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Abstract

This master’s thesis presents a comparative Life Cycle Assessment of two surgical
procedures for treating lumbar disc herniation; open and endoscopic procedure. The study
is conducted in collaboration with Aarhus University Hospital (AUH), Aalborg University
Hospital (AaUH), and the Center of Sustainable Hospitals in the Central Denmark Region.
It aims to quantify and compare the environmental impact of each procedure across their
individual patient pathway.

Using a consequential LCA approach along with EXIOBASE and hybrid processes, the
study identifies contributing factors such as single use equipment, energy consumption, and
admission expenditures. The results conclude that the endoscopic procedure generally
have a lower environmental impact compared to the open procedure, primarily due to
reduced admission and surgery duration, resulting in reduction in consumption such as
electricity use. However, factors such as patient suitability and learning curves for surgical
staff in the conversion of the endoscopic procedure are important to consider before a full
implementation.

The thesis reflects on the epistemological and ontological assumptions in LCA modelling,
as well as the communication challenges between system-world modelling and life-world in
clinical practice. The findings contribute to the broader goal of integrating sustainability
into healthcare decision-making and underscore the need for data driven but context
sensitive approaches.

Page iv of 120



Foreword

This master’s thesis marks the culmination of our studies in Environmental Management
and Sustainability Science at Aalborg University. The process of writing this thesis has
been both challenging and rewarding, and we are grateful to all who have supported us
throughout our study.

First and foremost, we would like to thank our supervisors, Jannick Schmidt and Lasse
Krogh Poulsen, for their invaluable guidance, critical insights, and continuous support
throughout the project. Their expertise within Life Cycle Assessment and environmental

modelling has been instrumental in shaping this thesis.

We also owe a special thanks to Gorm von Oettingen, Claus @rum, and Carsten Reidies
Bjarkam for their generous collaboration, professional input, and for granting us access
to clinical and technical knowledge at Aarhus University Hospital and Aalborg University
Hospital. Their contributions significantly enriched the practical relevance and depth of
this study.

In addition, we would like to express our sincere gratitude to the Center for Sustainable
Hospitals, particularly Rasmus Revsbeck, Laerke Dahl Klausen, and Dorte Blegbrgnd
Gosvig, for their encouragement, helpful discussions, and for making this collaboration
possible.  Their work and commitment to promoting sustainable initiatives in the

healthcare sector have been a great source of inspiration throughout our project.

Lastly, we want to thank all the healthcare professionals who welcomed us into their daily
routines and provided vital perspectives during observations and conversations. Their
openness has helped us bridge theory with practice.

Aalborg, May 2025

Emma Olsen & Freja Marie Tackke

Page v of 120






Table of Contents

Abstract
Foreword
Table of Contents

Terminology
Abbreviations . . . . . . .

Terms . . . .
1 Introduction

2 Case Study
2.1  Case Description & Collaboration . . . . . . . ... ... ... .. ......
2.1.1 Department for Brain & Spine Surgery . . . . . . . . ... ... ...
2.1.2 Treatment of Lumbar Disc Herniation . . . . .. ... .. ... ...
2.1.3 Potential . . . . ..o

3 Research Question
4 Research Design

5 Theoretical Foundation
5.1 Science-Theoretical Foundation . . . . . . . . . . .. ... ... .. .....
5.1.1 Epistemology & Ontology . . . . . . . ... ... ... ... .....
5.1.2 Hermeneutics . . . . . . . . . ..
5.1.3 Research Paradigm . . . . . .. ... ... ... ... ... ...
5.1.4 System-World & Life-World . . . . . .. ... ... ... ... ....
5.2 The LCA Practitioner’s Role . . . . . . . . . . . .. ... ... ... ....

6 Methodology
6.1 Literature Search . . . . . . . . . . . ...
6.2 Life Cycle Assessment . . . . . . . .. ...
6.2.1 Phasesof LCA . . . . . . . . . . ...
6.2.2 Strengths & Limitations of LCA . . . . . .. ... ... ... ....
6.2.3 Methodological Approaches of LCA . . . . . ... ... ... ....
6.2.4 Data Collection . . . . . . . . . .. .. ...
6.3 Utilisation of AI . . . . . . . . .. ...

7 Literature Review
7.1 Environmental Quantification in the Healthcare sector . . . . . . . .. ...
7.1.1 Quantification Methods . . . . . . . .. ... ... ... ... ...,
7.1.2 Environmental Impact of Different Patient Pathway Stages . . . . .

iv

vii

11

14
14
14
15
16
17
17

20
20
21
23
25
25
28
29

Page vii of 120



Table of Contents

8 First Analysis — LCA of Procedures

8.1

8.2

8.3

8.4

Goal & Scope . . . .. ..o
8.1.1 Functional Unit . . . . . . . . .. . ... ...

8.1.2 Product System & System Boundary

8.1.3 Data and Modelling Approach . . . ... ..
Life Cycle Inventory . . . . . . ... ... ... ...
8.2.1 Single Use Equipment . . . .. ... ... ..
8.2.2 Reusable Instruments . . . .. ... ... ..
8.2.3 Medico-Technical Instruments . . . . . . . ..
8.2.4 Patient Pathway . . . ... .. ... .. ...
Life Cycle Impact Assessment . . . . . .. ... ...
831 Results . . ... ... ... ... .......
8.3.2 Sensitivity Analysis . . . .. ... ... ..
Interpretation . . . . . . ... ...

9 Second Analysis - Reduction Opportunities

9.1

Calculation . . . . ... .. ... ... ... ...,
9.1.1 Electricity & District Heating . . . . . . . ..
9.1.2 Employee Expenditures . . . . ... ... ..
9.1.3 Results . . ... ... ... ... .......

10 Discussion

10.1
10.2
10.3
10.4
10.5
10.6
10.7

LCA Findings & Reduction Opportunities . . . . . .
Socio-economic Considerations . . . . . ... .. ..
Methodological Considerations . . . . ... ... ..
Rebound Effects . . . . .. ... ... ... ... ..
Reflections . . . . . . .. ... . ... ... ..
Transparency and Data Limitations. . . . . .. . ..

Perspectives . . . . . . ..o

11 Conclusion

References

Bilag

A Mail from Oettingen

B Literature Review

C Meeting with Bjarkam

D UNSPSC Codes

E Transportation

F LCI Tables

G Sensitivity Analysis

78

81

87

87

90

91

94

95

96

97

Page viii of 120



Table of Contents

H Data Collection
I Results

J SupplyAID Data
K Hybrid Processes

L SupplyAID Business Case

98

99

100

101

114

Page ix of 120



Terminology

The study includes several abbreviations and key terms throughout, which are further
elaborated and clarified below.

Abbreviations

e AUH Aarhus University Hospital

e AaUH Aalborg University Hospital

e COs-eq Carbon Dioxide Equivalent

e GHG Greenhouse Gas

e 10 Input-output

e ISO International Organisation for Standardisation

e LCA Life Cycle Assessment

e LCI Life Cycle Inventory Analysis

e LCIA Life Cycle Impact Assessment

e UNSPSC United Nations Standard Products and Service Code

Terms

e Functional Unit: Quantified performance of a product system for use as a reference
unit (International Standard, 2006).

e Impact Category: Class representing environmental issues of concern to which life
cycle inventory analysis results may be assigned (International Standard, 2006).

e Life Cycle Assessment: Compilation and evaluation of the inputs, outputs and
the potential environmental impacts of a product system throughout its life cycle
(International Standard, 2006).

e Life Cycle Impact Assessment: Phase of life cycle assessment aimed at
understanding and evaluating the magnitude and significance of the potential
environmental impacts for a product system throughout the life cycle of the product
(International Standard, 2006).

e Life Cycle Inventory Analysis: Phase of life cycle assessment involving the
compilation and quantification of inputs and outputs for a product throughout its
life cycle (International Standard, 2006).

e Patient Pathway: A patient pathway refers to all the stages a patient experiences in
the management of his or her disease, from pre-diagnosis to palliative care (Alcimed,
2025).
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TERMS

e Product System: Collection of unit processes with elementary and product flows,
performing one or more defined functions, and which models the life cycle of a product
(International Standard, 2006).

e Sensitivity Analaysis: Systematic procedures for estimating the effects of the
choices made regarding methods and data on the outcome of a study (International
Standard, 2006).

e System Boundary: Set of criteria specifying which unit processes are part of a
product system (International Standard, 2006).

Guidelines for reading

The citations in this master’s thesis follow the Harvard referencing style (Author, Year).
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Introduction

Climate change is recognised as one of the most important global challenges of the 21°t
century. According to the World Health Organisation, it contributes to approximately
250,000 deaths per year through increased air pollution, extreme weather, diseases, and
hunger (World Health Organisation, 2025).

To mitigate these impacts, global climate initiatives aim to reduce the greenhouse gas
(GHG) emissions driving climate change (Eurpean Union, 2025). In 2021, the European
Union (EU) adopted the European Climate Law, which commits member states to reduce
their GHG emissions by at least 55% by 2030 compared to 1990 levels and achieve climate
neutrality by 2050 (European Union, 2021). As a member of the EU, Denmark is legally
obligated to meet these targets (Jensen, 2025).

The healthcare sector constitutes a significant role in Denmark’s total GHG emissions,
contributing with approximately 6% of the national GHG emissions (Danske Regioner,
2023). A study by Schmidt and Merciai (2023), estimates that “Health and social work
services” are responsible for 6.1 million tonnes of COs-eq — approximately 8% of the
country’s total GHG emissions. The public Danish healthcare system is managed by five
regions and the procurement organisation Amgros, a Danish procurement company for
the Danish hospitals (Amgros, 2025). The five regions and Amgros are therefore central
drivers to achieving emission reductions (Danske Regioner, 2025a).

In 2023, the Danish Regions launched a cross-regional climate strategy aimed at supporting
these goals. In 2022, regional emissions concluded approximately 3.3 million tonnes of
COg-eq. As shown in Figure 1.1, procurement is the largest contributor, followed by
pharmaceuticals and construction activities (Danske Regioner, 2023).

To support the national strategy, the Central Denmark Region has launched a
sustainability initiative led by the Center for Sustainable Hospitals. A core objective
is to reduce the environmental impact of surgical procedures, particularly by transitioning
from single use to reusable medical equipment (Center for Beeredygtige Hospitaler, 2025).
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Introduction

Transport 1%
Construction 22%

Medicine 24%

Food 2%

Energy 4%

Anesthesia
gasses 0.3%

Procurement 47%

Figur 1.1. Distribution of Regional CO2 emissions (Danske Regioner, 2023)

Data collection and monitoring are key tasks in this strategy, as high-quality data is
essential to improve transparency, supporting informed decision making, and guiding
innovation toward more sustainable practices (Danske Regioner, 2023).

To contribute to this effort, there is a growing need for detailed environmental data related
to surgeries. Surgical procedures consume substantial amounts of medical equipment,
pharmaceuticals, energy, and water. This study therefore investigates the GHG emissions
associated with patient pathways for treatment of lumbar disc herniation, by open
procedure or endoscopic procedure, using Life Cycle Assessment as a methodological tool.
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Case Study

This chapter presents a case study focused on assessing the environmental impact of a
patient pathway for the treatment of lumbar disc herniation. The study is situated in
the Department of Brain and Spine Surgery at Aarhus University Hospital (AUH) and
compares two surgical procedures used as treatment for the same condition; open and
endoscopic procedure. The case was selected based on its clinical relevance and potential
for broader application across the Danish healthcare system and its other regions.

2.1 Case Description & Collaboration

The study is carried out in collaboration with key stakeholders:
e Gorm von Oettingen, Chief of Brain and Spine Surgery at AUH

e Claus @Orum, Function Manager in the Department of Supply and Service and project
manager of the SupplyAID inventory database

e Carsten Reidies Bjarkam, Chief of Brain and Spine Surgery at Aalborg University
Hospital (AaUH), where endoscopic procedures have been implemented since 2021

The selected case focuses on lumbar disc herniation surgery, a high-volume surgery
performed frequently in hospitals across Denmark. According to Oettingen, its prevalence
makes it a particularly relevant candidate for environmental impact assessment, as data
availability at AUH is high and findings can be applicable beyond a single institution
(Appendix A). Furthermore, the existence of two distinct surgical procedures; open
and endoscopic, provides a meaningful comparison that can inform both clinical and
sustainability decisions.

The case is not intended to serve as a general baseline for all surgeries but rather as a
focused comparison within a specific clinical context.

2.1.1 Department for Brain & Spine Surgery

The Department of Brain and Spine Surgery at AUH is divided into two units: a clinical
department and a ward. The clinic is responsible for diagnosis and treatment of conditions
related to the cranium, brain, spine, and associated nerves. Patients receive consultations
and undergo scans, blood tests, or other examinations as needed here. Depending on the
complexity of the surgery, patients are discharged the same day or admitted to the ward
for postoperative care. During admission, they receive monitoring, pain management, and
rehabilitation support to ensure a safe recovery process and transition post surgery.
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2.1. CASE DESCRIPTION & COLLABORATION

2.1.2 Treatment of Lumbar Disc Herniation

Surgical treatment of lumbar disc herniation can be performed using either open procedure
or endoscopic procedure. AUH currently perform the open procedure, while AaUH has
adopted the endoscopic procedure. These techniques differ significantly in their degree of

invasiveness, equipment requirements, and postoperative recovery.

Open Procedure

The open procedure involves a 10 cm incision in the lower back. Due to its invasive nature
and higher risk of infection, this method requires strict hygiene protocols, often relying
heavily on single use equipment. The procedure typically lasts between one and three
hours, followed by an average hospital admission of 40 hours. Patients are usually unable
to work for four to six weeks postsurgery (Appendix A).

AUH is currently outsourcing part of their lumbar disc herniation surgeries in order to meet
the demands for treatment. Today they can perform three surgeries per day, and they are
investigating if the endoscopic procedure can optimise surgical capacity and increase the
number of surgeries to four per day, and thereby reduce outsourcing surgeries to private
hospitals.

Endoscopic Procedure

The endoscopic procedure uses an endoscope, which is a slim tube with an integrated
camera and light, to access the affected area through a 3-5 c¢m incision. This technique
is less invasive, reduces damage to surrounding tissue, and typically results in less pain
and faster recovery. According to Oettingen and Bjarkam, procedure times range from 30
to 90 minutes, and patients are often discharged within a few hours if operated on in the
morning or early afternoon (Appendix A and C).

The endoscope must be sterilised between each use, although Oettingen estimates its
service life to be ten years, it is assessed to have a service life of eight years, based on
conversations with Mads Leensg Madsen, chief of medico-technical department (Madsen,
2025). Sterilisation procedures are further investigated through visits to AUH’s central
sterilisation unit, and through an internal calculation tool for sterilisation.

According to Oettingen, the endoscopic procedure could potentially allow for the use of
regional or local rather than general anaesthesia. This would reduce anaesthetic use and
could increase surgical capacity from three to four procedures per day, see Appendix A.
However, Bjarkam notes that awake patients may cause discomfort for both the patient
and surgeon during the surgery, and therefore general anaesthesia is still commonly used
at AaUH (Appendix D)

Despite its benefits, the endoscopic procedure is not suitable for all patients. Bjarkam
estimates that approximately 20% of patients are eligible based on location of the disc
and the patient’s physical condition. Furthermore, endoscopic procedures may need to be
converted to open procedure mid-operation in cases where complications arise or access is
more difficult than expected (Appendix C).

The adoption of endoscopic procedure also requires initial investments in equipment and
training. Bjarkam reports a steep learning curve and longer surgery durations during the
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Case Study

early phase of implementation. Despite this, patient outcomes are promising, with faster
recovery and similar re-herniation risks compared to open surgery (Appendix C).

From a systems perspective, Oettingen estimates that the change could be cost-neutral or
even cost-saving if regional or local anaesthesia is introduced and outsourcing is reduced.
Patients would also return to work faster post operation, offering socioeconomic benefits
(Appendix A).

An overview of the pathway for the two procedures and their differences can be seen in

Figure 2.1.

Figur 2.1.

The patient pathway for both open surgery and endoscopy (own figure).
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2.1. CASE DESCRIPTION & COLLABORATION

2.1.3 Potential

This case study explores the hypothesis that converting from open procedure to endoscopic
procedure could potentially reduce the environmental impact of lumbar disc herniation
treatment.

According to the Danish Spine Database, 61,908 patients underwent spine surgery in 2023,
with 61% treated for lumbar pain. Of these, 63% engaged in rehabilitation, which is
recommended for all patients post surgery. Within one year, 82% had returned to work,
while 18% remained inactive due to pain or complications (Mott, 2024). These numbers
underscore the broader implications of surgical efficiency and recovery time, not just for
individual health, but also for the healthcare system and socio-economy of Denmark.

To evaluate the environmental impacts of the two surgical procedures, the full patient
pathway will be assessed using LCA. This includes preoperative diagnostics, patient
transport, surgical procedures, admission, discharge, and rehabilitation, along with all
related material and energy consumption.
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Research Question

This study aims to answer the research question:

How can the environmental impact of a lumbar disc herniation surgical
procedures be assessed and reduced to support sustainable healthcare?

This question aims to address the need for sustainable action within the healthcare sector
by focusing on two surgical procedures for treating lumbar disc herniation; open procedure
and endoscopic procedure. By applying LCA as a methodological tool, the study seeks
to quantify and compare the environmental impact of the two procedures and investigate
potential impact reductions.

The research question is answered by the analysis of the following two sub-questions:

1. What are the environmental impact of open procedure and endoscopic
procedure?

2. How can the environmental impacts of treating lumbar disc herniation be
reduced?

As the purpose of this study focuses mainly on conducting a comparative LCA study of the
two surgical procedures, the main part of the effort in this study is focused on conducting
the detailed LCAs on the patient pathway for open and endoscopic procedures. The sub-
questions presented will highlight the assessment of the environmental impact of the two
surgical procedures; open procedure and endoscopic procedure.

The first sub-question will function as a base for conducting the comparative LCA study,
following the guidance from the ISO 14040 and 14044. Where the two surgical procedures
for lumbar disc herniation are assessed based on their environmental impact. A sensitivity
analysis is conducted to test the robustness of the overall LCA results and whether there
are uncertainties to take into account when implementing a potential new procedure.

The second sub-question will investigate the opportunity of converting from three to four
surgeries per day, as suggested by Oettingen (Appendix A).

The two sub-questions and their respective analyses will contribute to answering the
overarching research question which will be further discussed and finally answered by the
study’s conclusion gathering the conclusions stated throughout the analysis.

The questions posed in this study aim to contribute to supporting healthcare decision
making towards enhanced sustainability.
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Research Design

This chapter introduces the research design of the study, contextualising the theoretical and
methodological consideration. The chapter should be understood as an essential guideline

to understanding the construction of the study.

The research design of this study is developed to systematically assess the environmental
impact of two different surgical procedures for patients with lumbar disc herniation:
open procedure and endoscopic procedure. It integrates LCA to explore environmental

performance and reduction opportunities for sustainable healthcare.

The research design follows a chronological structure, beginning with a general contextual
introduction and case study presenting the setting of what will be investigated. Based
on this, the research question and sub-questions are posed defining the structure and
what will be analysed in the study. Before analysing the environmental impact of the
two surgical procedures and the potential reduction opportunities, a literature review
is conducted to establish state-of-the-art on environmental impacts in connection with
patient pathways. This will function as a guide throughout the analysis and be compared
with this study’s findings in order to assess whether environmental impact results from
similar cases are comparable or incomparable. The analyses will include empirical data
collection and follow the guidelines provided by the ISO standards 14040 and 14044 using
a consequential approach. Following the analyses, a discussion will highlight and discuss
key elements, findings, and limitations of the study. Lastly, a conclusion will answer the
overarching research question, which will be the conclusion that is expected to be brought
forward for decision makers within healthcare settings, for example the Department of
Brain and Spine Surgery at AUH.

The study’s research design can be seen in Figure 4.1.
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Research Design

Introduction

Case Study

Research Question

How can the environmental impact of lumbar disc herniation
surgical procedures be assessed and reduced to support
sustainable healthcare?

1st Sub-question
What is the environmental impact of open procedure and
endoscopic procedure?

Analysis 1:

o LCA of treatment with open surgery
e LCA of treatment with endoscopy

2nd Sub-question
How can the environmental impacts of treating lumbar disc
herniation be reduced?

Analysis 2:
Reduction opportunities

Discussion

Interpretation and discussion of results

Conclusion

Figur 4.1. Research design of the study following a chronological order (own figure).
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Theoretical Foundation

In this chapter, the theoretical foundation is introduced. Firstly, the science-theoretical
foundation will contribute as a meta-reflection to this study on how LCA’s can be conducted
and how the role of the LCA practitioner has an influence on the LCA modelling. In
addition, the scientific theoretical foundation covers aspects of epistemology and ontology,
hermeneutics, and distinguished understandings of the system world and the life world.

5.1 Science-Theoretical Foundation

When conducting an LCA, the researcher does not only observe and produce data results
using a step-by-step guide. Although ISO standards provide a methodological framework,
the LCA methodology still leaves room for multiple choices regarding scope, data, and other
assumptions. LCA is a modelling tool that requires a range of decisions, assumptions, and
interpretations that are shaped by epistemological and ontological standpoints, whether
or not implicit or explicit. For instance, when applying LCA to a patient pathway, a
challenge is that no patient pathways are identical. Each pathway is shaped by individual
human experiences, medical conditions and social context, none of which are uniform. As
a result, assumptions must be made about what constitutes to an average patient pathway
for the open and endoscopic procedure, in order to model it. These assumptions are
not neutral, as they reflect specific epistemological and ontological understandings. From
an epistemological perspective, this raises questions about how knowledge is constructed.
That includes, what data is valid, and how variability is handled. From an ontological
perspective, it concerns what is assumed to exist and be measured, if the pathway is a
generalised process or a variable, depending on the patient experience. These assumptions
shape the structure and interpretation of the LCA in this study.

The following chapter will explore how ontological and epistemological understandings,
hermeneutics, and research paradigms influence the LCA study.

5.1.1 Epistemology & Ontology

Epistemology and ontology are both science-theoretical concepts that are used to
understand the world and how knowledge about it is produced. Ontology describes what
exists and what can be known about the world, whereas epistemology describes how to
gain knowledge (Thurén, 2021).

In the context of LCA it is implicitly assumed that environmental impacts exist in the
real world and can be measured. However, which impacts are considered and how they
are modelled depending on the framework and the practitioner. This can, for example
be whether the world is viewed as a construction of separable units or as a complete and
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5.1. SCIENCE-THEORETICAL FOUNDATION

interconnected system. In the context of LCA, this can have an influence on whether the
LCA practitioner chooses an attributional (ALCA) or consequential (CLCA) approach for
the LCA study. ALCA approach is built on the understanding that the world is static
and its processes can be separated and assigned to processes within a defined system.
In contrast, CLCA operates under a more dynamic ontology, recognising that systems
change in response to the decisions that are made and therefore focuses on causal effects,
see Section 6.2.3. The distinction between the ALCA and CLCA can be illustrated with an
concrete example from this case study. Oettingen expresses the potential introduction of
endoscopic procedure, which could increase the number of surgeries performed per day
from three to four (Appendix A). From an ALCA perspective, this change might be
interpreted as an environmental improvement, assuming that the endoscopic procedure has
a lower impact than the open procedure. However, from a CLCA perspective, the increased
capacity could lead to higher overall demand and resource use, also called rebound reflects,
resulting in a higher total environmental impact, which would not be captured in a ALCA.
This example highlights how the choice of LCA approach reflects different understandings
about whether the system is static or dynamic, and whether indirect consequences are
considered relevant.

5.1.2 Hermeneutics

Hermeneutics describe how understanding is continually formed through interpretation. It
acknowledges that knowledge is not passively observed but actively constructed through
communication, observation, and experience (Thurén, 2021), see Figure 5.1.

Understanding/
pre-understanding

Interpretation

Understanding/
pre-understanding

Interpretation

Understanding/
pre-understanding

Interpretation

Understanding/
pre-understanding

Interpretation

Understanding/
pre-understanding

Figur 5.1. The continuing context between understanding and interpretation in a spiral-model
(own model with inspiration from Maintz et al. (2012).)

In the context of this study, hermeneutics become relevant when engaging with healthcare
professionals, their view and tacit knowledge about surgical workflows, including use
of medical equipment and their decision rationales. These insights cannot be fully
captured through data alone, but must be interpreted and integrated through dialogue.
Modelling and understanding the environmental impact of a surgery involves engaging in
a hermeneutic spiral. This is for example exemplified by the determined amount of x-ray
photos taken during a surgery, which is determined through observation in the operating
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Theoretical Foundation

room.Hermeneutics in this context is also a reminder, that LCA is not just a technical
task, but also an interpretive one.

5.1.3 Research Paradigm

In research, paradigms influence and define the current view on reality and its underlying
assumptions. In connection with LCA, two key paradigms; positivism and constructivism,
offer insights of how environmental impacts can be assessed. Understanding the influence of
scientific paradigms is crucial for critically assessing the study’s methodology and findings,
as different paradigms shape both the data collection process and the interpretation of
results (Thurén, 2021).

Positivism is based on the assumption that reality exists independently of human
perception and can be objectively measured Thurén (2021). In LCA, this perspective
suggests that environmental impacts can be quantified through systematic data collection
and analysis, making it a recognised and widely applied environmental impact assessment
tool. The use of standardised databases, like EXIOBASE, aligns with a positivist
approach, as it relies on pre-established models and economic sector classifications to
estimate emissions and resource use. However, a complete positivist approach in LCA
can cause challenges, as complexities and uncertainties in environmental assessments can
be overlooked. LCA attempts to model real-world phenomena, but uncertainties arise
from variations in data sources, assumptions about system boundaries, and methodological
choices. Therefore, while positivism provides a strong foundation for LCA, it cannot fully
eliminate the subjectivity embedded in the study’s design and execution. However, some
sense of positivism is crucial for LCA studies, as LCA practitioners otherwise will need
to take on a critical approach against all data, which would result in time consuming
processes to conduct LCAs.

Constructivism differs from positivism by recognising that scientific knowledge is shaped
by human choices and interpretation (Thurén, 2021). For example, the choice of
system boundary affects which processes and emissions are included or the choice of
impact categories. For this specific study, a constructivist perspective is necessary,
particularly within the healthcare setting. Medical procedures, equipment use, and hospital
workflows introduce specific knowledge that must be embedded in the LCA. For example,
assumptions about material consumption, sterilisation procedures, or single use versus
reusable instruments must be informed by expert insights, rather than relying solely on
generalised input-output data.

An example of the constructivist approach to determining the environmental impact of
a surgical procedure is in this study the choice of only looking at one impact category
independently, in this case COgz-emissions. This can be acknowledged as a rather
constructivist approach, as it isolates the findings from other impact category results.
However, the choice of investigating one isolated impact category can be beneficial in the
setting of healthcare, where non-specialists of LCA must understand the results. Here,
COa2-eq serves as a general communicative proxy, that can be received by non-specialists.
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5.1.4 System-World & Life-World

The sociologist Jiirgen Habermas introduced the concepts of "system-world" and "life-
world" to describe the different logics at play in society (Thorgaard, 2024). The system-
world represents the formal rules, procedures, and technical rationales. In the context
of LCA this can refer to the overall rules and guidelines on LCA modelling. The life-
world, on the other hand, refers to practical knowledge, values, and experiences. These
two worlds may conflict in decision making. For example, LCA results might indicate
that a shift in surgical procedure has a lower environmental impact, but in practice the
healthcare professionals may not favour the alternative procedure due to clinical practices.
The LCA practitioners can be categorised as having a point of view from a system-world
compared to the healthcare professionals in a life-world, where more layers than just the
environmental considerations play a crucial role in decision making. For example, when
human health is at stake, the social factors which prioritises patient safety, quality of care,
and equitable access is naturally prioritised. Environmental and economic factors may be
deprioritised if they risk compromising clinical outcomes or the ability of the healthcare
system to function effectively.

5.2 The LCA Practitioner’s Role

The LCA practitioner constitutes a crucial role in shaping the LCA study through
methodological choices and data management. As an LCA practitioner, key aspects such
as objectivity, reproducibility, and transparency must be prioritised to ensure the study’s
credibility and applicability for decision making. Moreover, the LCA practitioner serves
as a mediator between disciplines, especially in applied studies. Bridging the gap between
environmental science and healthcare requires awareness of different priorities, logics, and
languages. Whereas LCA models seek generalisable results, healthcare decision making
is often case-based, bound by regulations, patient safety, and available resources. This
must be taken into account when communicating LCA results, especially in the aim of
influencing practice.

It can be complicated to maintain an objective point of view as modelling choices are
an embedded part of conducting LCAs. The modelling choices include e.g. assumptions
throughout the modelling and definitions of functional unit and system boundary, etc. The
LCA practitioner must be aware of which choices are implicit and explicit in order to ensure
transparency in modelling choices. Transparency enables decision makers to understand
the limitations and applicability of the results. The modeling should be replicable for other
LCA practitioners in order to be a transparent study. LCA is not only an analytical tool,
but is also a strategic and political tool forming decision making. The researcher therefore
holds a powerful position in determining how the LCA is represented and communicated.

The researcher must involve reflexivity into the process of conducting the study. This covers
an ongoing process of awareness of the researcher’s own position and how it affects the
study. This includes acknowledging potential uncertainties, being open about limitations,
and remaining neutral and not manipulating the LCA results to be more favourable
or unfavourable. To be a reflective practitioner, it is important to maintain a good
argumentation regarding what assumptions are made and why, how the results may be
interpreted by other stakeholders, and if the results are as nuanced as the project requires
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in order to have answer the requirement.

Reflexivity strengthens the legitimacy and ethical integrity of an LCA study and ensures
that it can support informed and fair decision making. A reflective LCA study can for
example highlight hotspots or uncertainty in its findings, which can be further investigated
before a decision is made. It can also contribute to other studies as part of foundational
state-of-the-art or as a measuring factor to compare other LCA studies within the same

field.

This chapter has illustrated that LCA is not a solely technical practice, but a process
shaped by theoretical perspectives and modelling choices. By integrating epistemological,
ontological, and hermeneutic considerations, as well as acknowledging the influence
of research paradigms, the chapter has highlighted the importance of reflexivity in
LCA practice. Recognising the practitioner’s role, assumptions and position, enhances
transparency, strengthens the scientific integrity of the study, and ultimately supports a
more nuanced and informed decision making.
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This chapter outlines the methodological framework applied in this study. The primary
method used is LCA, supported by supplementary methods such as literature review, expert
consultation, and empirical data collection. The chapter is structured as follows: First,
the literature search process is described to illustrate the foundation of existing knowledge.
Then, the LCA methodology is presented, including its phases, strengths and limitations.
Finally, the chapter details the data collection process, including observations, expert
inputs, and the use of tools such as SupplyAID and EXIOBASE to support robust modelling.

6.1 Literature Search

The purpose of a literature review is to provide an overview of the sources used in research
on a specific topic (Labaree, 2025). In this study, the literature search aims to establish an
understanding of the existing knowledge related to quantifying the environmental impacts
of a patient pathway. This will provide insight into what other studies have included
and excluded and identified as potential pitfalls. This study uses the traditional narrative
literature review approach, which involves a focused and delimited literature search based
on selection and evaluation of other studies. This approach allows for the exploration of
a broader question and the development of new hypotheses that can contribute to the
exploration of the research question (AU Libery, 2025; Baumeister and Leary, 1997).

The literature search is in this study structured into eight blocks, each representing a stage
in the typical patient pathway for lumbar disc herniation surgery, see Figure 2.1. Table
6.1 provides an overview of these blocks and their specific search criteria.

Each block follows a set of search criteria categorised into three main aspects;
environmental impact, healthcare context, and block-specific terms. The environmental
and healthcare related criteria remain the same across all blocks. Environmental impacts
is included using the following search criteria: Life Cycle Assessment OR LCA OR Carbon
Footprint OR Environmental Impact OR Environmental Assessment, and the healthcare is
included by the search criteria: Hospital OR Healthcare Sector, except for scans, as terms
such as medical imaging and radiology are used to make the search more specific. Lastly,
block-specific terms further refine the search by using key elements of a patient pathway
stage. Additionally, the "Admission’ block applies exclusion criteria to filter out studies
related to air pollution dust, etc., ensuring a focus on hospital stays and inpatient care.

To maintain relevance with this study, only articles from environmental publishers within
the time frame 2000 to 2025 are included. Scopus, SpringerLink, and Web of Science
Core Collection are selected as search databases for their individual strengths, where the
combination of their strengths enhances the literature review (Aalborg University Library,
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Table 6.1. Search blocks and search criteria used in the literature search. Each block represent
a stage in the patient pathway and includes specific key terms to use in the database search (own
table).

Search Block Search Criteria
Patient pathway Patient Pathway OR Healthcare Pathway OR Care Pathway
Magnetic Resonance Imaging OR MR OR MRI OG
MRI Scan OR MRI Examination
Consultation OR Doctors Appointment OR Medical Consultation
OR Patient Consultation
Patient Transport OR Hospital Transport OR Medical Travel
OR Patient Journey
Anaeasthsia Anaesthesia OR Anaesthesia OR Anaesthetic Gases
Surgery OR Surgical Procedures OR Operating Room
OR Operation Theatre OR Surgical Suite
Hospital Admission OR Inpatient care OR Hospital Stay
OR Patient Hospitalization OR Admission Corrigation
AND NOT
Air Pollution OR Air Quality OR Heat-related OR Heat
OR Pollution OR Dust OR Sanitation OR Sulphur
OR Urban OR Orzone
Rehabilitation OR Physiotherapy OR Physical Therapy
AND Post surgical OR Postoperative care OR After Surgery

Scans

Consultation

Patient transport

Surgery

Admission

Rehabilitation

1996, 1832, 1899). Including more search databases ensures wide coverage, as not all
published research papers or reports are guaranteed to be available in the same search
database. For each block, searches are performed in all three databases. After retrieving
the results, a structured screening process is applied to refine the results. The aim is to
narrow down the search results to find the most relevant literature narrowed down to a
total of articles that are manageable and can be read. First, duplicates within each block
are removed as the same article might appear in more than one database. The titles are
then reviewed, and articles that are not related to environmental impact and health care
or the specific block category are then removed. The abstracts of the remaining articles are
then reviewed, where those that do not focus on LCA or other non-relevant study types
are removed. Finally, a full-text review of the remaining articles to remove any articles
that do not align with the purpose of the literature search, for more detail see the excel
sheet in Appendix B. A visual illustration of the screening process can be seen in Figure
6.1.

The search yielded a total of 11 articles. No relevant articles were found for "patient
transport”, "consultation", or "rehabilitation". However, during the block search for
"admission", an article relevant to both "patient transport" and "consultation" was
identified. This article was not found in the block search for "patient transport" and
"consultation" due to the choice of terminology and narrow search criteria. This article
will be included in the results, but not illustrated in Figure 6.1. An overview of all 12
articles is provided in the Appendix B. The results of the literature search will be reviewed
in Chapter 7.

6.2 Life Cycle Assessment

LCA aims to assess the environmental impacts of products (including services) throughout
its life cycle from raw material extraction to disposal (International Standard, 2006). LCA
provides a foundation for decision making when a choice is given or an assessment of
alternatives is necessary. In the context of healthcare, this could e.g. be the shift from
single use equipment to reusable equipment. This section will be based on the International
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Figur 6.1. Overview of literature search results (own figure).
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Organisation for Standardisation’s framework on LCA.

6.2.1 Phases of LCA

The ISO framework on LCA provides a set of requirements and recommendations to ensure
transparency across different LCA studies and possible comparison for equivalent LCA
studies (International Standard, 2006). According to ISO 14044, there are four phases of
an LCA study, see Figure 6.2.

/ Life cycle assessment framework \

o

Goal and scope
definition

4 N\

Direct applications:

- Product development
— and improvement

- Strategic planning

- Public policy making
- Marketing

- Other

Inventory

) Interpretation |
analysis

Impact

nent

N4
N /

Figur 6.2. The four phases of LCA (International Standard, 2006).

It is important to notice that the phases of LCA are illustrated in the figure as an iterative
process as the LCA practitioner will need to go back and forth in the order to redefine
and adjust some of the definitions, processes, inclusions or exclusions, etc., throughout the
study (International Standard, 2006).

Goal & Scope

The first phase of the LCA study states the intention of the study (International Standard,
2006). The scope, system boundary, including foreground system and background system,
and level of detail required for the study depends on the goal of the study which is defined
through the functional unit of the LCA. According to the ISO standard, the goal and scope
of an LCA study must be clearly defined. However, as LCA is an iterative process, the
LCA practitioner might need to redefine this throughout the study to ensure consistency
(International Standard, 2006).

When defining the goal of the study, the LCA practitioner must explicitly state the
intended application, background, audience, and whether the study can be used for
comparative studies. The scope of the study adds specific definitions and details for
the LCA study, such as the product system, the functional unit, the system boundary,
allocation procedures, impact assessment methodology, interpretation approach, data
requirements, assumptions, limitations, and chosen reporting format. Additionally, the
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LCA study must consider data quality criteria, value choices, and critical review types
(International Standard, 2006).

The functional unit of the LCA study and product system must be defined in accordance
with one another and must provide a clear reference for the normalisation of the inputs
and outputs within the system. As these requirements are fulfilled, the LCA practitioner is
able to ensure reliable comparison between systems with the same function (International
Standard, 2006).

The system boundary determines what processes to include in the LCA study. The system
boundary must be consistent throughout the study. When defining the system boundary,
the choices of included and excluded processes and the detail of the included processes shall
be explained and justified according to sense-making of the study. The system boundary
can beneficially be illustrated through a process flow diagram to show the full system
and the processes’ interrelations. The ISO standard further sets requirements for the
data quality, including its time-related coverage, precision, completeness, reproducibility,
sources, uncertainty, etc. (International Standard, 2006).

As this is a comparative study of two surgical procedures treating the same condition,
the defined goal and scope must be uniform and comparable. This means that the two
assessments should be based on the same functional unit and considerations regarding the
defined system boundary.

Life Cycle Inventory Analysis

The LCI includes the data and calculations that are necessary to collect to meet the
defined goal of the study. This can be done by gathering primary data that can be
obtained by weighing a product, knowing e.g. where it is produced, used, and disposed
of. It can also be done by collecting secondary data from the producer, literature, or LCA
databases. Usually, the primary and secondary data are combined to fully cover the defined
scope of the study. In the LCI, the different unit processes are described and illustrated
(International Standard, 2006).

Life Cycle Impact Assessment

The LCIA provides additional information regarding the environmental significance of a
product’s life cycle. In this step, the LCA practitioner chooses impact categories and
characterisation model. In the LCIA phase, the LCA practitioner can also conduct a
sensitivity analysis to determine how robust the LCA study is towards possible changes in
the process data (International Standard, 2006).

Interpretation

The interpretation is the last phase of the LCA but is also done throughout the other
steps as a feedback loop that checks each phase before moving to the next. The
interpretation provides a summarised basis for the conclusion of the LCA, including
potential issues regarding completeness, sensitivity, consistency, the study’s limitations,
and recommendations for further study (International Standard, 2006). The interpretation
phase can be useful for recommendations of improvements and changes to reduce
environmental impacts (Matthews et al., 2014).
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6.2.2 Strengths & Limitations of LCA

LCA is one method among several other environmental impact assessment methods. It
provides a systematic approach to quantify environmental impacts associated with the life
cycle of a product or service. The life cycle perspective is one of LCA’s main strengths, as
it can be an advantageous approach to avoid burden shifting by identifying environmental
trade-offs across stages that might otherwise be overlooked.

Another strength lies in LCA’s standardised methodology. It is guided by an
internationally recognised framework by the ISO standards 14040 and 14044 (International
Standard, 2006). This standard promotes transparency, reproducibility, and comparability
across LCA studies. This makes LCA a valuable tool for decision makers aiming to reduce
environmental impacts in product design, supply chains, or political contexts.

However, LCA is not always the most suitable method in every context, as it, like other
environmental pact assessment methods, has its limitations. A key limitation is that LCA
primarily focuses on environmental aspects and often fails to adequately address the social
and economic dimensions of sustainability, which are also crucial in decision making for
sustainable initiatives. Moreover, the reliability of LCA results is highly dependent on the
quality of data and the methodological choices made by the practitioner. Variations in
system boundaries, functional units, and assumptions can significantly influence the results
and their interpretation. Consequently, LCA inherently involves a degree of subjectivity
that is difficult to eliminate.

Additionally, LCA can be time and resource intensive, particularly when comprehensive
data collection is required or when analysing complex systems such as the healthcare sector,
where indirect effects and shared services are challenging to isolate.

Despite these challenges, LCA remains a valuable tool for identifying environmental

impacts and supporting informed decision making toward more sustainable initiatives.

6.2.3 Methodological Approaches of LCA

To better understand and apply LCA, it is important to distinguish between different
methodological approaches. These distinctions influence the goal and scope of the study,
the data required, and how the results are interpreted. The methods that are distinguishing
between are ALCA and CLCA, and process-based, 10-based, and hybrid LCA.

Attributional and Consequential LCA

Attributional LCA (ALCA) and consequential LCA (CLCA) differ in how they represent
product systems and allocate environmental burdens. ALCA describes the current
environmental impacts of a product system by directly linking the current environmental
impacts of a product system by directly linking inputs and outputs to a functional unit.
It allocates a portion of existing environmental exchanges to the product, providing a
snapshot of its share of global burdens (Sonnemann et al., 2011; Weidema, 2003). In
contrast, CLCA models the potential environmental consequences of a change in the
demand to fulfil the functional unit. It includes all activities expected to be affected
by a change and aims to capture how environmental exchanges would change if a product
or service were added, replaced, or removed. An illustration of ALCA and CLCA can be
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seen in Figure 6.3. This makes CLCA useful for assessing the impact of decisions, such as
switching from one product or technology to another (Sonnemann et al., 2011; Weidema,
2003).

Attributional Consequential

Figur 6.3. Difference between ALCA and CLCA. The circles represent the total global
exchanges. In the left circle, ALCA seeks to cut out the piece with dotted line that belongs to a
specific human activity. In the right circle, CLCA seeks to capture the change in environmental

exchanges that occurs as a consequence of adding, replacing or removing a specific activity
(Weidema, 2003).

In this study, the CLCA method is used, as the aim is to assess the environmental impact
and consequences of changing from one surgical procedure to another.

EXIOBASE

This study uses EXIOBASE as the main background database for conducting LCA.
EXIOBASE is a detailed global database developed for environmental and economic
modelling. It was originally designed to support environmental footprint analysis and has
since become one of the most used tools in environmentally extended 10 analysis. 10 data
utilises a top-down approach and links economic data to sector-level emissions, making it
beneficial for complex systems, where product-specific data is not available. The version
used in this study, EXIOBASE version 3, provides comprehensive data structured to link
economic activity with environmental impacts in a consistent, multi-regional background

database.

EXIOBASE combines national supply-use and 1O tables with environmental extensions.
Therefore, the database does not only show which industries produce goods and services,
but also how these activities are connected to emissions, energy consumption, resource
extraction, and waste generation. EXIOBASE is based on the economic supply-use table
to begin with and then extended with the environmental inputs and outputs where physical
data is available and more precise. This makes the data model more convenient to use for
LCA practitioners, as some categories, e.g. power or raw materials, are more likely to be
given in physical units such as kWh or kg. EXIOBASE version 3 covers 44 countries,
five rest-of-world-regions, 200 product types, and 163 industries. This level of detail
enables both national and international environmental assessments and makes the database
particularly suitable for modelling complex systems with global supply chains.

The hybrid units in EXIOBASE are particularly beneficial in LCA studies such as this, as
it allows for combined analysis of physical and monetary flows. This makes it possible to
capture environmental impacts when physical data is lacking, and therefore can be covered
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in monetary units. It should, however, be noted that monetary units can fail to correctly

estimate the actual environmental impact of an activity.

Hybrid Data

This study includes data collection on both specific products, but also more general
procurement data. Therefore, EXIOBASE is beneficial in evaluating both the physical and
monetary processes. However, when analysing specific products and processes, EXIOBASE
lacks due to its highly aggregated IO-processes. Process data distinguishes from 10 data,
as it is based on a bottom-up approach and models individual processes using physical
units. While this provides high precision and transparency, it is often limited by system
boundary cut-offs and data gaps, especially when assessing broad or complex systems
like healthcare services. This study therefore expands its background data foundation by
including hybrid processes, combining the strengths of IO data and process data.

The hybrid processes used in this study are provided by the Central Denmark Region. On
demand from the Central Denmark Region and the Danish Regions the LCA consultancy
company, 2.-0 LCA has developed hybrid processes. The Central Denmark Region
originally started this project with the goal of determining the environmental footprint
on products. Therefore, they needed more specific processes for material types than
the processes provided by EXIOBASE, e.g. " 59 Plastics, basic". The Central Region
Denmark needed to disaggregated the material processes in order to make more realistic

environmental footprint results on products.

The hybrid processes are based on an improvement of the material library data foundation,
where the IO processes from EXIOBASE have been disaggregated into more specific
material categories with process data from Ecoinvent. FEcoinvent has data on more
specific products due to its process data. There are limitations in the disaggregation
of EXIOBASE and expansion with process data from Ecoinvent, as assumptions have
been made where some specific material types are not available or the geographical
coverage of Ecoinvent has been limited. The report on how the hybrid processes have
been developed underlines the importance in acknowledging that there are improvement
opportunities to the new hybrid model, based on the lack of information on geographies and
Ecoinvent’s inconvenience in confidentiality due to its subscription requirements (Eliassen
and Varandas, 2024)(Appendix K).

The hybrid data are integrated into the this LCA study to improve the granularity and
accuracy of the results. The aim is to capture the environmental impacts of both surgical

procedures in a way that includes detail and systematic completion.

Stepwise

To assess the environmental impacts of the patient pathways of the two procedures, this
study uses the Stepwise method implemented in SimaPro. Stepwise is a Life Cycle Impact
Assessment (LCIA) method, which includes a broad range of impact categories and allows
for results to be expressed both in physical and monetary units. For this study, only the
impact category global warming, fossil is used. The Stepwise method is selected primarily
because it aligns well with hybrid LCA models that draw on monetarised IO databases as
EXTIOBASE. Stepwise includes monetarised impact categories, enabling consistency when
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combining process-based data with economic background data (Ministry of Environment
and Food of Denmark, 2016). This compatibility improves the coherence of results across
both foreground and background data in the hybrid model.

The impact category for global warming in stepwise relies on the acknowledged method
for characterisation in accordance with the Intergovernmental Panel on Climate Change’s
(IPCC) global warming potential (GWP100) (Ministry of Environment and Food of
Denmark, 2016). Therefore, Stepwise is an impact assessment method that is aligned with
the international standard and can be used directly for comparison with other studies
based on the same characterisation factor for Global Warming.

6.2.4 Data Collection

The data collection for this study combines observation, informal conversations with
healthcare professionals, and analysis of medical products used in the two procedures. The
process follows a pragmatic approach without following a strict methodological structure,
focusing on gathering relevant information about the two procedures and their use of
materials.

Observation:

Observations include one open procedure performed at AUH and two endoscopic
procedures performed at AaUH. Each procedure is observed from start to end, with
particular attention to the number of people present in the operating room, the use of
medico-technical instruments, and the application of single use equipment and reusable
instruments. Additional observations are conducted in the recovery room, also called the
postoperative care unit, and the central sterilisation unit, to gain a better understanding
of the workflow before and after surgery.

Conversations with Experts:

Informal conversations are conducted with healthcare professionals from various depart-
ments, including inventory and supply management, operating room and anaesthesia
nurses, surgeons, the director of the technical department of the medico-technical instru-
ments, the chief of the brain and spine ward at both AUH and AaUH, and a hospital
porter. These conversations contribute to practical perspectives and expert validation of
the collected data. The purpose of these informal conversations is to gain a deeper un-
derstanding of daily workflows, logistical challenges, and the use of medical equipment in
the real world. They also provided insight into the broader organisational sustainability
considerations that influence product usage and waste management. By engaging with
experts who have hands-on experience, it was possible to validate assumptions, clarify
observed patterns, and uncover barriers.

Collection and Analysis of Products:

During surgical procedures, single use equipment are collected in collaboration with the
department of inventory and supply management. Both single use equipment and reusable
instruments are weighted and material composition is identified for those where it was
possible. For single use equipment, a plastic scanner is used to determine the specific
plastic type, which supports a more accurate modelling of material types used for the
LCA.

To further supports this efforts and improve oversight of medical supply usage, the
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Central Denmark Region, in collaboration with the supply and inventory manager, Qrum,
developed the software tool SupplyAID in May 2024. SupplyAID is part of a larger
transformation of material and supply logistics in operating rooms, shifting these tasks
from clinical staff to logistics personnel (Appendix L). The purpose of SupplyAID is
to optimise the stock and usage of medical equipment and improve sustainability by
minimising waste by ensuring proper waste sorting and ensuring products are used within
their expiration date. SupplyAID provides a detailed overview of the consumption of single
use equipment for specific surgical procedures. It is integrated with the Central Denmark
Region internal inventory catalogue, VareDB, which contains all medical equipment under
purchase agreement. This integration ensures that all medical equipment under the
purchase agreement is available and up-to-date in the system(Digitalisering og It, Region
Midtjylland, 2024) (Appendix L).

In the context of open surgery, SupplyAID has been actively used to collect data on the
single use medical equipment used for the open procedure. This makes it possible to track
exactly which equipment is used, how often it is used, and for which specific patient. This
has not been possible for the endoscopic procedure, as AaUH does not have access to a
similar inventory management tool.

The AUH procurement department has data available for the total cost for the different
departments at AUH, which is found in the internal Business Intelligent (BI) portal. This
includes data from all the wards within the Department of Brain and Spine Surgery,
including offices, operating rooms, recovery ward, and ward. This data is used as
foundational data to ensure that all costs for the department are included in the LCA
calculation for a patient pathway. The categories are given in United Nations Standards
Products And Services Code (UNSPSC), which is a global classification system of products
and services. The UNSPSC code system is used to classify supplier’s products and services,
and by registration in the United Nations Global Marketplace (UNGM) suppliers are
required to provide information about their activities by following the UNSPSC code
classification accordingly (United Nations Global Marketplace, 2024). The UNSPSC codes
are translated into EXIOBASE categories, making it possible to convert procurement
activities into EXIOBASE format and assess the associated environmental impacts. To
enable this translation, Table D1 in Appendix D provides a mapping between the UNSPSC
codes and their corresponding EXIOBASE categories, along with the EXIOBASE number
for the corresponding EXIOBASE process, which is also used in the LCI tables in Section
8.2.

6.3 Utilisation of Al

In this study, artificial intelligence (AI) has been used as a supportive tool for data
processing, modelling decisions, and communication. Specifically, Al has assisted in
synthesising large amounts of data related to for example the literature search and
narrowing down the relevant articles for the study. By leveraging the services of Al, this
study has been able to streamline complex analyti