produces the used steel plates from raw materials and recycled materials purchased from
multiple global n-tier suppliers. In this example, the tier which transforms the raw material
into a use-as-such form is the second-tier supplier. As the second-tier supplier melts the
plates from the mix of materials processing the material into the final genetic form to be used
in the roll shell blank.

Figure 12 presents the simplified upstream SC for Valmet with the information purpose of
the gathered information from the specific tier of the supplier. It can be identified that when
moving further upstream in the SC, the information gathered by the sustainability-driven
traceability process is more directed to internal purposes. This is due to the reporting
responsibilities that currently do not require companies to report sustainability impacts
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precisely on this up of the SC. Also, the customer, stakeholders, nor shareholders are
currently not demanding detailed item-level sustainability-related information beyond the

first or second-tier suppliers according to the interviews.

When moving further
upstream in the SC more
challenging and
resource-intensive the
sustainability-driven
traceability process is

The information
gathered from
these tiers are
used mostly
internal

The information
gathered from this tier
is used in fulfilling the
stakeholder
expectations

Upstream SC

The information
gathered from
this tier is
mostly used for
reporting

Figure 12, The level of traced information in the upstream SC

From Figure 12, it can be seen that the defined traced information from the first-tier suppliers
is utilised in external and internal reporting. These traced characteristics have direct
reporting requirements and are needed also for other purposes than sustainability-related
matters. However, traceability is already established for some sustainability-related item
characteristics on first-tier suppliers by the ERP system. Although, this is based on the item
and supplier data and must be well maintained. Having the traceability of the items to the

first tier is a must for all the sustainability-driven traceability processes and systems.

The expected level of tracing information from external partners is up to the second-tier
supplier in the SC. The information gathered from the second-tier supplier is utilised in the
meeting of customer requests and SSCM activities at Valmet. In many own designed

purchased items at Valmet, tracing the sustainability-related characteristics up to the second
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tier is therefore enough in the bigger picture. Also, in many cases, the second-tier supplier
is already, the material supplier. This can be seen in Figure 13 which represents the example
case of roll shell blanks’ SC.

The global raw
material and
recycling steel
suppliers

The steel plates are
processed from the
mix of raw materials
and recycled steel

Steel raw
materials and
recycled steel

Upstream SC

The roll shell
blank is made
into shape

Steel plates

Roll shell blank

Figure 13, Example case for purchased item upstream SC at Valmet

As seen in the example case of roll shell blanks presented in Figure 13, the second-tier
supplier is the material supplier. The second-tier supplier presents the level where the
materials are made into use-as-such form as the share of materials in the steel plate does not
change after this, even though the work continues at the first-tier supplier. Thus, many of the
sustainability-related traced characteristics of the roll shell blank would be required to be
traced up to the second-tier supplier.

When tracing the sustainability-related characteristics beyond the second tier upwards, the
gathered information is mainly used for internal purposes, such as SSCM activities and
processes as well as item development. It must be further evaluated if the characteristics
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should be traced further than the second tier as the tracing process, in general, becomes more
challenging and resource-intensive when the SC distance from Valmet increases. Therefore,
the determined traced characteristics should have an individual set of requirements for the

depth of the information.

Already, when the tracing practises are expanded beyond the second-tier supplier, the
implantation and information gathering become challenging due to the lack of contractual
relationship between the focal company and lower-tier suppliers (Wilhelm et al, 2016).
Fraser et al. (2020) also note that the influencing power regarding the sustainability actions
of the focal company or Valmet on the supplier decreases with the increasing SC distance.
This is due to the lack of visibility in the SC (Fraser et al., 2020). Therefore, establishing the
traceability process at least to cover the second-tier suppliers in all adequate own-designed
purchased items, would be the first target to cover.
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6 Discussion

The scoping for the traced information is based on the determined focus areas from the ESG
dimensions, the set objectives, and the desired level of traceability to be achieved. The
requirements cover the traced characteristics and properties of the purchased items and the

level or depth of the traced information on the SC.

6.1 Supporting the CO. emission calculation for purchased items by

sustainability-driven traceability system

As mentioned before, the CO2 emission calculation is currently based on the analysis of the
monetary value of purchased items by category and supplier country (Valmet, 2023a). The
used emission factors on the category and supplier country are calculated based on the
emissions factors from Exiobase (Valmet, 2023a). This calculation method gives a great
estimation of the CO> emissions on the purchased item category, supplier, and country level;

however, the use of item level estimation is weak.

The aim is the move from the CO2 emission calculation to the own-designed item level by
introducing the sustainability-driven traceability process. This was strongly highlighted in
the interviews. At Valmet, the target is to be able to calculate the emissions more accurately
on the item level. This would enable better tools for analysis of the environmental effects of
the items, suppliers for the specific items, and specific countries for the items. To enable
item-level calculation, the calculation formula must include the item-specific characteristics.
At Valmet, for the own-designed purchased items, this would mean calculation based on the
used material and weight. Calculating emissions based on material and weight is the desired
way to operate in the future confirmed by the interviewees. In this way, the emissions would
be calculated by weight, and the emission factor would be based on the material and country
of origin. Having an item level calculation on the caused emission enables further analysis

on the items that are the most emission-intensive and similarly analysis on the suppliers.

Thus, the sustainability-driven traceability process must be able to trace the used material on
the item, the actual weight of the item, the category of the item and the country of origin.

The material information together with the country of origin determines the correct emission
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factors to be used. However, with the material information, it is also important to know the
shares of the different materials in the total item weight. For instance, if the purchased own-
designed item consists of multiple different materials, the ratio of each used material from
the total weight should be known for correct calculation for the purchased BOM level item.
Also, if the purchased item is made entirely or partially from recycled material, this should
be known for correct calculation. The category of the purchased item is important in the
categorisation of the calculated emissions in the reporting tool. The information on the
country of origin is also used in the emission factor determination as well as in the

categorisation of the emissions in reporting.

In general, these traced characteristics are traced further up in the SC. This is since the gained
knowledge on the CO, emission calculation is for external and internal use. Also, the
information distracted from the SC must be extensive enough for proper calculation and
analysis. This would mean that the material, the shares of used material and weight
information are gathered from the supplier tier that the material is transformed into a use-as-
such form. From the environmental perspective, the country of origin should be known for
each raw material. However, from the EU’s legal perspective, the country of origin for the
goods is the final country or territory where the goods have the last important stage of
manufacturing (Tulli, 2023b). Therefore, the supplier that executes this last important stage
of manufacturing for the purchased item is the level of tiers to be traced upwards. Country
of origin was also brought up in the interviews to fulfil reporting requirements for external
stakeholders. This tier, however, is item specific, hence impossible to simply define for all
purchased items at once. The item category information is gathered from the first-tier

supplier and Valmet emissions are reported according to the Valmet purchased item.

6.2 Ensuring socially responsible SCs by sustainability-driven traceability system

Currently, the responsible supply chain from the social dimension is reported as corporate
citizenship activity. As Valmet is strongly committed to positively contributing to the
societies where operating (Valmet, 2023b), the knowledge of current sustainability effects
on item level provides a new perspective. This can systematically and automatically be done

by sustainability-driven traceability processes. It is important to know the current impacts
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caused by the items and the suppliers in a concrete way to better target actions and engage

with the impacted societies and people.

As currently the social responsibility of the SC is followed by supplier compliance with
Valmet’s Sustainable Supply Chain Policy and CoC as well as by the conducted audits. By
integrating the social aspect into the traceability process and system, the information
gathered would provide more details of the social impacts of the specific product or materials
on the surrounding society at the supplier location. Also, this enables further development
of the area when the initial information is collected. This can provide a supporting tool for

future requirements from reporting side or from customer demands.

However, this is challenging due to the objectives of traceability in the process as the social
impacts are difficult to be estimated directly on the purchased item level. Therefore, the
traced characteristics of items should be complemented by the supplier characteristics. These
supplier characteristics provide context for the item-level social impact analysis. From the
item level, the traced characteristics would include a statement of 3TG minerals, country of
origin and item category. The use of conflict minerals is strongly related to the governance
dimension as it is reported, however, the conflict minerals do also have social impacts on
the origin. Tracing of conflict minerals was also highlighted in the interviews to be crucial.
Therefore, this should be considered in the assessment of the social implications. The
country of origin and item category are also factors in the responsible SC and by collecting
the information on the item, this can be taken to further analysis on the material, working

methods and industry studies on the country-specific social impacts.

On the supplier level, the traced characteristics would include information on supplier name,
the tier of the supplier, supplier location, and the type of supplier. The name of the suppliers
identify which suppliers are used and to which the traced information is connected. The tier
of supplier and the type of supplier information provides the knowledge on which kind of
lower tier suppliers there are and what those suppliers do. Meaning the operation industry
and relationship to the purchased item. The location of the supplier identifies the affecting
area or region of possible negative sustainability impacts. Supplier location was brought up
as a separate character in the interviews from the items’ country of origin. As the supplier
location gives the area affected and the country of origin provides the lawful information
about the item. As the control and potential influencing power by Valmet decreases by
supplier tiers, the realised impacts are challenging to minimise directly by VValmet. However,
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as the caused impacts are known, indirect actions to minimise the negative social impacts

can be taken.

The item-level tracing for social dimension and responsible supply chain in terms of social
aspects does not provide extensive additional value compared to the supplier-level tracing.
As the specific items do not have a negative social impact but rather the actions and
operations of the supplier. Also, the social impact of the items is very challenging to quantify
and therefore report further. In addition, there is currently no mandatory reporting
requirement for the negative social impact caused by the purchased goods. Thus, the traced
information is for internal use for development, evaluating, and targeting the social
responsibility actions with data to match the needs. Therefore, gathering and tracing the
social-related information partially on the item and supplier level would be acceptable at the
moment and would not impact the credibility of the sustainability-driven traceability

process.

The level of tracing in social aspects is not required to cover more than the second-tier
suppliers. Indeed, the information on SC’s responsibility on social dimensions is targeted for
stakeholder communication and reporting. From the item-specific characteristics, the
country of origin is traced from the tier where the last significant manufacturing step takes
place and the item category from the first-tier supplier. The statement of the possible use of
any 3TG raw materials must be traced up to the supplier which is the smelter (European
Commission, 2023). In Valmet’s case, this would be the supplier tier where the item is made
in the use-as-such form. This is also currently the common practice among the benchmarked
companies, while better traceability is designed to cover the entire upstream SC to the mines.
For the supplier-specific characteristics, the information about the tier of supplier and the
type of supplier should be traced at least to the second-tier supplier, however, as the
information is not item specific and most likely easier to gather, the information should be

traced as far up as possible in the SC.

6.3 Enhancing transparent and coherent sustainability-related reporting by

sustainability-driven traceability system

Valmet follows several reporting initiatives which contain sustainability-related areas and

topics that can be supported by a sustainability-driven traceability process. Currently, the
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data for reporting is retrieved and calculated manually from the available sources. It is
required for Valmet to report sustainability-related information through the reporting

initiatives and by the customers, shareholders, and other stakeholders.

For governance and reporting, it is important to be able to trace the defined information
transparently, accurately, and reliably on the item and supplier level that is used for external
and internal reporting. In the governance dimension, the focus is on providing transparent,
coherent, and complete information on the purchased item-related information under the
governance in the reported GRI indicators. Valmet has been reporting sustainability
performance annually since 2002 and now it is based on GRI Standards with content assured
by an external party (Valmet, 2023a). From the governance dimension of the GRI, the topics
on supplier sustainability and purchases by countries as well as supplier compliance to
Sustainable Supply Chain Policy and CoC.

For the upcoming CBAM report, the quantity of the imported goods, direct and indirect
emissions caused by the goods, carbon costs in the country of origin, and the resulting
compensation for the imported goods with a value of more than 150 euros from outside of
the EU must be annually reported (Tulli, 2023a). The reporting obligation will begin in 2026,
however, the transitional period already begins in 2023 (Tulli, 2023b). CBAM reporting
obligations do cover materials used and imported from outside of the EU (Tulli, 2023b).
This affects Valmet as these materials are used in the own-designed purchased items. From
the required factors, the information on the quantity can also be directly retrieved from the
ERP system. However, the other factors must be collected, calculated, and assessed by
Valmet. The emissions caused, carbon costs and compensations in the country of origin are
required to be traced from the first-tier supplier outside of the EU. The emission calculation
methods will be specified in the later stage of regulation implementation. Having an item
level traceability and emission calculation is a good base for the coming regulation as then

the process is adaptable and available already during the transitional period.

As the CBAM becomes obligatory, the companies selling regulated goods to the EU will
most likely begin to provide the information for the demand of the importing companies.
Therefore, in the future these factors will become easier to trace, however, this will most
likely happen after the transitional period. From a general perspective, when the
sustainability-driven traceability process and system are implemented in the operations, the

established processes can be modified and adapted to suit developing regulations and other
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requirements. The aim of it would not only be to fulfil the obligatory requirements for
reporting but moreover, provide comprehensive and complete information for reporting

purposes.

Hence, the traced characteristics on the item level are similar to those required for
environmental and social dimensions. The characteristics are country of origin, use of
conflict minerals, and the category of the purchased items. All these characteristics support
multiple ESG dimensions and determined focus areas. This also indicates that for instance,
more accurate CO2 emission calculation for purchased items is required, not only related to
environmental performance but overall sustainability reporting. As suppliers are more and
more educated and have accurate information on both direct and indirect emissions caused
by the item, it would be a characteristic that would be traced. This information could be
utilised as the reference and validation for Valmet’s material and weight-based calculation
of the emissions. The supplier level characteristic to be traced is, whether the supplier has
committed to and signed Valmet’s Sustainable Supply Chain Policy, the tier of supplier and
the location of the supplier. The signed Sustainable Supply Chain Policy indicates that the
supplier has understood, and moreover committed to the same goals and activities regarding
the sustainability aspects as Valmet. The suppliers’ location by country and purchase
amounts are reported in Valmet’s annual review. The suppliers’ tier is information that is
currently not reported, however, verbally indicated in the annual review. Thus, when the
data of quantities of suppliers in different tiers is gathered it can support the reporting on

annual review.

The level of tracing of the characteristics in governance aspects is not high. The information
is targeted for reporting practises, it is not required generally to cover more than the first-tier
suppliers. GRI and CBAM do refer to the first-tier suppliers. For instance, the suppliers
signing the Sustainable Supply Chain Policy makes the supplier responsible for the
following tier suppliers and makes sure that these suppliers do follow to same policies.
Therefore, as seen previously in Figure 12, that reporting itself does currently not require
in-depth information from the second tier forward. However, the same characteristics traced
for other ESG dimensions provide further information, which provides governance
dimension deeper information than required. For supplier characteristics, the type and

location should be traced as far upstream to gain a comprehensive view of purchased items’
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journey throughout the SC. The information on the supplier location and type can also be

used in the SSCM activities and therefore, the level requirement is higher.

6.4 Main requirements for the purchased item sustainability-driven traceability

system design

Through the sustainability-driven traceability system, the traced information is automatically
and systematically connected to sustainability-related activities and SSCM. If the
traceability process and system have not been linked to sustainability from the beginning,
the more extensive utilisation of the traceability information for sustainability activities
might be left exploited. All the characteristics of the ESG dimensions are collected in Table
7. The table presents the characteristics, the dimension applicable and the desired level or

tier of supplier the information should be traced.

As seen in Table 7, major applications can be achieved already by tracing 12 characteristics
in Valmet’s case. From these characteristics, some information can already be retrieved from
the ERP system. However, tracing provides accurate, up-to-date, and reliable information

that is or might not always be available, correct or updated in the existing internal systems.

The fewer characteristics and lower requirements on the traced supplier levels, the easier and
most likely lower the cost the system is to take into use. This can be seen from the
benchmarked companies, that the processes and systems have been implemented first to
cover conflict minerals or other individual materials. However, this was done for regulation
purposes but beginning the process design with a limited number of traced characteristics

and level of information is easier to manage and control.

When good practices are established for this scale of tracing, these practices are then easier
to be applied and modified to a larger scale of characteristics and depth as well as a higher
level of traceability as a whole. This is especially important for the changing requirements
and demand for sustainability-related information to be traced by using the system.



Table 7, Traced item characteristics and required level of traced information
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Application area and level of traced information required

Environmental

Social

Governance

Data fields Level CO; emission calculation Responsible SC Transparent and systematic
reporting related to
sustainability

Supplier name All tiers X

Supplier location All tiers X X

Material Tier where the material is X

transformed in use-as-such
form

Share for materials Tier where the material is X

transformed in use-as-such
form

Item weight Tier where the material is X

transformed in use-as-such
form

Item category First-tier supplier X X X

Tier of supplier All the tiers X X

Country of origin Last manufacturing tier X X X

Supplier type All tiers X

Use of conflict minerals Tier where the material is X X

transformed in use-as-such
form

Signed Sustainable Supply First-tier supplier X

Chain Policy

CO2 emission estimation First-tier supplier X

from the supplier
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As discussed, multiple characteristics have applicability and contribution to multiple ESG
dimensions. Also, the level of information for those characteristics has been set according to
the higher requirement. In general, it can be concluded that the characteristics required for
the environmental dimension of the items are needed to be traced throughout more supplier
tiers than social and governance. The CO2 emission calculation is more used for
development purposes at Valmet where transparent reporting is about validating the
information for external usage. The information regarding the responsible SC lies in between

providing additional value for SSCM at Valmet as well as external reporting.

A few characteristics that have a significant impact on the purchased items’ traceability are
those which have contributed to the multiple ESG dimensions. The country of origin as a
traced characteristic is seen to be a requirement for all the ESG dimensions. This was also
brought up as a specific character from the interviews. As it is an item-specific character, it
acts as base information on CO2 emission factor, as the identification for areas where social
implications of the item may happen, and how the report the items sustainability impacts.
Suppliers’ location, the tier of supplier and conflict minerals are required for social and
governance dimensions. As the suppliers’ location and tiers are supplier-level information,
the characteristics are crucial for supplier identification and assessment for the responsibility
of the SC as well these are characteristics that are reported by Valmet. These characteristics
may not have a direct sustainability impact on the purchased items, however, contribute to

the comprehensive sustainability assessment of the items.

As seen in Table 7 and discussed, defining unambiguous levels for tracing the characteristics
is challenging and most cases impossible. This is due to significant differences in the number
of tiers each purchased items have. If, however, the unified level is desired to be defined, the
level could be determined based on the average tier where the items are made in the use-as-

such form. This would require further research on the topic.

To build abilities and capabilities to execute the sustainability-driven traceability system
with the defined requirements, the technological solution must be evaluated. As the system
must be able to systematically and in an automatised way to conduct the tracing, using BT
as the base of the system would be recommended. Based on the literature, BT is recognised
to bring value and provide the greatest benefits for the traceability of the items. BT is a
versatile tool for traceability abilities, according to the literature and benchmarking findings,
to be modified to be used in entire value chain tracing in different industries and
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requirements. The supporting tools for BT must be further evaluated for Valmet’s case and

furthermore to the own designed purchased items.

In a broader context, the main requirements for the system are presented in Table 7 and
further discussed provide a reference point for other companies in the same phase of
designing the system. The list of 12 characteristics and the required level of information
presents a practical application of the theoretical findings regarding sustainability enhanced
by traceability. As there is currently no ready-to-use framework on expectations and
requirements for sustainability-driven traceability systems, the research provides a real-life
example case of the requirements mapping for a manufacturing company. The findings
indicate that creation of additional knowledge and value from the linkage between
traceability and sustainability in ESG dimensions can be done by an automated traceability
system on the item level with 12 characteristics.
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7 Conclusions

The conclusions present the key findings from the conducted research at Valmet. The
implications of the research are discussed. Limitations of the study are presented before the

proposal for future research and development paths as well as ideas.

7.1 Key findings

Traceability processes and systems have been recognised to enhance the sustainability of the
companies by adding visibility and transparency to the companies’ value chains. By utilising
traceability, the focal companies can gain and combine information from the value chain to
ensure reliable knowledge of sustainability claims. However, achieving and enhancing
sustainability through traceability has not been widely implemented in the companies’
(S)SCM. Valmet as a global market leader among paper, board, and tissue production
technology providers with an extensive and ambitious sustainability strategy is seeking to
become an industry reference on sustainability-driven traceability systems. Hence, the
objective of the research was to define and identify the targets as well as the requirements

for the sustainability-driven traceability system at VValmet for purchased items.

The identification of the targets and requirements of such a system was done based on the
literature review, generic process benchmarking, and unstructured interviews at Valmet. The
literature review aimed to provide an overview of traceability enhancing sustainability as a
part of (S)SCM practices. The generic benchmarking of the established traceability process
in the industry-leading companies to identify any best practices on enhancing sustainability
through traceability if there are such. As there is no traceability system in use at Valmet, the
information on the traceability system drivers, scoping and process from the companies can
be used for reference in the design of the system at VValmet. The interviews were utilised to
collect insights on the driers, requirements, and expectations for the sustainability-driven
traceability system from Valmet’s internal stakeholders who are likely to benefit from such

a system when in use. The interviews provide the base for the system design.

As there were no ready-to-use guidelines or standardised ways to design sustainability-

driven traceability systems, Valmet and other companies are entitled to scope and design
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own processes and systems around to topic. The planning and design process for the system
is in the beginning at Valmet and therefore it is crucial to build comprehensive knowledge
of the possible effects of such a system on sustainability. This knowledge building also
contributes to the overall understanding of such system possibilities and utilisation
regardless of industry. Hence, the first research question was:

“What are the key sustainability issues in the SC, and how benchmarking companies address

these issues by utilising traceability system driven by sustainability?”

The literature highlighted the possibilities of traceability to positively affect the overall
sustainable development of the value chain, SCM and the item. United Nations (2014)
recognises traceability in the companies to increase information sharing and knowledge
creation in all sustainability aspects among the SC partners. Garcia-Torres et al. (2019) also
highlight the positive effect of the traceability process being utilised to support achieving the

set SDGs in the companies.

Garcia-Torres et al. (2019) defined the concept of TfS which is the ability of the focal
company to combine the information through traceability to gain knowledge of the value
chain and in collaboration to achieve common sustainability goals. Traceability does not
only work as a tool for gaining information on the location and transformation of the TRU
along the SC but as a tool for gathering accurate, trusted, and timely information about the
TRU, SC and/or SC partner.

From the benchmarking it was found that none of the companies had a direct connection
between the traceability process and systems to all ESG dimensions. Traceability was
conducted for regulatory and mandatory reasons which highlight that even though the
literature has recognised the value of traceability enhancing sustainability, the link is not
used in reality. Currently, the traced information is used for obligatory reporting purposes
and internal development of (S)SCM. However, all the companies express that the
development of wider utilisation of the traceability system in the amount of traced TRU and

depth of tracing is undergoing.

Valmet has a comprehensive sustainability strategy and designated Sustainability360°
agenda to achieve the set sustainability goals. Valmet is targeting to significantly reduce the
sustainability impact of its value chain which can be supported by utilising the sustainability-

driven traceability system for purchased items. Therefore, the second research was:
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“What are the design principles that guide the development of a sustainability-driven

traceability system for purchased items in Valmet’s SC?”

The identification of the design principles for the system began with the gathering of the
drivers of the system and defining the system’s focus areas from the ESG dimensions. These
drivers were presented in Figure 10, where sustainability reporting, external expectations
from customers, shareholders, and other stakeholders as well as strengthening Valmet’s
sustainability strategy were brought up as the most important drivers for the system among
all the interviewees. This is due to the fast-changing and developing sustainability initiatives,
laws, and standards, affecting companies. Also, strengthening Valmet’s comprehensive and
well-integrated sustainability strategy was seen as a reason why the traceability system

should be based on sustainability dimensions.

The objective of the system for Valmet is to produce sustainability-related information on
the purchased items for further knowledge creation for internal and external purposes.
Establishing the sustainability-driven traceability system on item-level is essential for
gaining accurate and valuable sustainability-related information in long term. The target is
gain visibility on upstream SC from Valmet for subcontracted own-designed item. The
information is traced on the purchased BOM-level item. Establishing such level of
traceability requires entirely automatised traceability system to enable systematic and

reliable information.

The major design principle for the system is that the system must trace the defined
sustainability-related characteristics on item bases to provide additional value for (S)SCM
and sustainability functions. The target level of overall traceability at Valmet was determined
in the matrix combining the GS1 and IPC-1782 standards. The target has been initially set
to advance covering subcontracted own design item as the item identification precision and
SC upstream from Valmet as the coverage of tracing in the value chain. However, the desire
for including commercial components in the tracing should be done quickly after the initial
implementation of the system. The target level produces comprehensive information
throughout the items’ SC for multiple purposes at Valmet without producing unnecessary or

too detailed information.

The main focus areas from the ESG dimension were identified from the interviews and

Valmet’s open documentation. From the environmental dimension, enabling item-based
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CO2 emission calculation had the greatest emphasis in the interviews. As the current
calculation model is based on the monetary value, purchased item category and supplier
country, having an item-based calculation would improve the accuracy and utilisation
possibilities for the knowledge. Having advanced CO> emission calculations for purchased
items is also speculated to become a must in the near future, together with internal interests
for information development in this area. From the social dimension, the visibility provided
by traceability enables a greater understanding of the social impact on the surroundings
caused directly and indirectly by the purchased items. With knowledge on this topic, CSR
can be supported and developing actions targeted to the affected areas. From the governance
dimension, the sustainability-driven traceability system works as a supporting tool for
transparent and coherent reporting on the sustainability-related aspects of the purchased
items. As the information on the sustainability-related characteristics is traced transparently
automatised and systematic way, the information is accurate, up-to-date, and correct for
external reporting. Reporting was the main area of focus proposed by the interviewees due

to the developing requirements and initiatives around the topic.

Based on the research, twelve item and supplier characteristics were identified to be traced
from the purchased items on the SC. These characteristics and the tier of supplier that the
characteristics should be traced up to in the SC were presented in Table 7. The gained

information is utilised in the requirements from the main sustainability focus areas.

It was identified that for different characteristics, the level of traced information or the tier
of suppliers which the information is traced from must be individually determined.
Interviews highlighted that the information in general should be traced up to the second-tier
supplier. However, based on the research, it was found that characteristics that are used
mostly for reporting are required from the first-tier supplier, the information used for
fulfilling the external expectations is required from the second-tier supplier and the
information used for internal development purposes is required from even higher-tier
supplier, n-tier. Therefore, it is challenging and, in some cases, impossible to determine the

specific level of traced information for items.
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7.2 Managerial implications

For the management, the research provides evidence supporting starting the planning process
of the sustainability-driven traceability system. In the literature, the use of traceability
process used in the SCs has been indicated to increase the knowledge and support companies
in achieving better sustainability for the items and products. Therefore, continuing the
process and system design can be justified to support the SSCM activities and achievements
of Valmet’s SC sustainability goals. The process and system planning for PAP produce
valuable input of the system requirement design for Valmet’s other business lines, and

moreover for similar actions in other companies.

In the research, it was noticeable that implementing such a system for Valmet’s use was only
considered as beneficial among the interviewed people. Also, the additional value from the
sustainability-driven traceability system was seen to realise in the long term, not only for
(S)SCM but the larger internal and external audience, in PAP and other business lines. Thus,
it can be said that designing and implementing such a system in use for SSCM, is supported

by managers and directors from both PAP and corporate levels.

Short-term managerial implications are the knowledge of how traceability affects
sustainability and on what scope it would be required to be done. The research confirms the
potential positive effects of such a system begin implemented in operations. The benefits of
a sustainability-driven traceability system are not just in sustainability or SCM but also more
widely in the knowledge and value creation in SSCM, sales, marketing, engineering and
many more. The results at Valmet can be generalised to other business lines than PAP as the
same views from sustainability and SCM on traceability are coming also from the corporate
level. The research also indicates that the scope does not have to be all-inclusive in terms of
information, and even with few characteristics and tiers of suppliers, the sustainability-

related knowledge on the items can increase significantly.

Long-term managerial implications are the findings on the traced characteristics and the
level of information required to trace enough sustainability-related information from the
purchased items. The findings, presented in Table 7, can be used as a reference in the next
stages of the sustainability-driven traceability system design. Garcia-Torres et al. (2019)
address that the greatest challenges for sustainability to be enhanced by traceability are the
complexity of the SC, the lack of resources, standards, and capabilities of the focal company.
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The management should take these factors into the consideration when the system is being

designed and furthermore implemented.

From the technological perspective, it must be evaluated by the management how the
sustainability-driven traceability system is integrated into Valmet’s existing systems.
Whether the sustainability-driven traceability system is executed as an independent entity or
integrated into Valmet’s ERP or hybrid solution in between. This decision, however, is also

dependent on the traceability system provider.

7.3 Limitations of the research

As the research only covers one company and its one business line, it must be noted that no
single case study can provide a complete answer on the design principles of the
sustainability-driven traceability system. The research aimed to identify the main design
principles of the sustainability-driven traceability system at Valmet at a time when no such

system or traceability process is not in use.

The reliability of the data collected for the benchmarking is affected by the collection from
the companies’ own produced reports and openly available sources. This may propose issues
in reliability as the information’s correctness cannot be entirely assured. To increase the
reliability of the entire benchmarking, the selected benchmarked companies were incumbent
globally well-known industry leaders. It can be assumed that these companies reporting
regarding sustainability and traceability processes is correct. As stated, the major threads for
the reliability of the interviews are in having errors and bias on the interviewees’ and
interviewer’s behalf. These threads were addressed by the interviewee selection and
guidance from the interviewer as well as the interviewer’s interpretation of data as
objectively and unbiasedly as possible. The reliability research is also affected by the used
literature. The goal was to use peer-reviewed articles, literature that was referenced in other

academic publishings’ and internationally recognised open data sources.

The objectivity of the benchmarking was supported by that the information was directly
collected from the companies’ material and no interpretation was conducted in the data
collection step. Also, there was no connection between the benchmarked companies and the

researcher. In the interviews, objectivity could have been supported by directly quoting the
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interviewees. The downside of unstructured interviews and content analysis is that the
methods leave space for subjective interpretation of the answers. However, the interviews

and analysis were done as objectively as possible.

The validity, according to Saunders et al. (2016) refers to the appropriateness of measures
used, the accuracy of the results and the generalisability of the findings. The validity of the
results of the thesis could be increased by conducting a manual tracing process with the
proposed characteristic and information requirements. By doing this, the information and
knowledge gained from the process can be assessed based on the value it brings to the
affected functions at Valmet. The validity was already increased in the research by choosing
the complementing research methods for the achievement of the objectives and selecting
relevant interviewees from different functions and organisational levels. The findings from
the interviews are reflected in the benchmarking findings which validates the results to some

extent. Thus, it can be concluded that the validity of the research was good.

7.4 Future research directions

In the future, there is more research to be done on the sustainability-driven traceability
system design. This study provides the reassign of the importance of such a system and the
minimal requirements for such to provide desired information for Valmet regarding the own-

designed purchased items.

As the topic of enhancing sustainability through traceability is still undeveloped in the
manufacturing industry, manual work on tracing is required. To gain a wider and deeper
understanding of the actual traceability process, case studies of selected own-designed
purchased items, with the proposed parameters by this research, should be conducted. By
doing a manual tracing process for selected samples, the suppliers’ capabilities to provide
the required information, the willingness of providing the information as well as the validity
and reliability of the information can be assessed. The sample should include a variety of
purchased items to also enable assessment of which items or item categories, the
sustainability-driven traceability would benefit the most. This assessment could be done for
example by comparing the current CO, emission values to those gained by utilising the

traceability process. This would also act as a validation of the benefit of such a system.
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To establish overall traceability of the item, both internal and external traceability must be
taken into consideration (GS1, 2012). As the conducted research focuses on the internal
traceability, research on external traceability should be conducted. This would mean the

definition of the design principles for the logistics between the traceability partners.

A major research topic in the future is how the traced information is collected and how it is
validated. The most suitable technological solutions for the purchased items to trace the
information must be researched and afterwards defined. This might also be dependent on the
system provider. The information collection was out of the scope of this research, and thus,
must be researched. The main questions are how to trace information accurately, how to
collect the information from the suppliers, and how to ensure the validity and reliability of

the received information.

As discussed, for some characteristics with specific requirements on the level of traced
information, the specific tier of supplier is challenging or even impossible to be determined
at once. Therefore, it should be studied with a representative sample, if such a rule of thumb
can be defined to fit all own designed purchased items. If not, it should be considered to
cover a category of purchased items or other item-defining characters. However, for better

generalisability, the required level of those characteristics should be further researched.

The possible system providers must then be assessed in order to make a cost-benefit analysis
of the system in use. As discussed, the fewer characteristics and lower the number of traced
tiers of suppliers, the easier and more cost-efficient the process becomes. Therefore, this
research aimed to find only the must-have characteristics to be traced and proposed indicate
levels of traced of traceability.



90

References

Apple (2021) 2021 Conflict Minerals Report, Apple Inc. Available at:
https://www.apple.com/supplier-responsibility/pdf/Apple-Conflict-Minerals-Report.pdf
(Accessed: 11.05.2023).

Apple (2022) 2022 Environmental Progress Report, Apple Inc. Available at:
https://www.apple.com/environment/pdf/Apple Environmental Progress Report 2022.pd
f (Accessed: 11.05.2023).

Bhutta, K. S. & Hugq, F. (1999) *Benchmarking — best practices: an integrated approach’,
Benchmarking: An International Journal, 6(3), pp. 25-268. doi:
https://doi.org/10.1108/14635779910289261

Biswas, D.; Jalali, H.; Ansaripoor, A. H. & De Giovanni, P. (2023) ’Traceability vs.
sustainability in supply chains: The implications of blockchain’, European Journal of
Operational Research, 305(1), pp. 128-147. doi: https://doi.org/10.1016/j.ejor.2022.05.034

Busse, C.; Schleper, M. C.; Weilenmann, J. & Wagner, S. M. (2017) ‘Extending the supply
chain visibility boundary: Utilizing stakeholders for identifying supply chain sustainability
risks’, International Journal of Physical Distribution & Logistics Management, 47(1), pp.
18-40. doi: https://doi.org/10.1108/IJPDLM-02-2015-0043

Cheng, M. J. & Simmons, J. E. J. (1994) ‘Traceability in Manufacturing Systems’,
International Journal of Operations & Production Management, 14(10), pp. 4-16. doi:
https://doi.org/10.1108/01443579410067199

Cousins, P. D.; Lawson, B.; Petersen, K. J. & Fugate, B. (2019) ‘Investigating green supply
chain management practices and performance: The moderating roles of supply chain
ecocentricity and traceability’, International Journal of Operations & Production
Management, 39(5), pp. 767-786. doi: https://doi.org/10.1108/IJOPM-11-2018-0676

Dai, H.; Ge, L. & Zhou, W. (2015) ‘A design method for supply chain traceability systems
with aligned interests’, International Journal of Production Economics, 170, pp. 14-24. doi:
https://doi.org/10.1016/j.ijpe.2015.08.010



https://www.apple.com/supplier-responsibility/pdf/Apple-Conflict-Minerals-Report.pdf
https://www.apple.com/environment/pdf/Apple_Environmental_Progress_Report_2022.pdf
https://www.apple.com/environment/pdf/Apple_Environmental_Progress_Report_2022.pdf
https://doi.org/10.1108/14635779910289261
https://doi.org/10.1016/j.ejor.2022.05.034
https://doi.org/10.1108/IJPDLM-02-2015-0043
https://doi.org/10.1108/01443579410067199
https://doi.org/10.1108/IJOPM-11-2018-0676
https://doi.org/10.1016/j.ijpe.2015.08.010

91

European Commission. (2023) Conflict Minerals Regulation: The regulation explained.

Available at: https://policy.trade.ec.europa.eu/development-and-sustainability/conflict-

minerals-requlation/regulation-explained_en (Accessed: 11.05.2023).

Fraser, 1. J.; Miller, M. & Schwarzkopf, J. (2020) ‘Transparency for Multi-Tier Sustainable
Supply Chain Management: A Case Study of a Multi-Tier Transparency Approach for
SSCM in the Automotive Industry’, Sustainability, 12(5), 1814. doi:
https://doi.org/10.3390/su12051814

Ford, M. (2016) ‘IPC-1782 Standard for Traceability Supporting Counterfeit Component
Detection’, SMT Surface Mount Technology Magazine, 31(9), pp. 70-83.

Garcia-Torres, S.; Albareda, L.; Rey-Garcia, M. & Seuring, S. (2019) ‘Traceability for
sustainability — literature review and conceptual framework’, Supply Chain Management:
An International Journal, 24(1), pp. 85-106. doi: https://doi.org/10.1108/SCM-04-2018-
0152

Greenhouse Gas Protocol (2011) Corporate Value Chain (Scope 3) Accounting and
Reporting Standard: Supplement to the GHG Protocol Corporate Accounting and
Reporting. Greenhouse Gas Protocol. Available at:
https://ghgprotocol.org/sites/default/files/standards/Corporate-Value-Chain-Accounting-
Reporing-Standard 041613 2.pdf (Accessed: 11.05.2023).

Gelderman, C. J.; van Hal, L.; Lambrechts, W. & Schijns, J. (2021). ‘The impact of buying
power on corporate sustainability — The mediating role of suppliers’ traceability data’,
Cleaner Environmental Systems, 100040. doi: https://doi.org/10.1016/j.cesys.2021.100040

GS1 (2012) GS1 Standards Document GS1 Global Traceability Standard. Issue 1.3.0, The
Global Standards One (GS1).

Hastig, G. M. & Sodhi, M. S. (2020) ‘Blockchain for Supply Chain Traceability: Business
Requirements and Critical Success Factors’, Production and Operations Management,
29(4), pp. 935-954. doi: https://doi.org/10.1111/poms.13147

International Organization for Standardization (ISO) (2015) ISO 9000:2015 Quality
management systems. Fundamentals and vocabulary. European Committee for
Standardization (CEN).


https://policy.trade.ec.europa.eu/development-and-sustainability/conflict-minerals-regulation/regulation-explained_en
https://policy.trade.ec.europa.eu/development-and-sustainability/conflict-minerals-regulation/regulation-explained_en
https://doi.org/10.3390/su12051814
https://doi.org/10.1108/SCM-04-2018-0152
https://doi.org/10.1108/SCM-04-2018-0152
https://ghgprotocol.org/sites/default/files/standards/Corporate-Value-Chain-Accounting-Reporing-Standard_041613_2.pdf
https://ghgprotocol.org/sites/default/files/standards/Corporate-Value-Chain-Accounting-Reporing-Standard_041613_2.pdf
https://doi.org/10.1016/j.cesys.2021.100040
https://doi.org/10.1111/poms.13147

92

Jansen-Vullers, M.H.; van Dorp, C.A. & Beulens, A.J.M. (2003) ‘Managing traceability
information in manufacture’, International Journal of Information Management, 23(5), pp.
395-413. doi: https://doi.org/10.1016/S0268-4012(03)00066-5

Kazancoglu, I.; Ozbiltekin-Pala, M.; Mangla, S. K.; Kumar, A. & Kazancoglu, Y. (2022)
’Using emerging technologies to improve the sustainability and resilience of supply chains
in a fuzzy environment in the context of COVID-19’, Annals of Operations Research, pp. 1-
24. doi: https://doi.org/10.1007/s10479-022-04775-4

Klenke, K.; Martin, S. & Wallace, J. R. (2016) Qualitative Research in the Study of
Leadership. 2" edition. Bingley, England: Emerald.

Kulikowski, K. (2021) ‘The model of evidence-based benchmarking: a more robust
approach to benchmarking’, Benchmarking: An International Journal, 28(2), pp. 721-736.
doi: https://doi.org/10.1108/B1J-04-2020-0175

Kyro, P. (2003) ‘Revising the concept and forms of benchmarking’, Benchmarking: An
International Journal, 10(3), pp. 210-225. doi:
https://doi.org/10.1108/14635770310477753

Malik, M.; Ghaderi, H. & Andargoli, A. (2021) ‘A resource orchestration view of supply
chain traceability and transparency bundles for competitive advantage’, Business Strategy
and the Environment, 30(8), pp. 3866-3881. doi: https://doi.org/10.1002/bse.2845

Marconi, M.; Marilungo, E.; Papetti, A. & Germani, M. (2017) ‘Traceability as a means to
investigate supply chain sustainability: the real case of a leather shoe supply chain’,
International Journal of Production Research, 55(22), pp. 6638-6652. doi:
https://doi.org/10.1080/00207543.2017.1332437

Microsoft (2020) Improve supply chain resiliency, traceability, and predictability with

blockchain. Microsoft Industry Blogs. Available at: https://www.microsoft.com/en-

us/industry/blog/manufacturing/2020/12/17/improve-supply-chain-resiliency-traceability-
and-predictability-with-blockchain/ (Accessed: 11.05.2023).

Microsoft (2022a) Microsoft 2022 Conflict Minerals Report. Available at:
https://aka.ms/conflictmineralreport (Accessed: 11.05.2023).



https://doi.org/10.1016/S0268-4012(03)00066-5
https://doi.org/10.1007/s10479-022-04775-4
https://doi.org/10.1108/BIJ-04-2020-0175
https://doi.org/10.1108/14635770310477753
https://doi.org/10.1002/bse.2845
https://doi.org/10.1080/00207543.2017.1332437
https://www.microsoft.com/en-us/industry/blog/manufacturing/2020/12/17/improve-supply-chain-resiliency-traceability-and-predictability-with-blockchain/
https://www.microsoft.com/en-us/industry/blog/manufacturing/2020/12/17/improve-supply-chain-resiliency-traceability-and-predictability-with-blockchain/
https://www.microsoft.com/en-us/industry/blog/manufacturing/2020/12/17/improve-supply-chain-resiliency-traceability-and-predictability-with-blockchain/
https://aka.ms/conflictmineralreport

93

Microsoft (2022b) 2021 Environmental Sustainability Report. Available at:
https://query.prod.cms.rt.microsoft.com/cms/api/am/binary/RE4RwfV (Accessed:
11.05.2023).

Ministry of Economic Affairs and Employment of Finland (2023) Corporate social
responsibility (CSR) reporting. Available at: https://tem.fi/en/csr-reporting (Accessed:
15.05.2023).

Neste (2022) Neste Annual Report 2021. Available at:

https://www.neste.com/sites/neste.com/files/attachments/corporate/investors/corporate go

vernance/neste_annual_report 2021.pdf (Accessed: 11.05.2023).

Nokia  (2021) People  and Planet  Report  2020. Available  at:
https://www.nokia.com/sites/default/files/2021-
04/Nokia_People_and_Planet Report 2020.pdf (Accessed: 11.05.2023).

Nokia (2023) Nokia Annual Report 2022. Available at:
https://www.nokia.com/system/files/2023-03/nokia-annual-report-2022.pdf (Accessed:
11.05.2023).

Opara, L. U. (2003) ‘Traceability in agriculture and food supply chain: A review of basic
concepts, technological implications, and future prospects’, Food, Agriculture &
Environment, 1(1), pp. 101-106.

Razak, G. M.; Hendry, L. C. & Stevenson, M. (2021) ‘Supply chain traceability: a review of
the benefits and its relationship with supply chain resilience’, Production Planning &
Control, (published online ahead of print 06 Oct 2021), pp. 1-12. doi:
https://doi.org/10.1080/09537287.2021.1983661

Regattieri, A.; Gamberti, M. & Manzini, R. (2007) ‘Traceability of food products: General
framework and experimental evidence’, Journal of Food Engineering, 81(2), pp. 347-356.
doi: https://doi.org/10.1016/j.jfoodeng.2006.10.032

Roy, V. (2021) ‘Contrasting supply chain traceability and supply chain visibility: are they
interchangeable?’, The International Journal of Logistics Management, 32(3), pp. 942-942.
doi: https://doi.org/10.1108/1JLM-05-2020-0214



https://query.prod.cms.rt.microsoft.com/cms/api/am/binary/RE4RwfV
https://tem.fi/en/csr-reporting
https://www.neste.com/sites/neste.com/files/attachments/corporate/investors/corporate_governance/neste_annual_report_2021.pdf
https://www.neste.com/sites/neste.com/files/attachments/corporate/investors/corporate_governance/neste_annual_report_2021.pdf
https://www.nokia.com/sites/default/files/2021-04/Nokia_People_and_Planet_Report_2020.pdf
https://www.nokia.com/sites/default/files/2021-04/Nokia_People_and_Planet_Report_2020.pdf
https://www.nokia.com/system/files/2023-03/nokia-annual-report-2022.pdf
https://doi.org/10.1080/09537287.2021.1983661
https://doi.org/10.1016/j.jfoodeng.2006.10.032
https://doi.org/10.1108/IJLM-05-2020-0214

94

Sauer, P. C. & Seuring, S. (2018) ‘A three-dimensional framework for multi-tier sustainable
supply chain management’, Supply Chain Management: An International Journal, 23(6),
pp. 560-572. doi: https://doi.org/10.1108/SCM-06-2018-0233

Saunders, M.; Lewis, P. & Thornhill, A. (2016) Research Methods for Business Students. 7"

edn. Harlow, Essex: Pearson Education.

Schuitemaker, R. & Xu, X. (2020) ‘Product traceability in manufacturing: A technical
review’, 53" CIRP Conference on Manufacturing Systems. Procedia CIRP 93, pp. 700-705.
doi: https://doi.org/10.1016/j.procir.2020.04.078

Seuring, S. & Miiller, M. (2008) ‘From a literature review to a conceptual framework for
sustainable supply chain management’, Journal of Cleaner Production, 16(15), pp. 1699-
1710. doi: https://doi.org/10.1016/j.jclepro.2008.04.020

Tulli. (2023a) Carbon Border Adjustment Mechanism (CBAM) brings significant changes
for importers. Available at: https://tulli.fi/en/carbon-border-adjustment-mechanism
(Accessed: 11.05.2023).

Tulli. (2023b) General origin of goods. Available at:
https://tulli.fi/en/businesses/import/general-origin-of-goods (Accessed: 11.05.2023).

Toyryla, 1. (1999) Realising the potential of traceability — A case study research on usage
and impacts of product traceability. PhD thesis. Helsinki University of Technology.
Available at: http://urn.fi/urn:nbn:fi:tkk-005437

United Nations Global Compact Office (2014) A Guide to Traceability. A Practical
Approach to Advance Sustainability in Global Supply Chains, United Nations, New York,
NY.

Valmet (2022) Sustainable supply chain policy. Available at:
https://www.valmet.com/globalassets/sustainability/documents/sustainable-supply-chain-
policy-2022/2022_sustainable-supply-chain-policy en.pdf (Accessed: 11.05.2023).

Valmet (2023a) GRI Supplement 2022. Available at:
https://www.valmet.com/globalassets/investors/reports--presentations/annual-
reports/2022/valmet-gri-supplement-2022.pdf (Accessed: 11.05.2023).



https://doi.org/10.1108/SCM-06-2018-0233
https://doi.org/10.1016/j.procir.2020.04.078
https://doi.org/10.1016/j.jclepro.2008.04.020
https://tulli.fi/en/carbon-border-adjustment-mechanism
https://tulli.fi/en/businesses/import/general-origin-of-goods
http://urn.fi/urn:nbn:fi:tkk-005437
https://www.valmet.com/globalassets/sustainability/documents/sustainable-supply-chain-policy-2022/2022_sustainable-supply-chain-policy_en.pdf
https://www.valmet.com/globalassets/sustainability/documents/sustainable-supply-chain-policy-2022/2022_sustainable-supply-chain-policy_en.pdf
https://www.valmet.com/globalassets/investors/reports--presentations/annual-reports/2022/valmet-gri-supplement-2022.pdf
https://www.valmet.com/globalassets/investors/reports--presentations/annual-reports/2022/valmet-gri-supplement-2022.pdf

95

Valmet (2023Db) Valmet Annual Review 2022. Available at:
https://www.valmet.com/globalassets/investors/reports--presentations/annual-
reports/2022/valmet-annual-review-2022.pdf (Accessed: 11.05.2023).

Venkatesh, V.G.; Kang, K.; Wang, B.; Zhong, R. Y. & Zhang, A. (2020) ‘System
architecture for blockchain based transparency of supply chain social sustainability’,
Robotics and  Computer Integrated  Manufacturing, 63, 101896. doi:
https://doi.org/10.1016/j.rcim.2019.101896

Wilhelm, M.; Blome, C.; Wieck, E. & Xiao, C. Y. (2016) ‘Implementing sustainability in
multi-tier supply chins: Strategies and contingencies in managing sub-suppliers’,
International Journal of Production Economics, 182, pp. 196-212. doi:
https://doi.org/10.1016/j.ijpe.2016.08.006

Wilson, C. (2013) Interview Techniques for UX Practitioners: A User-Centered Design
Method. Morgan Kaufman

World Economic Forum (2021) Digital Traceability: A Framework for More Sustainable

and Resilient Value Chains. Available at:
https://www3.weforum.org/docs/WEF_Digital _Traceability 2021.pdf (Accessed:
11.05.2023).

Yousefi, S. & Mohamadpour Tosarkani, B. (2022) *An analytical approach for evaluating
the impact of Dblockchain technology on sustainable supply chain performance’,
International  Journal ~ of  Production  Economics, 246, 108429. doi:
https://doi.org/10.1016/j.ijpe.2022.10842



https://www.valmet.com/globalassets/investors/reports--presentations/annual-reports/2022/valmet-annual-review-2022.pdf
https://www.valmet.com/globalassets/investors/reports--presentations/annual-reports/2022/valmet-annual-review-2022.pdf
https://doi.org/10.1016/j.rcim.2019.101896
https://doi.org/10.1016/j.ijpe.2016.08.006
https://www3.weforum.org/docs/WEF_Digital_Traceability_2021.pdf
https://doi.org/10.1016/j.ijpe.2022.10842

Appendix 1. The retrieved answers from the interviews

Analysed topics from the interviews

The retrieved answers (interviewee(s))

Topics of the discussion

Traceability (11, 12, 13, 15, 17)

Sustainability reporting (11, 12)

SSCM (14)

CO2 emission reduction in SC (13, 15)

Connecting traceability and sustainability (12, 15)
Sustainability of Valmet’s product offering (16, 17)

Scoping the sustainability-driven traceability system (14, 15)

ESG dimension focused and highlighted

Environmental (12, 13, 15, 16, 17)
Social (11, 14, 16)
Governance (11, 12, 14, 15, 17)

Drivers of sustainability-driven traceability system design and implementation

Reporting (11, 12, 13, 14, 15, 16, 17)
External expectations (11, 12, 13, 14, 15, 17)
Sustainability strategy (11, 12, 13, 14, 15, 16)
First-mover advantage (12)

Competition (12, 16)

Resiliency (13, 14)

Single specific driver(s) pointed out

New and development of current sustainability-related reporting requirements (11)
CO2 emission calculation on item-level (12, 13, 14, 15)

Become an industry reference on sustainability-driven traceability (12)

Improving and developing supplier collaboration (13)

SSCM development (14, 15)




Supporting Valmet’s image (16, 17)

Requirements for a sustainability-driven traceability system Item-level tracing (12, 13, 14, I5)
The information should be traced beyond second-tier supplier (11)
Tracing done on bought BOM-level (12)
Starting from own designed item and moving to commercial components (14, 15)

CO2 emission calculation based on material and weight (13, 15)

Specific traced characteristics highlighted Conflict minerals (11)
Country of origin (11, 16, 17)
Supplier location (16, 17)
Material (13, 15)
Weight (13, I5)




