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This study aims to quantitatively evaluate the environmental sustainability of industrial
material handling machinery and assess chain conveyors produced by Laitex Oy. The
assessment includes assessment of direct and indirect data on emissions generated within the
company’s own manufacturing processes, Utilizing life cycle assessment (LCA)
methodology, the research aims to provide insights into emission hotspots and identifies
opportunities for sustainability-driven improvements in, product design, supply chain
management, and environmental management system, offering valuable insight on the state
of readiness of a small-to-medium-sized manufacturers to navigate evolving environmental
regulations and meet market demands.

The assessment revealed that raw material processing is the most significant phase of the
chain conveyor production with respect to environmental impact. Components of the
conveyor’s frames were responsible for the largest share of emissions throughout the
assessed life cycle. Potential fields of improvement for future assessments were discussed.
Availability of data from other members of the supply chain was identified as a major field
of improvement and expected to get better as the ideas of Corporate Environmental
Responsibility become more common, as well as necessary reporting skills and knowledge.
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SYMBOLS AND ABBREVIATIONS

Abbreviations

BF Blast Furnace

CER Corporate Environmental Responsibility
CSRD Corporate Sustainability Reporting Directive
EAF Electric Arc Furnace

EGD European Green Deal

EMS Environmental Management System

ESG Environmental, Social, and Governance
ESRS European Sustainability Reporting Standards
EU European Union

GHG Green House Gas(es)

GRI Global Reporting Initiative

GWP Global Warming Potential

HDPE High-Density Polyethylene

HDV Heavy Duty Vehicles

KPI Key Performance Indicator

LCA Life Cycle Assessment

LCI Life Cycle Inventory

LCIA Life Cycle Impact Assessment

OEM Original Equipment Manufacture
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1 Introduction

As global environmental awareness grows and regulatory pressures intensify, industries are
increasingly driven to reevaluate and improve the sustainability of their operations and
infrastructure. Among the critical components of industrial systems are various types of
conveyors, which facilitate the efficient handling of materials across a wide range of sectors,
including mining, waste management, energy, food processing, and much more. Despite
their ubiquity, conveyors are often overlooked in discussions about sustainable industrial
design. This thesis investigates the sustainability of industrial conveyors produced by a
medium-sized manufacturer in Finland, exploring the associated emissions, opportunities
for improvements, and, importantly, bringing light to the prospects of smaller manufacturers
in the economy of ever-increasing demand for transparency and efficiency of sustainable

business practices.

At the policy level, the European Union has taken a leadership role through initiatives such
as the European Green Deal, which aims to make Europe the first climate-neutral continent
by 2050 (European Commission 2019). This ambitious roadmap calls for decarbonizing
industry, reducing resource use, and integrating circular economy strategies across value

chains—including those involving material handling systems like conveyors.

Concurrently, corporate sustainability reporting has become a central mechanism for
transparency and accountability. Frameworks such as the Global Reporting Initiative (GRI
2021), the EU Corporate Sustainability Reporting Directive (CSRD), and emerging ESG
(Environmental, Social, and Governance) standards compel companies to disclose their
environmental impact and improvement strategies (European Parliament and Council 2022,
18). However, the implementation of such reporting frameworks remains uneven, especially

in sectors where sustainability metrics are still evolving or lack industry-specific guidelines.

Key challenges in advancing the sustainability of industrial conveyors are the immaturity of
methodologies for assessing and communicating their environmental performance, and the
lack of and restricted access to relevant data. The latter is especially noticeable by smaller
enterprises that may not have sufficient skills and finance to navigate through the intricate
and convoluted topic of sustainability assessment and reporting. Moreover, Original

Equipment Manufacturers (OEMs) of industrial machinery — often small and medium-sized



undertakings — may have a vast supply chain consisting of several members in many steps
of the product life-cycle and, what is more, may often rely on practices of small purchase
procurement with frequently changing pool of suppliers which further increases complexity

of assessing their products.

This thesis aims to bridge these gaps by exploring the current state of conveyor design,
emissions associated with its manufacturing, and estimating the cost of a selection of
possible design improvements. It critically examines current practices, identifies gaps in data
availability and communication, and proposes pathways for aligning industrial conveyor

sustainability with global environmental goals and regulatory expectations.

1.1 Motivation

With a rise of awareness regarding sustainable matters and future economic challenges in
various industries due to increasing resource scarcity and the effects of climate change has
been responded to with the introduction of new governmental programs and regulations. In
the European Union, Climate Law has set ambitious targets of reducing total emissions of
greenhouse gases (GHGs) by 55% by 2030 (compared to 1990) and achieving climate
neutrality — that is, reaching net zero between human-produced emissions and captured
through means of carbon sinks — across the entire EU by 2050 (European Parliament 2021,

1-5).

One of the steps towards this goal was the introduction of European Sustainability Reporting
Standards (ESRS), which shall aid the evaluation of the sustainability performance of
companies across a wide range of industries. In the EU, the industrial sector was responsible
for over Y4 of end-use of energy in 2021 (Eurostat 2023) and 28% of total GHG emissions
produced (interpreted from Baude et al. 2023). According to CSRD, the responsibility of
reporting sustainability information is currently placed on large undertakings (European
Parliament and Council 2022), i.e., companies whose annual turnover exceeds €50 million
—the value as of the latest addition (European Commission 2023, 2) - or over 250 employees

on average during a financial year (European Parliament and Council 2013, 82).

From a business perspective, conducting a sustainability assessment of a product provides

an analytical basis for planning future efforts on emission reduction. It, in turn, enables



forecasting the feasibility of meeting emissions reduction targets set either legislatively,
voluntarily, or contractually. Identifying the sources of emissions and how they contribute
to total emissions allows a conscious decision-making on corresponding engineering

development and financial allocations.

1.2 Previous research

The topic was researched in a comparative study of means of transporting material in the
mining industry, where the variation of environmental impacts between off-highway mining
trucks and belt conveyors was examined. The study was primarily focused on the use phase
and does not provide a detailed breakdown of emissions from other phases of the life-cycle.

(Erkayaoglu et al. 2016)

Another study assessed the full life cycle (Cradle-to-Grave scope) of chain conveyor systems
— a combination of several conveyors. The life cycle was divided into 4 parts, which could
be described as raw material processing, manufacturing of parts, assembly and testing, and
the use phases. The research identified the use phase as a dominant source of emissions,
accounting for about 95% of GWP emissions. The rest comes mostly from raw materials,
less from manufacturing of parts, while assembly and testing were responsible for
significantly fewer emissions. The studied chain conveyors featured chains and other

internal components made of plastic materials. (Liidemann et al. 2020, 88-89.)

Management of Laitex Oy expressed their concern about an examined trend: according to
their internal data, while the revenue continued to increase year after year, the company’s
energy consumption and produced waste were in decline. That fact was connected to an
increasing portion of manufacturing being outsourced to suppliers, many of which were
located in markets with lower labour costs as a means of decreasing manufacturing costs and

increasing profit margins —a common practice of today’s manufacturers.

1.3 Framework

An increasing number of businesses are concerned about the sustainability metrics of their

supply networks. The processing industry uses various engineer-to-order machinery
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extensively, yet they are poorly analysed due to variability from machine to machine and
difficulties of quantifying the input and outputs of workstations in individual manufacturing

processes in corresponding manufacturing layouts.

1.4 Aims of the study

LCA databases often lack support for recent and precise data on manufacturing processes
from industries, leading to unreliable results of LCA studies. A new study may refresh the
data and provide a new sample of the examined niche application and conditions. Moreover,
the sustainable manufacturing of process machinery is not studied thoroughly as the devices
are typically engineered to order, which implies challenges of quantifying input and outputs
of individual manufacturing processes in corresponding manufacturing layouts and deriving

results applicable to other studies.

Furthermore, OEMs are often small to medium companies with limited resources and skills
to conduct a study and identify and estimate - let alone quantify - their own and their supply

chain emissions.

1.5 Objectives

The main objective of this work is to quantitatively identify and analyse the environmental
impacts of the manufacturing of chain conveyors, including a limited overview of their
supply chain, using the case of Laitex Oy as a foundation. Own manufacturing facilities and
processes will be examined, as well as a selection of suppliers of manufacturing works. The
purpose is to provide sufficient data on environmental metrics of the product and associated
business activities, which can be utilized in the evaluation of further development goals and
in negotiations with potential clients with interests in sustainability, as well as provide an
analytical foundation for engineering development of a more sustainable product. The latter
will be complemented by improvement proposals based on the current state of the emission-

reducing practices and technologies.

Furthermore, collected data will be analysed and compared to identify how manufacturing

outsourcing to developing economies compares to own manufacturing in Finland (where
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relative emissions related to consumed energy are expected to be much lower) and affects

the environmental costs of the product.

1.6 Hypothesis

The research is expected to yield results that suggest that outsourced manufacturing would
have a noticeable increase in environmental costs across all categories of impacts. It is
expected that the main differentiator in values of embedded CO: equivalent between
manufacturing in Finland and abroad would be the environmental impact of the energy used
during manufacturing, due to a smaller share of renewable energy in the energy mix in

developing economies.

The largest share of emissions is expected to originate from raw material and its processing,
as the conveyors feature a large amount of metals in their construction. In the category of

metalworking processes, welding is expected to have the largest impact.

1.7 Scope

The scope of the study includes an assessment of environmental sustainability metrics
associated with the life cycle of chain conveyors, from raw material extraction to the point
it leaves the manufacturing gate (cradle-to-gate). Laitex design and business model are used
as a foundation, as empirical measurement could be done in their facilities, and the company
is considered to make a reasonable representation of a medium-sized OEM firm common to
the Finnish market. The business model of Laitex relies on a mix of its own manufacturing
capacities and a diverse supply chain, and both should be considered. While direct emissions
associated with the manufacturing of Laitex can be measured and analysed to isolate
resource consumption and waste generation to an individual product, the supply chain must
be evaluated via an organized and systematic survey to get primary consumption data from

the suppliers — this is due to financial and resource limitations of the study.

The study is focused on product-associated scope 1, 2, and upstream scope 3 emissions

associated with manufacturing (defined in accordance with GHG Protocol 2015).
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The study includes an assessment of Laitex’s own manufacturing facilities in Lappeenranta.
The facilities include a metal workshop featuring cutting, machining, and welding stations

and an assembly hall featuring a paint workshop, assembly, and testing.

The reason for limiting the scope of the study to cradle-to-gate is due to the difficulty in
dealing with uncertainties and the lack of data about the steps of the product lifecycle from
Usage and onward. The study only makes assumptions about the total lifecycle emissions;
however, precise qualitative information is limited and, as of the time of writing, cannot
sufficiently and reliably describe products' operational time nor emissions associated with
energy usage and maintenance of other products that Laitex’s products are integrated with,

such as gearmotor units, invertors, etc.

1.8 Limitations

This study started together with Laitex as part of internal investigations of own and the
supply chain’s emissions, but the project faced several challenges. While the research was
kindly supported internally, it was not a high-priority project and was executed with what
limited resources available at the time. There were unexpected scheduling changes because
of external factors and technical difficulties with measurements. The effect was below the
expected coverage of the own processes by direct measurements and increased reliance on

analytical methods to estimate resource consumption and on external data and literature.

As it was initially established, in the studied case, the manufacturer relies heavily on its
supply chain consisting of several layers, where each supplier may have its own supplier and
so on. Additionally, due to a high degree of customisation and variation between projects
that Laitex handles — just like many other medium-sized manufacturers in the field — its
procurement naturally gravitates to small purchases when dealing with sourcing small
volume and low technical complexity (Parikh & Joshi 2005). This not only complicates
access to primary sources of information, forcing the study to rely more on indirect sources,

but it also makes collecting necessary data long and convoluted.

Consequently, from the start, acquiring data directly from members of the value chain was

desirable but not mandatory.
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Due to technological and business reasons, precise qualitative information on the product
lifecycle beyond manufacturing is limited. The usage phase involves a number of unknown
variables outside of the manufacturer's control that are assumed to drastically increase or
decrease the environmental impact of the product and are associated with sufficiently and
reliably describing actual products' operational time or emissions associated with the work
of subsystems integrated into the conveyors, such as gearmotors. At this step, to avoid
complexities related to double-counting and uncertainties, and to focus on the aspects of the
product lifecycle over which the manufacturer exerts the most control, the scope of the study

is limited to cradle-to-grave.

Finally, the study will make references to internal and unpublished documents belonging to
the business operations of Laitex. They will remain undisclosed as they may contain
sensitive information. Names of Laitex suppliers are going to be redacted from the main
body of the work. Costs and specific components' dimensions provided in the study are not

exact and are assumed.

1.9 Outline of the thesis

The study begins with a brief review of the literature on corporate environmental
sustainability, describing key terms, the current state of policies, and corporate
responsibilities for transparency of their own business activities. Chapter Three outlines the
research methodology, detailing the various methods utilized and explaining how data was
collected. Chapter four presents the findings obtained through these methods and their
examination using different analytical approaches. The following chapter five discusses the
study’s significance, as well as the validity and reliability of its findings, and offers

suggestions for future research. The final chapter summarizes the key outcomes of the study.
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1.10 Emissions and GHG

It is important to understand the substance of the assessment — Greenhouse Gases (GHG).
GHGs are atmospheric compounds that trap infrared radiation. Naturally, they help maintain
Earth’s temperature and prevent alternating extreme cooling and heating of the planet. Since
the beginning of industrialisation, excessive amounts of GHG in the atmosphere have been
contributing to climate change. The Kyoto Protocol and the GHG Protocol identify six
primary GHGs: carbon dioxide (CO:), methane (CHa4), nitrous oxide (N20),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur hexafluoride (SFs)
(Greenhouse Gas Protocol 2004, 3). To enable comparison of different emissions as well as
to facilitate clarity of emissions reporting, the emissions of each GHG are calculated
separately and then converted to CO: equivalents on the basis of their global warming

potential (Greenhouse Gas Protocol 2004, 45).

Global warming potential is a factor describing the cumulative radiative forcing —the amount
of heat retained in the atmosphere — of one unit of GHG gas in comparison to CO:

(Greenhouse Gas Protocol 2004, 99).

Increasing concerns about the harmful effects of emissions, as well as interest in quantifying
the impact, led to the development of tools that would enable a systematic approach to
solving the problem. One of the tools to identify and analyse emissions is Life Cycle

Assessment (LCA).
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2 Background of the study.

This chapter presents background information relevant for understanding the context of the
study and specifically focuses on a state of Corporate Environmental Responsibility (CER)
and the reasons for the study’s relevance. It aims to offer key insights into the significance
of environmental protection within corporate settings. The discussion explores the role of
businesses and their driving factors for engaging in environmental initiatives. It also
examines environmental management systems, relevant standards, and legal frameworks.
The concept of CER and how it affects the business operation of firms is described.
Additionally, the chapter considers how environmental improvements influence financial
performance and competitiveness. Key concepts which form the backbone of environmental
impact assessment and reporting, namely Life Cycle Assessment and the Greenhouse Gas

Protocol, are also discussed.

2.1 Overview of the European Union’s sustainability policy

Nowadays, public concern about the climate is high. According to recent research, as 80-
89% people around the globe express that they wish for more pro-climate political actions

(Andre et al. 2024).

According to the Eurobarometer survey, Europeans express a high level of concern regarding
the matters of climate and environment. 78% of participants responded affirmatively when
asked whether environmental issues have a direct effect on their day-to-day life and health.
At the same time, people are eager to promote the idea of the circular economy and, more
importantly for business, six in ten responders expressed their willingness to even pay extra

for more sustainable products. (European Commission 2024a).

In this context, the European Union continues with its sustainable growth strategy called the
European Green Deal (EGD). The European Green Deal acknowledges climate change as a
profound and immediate threat to the environment, societal well-being, and economic
prosperity. It establishes a clear pathway for the EU to transform unsustainable industrial
and societal practices into sustainable ones to avoid the negative effects of climate change

on human health and infrastructure while preserving the Union’s competitive edge. The



16

vision is to achieve continent-wide climate neutrality by 2050, defined as reaching a net-
zero greenhouse gas emissions balance—where any remaining emissions are negated
through removal techniques. The EGD also highlights the importance of optimising resource
use through circular economy principles and mandates that actions be implemented fairly
and consistently across all member states, safeguarding uniform progress and cohesion

across the EU. (European Commission 2024b).

In alignment with these EU-level goals, Finland has set an even more ambitious national
target: to become carbon-neutral by 2035, and even carbon-negative thereafter. This
commitment is embedded in the Climate Change Act (2022), which legally requires emission
reductions of 60% by 2030, 80% by 2040, and 90-95% by 2050 compared to 1990 levels,
alongside robust measures to enhance carbon sinks through improved land-use practices.

(Ministry of the Environment 2024).

The mission of achieving carbon neutrality by 2050 was further supported through the EU
Climate law, making the goal of net-zero GHG emissions a statutory obligation. The law
also introduced an intermediate emission reduction target of a net reduction of 55% by 2030.

(European Union 2021.)

While the cause finds support in public opinion, political actions, and legislation, a large
portion of total emission reduction is expected to be achieved by firms. According to data
extrapolated from EEA, Industrial emissions account for over 50% of total GHG emissions
in the EU in 2011 originated in the industrial sector, most of which (31% of total emissions)
belonged to energy industries. (Climate Policy Info Hub 2020). The implication is that
achieving carbon neutrality is inevitably linked with increasing engagement of businesses in
sustainable practices, strides towards the circular economy, and intentional work on reducing
operational emissions. However, it has been clear that such an ambitious endeavour requires
expertise and attuned methodologies if they are to be implemented across various industries

and a multitude of business scenarios.

To start, a coherent and unambiguous overview of the state of corporate emissions is needed.
To help companies in communicating their status and progress in emission reduction efforts,

the EU has been developing a unified reporting methodology.

The European Sustainability Reporting Standards (ESRS), adopted under the Corporate
Sustainability Reporting Directive (CSRD) (Directive (EU) 2022/2464), require large and
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listed EU companies to report annually on environmental, social, and governance (ESG)
issues. Endorsed by the European Commission, the ESRSs include two mandatory cross-
cutting and ten topical standards, covering areas such as climate, biodiversity, and human
rights. The aim is to use the framework to ensure consistent, comparable, and transparent
sustainability disclosures, aligned with EU climate goals and the European Green Deal, and
to make sustainability reporting, adoption of which began relatively recently, as robust as

customary financial reporting. (European Commission 2025).

2.2 Environmental responsibilities of business

Companies experience increased pressure from the stakeholders in regards of handling their
social and environmental responsibilities. A survey suggests that the industry is commonly
considered responsible for actions addressing climate change (AP-NORC 2024, 6). Hence,
a concept of Corporate Social Responsibility (CSR) has emerged. CSR is a commonly used
term that reflects the idea of a company that commits to ethical business practices and
contribution to development, while not compromising on the quality of life of people.
Although there are many definitions, it is also strongly associated with environmental
responsibilities (Dahlsrud 2008). Directive 2022/2464 (29) lists it among the considered
principles to which ESRS should adhere.

Legally, an important distinction has been made with regard to CSR. According to CSRD,
the responsibility of reporting sustainability information is currently placed on large
undertakings (European Parliament and Council 2022), i.e., companies which annual
turnover exceeds €50 million — the value as of the latest addition (European Commission
2023, 2) - or over 250 employees on average during a financial year (European Parliament
and Council 2013, 82). It is, however, likely that the rules will undergo changes and the
responsibilities will expand to an increasing number of companies, including those that are

yet to complete evaluating their own emissions.

According to a survey conducted by PwC, companies report that the biggest challenges in
implementing CSRD are the availability or quality of data and the complexity of their own
value chains (PwC 2024). Therefore, it can be expected that companies experiencing limited
skills and resources may struggle to keep up with tracking and evaluation of own

environmental metrics and performance.



18

2.3 Environmental management system

Improving and evaluating environmental performance can be a complex task for companies,
as it requires a high level of knowledge, technical understanding, and organizational
competence. To manage this effectively, many organizations rely on standardized
frameworks and proven business models that provide structure to operations. One of the
most widely recognized tools for this is the Environmental Management System (EMS).
EMSs are developed to help organizations identify, monitor, and manage their

environmental impacts in a systematic way.

The EMS is supported with the ISO 14001 standard, which builds on top of ISO 9001
(Quality management systems). The standard follows the Plan-Do-Check-Act (PDCA) cycle
(Figure 1) and emphasizes a risk-based approach, integrating environmental management
into core business processes. A critical aspect of the standard is setting up a board of people
within the organisation who will be responsible for PDCA as well as the environmental

agenda, and ensuring top management’s engagement. (ISO 2015a)
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Figure 1. PDCA cycle (ISO 2015 b).

Key elements include establishing an environmental policy, identifying environmental
aspects and impacts, setting objectives, ensuring legal compliance, and implementing
controls. It also requires continuous improvement and evaluation through internal audits,
management reviews, and corrective actions. Standards like ISO 14001 place strong
emphasis on leadership, communication, and stakeholder engagement, aligning with broader

sustainability goals (Gupta et al. 2011).

EMS is applicable to organizations of all types and sizes and is an important aspect of
companies’ operations and public image. Companies can be certified for compliance with

the ISO 14001 standard to build trust between the company and its stakeholders.
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2.4 Business reasons for sustainable operations

While CSR requires significant investments, the benefits of its implementations have a
positive effect on long-term finances. Environmental CSR is linked to improved financial
performance of companies, especially in developed markets (North America, EU) and for
larger firms. (Chandratreya 2024). Through the implementation of environmental practices
and management, organizations can create consistent, transparent inventories of their
emissions, identify high-impact areas, and set informed emission reduction targets, leading

to increased operational efficiency and potentially reduced cost of waste management.

Monitoring and management of environmental performance enables effective reporting of
business activities and the availability of interpreted data publicly, which plays a role of an
engagement point with current and potential stakeholders. Among the business benefits and
opportunities of implementing CSRD, companies identify improved environmental
performance, improved stakeholders’ engagement, improved risk mitigation, revenue

growth, cost savings, and others (PwC 2024).

Diligent reporting can be supported by different organisations, like, for example, the Science
Based Targets initiative (SBTi), whose certification helps firms manage their supply chains
through recognition of those who are committed to emissions reductions and improvements
of their own business practices. Some larger companies have listed commitment to SBTi
among factors when assessing suppliers and included that in their development KPIs (Metso
Corporation 2024, 50). It signals to OEMs and other suppliers the need for development of
tools and systems to assess own emissions in order to secure business relationships with their

customers.

It is fair to say that improvements in environmental metrics as a long-term strategy likely

lead to increased competitiveness and new business opportunities.

2.5 Methods of LCA

Life Cycle Assessment (LCA), as defined by the ISO 14040 and ISO 14044 standards, is a
methodological framework for assessing the environmental aspects and potential impacts

associated with a product, process, or service throughout its life cycle. LCA is used to
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support informed decision-making by quantifying resource use and emissions and enabling

the comparison of alternatives based on environmental performance.

According to ISO 14040 and 14044, an LCA is structured into four distinct but
interconnected phases that are continuously revisited through an iterative process (Figure 2).
The first phase is the goal and scope definition. The planned application of this work is
clarified, the reasons for carrying it out are stated, and the intended audience is identified. It
includes defining the functional unit, which provides a reference to which inputs and outputs
are related, and setting the system boundaries — a description of which processes are
considered in the LCA. The scope of the assessment is not limited to a lifecycle from raw
material to disposal (cradle-to-grave) but may include an alternative of recycling of the
materials after the end of use phase (cradle-to-cradle), stop at the product leaving

manufacturing (cradle-to-gate), and more (ISO 14040 2006, 8).
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Figure 2. A process diagram describing the stages of LCA. (ISO 14040 2006, 8)

The second phase is the life cycle inventory analysis (LCI), which involves data collection
and calculation procedures to quantify relevant inputs and outputs of a product system. This

includes the use of energy and raw materials, as well as emissions to air, water, and land.
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Transparency in recording data sources, assumptions, and system boundaries is critical for

ensuring the accuracy and relevance of the inventory data.

The third phase is life cycle impact assessment (LCIA). This phase evaluates the potential
environmental impacts using the inventory data. It involves classification, where inventory
results are assigned to specific impact categories such as climate change or eutrophication,
and characterization, where the magnitude of potential impacts is quantified using
equivalency factors. ISO 14044 allows for optional elements such as normalization,
grouping, and weighting, but it stresses that these should be applied carefully and

transparently, especially in comparative assertions intended to be disclosed to the public.

The fourth and final phase is interpretation. This phase involves analysing the results in
relation to the defined goal and scope, ensuring completeness, sensitivity, and consistency
checks. The interpretation provides conclusions and recommendations based on the findings
of the inventory and impact assessment phases. It must be clearly documented and include

limitations, assumptions, and value choices to ensure credibility and transparency.

LCA is iterative in nature. As new data and insights are gained in later phases, earlier phases

may need to be revised to ensure that the assessment remains aligned with its goal and scope.

2.6 Greenhouse Gas Protocol

An important resource providing guidance on the matters of corporate assessment and
reporting of matters of sustainability is the Greenhouse Gas (GHG) Protocol. It is the most
adopted international framework for measuring and managing greenhouse gas emissions.
The GHG Protocol is a product of collaboration between the World Resources Institute and
the World Business Council for Sustainable Development. (Greenhouse Gas Protocol, 2004)

One of the fundamental parts of the GHG Protocol is categorisation of emissions into three

different scopes based on the emissions’ origins (Figure 3):

Scope 1 refers to direct GHG emissions from sources that are owned or directly controlled
by the reporting organization. This includes emissions from fuel combustion in boilers,
furnaces, vehicles, and other equipment that the organization uses in its business operations.

Note: emissions produced by leased equipment that is used in own operations is counted
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differently depending on a selected consolidation approach (equity or control) based on

financial accounting and thus belong to scopes 1 or 3. (Greenhouse Gas Protocol 2004, 29)

Scope 2 includes indirect GHG emissions resulting from the generation of purchased
electricity, steam, heating, or cooling / air conditioning that is consumed by the reporting
entity. While these emissions occur at the facility where the energy is produced, they are
accounted for in the operations that use the energy, i.e., the emissions are accounted to the

consumer of the energy.

Scope 3 includes all other indirect emissions that occur as a consequence of the
organization’s activities but are not owned or directly controlled by it. These can include
emissions from the supply chain, business travel, waste management, employee commuting,
and the use and disposal of solid products. Scope 3 is often the largest portion of a company’s

total carbon footprint and the most complex to measure (CDP 2016).
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FUEL COMBUSTION OUTSOURCED ACTIVITIES

Figure 3. A schematic overview of scopes and emissions across value chains (Greenhouse

Gas Protocol 2004, 26)
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3 Research methods

For the research, proper methods should be utilized to obtain valid and reliable data for

analysis and results.

3.1 Life cycle assessment

This study evaluates the absolute greenhouse gas (GHG) emissions associated with the life
cycle of an industrial machinery product, from raw material extraction to the point it leaves
the manufacturing gate (cradle-to-gate). The methodology follows the principles and
guidelines outlined in the GHG Protocol Product Life Cycle Accounting and Reporting
Standard developed by the World Resources Institute and the World Business Council for
Sustainable Development, as well as the ISO 14040:2006 and 14044:2006 standards. The
LCA study includes 4 parts: goal and scope definition, life cycle inventory analysis, life

cycle impact assessment, and, finally, interpretation of the results.

The study adheres to GHG Protocol Scope 2 Guidance (2015) for evaluation of the emissions
from the consumed electricity. Technical Guidance for Calculating Scope 3 Emissions

(2013) was followed to assess the emissions from the up-stream supply chain.

3.2 Goal and scope definition

The goal of this assessment is to quantify the absolute GHG emissions (expressed as CO:-
equivalent) associated with the production of chain conveyors, supporting environmental
disclosure and identifying emission hotspots for potential emission reduction opportunities.
The process of data acquisition itself is of interest as the study is considered an opportunity
to assess transparency and readiness of the value chain to disclose its operational and
emission data. Additionally, the goal of this study is to lay the foundation for future studies

on the product or product family.
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The study assesses the production of chain conveyors, the main function of which is to move
materials through space. The impact category, which is assessed within LCIA, is climate
change, expressed in COzeq. To ensure high reliability and precise results in the analysis,

primary data is preferred when available; otherwise, secondary data can be utilized.
The scope of the study is cradle-to-gate, encompassing the following life cycle stages:
e Raw material acquisition: Extraction and processing of all input materials.

e Material transportation: Upstream transportation of raw materials and semi-finished

products.

e Manufacturing: All energy and process inputs directly associated with the fabrication

and assembly of the machinery at the production site.

o Final assembly and testing were excluded from the study due to scheduling
and technical challenges of tracking resource consumption and emissions.
Moreover, it was assumed that the involved resources, mainly electricity
consumed by lifting devices, constitute an insignificant fraction of total

manufacturing emissions.

e Storage and delivery: materials and energy associated with storing the finished

product at the production site. Following

e Excluded stages: shipping to the customer, use phase, maintenance, and end-of-life
treatment are not considered, in line with the gate boundary. Shipping is performed
through transportation companies, and responsibility for it varies contractually in

each case, thus creating a source of inconsistencies for the assessment if considered.

From the manufacturing point of view, the product lifecycle is divided into areas of
responsibility of participating parties. As illustrated in Figure 4 below, in the studied case,
the company relies on a network of suppliers to handle pre-processing and handling raw
materials and, importantly, some manufacturing steps. Depending on various factors,
production of components can be done with own manufacturing capacities or by a
manufacturing supplier, for example, laser cutting of metal parts is performed externally

while subassemblies are put together and welded in the own workshop.
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In this study, it is considered that all metal work, like laser cutting of various plates and water
jet cutting of wheels — activities related production phase — is done by suppliers, and all

following manufacturing activities are done by the company. This also implies a distinct

allocation to Scope 1 and Scope 3 activities.
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Figure 4. Life-cycle steps are considered within the Cradle-to-Gate scope. Area of own
business operation in the context of the project is marked with red colour; suppliers’

operations - with green colour.

The results of the LCA are then analysed with hotspot analysis to identify the largest
contributors to the total emissions during the conveyor production; the emissions are
allocated to components and the most important assemblies to pinpoint the hotspots of the
design of the product. The overall results are assessed with a validity and reliability review.

The results were required to be reviewed with consideration of validity and reliability.
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The study considers emissions occurring in scopes 1, 2, and 3. Scope 1 includes emissions
directly associated with the own manufacturing of the studied product, such as fuel
consumption of forklifts, emissions from welding processes, usage of lubricants in
machining; it is assumed that the identified emissions occur independently from other
manufacturing processes related to other simultaneously constructed products in the same
facility, i.e., as if only the studied product was manufactured at a time. Emissions from
auxiliary processes such as emissions related to the functioning of offices (e.g. emissions
associated with the work of manufacturing supervisors), business errands, and others are not
considered in this study due to challenges with allocations and considered insignificance of

the said emissions in the overall emissions.

Scope 2 emissions include emissions from producing purchased electricity used in the
manufacturing facility by the equipment used to produce the conveyors. Due to challenges
of'emission allocation, electricity used for heating and lighting of the facilities is not included

in the study.

Scope 3 is limited to the emissions of raw material processing and energy expenses on
component manufacturing. Only the main value-adding operations of the value-chain are
considered, while other supporting processes and operations, for example, lighting, heating,
or waste management of suppliers are not accounted. The study is limited to a selection of
the critical components of the conveyors. Most of these components are manufactured
according to the designs generated by Laitex’s engineers and, therefore, can be intentionally

changed and optimized as a result of the study.

The studied components are frames, drive and turn wheels, chains, shafts, and wear bars.
These are the components that constitute practically the most work on each conveyor,
constitute almost all of its mass, are geometrically consistent, and are present in each unit of
the studied product type. The study does not include components that either significantly
vary between each conveyor — mostly due to featuring a highly customisable interface (e.g.
connecting inlet flanges, floor-conveyor supports, etc.), being of insignificant mass relative

to the total (e.g. shaft pins), or being a standard component (wedge keys, nuts and bolts, etc.)
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3.3 Functional Unit

The functional unit is defined as CO2eq per unit of manufactured machinery. In the context
of the scope, the machinery — conveyor — is considered complete as of its state when it is

ready for delivery to the customer or to a downstream member of the value chain.

3.4 GHG Emissions Reporting and Boundary Conditions

This study reports absolute emissions, i.e., not normalized per revenue or functional
performance. In accordance with the GHG Protocol: A Corporate Accounting and Reporting
Standard (Greenhouse Gas Protocol 2015): the GHG boundary includes carbon dioxide
(CO2), methane (CHa4), and nitrous oxide (N20), along with other relevant Kyoto Protocol

gases if data is available.

3.5 Collection of primary manufacturing data

Primary data was collected from internal production records, supplier questionnaires and
reports, inquiries to suppliers, and direct measurements where feasible. Secondary data was

sourced from industry reports and scientific literature.

For the study of the design, the following data is required to calculate emissions associated
with the components: materials used in the component, main method of manufacturing the
component, emission factor of the material, the manufacturing method’s electricity
consumption rates, location of the manufacturing, and emission factor of electricity in the

locations.

Materials of the components are known and specified in manufacturing BOMs,
manufacturing drawings, etc. Emission factors of the materials are obtained from material
suppliers or from literature. The manufacturing method of the component is inquired from
manufacturing suppliers or from own manufacturing specialists, if the component is
manufactured in-house. Location of the manufacturing comes from corresponding suppliers
or own location (country), and the emission factor of electricity is defined by the country of

electricity production and sourced from the European Environmental Agency (EEA 2022).
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This study includes collecting quantitative data on the energy and resource consumption of
own manufacturing activities of the company. The data is collected through measurement,
observations, and subsequent calculations. Obtaining primary data is prioritised for higher
quality of the study. Otherwise, secondary data from datasheets, literature, databases, and

other traceable sources is used.

The weight of the component needed for the study is obtained through engineering CAD
software. CAD software calculates the estimated weight of components based on the 3D
model and applied material properties. It can be checked from the software or from the

produced manufacturing drawings of the components.

Manufacturing activities related to a series of conveyors belonging to the same type are
tracked. Manufacturing activities to be tracked must belong to the scope of the study. In the
case of Cradle-to-gate scope and with respect to work categorisation by the manufacturer,
the following activities are of interest: metal work (i.e., handling of metal parts and
construction of subassemblies for welding), welding of subassemblies, component

machining, surface treatment (i.e., painting), final assembly, and testing.

The conveyors’ design shares the main components and subassemblies but differs in the
length dimension of the frame sections. Frame section design follows a simple feature
pattern and, importantly, it is assumed to have linear correlation between longitudinal

dimension and associated resource consumption and, consequently, resulting emissions.

The workshop was equipped with a number of MIG welding machines produced by Kemppi.
Originally, it was planned to use their [oT cloud tool called Weldeye to continuously monitor
work parameters of multiple welding machines. Upon closer inspection, the devices

appeared to be incompatible with the said tool.

Alternatively, a portion of the welding machines featured an interface for data transfer
supporting another Kemppi tool - DataCatch - a data logging device with a local memory.
The device is depicted in Figure 5 below. This device allowed for continuous logging of the
welding parameters of the machine to which it was connected. More details on data handling

are given in a later section.
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Figure 5. DataCatch data retrieval device (Kemppi Oy).

An observation and documentation of manufacturing activities is organised. The tracked
activities are directly related to the manufacturing of the conveyors. An observer makes
notes on time and duration of manufacturing processes performed at a workstation (a
welding table, a machining lathe, etc), used manufacturing equipment, settings, handled
components, and other additional notes. The notes are also input into a master spreadsheet.
While the direct measurements of resources such as electricity or shielding gases are not
conducted, recorded time and parameters allow for estimation based on similar

manufacturing processes data collected with other tools or supported by literature.

When recording welding activities, welds were conventionally divided into 3 groups based
on their duration and application in production: tack welds (duration less than 1 second),
intermittent (duration between 1 and 10 seconds and done in a series on alternating sides of
a workpiece), and continuous welds (duration over 1 second, no alterations). That
consideration was made to improve the estimation of the energy consumption of welds
without parameter logging. Figure 6 shows the difference in current changing over time

between different types of welding, especially for shorter welds.
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Figure 6. Logged parameter change of different times of welding.

3.5.1 Handling of numerical data
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The data was logged as an .xml file for each instance of usage, i.e., when the operator is

pressing the trigger. The device recorded a number of parameters with a time resolution of

0.1 seconds. Cumulatively, in a single day, a welding machine may be utilized to produce

an arc for a total time ranging from minutes to hours, generating thousands of logged entries

per day. The massive volume of the data is practically unusable without automated

interpretation and handling for further data analysis.

A program in Python (ver 3.11.5) was written to handle the cascaded structures of .xml files.

The program can handle a series of .xml files grouped by a day and output an Excel file

containing a spreadsheet of timestamps, logged welding parameters (welding voltage,

welding current, wire feed speed, wire feeder current, welding voltage compensated), and

calculated values (power, consumed energy).

Welding voltage (V) - Welding current(A) = Power (W)

Power value of a welding in an entry is calculated using Equation 1.

Power (W) - Time (s) = Power (W) - 0,1 (s) = Consumed energy (J)

(1)

2)
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Each logged entry has a duration of 0,1 seconds. Equation 2 is used to calculate the consumed

energy.

The full code of the script is available in Appendix 1. To facilitate repeatability of the study
and to avoid barriers to future use, no special requirements are needed to run the code besides
a basic Python installation and a selection of used libraries. The code utilized the following
Python libraries and modules. Each one is publicly available and can be installed and used

free of charge.

Table 1. Python libraries used in programming the script

Name Function
Openpyxl Reading and writing of Excel files
ElementTree A module to parse XML data
pathlib A module to handle filesystem paths
numpy Access to mean() to find mean of values
Statistics Access to statistics-related functions

After the data is exported as an Excel spreadsheet of the work, the welding instances are
grouped according to their timestamps and matched to observed processes if the latter have
been documented, allowing to attribute the logged data to actual manufacturing activity and

later allocate corresponding used resources and emissions to produced items.

Mean arithmetic power and total consumed energy are calculated for grouped instances of
tack, intermittent, and continuous welding. The summed total time duration is also calculated
for grouped instances of intermittent and continuous welding. The calculated values are
required for later estimation of energy consumption of welding activities with similar

parameters when the data logging device cannot be used.

Data handling is repeated for each recorded session. Once all data is extracted, it is organised
together into a master spreadsheet. There, data on welding activities obtained via a parameter
logging device can be analyzed and applied to entries without parameter logging if,

importantly, the welding machine's specification and used parameters are similar.
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In the master spreadsheet, the arithmetic mean of consumed energy per instance of tack weld
is calculated across all available data. The mean power consumption is assigned to instances
of tack welding, which are recorded without DataCatch. Multiplying the number of instances
in recorded sessions by the mean energy consumption per tack weld allows for estimating

total energy consumption specific to tack welding in a recorded work.

For continuous welds, to take into account variation in durations, mean power of continuous
welds across all data entries obtained with DataCatch is calculated. Calculated mean power

is then multiplied by durations of each instance recorded without DataCatch.

Similarly to continuous welding, instances of intermittent welding vary by time and a similar
approach is taken to estimate energy consumption. Mean power of entries logged with
DataCatch is calculated and used to estimate energy consumption of entries without

parameter logging.

Consumed energy (or Work) of welding activities has been calculated in Joules. A

conversion factor was applied to bring them in line with the commonly used kWh.

Energy consumption,,,x (Wh) = Rated power,y, (W) - Durationy, o (h) 3)

Grinding and drilling activities are tracked, and time spent on the execution of tasks is
recorded. Power consumption is estimated based on the rated power of tools used — hand

and belt grinder, hand drills - the total time of their recorded usage (Equation 3).

Painting 1s a temperature-intensive process, and heat generation requires substantial energy

input. To calculate energy consumption, the following Equation 4 can be used.

Energy consumption;,inging (Wh)

=C ] -V 3y. ke . o) -
- air(kgTC) room(m) pair(ﬁ) (ttarget'tO)( ) Dgessions (4)

Wh
*CFjo Wh(T)

Where
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Cair - specific heat capacity of air,

Vioom — Volume of the paint shop,

pair — density of air,

trarget — target temperature to which the paint shop is heated up to,

to — starting temperature of the paint shop,

Nsessions — the number of painting sessions needed to complete the manufacturing step
CFj to kwh— conversion factor from J to kWh, equals 1 Wh/ 3,6%10"3 J

To estimate total energy consumption specific to specific subassembly, the sum of all entries
labelled with the work is calculated. Emissions can be calculated by multiplying the

consumed energy by the emissions factor of the produced electricity specific to the location.

3.6 Assessment of data quality

Data quality was assessed based on the following criteria:
e Relevance
e Completeness
e Consistency
e Transparency

e Temporal, geographical, and technological representativeness
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Table 2. Example of criteria to evaluate the data quality indicators. Adapted from: Corporate

Value Chain (Scope 3) Accounting and Reporting Standard. (Greenhouse Gas Protocol

2011, 77).

g Representativeness to the activity in terms of:
core
Technology Time Geography Completeness Reliability
Data from all
) relevant sites over )
Data generated | Data with less Verified data
] Data from the | an adequate time
Very good using the same | than 3 years ) based on
same area period to even out
technology of difference measurements4
normal
fluctuations
Data from more
Verified data
than 50 percent of
Data generated partly based on
) o Data with less sites for an )
using a similar Data from a assumptions or
Good than 6 years adequate time
but different similar area non-verified
of difference period to even out
technology data based on
normal
) measurements
fluctuations
Data from less
than 50 percent of
) Non-verified
sites for an
) data partly
adequate time
Data generated based on
i Data with less period to even out )
using a Data from a assumptions,
Fair than 10 years normal
different different area or a qualified
of difference fluctuations or
technology estimate (e.g.
more than 50
) by a sector
percent of sites
expert)
but for a shorter
time period
Data with
Data from less
more than 10
than 50 percent of
Data where years of Data from an
sites for shorter Non-qualified
Poor technology is difference or area that is
time period or estimate
unknown the age of the unknown )
representativeness
data are
is unknown
unknown
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3.7 Life cycle inventory analysis

During the Life Cycle Inventory (LCI) stage, the flows of energy and materials within the
product system are recorded. In the context of this study, this includes the assessment of
energy consumption linked to material processing, component manufacturing, and product
assembly. Both primary and secondary data sources are utilized to gather the necessary
inventory values. Chapter 3.5, “Collecting data” describes the methods for data collection in
detail. In this analysis, the inventory is divided into 3 main categories: materials,
manufacturing/assembly, and transportation (packing). Data collection for each stage

follows the guidelines provided by the GHG Protocol.

3.7.1 Raw materials

Raw material acquisition and processing belonged to scope 3 emissions as it is done by
contracted suppliers, outside of Laitex’s own business operations. Assessment of these
emissions are based on Technical Guidance for Calculation Scope 3 Emissions (Greenhouse
Gas Protocol 2013). The hybrid method of assessment, where both supplier-specific and
average data are taken into account, is utilized. The primary data is prioritised whenever
available; otherwise, progressively more generalised data is used depending, again, on
availability. Such a method allows for maximizing authenticity of the calculations while
filling up possible gaps of missing data due to challenges, be it non-disclosure policies, lack

of participation, technical difficulties, etc.
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Table 3. Advantage and disadvantages of primary and secondary data Adapted from:
Corporate Value Chain (Scope 3) Accounting and Reporting Standard. Greenhouse Gas

Protocol 2011, 74).

Secondary data

Primary data
(e.g., supplier-specific data)

(e.g., industry-average data)

Advantages

Provide better representation of the
company's specific value chain
activities
e Enables performance tracking and
benchmarking of individual value
chain partners by allowing
companies to track operational
changes from actions taken to
reduce emissions at individual
facilities/companies and to
distinguish between suppliers in the
same sector based on GHG
performance
e Expands GHG awareness,
transparency, and management
throughout the supply chain to the
companies that have direct control

over emissions

® Allows companies to better track
progress toward GHG reduction

targets (see chapter 9)

Allows companies to calculate

emissions when primary data is
unavailable or of insufficient

quality.

Can be useful for accounting for
emissions from minor activities
Can be more cost-effective and

easier to collect.

Allows companies to more readily
understand the relative magnitude

of various scope 3 activities,
identify hot spots, and prioritize
efforts in primary data collection,
supplier engagement, and GHG

reduction efforts

Data may not be representative of

Disadvantages

e May be costly.
e  May be difficult to determine or
verify the source and quality of data

supplied by value chain partners

the company's specific activities

e Does not reflect operational
changes undertaken by value chain
partners to reduce emissions.
Could be difficult to quantify GHG
reductions from actions taken by
specific facilities or value chain
partners.

e  May limit the ability to track
progress toward GHG reduction

targets (see chapter 9)
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In the material processing phase, materials of every component included into the study are
identified and data of the amount of material used and material-specific emission factors is
obtained. In this study, material consumption is considered to be equal to the mass of the
component multiplied by a factor specific to each component group to account for different
material removal techniques with various efficiency; if primary data features volumes or

other measured amounts, a conversion to mass is performed.

Additionally, transportation of raw and pre-processed materials is considered. Modern
supply chains can spread globally, leading to potentially significant emissions from burning
fuels. Companies that provided their logistical services were not contacted directly. Instead,
distances from material supplier to manufacturing supplier and own manufacturing facilities
are estimated based on material certificates and logistics-related documentations, and
emission factors are based on information available from literature and 3™ party tools. Exact

locations and members of the supply chain are not disclosed in this work.

3.7.2 Manufacturing/assembling

Quantitative methods give mathematical and numerical data as results. CO2PE! Method and
its in-depth approach specifically can be considered for the manufacturing phase of the

product when assessing manufacturing.

For each process, system boundaries and functional units shall be defined. The system
boundary determines which unit process shall be investigated and which sub-processes for
the selected unit process will be investigated. In this study, consideration of the
manufacturing stage will disregard the used means of infrastructure, including occupation
and transformation of land and properties of the workshop. Only the data gathered during
normal working conditions shall be considered in the further steps of the study (it is assumed

that the activities related to gathering the data do not affect the working conditions).
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Figure 7. Diagrams demonstrating process flows. (Kellens et al. 2012)

3.7.3 Transportation

In this study, transportation of raw materials and pre-processed materials (i.e., semi-finished
goods) withing the up-stream supply chain is considered as a part of Material acquisition
step of product life cycle. To calculate GWP, the following data is required: freight weight,
travel route, mode of transport, and its type. Emission factors of transport activity are
associated with the type of transportation vehicle used and can be found in national
guidebooks and literature. If factors are unavailable, estimations and generalisations can be

made.
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tCO2eq ®))

GWP(tCO2¢q) = freight(tonne) * distance(km) * emission factor (m)

To calculate the GWP of transportation activity when cargo weight, distance, and,
importantly, the emission factor that considers transport activity as mass of freight over

distance, the following Equation (5) is used:

tCOzeq) 6)

GWP,; (tCO2¢q) = distance(km) * emission factor ( o

Shipping documentation was very limited, and assumptions and estimations were necessary.
Transportation was done using cargo ships and road transport. Emissions from road
transportation were estimated using Tier 1 methodology provided by the EEA’s guidebook
(Hutchings et al. 2023, 20-24). Tier 1 methodology produces the least accurate results and
is meant for scenarios where relevant information is limited. In this methodology, the
emission factor is simplified to emissions per distance travelled only, as cargo weight is not

considered. Thus, the following Equation 6 is used for GWP calculation.
3.7.4 Packing

In this study, the scope of the assessment is set to cradle-to-gate, ending with the product
being ready for transportation. That practically means that all items of the conveyor are

securely placed in a series of packages, where they are stored until further shipping.

In Laitex packing lists, packaging is differentiated into 2 categories: packages and pallets.
In this study, an assumption is made that the pallets a fully made of wood and packages are

fully made of plastic materials. Material specific emission factor is assigned respectively.
3.8 Environmental impact assessment

The collected inventory data is combined and organized. The impacts will be calculated with

respect to global warming potential (GWP) and expressed in tons of CO2eq. The latter will
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be utilized to assess products' impact on climate change expressed in mean tCOzeq/unit as
well as tCOzeq/ton of produced product to allow for estimation of variable product

configurations.

The result of the impact assessment will also be divided into steps of the lifecycle to identify
the areas of improvement on the larger business level as well as specified manufacturing
steps, and, if the data is sufficient, for the design element of the product to aid more precise

and targeted engineering effort.

3.9 Lifecycle impact assessment

The following chapter describes the methods of the Lifecycle Impact Assessment (LCIA)
phase, where calculations of the environmental impact associated with the production of the
chain conveyor are done. Climate change is the chosen impact category. The impact is
measured with Global Warming Potential of the corresponding emissions (GWP). The data
on manufacturing process and emission factors are used to calculate resulting emissions

converted to COzeq to streamline comparison of the values.

Material consumption (t) -+ Emission Factor (tCO2eq/kg) = Emissions (tCO,eq)  (7)

Emissions are calculated by multiplying activity data by a specific emission factor. In this

study, calculations are done using Excel.

In cases related to the usage of materials, emissions from the material are calculated by
multiplying material consumption by that material’s specific emission factor (Greenhouse

Gas Protocol 2013, 27).

Electricity consumption (kWh) - Emission Factor (tCO2eq/kWh) (8)
= Emissions (tCO,eq)

Emissions from manufacturing processes are calculated by multiplying energy consumption
by the emissions factor of the electricity (Greenhouse Gas Protocol 2011, 46). In the case of

this study, all manufacturing processes occurred in Finland and therefore the emissions
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factor for electricity generated in Finland can be used — 64 CO.eq/kWh (European
Environment Agency 2024).

Estimation of emissions from individual machines and subassemblies can be done to identify
hotspots of the design. Mass-based allocation is used to calculate emissions associated with
different stages of the lifecycle, e.g., to define raw material (mild steel) GWP of drive end
frame, the mass of raw material (mild steel) of the drive end frame is divided by total mass

of raw material (mild steel) and multiplied by the total GWP of raw material (mild steel).

3.10 Reliability, validity, and sensitivity considerations

Reliability of the study is supported through several measures. Methodology and results are
clearly described to facilitate repeatability. Reliability of the data collected from
manufacturing through measurements is ensured by consistent use of the same tools,
multiple repetitions of manufacturing processes, assessment of multiple conveyors to
increase sample size, and assessment of mean and median values of energy intensities. On a
larger level, multiple production units are assessed. Outliers due to possible measurement
errors are considered and excluded. Additionally, all measurements were documented and
forwarded to the company for transparency, although this data is not disclosed to the public

in this work.

Validity of the study is supported by a clear outlining of the research objectives, scope, and
methods. Only relevant data directly from supply chain members or scientific literature is
assessed, and questionable sources of information are avoided. The relevance of methods
and the applicability of used data is considered. Transparency throughout the work also

contributes to the study’s validity.

Sensitivity of the study is ensured by assessing emissions associated with units of different
specifications, i.e., lengths, and by assessing alternative scenarios when raw materials,

suppliers’ locations, and emission factors are changed.
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4 Results

This chapter includes results of the conducted work. It contains LCI and subsequent LCA,

hotspot and sensitivity analysis.

4.1 Life cycle inventory

Collected data and LCI analysis are presented in this chapter. Most of the data has been
acquired through studying documentation, either internal or originating from suppliers, and

the remaining gaps are compensated for with indirect data from literature.

Raw materials’ origins were traced according to available material certificates, and their
GHG intensity values were found in publicly available documentation of corresponding
manufacturers. Manufacturing methods of sourced components were identified according to
documentation and general practices, while technical specifications of said processes were
estimated based on general practices and/or information from literature. Electricity
consumption is estimated, and for its GHG intensity corresponding national mean value

intensity of electricity production is assumed, not acquired from exact electricity providers.

The names of the supplier and foreign countries (i.e., any except Finland) are not disclosed
and instead are marked with generic names, e.g., “Supplier-A”, “Supplier-B”, “Country-A”,
etc. Exact distances of transportation are not to be reported as well. In this study, there are 3
countries where relevant business activities take place, one being Finland, Country-A is the
country of origin of mild steel — the most used material in the construction of the studied
conveyors —and Country-B, where special wear-resistant steel is sourced from. All countries

and, by extension, used materials are within the EU.

4.2 Assessing emissions from raw materials

The most abundantly used material in the design of the industrial conveyors is mild steel. It
is used for frames, chain wheels, and shafts. Material certificates were used to identify that

it was S355MC steel, hot rolled in coils, not pickled, as well as its origins: Supplier-A,
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Country-A. The steel manufacturer publicly provides information on their business,
including emission factors of their products. The steel in different locations is manufactured
through various permutations of sequences of processes. Knowing the exact location of the
plant from the material certificates, it was identified that the steel was manufactured using a
blast furnace. According to the manufacturer, the GHG intensity of steel produced with blast
furnace was 2,08 tCOze/tonne of steel in 2020. It may be noted that blast furnace smelting
requires a lot of carbon-rich fuel, resulting in significant emissions. An alternative option is
to use an electic arc furnace. Supplier-A reports a reduction in GHG intensity of steel
produced with the electric arc furnace by over 70% in comparison to steel produced with the

blast furnace.

Conveyors chains were made of structural steel. The supplier of the chains was not reached,
nor was steel alloy disclosed. While the exact origin of the steel is unknown, in this study an
assumption was made that the chains are made of an equivalent steel as for other components
and assumed to come from a similar steel factory in country A. The shipping route was

matched accordingly.

Another major component of the structure is wear-resistant steel. In the material certificates,
Supplier-B from Country-B was stated. Although the material supplier could not be reached,
their webpage features relevant documentation on their operations. From their public annual
report, in the year 2024, a value of average emission per tonne of crude steel in iron ore-
based steel production in the region was acquired - 1,85 tCO2eq/tonne. No information on

the material’s distinct manufacturing processes was retrieved.

Fiberglass is used in sealing cords. They are used in multiple interfaces, including between
subassemblies, to prevent material leakages and spills. GHG intensity of the exact type of
fiberglass was not found. Instead, information on a generic fiberglass’ GHG intensity of 2,2
tCO-e/tonne was acquired from literature with a reference to Ecoinvent 3 database (Barth

2015).

The painting process consumes a significant amount of paint, which was also considered.
Volumentric consumption was calculated, converted into mass. GHG intensity was acquired
from an estimation that the paint manufacturer made in a publication on their webpage

(Teknos 2022). While the value came from the manufacturer, it must be noted that it stands
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for the average emissions per unit mass of their product and not specific to the paint that was

used in the studied design, and the actual GHG intensity may vary from product to product.

Table 4 provides an overview of the components, their raw materials, weights, and the
emission factors of each material. Although the precise weights of the components cannot
be shown, a mean percentage share of each component relative to the total weight of the

studied conveyors is presented.

Table 4. Summary of the inventory: components and their respective materials, emission

factor, and relative weight.

Component Material Emission factor Weight %, mean
(tCO2eq/tonne)

Steel plates (Frame) Mild steel 2,08 49 %
Wheels Mild steel 2,08 17 %
Chains Mild steel 2,08 18 %
Shafts Mild steel 2,08 11 %

Wear bars Hardox steel 1,85 5%
Sealing cords Fiberglass 2,2 0,008 %
Paint coating - 79,5 0,12 %

4.3 Assessing emissions from material transportation

According to the European Environmental Agency, emissions from transport constituted
about 29% of all the EU’s GHG emissions in 2022. This highlights the importance of taking
into account emissions related to logistics, primarily transportation of raw and pre-processed

materials.

Since logistics is carried out by road transport, it was assumed that Heavy-duty vehicles
(HDV) such as trucks or lorries were used, in particular ones equipped with diesel engines.
Following these considerations, data on air pollution from road transport were searched in a
topical EEA guidebook (Hutchings et al. 2023, 20-24), Tier 1 methodology, which results in
estimations of lower precision, was used due to limited information. From there, the typical

fuel consumption of diesel-powered HDVs is taken, as well as the weight of pollutants per
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kg of burned fuel associated with the operation of the said category of vehicles. Out of the
pollutants, only N>O and CO: — Kyoto gases - were considered for this study. Emission
factors for the gases were taken from the IPCC Sixth Assessment Report (p. 1017). Table 5
below demonstrates the key considerations that were made for the calculations of emissions

of this life cycle phase.

Table 5. Key consideration for the assessment of road transport emission inventory.

Category Heavy duty vehicles (HDV)
Fuel Diesel
Typical fuel consumption 216,8 g/lkm

Estimated emission factor for diesel fuelled
4,832472 kgCOqeq/km
road transport

Mild steel was purchased abroad and transported on a cargo ship. The details about the mode
of transportation were not available. These emissions were estimated using the EcoTransIT
World Emission Calculator (EcoTransIT World Initiative 2025), where the suggested

emission factor was 14,1 gCO.eq/tonne-km.

First-hand data on the exact distances of shipping the materials and semi-finished goods was
not available from logistical companies. To estimate shipping distances, the addresses of the
supply chain partners and automatic distance estimation between points in Google Maps
were used. Table 6 below lists estimated distances for transportation routes for the
components. Note that the country names and the masses of the components are not

disclosed.

Table 6. Routes and distances - logistics of component manufacturing.

Component Route Distance (km)
Steel plates (Frame) Country A — Country C - Country C 2554
Wheels Country A — Country C - Country C 2204
Chains Country A — Country C - Country C 2204
Shafts Country A — Country C - Country C 2454
Wear bars Country B — Country C - Country C 950
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It should be noted that data on the sealing cord and the paint were missing. It was decided
not to make any assumptions, as these are off-the-shelf items and could be sourced from an
ordinary hardware store locally. Reconstructing and considering allocations of such supply

routes is overly complicated and assumed to be negligible.

4.4 Assessing manufacturing emissions

The largest group of components of the conveyors, metal sheets and plates for the frame, are
laser cut in Country C out of hot rolled steel from Country-A (accounted in raw material pre-
processing). Wear bars are also laser cut by the same supplier. Usually, laser cutting is
outsourced, but the necessary equipment was also available in-house and had to be clarified.
Supplier-B was subcontracted for the work. The supplier did not provide the requested
information on their manufacturing. Thus, indirect values have to be adopted for the study.
Information on their webpage was assessed to identify their equipment and estimate its
energy consumption using literature. Exact specifications nor model names of the featured
machines are not disclosed, so educated assumptions had to be made. Linear cutting energy
(energy needed to cut a unit of length) (Constantin 2022, 4505), ratio between the nominal
and actual power (due to power draw of auxiliary systems), and cutting length for mild steel
parts and wear bars were estimated accordingly. Laser cutting of frame components was
estimated to consume 123,9 kWh, and laser cutting of wear bars was estimated to consume

88 kWh.

The wheels driving the conveyor chains are water jet cut. The suppliers of the components
were not contacted. The data was searched from the literature to estimate the energy
consumption of wheel manufacturing. Typical parameters for waterjet cutting could be
found from the literature (Guglielmi 2021). Cutting length was estimated based on 3D

models. It was estimated that manufacturing of the wheels would require 169,6 kWh.

Conveyor shafts were manufactured in own facilities. Despite the plans to conduct direct
measurements from the equipment during machining, it was not possible, and estimations
had to be made. Emissions of machining processes were limited to emissions due to energy
usage. Conservatively, the mean power of machining processes was assumed at 8 kW based
on the estimated typical nominal power of lathes similar to were observed in the workshop.

Power was multiplied by logged hours of machining. Regional emission factors were used
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for electricity emission factors. The estimated total consumed energy of machining was 80

kWh.

The design features roller chains. Direct data from the manufacturer was not received, and
estimations were made. The exact manufacturing process was not clear, but the chains were
probably cold forged, heat-treated, coated, and assembled. A search did not yield
information that would be specific not only to the type of industrial roller chains but for
industrial chains in general. For estimation of energy consumption, values of 2 MJ/kg and 2
MlJ/kg were assumed for forging and heat treatment, respectively. Masses of the chains were
taken from 3D models. It was estimated that manufacturing of the chains would consume

3095 kWh.

Table 7. Calculation of energy consumption of manufacturing processes.

Component Method Energy consumption (KWh)
Steel plates (Frame) Laser cutting 123,9
Wheels Water jet cutting 169,6
Chains Forging, heat treatment 3095
Shafts Machining 80
Wear bars Laser cutting, welding for assembly 88,8

Own manufacturing activities were partially tracked with the use of automatic logging
devices and live observations, and timing of operations. Over a course of 5 weeks,
manufacturing activities were systematically recorded with activities’ durations and used
manufacturing tools used denoted. For this study, the focus was on electricity consumption
during manufacturing works as tracking out inputs, e.g., consumables, gases, etc., could not
be done consistently and accurately, with the exception of coat painting. The records
distinguish work types and what modules (or subassemblies) were worked on. The study
differentiated grinding, drilling, and welding for metal work (as a part of pre-assembly of
components) and final welding works (creation of permanent joints between components).
The activities are also agglomerated into Metal work (grinding, drilling, welding for metal
work) and Welding (final welding) based on how the job is addressed in the workshop. The

collected data are presented in Table 8.
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The workshop featured a number of workstations, and multiple stations performed work for
the same project at the same time. Because of that and given the limited resources of the
study, only a portion of the manufacturing could be tracked and logged. To compensate for
the shortcoming, the gathered data was extrapolated proportionally to the number of missed
working hours logged into the time tracking system. Extrapolated values are shown in Table

7.

The electricity consumption of the painting procedure was calculated. Direct measurements
were not conducted, and the results come from calculations based on technical specifications
of the equipment, job parameters, and paint shop dimensions. The main energy consumer is
arguably a heating unit that raises the paint shop temperature to a preselected target value.

Energy consumption of other equipment was considered negligible.

Table 8. Energy consumption of manufacturing processes in the workshop.

Recorded energy Extrapolated energy Proportion to
Work ) Coverage, % .
consumptoion (kWh) consumption (kWh) total, %
Grinding 6,13 14% 43,75 12
Drilling 0,02 14% 0,18 0
Welding (metal
12,19 14% 87,05 24
work)
Welding (final) 17,89 8% 223,61 63
Painting 3,02 100% 3,02 1

Proportionally to the total estimated energy consumption in the workshop, welding
comprises over half. If data is broken down further, contouring and longitudinal continuous
welds comprise over half of the total (marked as CW Figure 8). As workshop activities use
electricity from the same source, it implies that continuous welding is linked to the biggest

emissions in this group.
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Figure 8. Energy consumption of different manufacturing activities.

4.5 Assessing emissions from packing for transportation

Before being shipped to the customer, partially assembled machinery is placed into multiple
packages and onto multiple pallets for further transportation. Information on the packaging
came from packing lists representing how components and preassembled conveyors were
prepared for transportation. The list included information on the gross and net weight in kg

and packaging type: either package or pallet.

Firstly, net weight stands for the weight of the content excluding the weight of the packing
materials. Therefore, subtracting net weight from gross weight results in the weight of

packing materials.

Secondly, literature was used to assign materials and find their GHG intensity. Pallets were
constructed of wooden materials. For a Euro pallet, which is common in Europe, the carbon
footprint is 5 kgCO2eq. (Deviatkin et al. 2020, 3-4). Assuming a mass of 25 kg per pallet,
the Intensity per one kilogram is 0,2 kgCO-eq/kg.

High-density polyethylene (HDPE) was used as a material for packaging. Its GHG intensity

was considered (Franklin Associates 2020, 3) for corresponding calculations of GWP.
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Calculated GWP values for plastic packaging and for wooden pallets are given in Table 9

below.

Table 9. GHG intensity and GWP of materials for storage

GHG intensity
Storage and delivery Material GWP (kgCO2eq)
(kgCO2eq/kg)
Packing-Package Plastic (HDPE) 1,612 836,63
Packing-Pallet "Wood" 0,2 55,20

4.6 Electricity emission factors

Emission factors for electricity were taken from EEA (EEA 2024). Although all relevant

manufacturing activities for the studied case were conducted only in country-C, other regions

are also taken into account for later sensitivity analysis. The regions in question are of

interest as possible or historical alternatives to the locations of manufacturing. Emission

factors for electricity in the different countries are listed in Table 10 below. Country D is

commonly the region where metalwork, welding, and assembling are outsourced to when

orders surpass the company’s capacities.

Table 10. Emission factors of electricity in different regions (EEA 2024).

Emission intensity of produced

Country Unit
electricity
Country-A 167 gCO2eq/kWh
Country-B 8 gCO2eq/kWh
Country-C 64 gCO2eq/kWh
Country-D 621 gCO2eq/kWh
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4.7 LCA emission calculation

The results of calculating emissions are presented in this section. Emissions for the following
life-cycle stage and groups of activities are present proportionally and not in absolute values.

These percentages illustrate how the total footprint is distributed across different components

and production phases.

GWP distribution of the material acquisition phase is shown in Table 11 below. Steel plates
comprising the frame of conveyor sections and drive- and turn-ends constitute 48% of GWP
in this phase, being a major contributor. The next largest shares are steel chains (17%) and

wear bar (16%) made of special wear-resistant steel.

Table 11.Emission profile of raw material acquisition per component.

Component Material GWP
Steel plates (Frame) Mild steel 48 %
Wheels Mild steel 10 %
Chains Mild steel 17 %
Shafts Mild steel 4%

Wear bars Hardox steel 16 %
Sealing cords Fiberglass 0%
Paint coating - 5%

Table 12 shows how emissions are shared in the material transportation stage. Because a low
accuracy method was used to estimate emissions of road transport, and freight weight was
not taken into account, the length of the route affects the estimation drastically. As such,
wear bars, which are transported exclusively by HDVs account for 58% of transport

emissions. The next largest contributor is frame components with 31% of total GWP.
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Table 12. Emission profile of transportation of raw materials and semi-finished goods per

component.
Component Route GWP %
Steel plates (Frame) Country A — Country C - Country C 31%
Wheels Country A — Country C - Country C 4%
Chains Country A — Country C - Country C 5%
Shafts Country A — Country C - Country C 1%
Wear bars Country B — Country C - Country C 58 %

GWP distribution of the material acquisition phase is given in Table 13. Manufacturing of
chains accounts for 57% of GWP in this stage due to the potentially high energy density of
manufacturing. It must be noted that the estimation of energy consumption of chain
manufacturing is not backed up by reference data specific to the manufacturing of industrial
chains, and thus, there is a high risk of faulty assumptions. Chain wheels, which are
manufactured with water jet cutting, are the next largest contributors with 31% of the stage

emissions.

Table 13. Emission profile of manufacturing activities per component.

Component Material GWP %
Steel plates (Frame) Mild steel 7 %
Wheels Mild steel 31 %
Chains Mild steel 57 %
Shafts Mild steel 1%
Wear bars Hardox steel 3%

A distribution of total emissions across the considered components is presented in Table 14.
Frame’s steel plates had the largest contribution to the total GWP of a conveyor accounting
for 47% of emissions. The next largest groups are wear bars with 18% and chains with 17%.

Wheels accounted for 10% of total GWP. Steel shafts made only 7% of all emissions.
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Table 14. Emission profile from raw materials to manufacturing per component.

Component GWP %
Steel plates (Frame) 47 %
Wheels 10 %
Chains 17 %
Shafts 4%
Wear bars 18 %

Figure 9 shows a chart of the distribution of emissions sorted by lifecycle stages. This also
includes packaging and subdivides transportation into 2 groups (raw material transportation
and semi-finished goods). Raw material acquisition dominates the distribution and accounts
for almost 94% of total emissions. Raw material transportation, parts transportation, and
storage materials account for 2% each. All manufacturing activities account for less than 1%
of total emissions combined — in part, this can be attributed to the low GHG intensity of

electricity generation in the region of manufacturing.

Manufacturing
(own)
0,1%

Parts
transportation
1,9%

Storage
1,8%

Raw mateiral
93,6 %

Manufacturing
(contractors)
0,5%

Raw mateiral
transportation
2,2%

Figure 9. Distribution of emissions across the examined life-cycle of chain conveyors.
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4.8 Hot spot analysis

Table 15 summarizes the carbon footprints from all phases of chain conveyor production,
along with the total footprint for every separate component. The table allows comparison of
the phases across components and shows how the total carbon footprint of each component

is composed.

Table 15. Hotspot analysis. GHG emissions from various components of the conveyors are

grouped by stages of the product lifecycle.

Component Raw material Transportation Manufacturing Total
Steel plates (Frame) 48 % 31 % 7% 47 %
Wheels 10 % 4% 31 % 10 %
Chains 17 % 5% 57 % 17 %
Shafts 4% 1% 1% 4%

Wear bars 16 % 58 % 3% 18 %
Sealing cords 0% - - 0%
Paint coating 5% - - 4%

Steel plates for frames are the major contributors of emissions across the studied scope. They
constitute almost a half of all emissions from raw material stage, nearly 1/3 during
transportation and almost a half of total emissions. This makes them an obvious target of
optimisation and attempts to reduce design-related emissions. In this project, documentation
suggests that the steel was manufactured with a blast furnace with produce relatively high-
emission steel. Simple changes to something like electric arc furnace will lead to a significant
reduction in total emissions. It must be noted that Supply of EAF steel might be limited by
existing capacities of steel manufacturers. Finding steel alternatives with lower GHG
intensity will generally lead to major reduction of emissions, given high reliance on steel in

the design.

In terms of manufacturing, chains may be address as they demonstrate the largest share of
emissions in this stage. However, the methods of assessment and estimations were not
perfect and acquiring primary data from manufacturer is crucial to start with. Higher level

of validation is needed.
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Paints demonstrated surprisingly high relative emissions, given a significantly smaller

quantity in comparison to all other examined materials.

As can be seen from Figure 9 describing contributions of lifecycle stages to total emissions,
the majority - 94% - of the chain conveyor’s emissions is estimated to originate from
producing and preprocessing of raw materials. This emphasizes the importance of systematic
and careful materials selection and considered acquisitions, as any variation in raw materials
has a significant effect on the emission profile. This also means that remarkable emission
reductions can be achieved through relatively simple means: procure materials from
transparent suppliers with sufficient documentation available, and consider low-emission
alternatives to already used products. Using steel made with alternative methods may be a
good place to start as it is a major hotspot: the same manufacturer of mild steel claims that
steel made with electric arc furnace (EAF) instead of blast furnace has CO: intensity of just
0,6 tCOzeq/tonne — a reduction of over 70% compared to more conventional blast furnace

steel- while also having lower price (Supplier A 2020).

4.9 Sensitivity analysis

This section provides a perspective on alternative scenarios where one of the input conditions

is changed. Here, different steels and countries of assembly are considered.

Raw material and steel of the frames in particular were identified as major contributors to
the total GHG emissions of the studied chain conveyors. One option is to change how the
steel is manufactured. As it was mentioned, the used steel is produced with a blast furnace,
which is a COz-intense process. Supplier-A offers an alternative — an electric arc furnace
which is powered by electricity and thus has the potential of drawing energy from
sustainable, low-carbon sources. According to their Fact book, it would reduce emissions of
the material production to 0,6 tCO2eq/tonne (Supplier A 2020). Figure 10 shows the resulting
emission profile of the Cradle-to-Gate scope. The share of emissions from raw materials is

reduced to 86,4 % of the total.
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Figure 10. Distribution of Cradle-to-Gate emissions of the chain conveyor if EAF mild

steel 1s used.

Another alternative which might be of interest is advanced low-carbon emission steel, which
may be referred to as “Green steel” in marketing materials (SSAB n.d.). While it is marketed
as having very low associated emissions of 0,05 kgCO2eq/kg of steel, it must be noted that
this value is true when only scope 1 and 2 emissions are accounted for. Third-party
evaluations report that such steel has ghg intensity of 0,641 kgCO:eq/kg when scope 3
emissions are also added (SSAB Europe Oy 2025, 9). Changing to this option of mild steel
will lead to fewer total emissions associated with the studied chain conveyors, although the
result is similar to a change to EAF steel. Interestingly, it actually leads to lower emission
reduction than using EAF steel, as the latter has 0,061 kgCO.eq/kg lower GHG intensity.
Although a brisk review of methodologies has not pointed out noticeable differences, the
subject shall be scrutinized more in the future. Figure 11 below shows a new total emission

distribution.
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Figure 11. Distribution of Cradle-to-Gate emissions of the chain conveyor if so-called

“Green steel” 1s used.

Following Figure 12 demonstrates how the discussed changes in mild steel will affect
emissions from raw material preprocessing. Both alternative scenarios reduce the emissions

isolated to raw materials by over 50%.



59

120%
100%
80%
60%
44% 45%

40%

20%

0%
Original (BF) AEF "Green steel"

Figure 12. Total emissions from raw materials in different scenarios.

In the next scenario, a different location of manufacturing is considered to examine the
change in emissions from manufacturing. Mainly, a different GHG intensity of electricity
generation is taken into account. County-D, mentioned in Chapter 4.5, is considered for this
example as one of the largest manufacturing suppliers is located there. Manufacturing
emissions, which consist of emissions from consumed electricity, will scale proportionally
to regional GHG intensity. Thus, the emissions can be assumed to rise by 9,7 times. This
will increase their share in the total emission profile from 0,5% to 19,4%. Figure 13

visualizes a new distribution of emissions.
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Figure 13. Distribution of emissions across the examined life cycle of the chain conveyors,

manufacturing has moved to Country-D.

This is a significant increase in emissions of the product. However, if these emissions are
considered to be outsourced to a foreign manufacturer, moving it outside of own business
activities and thus into Scope 3, it allows to effectively reduce own Scope 1 and 2 emissions.
Such practice might be expected from some companies as demand for disclosing data on
own emissions increases while control over emissions of their supply chain is not

emphasized yet.
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5 Discussion

5.1 Key finding

Raw material acquisition was identified as the major contributor (94%) to overall emissions
of the product within the set Cradle-to-Gate scope, while all manufacturing activities account
for less than 1%. This result is in line with what was identified in an LCA by Liidemann and
others (2020, 89) if the use phase is not considered. While the Use phase was a major source
of GWP emissions, their “Up-Stream I”” phase, which included extraction and production of
raw materials for chain conveyors, accounted for more GWP emissions than other life cycle
phases. The dominance of raw materials can be explained by the high carbon intensity of
manufacturing of used steel, which was made with blast furnace, where coal is a primary
source of energy (Horvath 2013, 4), and the usage of low-emission electricity from

renewable sources is limited.

Mild steel components, such as steel plates of frames, and chains, contributed to the total
emissions the most and should be a priority target in emission reduction efforts. Steel
manufacturing is recognised as a hotspot, and alternative low-emission steel brands can be
considered if substantial emission reductions are to be pursued. It is estimated that changing
from blast furnace manufacturing powered by coal to a combination of hydrogen-based
direct reduced iron with the electric arc furnace route may drastically reduce emissions by
94% although there are still many challenges to solve (Guitar et al. 2025, 7-11). Nonetheless,

the steel components are a primary target for emission reduction efforts.

The frame components accounted for 47% of all emissions related to the chain conveyors,
and their manufacturing is often outsourced. At the same time, contribution of companies
own activities to the emission profile was under 1% and neglectable. This implies a need to
reinforce control over activities upstream the supply chain and deepen collaboration with
business partners. This may appear challenging given very low engagement amount
suppliers regarding their business activities and reporting and has to be addressed by supply

chain management.
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5.2 Research relevance

The assessment of environmental impacts and development of transparent reporting of
environmental performance remain highly important and timely areas of study. Increasingly,
both private and corporate customers base their purchasing decisions on sustainability
considerations (Jodo et al. 2024), making environmental protection a crucial factor for
market competitiveness. Governmental bodies place emphasis on transparency and
improvements in matters of sustainability (European Commission 2025). By extension, this
study makes a contribution to an effort to achieve a cleaner, safer, and healthier environment

and more resource-efficient business practices.

This study lays a solid foundation for future research by offering guidelines for carbon
footprint assessment using LCA and following the GHG Protocol, especially in the context
of industrial machinery. Both are well developed and cover a multitude of topics and
scenarios, and new researchers may need simpler guidance that is narrowed to a niche
problem. As such, it covers valuable tools for researchers and practitioners working in the
field of environmental impact assessment and enthusiasts who want to improve their
knowledge on the subject or, just like the author, aid a company in their efforts towards

sustainability improvements.

Examining the current state of conducting an environmental impact study is especially
valuable and timely for various companies in the industry today. With the rise of new
regulations, such as the EU’s Corporate Sustainability Reporting Directive, carbon footprint
reporting is becoming more common and, in many cases, mandatory. Stakeholders,
administrative bodies, and customers increasingly expect transparent information about an
organization’s environmental performance. Companies must be prepared to provide this

information when requested.

The findings also indicate that there is significant potential for improvement in the
production processes of chain conveyors and, given how in a way ordinary they are, of other
machinery from the process industry. If the ultimate goal is to achieve carbon neutrality,
both products and operations will need to undergo targeted enhancements. Future research
should therefore focus on identifying and testing practical measures to reduce emissions
across the value chain, ensuring not only compliance with regulations but also meaningful

contributions toward sustainability.
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5.3 Validity and reliability

It is important to note that many aspects data collection were compromised. Although efforts
were made to ensure the validity and reliability of this study, they cannot be fully assured
for all results. Due to the significant use of estimations and indirect sources of data, the

accuracy and credibility of all values cannot be definitively confirmed.

Lengths of subassemblies and their mass were derived from 3D models and not measured
from the actual equipment. Supplier did not provide information on inputs and outputs of
their processes, and it is unclear exactly how much material was received and used for
manufacturing of components, and exactly how much was sent further down the supply
chain. Manufacturing activities performed by suppliers are mainly based on general
estimations without insight into their equipment, workflow, and process efficiency.
Calculation of freight weight had to be largely estimated. Usage of direct first-hand increases

validity of the result and should be preferred.

This study relied on material certificates, which often combined groups of materials without
distinction for their future application, i.e., there in the final product they eventually used
and whether they were used at all. For example, raw materials for frames are acquired for a
manufacturing subcontractor and only laser-cut components are delivered for assembly.

These stages of manufacturing is not transparent.

Consequently, manufacturing electricity is mainly based on estimation and data from
literature. Even the electricity consumption of its own manufacturing processes is indirectly
measured and estimated, reducing the validity of the results. Direct measurements with, for

example, voltmeters shall be adopted and utilized more commonly.

Allocation of emissions is done based on mass after the total emissions of the project are
estimated. It was not directly measured but acquired from 3D models. Validity of the
allocation can be improved by improving the granularity and traceability of components and
what activities they are involved in through the cradle-to-gate steps of the product life cycle

will increase the accuracy of allocation and improve validity.

However, attempts were made to constrain the study to traceable and reliable sources of data
— e.g., public reporting by suppliers, guidebooks by EU-associated bodies, etc. - and limit

the number of instances when data is brought from questionable internet sources. It is
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considered likely that suppliers would have used similar sources of emission factors and
methodologies of assessments, which hypothetically narrows the discrepancy between the
actual results and what could have been expected from the direct responses from the supply

chain participants.

Reliability of the data collected from manufacturing through measurements is supported by
multiple repetitive measurements of similar manufacturing processes and assessment of
mean and median values of energy intensities. Outliers due to possible measurement errors
are considered and excluded. On a larger level, multiple production units were assessed to

increase the sample size.

A significant pain point of the study was the coverage of manufacturing activities at Laitex.
While the study was organised around a particular project and related manufacturing
activities, only about 12% of them were tracked and directly measured. The author
extrapolated the collected data based on the ratio between the sum of the duration of
measurements and the actual total time logged for the project completion. This implies large
uncertainty of the projected data. Despite that, in the context of the end results, it would not
significantly alter the composition of emissions, given the dominance of raw materials in the

emission profile.

At the same time, if emission-related data come directly from a producer of said emissions,
the reliability of the data may be questioned as it is often in their interest to purposefully
diminish claimed emissions of their business activities and products to appear more

‘sustainable’

It is important to recognize the current situation in the industry. Low participation rates
among supply chain partners suggest a rather disparaging attitude towards the topic of
sustainability and CSR. It may be due to personal opinions or a mix of technical and
economic factors; nonetheless, it can be interpreted as an effort, and the skills required to
produce high-quality and high-reliability reports and data are in deficit. Additionally, with
wider adoption of CSR and cultivation of skills required for it across industries, obtaining

data may become a significantly simpler and quicker process.

In regard to the validity of the used emissions factors, it must be noted that in all calculations,
the year of economic activities and the applied emission factors do not match. In some cases,

it is due to newer factors not being published yet, as large-scale measurements, calculations
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and subsequent reporting take time. In other cases, a decision was made that even older

factors would yield sufficient results.

5.4 Generalization of results

This study provides a solid foundation for conducting LCAs or an environmental impact
analysis. It offers practical guidelines on emissions calculations/ estimation and advice for
data collection, emphasizing the need for consistent and comparable data in environmental
impact assessments. The core of the approach is based on common practices and will persist
across various scenarios. The study delivers valuable guidance for assessing the
environmental performance of an industrial product, not only within the context of chain

conveyors.

During the research, several challenges and errors were encountered—issues likely common
across many LCA studies, especially in the context of the industry and smaller and medium-
sized undertakings. One of the goals of the study is to identify common shortcomings and

propose possible solutions or at least ways to mitigate them.

However, the results of carbon footprint analysis have only limited generalizability. Firstly,
absolute emission values are not disclosed, as well as other information that was deemed
confidential. Secondly, changes to any of the components — even in details such as the ratio
of renewable energy in the grid or the location of a supplier — can significantly alter the
emissions profile of the product. Liidemann’s assessment of a chain conveyor system (2020)
demonstrated a different breakdown of materials utilized in the design, with a significant
portion of plastic materials, as well as considerations for the drive components — a balanced
comparison of the designs is challenging. As a result, implications and areas for potential
improvements can change as well. Each unique scenario, therefore, needs to be assessed

individually.
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5.5 Development recommendations

The inventory preparation lays the foundation of the work that follows. To ensure high
quality and effective control in data collection, companies should develop a data
management plan that documents the details of GHG inventory process as well as the related
measures of quality assurance and quality control. It will enable a more streamlined

preparation of the inventory at all stages.

The study identified a problem of low engagement in reporting initiative across members of
the supply chain. Laitex addressed a voluntary survey covering matters of sustainability and
basic business performance to its largest suppliers. Without disclosing the names of the
companies nor their number, the majority of the recipients of the survey showed no response,
and a minority responded with an explicit refusal to participate in the survey. Laitex shall
integrate the evaluation of suppliers’ transparency into supply chain management practices,
including but not limited to prioritising business relationships with reporting companies,
encourage or require them to measure and report their GHG emissions, communicate own
reduction targets to the suppliers to stimulate long-term development, consider conducting
targeted audits of suppliers. Supplier’s readiness to participate in sustainability reporting
shall be introduced as a KPI of supply chain management with relevant training for the

responsible personnel.

Development of the PLM system to enable more effective tracking of used materials (now,
separately archived PDF material certificates and invoices) and purchased works (now,
separate PDF invoices) which can be grouped by devices and even specific parts, instead of
by projects. In many cases, project folders contain tens of devices with components and
works ordered from different subcontractors at different times for different assemblies. The

lack of clarity leads to inaccuracies and guessing when tracing scope 3 emissions.

While the share of emissions from manufacturing was estimated to be negligibly small, these
values should be critically evaluated and confirmed with reassessments due to their low
reliability caused by significant challenges during the data collection process. Production
facilities can be equipped with modern production units with IoT capabilities to efficiently
monitor and collect relevant manufacturing data, such as. real-time energy consumption.
Means of measuring gaseous emissions from manufacturing activities, e.g., welding, flame

cutting, are needed. Access to winding of manufacturing machinery can be improved to



67

facilitate direct measurements. It would be even better if activity at a workstation could be
automatically linked to a work number, hence a specific product. Production supervisors
should be trained to use software and hardware tools to collect necessary production data

and facilitate their work.

Additionally, actions can be taken to enhance transparency in procurement. During this
study, it was identified that it was not always possible to distinguish the destination devices
of purchases made for entire projects. Nor was it possible to efficiently track materials'
origins when material certificates originated from a manufacturing subcontractor who had

purchased several billets of raw materials at the same time.

5.6 Grounds for future research

The main limitation of this work is its cradle-to-gate scope. Expanding it to a cradle-to-grave
assessment, i.e., including the usage and end-of-life stages, would provide a more
comprehensive picture of the chain conveyor’s total carbon footprint. Both the operational
phase and waste management at the end of the conveyor’s life can account for a significant
share of its environmental impact, especially considering its size and involvement in energy-
dense applications. Future research should therefore investigate emissions generated during
customer use under different scenarios, how to measure and allocate emissions related to its
usage, how to account for indirect emissions related to industrial systems into which the
conveyors are integrated, how to account for equipment that remains in use outside of its
rated lifespan (which is a common practice), what recycling options are possible and
economically feasible, and, perhaps, how to address responsibility for recycling of such

equipment.

More components of the chain conveyor should be included in future studies, as this thesis
was limited mainly to key components. The future works can use the framework outlined by

this thesis as a foundation.

Measurement activities within this study were primarily focused on collecting data on the
electricity consumption of manufacturing equipment while ignoring other inputs such as tool
(and their wear), lubricants, welding gases, etc., and yield rates. The latter were omitted from

considerations due to insufficient sample sizes (only one case of “scrapping” a part was
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recorded) and a lack of primary information from manufacturing suppliers. Future research

can include these items for consideration.

A large area of potential research is the design for recyclability. Similarly to how machinery
is designed for manufacturing and assembly, designers may consider methods and practices
that would streamline and increase handling and yield efficiency of recycling of the
conveyor. This may involve research on material selection, manufacturing, and design
technical, etc. This is especially relevant within the framework of a circular economy, where

efficient material reuse, energy savings, and reduced emissions and wastes are crucial.

Furthermore, this study excluded many standard aspects of LCA. In particular, the Life
Cycle Impact Assessment (LCIA) phase may include several impact categories beyond
climate change, such as acidification and ecotoxicity. For example, in the context of
machinery for the process industry, surface treatment may play a crucial role, and one of the
techniques — pickling — involves the usage of large volumes of solutions containing acid,
which are of obvious importance in assessing soil acidification. Future work should
incorporate these additional categories to provide a more accurate representation of the

product’s overall environmental impact.

Hotspot reduction strategies can be further studied. Investigating alternative recycled and/or
zero-carbon materials, especially for the major components such as frames and chains,
improved manufacturing methods, and optimizing collaboration across the supply chain can
enable major cuts in emissions. Additionally, future research may contribute to streamlining
quantification and communicating potential decreases in carbon footprint as well as involved
financial costs or savings of these sustainability-oriented changes, as, after all, the machinery
is produced and purchased by profit-oriented undertakings and analytics is vital for

successful business.
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6 Conclusion

The topic of environmental sustainability is gaining popularity in the European business
environment, in part due to EGD, the latest legislation aiming at improving transparency and
reporting of emissions from business activities. CER grows into an important factor of doing
business and sustainability reporting, attracting increasing attention. The methodologies are
still being discussed, and the matter requires significant investment into spreading
knowledge and cultivating relevant skills. Studies on various products are required to
identify gaps in knowledge, internal process to be improved, and hotspots for future efforts

of emission reductions.

The study aimed to assess the carbon footprint of chain conveyor production using Life
Cycle Assessment (LCA) and GHG Protocol methodologies. Its objectives were to
determine how emissions are distributed across the various production stages and conveyor
components, and to identify the stages with the greatest environmental impact. Additionally,
the research sought to examine the calculation process, clarify the data and information
needed for such an analysis, and evaluate the company’s ability to perform it. The study
achieved all its goals, pinpointing emission hotspots and suggesting ways to improve
environmental performance. It also improved understanding of how to conduct an emission
assessment, clarified the company’s current knowledge of environmental factors, and
provided a strong basis for further evaluation. While a number of gaps and challenges

remain, the necessary information and actions have been identified.

The raw material processing phase was identified as the largest source of emissions for the
assessed designs with structural mild steel, which is used in the manufacturing of the frames,
covers, chains, chain wheels, and shafts — most of the conveyor’s components, being the
main contributor. Significant reduction in total emissions can be achieved by changing to
steels with a lower carbon footprint. Considering that such steel is commonly used for similar
components across various machinery in processing industries, the lower GHG intensity of

raw material will lead to a major reduction in the carbon footprint of the industry.

Material choice, manufacturing location, and transportation method can significantly affect
a product’s emissions, and when these impacts are understood, they are more likely to be

considered carefully. This study, addressing the challenge of limited data on environmental
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aspects of business activities across one’s supply chain, provides concrete examples of how
individual product decisions influence environmental outcomes, creating a foundation that
enables the development of more sustainable products while contributing to environmental

protection and better awareness of sustainability issues.

The main challenges of this study were limited primary data coming directly from relevant
suppliers, tight scheduling for collecting manufacturing data, and limited resources to
conduct measurements. Significant efforts are required from all parties to raise awareness
about the importance of environmental issues and to improve participation in future

assessments.

Future research shall expand on the provided foundation and focus on implementing data
that was missing in this study. The scope of LCA should be expanded to include usage and
end-of-life phases, and more components of the product should be examined. Data quality
should be improved by increasing the share of data coming directly from a responsible

member of the supply chain.
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Appendix 1. Custom code to convert XML logs of welding activity to excel spreadsheets

import os, glob
from openpyxl import Workbook, load workbook

import xml.etree.ElementTree as ET
from pathlib import Path

from statistics import mean

import numpy as np

def param reset (var list):

for i in range (len(var list)):
try:

var list[i] = None
except TypeError:
pass

ts handler (tsinput) :

indexT = tsinput.find ("T")
date str = tsinput[:indexT]
time str = tsinput[indexT +
return date str, time str

duration calculator(start, end):
from datetime import datetime, date

start date str, start time str = ts handler (start)

end date str, end time str = ts handler (end)

time start = datetime.strptime (start time str, '%H:%M:

time end = datetime.strptime (end time str, 'SH:$M:%S.%

duration = datetime.combine (date.today (), time end) -
datetime.combine (date.today (), time start)

return duration

class Sample:

def ( , date, time, weldingvoltage,
weldingcurrent, wirefeedspeed,
wirefeedercurrent,
weldingvoltagecompensated) :
.date = date
.time = time
.weldingvoltage = weldingvoltage
.weldingcurrent weldingcurrent
.wirefeedspeed = wirefeedspeed
.wirefeedercurrent = wirefeedercurrent
.weldingvoltagecompensated = weldingvoltagecompensated
try:
.welding power =
round ( .weldingvoltage* .weldingcurrent, 1)




except (TypeError, AttributeError):
pass
try:
.welding energy = round ( .welding power*
except (TypeError, AttributeError):
pass

def write to excel (input mat, destination file, sheet name='Sheet

try:

wb = load workbook (destination file)
if sheet name in wb.sheetnames:
sheet = wb[sheet name]
else:
sheet = wb.create sheet (sheet name)
except FileNotFoundError:

wb = Workbook ()
sheet = wb.active
sheet.title = sheet name

= wb.active

next row = sheet.maxirow

for row index, row in enumerate (input mat, =1):
for col index, value in enumerate (row, =1):
ws.cell ( =next rowt+row index, =col index,
=value)

wb.save (destination file)
print (f"Data written to {destination file} at sheet '{sheet name}'
starting at row {next row}")

= wb.active

def write list to excel (input mat, destination file,
sheet name="'S

try:

wb = load workbook(destination file)
if sheet name in wb.sheetnames:
sheet = wb[sheet name]
else:
sheet = wb.create sheet (sheet name)
except FileNotFoundError:

wb = Workbook ()

sheet = wb.active
sheet.title = sheet name

wb [sheet name]




next row = sheet.max_row

for col index, value in enumerate (input mat,
ws.cell ( =next row+l, =col index,

wb.save (destination file)
print (f"Data written to {destination file} a
starting at row {next row}")

= wb.active

def try mean (lst):
try:
return round (np.mean (lst),
except TypeError:
for ii in range(l, len(lst)):
if 1st[ii] is None:
lst[ii] = 1st[ii - 1]
print (lst[ii])
return round (np.mean(lst),

remove none and calculate energy and power (mat) :

for ii in range (0, len(mat[0]) - 2):
try:
checked row = ([row[ii] for row in mat])
for jj in range (0, len(checked row)):
if checked row[Jjj] is None:
checked row[jj] = checked row[j] - 1]

mat[jj][1i] = checked row[jj - 1]
except IndexError:
print ("IndexError exc

for entry in mat:

if len(entry) < len(mat[0]):
entry power = round(entry[2] * entry[3],
entry energy = round(entry power * 0
entry.append (entry power)
entry.append(entry energy)

main () :

folder path = Path( file ) .parent

parent folder = folder path.name

output file name = parent folder+".xlsx"

print (f"folder path is {folder path}.\nThe
{parent folder}, the output file is going to b
{output file name}.")

file extension = '*




files = glob.glob (os.path.join (folder path, file extension))
print (f"{len(files)} files are being parsed through.")

for file in files:

tree = ET.parse(file)
print (f"Reading {ET.QName (file)}")
root = tree.getroot ()

list ()
list of samples list ()

exception param ss", "memorychannel",
weldingprogramnumber", "cablelength wisepenetration",

"

found timestamp = sample.get ("timestamp")
sample date, sample time= ts handler (found timestamp)

for value in sample.findall ("value") :
found parameter = value.get ("parameter")
if found parameter in exception param:
pass
else:
if found parameter == "weldingvoltage
wv = float (value.
elif found parameter
wc = float (value.
elif found parameter Wi
wfs = float (value.text)
elif found parameter == "wi
wfc = float (value.text)
elif found parameter == "weldingvoltagecompensat
wvc = float (value.text)
else:
print (f"Unexpected paramter {found parameter}
been encountered")
found sample = Sample (sample date, sample time, wv, wc, wfs,
wfc, wvc)
params = [wv, wc, wfs, wfc, wvc]

list of samples.append(found sample)
param reset (params)
wv, wc, wfs, wfc, wvc = params

matl = []

for inst in range (0, len(list of samples)):
matl.append(list (vars (list of samples[inst]) .values()))

remove none and calculate energy and power (matl)




summary date = matl[O0] [O]

summary start time = matl[O0] [1]

[ for row in matl])

mean weldingvoltage = try mean w
w([3] r row in matl])
[
[
r

([ro
mean weldingcurrent = try mean([ro
mean wirefeedspeed = try mean([row[4] for row in matl])
mea row[5] for row in matl])
= \

y mean([row[6] for row in

mean wirefeedercurrent = try | n
meaniweldingvoltagecompensated

o
t

mean welding power = try mean([row[7] for row in matl])
consumed energy = sum([row[8] for row in matl])
process duration = (str(duration calculator (matl[O][1], matl[-

summary list=[summary date,summary start time,mean weldingvoltage,mean we
ldingcurrent,mean wirefeedspeed,

mean wirefeedercurrent,mean weldingvoltagecompensated,mean welding power,
consumed energy, process duration]

write to excel(matl, output file name,
='Data from XML')
write list t excel(summaryilist, output file name,

o)
='Summarsy )
a1

7Eain(yi
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