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Abstract:

This Master’s thesis investigates the utilization
and implementation of LCA for determining
significance for the Danish company Hydrema’s
environmental management system and ESG
reporting. Hydrema is 1SO 14001 certified, but
got a deviation on missing life cycle perspective
and product orientation in their determination
of significant environmental aspects during their
last audit. Therefore, LCA is chosen as a tool
to help Hydrema identify which environmental
aspects in a life cycle perspective might be
relevant for them to work further with. The
implementation of LCA is afterwards analyzed
using theoretical terms, like institutional logics,
relational data collection, etc., with data inputs
from interviews with both employees at Hydrema
and auditors from Bureau Veritas. Lastly, the
usability of LCA for Hydrema, and the possibility

of LCA aiding in significance determination will

be discussed.
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Summary

Dette kandidatspeciale er skrevet pa kandidatuddannelsen 'Civilingenigr med speciale i
miljgledelse og baeredygtighed', og er lavet i perioden fra 1. februar til 28. maj. Specialet er skrevet
i samarbejde med den danske virksomhed Hydrema, som producere og seelger entreprengrmaskiner
til hele verden. Problemet undersggt i dette speciale er opfanget gennem et praktikophold og
projekt pa 9. semester, hvor der blev observeret at Hydrema oplevede problematikker i forhold
til forskellige aspekter af deres miljgarbejde, herunder bestemmelse af vaesentlighed til deres
miljgledelsessystem og ESG rapportering. Hydrema er miljgledelsescerti ceret i forhold til
ISO 14001 standarden, samt star overfor krav om at rapportere pa ESG i fremtiden. Til
Hydremas sidste audit k de en afvigelse pd mangel pa betragtning af livscyklusperspektiv i deres
bestemmelse af vaesentlige miljgforhold. | forbindelse med ESG rapportering har medarbejdere
hos Hydrema udtrykt problematikker i forhold til bestemmelse af veesentlige scope 3 kategorier.
Gennem en struktureret litteraturgennemgang kunne det konstateres at livscyklusvurderinger
(LCA), kunne bruges som veerktgj, bade i forhold til bestemmelse af miljgforhold, som ecodesign

veerktgj og til miljgdelen af ESG rapportering.

Pa baggrund af dette er fglgende problemformulering valgt at arbejde videre med:

Hvordan kan LCA hjeelpe Hydrema med at vurdere veesentlighed i deres miljgledelsessys-

tem og ESG rapportering?

Med dertilhgrende underspgrgsmal:

1. Hvordan opfatter Hydrema LCA, og hvordan kan denne forstaelse informere den praktiske
implementering internt i virksomheden?

2. Hvad er mulighederne og begraensningerne ved at implementere LCA hos Hydrema?

For at svare pa problemformuleringen, er der udfgrt en LCA pa alle Hydremas maskiner. Den er
lavet ud fra en grundig analyse af en stykliste for en af Hydremas maskiner. Ud fra styklisten er
maskinen blevet opdelt i moduler, som efterfglgende har faet hver deres skaleringsfaktor. Pa
denne made er maskinen blevet skaleret til alle Hydremas andre maskiner, s det pa denne

made er muligt at fa et indblik i hvordan de forskellige maskiner performer. Resultaterne fra
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LCA analysen er blevet brugt til at kigge ind i hvordan Hydrema kan bruge disse resultater,
samt hvordan en implementering af LCA i Hydremas miljgledelse kunne gavne dem, samt hvilke
udfordringer der er. Analysen af implementering af LCA i Hydrema er bakket op af interviews
med bade medarbejdere fra Hydrema, samt auditarer fra Bureau Veritas, og teoretiske termer

identi ceret i den fremstillede teori.

Ud fra analyserne kunne det ses at de maskiner med de stgrste emissioner var de store dumpere,
samt hjulgraverne. Det kunne ogsa ses at brugsfasen er essentiel i forstaelsen af pavirkningen fra
Hydremas maskiner, fordi den forbreendte diesel udggr stgrstedelen af udledningerne gennem
hele produktets levetid. | produktionen af maskinen er det primaert materialerne stal, aluminium
og gummi der bidrager mest til miljgpavirkningen, som blandt andet er primeere materialer i

maskinernes motormoduler, chassismoduler og hjulmoduler.

LCA kunne veere behjeelpelig for Hydrema, ved at den kunne fungere som et identi kationsveerktgj
der kan vaere med til at papege hvilke miljgforhold i produkternes livscyklus der vil give mening
at arbejde videre med. LCA vil ogsa kunne veere behjeelpelig med at identi cere hvilke scope 3
kategorier, til ESG rapportering, der vil veere relevante. Dog vil en implementering kreeve at
medarbejderne hos Hydrema forstar resultaterne fra LCA'en for aktivt at kunne anvende dem i

fremtidigt miljgarbejde.
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Introduction

This Master's Thesis takes the point of departure in an internship and project carried out in the
9th semester at the company Hydrema. That project brie y touched upon the challenges Hydrema
has met in its environmental work, regarding its environmental management certi cation and
coming environment, social, and governance (ESG) reporting. This led to a solution with a
simple life cycle assessment (LCA) model, to help them identify a baseline on their emissions,
that they would be able to use in their environmental work. When nishing the project in the
9th semester, | thought that this project could be done more comprehensively, to be able to help

Hydrema even more.

In recent years there has been a heightened focus on the environment, and global warming
and climate change will need to be taken care of to keep the global temperature from rising
above 1,5 degrees over the pre-industrial level [United Nations, 2025]. This is anchored in the
Paris Agreement which was agreed on by 195 parties at the 2015 Climate Change Conference
(COP21) [United Nations, 2025]. In Denmark, there has also been a heightened focus on the
environment. A sector that has been subject to new requirements is the construction sector [Social-
og Boligstyrelsen, 2025]. Here a new national strategy for sustainable construction was adopted
in 2021, which amongst other things set requirements on documenting the climate footprint of
buildings by phasing in LCA [Social- og Boligstyrelsen, 2025]. However, there can be detected a
gap in the Danish building regulations according to Kim Haugbglle who is a senior researcher
at Aalborg University [Dagens Byggeri, 2024]. He states that even though the construction
machines are widespread across construction sites there are no climate calculations on them.
He also states that even though the building regulations climate requirements are becoming
tighter on the construction sites, there are no speci ¢ requirements on the machines, which makes
them invisible in the total climate accounting [Dagens Byggeri, 2024]. Because of the heightened
focus on LCA in the construction sector, and the lack of such requirements on the construction
machines used in the construction sector this Master's thesis is focused on the construction

machine company Hydrema, and their problems with their environmental work.
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The problem that this Master's thesis will work with is primarily the determination of signi cance

for Hydrema. This problem has occurred for Hydrema because they are environmental
management certi ed in accordance with ISO 14001:2015 standard, and have previously gained
deviations in their determination of signi cant environmental aspects. Another reason why this
problem is relevant for Hydrema is because they are obliged to report on ESG, which is based
upon a double materiality assessment, where they are only obliged to report on the aspects that

they have assessed as being signi cant for them.




Problem Analysis

2.1 Hydrema

Hydrema is a large Danish family-owned company that produces mid-size earth-moving equipment,
with around 600 employees and a yearly turnover of around EUR 175 million [Jensen, 2024].
Hydrema was founded in 1959 by Kjeld Werner Jensen in Aalborg, with a vision for innovative
hydraulic construction equipment [Hydrema, 2024a]. Hydrema is a global company with many
subsidiaries, which accounts for both sales/service centers in multiple countries, production in
the military sector, and investments in renewable energy [Jensen, 2024]. Hydrema has production
sites both in Stavring in Denmark and in Weimar in Germany [Hydrema, 2024a]. In 2000 the
company changed leader and owner, to the founder's son, Jan Werner Jensen, who still owns the
company today [Hydrema, 2024a]. Hydrema's sites have been expanded to ensure continuous
development of product lines is possible because they want to make sure that they can meet future
demands [Hydrema, 2024a]. Hydrema produces three types of machines, in multiple sizes. They
produce dumpers, backhoe loaders, and excavators, which can be seen on Figure 2.1 [Hydrema,

2024c).

Figure 2.1. The three types of machines that Hydrema produces, dumpers, backhoe loaders, and
excavators (Own production, based on [Hydrema, 2024c])

Hydrema has four core values: Flexibility, Drive, Engagement, and Energy [Hydrema, 2024d].
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Hydrema aims to be able to adapt to changing markets, as well as customize its products to its
customers [Hydrema, 2024d]. Hydrema's drive is anchored in its innovation culture, where they
are constantly searching to optimize its work processes [Hydrema, 2024d]. Hydrema is dedicated
to ensuring its nished products are of the highest quality [Hydrema, 2024d]. Hydrema's energy
is channeled into making continuous improvements, and they are dedicated to making sustainable

partnerships with its customers [Hydrema, 2024d].

Hydrema is certi ed by three International Organization for Standardization (ISO) standards,
9001:2015, 14001:2015, and 45001:2018 [Hydrema, 2024b]. 1ISO 9001:2015 is a quality management
standard, which aims at getting companies to commit to quality by improving their performance
and meeting their customer demands [International Organization for Standardization, 2015c].
An important aspect of the standard is that it sets requirements for the companies to de ne
how they are establishing and continuously improving their management system [International
Organization for Standardization, 2015c]. ISO 45001:2018 is an occupational health and safety
management standard, which comes with a framework on how companies should manage risks
and improve their health and safety [International Organization for Standardization, 2018]. ISO
14001:2015 is an environmental management standard, which sets requirements for companies
to continuously improve their performance on the environment [International Organization for
Standardization, 2015b]. The following section will go more into depth with the ISO 14001:2015

standard, as well as describing Hydremas environmental management system.

2.2 Environmental management system

Hydrema has been certied by the 1ISO 14001:2015 standard since 2022 [Hydrema, 2024b].
The ISO 14001 standard aims for companies to adopt a systematic approach to environmental
management to be able to contribute to sustainable development [International Organization for
Standardization, 2015a]. The standard provides a framework for protecting the environment and
speci es requirements for the certi ed companies [International Organization for Standardization,
2015a]. The standard is based on the Plan-Do-Check-Act (PDCA) model, which is the basis
for how companies can continuously improve their environmental performance [International
Organization for Standardization, 2015a]. The management system has the aim of being able
to provide information on for example protection of the environment by being able to prevent
signi cant environmental impacts, increasing the environmental performance, and controlling

the way the company's products are for example designed and manufactured using a life cycle




2.2. Environmental management system Aalborg University

perspective to minimize burden shifting [International Organization for Standardization, 2015a].
The standard is based on the environmental aspects of a company's products and activities that
the company is able to in uence or control in a life cycle perspective [International Organization
for Standardization, 2015a]. An important aspect of an environmental management system is
the determination of the environmental policy, which should suit the scope of the environmental
management system, and contain a structure on setting the company's environmental objectives
and a commitment to protecting the environment [International Organization for Standardization,

2015a].

A part of the standard that Hydrema clearly expressed challenges with, during the internship on
the 9th semester, is the determination of signi cant environmental aspects, which is point 6.1.2
in the standard [Hydrema Employees, 2025]. This point speci es that the organization shall
determine the environmental aspects of its activities, products, and services that it can control
and those that it can in uence, and their associated environmental impacts, considering a life
cycle perspective [International Organization for Standardization, 2015a]. They will then have
to determine those aspects that potentially have a signi cant impact on the environment, with
established criteria for deciding the signi cance [International Organization for Standardization,
2015a). When using a life cycle perspective, the company will have to take the di erent life
cycle stages into account, which is de ned by International Organization for Standardization
[2015a] as: raw material acquisition, design, production, transportation/delivery, use, end-of-life
treatment and nal disposal . A challenge related to the determination of signi cant environmental
aspects is the establishment of environmental objectives because they have to take the signi cant
environmental aspects into account [International Organization for Standardization, 2015a]. In
the spring of 2025, Hydrema has been undergoing a recerti cation of its management system.
During the audits, Hydrema got a deviation on their determination of signi cant environmental
aspects because they did not take the life cycle perspective into account in their mapping.
Another thing related to this deviation is that their mapping of environmental aspects lacked
some quantitative numbers and clear criteria for their determination of which environmental

aspects were deemed signi cant.

Hydrema's environmental objective is to make sure that they are developing and producing
machines with a long life cycle perspective and that the machines they are developing are impacting
the environment less [Jensen, 2024]. This objective is anchored in Hydrema's environmental

policy, which is as follows:

Comply with existing legal requirements and relevant authority requirements
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Actively participate in sustainable development and cleaner technology under consideration
of the economically responsible

Ensure that we develop, produce, and service machines with a long life cycle perspective
Aspire to develop and produce machines with lower consumption and thereby impact the
environment less

Register and list potential measures for environmental improvements that are prioritized
and assessed based on determined technological, economic, and environmental aspects
Actively reduce the number of suppliers and chemicals that are used in Hydrema Group
Take an active and open attitude towards information, knowledge, and dialogue with relevant
stakeholders

Inform, educate, and motivate employees to ensure that we live up to the demands in the

policy, objectives, and action plans [Jensen, 2024].

2.3 ESG reporting

The ISO 14001 standard is voluntarily adopted by Hydrema, however, they are also subject to
environmental requirements from the authorities. A requirement that Hydrema is facing is that of

a sustainability report, which is determined in the Corporate Sustainability Reporting Directive
(CSRD) [European Commission, 2025a]. Hydrema is initially a ected by this directive from
2025 and will have to publish its report in 2026 because they are a large company [Worldfavor,
2023]. This directive entered into force at the start of 2023 and is a part of the European
Green Deal [European Commission, 2025a]. It aims at stakeholders being able to evaluate
the companies' performance on sustainability parameters [European Commission, 2025a]. The
companies that are a ected by the directive will have to make their reports in accordance with
the European Sustainability Reporting Standards (ESRS), which is developed by the European
Financial Reporting Advisory Group (EFRAG) [European Commission, 2025a]. The ESRS
speci es the information on sustainability that the a ected companies of the CSRD will have to
report in [European Union, 2023]. It speci es the information that the a ected companies will
have to report on their material impacts, risks and opportunities in relation to environmental,
social, and governance sustainability matters [European Union, 2023]. Environmental, social,
and governance reporting will henceforth be referred to as ESG reporting. In ESG terminology,
the term material is essential and is, in this case, synonymous with the term signi cance ,
which will be used henceforth in this project to streamline the language used. In February of

2025, the European Commission, however, released an omnibus proposal that aimed at reducing
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the requirements from the CSRD [European Commission, 2025b]. This proposal wants to reduce
the requirements by making the only a ected companies the ones with more than 1000 employees
and postponing the time of the reporting requirements by two years [European Commission,
2025b]. This means that Hydrema would have to report from the nancial year of 2027 instead
of 2025, however, they might avoid the requirements totally if they agree on the part of only
having the requirements for companies with more than 1000 employees. Even though Hydrema's
requirements have been postponed with the possibility of being removed, they have decided to
carry on the work with their ESG reporting, which they have already been started, and therefore
they will release information on ESG in their annual report from 2025 [Hydrema Employees,

2025].

The companies a ected by the CSRD will have to report on the minimum disclosure requirements
of the ESRS as well as the subjects that the company has assessed as being signi cant through
their double materiality assessment [European Union, 2023]. The double materiality assessment
is used to identify the signi cant impacts, risks, and opportunities of the company, which they
henceforth will need to report on in their ESG report [European Union, 2023]. The double
materiality assessment contains impact signi cance and nancial signi cance, and a sustainability
subject can be assessed as signi cant if it meets the criteria for either of them or both [European
Union, 2023]. This assessment is a starting point for a company's work with their ESG reporting
because it identi es the things that the company will have to report on, based on what is
deemed signi cant for the company [European Union, 2023]. The signi cant impacts, risks, and
opportunities will have to be identi ed in the whole value chain of the company, meaning both
upstream and downstream, which is a ected by the direct and indirect business relationships of

the company [European Union, 2023].

A part of the reporting requirements that Hydrema expressed as being a challenge was the
calculation of their scope 3 emissions. The companies a ected by the CSRD will have to report
their scope 1, scope 2, and signi cant scope 3 emissions [European Union, 2023]. Scope 1
emissions are the direct emissions from the company, scope 2 emissions are the indirect emissions
from the company that originate from the consumed energy, and scope 3 emissions are the indirect
emissions that occur in the upstream or downstream value chain of the company [European
Union, 2023]. The requirements on reporting on the company's scope 1 and 2 emissions are
applicable from the rst year of reporting, and the requirement on reporting on the signi cant
scope 3 categories is applicable from the second year of reporting, for companies that are not

exceeding 750 employees [European Union, 2023]. Because Hydrema has around 600 employees,

11
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they are a ected by the requirement for their ESG report to be published in 2027. The signi cant
scope 3 emissions are based on the scope 3 categories that are assessed as being signi cant for

the company [European Union, 2023]. There are 15 categories of scope 3 emissions:

. Purchased goods and services

. Capital goods

. Fuel- and energy-related activities

. Upstream transportation and distribution
Waste generated in operation

. Business travel

. Employee commuting

. Upstream leased assets

© ©® N O U A W N R

. Downstream transportation and distribution

[EEN
o

. Processing of sold products

[EEN
[N

. Use of sold products

[EEN
N

. End-of-life treatment of sold products

[EEN
w

. Downstream leased assets

[EEN
NN

. Franchises

[EEN
a1

. Investments [Greenhousegas protocol, 2011]

2.4 Incorporation of environmental aspects in product design

As stated in Section 2.2, Hydrema will need to look at the environmental aspects of their products
using a life cycle perspective. A way that a company can consider its products' environmental
aspects using a life cycle perspective is through the incorporation of the environmental aspects
into the design or the redesign phase of their products, which can also be referred to as
ecodesign [International Organization for Standardization, 2020]. Ecodesign is a systematic way
of considering the environmental aspects in product development, aiming to reduce negative
impacts [International Organization for Standardization, 2020]. Ecodesign can become an
integrated part of a company's ISO 14001 environmental management system, which can create
the advantage of identifying product-related environmental aspects and impacts in each life cycle
stage and being able to use it in the development of the products [International Organization
for Standardization, 2020]. The integration of ecodesign in a company's environmental

management system is standardized in ISO 14006:2020, which describes guidelines for the

12
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implementation [International Organization for Standardization, 2020]. Ecodesign can be a
method for identifying opportunities and risks in the design or redesign phase, which can be
relevant when choosing to mitigate or reduce negative impacts [International Organization for

Standardization, 2020].

On the 18th of July 2024 the 'Ecodesign for Sustainable Products Regulation' (ESPR) entered into
force, which aims at improving the EU market's products' sustainability [European Commission,

2024]. This can be done by enhancing the products' energy performance, circularity, durability,
and recyclability [European Commission, 2024]. It replaces the former Ecodesign directive,
extends the scope to almost all physical products, and makes requirements on circularity,
durability, and reduction of the environmental impacts from products on the EU market [European

Commission, 2024]. The ESPR regulation is applicable to all products on the market, with a few
exceptions [European Union, 2024b]. One of the things that is not regulated in the ESPR is

vehicles that are regulated in other EU sector-speci ¢ regulations [European Union, 2024b].

Another part of the ESPR is the introduction of digital product passports (DPP), which aim

to store relevant sustainability information for customers to make more sustainability-informed
decisions [European Commission, 2024]. The aim of the DPP initiative is to enhance product
value chain transparency, which is done by supplying information on the materials in the products,
their environmental impacts, and recommendations for how to dispose of the products [European

Union, 2024a].

Even though Hydrema is producing vehicles that are likely regulated by other EU sector-speci ¢
regulations, they are still certi ed by 1ISO 14001, which can benet from adopting ecodesign as
stated in International Organization for Standardization [2020]. This will enhance Hydrema's
understanding of their environmental aspects and impacts in the di erent life cycle stages of
their products, which can create the opportunity for them to make more sustainable design

choices [International Organization for Standardization, 2015a, 2020]

2.5 State of the art

To uncover the state of the art of the current research in this eld, a literature review was
conducted. The method behind the literature review is described in Section 5.1. As mentioned
in Chapter 1, an opportunity to make a more comprehensive LCA to help Hydrema with their

environmental work occurred. Therefore, the use of LCA for compliance with environmental

13
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management and ESG reporting was uncovered in the literature review. These topics were chosen
because they are some of the areas in Hydrema's environmental work that they are struggling
with. Many linkages between these topics were found, as well as opportunities and limitations.
The rst topic that will be described is the linkages between LCA and environmental management
systems, then the linkages between LCA and ecodesign, and then the linkages between LCA and
ESG reporting. Next, the opportunities and limitations of LCA in a company's environmental

work will be described, and lastly, simpli ed LCA will be touched upon.

2.5.1 LCA used for environmental management system

One of the challenges that were observed in Hydrema's environmental work during the internship
was problems with determining the environmental aspects for their ISO 14001 certi cation. An
important part of determining the environmental aspects is taking a life cycle perspective into
account [International Organization for Standardization, 2015a]. This perspective promotes the
use of LCA for environmental management systems, and to live up to these standards auditors
have stated that the certi ed companies will have to conduct work that is likely to the work

of a standardized LCA, even though a full LCA is not required, which means the life cycle
approach can be much simpler [Lauesen, 2019]. LCA is a tool that can be used for assessing
the potential environmental aspects of, for example, a company's products [Lin et al., 2018].
It can help with identifying opportunities for improvement of the environmental aspects, and
from this be able to aid the decision-makers with making decisions in the strategic planning of
the company's environmental management system [Rybaczewska-B2a»ejowska and Sulerz, 2017].
According to Cumming [2017], LCA is a critical part of the future approaches to environmental

management systems for companies.

Another link identi ed while reading the articles from the literature review was the link between
environmental management systems, ecodesign, and LCA. Here Lewandowska and Matuszak-
Flejszman [2014] states that the updated ISO 14001:2015 standard might increase the interest
for companies in ecodesign, where a tool for this is LCA. This is linked to integrating the
environmental aspects into the design of a company's products [Lewandowska and Matuszak-
Flejszman, 2014]. These calculated environmental impacts from the LCA could then be used
when making the environmental policy and environmental objectives, where it would then be
possible to make objectives to try to reduce the impacts [Lewandowska and Matuszak-Flejszman,

2014]. Lewandowska and Matuszak-Flejszman [2014] also states that LCA can have positive

14
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impacts on an environmental management system because it makes it possible to realize ecodesign

processes.

LCA is not the only method that can be used to assess the environmental aspects and the
signi cance of these for a company. Mahzun and Kalalo [2019] states that the environmental
performance of a company can be assessed using di erent methods. When assessing the
environmental aspects, the potential of environmental impacts, the frequency of these impacts,
as well as the degree of the impacts are important factors [Mahzun and Kalalo, 2019]. Another
important aspect of the determination of environmental aspects is that the certi ed companies
will have to determine their signi cant environmental aspects [International Organization for

Standardization, 2015a]. Mahzun and Kalalo [2019] sets seven criteria for determining signi cance:

. Legal obligation

. The risk of an environmental spill incident

. Past environmental incidents

. Nuisance to neighbors

. International protocols or company policies/procedures

. Lack of information available to decide on the impact

N o 0o &~ WDN R

. Operation control [Mahzun and Kalalo, 2019]

This approach of nding the signi cant environmental aspects does not explicitly take the life
cycle perspective into account. The criteria look more into local environmental problems that
can occur for a company, and therefore do not take global problems into account. From the life

cycle perspective and global perspective, an LCA could help a company gain this knowledge.

LCA can therefore be a useful tool for assessing the environmental aspects of a company, which
can be used in the environmental policy and environmental objectives in an environmental
management system. The signi cance of the environmental aspects can be determined using
the seven criteria mentioned above. In this part of the literature review, a connection between
environmental management systems, ecodesign, and LCA was also identied. The linkage

between LCA and ecodesign will be described further in the following section.

2.5.2 LCA used for ecodesign

Ecodesign has the aim of creating products that are both economically and technically good,

with the lowest possible impact from a life cycle perspective [Campos-Carriedo et al., 2024].
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As mentioned in Section 2.4 and 2.5.1, ecodesign can be a part of a company's environmental
management system, which is also described in the ISO 14006 standard [International Organization
for Standardization, 2020]. Therefore, the company's environmental management system can
be a way for a company to incorporate ecodesign, which aims at minimizing the environmental
impacts on products throughout their life cycle [Singhal et al., 2024]. Ecodesign is, however,
di cult to implement because it is complex and requires consideration of both economic costs,

social implications, and environmental impacts [Singhal et al., 2024].

Multiple of the read articles state that LCA can be used as a tool for ecodesign [Rybaczewska-
B2a»ejowska and Sulerz, 2017; Cascini et al., 2016; Singhal et al., 2024; A. Maschio et al., 2024;
Fang et al., 2024; Lee et al., 2024; de Lapuente Diaz de Otazu et al., 2022; McAloone and Pigosso,
2017; Suppipat et al., 2021]. LCA is a method for assessing the environmental impacts of a product
in all its life cycle stages [Fang et al., 2024]. This is important in an ecodesign perspective because
it can help with setting scenarios for minimizing the environmental impacts that are occurring in

the production [A. Maschio et al., 2024]. Having an assessment of the environmental impacts
can aid the decision-making processes for the ecodesign of products [A. Maschio et al., 2024].
LCA can be used in two ways in ecodesign, either by being used to evaluate the environmental
sustainability of a product or for designers to identify where improvements on the environment can

be made [Lee et al., 2024]. de Lapuente Diaz de Otazu et al. [2022] states that the incorporation
of LCA in the ecodesign process can create the opportunity for the company to make informed
decisions on the sustainability of products. As previously described, there is a link between LCA,
ecodesign, and environmental management systems. LCA in ecodesign can aid the company in
identifying its signi cant environmental aspects, and an evaluation of the environmental impacts

can be useful in the design phase of products [Suppipat et al., 2021].

Even though LCA can act as a tool for the ecodesign process, there can also be challenges
in this incorporation [McAloone and Pigosso, 2017]. One of the challenges is related to the
dilemma between knowledge and opportunity, meaning when the knowledge about the product is
high, the opportunity of changing the product is lower [McAloone and Pigosso, 2017]. Another
challenge is related to the competencies and knowledge that are required to conduct the LCA in

ecodesign [McAloone and Pigosso, 2017].

Another thing that Hydrema expressed challenges with, and there was also detected a link with
LCA is the ESG reporting. The link between LCA and ESG reporting will be described in the

following section.
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2.5.3 LCA used for ESG reporting

As mentioned in Section 2.3, environmental accounting is a part of ESG reporting, which Hydrema
initially faced in 2025. ESG has the aim of guiding companies in a more sustainable direction,
and ESG can help transform and improve the decisions made in the company [Ngan et al., 2024].
Another aim of ESG reporting is for the obliged company to report on their emissions in their
supply chain, which is to increase transparency [Emborg and Olsen, 2024]. However, there is a
possibility of ESG reporting becoming subjective, where it is mostly used to attract customers,
rather than becoming more sustainable [Ngan et al., 2024]. Therefore, there can be detected a
lack of reliable ESG tools, where LCA is a tool that can be used for the environmental part of

ESG reporting [Haque, 2024].

Multiple of the read articles state that LCA can be used to bene t the environmental part of
ESG reporting [Shanker et al., 2025; Haque, 2024; Ngan et al., 2024; Del Borghi et al., 2024;
Molnér et al., 2024; Emborg and Olsen, 2024]. One of the speci ¢ challenges Hydrema perceived
was the calculation of scope 3 emissions for their ESG reporting. Here Molnar et al. [2024]
states that LCA is an important tool for calculating the scope 3 emissions from a company. This
observation is also made by Shanker et al. [2025] and Emborg and Olsen [2024], who also state
that LCA can help with calculating the environmental impacts of a company, which includes

their scope 3 emissions.

The eld of ESG reporting is rather new, and therefore, there is not much literature on the use
of LCA in ESG reporting. In the following section, some general opportunities and limitations of

the use of LCA in a company's environmental work will be described.

2.5.4 Opportunities and limitations of LCA in environmental work

Incorporation of LCA in a company's environmental work can create both opportunities, but

it also has certain limitations. LCA can give a company information about their products'
environmental consequences [Di Bari et al., 2022], which can be used to identify the largest
impacts and why they are occurring [Rybaczewska-B2a»ejowska and Sulerz, 2017]. LCA can
also aid as a decision-making tool for the company to make informed decisions, which can be
used to achieve sustainable goals and be used to compare alternatives [Tascione et al., 2024;
Eleftheriou et al., 2022]. It can also be considered as a useful tool for designers, where LCA

can be used with the aim of mitigating the environmental impacts from the products they are
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designing [Suppipat et al., 2021]. Other than being used as a decision-making tool, an LCA also
has the ability to be used as a branding tool, because it can increase the trustworthiness of the

impacts on a company's products [Lauesen, 2019].

Even though a company can benet from incorporating LCA in their environmental work

as described above, however also has some limitations. Although LCA can aid the design
process, Cicconi et al. [2018] states that it is more useful in a redesign phase and therefore
not appropriate for the early design phases, because it is both time-consuming, and the data
that are needed to conduct the LCA is not yet available. Another challenge in incorporating
LCA in the design phase is linked to the requirement of expert knowledge to carry out the
LCA because LCA is mostly perceived as time-consuming, complex, and costly [Prideaux et al.,
2024]. Multiple of the read articles explain the challenge in LCA being time-consuming and
resource-intensive [Cicconi et al., 2018; Lauesen, 2019; Fang et al., 2024; Dekker et al., 2024;
Prideaux et al., 2024]. This can be explained by an LCA being very comprehensive [Ng, 2018],
and because the data needed are complex [Eleftheriou et al., 2022]. Because of the complexity of
data, Shanker et al. [2025] states that reliable databases are important because some LCAs are
based on generic background data from databases, as comprehensive data collection might not
have been possible. The data used for the LCA is a ecting the results, and another thing that is

a ecting the results of the LCA is the modeling approaches. Therefore, the knowledge about
the data and modeling approach is important [Mendecka and Lombardi, 2019]. The di erent

modeling approaches of LCA will be described in Section 5.2.

Because there are certain challenges with incorporating traditional, detailed LCA in a company's
environmental work, simplied methods have been researched. The use of simplied LCA

methods will be described in the following section.

2.5.5 Simplied LCA

As stated above, an LCA is a detailed analysis tool that is both comprehensive, time-consuming,
and resource-intensive. Therefore, simpli ed LCA methods were looked into through the literature
review. The simpli ed LCA methods have the aim of making the use of LCA more practical,
accessible, and less data-intensive, and several methods can be used to simplify the LCA [Prideaux
et al., 2024]. These simpli cations can be done, for example, by adopting estimates or harmonizing
LCA results [Mendecka and Lombardi, 2019]. The aim of the simpli ed LCA methods is therefore

to provide the same information as a detailed LCA, but more super cially, which can be used to
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both identify environmental hotspots and highlight the improvement opportunities [McAloone
and Pigosso, 2017]. Another way of simplifying the LCA is by limiting the data requirement and

the impact categories that are calculated [Dekker et al., 2024].

These simpli ed LCA methods are recognized as useful in the design phase of a product [McAloone
and Pigosso, 2017; Prideaux et al., 2024; Pollini and Rognoli, 2021]. This is both because the
simpli ed models make it more accessible and less di cult for designers to conduct [Prideaux
et al., 2024], and it can aid the designers in choosing materials for a product [Pollini and Rognoali,

2021].
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Research Question and

research design

Through the internship, 9th semester project, and the problem analysis, it became clear that
Hydrema has some challenges in their work with their environmental management system and
their ESG reporting. It was found in the state of the art of how LCA is used in this problem
eld, that LCA can aid in a company's determination of their signi cant environmental aspects
for their environmental management system, and that it can aid the environmental part of ESG.
During the internship, problem analysis, and audit observations, a gap was, however, detected in
how Hydrema takes the life cycle perspective of their environmental aspects into account, which
is a part of point 6.1.2 in the ISO 14001 standard [International Organization for Standardization,

2015a]. This problem analysis and gap then led to the following research question:

How can LCA aid Hydrema with assessing signi cance in their environmental

management system and ESG reporting?

With related sub-questions:

How does Hydrema perceive LCA, and how can this understanding inform its practical

implementation within the company?

What are the bene ts and barriers of implementing the LCA system in Hydrema?

3.1 Research design

To map out the logical path of how to answer the research question and related sub-questions, a

research design was made. The research design can be seen in Figure 3.1.
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Figure 3.1. Research design of Master's thesis (Own production)

The research design is pictured as a case design, with Hydrema as a case. The case is pictured as
a frame for the whole research because aspects of the case are present in the research questions
and related analyses. In the research design, the grey boxes contain the research questions and

sub-questions, the full yellow boxes contain the methods used and which analyses they are used

in, and the orange box is the theory.
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Theory

4.1 Theoretical framework

In this section, the theoretical framework will be presented. The theoretical framework is chosen
to create a language in which it would be possible to describe an eventual implementation
of sustainable initiatives in environmental management systems and other general corporate
environmental work. This master's thesis speci cally aims to describe how the implementation
of LCA in Hydrema's environmental management system and ESG reporting can take place and
what the bene ts and barriers are. The theory takes the point of departure in multiple scienti c
articles, and is therefore not an established theory, but a composition of anecdotes connected,
from which the implementation can be described on behalf of. The theory will be used explicitly

in the implementation analysis in Chapter 7.

In recent years, there has been a higher focus on companies' environmental performance. The
environmental performance of a company depends on the management in a company, and
therefore, the organization and management are important when talking about environmental
performance [Baumann, 2004]. A common way of dealing with environmental performance for
companies is through the adoption of an environmental management system [Baumann, 2004].
An example of an environmental management certi cation is the ISO 14001:2015 standard, which
is described further in Section 2.2. These systems are, although often limited to production
site-speci ¢ operational issues, and therefore often do not take issues 'around' the operation of
the company into account [Baumann, 2004]. According to Baumann [2004], the environmental
e ectiveness of implementing an environmental management system is, however, not known.
This is because the environmental performance is often rst evaluated after the environmental
management system is implemented, and therefore it is not transparent whether improvements
on the environmental performance of a company originate from the environmental management
system or other initiatives, such as, for example, a changed production [Baumann, 2004]. In the

literature examined by Baumann [2004], there is a larger focus on the operation of environmental
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institutions, but less focus on their actual ability to deliver environmental protection.

Baumann [2004] identi es two approaches for linking the organizational processes with the
environmental performance. These are the correlational and the relational approaches [Baumann,
2004]. When the organizational processes are linked with the environmental performance on
the correlational approach, their environmental data collection is done independently from their
other organizational data collection [Baumann, 2004]. If they, on the other hand, are using the
relational approach, they are looking at the technology for handling their data collection, and the

activities that are related to the data collection and the performance thereof [Baumann, 2004].

Environmental parameters that will be used in environmental management can be based on LCA
or other similar methods [Baumann, 2004]. A way of incorporating the life cycle perspective in
environmental management is by utilizing LCA, and although many attempts have been made
to facilitate it, the industry has been slow to adopt it [Rex and Baumann, 2008]. The primary
driver for a company's adoption of LCA is through regulatory and market demands, however,
LCA is an ambitious tool, because the adopting companies will have to look into their activities

outside traditional responsibilities [Rex and Baumann, 2008].

The management of the life cycle for a company requires the employees to manage a lot of
knowledge, because it exceeds the traditional environmental issues inside of the company's
boundaries [Nilsson-Lindén et al., 2014]. As stated in Section 2.2, a part of the ISO 14001
standard is that certi ed companies should consider their environmental aspects in a life cycle
perspective. This perspective creates attention on all life cycle stages, and results in certi ed
companies having to broaden their scope of their environmental management system [Kristensen
et al., 2021]. This perspective thus creates an incentive for companies to look at impacts
in their product life cycle, rather than only in the production, which is the more traditional
way of handling the environmental management systems [Kristensen et al., 2021]. According
to Kristensen et al. [2021], the environmental management systems are an embedded part of
Danish companies, which focus mainly on production processes, with a smaller focus on the

development of products, ecodesign, and circular economy.

A part of the environmental management system is also the determination of environmental
objectives, where the most common ones are on energy, waste, and water consumption, and
the least common ones are for LCA, biodiversity, and design [Mosgaard et al., 2021]. A way
of including the life cycle perspective in an environmental management system, according

to Mosgaard et al. [2021], is by broadening the scope of the system, by including more product-
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oriented and strategic initiatives when determining the environmental objectives, which can
create strategic drivers that go beyond traditional operational measures. In recent years, the
understanding of environmental aspects has broadened from end-of-pipe solutions to a more
sustainable development, but although this development, the Danish environmental management
systems seem to fall behind in this regard [Mosgaard et al., 2021]. The development of
environmental aspects can be re ected in an environmental management system by implementing
LCA, because this technology has joined the environmental understanding [Mosgaard et al.,
2021]. According to Mosgaard et al. [2021], a company's environmental management system
should be able to aid the development of environmental aspects, to minimize the consequences of
a company implementing environmental objectives that might not be strategically most relevant

for them.

Heiskanen [2002] states that the company life cycle approach is not widespread. A way to explain
why is by the utilization of institutional logics, where the di erent logics represent beliefs, which
establish the appropriate behaviors [Heiskanen, 2002]. When talking about institutional logics,
LCA can be seen as an institutional logic that is emerging, because the context of companies' use
of LCA is expanding [Heiskanen, 2002]. According to Heiskanen [2002], LCA has in some cases
been used tactically and instrumentally to protect the adopting companies from approaching
legislation. The utilization of LCA has also expanded from being used only to compare products,
to now being used to identify where environmental initiatives might be most e ective [Heiskanen,
2002]. Even though LCA can benet companies, some sectors still struggle to acknowledge
the bene ts of implementing LCA [Heiskanen, 2002]. If a company then implements the life
cycle thinking into their management, it will direct their attention towards some of the indirect
environmental impacts of their organizational activities, that might happen outside the company
boundary [Heiskanen, 2002]. When a company chooses to adopt a life cycle approach to its
management system, it can become a structural process where already established institutional
practices are changed because of the adoption of a new technique, in this case LCA [Heiskanen,
2002]. According to the analysis made by Heiskanen [2002], the employees at the analyzed
companies became more interested in collecting environmental data after their introduction to
LCA.

LCA can therefore be described as an emerging institutional logic that can be used both
instrumentally and tactically by companies with an environmental management system. It
thus has the potential to broaden a company's scope of its environmental management system

to take more untraditional aspects into account. For implementing LCA in an environmental
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management system, more data is needed, and this link between a calculation of product
environmental performance and established organizational processes can be done with either
a correlational or a relational approach. To sum up the theoretical terms presented in the

theoretical framework, Figure 4.1 is presented below.

Figure 4.1. Table of description of theoretical terms essential for the theory (Own production, based
on [Baumann, 2004; Heiskanen, 2002])

These terms will be used to describe the bene ts and barriers of the implementation of LCA in

Hydrema's environmental management system, which can be found in Chapter 7.

4.2 Re ections on the chosen theories

This theoretical framework is relevant for the research of this Master's thesis, because it creates
a basis for explaining the implementation bene ts and barriers of LCA in environmental
management. The theoretical framework is based upon multiple di erent scienti ¢ articles,
and therefore it is not as a whole, tested as a theory, but the anecdotes from the literature will be
used for the analysis. The theoretical framework is based on an initial hypothesis that LCA can
aid companies' environmental management systems, and therefore, the ndings in the articles
re ect this. This creates limitations on other perspectives of this eld because it focuses solely
on LCA, environmental management, and organizational processes. This theoretical framework
thus leaves out other opportunities of utilizing LCA for a company, which could be, for example,

as a decision-making tool, which is described further in Section 2.5.
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Method

In this chapter, the methods used in this Master's thesis will be described. The rst method that
will be described is the method behind the literature review, described in Section 2.5. The second
method that will be described is the method behind an LCA, which will be used in Chapter 6.
The last method that will be described is the collection of empirical data for this thesis. This
section is divided into three sub-sections, where the rst section describes the method behind
the conducted interviews, the second describes the method behind the audit observation, and

the last describes the data collection for the LCA i Chapter 6.

5.1 Literature review

A literature review was conducted to describe the state of the art of the current research in
the problem eld. The literature review was carried out using multiple searches in the Scopus
and Aalborg University Library databases. The search words used were mainly about LCA,
environmental management systems, ESG, ecodesign, compliance, and signi cance, as well as a

search about simpli ed LCA. The searches can be seen in Figure 5.1.

Figure 5.1. The searches carried out in the literature review (Own production (See Appendix A))
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The searches were carried out in a way where the search words were searched for in the title
and the abstract of the articles. When the searches were carried out, the titles and abstracts of
the resulting articles were read through, and the articles that seemed relevant to cover the state
of the art were chosen. The article names, year of publication, and a link were then put into
an Excel spreadsheet, this Excel spreadsheet can be seen in Appendix A. In this spreadsheet,
the articles each got a number. The numbers were given, so it was easier to see if some of the
articles were repeated in the di erent searches; if that was the case, the articles would gain the
same number. Initially, the time frame of how old articles were researched was down to 2010,
however, through some reading of some of the older articles about environmental management it
became clear that they were referring to the older ISO 14001 standard, and therefore the time

frame was adjusted to not further down than 2015, where the new standard entered into force.

When all of the articles were chosen by reading through their abstracts, they were read more
in-depth, where the key information from the articles was highlighted. The key ndings were

then noted in the Excel spreadsheet again (See Appendix A).

5.2 Life cycle assessment

To answer the research question and the following sub-questions, a life cycle assessment (LCA) will
be conducted. LCA, as well as two methods and two modeling approaches, will be explained in the
following sections. As stated in Section 2.5, LCA can be used for both environmental management
systems, ESG reporting, and ecodesign. Therefore, LCA can be bene cial for a company's
environmental work, even though it also has some limitations because it is comprehensive and
time-consuming. LCA is standardized in two 1SO standards: ISO 14040 and ISO 14044. The
14040 standard describes the principles and frameworks of LCA [International Organization for
Standardization, 2008a], and the 14044 standard describes the requirements and guidelines of
LCA [International Organization for Standardization, 2008b]. LCA is a method that can be
used to understand the environmental impacts of products, which can then aid with identifying
improvements for the product's environmental performance, as well as other things [International
Organization for Standardization, 2008a]. LCA, therefore, can aid a practitioner in addressing
the environmental aspects in the whole life cycle of a product [International Organization for

Standardization, 2008a]. An LCA study is divided into four phases:

1. Goal and scope

2. Life cycle inventory (LCI)
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3. Life cycle impact assessment (LCIA)

4. Interpretation [International Organization for Standardization, 2008a]

The rst phase of an LCA is the goal and scope phase, where the goal of the LCA study is
determined as well as the system boundary and functional unit of the product system that
will be analyzed [International Organization for Standardization, 2008a]. The second phase
of an LCA is the LCI phase, where all the inputs and outputs needed to ful Il the functional

unit are described, as well as collecting the data on these inputs and outputs [International
Organization for Standardization, 2008a]. The third phase of an LCA is the LCIA phase, which

provides information on the environmental signi cance of the processes de ned in the LCI
phase [International Organization for Standardization, 2008a]. The fourth and last phase of an
LCA is the interpretation phase, where the results of the LCI and LCIA are discussed to make
conclusions and recommendations in relation to the determined goal and scope from the rst

phase of the LCA [International Organization for Standardization, 2008a].

5.2.1 Process and Input-output LCA

There are two methods for conducting an LCA, being a process LCA or an input-output LCA
(IO-LCA), which lead to two di erent results from the LCA study [Sayn&joki et al., 2017]. Even
though these two methods are di erent from each other, they can still follow the requirements of

the two ISO standards [Sayndjoki et al., 2017].

The process LCA method is the traditional way of making an LCA and can be claimed to be
more accurate than IO-LCA, even though the IO-LCA is less resource intensive [Saynajoki et al.,
2017]. The way a process LCA is modeled is by each process being modeled process by process
and connected within a ow diagram to include all the relevant materials and energy within the
system [Saynéajoki et al., 2017]. For this method, a lot of data and workload are needed, and
therefore, it is rare that a process LCA study contains all the processes in the product [Saynajoki

et al., 2017].

The 10-LCA method builds upon economic transaction matrices based on sectors [Saynéjoki
et al., 2017]. These matrices can, when environmental burden data is added, be able to assess
the environmental consequence of making a transaction in the speci ¢ sector [Sayné&joki et al.,
2017]. Even though the IO-LCA is less comprehensive than the process LCA method, it has
the downside of not taking the gate-to-grave perspective of the life cycle into account, which

means it only accounts for the extraction of raw materials to the company has sold the product
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into account [Sayndajoki et al., 2017]. It is important to distinguish between these two methods
because they are a ecting the results of the respective LCAs, and therefore they are making

di ering results [Saynajoki et al., 2017].

5.2.2 Attributional and consequential LCA

As described in the section above, LCA can be made using two di erent methods, which a ect
the results of the LCA study. Another thing that can a ect the results of the LCA study is the
modeling approach used. There are two di erent modeling approaches for an LCA: attributional
and consequential modeling [Hauschild et al., 2018]. The rst modeling approach that will be
explained is attributional modeling. An attributional LCA aims at representing a product system

and does not take the rest of the technosphere and ecosphere into account [Hauschild et al., 2018].
It answers the question of which environmental impacts a product can be responsible for [Hauschild
et al., 2018]. The attributional modeling uses average processes from the background system,

and therefore, it highly re ects a modeling of an average supply chain [Hauschild et al., 2018].

The next modeling approach that will be explained is consequential modeling. This is a newer
modeling approach compared to the attributional modeling, and it was made to remove some of
the weaknesses from the attributional modeling [Hauschild et al., 2018]. It aims at describing the
changes in the economy that are caused by the studied product entering the market, meaning the
consequence of producing the product [Hauschild et al., 2018]. This means that a consequential
LCA aims at answering the question: What are the environmental consequences of consuming
X? [Hauschild et al., 2018]. This approach is di erent from the attributional approach because

it takes the changes in the economy into account, and this can make di ering results compared
to a study that looks at a product isolated from the economy [Hauschild et al., 2018]. Instead of
using average processes as the attributional approach does, the consequential modeling approach
uses marginal processes, which can be explained as the processes that are taken in or out of use

as a reaction to a decrease or increase in the product demand [Hauschild et al., 2018].

The foreground systems of both attributional and consequential modeling are mostly modeled

the same way, however, the background systems are modeled di erently [Hauschild et al., 2018].

The LCA carried out in Chapter 6 is made using the consequential modeling approach. Therefore,
the analysis aims to nd the environmental consequences of buying a Hydrema machine. The
machines produced at Hydrema are only produced on demand, and therefore, the production

is highly dependent on the sales of machines. The consequential modeling approach is relevant
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because it is forward-looking at consequences, taking into account the market changes that
will happen in accordance with the demand for the Hydrema machines. The consequential
modeling approach, therefore, does not use average processes like the attributional modeling
approach [Hauschild et al., 2018]. Another relevant aspect of choosing the consequential modeling
approach is that it aims at being used as decision support [Consequential-LCA, 2021]. Therefore,
the consequential system can be used to compare the di erent machines, or look into a specic
machine and look at the internal hotspots [Consequential-LCA, 2021]. This can then hopefully
aid Hydrema in assessing where in the life cycle of their products are hotspots that are relevant
for them to work with in their environmental management system, when setting environmental

objectives.

5.3 Collection of empiricism

Some empirical data was gathered to answer the research question and the related sub-questions.
This collection of empiricism consisted of both qualitative methods as well as quantitative
methods. One of the qualitative methods used to gather data was 4 interviews with di erent
professionals in the eld. Another qualitative method used to gather data was observations made
at both internal and external audits at Hydrema. A quantitative method for data collection was
also used to gather weights and other data on the di erent materials in the machines Hydrema is
producing, which are used in the LCA. The methods for gathering empiricism will be described

further in the following sections.

5.3.1 Interview

As stated above, one of the gualitative methods used to gather data was interviews. In the
interviews, a semi-structured approach was used, based on an interview guide. The aim of the
semi-structured interview is that the interviewer, prior to the interview, has determined some
guestions they want answered during the interview in an interview guide, however, it is possible
to go beyond the questions [Aarhus Universitet, 2025]. This is an advantage because it is then
possible for the interviewer to ask questions that they might have along the way, and therefore
be able to twist the interview in a more desired way [Aarhus Universitet, 2025]. The interviews
were recorded, so it was possible to go back into the recording and get direct quotes from the

interviewees. After each interview, the recordings were heard again and transcribed, which can
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be seen in Appendix G-I.

For this Master's thesis, 4 interviews were held. The rst interview took place on the 20th of
March 2025, and the interviewee was Stig Hirsbak. Stig Hirsbak is an Associate Professor at
Aalborg University's department of planning and sustainability. This interview gained insights
into the thought behind incorporating the life cycle perspective in the ISO 14001 standard. This
interview became more of a conversation, where he came up with ideas for things to incorporate
into the thesis and people that might be relevant to contact. This interview, therefore, bene ted
from the semi-structured approach because it allowed both the interviewer and interviewee to
take the conversation in directions that they found bene cial. The interview answers were not

actively used in the thesis, but his perspective was used throughout the project period.

The second interview took place on the 12th of May 2025, and the interviewees were Morten
Nielsen (MN) and Anders Bo Poulsen (ABP). Morten Nielsen is the HSEQ manager, and Anders
Bo Poulsen is a HSEQ coordinator in Hydrema's Health, Safety, Environment, and Quality
(HSEQ) department. This interview gained insights into employees at Hydrema's perception of
the utilization of LCA, their perspective on the implementation of LCA in their environmental
management system and ESG reporting, and which bene ts and barriers thereof they identify.

The transcript of the interview with MN and ABP can be seen in Appendix G.

The third interview took place on the 12th of May 2025, and the interviewee was Klaus Behrndt
(KB). Klaus Behrndt is a lead auditor at Bureau Veritas. This interview gained insights into an

auditor's perspective on the implementation of LCA in environmental management systems, and
which bene ts and barriers there can arise when doing this. The transcript from the interview

with KB can be seen in Appendix H.

The fourth interview took place on the 15th of May 2025, and the interviewee was Rikke Beider
(RB), who is the product owner for the ISO 14001 standard in Bureau Veritas. This interview
gave additional insights into an auditor's perspective on LCA in environmental management

systems. The transcript from the interview with RB can be seen in Appendix I.

The last three interviews will be used for the analysis of the implementation of LCA at Hydrema

in Chapter 7. The purpose of these three interviews was to gain insights from both sides, from
the auditor who is reviewing the environmental management systems at companies, and from
inside Hydrema, who have to live up to the requirements set by the standard and the deviations

the auditors are nding.
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5.3.2 Audit observation

During the project period, the author of this Master's thesis participated in two audits at
Hydrema. The rst audit was an internal audit on the 10th of March 2025, and the second
audit was an external audit to recertify Hydrema in their three certi cations on the 24th-26th of
March 2025. To explain the observations that were made, the method 'Participant Observation'
can be used. With this method, it distinguishes between active or passive observation as well as
overt or covert observation [Dawn Brancati, 2018]. In passive participation, the researcher only
observes the studied people without interacting [Dawn Brancati, 2018]. In active participation,
the researcher interacts with the studied people, which can be both during interviews, but can
also be where the researchers engage in the studied people's everyday lives [Dawn Brancati,
2018]. When the participant is covert, it means that the researcher does not reveal that they are

researchers, however, they reveal this when being an overt participant [Dawn Brancati, 2018].

The participation observation method used when participating in Hydrema's audits was a
passive, overt participation observation. This was because it was made clear to the auditors
that a Master's thesis student was present, however, very little interaction from the student
was made. The primary goal of attending the audits was to gain insights into which aspects
of the certi cations the auditors were particularly attentive over. Another reason was to make
observations on how the auditors talk about the aspect of the life cycle perspective in the 1ISO

14001 standard.

5.3.3 Data collection for LCA

To conduct the LCA in Chapter 6, some data were needed. To gain the data, a meeting was held
with Hydrema's research and development manager and one of the engineers employed in the
research and development department. In this meeting, the modular setup of the machines was
determined, and a part list of their bestseller machine, the 912G dumper, was gained [Hydrema
Employees, 2025]. This parts list is made on the BOM level and contains qualitative descriptions
of the components, however, it does not contain much quantitative data that could be brought

directly into an LCA model. The structure of the BOM parts list can be seen in Figure 5.2.
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Figure 5.2. Construction of the BOM parts list with main components, that lead to di erent levels of
sub-components (Own production, based on Hydrema BOM parts list 912G dumper)

The BOM structure starts with what the visualization refers to as the main components. These
main components link further down to what the visualization refers to as "nested BOM items."
These nested BOM items are modeled in the parts list like a Chinese box system, where each
level, also referred to as a child, of the nested BOM items contains some 'empty' references to
further childs and also some materials and components. This means that for most childs is both

materials and further links to a lower child.
The modular setup that was agreed on consisted of 8 modules, which are:

Motormodule
Tyremodule
Hydraulicmodule
Cabinmodule
Wirenetmodule
Batterymodule
Functionsmodule

Chassismodule
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By reading the parts list, it became clear that the 912G dumper consisted of multiple main
components with multiple sub-components, and many of these sub-components could also be
divided into multiple sub-sub-components. Some of these sub-components eventually led to the
steel plates that were used to make the components, as visualized in Figure 5.2. The parts list,
however, was not explicit about other materials that were used, and did not contain quantitative
measures of the materials. This knowledge from the BOM patrt list then had to be translated

into data that could be used in the LCA. The path of the translation can be seen in Figure 5.3.

Figure 5.3. Visualization of how the BOM data has been translated to LCA data (Own production)

To model the machine in the 8 determined modules, the main components were looked at and
classi ed into the di erent modules. This was done by looking at the machine and the technical
drawings of the components. This was done in a separate Excel spreadsheet, which can be
seen in Appendix B. In this Excel spreadsheet, the rst sheet consists of the 912G dumper
divided into the di erent modules, with the di erent relevant main components listed under

the modules. Each module then got its own sheet in the spreadsheet, and in each sheet, the
di erent components with their appurtenant sub-components and sub-sub-components were
inserted. Many of the components did not explicitly state which materials they were made of and

the dimensions thereof; however, the steel components led back to the steel plates, dimensions
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thereof, and alloys that were used, as well as how much of the plate was used for the component.
All of these plates were then put into a separate sheet divided into the di erent modules they
belonged. Then, the weight in kilos of the amount used of the plates was calculated by using the

density of steel, using this equation:
(Density sieel  (VOlumepjae  amountyseq)) =1000 (5.1)

When the weight of the plates was calculated, they were summarized so it was possible to see
how much steel went into the di erent components, modules, and in total of the whole machine.
Because it was mostly not explicit in the parts list which other materials were a part of the
machine, another trip to Hydrema was made. This time, the visit took place in the production
area to see the production of the components, the assembly of the machine, and the nished
machine. This helped with determining some other materials that were visible on the machine but
not described in the parts list. On this trip, a lot of pictures were taken both of the production
and of the nished machine to remember the observations. With this knowledge, the parts list
was looked at again, and this time, some important components that were not described further
in the parts list were put into a separate sheet. Some of the materials and weights of components
were found using a Google search. This was done, for example, for the motor, the transmission,
the battery, the tyres, and other components where a name for the speci ¢ component could
be found. Some of the other components were dimensioned based on the observations of the

machines and the materials, and from this, a weight could be estimated using the density.

In the rst sheet, where the 912G dumper has been modeled with the di erent modules and
related components, the di erent components were divided into the head materials that they
consist of. Based on this, the estimated weight of the di erent materials was put into the
components that they belonged to, and then the materials gained estimated weights, to create a
mass balance with the total weight of the machine. Based on these general materials, Ecolnvent
background data processes were chosen, which will be described further in Section 6.2. The link
between the nished machine, the chosen modules, the determined general materials, and the

Ecolnvent background processes can be seen in Figure 5.4.
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Figure 5.4. Construction of the LCA system (Own production)

When modeling the other machines in the LCA system, scaling factors have been used. The
di erent modules each have individual scaling factors, based on which variables make sense in

the individual modules. The scaling factors can be seen in Figure 5.5.

Figure 5.5. Scaling factors of the di erent modules (Own production)

This means that each module from each machine gains an individual scaling factor. These scaling
factors have then been used to multiply the materials used in the di erent modules to estimate

the impacts from the other machines. The way the scaling factors have been calculated is by
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using this equation:

Nmachine =No12Gdumper = Scalingfactor (5.2)

The machine's foreground and background systems have been modeled using an Excel CSV le.

The Excel spreadsheet that can be converted to a CSV le can be seen in Appendix C.

The foreground system is square, meaning that all of the processes modeled in the rst row are
the same as the processes in the rst column. Under the foreground system is the background
system, modeled with the processes from the background database. In this project, the Ecolnvent
consequential database is used as background data to model the di erent main materials as
inputs to the di erent modules. This is explained further in Section 6.2. When the Excel CSV
product system was nished, it was imported into the LCA software SimaPro, and from this, the

LCIA results were calculated.

To be able to model the whole product system from cradle-to-grave, calculations on the use
phase were necessary. The results of the calculations can be seen in Section 6.2.5. The variables
that had to be calculated were the time spent idling full life, the fuel consumption when active

full life, and the fuel consumption when idling full life. For the dumpers, the total tipping
count and amount of earth moved in their full life were also calculated. These variables were
calculated based on actual use data from Hydrema's machines from Hydrema's online portal
"Telematics', where owners can gain insights into their machines' performance (See Appendix D).
The calculations are based on an average of the data from the Telematics portal on each specic
machine, and scaled up to the full life of a machine, which for all machine types is determined as

15000 hrs.

Time spent idling

To calculate how many hours the machine spent idling when active for 15000 hrs, this equation
was used:

(Idledhrs ayerage=Activehrs ayerage) 150000rs (5.3)

This scales the amount of average idling hours down to how many idling hours there are for one
average active hour, and then this number is scaled up to t the full life by multiplying it by

15000 hours.
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Fuel consumption working and idling

To calculate the total fuel consumption for when the machine is active and when it idles, the

following equations were used:
(Fuelusedactiveayerage=W orkedhrsayerage) 150000rs (5.4)

And:
(Fuelusedidling average=!dledhrs ayerage) T otalidledhrs (5.5)

These equations are made with the same purpose as the equations in the previous section, to

scale the average fuel consumption down to one hour, and then scale it up to the full life.

Tipping count and earth moved

The dumpers deliver information on their tipping count. This average tipping count is also scaled

up to the full life by using this equation:
(Tippingcount ayerage=ACtiVenrs ayerage) 150000rs (5.6)

This is to nd how many tipping counts are in one active hour, and then scale it up to t the full
life. To calculate how much earth each dumper has moved, it was essential to know how much
the troughs can contain. This knowledge is found in Hydrema [2024c], and based on this, it was
chosen to use a ton less than the full weight to multiply the tipping count with. This means
that for the 707G series, the tipping count was multiplied with 6 tons, for the 912G series, the
tipping count was multiplied with 9 tons, for the 922G series, the tipping count was multiplied
with 19 tons, and for the 920G the tipping count was multiplied with 17 tons. The reason for
not using a full load when multiplying is that it was assessed that the dumpers would not be full

for all tippings.

These methodological choices for the LCA create the basis for the conducted LCA, which will be

described further in Chapter 6.
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Hydrema's machines

The rst analysis of this Master's thesis will be a process consequential LCA on Hydrema's
machines. The de nition of process LCA and consequential LCA is described in Section 5.2. The
LCA will be divided into four sections in accordance with the ISO 14040/14044 standards: A
goal and scope section, a life cycle inventory section, a life cycle impact assessment section, and

lastly, an interpretation section.

6.1 Goal and scope

The rst phase of the LCA is, as stated in the ISO 14040/14044 standards, the goal and scope
phase. The goal of this LCA study is to quantify signi cant environmental aspects of Hydrema's
environmental management system and to cover the life cycle perspective that they are lacking in
their system. The LCA can also highlight hotspots in Hydrema's products, which can give them
a more product-oriented view of their management system. This LCA will, however, only take
estimated versions of Hydrema's products into account, and therefore, other activities made by
Hydrema will not be visible in this LCA. A limitation of the goal of modeling all of Hydrema's
machines in this simplied LCA model is that Hydrema's machines are complex machinery
with many components, and therefore, estimates and scaling factors have been used, which will
be described further in the LCI phase in Section 6.2. The target audience of this LCA is the
employees at Hydrema. It aims to be useful for multiple departments at Hydrema, but the
quality department that works with the management systems will mainly have a quantitative tool
for quantifying and choosing their signi cant environmental aspects, considering the life cycle
perspective. Another department that could gain usage of the LCA system is the research and
development department, which will have the opportunity to see how new designs or technologies

perform from an environmental perspective.

As stated in Section 2.1, Hydrema produces three machine types in multiple sizes. Even though
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it is three di erent machines, dumpers, backhoes, and excavators, they have the same function,
which is: moving earth. They, however, have di erent ways of doing their function. Therefore,
a generic functional unit that will t all three machine types has been made, which makes them
comparable. This functional unit is also chosen on behalf of the parameters Hydrema normally

works with, for them to be able to use the LCA results. The functional unit is presented hereafter.

Functional Unit

1 operational hr of moved earth

For this functional unit, there are some important factors to know, which are:

Total amount of operational hours in the whole lifetime
Time spent working

Time spent idling

This simpli ed LCA model aims to model all of Hydrema's machines based on a more thorough
examination of a speci ¢ machine and then scale the other machines based on this examination.
The LCA model is divided into modules, as described in Section 5.3.3, and the examination
of the speci ¢ machines led to an identi cation of the main materials in these modules. The

machines have di erent types of use phases, which are visualized in Figure 6.1.

Figure 6.1. The dierent use phases of a Hydrema machine (Own production)

This is because the machine uses both time spent working and time spent idling. The average
amount of time spent working and time spent idling is the basis for the 0,6 p of the Hydrema
machine used when working and the 0,4 p of the Hydrema machine used when idling. This is
based on actual use phase data from Hydrema, which will be explained further in Section 6.2.5.
The product system of a Hydrema machine can be seen in Figure 6.2, where the materials are
linked to the modules, which are linked to the nished machine, which are linked to the use

phases, which has an input of fuel, which leads to the functional unit and further to the end of
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life stage of the life cycle.

Figure 6.2. Product system of a Hydrema machine (Own production)

The LCA will be modeled using a consequential framework, which has been described in Section 5.2.
The foreground system is based on the modules that have been chosen in collaboration with the
research and development manager [Hydrema Employees, 2025], and the background processes
needed are the inputs of materials into the modules, as well as the fuel for the use phase of the
machines. As stated in Section 5.3.3, the data gained from Hydrema was not always explicit
in the materials and dimensions used for the machines, and therefore, some of the materials
and their weights are based on assumptions based on observations and Google searches. The
database that will be used for the background data is the Ecolnvent 3.9.1 consequential database.
Ecolnvent is a comprehensive LCI database that aids in giving companies information on the
environmental impacts of their operations [Ecoinvent, 2025]. For the LCIA phase of the LCA,

an impact assessment method will be used. The method that will be used is the Stepwise2006
method made by 2.0 LCA consultants [2.0 LCA consultants, 2025]. This method takes all
impact categories to a single score that can be either Quality Adjusted Life Years (QALYS) or
monetary units [2.0 LCA consultants, 2025]. However, it also still gives the opportunity to get

midpoint results [2.0 LCA consultants, 2025]. The de nition of a QALY is a Life-year lived at
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full well-being [2.0 LCA consultants, 2025]. The Stepwise method has four di erent weighting
methods, where the weighting method Europe95 person/ EUR excl. biogenic C. has been

chosen for this LCA.

6.2 Life cycle inventory

The second phase of the LCA is the LCI phase, which maps the product inventory. This means
the reference ows needed as inputs to the product system. The aim of the LCA is, as stated in
Section 6.1, to make a simpli ed model to calculate the impacts from all of Hydrema's machines.
However, as stated in Section 5.3.3, the initial data collection was made on a speci ¢ machine
from Hydrema, which was their 912G dumper. The reason for choosing this machine speci cally
is that it is their bestseller model, and it is one of their simpler machines. The Hydrema 912G
dumper can be seen in Figure 6.3 and 6.4, which are pictures taken from the side and from
the front of the machine. The data that are based on the 912G dumper is then divided into
modules as stated in Section 5.3.3, and the LCI data of these modules will be described further
in Section 6.2.1. The main materials will be described further respectively in Section 6.2.2
and 6.2.3, with the rst section describing the steel inputs and the other section describing the
other material inputs in the machine. These reference ows will be scaled to t other Hydrema
machines in Section 6.2.4 using the scaling factors described in Figure 5.5. Then the use phase
of the Hydrema machines will be described in Section 6.2.5, and the end-of-life phase will be

described in Section 6.2.6.

Figure 6.3. Hydrema 912G dumper from a side  Figure 6.4. Hydrema 912G dumper from a
perspective (Own photo) front perspective (Own photo)
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6.2.1 Modules

In this section, the machine modules and their respective inputs will be described. For each
module is a corresponding table, and the components in these are hamed as in the original parts
list to minimize confusion, and therefore they are in either Danish or German. The modules
will be described in the sequence that is stated in Section 5.3.3. The rst module that will be
described is the motormodule, and the components with their respective materials and estimated

weights can be seen in Figure 6.5.

Figure 6.5. Components in motormodule with main materials and weights for each. When the weight is
marked with an - it means that the value is estimated of being unsigni cantly small (Own production,
with weights on motor and transmission from [Lectura, 2025] and [Aftermarked, 2025] (See Appendix B))

In the analysis of the parts list, 9 components were assessed as tting under the motormodule

category. These 9 components are:

Fuel plant

Washer uid system
Cooling system
Motor/transmission
Exhaust system

Air conditioning machine

Bonnet
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Extraction system

Front

These components have been analyzed in the parts list, and based on this analysis, a determination
of the main materials in the components has been made. The motormodule contains most of the
main materials chosen, however, the main material in the motormodule is the steel inputs. This

is mainly due to the motor and transmission being assessed as made mostly of steel, and these
are the biggest components in the motormodule. The second module that will be described is
the tyremodule, and the components with their respective materials and estimated weights can

be seen in Figure 6.6.

Figure 6.6. Components in tyremodule with main materials and weights for each (Own production, with
weights on tyres from [Heuver, 2025c] (See Appendix B))

The tyremodule contains two components from the parts list, being the wheels on the right and
the wheels on the left. This module contains two materials: rubber for the tyres and steel for
the rims. The third module that will be described is the hydraulicmodule, and the components

with their respective materials and estimated weights can be seen in Figure 6.7.

Figure 6.7. Components in hydraulicmodule with main materials and weights for each. When the weight
is marked with an - it means that the value is estimated of being unsigni cantly small (Own production
(See Appendix B))

In the analysis of the parts list, 5 components were assessed as tting under the hydraulicmodule.
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These 5 components are:

Connection block
Piping at the rear
Hoses

Piping at the front
Hydraulic pump

These components mainly consist of rubber and steel for the pipes, and the hydraulic oil that is
used through the pipes. Most of these weights are estimated, to what was assessed as a reasonable
weight, and what was tting with the mass balance. The fourth module that will be described is

the cabinmodule, and the components with their respective materials and estimated weights can

be seen in Figure 6.8.

Figure 6.8. Components in cabinmodule with main materials and weights for each. When the weight is
marked with an - it means that the value is estimated of being unsigni cantly small (Own production
(See Appendix B))

In the analysis of the parts list, 5 components were assessed as tting under the cabinmodule.

These 5 components are:

Windshield washer system
Cabin suspension

Floor mat

Step

" Cabin

The main materials in the cabinmodule are steel, glass, which is used as the windows in the cabin,
and plastic, which is used both in the interior of the cabin and in the roof of the cabin, which
can also be seen in Figure 6.4. The fth module that will be described is the wirenetmodule, and

the components with their respective materials and estimated weights can be seen in Figure 6.9.
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Figure 6.9. Components in wirenetmodule with main materials and weights for each (Own production
(See Appendix B))

The wirenetmodule only consists of one component, which is the wirenet of the machine. For
this module, three materials are determined: steel, plastic, and copper for the wires and the
holders for the wires. The sixth module that will be described is the batterymodule, and the

components with their respective materials and estimated weights can be seen in Figure 6.10.

Figure 6.10. Components in batterymodule with main materials and weights for each. When the weight
is marked with an - it means that the value is estimated of being unsigni cantly small (Own production,
with weight on battery from [Batterilageret.dk, 2025] (See Appendix B))

In the batterymodule there were assessed two component: the cover of the battery and the
battery. The main material in this module is the two batteries in the machine. The seventh
module that will be described is the functionmodule, and the components with their respective

materials and estimated weigths can be seen in Figure 6.11.

Figure 6.11. Components in functionsmodule 1 of a dumper trough with main materials and weights for
each (Own production (See Appendix B))

This functionmodule models the trough of the dumper. The three machine types at Hydrema
will each have their own functionmodule, because their work tool di ers. The functionmodule
of the trough mainly consists of steel, and it is a large component in the total machine. The

functionmodules for the two other functions can be seen in Figure 6.15 and 6.14. The eighth
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module that will be described is the chassismodule, and the components with their respective

materials and estimated weights can be seen in Figure 6.12.

Figure 6.12. Components in chassismodule with main materials and weights for each. When the weight
is marked with an - it means that the value is estimated of being unsigni cantly small (Own production
(See Appendix B))

In the analysis of the parts list, 9 components were assessed as tting under the chassismodule.

These 9 components are:

Frontframe
Rearframe
Bottomplate
Rear axle
Frontcover
Lights front
Screens
Rear lights
" Side lights

The main materials in this module are steel and plastic, which are used for the chassis of the
machine and the screens that cover the tyres of the machine. Lastly, there can be detected two
components that repeats throughout the whole machine, which is paint and screws, and the

materials and estimated weights can be seen in Figure 6.13.
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Figure 6.13. Components that it used in multiple modules are added in the category other, with the
estimated materials and weights of each (Own production (See Appendix B))

These weights are estimated to t the mass balance, and are therefore only a rough estimate,
because these components were initially sorted out in the analysis of the parts list, however, they

are important because they are repeated throughout the whole machine.

Backhoe and excavators

Because the functions di er in Hydrema's three machine types, two other functionmodules are
modeled. These are for the digging arms of both the backhoe and the excavators, as well as
the shovels on the backhoe. These modules are made based on an analysis of four BOM parts
lists, one for the digging arm of an excavator, one for the digging arm of a backhoe, one for
the front shovel of a backhoe, and one for the back shovel of a backhoe. Therefore, there are
three functionmodules in this LCA system, the rst is for the dumper trough, as presented in

Figure 6.11, the second is for the digging arms, which can be seen in Figure 6.14.

Figure 6.14. Components in the functionmodule 2 of the excavation arms with main materials and
weights for each (Own production (See Appendix B))

In this module, two digging arms are modeled, because the weight of the materials di ers when
it is a digging arm for an excavator and when it is for a backhoe. The only visible material in

the digging arms in the analysis of the BOM parts list was steel. In this analysis, it also became
clear that more steel was needed for the backhoe digging arm than for the excavator digging arm,
and therefore, two di erent reference variables will be chosen when making scaling factors for
functionmodule 2. The third functionmodule is for the shovels on a backhoe, and is presented in

Figure 6.15.
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Figure 6.15. Components in the functionmodule 3 of the backhoe shovels with main materials and
weights for each (Own production (See Appendix B))

In this module, there are two components because a backhoe consists of a shovel in both the
front and the back. During the analysis of the BOM parts lists, it became clear that these two
components mainly were made of steel, and that the shovel in the front contained the most steel,

compared to the shovel in the back.

6.2.2 Steel

The main material in Hydrema's machines is steel. In the analysis of the parts list, it became
clear that multiple steel-type plates are used in the production of the machine. Firstly, it was
de ned how much of each steel-type was used in each component in kilos. This overview can be

seen in Figure 6.16.

Figure 6.16. Table of the di erent steel types used in the di erent modules with indicated weights (Own
production)

Then, the percentage share of the total amount of steel plates in each module was found. This

can be seen in Figure 6.17.

Figure 6.17. Table of percentage of the di erent steel types used in the di erent modules. On the right
side of the gure is indicated whether the steel type is low-alloyed, alloyed, or unalloyed (Own production,
with alloys based on [SSAB, 2025; Steelnumbers, 2025b; YJ, 2025; SIDASTICO, 2025; Steelnumbers,
2025a; GNEE STEEL, 2025; Fuhong, 2025])
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This table also shows how much of the steel is low-alloyed, unalloyed, or alloyed. This was found
by googling the steel-types, and was needed to choose the relevant Ecolnvent processes for the
LCA. Based on this table, it can be seen that the majority of steel going into the machines is
low-alloyed steel, and a smaller amount of unalloyed and alloyed steel. The unalloyed steel is
mostly present in the motormodule and the cabinmodule, whereas the alloyed steel is mostly
present in the functionmodule 1 and the chassismodule. The description of the steel-types and

the chosen Ecolnvent processes can be seen in Figure 6.18.

Figure 6.18. Table of the steel used in the machine, with the steel used as described in the parts list is
listed in the column to the left, the description of the steel type in the column in the middle, and the
chosen Ecolnvent process in the column to the right (Own production, with alloys based on [SSAB, 2025;
Steelnumbers, 2025b; YJ, 2025; SIDASTICO, 2025; Steelnumbers, 2025a; GNEE STEEL, 2025; Fuhong,
2025])

The Ecolnvent processes are chosen based on the alloys of the steel-types. Three di erent
processes have been chosen to make the LCA as close to the truth as possible. The Ecolnvent
processes chosen are all under the market category. This means that they have included inputs
from speci ¢ regions and inputs of transport [SimaPro, 2025]. The reason for choosing the
market processes is that it is not known from which suppliers the materials come, and therefore

it is recommended to use the market processes to take transportation and the market into

account [SimaPro, 2025].

6.2.3 Other materials

Apart from steel, the Hydrema machines consist of multiple other main materials. These are:
Glass, rubber, plastic, aluminum, copper, lead, paint, hydraulic oil, motor oil, and fuel. These

materials and the chosen corresponding Ecolnvent processes can be seen in Figure 6.19.
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Figure 6.19. Table of other main materials used in the machine other than steel, with the materials
listed in the column to the left and the Ecolnvent process chosen described in the column to the right
(Own production)

The Ecolnvent processes are chosen based on an assessment of which materials they have to
cover and the purpose of the material. The plastic process is chosen based on communication
with a Hydrema employee [Hydrema Employees, 2025]. The material copper was chosen because
it is a part of the wires that go into the wirenet, and therefore, the Ecolnvent process for wire
drawing, copper, was chosen. The purpose of the lead material was to cover the battery of the
machine, and therefore, the Ecolnvent process for a lead-acid battery was chosen. Both the
hydraulic oil and the motor oil were assessed as tting under the Ecolnvent process for lubricating
oil, and therefore, this process is used for both of these materials. To cover the fuel that the
machines will be using during their use stage, to make sure that the LCA is not only modeled as

a cradle-to-gate LCA, the Ecolnvent process for diesel burned in a building machine was chosen
as the most tting. As was the case in the Ecolnvent processes chosen for the steel-types in

Section 6.2.2, the Ecolnvent processes chosen for the other materials are also market processes.
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6.2.4 Scaling to other machines

As stated in the goal and scope phase in Section 6.1, the aim of this LCA is to make a simpli ed
model that is able to model all of Hydrema's machines ideally. The LCA is based on an analysis
of the parts list of one of Hydrema's machines: the 912G dumper. Based on the modules, scaling
factors were chosen, which were described in Section 5.3.3, in Figure 5.5. The variables needed

to calculate the scaling factors for each speci ¢ machine can be seen in Figure 6.20.

Figure 6.20. Table of variables used to make scaling factors for each machine. In this table are listed
three functionmodules, because the components in the functionmodule will di er according to which
machine type it is. The DT6 machine has di erent variables in the motor and battery columns, because

it is an electric machine (Own production, with numbers from [Hydrema, 2024c; Brixius Trading, 2025;
Bohnenkamp, 2025a; Heuver, 2025a,b; Holland Tyre, 2025; Jydekrog.dk, 2025; Bohnenkamp, 2025b](See
Appendix B))

The line with the green color is the 912G dumper, and therefore, the reference factor for
calculating the factors. The orange color highlights the variables that were not found and would
therefore need further research. The cells with a cross in them are where the column is not
relevant for the speci c machine type. This is in relation to that the three machine types:
dumpers, backhoes, and excavators, each have di erent functionmodules, because this di ers
the most among the three machine types. Because these modules are di erent, they also have
di erent scaling factors according to what is tting for each function. Therefore, functionmodule

1 is only used for the dumpers, functionmodule 2 is used for both the backhoes and excavators,
and functionmodule 3 is used only for the backhoes. The scaling factors are then calculated

using Equation 5.2. The calculated scaling factors can be seen in Figure 6.21.
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Figure 6.21. Table of calculated scaling factors for each machine (Own production (See Appendix B))

The cells highlighted in green are the reference variables. This means that for all modules except
functionmodule 2 and 3, the reference variables are from the 912G dumper, where the BOM parts
list has been analyzed, as described in Section 5.3.3. For functionmodule 2 and 3, the reference
variables come from the smallest excavator and the smallest backhoe. These scaling factors
are then used to calculate how much of each module is needed for each machine. The scaling
factors are added to the product system, and from this, the other machines can be calculated in
a simpli ed way. For the cabinmodule and the wirenetmodule it was not possible to nd data

for scaling, and therefore, these will be equal to the reference module. For the tyres for which no
data on, it will also be equal to the reference module. However, for the 920G machine speci cally,
it will be scaled up, because this machine has six tyres, whereas the reference machine only has

four tyres.

Creating mass balance for all machines

To make sure that the scaling was truthful for all of the machines, their mass balance was checked
after the modules had been scaled with their respective calculated scaling factors. The scaled

weight and the actual weight of the machines can be seen in Figure 6.22.

Figure 6.22. Scaling factors to create mass balance for all of Hydrema's machines (Own production (See
Appendix B))
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The scaled weight is calculated using this equation:

The scaling factors from Figure 6.21 did not create mass balance for all of the Hydrema machines,
and therefore, an additional scaling factor was calculated for each machine. This scaling factor
was multiplied by the scaling factors in Figure 6.21. By doing this, it scales all of the modules

up proportionately, and by this creates mass balance for all of the machines. The mass balance

scaling factor is calculated using this equation:

Actualweight=scaledweight = massbalancescalingfactor (6.2)

6.2.5 Use phase of Hydrema's machines

To model the LCA from cradle-to-grave, the use phase of the machines is essential to gain
knowledge on. On this basis, the amount of time spent working and the amount of time spent
idling, and their respective fuel consumptions, are relevant to know. These amounts for all of

Hydrema's machines can be seen in Figure 6.23.

Figure 6.23. Visualization of estimated active hours, idling hours, fuel consumption, tipping count, and
amount of moved earth for all of Hydrema's machines (Own production, based on loT data from all of
Hydrema's machines from the rst end-user (See Appendix D))

The cells highlighted with the light orange color represent the amounts that were not possible to
calculate. These variables are for the DT6 machine, which is Hydrema's electric dumper, and
the variables for tipping count for the excavators and backhoes, which is because their function
can not be measured in this way. The data used to calculate these numbers is from Hydrema
Telematics, which is an online portal for Hydrema and its customers to be able to follow the

performance of their machines (See Appendix D). Therefore, these numbers are scaled up to the
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determined total lifetime of a Hydrema machine based on actual empirical data on real machines.
In Figure 6.23, it can be seen that the dumpers are the machines that spend the most time
idling, and the excavators are the machines that spend less time idling. This can potentially be
explained by the dumpers spending more time waiting while their troughs are being lled, and
to keep their motors warm, they are likely to be idling. This could also indicate that the use of
the backhoes and excavators is more e ective, because they are not dependent on waiting for

other machines to be able to do their job.

As shown in Figure 6.1, there is a part of the machine that goes into working and a part of the
machine that goes into idling. As shown in Figure 6.23, these two use phases have di erent fuel
consumption. Therefore, the use phase of the machines is modeled for three di erent types for

one hour.

1 active hour

~

1 idling hour

~

1 total hour

For the calculation on 1 operation hour, the percentage of the time the machine is active is used
as the amount of machine needed for being active, and then this amount of machine is divided
by 15000 hrs, to get the amount of machine needed for one operational hour. The fuel needed
for one operation hour is calculated by taking the amount of fuel used for the total lifetime and
dividing it by 15000, to get the fuel consumption for one operation hour. This fuel consumption
is then multiplied by 38 to get the fuel consumption in MJ rather than liters, because it is the
unit used in the background data. The background data that will be used for the fuel is: Diesel,
burned in building machine GLO| market for diesel, burned in building machine | Conseq, U. For
the calculation on 1 idling hour, the percentage of time the machine spends idling is used as the
amount of machine needed for idling, and then this amount is divided by the number of idling
hours the respective machines have in their full lifetime, to get the amount of machine needed for
one idling hour. The fuel needed for one idling hour is calculated by taking the amount of fuel
used for idling in the full lifetime of the machine and dividing it by the number of idling hours
the respective machines have. This fuel consumption is also multiplied by 38 to get it in MJ
rather than liters. In the 1 total hour calculation, it aims to give a picture of how much of an
hour is spent working and idling, and what impact this has. For calculating this, the percentage
of time spent active and time spent idling is used to determine how much of the machine is used
for being active and how much is used for idling. An example of how it is modeled can be shown

for the 912G dumper. This machine spends 40% of the time idling and 60% of the time being

55



6.2. Life cycle inventory Aalborg University

active. For the process of one total use hour of the 912G dumper, it then has an input of 0,40
from the idling use hour and 0,60 from the active use hour. This in total creates one hour of use,
which takes both the amount of time spent working and the amount of time spent idling into

account.

Another important part of the machine's use phase is the maintenance of the machine. The
way this has been taken into account in this LCA model is by adding 1% of the machine to the
amount of machine needed in the use phase. This means that the amount of machines needed for
being active and for idling is calculated o 1,01 machines. This is because it is unlikely that the
machine will not undergo repairing, where parts of the machine will be changed, and therefore,
by using 1,01 machine for the calculations, it takes some new parts into account. This way of

modeling it, however, does not take into account which parts of the machine will break.

6.2.6 End of life of Hydrema's machines

After the machine is done being used, it enters the end-of-life phase. For this LCA, two di erent
end-of-life scenarios will be modeled. One where the recyclable materials of the machine will be

recycled, and one where the machine is left alone in a eld.

The last scenario is a possibility be-
cause during the use phase of the ma-
chine, it is likely that when the machine
gets older and more worn down, it will
be sold to a small entrepreneur or a
farmer, who will use the machine now
and then [Hydrema Employees, 2025].
The end-of-life phase of a Hydrema ma-

chine is therefore likely to be way out

in the future. This is visualized in Fig- Figure 6.24. Visualization of the impacts over time,
with a short amount of time and a large amount of
ure 6.24, with the time on the x-axis emissions in the production, a long amount of time and
) ) a less concentrated amount of emissions in the use phase,
and the impacts on the y-axis. and short amount of time and a large amount of positive
emissions for the end-of-life stage (Own production)

The end-of-life modeling for this LCA will take the point of departure in two scenarios, based on
what is likely to happen to the machine. In the rst scenario, the machine is discarded and sent

to a waste facility that has the opportunity to demolish the machine and recycle the materials
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that are recyclable. In the second scenario, the machine crashes in a eld and is left there to
rust. In this scenario, nothing is done to the machine, and the materials of the machine will not
be recycled. The second scenario will then not create an avoided impact from the production,
because the materials in the machine will likely go to waste. To model the rst scenario, multiple

Ecolnvent processes will be needed, which can be seen in Figure 6.25.

Figure 6.25. Choice of Ecolnvent processes for the rst end-of-life scenario (Own production)

In the choice of the Ecolnvent processes, it was chosen to use the recycling processes for the

materials that had recycling, and for the other waste management processes were chosen.

The amounts used for the rst scenario are the same as the inputs, which re ects a scenario
where all the materials in the machine will be managed, either through recycling or other waste

processes.

6.3 Life cycle impact assessment

For the LCIA phase of the LCA, the impacts of producing the machines at Hydrema, the use
phase, and the end-of-life phase will be described. Firstly, the LCIA will look into the production
of the machines, with an insight into impacts from the reference modules. Then the LCIA will
look into the impacts from the use phase of the machines, which is divided into three parts: one

active hour, one idling hour, and one total hour. Lastly, the avoided burdens from the end-of-life
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