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Abstract

Transport infrastructure projects are expected to support sustainable mobility
while limiting environmental impacts during planning and construction. This
thesis examines how environmental sustainability requirements influence
uncertainty, risk-management practices, and decision-making in these
projects, with particular empirical emphasis on planning, design, and approval.

The study uses a qualitative design that combines a semi-systematic literature
review with four expert interviews with six professionals from Germany.
The participants represented project management, technical infrastructure
planning, environmental and approvals planning, climate and sustainability
assessment, and communication. The interview material was analysed through
qualitative content analysis using iterative coding and constant comparison,
and the findings were then compared with the literature.

The results show that environmental sustainability-driven risks operate in two
connected directions. Projects may create risks to environmental and climate
objectives, while environmental conditions and requirements may create risks
to project delivery through approval difficulties, additional investigations,
redesign, cost increases, delays, material constraints, and coordination prob-
lems. Important uncertainties concern incomplete or outdated environmental
data, methodological differences, changing requirements, immature technical
information, and future climate conditions.

These risks are addressed through partially connected processes, including
environmental assessment, specialist studies, GIS-based conflict analysis,
risk registers, workshops, carbon accounting, and climate risk assessment.
Environmental assessment and conventional project risk management are
complementary but not fully integrated. Effective integration depends on early
specialist involvement, iterative updating, clear allocation of responsibility,
with the client in a central coordinating role, interdisciplinary coordination,
and continuity from design and approval into contracts, construction, and
monitoring. Environmental requirements also influence variant evaluation
by shaping the feasibility of approval, evidence requirements, and trade-
offs. The thesis concludes that environmental sustainability-driven risk
management is not a separate process but rather emerges from the interaction
among environmental assessment, technical planning, approval, project risk
management, and organisational decision-making.
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Sammanfattning

Transportinfrastrukturprojektet forvintas frimja héllbar rorlighet samtidigt
som miljopdverkan begriansas under planering och byggnation. Denna
avhandling undersoker hur krav pd miljomaéssig héllbarhet paverkar osidkerhet,
riskhanteringsrutiner och beslutsfattande i dessa projekt, med sdrskild
empirisk inriktning pa planering, utformning och tillstindsgivning.

Studien anvidnder en kvalitativ metod som kombinerar en semistrukturerad
litteraturoversikt med fyra expertintervjuer med sex yrkesverksamma i
Tyskland. Deltagarna representerade projektledning, teknisk infrastrukturpla-
nering, miljo- och tillstdndsplanering, klimat- och héllbarhetsbedomning samt
kommunikation. Intervjumaterialet analyserades genom kvalitativ innehéllsa-
nalys med hjélp av iterativ kodning och stidndig jamforelse och resultaten
jamfordes dérefter med litteraturen.

Resultaten visar att risker som drivs av miljomissig hallbarhet verkar
i tvd sammanhingande riktningar. Projekt kan skapa risker for miljo-
och klimatmal, medan milj6forhillanden och krav kan skapa risker for
projektgenomforandet genom godkidnnandeproblem, ytterligare utredning-
ar, omprojektering, kostnadsokningar, fOrseningar, materialbegriansningar
och samordningsproblem. Viktiga osidkerhetsfaktorer ror ofullstindiga eller
fordldrade miljodata, metodologiska skillnader, fordndrade krav, bristfillig
teknisk information och framtida klimatforhallanden.

Dessa risker hanteras genom delvis sammankopplade processer, dédribland
miljobedomning, specialiststudier, GIS-baserad konfliktanalys, riskregister,
workshoppar, koldioxidredovisning och klimatriskbedomning. Miljobedom-
ning och konventionell projektriskhantering kompletterar varandra men ar
inte fullt integrerade. En effektiv integration forutsitter tidigt specialisten-
gagemang, iterativ uppdatering, tydlig ansvarsfordelning dér bestillaren har
en central samordnande roll, tviarvetenskaplig samordning samt kontinuitet
frdn utformning och godkédnnande till avtal, byggande och &vervakning.
Miljokrav paverkar ocksd utvirderingen av olika alternativ genom att
forma mojligheten till godkdnnande, krav pa underlag och avvigningar.
Avhandlingen drar slutsatsen att miljohallbarhetsdriven riskhantering inte
ar en separat process utan snarare viaxer fram ur samspelet mellan
miljobedomning, teknisk planering, godkdnnande, projektriskhantering och
organisatoriskt beslutsfattande.



iv| Sammanfattning

Nyckelord

Miljomassig hallbarhet, Transportinfrastrukturprojekt, Projektbeslut, Oséker-
het, Riskhantering, Tysk godkdnnandeprocess



Acknowledgments | v

Acknowledgments

I would like to thank everyone who supported me throughout the development
of this master’s thesis.

First, I would like to thank all interview participants for taking the time to share
their professional knowledge and experiences. Their detailed insights made
the empirical component of this research possible and significantly contributed
to understanding environmental sustainability-driven risk management in
transport infrastructure projects.

I am also very grateful to my supervisor and examiner, Professor Ivo Martinac,
for his guidance, constructive feedback, and support throughout the thesis
process.

I would also like to thank my friends and family for their encouragement, pa-
tience, and support during the research and writing process. Their willingness
to listen and advise was extremely valuable during the development of this
thesis.

Stockholm, August 2026
Ann-Kristin Seiwert



vi | Acknowledgments



Declaration of Use of Generative Al | vii

Declaration of Use of Generative Al

Generative Al tools, primarily ChatGPT by OpenAl and Grammarly, were
used during the preparation of this master’s thesis.

The AI tools supported the improvement and reformulation of written
language, the structuring and revision of draft sections, and the organisation
and presentation of literature and interview material. They were also used to
assist in reviewing the structure of the coding documentation and in presenting
the results of the qualitative interview analysis.

The literature selection, data collection, transcription review, coding deci-
sions, development of categories and themes, interpretation of the findings,
and formulation of the conclusions remained the author’s responsibility. Al-
generated suggestions were critically reviewed, edited, and checked against the
original literature, interview material, and research data before being included
in the thesis. The author takes full responsibility for the accuracy, academic
integrity, and final content of the thesis.



viii | Contents

Contents

List of Figures xiii
List of Tables XV
List of Abbreviations xvii
1 Introduction 1
1.1 Background and Motivation . ... .. ... ... ...... 1
1.2 Problem and Justification . . . . . ... ... ... ... 3
1.3 Purpose, Objectives, and Research Questions . . . . .. ... 5
1.4 Scope and Limitations . . . . . ... ... ... ....... 6
1.5 Structure of the Thesis . . . . ... ... ... .. ...... 7
2 Theoretical Background and Literature Review 9
2.1 Environmental Sustainability in Transport Infrastructure Projects 9

2.1.1 Concepts, Dimensions, and Interpretations of Envi-
ronmental Sustainability . . . ... .. ... ... .. 9

2.1.2 Environmental Sustainability as Project Impact and
Infrastructure-System Objective . . . . . . ... ... 10

2.1.3 Sources and Binding Character of Environmental
Sustainability Requirements . . . . .. ... .. ... 11
2.1.4 Environmental Assessment and Approval Mechanisms 11

2.1.5 German Planning, Approval, and Environmental-
governance Context . . . . . . . ... ... ... ... 12

2.2 Complexity, Risk, and Uncertainty in Transport Infrastructure
Projects . . . . . . . . . . 13
2.2.1 Characteristics of Transport Infrastructure Projects . . 13
2.2.2  Risk, Uncertainty, and Different Objects of Risk . . . . 13

2.2.3  Sustainability-driven Uncertainty and Information
Maturity across Project Phases . . . . . ... ... .. 14



Contents | ix

2.3 Types of Environmental Sustainability-driven Risks and
Uncertainties . . . . . ... ... .. L oo

23.1
232

233
234
235
23.6

Definition of Environmental Sustainability-driven Risks

Potential Environmental Impacts and Risks to Pro-

tected Assets . . . ... ...
Climate, Carbon, and Resilience Risks . . . . . . . ..
Approval, Compliance, and Procedural Risks . . . . .
Material and Supply-chain Risks . . . . .. ... ...
Organisational, Coordination, and Target-conflict Risks

2.4 Identification and Assessment of Environmental Sustainability-
drivenRisks . . . . . ..o L o o

24.1
242
243
244
245

24.6

Environmental Assessment and Baseline Studies
Combining Technical and Environmental Information .
Spatial Data, Mapping, and Conflict Analysis . . . . .
Project Risk Tools and Expert Judgements . . . . . . .
Carbon Accounting, Climate-risk Assessment, and
Digital Support . . . . .. ...
Data and Methodological Uncertainty . . . . . .. ..

2.5 Integration into Risk Management and Project Processes

25.1

252
253

Connecting Environmental Assessment and Project
Risk Management . . ... ... ...........

Early Integration and the Information-maturity Dilemma

Roles, Decision Authority, and Interdisciplinary
Coordination . . . ... ... ... ... ... ....

2.6 Decision-making and Trade-offs under Sustainability-related
Uncertainty . . . . . . . ... . . oo

2.6.1

2.6.2
2.6.3

Environmental Requirements, Cost, Time, and Public
Benefit . ... ... ... ... .. .
Trade-offs within Environmental Sustainability . . . .
Local Impacts, System-level Benefits, and Temporal
Boundaries . . . .. ... ... oo oo

2.7 Synthesis, Research Gaps, and Analytical Framework . . . . .

2.7.1
2772
273

Methods

Synthesis of the Literature . . . . ... ... .....
ResearchGaps . . . .. ... .. ... ... .....
Analytical Framework for the Interview Analysis . . .

3.1 ResearchDesign . .. ... ... ...............
3.2 Semi-Systematic Literature Review . . . . . . . ... ... ..

18

19
19
19
20
20

21
21
22

22

23

24

25
25

26
27
27
27
28



x | Contents

3.2.1 Purpose of the Literature Review . . . . . .. ... .. 30
322 SearchStrategy . . . ... ... ... ... .. ..., 31
3.2.3 SelectionProcess . . . . ... ... ... 32
3.2.4 Literature Screening Results . . . . .. ... ... .. 34
3.2.5 Literature Synthesis and Conceptual Orientation . . . 35
33 Interviews . . . . . ... 35
3.3.1 Participant Selection . . . ... ... ......... 35
3.3.2 Interview Process . . . . . .. ... ... .. ..., 37
333 Interview Guide . .. .. ... ... ... ...... 38
3.3.4 Analytical approach . . . ... .. ... ... .... 39
3.4 Research Quality and Limitations . . . . . ... ... .. ... 41
34.1 ResearchQuality . . ... ... ... ... ...... 41
3.4.2 Ethical Considerations . . . .. ... ......... 42
343 Limitations . . ... ... ... ... ... ..., 42
4 Interview Results and Analysis 45
4.1 Opverview of Interview Material and Analytical Structure . . . 45
4.1.1 Interview Participants and Professional Perspectives . 45
4.1.2 From Codes to Analytical Themes . . . . .. ... .. 47
4.2 Understanding Environmental Sustainability in Practice . . . . 47
4.2.1 Environmental Sustainability as Local Environmental
Protection . . . . . ... ... oL 48
4.2.2 Environmental Sustainability as Climate Protection
and Resource Efficiency . . . ... ... ... .... 48
4.2.3  Environmental Sustainability as Infrastructure System
Benefit . ... ... ... ... .. .. 49
424 Ambiguity and Tensions in Defining Environmental
Sustainability . . . .. ... ... ... 0. 50
4.3 Environmental Sustainability Requirements in Project Practice 51
4.3.1 Approval-related Requirements . . . . ... ... .. 51
4.3.2  Specialist Reports and Protected Assets . . . . .. .. 52
4.3.3  Client and Project-specific Requirements . . . . . . . 52
4.3.4 Climate-related Requirements . . . . ... ... ... 53
4.4  Sustainability-driven Risks and Uncertainties . . . .. .. .. 54
4.4.1 Direct Environmental Risks . . ... ... ...... 54
4.4.2 Data and Methodological Uncertainty . . .. ... .. 55
4.4.3 Approval, Delay, and Procedural Risks . . . ... .. 55
444 Climate and Carbon-related Risks . . . . .. ... .. 56

4.4.5 Supply Chain and Material-related Sustainability Risks 57



Contents | xi

4.4.6 Target Conflicts as Environmental Sustainability-

drivenRisks . . . .. ... oo o oL, 57

4.5 Identification and Assessment Practices . . ... ... .. .. 58
4.5.1 Combining Technical Planning and Environmental

Information . . . . ... ... o oL 58

4.5.2 Mapping, GIS, and Conflict Analysis . . . ... ... 59

453 RiskRegisters . .. ... ... ... .. .. 0., 60

454 RiskWorkshops . . ... ... ......... ... 60

4.5.5 Climate and Carbon Assessment Processes . . . . . . 61

4.6 Integration into Project and Risk Management Processes . . . 62
4.6.1 Early Involvement and Phase-dependent Integration

of Environmental Expertise . . ... ... ...... 62

4.6.2 Responsibilities and Coordination . . . . .. ... .. 63

4.7 Trade-offs and Decision-making . . . .. ... .. ...... 64

4.7.1  Variant Evaluation and Approval Feasibility . . . . . . 64

4.7.2  Environmental Requirements, Cost, and Public Benefit 65

4.7.3 Trade-Offs within Environmental Sustainability . . . . 65

474 Local Protection and Long-term Effects . . . . . . .. 66

4.8 Synthesisof Findings . . . ... ... ... .......... 67

Discussion 69
5.1 RQI: What types of environmental sustainability-driven risks

and uncertainties arise in transport infrastructure projects? . . 69

5.1.1 Risks to Environmental and Climate Objectives . . . . 70
5.1.2 Information, Methodological, and Future-condition

Uncertainties . . . . . .. ... ... ... .. .. .. 71
5.1.3  Project-delivery Risks Arising from Environmental

Conditions and Requirements . . . . ... ... ... 72

5.1.4 Synthesisof RQI . . . ... ... ... .. ...... 73
5.2 RQ2: How are environmental sustainability-driven risks and

uncertainties identified, assessed, and integrated into project

planning and risk management processes? . . . . .. ... .. 74
5.2.1 Environmental Identification and Assessment Practices 74
5.2.2  Project Risk Management Practices . . . .. ... .. 76
5.2.3 Connecting Environmental Assessment and Project

Risk Management . . . ... ... .......... 77

5.24 Synthesisof RQ2 . . . .. ... ... ... ...... 78



xii | Contents

5.3 RQ3: Which organisational, regulatory, procedural, and
phase-related conditions enable or constrain the integration
of environmental sustainability-driven risks into project
planning and risk management? . . . ... ... ... .. .. 79
5.3.1 Regulatory and Contractual Conditions . . . . .. .. 79
5.3.2 Timing, Information Maturity, and Iterative Updating . 80
5.3.3 Responsibilities and Continuity across Project Phases . 82
534 Synthesisof RQ3 . . . ... ... ... ....... 83

54 RQ4: How do environmental sustainability requirements
shape variant evaluation, trade-offs, and decision-making in

transport infrastructure projects? . . . . . ... ... ... .. 84

5.4.1 Environmental Requirements and the Feasibility of
Alternatives . . . . . . . . . .. . e 84

5.4.2 Trade-offs between Environmental and Project Objec-
HVES . . o e 85

5.4.3 Trade-offs between Different Environmental Sustain-
ability Objectives . . . . . ... ... .. ... .... 87
544 Synthesisof RQ4 . . . . ... ... ... ....... 89
5.5 Integrated Discussion and Implications for Risk Management . 90
6 Conclusions and Future Work 93
6.1 Answers to Research Questions . . . . . .. ... ....... 93
6.2 Main contributions . . . . . ... ... L 0oL 97
6.3 Practical implications . . . . . .. ... ... ... ... ... 98
6.4 Limitations . . . . . . . . . . . e e 98
6.5 Futureresearch . . . .. .. .. ... . .. ... .. ..., 100
A Literature Extraction Table 106
B Interview Guide 109
C Interview Summaries 115
C.1 InterviewOl . . . . . . . . . . . . . . 115
C2 Imterview 02 . . . . . . . . . . . e 119
C3 Interview 03 . . . . . . . . . . . e 122
C4 Interview 04 . . . . . . . . . . e 125
D Interview Analysis 130
D.1 Codebook Interview Analysis . . . . . . ... ... ... ... 130

D.2 Coding and Category Development . . . . . . ... ... ... 139



List of Figures | xiii

List of Figures

2.1 Relevant Sustainable Development Goals for environmental
sustainability in infrastructure projects. Author’s compilation
using United Nations SDG icons (United Nations, 2015) . . . 10



xiv | List of Figures



List of Tables | xv

List of Tables

3.1 Scopusscreeningresults . . . . . ... ... 34
3.2  Web of Science screening results . . . . .. ... ....... 34
3.3 Publication types after duplicate removal and final selection . . 35



xvi | List of Tables



List of Abbreviations | xvii

List of Abbreviations

BIM Building Information Modelling

EIA Environmental Impact Assessment

GHG Greenhouse gas

GIS Geographic Information System

HOAI German Ordinance on Fees for Architects and Engineers
LCA Life-Cycle Assessment

PAP Plan Approval Procedure

SDG Sustainable Development Goal

TIP Transport Infrastructure Project

UVP Umweltvertriglichkeitspriifung



xviii | List of Abbreviations



List of Abbreviations | xix



xx | List of Abbreviations



Introduction | 1

Chapter 1

Introduction

1.1 Background and Motivation

Transport infrastructure projects (TIPs) are essential for mobility, accessi-
bility, regional development, and the functioning of economic and social
systems. They connect people and markets, and support the development
of regions (Flyvbjerg, 2014; Oliveira et al., 2024). At the same time,
transport infrastructure presents a particular environmental sustainability
dilemma. Infrastructure, especially rail infrastructure, can contribute to lower-
emission mobility and wider sustainability objectives, while its planning and
construction require substantial quantities of land, materials, energy, and
financial resources and can create significant environmental impacts (Oliveira
et al., 2024; Gharehbaghi et al., 2024; Zhang et al., 2022). Environmental
sustainability must therefore be considered both in relation to the long-
term function of the transport system and in relation to the environmental
consequences of delivering an individual project.

TIPs are typically large-scale, long-term, and capital-intensive. Each project
is shaped by its location, technical requirements, existing infrastructure,
regulatory context, stakeholder environment, and project-specific constraints.
This site specificity limits standardisation and makes direct transfer of data
and experience between projects difficult. Long project durations also
expose projects to changes in regulations, technologies, resource availability,
environmental conditions, and stakeholder expectations, while early route and
design decisions can restrict later alternatives (Flyvbjerg, 2014; Locatelli et al.,
2017; Saxe et al., 2020). As a result, uncertainty is particularly significant
during planning and design, when consequential decisions are made before all
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relevant information is available (Feng et al., 2022).

The complexity of TIPs is not limited to technical or physical conditions.
These projects usually involve a broad range of actors, including public
clients, governmental authorities, contractors, consultants, local communities,
and environmental organisations. Since many TIPs are commissioned by
public clients, they are also subject to strict regulatory frameworks, public
accountability, and formal approval procedures. The composition and
influence of stakeholders may change across project phases, further increasing
the complexity of planning, coordination, and decision-making. In addition,
the large scale of TIPs can create conflicts with the natural environment,
including conflicts related to land use, biodiversity, water protection, and
environmental conservation (Locatelli et al., 2017; Flyvbjerg, 2014).

In recent decades, sustainability has become increasingly important in
society, politics, and infrastructure development. The term sustainability
has evolved from earlier environmental debates into a broader concept
encompassing environmental, social, and economic dimensions (Purvis
et al., 2019). This broader understanding is also reflected in international
policy frameworks, including the United Nations Sustainable Development
Agenda (United Nations General Assembly, 2012). The introduction
of the Sustainable Development Goals further strengthened expectations
that infrastructure projects should contribute to resilient infrastructure,
sustainable cities, responsible resource use, and climate action (United
Nations, 2015). Therefore, TIPs are increasingly expected to integrate
environmental sustainability considerations into planning, design, approval,
and construction processes.

Environmental assessment is one of the principal mechanisms for incorpo-
rating environmental considerations into planning and approval processes.
Environmental Impact Assessment and related specialist studies establish
baseline conditions, identify potential impacts, examine alternatives, and
develop avoidance, mitigation, compensation, and monitoring measures
(Khan et al., 2025; Raafat et al., 2026). Additional approaches, including
carbon accounting, climate risk assessment, sustainability criteria, and digital
information tools, can support the assessment of greenhouse gas (GHG)
emissions, resource use, resilience, and alternative solutions (Larsen et al.,
2022; Saxe et al., 2020). However, these processes require environmental and
technical information that develops gradually and may be distributed across
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different disciplines and project organisations.

Environmental sustainability requirements consequently influence more than
just environmental protection. They may affect route and design alternatives,
approval feasibility, construction methods, material choices, procurement,
cost, schedule, and the evidence required to justify decisions. They can
also create or expose uncertainty where baseline information is incomplete,
assessment methods differ, requirements must be interpreted in a project-
specific context, or technical designs are not yet sufficiently mature
(Chowdhury et al., 2020; Saxe et al., 2020). An environmental issue may
therefore have two connected consequences: the project may create a risk to an
environmental asset, while the same issue may create a risk to project delivery
through redesign, additional investigations, approval delay, or construction
restrictions (Corvellec and Boholm, 2008; Dione et al., 2005).

Risk management is relevant because it provides a structured approach
for identifying uncertainty, assessing possible consequences, assigning
responsibility, selecting responses, and monitoring changes that may
affect project objectives (Laurin et al., 2018; Leitch, 2010). Yet
environmental sustainability-related information is often generated through
specialist assessment and approval processes that do not necessarily use the
same terminology, ownership structures, or decision routines as conventional
project risk management (Chi et al., 2016; Zeletidkova and Zvijdkova, 2017).
Understanding how these processes interact is therefore important for both
environmental performance and successful project delivery.

1.2 Problem and Justification

Environmental sustainability and project risk management are both estab-
lished areas of research in infrastructure and construction. The environmental
literature provides assessment approaches, indicators, specialist studies,
and decision-support methods, while risk-management literature provides
structured processes for identifying, analysing, evaluating, treating, and
monitoring uncertainty (Banaitiene, 2012; Khan et al., 2025; Raafat et al.,
2026). However, the existence of these two bodies of knowledge does not by
itself explain how environmental requirements are incorporated into project
risk management and decision-making in practice.

A central problem is that environmental assessment, approval, technical
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planning, and conventional project risk management perform related but
different functions. Environmental assessment primarily generates knowledge
about environmental conditions and possible effects; approval procedures use
this information to determine whether and under which conditions a project
may proceed; and project risk management connects uncertain events and
conditions to project objectives, owners, responses, and monitoring (Chi
et al., 2016; Zelendkova and Zvijdkova, 2017). Environmental findings may
therefore be highly relevant to project delivery without automatically being
transferred into central project-risk processes, design decisions, contracts, or
construction controls.

Existing research recognises that sustainability requirements can introduce
additional complexity and uncertainty and that conventional risk management
may focus primarily on technical, financial, safety, cost, and schedule-related
issues (Banaitiene, 2012; Erdenekhuu et al., 2022). More recent sustainability-
driven risk management research argues for stronger alignment between
sustainability objectives and risk management, but much of this work focuses
on green building projects rather than on the specific planning, approval, and
organisational conditions of transport infrastructure (Elseknidy et al., 2025).
Infrastructure studies also frequently examine individual environmental
impacts, tools, or governance problems without fully explaining how specialist
findings become project risks, how responsibility is distributed, or how
information is maintained across phases (Chi et al., 2016; Chowdhury et al.,
2020; Saxe et al., 2020).

The timing of integration creates a further problem. Environmental
information is most influential while route and design alternatives remain
open, but detailed assessments of quantities, construction methods, carbon
emissions, and site effects often depend on technical information that becomes
available only as planning progresses. Projects must therefore make early
decisions with incomplete evidence, while later information may arrive
after important choices have become difficult or expensive to reverse (Feng
et al., 2022; Larsen et al., 2022; Saxe et al., 2020). This information-
maturity dilemma affects the timing of specialist involvement, the updating
of assessments, and the connection between environmental and project-risk
processes.

Environmental sustainability requirements also influence decisions that cannot
be resolved by a single criterion. Variant evaluation may require comparison
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of environmental effects, approval feasibility, technical performance, cost,
schedule, constructability, and public benefit. = Trade-offs can occur
between environmental and project objectives, but also among environmental
objectives themselves, for example between greenhouse-gas reduction,
biodiversity, land use, resource consumption, and long-term durability
(Gharehbaghi et al., 2021; Oliveira et al., 2024; Saxe et al., 2020). The
outcome depends partly on the spatial and temporal boundaries used and on
which actors possess the authority to make or approve the decision.

There is therefore a need for a practice-oriented understanding of how envi-
ronmental sustainability requirements influence uncertainty, risk-management
practices, and decision-making in TIPs. This requires examining the types of
risks and uncertainties that arise, the practices by which they are identified
and assessed, the conditions that enable or constrain their integration,
and the ways in which environmental requirements shape alternatives and
trade-offs. A Germany-focused empirical study is relevant because formal
approval procedures, specialist documentation, phase-dependent planning,
and climate-related consideration duties provide a specific institutional context
in which these interactions occur (Federal Republic of Germany, 1976; Federal
Republic of Germany, 1990; Federal Republic of Germany, 2019; Federal
Republic of Germany, 2023).

1.3 Purpose, Objectives, and Research Ques-
tions

The purpose of this thesis is to explore how environmental sustainability
requirements influence uncertainty, risk management practices, and decision-
making in transport infrastructure projects during the planning and construc-
tion phases.

The objective is to identify the environmental sustainability-driven risks and
uncertainties that arise in TIPs and to examine how they are identified,
assessed, and integrated into project planning and risk-management processes.
The study further investigates the organisational, regulatory, procedural, and
phase-related conditions that enable or constrain this integration, as well
as how environmental sustainability requirements shape the evaluation of
variants, trade-offs, and decision-making.
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The thesis addresses the following main research question:

How do environmental sustainability requirements influence risks and
uncertainties, risk-management practices, and decision-making in
transport infrastructure projects during the planning, design,and

construction phases?

To answer this main research question, the following sub-questions are
addressed:

1. What types of environmental sustainability-driven risks and uncertain-
ties arise in transport infrastructure projects?

2. How are environmental sustainability-driven risks and uncertainties
identified, assessed, and integrated into project planning and risk
management processes?

3. Which organisational, regulatory, procedural, and phase-related condi-
tions enable or constrain the integration of environmental sustainability-
driven risks into project planning and risk management?

4. How do environmental sustainability requirements shape variant
evaluation, trade-offs, and decision-making in transport infrastructure
projects?

1.4 Scope and Limitations

This thesis focuses on the planning, design, and construction phases. In
this study, the planning phase includes early planning, design development,
environmental assessment, and preparation of approval documents. The
operational phase is not examined as a separate project phase. Expected
operational and transport-system effects are considered only where they
influence planning, variant evaluation, approval arguments, climate resilience,
or the justification of infrastructure investment.

The study focuses on environmental sustainability. Social and economic
sustainability are not investigated as independent dimensions. They are
considered in relation to how they directly interact with environmental
requirements, project risks, public benefit, cost, and decision-making.
The thesis does not quantitatively assess or compare the environmental
performance of individual projects.
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The literature review draws on international research in infrastructure,
construction, environmental assessment, and risk management. The empirical
study is based on four expert interviews involving six professionals and reflects
selected professional perspectives from Germany. It therefore provides
qualitative and context-specific insights rather than statistically generalisable
findings. The participants primarily represent consulting, design, project
management, climate, and environmental planning perspectives; direct client,
approval-authority, contractor, community, and environmental-organisation
perspectives are not represented to the same extent.

Although both planning and construction are within the stated scope, the
empirical material provides more detail on planning, design, approval, and
coordination than on construction implementation. Construction is considered
through topics such as contractual requirements, environmental monitoring,
material choices, site-level measures, and the transfer of environmental
findings into implementation.

1.5 Structure of the Thesis

This thesis is structured into six chapters.

Chapter 1 introduces the background and motivation of the study, presents
the problem and justification, defines the purpose and research questions, and
outlines the scope and limitations.

Chapter 2 provides the theoretical background and literature review. It
examines environmental sustainability in transport infrastructure projects;
project complexity and uncertainty; types of sustainability-driven risks;
identification and assessment practices; integration into project and risk-
management processes; decision-making and trade-offs; and the research gaps
that guide the empirical analysis.

Chapter 3 explains the research methodology. It describes the research
design, the literature review approach, the expert interview method, participant
selection, data collection, and the analytical approach.

Chapter 4 presents the interview results and analysis. The findings are
organised around professional understandings of environmental sustainability;



8 | Introduction

the sources of project requirements; sustainability-driven risks and uncertain-
ties; identification and assessment practices; integration into project and risk
management processes; and trade-offs in decision-making.

Chapter 5 discusses the empirical findings in relation to the literature and is
structured around the four research sub-questions. It examines the types of
risks and uncertainties identified, the practices for assessing and integrating
them, the conditions that affect integration, and the influence of environmental
requirements on variant evaluation and decision-making.

Chapter 6 answers the main research question, summarises the study’s
contributions and practical implications, discusses the limitations, and
identifies directions for future research.
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Chapter 2

Theoretical Background and Lit-
erature Review

2.1 Environmental Sustainability in Trans-
port Infrastructure Projects

Environmental sustainability affects transport infrastructure projects (TIPs)
through construction impacts, the long-term performance of the infrastructure,
and requirements from regulations, approval processes, and clients. The
literature examines these issues through environmental assessment, technical
planning, contracts, risk analysis, and monitoring (Larsen et al., 2022; Saxe
et al., 2020; Zelendkova and Zvijdkova, 2017).

2.1.1 Concepts, Dimensions, and Interpretations of
Environmental Sustainability

Sustainability is often described in terms of environmental, social, and
economic dimensions. All three are important for TIPs, but individual
assessments often examine only a limited number of indicators (Erdenekhuu
et al., 2022; Padgett and Tapia, 2013). This thesis focuses on environmental
sustainability. Social and economic aspects are considered only when they
directly interact with environmental requirements, project objectives, or
decisions.

The scope of what constitutes environmental sustainability is not fixed and
can be examined through different analytical levels. A project-site perspective
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considers effects on environmental assets within and around the project
area. A life-cycle perspective also includes material use, construction,
maintenance, repair, replacement, and long-term performance (Padgett and
Tapia, 2013). A transport-system perspective considers the mobility purpose
of the investment alongside cost, time, environmental effects, biodiversity, and
life-cycle considerations (Larsen et al., 2022). For this thesis, environmental

ANDINFRASTRUCTURE CONSUMPTION ACTION

ANDPRODUCTION

INDUSTRY, INNOVATION SUSTANABLEGITES 12 RESPONSIBLE 13 CLIMATE

Figure 2.1: Relevant Sustainable Development Goals for environmental
sustainability in infrastructure projects. Author’s compilation using United
Nations SDG icons (United Nations, 2015)

sustainability means protecting natural systems, using resources responsibly,
and reducing climate-related impacts. It includes both the positive and
negative environmental effects, as well as the objectives, requirements, and
constraints that influence the planning, design, approval, and construction of
TIPs (Larsen et al., 2022; Oliveira et al., 2024; Saxe et al., 2020).

2.1.2 Environmental Sustainability as Project Impact
and Infrastructure-System Objective

Transport infrastructure has a dual environmental role (Oliveira et al., 2024).
For example, rail transport can provide environmentally friendly mobility, but
its construction and physical presence can have effects that require avoidance,
mitigation, compensation, or monitoring. The significance of these effects
depends on the relationship between the intervention and the surrounding
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environment, including the location and the assessment boundary used (Xiao
et al., 2025).

Long-term effects can change how a project is assessed. Measures that
reduce natural-hazard risks may require more resources initially, but they can
reduce later emissions and material use by preventing damage, repairs, and
replacements (Padgett and Tapia, 2013). Using both historical climate data
and future climate scenarios can also help make infrastructure more resilient
to changing conditions (Lis@, 2006). The literature, therefore, does not define a
single fixed boundary for environmental sustainability. Instead, the boundary
should depend on the decision being assessed (Saxe et al., 2020).

2.1.3 Sources and Binding Character of Environmen-
tal Sustainability Requirements

Environmental sustainability requirements can originate from legislation,
approval procedures, client strategies, contracts, standards, and project-
specific objectives (Chowdhury et al., 2020; Larsen et al., 2022). These
sources differ in legal force and practical effect. Environmental regulation
can influence planning, design, construction, cost, schedule, and approval
(Chowdhury et al., 2020). Because of TIPs’ long duration, changes
in regulation can create additional uncertainty concerning future rules,
interpretation, effective dates, and compliance measures (Rasoulkhani et al.,
2020).

Public clients can translate broader objectives into project requirements.
Larsen et al. (2022) describe how a public road authority developed
requirements concerning life-cycle carbon, biodiversity protection, design,
tendering, and construction implementation in major bridge projects. A broad
environmental objective becomes operational when it is converted into a
defined obligation, criterion, task, document, or decision condition with a
specified scope, timing, responsible actor, and expected output.

2.1.4 Environmental Assessment and Approval Mech-
anisms
An Environmental Impact Assessment (EIA) is a principal mechanism for

identifying and evaluating environmental conditions and effects prior to
approval. It provides information about existing conditions, expected impacts,
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alternatives, and measures for avoidance, mitigation, compensation, and
monitoring (Zelendkova and Zvijdkova, 2017). EIA can influence project
design and approval by communicating this information to authorities, project
developers, and affected stakeholders (Chi et al., 2016).

Process integration and public engagement affect the degree to which
EIA influences project decisions, while professional governance affects
accountability (Chi et al., 2016). For example, the Bar-Boljare highway case
further showed that late assessment, limited consideration of alternatives, and
weak enforcement can reduce the preventive effect of environmental planning
(Coenen et al., 2022). Approval alone does not ensure implementation,
necessitating follow-up and monitoring (Paudel et al., 2025).

2.1.5 German Planning, Approval, and Environmental-
governance Context

The interviews for this thesis concern professional practice in Germany. The
German Plan Approval Procedure, or Planfeststellungsverfahren, is a formal
approval mechanism for infrastructure construction projects where sector-
specific legislation requires an approved plan. Sections 72 to 78 of the
Administrative Procedure Act establish the general framework, while Section
18 of the General Railway Act applies the requirement to railway operating
facilities (Federal Republic of Germany, 1976; Federal Republic of Germany,
1993).

EIA forms part of the administrative approval procedure. The Environmental
Impact Assessment Act requires the assessment of effects on defined protected
assets, including people, biodiversity, land, soil, water, air, climate, landscape,
and cultural heritage (Federal Republic of Germany, 1990).

Climate mitigation must also be considered in public planning and decision-
making. Section 13 of the Federal Climate Change Act requires public bodies
to consider the Act’s purpose and targets (Federal Republic of Germany,
2019). For example, in a judgment on the northern extension of the Al4
motorway, the Federal Administrative Court held that the plan-approval
authority had to identify the project’s carbon-dioxide-relevant effects with an
effort proportionate to the planning situation and consider their implications
for climate targets (Federal Administrative Court of Germany, 2022). The
judgment did not automatically give climate protection priority over all other
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interests, but did strengthen the visibility of climate mitigation. Additionally,
Section 8 of the Federal Climate Adaptation Act requires public bodies to
consider climate adaptation in an interdisciplinary and integrated manner
when planning and making decisions (Federal Republic of Germany, 2023).
The German Ordinance on Fees for Architects and Engineers describes phase-
based planning services for transport facilities, including task clarification,
comparison of alternatives, design development, and preparation of approval
documents (Federal Republic of Germany, 2013). The HOAI is used here only
as a reference for developing project information.

2.2 Complexity, Risk, and Uncertainty in
Transport Infrastructure Projects

Transport infrastructure involves site-specific physical conditions, long devel-
opment periods, multiple organisations, and formal approval requirements.
These characteristics make uncertainty important, as consequential decisions
must be made before all environmental and technical information is available
(Locatelli et al., 2017; Flyvbjerg, 2014).

2.2.1 Characteristics of Transport Infrastructure Projects

TIPs are long-lasting and shaped by their specific location, organisational
structures, and purpose (Saxe et al., 2020). The required environmental and
technical information is often spread across clients, designers, specialists,
contractors, suppliers, and authorities. This can lead to information gaps and
unclear responsibility for data (Saxe et al., 2020).

Environmental issues in TIPs should be assessed early because route and
design decisions limit the alternatives available later. However, detailed
information about quantities and construction methods is often not yet
available at this stage. Once the design has progressed or construction has
started, major changes are usually more difficult to make (Saxe et al., 2020).

2.2.2 Risk, Uncertainty, and Different Objects of Risk

Risk refers to the possible effect of uncertainty on an objective or
something that is considered important. Uncertainty means that knowledge
about conditions, events, assumptions, requirements, or future outcomes is
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incomplete (Leitch, 2010). Corvellec and Boholm (2008) show that the way a
risk is understood depends on how actors define the source of harm, what is at
risk, and whether the possible effect is seen as serious, minor, or manageable.

In environmental discussions, the object at risk can differ. A project may
create risks to biodiversity, water, soil, air, climate, or other environmental
objectives. At the same time, the same environmental condition may pose
risks to the project through approval issues, redesign, higher costs, delays,
contractual obligations, or construction restrictions (Corvellec and Boholm,
2008). Dione et al. (2005) distinguish between environmental problems
caused by the project and environmental conditions that create consequences
for project clients and contractors.

An environmental impact, an assessment, and a project risk are not the same
(Raafat et al., 2026). An environmental impact is a possible change to
the environment caused by a project, while an environmental assessment is
the process used to identify and evaluate such effects (Khan et al., 2025).
For this thesis, a sustainability-driven project risk exists when uncertainty
about an environmental condition, impact, requirement, or response may
affect environmental or project objectives (Corvellec and Boholm, 2008;
Chowdhury et al., 2020).

Risk management is the ongoing process of identifying, analysing, evaluating,
treating, and monitoring risks. Responsibility should be assigned to the party
that is best able to control, reduce, or respond to the relevant risk. Risks should
also be reviewed regularly, as they can change as the project and its external
conditions evolve (Ding and Ji, 2025).

2.2.3 Sustainability-driven Uncertainty and Informa-
tion Maturity across Project Phases

Environmental information becomes more detailed as a project develops.
At the beginning, baseline data may be incomplete, designs may still be
changing, quantities may be only estimates, and construction methods may
not yet be known. Infrastructure life-cycle assessment is also affected by
differences between projects, several data owners, unclear system boundaries,
and material use over the construction life-cycle (Saxe et al., 2020).

Environmental information has the greatest influence before major decisions
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are set in stone. However, assessments usually become more reliable only
when the design and quantities are more developed. Saxe et al. (2020)
describe this as a particular challenge for infrastructure because the object
being assessed continues to change during planning. In this thesis, this is
called the information-maturity dilemma.

Changing regulations and uncertain future climate conditions create additional
difficulties. Organisations may need to respond to rules that are still being
developed or interpreted (Chowdhury et al., 2020; Rasoulkhani et al., 2020).
Climate scenarios should also be understood as a range of possible future
conditions rather than exact forecasts (Lisg, 2006). These uncertainties
support an early but iterative approach. Initial assessments identify key
constraints and information needs, while subsequent updates incorporate more
detailed technical and environmental information (Larsen et al., 2022; Raafat
et al., 2026).

2.3 Types of Environmental Sustainability-
driven Risks and Uncertainties

The reviewed publications use environmental risk in different ways. Some
focus on effects on environmental assets, others on project consequences
arising from environmental requirements, and others on uncertainty within
assessment methods. The following categories organise these perspectives for
the empirical analysis.

2.3.1 Definition of Environmental Sustainability-driven
Risks

The literature does not provide one common definition of environmental
sustainability-driven risk in transport infrastructure. Construction studies
often focus on possible environmental harm, while infrastructure-management
studies also consider consequences for regulation, contracts, cost, and
schedule (Dione et al., 2005; Ding and Ji, 2025). Research on sustainability-
driven risk management also addresses uncertainty regarding new materials,
technologies, objectives, and stakeholder expectations (Elseknidy et al., 2025).

In this thesis, environmental sustainability-driven risks are understood
as uncertainties concerning environmental conditions, potential impacts,
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requirements, or responses that may affect environmental or project objectives.
Potential environmental impacts are therefore treated as possible sources
or consequences of risk rather than as risks in themselves. The identified
risk areas include uncertainty concerning environmental impacts, data and
assessment methods, climate and resilience, approval consequences, material
constraints, organisational processes, and conflicts between objectives.

2.3.2 Potential Environmental Impacts and Risks to
Protected Assets

Potential environmental impacts include air and water pollution, land
disturbance, waste, noise, resource use, greenhouse-gas emissions, habitat
damage, and biodiversity loss (Erdenekhuu et al., 2022; Hussain et al., 2024).
These potential impacts create risks to protected assets when uncertainty exists
about whether, where, or to what extent they will occur, or whether the planned
mitigation measures will be effective. Their significance depends on the
project location, scale, activities, affected environmental asset, duration, and
planned mitigation measures.

Biodiversity risks depend strongly on location. Xiao et al. (2025) assess
these risks by combining project impact areas with the locations of threatened
species, protected areas, and key biodiversity areas. Their results show that
screening only protected areas may miss risks in places where threatened
species also occur (Xiao et al., 2025). Early screening should therefore be
followed by site-specific surveys and a suitable definition of the project’s
impact area.

Environmental effects can also be connected. For example, runoff can affect
both water quality and aquatic ecosystems, while land clearance can cause
habitat loss, erosion, and changes in local environmental conditions (Hussain
et al., 2024). Risk categories should therefore not be treated as completely
separate from one another.

2.3.3 Climate, Carbon, and Resilience Risks

Climate-mitigation risk concerns GHG emissions from materials, construc-
tion, maintenance, and energy use within a project’s scope. Reddy et al.
(2015) state that GHG emissions and climate mitigation have often not been
sufficiently included in conventional EIA. Carbon calculations also depend on
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quantities, emission factors, system boundaries, and assumptions (Saxe et al.,
2020).

Climate-adaptation risk concerns how infrastructure may be affected by
future climate conditions. Lisg (2006) proposes combining historical climate
data, future climate scenarios, preventive measures, and interdisciplinary
cooperation. Measures against natural hazards may also reduce later emissions
and energy use by preventing damage and reconstruction. However, these
potential benefits must be weighed against the resources required for the
measures themselves (Padgett and Tapia, 2013).

The literature therefore distinguishes between reducing the project’s greenhouse-
gas emissions and preparing the infrastructure for future climate conditions
(Lisg, 2006; Reddy et al., 2015).

2.3.4 Approval, Compliance, and Procedural Risks

Environmental requirements can affect project approval and planning.
Regulatory changes can create uncertainty about how rules should be
interpreted, what the final requirements will be, and when they will take effect
(Chowdhury et al., 2020).

The environmental assessment procedure can also affect project time, cost,
documentation, and public participation. In United States transmission
projects, Scott et al. (2023) found important differences between a shorter
Environmental Assessment and a more detailed Environmental Impact
Statement.

Coenen et al. (2022) identified problems related to limited early assessment
of alternatives, insufficient environmental data, and inadequate monitoring.
Paudel et al. (2025) also found that identified mitigation measures were not
always implemented. Across the hydropower projects they examined, only 48
per cent of the physical mitigation measures had been completed.

These studies show that changing requirements, assessment procedures,
insufficient early information, and incomplete implementation of mitigation
measures can affect project planning and environmental performance
(Chowdhury et al., 2020; Coenen et al., 2022; Scott et al., 2023; Paudel et al.,
2025).
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2.3.5 Material and Supply-chain Risks

Sustainability requirements can influence which materials are selected, where
they come from, how they are produced, and whether they are available. In
the construction case studied by Erdenekhuu et al. (2022), limited material
availability affected project cost, while equipment breakdown affected project
duration and several environmental indicators.

Infrastructure life-cycle assessment also depends on information from many
project components and organisations. Material quantities, product data, and
emission factors may be incomplete or replaced with estimated values, and
uncertainty can increase across suppliers and contractors (Saxe et al., 2020).
Client requirements can clarify methods and evidence, but they may also
reduce the number of suitable suppliers or increase costs when appropriate
products and verified data are limited (Larsen et al., 2022).

2.3.6 Organisational, Coordination, and Target-conflict
Risks

Environmental assessment must be connected to project decision-making. Chi
et al. (2016) found that the influence of EIA depends on its integration into
project processes and on public engagement. They also found that professional
governance affects the accountability of EIA. Saxe et al. (2020) identified the
division of responsibilities as one source of uncertainty in infrastructure life-
cycle assessment.

Mitigation measures may be included in EIA reports without being fully
implemented. Paudel et al. (2025) found low levels of implementation and
very limited government monitoring in the hydropower projects they studied.
Elseknidy et al. (2025) also identified uncertainties related to technological
performance, material costs, environmental conditions, regulations, and
stakeholder behaviour.

Project alternatives may need to be compared based on environmental impacts,
technical performance, cost, schedule, and stakeholder considerations. Multi-
criteria methods can make these criteria visible, but the results still depend
on the available data, the weighting scheme, and the system boundaries
(Gharehbaghi et al., 2021; Zhang et al., 2022).
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2.4 Identification and Assessment of Envi-
ronmental Sustainability-driven Risks

The literature presents EIA and specialist studies, spatial analysis, expert
methods, risk matrices, multi-criteria evaluation, probabilistic modelling, life-
cycle assessment, and digital support. These methods and tools complement
each other in identifying and assessing environmental sustainability-driven
risks.

2.41 Environmental Assessment and Baseline Stud-
ies

Environmental assessment is used to identify and evaluate possible environ-

mental effects before a project is implemented. EIA establishes the existing

environmental conditions, examines alternatives, and develops mitigation and
monitoring measures (Khan et al., 2025; Raafat et al., 2026).

Baseline studies identify the environmental assets and conditions that may
be affected. Their quality depends on the area covered, when the data were
collected, the quality of the data, and the methods used (Coenen et al., 2022).
Incomplete baseline information can lead to impacts being underestimated or
discovered later in the project (Coenen et al., 2022; Saxe et al., 2020).

Biodiversity assessment depends strongly on the project location. Xiao
et al. (2025) combine information on threatened species, protected areas, key
biodiversity areas, and the distance over which project impacts may occur.
Their findings show that examining protected areas alone may miss risks
elsewhere where threatened species are present. More detailed project-specific
information is therefore needed to refine early biodiversity screening (Xiao
et al., 2025).

2.4.2 Combining Technical and Environmental Infor-
mation

An environmental assessment requires technical information on the project
location, quantities, construction methods, and temporary works (Larsen
et al., 2022). Technical planning also requires information on protected
assets, environmental constraints, mitigation measures, and the feasibility
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of approvals. Technical and environmental information must therefore be
developed together (Larsen et al., 2022; Saxe et al., 2020).

Raafat et al. (2026) propose a digital framework for identifying environmental
risks, comparing mitigation measures, and connecting EIA findings to project
decisions. The framework shows how mitigation priorities can support design-
related constraints, such as avoidance, buffering, and construction sequencing,
without producing the engineering design itself. It also connects mitigation
measures with measurable indicators and monitoring (Raafat et al., 2026).

Preliminary environmental information can influence project alternatives
before detailed design is completed, whereas more developed technical
information enables more precise assessment of environmental impacts.
Changes to the alignment, structure, drainage, construction area, or material
quantities may therefore require the environmental assessment to be reviewed
(Coenen et al., 2022; Larsen et al., 2022).

2.4.3 Spatial Data, Mapping, and Conflict Analysis

GIS can combine an infrastructure route with area information on habitats,
protected areas, waterways, land use, settlements, and other constraints. This
helps identify possible conflicts and compare alternatives (Gharehbaghi et al.,
2021). Xiao et al. (2025) also use spatial data and impact zones to classify
biodiversity risks.

The results depend on how complete and detailed the data are and whether
the datasets are compatible. Different datasets may use different scales, dates,
classifications, or boundaries (Xiao et al., 2025). In the Sydney Metro study,
GIS was combined with a significance matrix to support the assessment of
sustainability factors (Gharehbaghi et al., 2024). Maps and matrices support
comparison, but specialists are still needed to interpret the results (Saxe et al.,
2020; Xiao et al., 2025).

2.4.4 Project Risk Tools and Expert Judgements

The reviewed studies use workshops, expert consultation, checklists, risk
matrices, and scoring to identify and prioritise different types of project risk.
These include financial, technical, environmental, regulatory, and stakeholder
risks (Elseknidy et al., 2025).
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Expert-based methods can be used when available data are limited. Hussain
et al. (2024) used repeated Delphi rounds with specialists to identify and assess
environmental risks related to the China—Pakistan Economic Corridor. Zhang
et al. (2022) combined the Analytic Hierarchy Process with fuzzy evaluation
to weight environmental criteria and assess construction impacts.

The Delphi method develops an assessment through several rounds of expert
consultation, while AHP uses expert comparisons to assign weights to
different criteria (Hussain et al., 2024; Zhang et al., 2022).

2.4.5 Carbon Accounting, Climate-risk Assessment,
and Digital Support

Carbon accounting estimates GHG emissions from materials, construction,
maintenance, energy use, and other life-cycle stages within a defined system
boundary. It can support the comparison of alternatives and the identification
of major sources of emissions. However, the results depend on quantities,
emission factors, production data, service-life assumptions, and maintenance
scenarios. Early calculations need to use assumptions for quantities, while
later calculations can use more detailed design information. Assumptions
should therefore be documented, and calculations may need to be updated as
the design develops (Larsen et al., 2022; Saxe et al., 2020).

Climate risk assessment examines climate hazards, exposure, vulnerability,
and potential consequences for infrastructure. It can support the selection
of adaptation measures but must consider uncertain future climate conditions
(Lisg, 2006; Reddy et al., 2015). Digital systems can help connect environ-
mental information, technical data, mitigation measures, responsibilities, and
monitoring. However, their usefulness still depends on data quality, model
boundaries, clear responsibilities, and the use of results in decision-making
(Raafat et al., 2026; Saxe et al., 2020).

2.4.6 Data and Methodological Uncertainty

Environmental assessments contain uncertainty because they depend on the
available data and on choices about methods, scenarios, boundaries, and
expert judgement. In infrastructure life-cycle assessment, uncertainty can
also arise from how the project is defined, its location and scale, the number
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of components, the division of data responsibilities, and the materials used
during construction, maintenance, and replacement (Saxe et al., 2020).

Different assumptions and methods can lead to different results. Biodiversity
assessments depend on the selected impact distances and species thresholds
(Xiao et al., 2025). Life-cycle results depend on system boundaries and
assumptions about the infrastructure’s service life (Saxe et al., 2020). Zhang
etal. (2022) use the Analytic Hierarchy Process and fuzzy evaluation to weight
environmental criteria and classify construction impacts, meaning that the
assessment includes selected criteria and weights.

Bayesian models can combine available data and expert knowledge to examine
relationships between risks and possible mitigation measures (Khan et al.,
2025). Uncertainty should therefore be shown clearly through documented
assumptions, scenarios, ranges, and sensitivity analysis rather than hidden
behind one result (Saxe et al., 2020).

2.5 Integration into Risk Management and
Project Processes

Identifying and assessing environmental sustainability-driven risks does not
automatically ensure their management. Environmental information must
also be connected to project objectives, responsible actors, decisions, and
implementation. This section examines how environmental assessment and
project risk management are connected, when integration should occur,
how responsibilities are distributed, and how environmental findings are
transferred into design, contracts, construction, and monitoring (Chi et al.,
2016; Larsen et al., 2022; Zelefidkova and Zvijdkova, 2017).

2.5.1 Connecting Environmental Assessment and
Project Risk Management

EIA examines environmental conditions, potential impacts, alternatives,
mitigation measures, and the information required for approval. Project risk
management examines how uncertainty may affect project objectives, who is
responsible for responding, and how risks are monitored. Risk analysis can
support EIA by considering the probability and consequences of impacts and
by helping to compare project alternatives (Zelefidkovd and Zvijakova, 2017).
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Connecting the two processes requires linking environmental findings to
responsibilities, responses, and follow-up. Digital EIA systems can support
this by connecting impacts and mitigation measures with responsible actors,
costs, timelines, and monitoring indicators (Raafat et al., 2026). The influence
of EIA on project decisions also depends on how well it is integrated into
project processes and professional responsibilities (Chi et al., 2016).

2.5.2 Early Integration and the Information-maturity
Dilemma

This creates an information-maturity dilemma: the ability to influence
route and design decisions is highest during the early project phases, while
detailed information on quantities, construction methods, and environmental
effects becomes available only gradually as the design develops (Feng et al.,
2022; Saxe et al., 2020). When EIA is conducted too late, there may
be less opportunity to compare alternatives or to prevent environmental
impacts (Coenen et al., 2022). Digital EIA frameworks therefore identify
environmental risks and constraints before major design decisions and update
them as the design develops (Raafat et al., 2026).

However, early assessments cannot include all details and need to become
clearer over time (Saxe et al., 2020). The process must therefore be iterative.
Early assessments can identify sensitive areas, regulatory issues, missing data,
and unsuitable alternatives. Later assessments can review the selected design,
update assumptions, and define mitigation and monitoring measures. Larsen
et al. (2022) show how environmental requirements can be developed further
for design, tendering, and construction. Changes to the alignment, design,
construction methods, environmental conditions, or regulations may therefore
require a review of the related environmental and project risks.

2.5.3 Roles, Decision Authority, and Interdisciplinary
Coordination

TIPs involve many actors, including clients, authorities, environmental
specialists, designers, contractors, local communities, and environmental
organisations (Flyvbjerg, 2014; Locatelli et al., 2017). Environmental
specialists identify impacts and recommend mitigation measures, but they may
not control decisions about design, budget, schedule, or procurement. Project
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managers and clients have broader decision-making authority but depend
on specialist information. Environmental knowledge and decision-making
authority may therefore be held by different actors (Chi et al., 2016; Paudel
et al., 2025).

Clear responsibilities and coordination are therefore important. The client
plays a central role by defining objectives, commissioning assessments,
providing resources, and setting project and procurement requirements
(Larsen et al., 2022). Environmental measures should also be linked to
responsible actors, budgets, timelines, monitoring, and follow-up to support
their implementation (Paudel et al., 2025). Communication, stakeholder
involvement, management support, and interdisciplinary coordination are
needed because environmental requirements may affect design, construction,
materials, costs, and approval decisions (Chowdhury et al., 2020; Rasoulkhani
et al., 2020).

Environmental findings must remain connected to the project as respon-
sibilities change between phases. They may need to be included in
design documents, contracts, construction requirements, and monitoring
arrangements (Larsen et al., 2022; Raafat et al., 2026). This transfer is
important because detailed mitigation measures do not automatically lead
to complete implementation or monitoring (Paudel et al., 2025). Clear
responsibilities and active handover are therefore needed throughout the
project.

2.6 Decision-making and Trade-offs under
Sustainability-related Uncertainty

Environmental sustainability requirements can influence which route and
design alternatives are realistic. Their influence is greatest while alternatives
are still open because environmental conflicts may require an alternative to
be changed, examined further, or excluded (Coenen et al., 2022; Larsen
et al., 2022). Variant evaluation therefore considers environmental impacts
and approval feasibility together with technical performance, cost, time,
constructability, and stakeholder issues (Gharehbaghi et al., 2021; Zhang
et al., 2022). However, the comparison may remain uncertain because the
available information, assessment boundaries, and required level of approval
evidence may not yet be clear (Scott et al., 2023; Saxe et al., 2020). The
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following sections examine trade-offs between environmental and project
objectives, conflicts between environmental objectives, and the influence of
spatial and temporal boundaries.

2.6.1 Environmental Requirements, Cost, Time, and
Public Benefit

Environmental requirements affect cost and schedule through studies,
mitigation, monitoring, permit conditions, material choices, and construction
restrictions (Scott et al., 2023). Regulatory change can also alter scope or
delay permits (Chowdhury et al., 2020). These consequences show why
environmental requirements must be included in project planning rather than
treated as external additions.

Cost and time pressure can also weaken assessment, alternative development,
participation, and monitoring. The Bar-Boljare case illustrates how delivery
and governance conditions can reduce environmental effectiveness (Coenen
et al., 2022).

Public infrastructure decisions also consider the service provided. Larsen et al.
(2022) describe planning as a balance between mobility needs, environmental
effects, cost, time, and life-cycle considerations (Larsen et al., 2022).
Quantitative tools can show how one event affects several outcomes, but
decision-makers must still determine priorities and acceptable residual effects
(Erdenekhuu et al., 2022).

2.6.2 Trade-offs within Environmental Sustainability

Environmental objectives can also conflict with one another. A design
intended to reduce GHG emissions may affect biodiversity, land use,
durability, or resource consumption. A renewable-energy or low-carbon
transport project may create local impacts on habitats and water systems
(Oliveira et al., 2024; Saxe et al.,, 2020). Multi-criteria assessment can
structure comparison, but weighting remains a judgement about relative
importance. Legal protection may also constrain the extent to which one
environmental benefit can compensate for harm to another protected asset
(Wang et al., 2017; Zelendkova and Zvijakova, 2017).

Decision-making should clearly show the conflict between objectives and
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explain why a particular option was selected. The aim is not to improve all
environmental effects simultaneously. Instead, the assessment should identify
which effects can be avoided, which can be reduced, and which remaining
trade-offs must be considered in the final decision (Gharehbaghi et al., 2024;
Saxe et al., 2020; Zelenakova and Zvijakova, 2017).

2.6.3 Local Impacts, System-level Benefits, and Tem-
poral Boundaries

Assessments can reach different conclusions because they apply different
spatial and temporal boundaries. A construction-site assessment may
emphasise land, habitats, noise, and local emissions, while a transport-system
assessment may include changes in mobility or operational emissions. Both
perspectives may be valid but answer different questions (Oliveira et al., 2024;
Saxe et al., 2020).

Temporal boundaries also affect decisions concerning materials, durability,
maintenance, and resilience. A solution with higher initial emissions may
have a longer service life or lower maintenance demand, while a lower-impact
construction method may increase future vulnerability. Natural hazards
damage and reconstruction further demonstrate how future events can change
life-cycle environmental performance (Padgett and Tapia, 2013).

The relevant boundary should correspond to the decision. Route approval
may require detailed consideration of local protected assets, while strategic
investment or carbon comparison may require a wider system and life-
cycle perspective. Wider benefits do not automatically offset local legal or
ecological impacts, and local assessments do not fully describe the long-term
environmental function of the transport system (Federal Republic of Germany,
1990; Oliveira et al., 2024; Saxe et al., 2020).

System boundaries and time horizons should therefore be stated explicitly.
They do not remove trade-offs, but they make clear which effects are included,
which are excluded, and why apparently competing conclusions may both be
valid within different analytical frames (Padgett and Tapia, 2013; Saxe et al.,
2020).
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2.7 Synthesis, Research Gaps, and Analyti-
cal Framework

2.7.1 Synthesis of the Literature

The literature shows that environmental sustainability enters infrastructure
projects through several partly separate processes. An environmental as-
sessment identifies conditions, effects, alternatives, and mitigation measures.
Risk management structures uncertainty regarding objectives, consequences,
ownership, response, and monitoring. Regulation and approval determine
mandatory evidence and conditions, while clients and contracts translate wider
objectives into project requirements.

Projects can pose risks to environmental receptors, while environmental
conditions and requirements can affect approval, design, cost, schedule,
materials, and implementation. Data, methodological, regulatory, and
future-climate uncertainty affect both directions. EIA, spatial analysis,
expert methods, multi-criteria approaches, probabilistic models, life-cycle
assessment, and digital systems provide complementary evidence rather than
one complete solution.

2.7.2 Research Gaps

The reviewed literature covers several separate topics, including impact
assessment, construction risk, regulatory change, life-cycle uncertainty,
biodiversity, climate resilience, governance, and modelling. Many studies
focus on only one method, project, infrastructure type, or country, such
as hydropower, green buildings, wind energy, bridges, metro systems, or
individual transport corridors (cf. Appendix A).

Several studies identify gaps between assessment, decision-making, and
implementation. =~ EIA influence depends on governance and process
integration, while late assessment and weak enforcement reduce its preventive
function (Chi et al., 2016; Coenen et al., 2022). Approved mitigation measures
may also remain incomplete and weakly monitored (Paudel et al., 2025).

Integrated digital, Bayesian, and sustainability-driven frameworks attempt to
connect identification, mitigation, responsibility, and monitoring, but their
application remains case-based (Khan et al., 2025; Raafat et al., 2026).
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Elseknidy et al. (2025) demand sustainability-driven risk frameworks to be
tested across different geographical, regulatory, and technological settings
(Elseknidy et al., 2025).

Overall, the literature provides substantial knowledge on risks and methods,
but less practice-oriented evidence on how environmental requirements
translate into project-wide risks, responsibilities, and decisions throughout
transport infrastructure planning and construction. The interfaces between
environmental assessment, technical planning, approval, risk management,
contracts, and monitoring remain insufficiently explained, particularly in the
German transport context.

2.7.3 Analytical Framework for the Interview Analysis

The literature synthesis produced five analytical dimensions. The first
concerns how environmental sustainability is understood and how broad
expectations are translated into project requirements. The second concerns the
types and objects of risk, including risks to environmental objectives, risks to
project delivery, and uncertainty regarding information and future conditions.
The third dimension concerns how risks are identified and assessed through
environmental studies, spatial analysis, expert judgement, project risk tools,
carbon accounting, climate-risk assessment, and digital support. The fourth
concerns integration across project phases and organisations, including
timing, responsibilities, coordination, and the transfer of environmental
findings into design, contracts, construction, and monitoring. The fifth
dimension concerns decision-making and trade-offs, including the evaluation
of alternatives, feasibility of approval, interactions among objectives, and
spatial and temporal boundaries. These dimensions informed the interview
guide and the later comparison of the interview findings with the literature.
They were not used as a fixed deductive coding scheme, as the interview codes
and categories were developed from the empirical material.
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Chapter 3
Methods

3.1 Research Design

The choice of methodology depends on the research problem and the
study’s objectives (Kuckartz and Ridiker, 2026). Because the research
questions concern professional interpretations, organisational processes,
responsibilities, uncertainty, and decision-making, a qualitative research
design was selected. Qualitative research enables the portrayal of personal
and individual experiences to be examined in depth rather than reduced to
numerical measurement (Kuckartz and Ridiker, 2026).

The research design consisted of two connected components. First, a semi-
systematic literature review was conducted to identify and synthesise existing
research on environmental sustainability requirements, sustainability-driven
risks and uncertainties, their identification and assessment, their integration
into project and risk-management processes, and their influence on decision-
making processes in infrastructure projects. The review was the basis for the
theoretical background presented in Chapter 2 and identified research gaps
relevant to the empirical investigation.

The literature findings also provided initial sensitising concepts for the
interviews. Sensitising concepts offer an initial orientation while remaining
flexible throughout the analysis of empirical material (Blumer, 1954). In
this study, the literature-based concepts formed the basis for the interview
guide and the later comparison of findings. They were not applied as a fixed
deductive coding framework.
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Second, four semi-structured expert interviews involving six professionals
were conducted. The interviews examined how environmental sustainability
requirements, risks, uncertainties, assessment practices, organisational
interfaces, and decision-making processes were understood and addressed in
practice.

The interview material was analysed using a qualitative content analysis.
This approach supports the systematic organisation and interpretation of
qualitative material by developing, applying, and refining a category system
(Schreier, 2013; Kuckartz and Ridiker, 2026). The analysis incorporated
selected coding procedures associated with Grounded Theory, particularly
open coding, constant comparison, axial category development, and iterative
refinement (Strauss and Corbin, 1998; Heiser, 2018). The study did not seek
to develop a grounded theory.

The literature review and interview findings were first analysed separately.
The literature review provided the background for the study and helped to
prepare the interviews. However, the interview codes and categories were
developed from the experts’ statements rather than being taken directly from
the literature. Where the interview analysis produced relevant themes not
sufficiently covered by the original literature sample, additional literature was
consulted for contextual interpretation. These sources were distinguished from
the formally screened sample.

3.2 Semi-Systematic Literature Review

3.2.1 Purpose of the Literature Review

A semi-systematic literature review was conducted to identify and analyse
research concerning environmental sustainability-driven risk management in
TIPs. This type of review was chosen because the topic covers several research
areas (Snyder, 2019), including environmental sustainability, environmental
assessment, infrastructure planning, risk management, climate assessment,
organisational processes, and decision-making. The aim of the review was
to identify common concepts, risk types, assessment methods, organisational
issues, and relationships discussed in the selected literature.

Following the general review stages described by Snyder (2019), the review
involved the design of the search strategy, database searches, screening and
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selection, thematic analysis, and reporting of the findings. The literature
review served four functions within the thesis based on the research questions:

1. To establish the theoretical and conceptual background of the study

2. To identify environmental sustainability-driven risks and uncertainties
discussed in previous research

3. To examine existing identification, assessment, integration, and
decision-making practices

4. To identify research gaps that could be investigated through the expert
interviews

3.2.2 Search Strategy

The database searches were conducted using Web of Science and Scopus.
These databases were selected because they include publications on engineer-
ing, construction, sustainability, infrastructure, environmental assessment,
and project management.

The search strategy was carried out iteratively. Initial searches indicated that
relatively few publications explicitly combined environmental sustainability,
risk management, and transport infrastructure. The search scope was therefore
expanded to include research from the wider infrastructure and construction
sectors.

The initial plan was to search in both English and German because the study’s
primary data focused on Germany. Preliminary German-language searches
found only a few relevant academic publications. The final database searches
were therefore limited to English keywords only. No restrictions were placed
on publication year or geographical location.

The final searches were conducted in Web of Science on 22 April 2026 and in
Scopus on 23 April 2026. Six groups of search terms were used.

Where search combinations generated a large number of results, keywords
were further refined to improve specificity. The literature search was
conducted using combinations of keywords related to risk management,
environmental sustainability, and infrastructure projects. Initial search
strings were refined to include more specific terms such as ‘environmental
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impact’, ‘uncertainty’, ‘decision-making’, and ‘transport infrastructure’ to
better capture the interaction between sustainability requirements and risk
management practices. The final search terms used for the review are
presented in the following:

* Group 1: (‘risk management’” OR ‘risk assessment’) AND (‘environ-
mental sustainability’ OR ‘environmental impact’) AND (‘construction
industry’ OR ‘construction projects’)

* Group 2: (‘risk management’” OR ‘risk assessment’) AND (‘environ-
mental sustainability’) AND (‘infrastructure’ OR ‘transport infrastruc-
ture’) AND ("uncertainty’ OR ‘decision-making”)

* Group 3: (‘risk management” OR ‘risk assessment’) AND (‘environ-
ment’) AND (’transport infrastructure’) AND (‘project planning’ OR
‘design stage’ OR ‘pre-construction’ OR ‘construction phase’)

* Group 4: (‘environmental impact assessment’ OR ‘EIA’) AND (‘risk’
OR ‘uncertainty’) AND (‘infrastructure projects’)

e Group 5: (‘environmental sustainability’) AND (‘project delays’ OR
‘cost overrun’)

* Group 6: (‘environmental regulation’) AND (‘infrastructure projects’)
AND (‘risks’)

The search groups approached the research topic from different angles.
Groups 1-3 combined environmental sustainability and risk-management
terminology with construction or infrastructure contexts. Group 4 focused
on the relationship between environmental assessment, risk, and uncertainty.
Groups 5 and 6 addressed possible project consequences and regulatory
sources of sustainability-related risk.

3.2.3 Selection Process

The literature-selection process consisted of title screening, abstract screening,
duplicate removal, and full-text assessment. Screening was conducted by the
researcher using relevance criteria developed based on the research questions.
Although the review followed a semi-systematic design, elements of the
PRISMA 2020 reporting framework were used to document the identification,
screening, eligibility assessment, and final selection of publications (Page
et al., 2021).
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During title screening, publications were excluded if the title did not indicate
a meaningful relationship to environmental sustainability, environmental
impacts, risk or uncertainty, or construction and infrastructure projects.

The abstracts of the remaining publications were then reviewed. Publications
focusing exclusively on social or financial sustainability were excluded
unless they contained a direct and relevant connection to environmental
sustainability-driven project risk or decision-making. Publications dealing
primarily with safety risks were also excluded. Highly specialised studies that
focused solely on the environmental characteristics of an individual material
or technical component were excluded.

At the abstract-screening stage, publications were not required to focus
exclusively on transport infrastructure. Studies from the broader infrastructure
and construction sectors were retained where they addressed concepts or
processes relevant and useful to the research questions. This broader scope
was necessary because relatively few publications directly combined environ-
mental sustainability-driven risk management with transport infrastructure.
Following duplicate removal, the remaining publications were assessed in full.
The final eligibility assessment considered three criteria:

1. The publication addressed environmental sustainability, environmental
impacts, or environmental conditions in connection with risk or
uncertainty

2. The publication focused on infrastructure or construction projects,
preferably transport infrastructure

3. The publication discussed at least one relevant process, including
risk identification, assessment, evaluation, mitigation, governance,
integration, or decision-making

To be included, a publication had to cover at least two of these three criteria
and make a meaningful contribution to the purpose of the review.

Chapter 2 also used legislation, court decisions, standards, policy documents,
and official frameworks to explain environmental requirements and the
German planning and approval context. These contextual sources were treated
separately from the screened academic literature and were not included in the
numerical database-screening results, as they were added after the literature
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review to provide theoretical background for understanding the interview
findings.

3.2.4 Literature Screening Results

Table 3.1: Scopus screening results

Group | Initial results | After title | After abstract
Group 1 162 63 42
Group 2 41 4
Group 3 1 1 1
Group 4 18 14 9
Group 5 15 8 4
Group 6 13 9 5

Across the two databases and search groups, 89 records remained after
abstract screening. Several publications appeared in more than one search
group or in both databases. After duplicates were removed, 65 publications
remained. Three non-peer-reviewed records were excluded from the screened
academic sample, leaving 62 publications for the final relevance and full-text
assessment.

Applying the final eligibility criteria resulted in 28 included publications.
Their publication types are shown in Table 3.3. Duplicate removal occurred
after the abstract screening rather than after the database searches. This differs
from the regular order used in PRISMA.

Table 3.2: Web of Science screening results

Group | Initial results | After title | After abstract
Group 1 22 15 10
Group 2 13 4 1
Group 3 0 0 0
Group 4 13 10 8
Group 5 6 3 3
Group 6 2 2 2
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Table 3.3: Publication types after duplicate removal and final selection

Literature type Number after abstract | Final included
Book/book chapter 8 1
Conference paper 7 1
Journal article 43 25
Review article 3 1
Technical guideline/report 1

3.2.5 Literature Synthesis and Conceptual Orienta-
tion

The included publications were analysed thematically. Relevant information

was organised in a structured literature-extraction table based on the three

relevant criteria discussed in Section 3.2.3. The extraction process captured

the context and focus of each publication in relation to environmental

sustainability, infrastructure, and risk management. The complete literature-
extraction table is provided in Appendix A.

The publications were compared to identify recurring concepts, types of risk
and uncertainty, assessment approaches, organisational issues, and decision-
making conditions. Similar findings were grouped, compared, and refined.
This process produced the structure used in Chapter 2. The synthesis in
Section 2.7.3 resulted in the five analytical dimensions:

1. Sources and interpretations of environmental sustainability require-
ments

2. Types of uncertainty and sustainability-driven risk
3. Identification and assessment practices
4. Integration, roles, and coordination across project phases

5. Decision-making and trade-offs

3.3 Interviews

3.3.1 Participant Selection

The objective of the interviews was not to produce a statistically representative
study, but to include professionals with experience relevant to environmental
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sustainability, project management, technical infrastructure planning, climate
assessment, environmental planning, approval procedures, or related project
processes.

Interview requests were sent to professionals and organisations working with
transport infrastructure projects. Participants were selected based on their
professional background and ability to contribute practical knowledge relevant
to the research questions.

From the third interview onwards, prospective participants were asked
in advance about their specific professional responsibilities and areas of
expertise. This made it possible to adapt the specialist questions while the
core topics of the interview guide still remained.

Four interviews involving six professionals were conducted. Interviews 02
and 03 were joint interviews involving two participants, while Interviews 01
and 04 involved one participant each. The interview identifiers and principal
professional perspectives are summarised in the following:

* Interviewee 1: Project Manager and Supply Chain Manager; experience
in large infrastructure projects, project management across all phases,
lean-based risk management and workshops, environmental engineer-
ing background, and supply chain management

* Interviewee 2a: Project Manager and Technical Infrastructure Spe-
cialist; expertise in transport infrastructure planning, constructive
engineering, and project management within rail and road projects

 Interviewee 2b: Sustainability Specialist; expertise in GHG assess-
ments, life-cycle analysis, climate resilience, climate risk assessments,
and environmental impacts across rail and road infrastructure

* Interviewee 3a: Project Manager and Communication Specialist;
expertise in project management, approval management, stakeholder
communication, and coordination of transport infrastructure projects

* Interviewee 3b: Project Manager; expertise in tunnel infrastructure
projects, sustainability integration, infrastructure planning, design
processes, and sustainability assessment across project phases
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* Interviewee 4: Environmental planning specialist for approval pro-
cesses; expertise in nature conservation, EIA, species protection,
environmental reports, approval planning

The participants represented project management, technical planning, en-
vironmental and approval planning, climate and sustainability assessment,
project coordination, and supply-chain-related perspectives. More detailed
descriptions of the participants’ professional perspectives are provided in
Section 4.1.1 and in the anonymised interview summaries in Appendix C.

3.3.2 Interview Process

Semi-structured expert interviews were selected because they combine a
basic thematic structure with certain flexibility for participants to explain
experiences relevant to their particular professional backgrounds. The
interviews were conducted remotely using online meeting platforms and lasted
between 34 and 54 minutes.

Before each interview, participants were informed about the purpose of
the research, the intended use of the interview material, the recording
and transcription process, and the anonymisation of their responses. The
interviews were recorded with the participants’ consent.

The interviews were conducted in German. During the conversations, follow-
up questions were used to clarify statements and examine topics that emerged
from the participants’ answers. The order and depth of the questions varied
depending on the participants’ roles and experience.

The recordings were automatically transcribed using the Sunet software. The
transcripts were reviewed manually to correct transcription errors and ensure
that the recorded meaning was retained. The German interview material was
translated into English. Personal information, organisation names, and other
identifying details were removed or generalised. Interviews 02 and 03 each
involved two participants. The amount of directly attributable material was not
evenly distributed among the participants in these interviews. In particular, 12b
provided a larger proportion of the detailed statements in Interview 02. This
affected the number of quotations associated with individual participants but
did not result in the participant’s exclusion from the analysis.
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3.3.3 Interview Guide

The first version of the interview guide was developed while the literature
review was still in progress. It was therefore based on an initial understanding
of the literature. The guide was refined as the literature synthesis developed
and as additional topics emerged during the interviews.

A common set of core topics was retained across the four interviews:

* Role and Project Context: Professional background, project role,
experience, responsibilities

e Environmental Sustainability and Risk Understanding: Understanding
of environmental sustainability, sustainability role, sustainability-driven
risks

* Risk Identification and Integration: Identification methods, involved
actors, timing, tools, responsibilities

* Risk Assessment and Re-evaluation: Risk prioritisation, occurrence
probability, reassessment processes

* Risk Occurrence and Project Impacts: Risk occurrence, consequences
on cost and time, planning and approval impacts

* Future Development and Reflection: Future trends, increasing risks,
challenges, broader reflections

Additional questions were adapted to the participants’ areas of expertise.
Interview 01 included questions concerning procurement, materials, logistics,
and supply-chain stability. Questions concerning greenhouse-gas accounting,
life-cycle assessment, climate risk, and climate adaptation were included
particularly in Interviews 02 and 03, where participants had relevant
expertise in sustainability or climate. Interviews involving approval and
environmental planning expertise included additional questions concerning
specialist reports, protected assets, environmental assessments, authorities,
and approval procedures.

Questions concerning conflicts and trade-offs were expanded after the first
interview because the initial empirical material indicated that trade-offs
were central to the relationship between environmental sustainability, project
objectives, and decision-making. Later interviews therefore included more
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explicit questions concerning variant evaluation, approval feasibility, cost,
time, public benefit, and conflicts between environmental objectives where
these subjects were relevant to the participants’ expertise.

The adaptations increased the relevance and depth of the individual interviews
but reduced direct comparability between all individual questions. The
complete interview guides are documented in Appendix B.

3.3.4 Analytical approach

The interview transcripts were organised and coded using NVivo 15. The
analytical approach was qualitative content analysis. This approach was se-
lected because the study aimed to identify, organise, and compare professional
interpretations and experiences concerning environmental requirements,
risk and uncertainty, assessment practices, organisational integration, and
decision-making. Qualitative data structured by content provide a systematic
approach while still allowing the development and refinement of a category
system, maintaining a traceable connection. The category-development
process incorporated selected coding procedures of grounded theory (Schreier,
2013; Kuckartz and Radiker, 2026).

Open coding

In the first stage, the transcripts were read, and relevant passages were assigned
open codes. The initial codes remained close to the language and meaning of
the interview material. Coding was iterative. Code labels were reconsidered
as additional material was reviewed, and similar or overlapping codes were
compared across the four interviews (Strauss and Corbin, 1998).

The purpose of this stage was to preserve the detail of the participants’
perspectives before organising the material into broader categories. The coded
material included recurring issues and participant-specific perspectives when
relevant to the research questions.

Development of analytical categories
In the second stage, related open codes were compared and consolidated into
ten broader analytical categories:

1. Conceptualisation and Definition of Environmental Sustainability

2. Governance, Institutions, and Regulation
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3. Risk Identification and Knowledge Production
4. Environmental Risks and Approval Dynamics
5. Trade-offs, Prioritisation, and Decision-making
6. Temporal Dynamics and Process Evolution
7. Actors, Responsibilities, and Coordination
8. Data, Methods, and Digitalisation
9. Supply Chains, Economics, and Market Constraints
10. Learning, Adaptations, and Sustainability Transformation

For each category, definition, inclusion criteria, boundary notes, source
coverage, representative open codes, and its principal use in the results chapter
were documented in the category codebook. The codebook was used to ensure
traceability and to understand the distribution of the coded material.

Development of analytical themes

In the third stage, the ten categories were examined for their analytical
relationships and relevance to the research questions. Several categories
contributed to more than one part of the empirical findings. For example,
temporal dynamics were relevant to both the development of uncertainty and
the integration of environmental expertise across project phases. Actors and
responsibilities were relevant to both process integration and decision-making.

The ten categories were therefore grouped into six analytical themes used to
structure Chapter 4:

1. Understandings of environmental sustainability

2. Environmental sustainability requirements

3. Sustainability-driven risks and uncertainties

4. Identification and assessment practices

5. Integration into project and risk-management processes

6. Trade-offs and decision-making
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The analysis did not proceed to formal selective coding around one core
category and did not aim to generate a substantive theory. The use of
Grounded Theory was limited to selected coding procedures within a broader
qualitative content-analysis approach. The anonymised interview summaries
are provided in Appendix C. The category codebook and the documentation
of the coding and category-development process are provided in Appendix D.

3.4 Research Quality and Limitations

3.4.1 Research Quality

Several measures were used to strengthen the credibility, transparency, and
traceability of the research process.

The literature-search dates, databases, search groups, screening stages,
eligibility criteria, and numerical results were documented. The selected
publications were organised through a structured extraction table, and the
thematic synthesis was linked to the analytical structure of Chapter 2.

The empirical sample included participants with diverse yet related pro-
fessional backgrounds, such as project management, technical planning,
environmental and approval planning, climate and carbon assessment, project
communication, and supply chain management. This range enabled the study
to compare how environmental sustainability requirements and risks were
understood across different organisational and disciplinary positions.

The interview recordings, transcripts, and translations were manually
reviewed before coding. The coding process was documented through a
category codebook, a category-development table, and worked examples of
coded excerpts. The operational definitions, inclusion criteria, and boundary
notes in the codebook provide a transparent basis for showing how individual
statements were consolidated into broader categories.

Direct quotations in Chapter 4 maintain a visible connection between the
interpretations and the original interview material. Quotations were selected
to illustrate the meaning and variation of the analytical themes rather than
to indicate statistical frequency. The uneven number of quotations assigned
to participants reflects differences in professional expertise, relevance to
individual subjects, and participation within the joint interviews.
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The research distinguishes between the presentation of empirical findings and
their comparison with the literature. Chapter 4 reports and organises the
interview material, while Chapter 5 interprets the relationship between the
empirical findings and previous research.

Because the study was conducted and coded by one researcher, the analysis
is influenced by the researcher’s interpretations. Interpretive decisions
concerning interviewing, transcription checking, translation, coding, category
development, and synthesis remain dependent on the researcher. The
methodological documentation provides an audit trail but does not remove
this interpretive influence.

3.4.2 Ethical Considerations

Participants were informed about the purpose of the study and the intended
use of the interview material before taking part. They were also informed that
the interviews would be recorded, transcribed, translated, analysed, and used
in anonymised form in the thesis. Recording proceeded with the participants’
consent.

Personal names, organisation names, and identifying project information were
removed or generalised. Participants were assigned the identifiers 11, 12a, I2b,
I3a, I3b, and I4. These identifiers preserve distinctions between professional
perspectives without revealing personal identities.

Only anonymised quotations are reproduced in the thesis. Complete interview
transcripts are not included in the Appendix because their inclusion could
increase the risk of identifying participants or organisations. Instead, the
Appendix contains anonymised interview summaries and methodological
documentation of the coding and category-development process.

3.4.3 Limitations

The literature review was limited to the Web of Science and Scopus databases
and included only English-language searches. Relevant publications indexed
in other databases or published only in German or other languages may
therefore have been omitted. The results also depended on the selected search
terminology. Different combinations could have produced a different sample
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of the literature.

The research field was broad and interdisciplinary, while the number
of publications directly connecting environmental sustainability-driven risk
management with transport infrastructure was limited. Research from
the wider construction and infrastructure sectors was therefore included.
Although these publications provided relevant conceptual and methodological
insights, their findings are not necessarily directly transferable to all transport-
infrastructure contexts.

Duplicate removal was conducted after abstract screening. The screening
process therefore used a PRISMA-style reporting structure but did not follow
the conventional order. Furthermore, the semi-systematic review involved
interpretive decisions concerning relevance, thematic grouping, and inclusion.
The final literature sample should therefore be understood as a structured and
transparent selection rather than an exhaustive representation of all available
research.

The empirical sample consisted of four interviews involving six professionals.
The small sample does not support a claim that all relevant professional
perspectives or themes were covered. The study used selected Grounded
Theory coding procedures to support code and category development but did
not constitute a complete Grounded Theory study and did not aim to generate
a formal theory.

The represented perspectives came primarily from project management,
technical planning, environmental and approval planning, climate assessment,
project communication, and consultancy-related work. Direct perspectives
from public clients, approval authorities, construction contractors, local
communities, and environmental organisations were not represented. This
affects the range of organisational and decision-making experiences reflected
in the findings.

Two interviews involved two participants. Joint interviews allowed connected
professional perspectives to be discussed together. Statements made by
one participant may also have affected the direction or depth of the other
participant’s responses.

The interview guide was adapted to the participants’ professional expertise.
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This increased the relevance and depth of the individual interviews but reduced
direct comparability across all questions. Questions concerning conflicts and
trade-offs were also expanded after the first interview. Consequently, not every
participant was asked about every subject using the same wording or level of
detail.

Follow-up questions were used to explore relevant statements. Some questions
may therefore have directed participants towards subjects identified in the
literature or previous interviews. The literature sensitising concepts may also
have influenced which parts of the interview material were initially recognised
as significant, even though they were not applied as fixed coding categories.

The interviews were conducted in German and reported in English. Manual
checking reduced the likelihood of transcription and translation errors, but
linguistic nuance may have been altered during translation.

The coding and interpretation were undertaken by one researcher. No
second coder was used to assess the coding framework or the assignment of
material to categories. Although the codebook and worked examples increase
transparency, they do not eliminate alternative interpretations.

The numerical distribution of coded material was not treated as evidence of
the importance or prevalence of the analytical categories. Coding coverage
was affected by category breadth, interview duration, participant expertise,
question emphasis, and the joint-interview format. The findings are therefore
interpreted qualitatively.

Finally, the findings are embedded in the German planning, approval, and
regulatory context. They may be relevant to institutional settings with similar
project and approval structures, but they cannot be transferred directly without
considering differences in legislation, governance, project organisation, and
professional responsibilities.
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Chapter 4

Interview Results and Analysis

This chapter presents the empirical findings from the expert interviews.
It shows how the interviewees described environmental sustainability
requirements, sustainability-driven risks and uncertainties, identification and
assessment practices, integration into project and risk management, and
decision-making in transport infrastructure projects.

The empirical data consist of four interviews with six interview partners: one
participant in Interview O1 (I1); two participants in Interview 02 (I2a, I2b);
two participants in Interview 03 (I3a, I3b); and one participant in Interview 04
(14).

4.1 Overview of Interview Material and Ana-
lytical Structure

4.1.1 Interview Participants and Professional Per-
spectives

The interviewees represented different professional perspectives within
transport infrastructure-related practices.  These perspectives included
project management, project controlling, environmental planning, approval
management, infrastructure planning, sustainability and climate assessment,
and supply-chain-related work. The range of experts, who are all involved
in the handling of environmental risks in transport infrastructure projects,
shows that environmental sustainability-driven risks are handled by several
professionals with different expertise. They arise at the interface between
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technical planning, environmental expertise, approval preparation, client
requirements, risk management coordination, and implementation.

Interview 01 contributed a project management and supply-chain perspective.
I1 has five years of experience as a project manager in large infrastructure
projects in Germany, including cost and schedule controlling, organisational
tasks, and risk evaluation. I1 has an environmental engineering background
with a focus on water and soil protection and infrastructure planning. At the
time of the interview, I1 had moved into supply chain management, focusing
on material procurement and supply chain stability.

Interview 02 included two participants with two different expert perspectives.
[2a describes a role as a project manager and technical infrastructure
specialist with expertise in transport infrastructure planning, management and
constructive engineering. I2b describes a role in rail and road infrastructure
projects, focusing on GHG emissions from construction and operation
throughout the infrastructure life cycle.

Interview 03 included two participants as well, thereby combining two
professional perspectives. [3a described a role as team leader for project
management, communication, and approval management in infrastructure
projects.  I3b described managing a team called Infrastructure and
Sustainability, mainly working on tunnelling design from Service Phase 1 to
tendering and, in some projects, construction supervision.

Interview 04 contributed the environmental and approval planning perspec-
tive. I4 described work as an environmental planning engineer, involving
infrastructure projects from the start through the submission of the permit
application and sometimes beyond. The role included communicating with
the client, coordinating with the technical team, coordinating internally, and
preparing expert reports.

Because Interview 02 and 03 were conducted with two experts, the amount of
directly attributable material was not evenly distributed between the speakers.
In Interview 02, I12b provided most of the detailed statements. The uneven
number of quotations therefore reflects the distribution of relevant statements
in the interview material rather than the exclusion of a participant from the
analysis.
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4.1.2 From Codes to Analytical Themes

The interview findings are presented by content, so recurring patterns,
differences, and tensions across professional perspectives can be identified.
The coding process is described in Section 3.3.4. Individual statements were
first grouped into codes and then sorted into broader analytical categories.
The main categories, on which the structure of this chapter is built, concern
understandings of environmental sustainability, sustainability requirements,
sustainability-driven risks and uncertainties, identification and assessment
practices, integration into project and risk management processes, and
decision-making trade-offs.

The initial open codes were compared and sorted into ten axial categories.
Because several axial categories overlapped and addressed the same research-
question-related topic, they were regrouped into six analytical themes. The
relationship between the open codes, axial categories and final analytical
themes is documented in Appendix D.

The progression from codes to themes can be illustrated with several examples.
Codes related to missing databases, documented assumptions, and different
calculation methods were grouped under Data, Methods, and Digitalisation
and are mainly discussed as data and methodological uncertainties. Codes
about late environmental involvement, incomplete design information, and
changing inputs were grouped under Temporal Dynamics and Process
Evolution and informed the theme of phase-dependent integration. Codes
about protected areas, species conflicts, and approval delays were connected
through Environmental Risks and Approval Dynamics and are reflected in the
sections on direct environmental and procedural risks.

4.2 Understanding Environmental Sustain-
ability in Practice

The interviews did not produce one fixed definition of environmental sus-
tainability. Three overlapping understandings were visible: protection of the
local environment affected by construction, climate protection and resource
efficiency, and the wider benefit of the transport infrastructure system.
The interviewees also described tensions between these understandings and
between environmental sustainability and broader project objectives (I1; 12b;
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13a; I3b; I4).

4.2.1 Environmental Sustainability as Local Environ-
mental Protection

I4 described environmental sustainability as the reduction of unavoidable
interventions in nature. Rail modernisation, station construction, network
expansion, and electrification were presented as useful projects, yet they can
have significant local impacts that must be avoided, reduced, or compensated
for. The participant therefore understood sustainability as both the purpose of
the infrastructure and the manner in which it is planned and constructed (14).

‘We have to intervene in nature, we have to make it as gentle as possible’ (14)

For 14, this meant identifying what was strictly necessary, examining
whether elements could be planned differently, and reducing ‘collateral
damage’ of construction to the minimum necessary level. 12b described
the same local dimension through ecological mapping, nature and water
protection, biodiversity, emissions and noise protection, environmental
construction monitoring, and permit management. The common focus was

the project’s effects on flora, fauna, water, land, and people in the surrounding
area (I2b).

I1 also mentioned using as little land as possible, protecting water resources,
and reducing harm to animals. However, the expert also stated that these goals
can conflict with each other. For example, the variant that uses the least land
may not be the best option for protecting groundwater or a particular species.
Therefore, local environmental sustainability cannot be assessed by a single
criterion. Instead, several environmental interests must be considered and
balanced (I1).

4.2.2 Environmental Sustainability as Climate Protec-
tion and Resource Efficiency

A second understanding of environmental sustainability concerns greenhouse-
gas emissions, energy consumption, resource use, and resilience to future
climate conditions. 12b described work that balances emissions from
construction and operation throughout the infrastructure life cycle, including
maintenance, replacement, reconstruction, recycling, operational energy use,
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and Scope 2 and Scope 3 emissions. The participant also included climate
risk analyses and adaptation measures as part of environmental sustainability
(I2b).

‘The focus is on the balance of GHG emissions resulting from the
construction and operation of rail and road infrastructure throughout their
entire life cycle.” (I12b)

I3b described climate neutrality as a category that had become increasingly
prominent alongside established ecological concerns, particularly through
government and public-client climate strategies. 1[4 likewise observed
increasing demand for project carbon assessments and distinguished emissions
from construction compared to those arising during later operation. Climate
resilience was described as a growing, although still developing, field of
practice (I4). This perspective differs from local environmental protection.
It considers emissions and resource flows across supply chains and life-
cycle phases, as well as the exposure of infrastructure to future extreme
weather. Nevertheless, I2b explicitly combined the two dimensions, defining
environmental sustainability as both impacts on the direct environment and on
the climate (I2b).

4.2.3 Environmental Sustainability as Infrastructure
System Benefit

A third understanding concerned the positive contribution of transport
infrastructure itself. 14 connected railway modernisation, new stations,
expansion, and electrification with more climate-conscious transport. The
project could therefore have a sustainability benefit at the system level even
though construction created local environmental impacts (14).

I1 expressed this tension through a comparison between a high-speed railway
and motorway expansion. From the participant’s perspective, the railway
could provide greater long-term climate benefits. 11 criticised assessments that
focus on the immediate project footprint without giving sufficient weight to
the environmental consequences of delayed delivery or to the transport mode
enabled by the project (I1).

‘A two-lane High-speed railway is of course always more ecological than a
two-lane additional expansion of a motorway.’ (11)
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I3b used a broader public-benefit framing. The participant stated that
infrastructure projects financed with public money must demonstrate that their
benefits exceed their costs and be optimised with respect to emissions, species
protection, and other environmental conditions (I3b). This perspective mixed
environmental sustainability with social and economic justification.

4.2.4 Ambiguity and Tensions in Defining Environ-
mental Sustainability

Several interviewees described environmental sustainability as broad or
difficult to define. I3b stated that ecology, climate neutrality, economy, time,
and cost could all be included. 14 similarly called sustainability a ‘huge term’
with many facets.

I1 focused on the absence of a shared goal and system boundary on
environmental sustainability. The participant asked rhetorically to emphasise
the ambiguity about whether environmental sustainability meant protecting
every local asset, maintaining infrastructure for future generations, enabling
rail and freight transport, or allocating limited public funds to the greatest
overall environmental benefit. I1 also argued that a planning boundary ending
with construction may exclude operational effects that change which option
appears preferable.

"What is the goal picture? How do we want to live? What do we want to
achieve in terms of construction? What are we willing to sacrifice?’ (11)

[3a added that the practical weight given to sustainability depended on
political priorities, social attitudes, and available funding. From the experts’
perspective, interest in going beyond necessity decreases when budgets are
constrained (I3a). The ambiguity observed in the interviews was therefore
both conceptual and institutional: different actors, requirements, and project
conditions determined which aspect of sustainability received priority.

The interviewees focus on different aspects of environmental sustainability
depending on their professional roles. Participants working in environmental
and approval planning mainly discussed protected assets, surveys, avoidance
measures, and approval feasibility (I1; I4).  The climate-assessment
perspective focused more on greenhouse-gas accounting, data quality, and
resilience (I2b). Participants from planning and project management more
often discussed how sustainability affects project variants, coordination, costs,
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schedules, and public funding (I1; I3a; 13b). These views show that the
practical meaning of environmental sustainability partly depends on an actor’s
responsibilities.

4.3 Environmental Sustainability Require-
ments in Project Practice

Environmental sustainability becomes operational through formal approval
requirements, specialist reports, protected-asset assessments, client specifica-
tions, sustainability strategies, greenhouse-gas accounting, and climate-risk
analysis. The interviews described requirements as concrete project tasks that
had to be commissioned, supported with data, documented, and connected to
planning decisions.

4.3.1 Approval-related Requirements

The German Plan Approval Procedure (PAP) was the principal formal context
discussed by I1, I2b, 13a, and I4. I1 explained that environmental requirements
had become increasingly detailed within project approval. Environmental
Impact Assessment (EIA) and specialist reports covered topics such as
water, species, forests, and, more recently, climate. According to I1, when
two variants have the same cost-benefit result, the more environmentally
compatible option should be preferred (I1).

I2b likewise described environmental sustainability as a central aspect of the
PAP and linked the process to EIA. The experts reported that greenhouse-gas
emissions had to be taken into account, but were not, by themselves, a decisive
condition for permission.

"CO?2 emissions must be taken into account, but ultimately, these are not
decisive criteria.” (I12b)

14 emphasised that the practical requirements depend on the type and
scale of the approval procedure. Large plan-approval processes include formal
participation, deadlines, and possibilities for legal challenge, while smaller
procedures may require a different package of documents. Environmental
planning therefore begins before the permit application and must be tailored
to the procedure by which the project will be authorised (14).
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4.3.2 Specialist Reports and Protected Assets

I4 described environmental law as distributed across multiple legal foun-
dations. Therefore, projects usually need several specialist reports rather
than one single environmental document. Examples included a Landscape
Conservation Plan, an EIA report for large projects, species-conservation
reports, Habitat Directive assessments, and Water Framework Directive
contributions. These reports overlap but address different legal questions
and protected assets (I4). 11 supported this claim, referring to specialist
contributions on surface water, groundwater, species, forests, and climate.

"The standard document we always draw up is the Landscape Conservation
Plan [...] detailing what interventions are necessary and how you can avoid,
reduce or compensate for them.’ (14)

The protected assets considered in environmental planning extended
beyond animals and plants. 14 listed soil and land, water, climate and air,
landscape, human health, cultural heritage, and biodiversity. The assessment
task was to relate these assets to the technical intervention and document
avoidance, reduction, compensation, or justification (I14).

Interview 03 added requirements specific to tunnel and underground
infrastructure. I3a referred to groundwater-flow models and the requirement
that tunnels should not create an unacceptable barrier to groundwater. The
participant also described soil reports for pollutant distribution and limits
on heating of the surrounding ground in cable-tunnel projects (I3a). These
examples show that specialist requirements are shaped by both the type of
infrastructure and general environmental law.

4.3.3 Client and Project-specific Requirements

In addition to formal approval requirements, clients can set their own project
requirements. [3a explained that clients increasingly commission eco-
balancing and sustainability strategies, sometimes with concrete objectives
for the project. These tasks may include life-cycle assessment and long-term
management considerations (I3a).

I3b explained that general client climate goals only influence planning when
they are turned into clear contractual requirements and decision criteria. For
example, emission-reduction targets should be included in individual contracts
and in the matrices used to select between variants.
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‘If this target is also reflected in decision-making matrices for or against
different options, then we will also have the opportunity to influence the
planning process accordingly’ (I13b)

12b presented a more limited account of current client demand. According
to the participant, public clients generally commissioned analyses that were
legally required, while additional work driven only by intrinsic motivation
was rare, especially under strong cost pressure. Regulation was therefore
described as the principal motivation (I2b). Together, the interviews show that
client requirements become influential when they are commissioned, funded,
specified, and linked to project decisions.

4.3.4 Climate-related Requirements

Climate-related requirements were addressed by several interviewees. 11
explained that a climate-related specialist report had become part of approval
documentation (I1). I2b referred specifically to Section 13 of the German
Climate Protection Act as the basis for considering greenhouse-gas emissions
and to Section 8 of the Climate Adaptation Act as a basis for climate-
risk analyses in plan-approval work. The expert also distinguished climate
motivation, which concerns general emissions, from climate adaptation, which
concerns exposure and resilience to extreme weather (I2b). 12b stressed that
changes to regulations concerning climate-related requirements have been
made in the recent past and that this topic will become more central in the
future.

‘From the st of January 2025, climate risk analyses must be included |[...]

[and] these analyses can also be carried out in projects at a reasonable
cost.” (I12b)

I3b referred to governmental and public-client climate-neutrality objec-
tives and the need to convert them into project contracts and variant-evaluation
criteria. I4 observed increasing demand for carbon assessments that separately
account for construction-related and operational emissions, while climate

resilience was only beginning to be consistently integrated into participants’
fields.
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4.4 Sustainability-driven Risks and Uncer-
tainties

The interviews described sustainability-driven risks as both environmental and
project-related. Direct impacts on protected assets could become approval,
cost, schedule, redesign, or coordination risks. Other risks arose from
incomplete data, inconsistent methods, supply-chain constraints, and conflicts
between objectives.

4.4.1 Direct Environmental Risks

The interviews identified potential impacts on species and habitats, soil and
land, surface water and groundwater, air and climate, landscape, human
health, and cultural assets. These impacts pose risks to protected assets
and can also affect approval and project delivery. 14 described conflicts
arising from construction sites, track renewal, new platforms, tree felling,
land sealing, noise, sensitive breeding sites, floodplains, forests, and protected
areas. Species conflicts and intervention in protected areas were presented as
particularly sensitive in approval planning (14).

"Interference in protected areas is a very sensitive issue that one generally
wishes to avoid as far as possible.” (14)

Interview 03 added risks specific to underground construction. 13a
described the possibility that a tunnel could obstruct groundwater flow,
the need to maintain that flow through design, pollutant distribution in
contaminated soil, and limits on thermal effects in the surrounding ground.
The participant also identified noise, dust, dirt, and disturbance of protected
species as common issues in public approval procedures (I3a).

Some direct environmental risks can be identified at the location and early
planning and design stages, while others emerge only during the survey or
construction. I4 shared an experience in which species appeared on the
construction site later in the project. They had not been recorded previously.
14 explained that such cases were usually handled through on-site solutions
developed by contractors and the environmental construction supervision (14).
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4.4.2 Data and Methodological Uncertainty

Planning maturity created further uncertainty. I3a explained that client risk
registers could be available in Service Phase 1, while many risks could
not yet be assessed because the preferred variant, quantities, materials, and
logistics were not sufficiently developed (I3a). Environmental, climate, and
technical information therefore became available at different times and had to
be reassessed as the project developed.

14 explained that general environmental data were usually available. However,
information about animals and plants often has to be collected through
additional surveys. The relevant species groups therefore have to be identified
early and mapped over periods appropriate to the project (14).

I1 described a temporal form of uncertainty: ecological mapping may be valid
only for a limited period. When approval is delayed, remapping may identify
new or more strongly protected species, thereby changing the assessment. In
the expert’s example, a project could return to an earlier stage even though the
original survey had been completed at the time of the project’s initiation (I1).

Climate assessment involved different data and method problems. 12b
stated that available databases were often material-based and not specifically
tailored to transport infrastructure, while methods for greenhouse-gas
assessment were not fully standardised. Missing data were addressed through
transparent assumptions, but inconsistent datasets created comparability and
greenwashing risks (I2Zb). I3b described uncertainty in resilience inputs,
including future rainfall, high-water events, and groundwater conditions.
Design teams receive standard values and specialist forecasts, but did not
always have full visibility of the assumptions behind them (I3b).

‘When data is missing, we make assumptions and ensure these assumptions
are made transparent within the project.” (12b)

4.4.3 Approval, Delay, and Procedural Risks

Environmental issues become procedural risks when they affect the complete-
ness or defensibility of approval documents (I3a). 13a described sustainability-
related entries in client risk registers primarily as risks to the likelihood of
obtaining planning permission (I3a). 11 stated that missing information could
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constitute a formal error, require adjustments to related reports, and consume
time even where correction remained possible.

‘The moment when something is missing, it’s a formal mistake; you can work
on it, but it takes time’ (11)

I1 characterised many environmental issues as technically manageable but
procedurally high-impact. The expert estimated that environmental issues
might constitute about half of the risks in the wider planning process, but
a much larger share of the risks that could prevent permission (I1). I1 also
gave a construction-phase example in which a strictly protected but previously
unmapped species was found in trees scheduled for removal. Although the
project had construction rights for other impacts, the necessary exception for
those trees was missing. Felling stopped, and a new approval procedure took
approximately three years, during which the area could not be used (I1). The
participant used this example to show how a local environmental issue can
lead to a much larger schedule and resource impact throughout the procedure.

4.4.4 Climate and Carbon-related Risks

Climate and carbon-related risks were mainly discussed in Interview 02.
I2b identified data availability and methodological uncertainty as the main
challenges in greenhouse-gas accounting. Available data for evaluating carbon
emissions are often material-based and insufficiently adapted to transport
infrastructure projects, while climate protection assessment methods have
been described as not yet fully normative or established.

I2b also identified greenwashing as a potential risk when methods and datasets
are not clearly specified. The interviewee argued that if it is not written down
how an assessment should be carried out and which datasets should be used,
project results become difficult to compare. 12b therefore connected reliable
climate assessment to methodological transparency and common databases.

‘Another big risk is greenwashing. If something is not written down how
something is to be done, methodically or with which data sets, then of course
the door is wide open.’ (I12b)

I2b described the challenges faced in climate assessment but emphasised its
importance. Environmental impact assessments, climate risk analyses, and
GHG reports are tools for improving projects. I12b distinguishes between
climate-related requirements, which constitute additional project work, and
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climate-related assessment, which serves as a tool for transparency and project
improvement.

4.4.5 Supply Chain and Material-related Sustainabil-
ity Risks

Supply-chain and material-related sustainability risks appeared only in
Interview 01. II stated that the most important thing for a supply chain is
stability.

‘With supply chains themselves, the most important thing is that they hold.’
(11)

I1 explained that, in practice, on-time material delivery is more important
than environmentally friendly transport.

‘In the end it’s never about how green the material arrives [...] it has to be
there on time.” (I11)

At the same time, Interview 01 showed that procurement can include
environmental considerations. I1 stated that contracts can be used to exclude
environmentally harmful substances or to ban certain substances, for example,
to avoid climate-damaging insulation gases. However, the interviewee
also described complete sustainability, according to European or German
expectations, as unrealistic when materials are sourced from certain global
supply chains (I1).

I1 also connected sustainability to construction materials. In infrastructure and
construction, large-volume materials such as cement and concrete are often
sourced more locally because of their mass, but their production can still have
high climate impacts. Il stated that greener production through sustainable
energy is possible, but that this creates cost implications and returns the
discussion to the cost-benefit factor in infrastructure projects (I1).

4.4.6 Target Conflicts as Environmental Sustainability-
driven Risks

The interviews also show that target conflicts can themselves become
environmental sustainability-driven risks.  I3b described the risk that
sustainability targets may not be met, or that one aspect receives more attention
while another, conflicting aspect is neglected. One example was a conflict
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between cost and climate neutrality, where projects may prioritise cost over
climate neutrality (I3b).

‘Costs compared to climate neutrality. It could be a target conflict, that then
in one or the other project [...] there is a higher focus on the costs than on
the climate neutrality’ (I1)

I1 described a different target conflict between local ecological protection
and broader infrastructure or climate benefits. The example of a high-speed
railway and an individual protected species shows that the same project may
be environmentally beneficial at one level and environmentally problematic at
another (I1).

These examples show that sustainability-driven risks do not only result from
environmental impacts or legal requirements. They can also arise when there
is no clear hierarchy among project objectives or among interpretations of
environmental sustainability (I1; I3b).

4.5 Identification and Assessment Practices

The interviews show that sustainability-driven risks are identified and assessed
through several overlapping practices. Environmental planners identify
conflicts through technical-environmental comparison, GIS, mapping, and
expert reports. Project management actors use risk registers and risk
workshops to structure and communicate project risks.  Sustainability
specialists use GHG accounting, eco-balancing, digital processes, BIM-based
inputs, and climate risk analyses. Therefore, Identification and Assessment
is an iterative process that depends on project maturity, data availability, and
coordination between disciplines (I1; I12b; [3a; 13b; 14).

4.5.1 Combining Technical Planning and Environ-
mental Information

14 gave the most detailed description of environmental risk identification. The
interviewee stated that environmental planners need ‘two information sets’:
technical planning information and a comprehensive analysis of the existing
environmental situation. Technical information includes where interventions
occur, where construction sites are planned, where tracks are renewed, and
where platforms are built.
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‘We ultimately need to information sets [...] the technology [...] and [...] a
very comprehensive analysis of the current state [...] of environmental
protection.” (14)

This follows that environmental risk identification depends on the relationship
between the planned intervention and the local environmental context. The
risk does not exist only in the technical design or only in the environment.
It emerges when the planned intervention overlaps with protected assets,
sensitive areas, or environmental receptors (14).

Environmental risk identification depends on planning maturity. If the
technical team cannot yet specify where construction sites, track renewals,
platforms, or other interventions will occur, the environmental team cannot
fully identify the conflicts. Conversely, if environmental baseline information
is incomplete, the technical planning may not yet know which areas or
protected assets to avoid (14).

4.5.2 Mapping, GIS, and Conflict Analysis

One way of combining technical planning and environmental information was
through mapping and GIS-based conflict analysis. 14 described the assessment
process as the identification of environmental conflicts or risks. These could
be direct, such as when a tree had to be removed, or indirect, such as when
construction noise affected a nearby breeding site (14).

‘Ultimately, this involves identifying conflicts, or risks’ (14)

The Geodata Information System (GIS) was described as a support tool for
this process. 14 clarified that GIS is ‘not a program where we note risks’ but
a system that allows the project team to integrate the locations of technical
planning, species records, groundwater areas, floodplains, forest areas, and
protected areas. The evaluation itself is then carried out by the environmental
planners (14).

‘It is not a program where we note risks, but we work with GIS [...] both the
location of the technical planning as well as find points of certain species as
well as areas for groundwater, for floodplains, for certain forest areas |...]
protected areas.’ (14)

Mapping is used to close data gaps. 14 stated that existing datasets are generally
in relatively good shape, but not for animals and plants. Therefore, relevant
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animal groups must be identified early and included in surveys. The time
required depends strongly on the project: small projects with available data
may take around three months, while larger reports can be developed ‘over
three or four years, step by step.” (I4)

These findings show that environmental assessment is both data-based
and judgement-based. GIS helps structure and visualise environmental
information, but assessing whether a conflict exists and how serious it is
remains an expert task (I4).

4.5.3 Risk Registers

Risk registers were mainly discussed in Interview 03. I3a explained that a risk
register can be received from the client as early as Service Phase 1 and that
it contains risks the client expects the project team to consider. However, 13a
also stated that not all risks can be assessed at that point, as planning is still
too early.

The interviewee also stated that risk registers are not necessarily updated
in a fixed rhythm in every project. When asked whether risks are regularly
reviewed or reclassified, I3b stated there is currently no awareness of this in
the projects. Instead, risks may be revisited when new information appears,
details change, or planning moves to detailed design (I3b).

‘I’'m not aware of that in our projects at the moment. If it does come up, it
will be revisited in the next phase of the project, should there really be any
changes to the details or new information come to light.” (13b)

Risk registers can provide an early structure for sustainability-related risks, but
their usefulness depends on how actively they are updated and connected to
changing planning information (I3a; I3b).

4.5.4 Risk Workshops

Risk workshops were described in Interview Ol as a way of making risks
visible across disciplines. 11 stated that, ideally, ‘all relevant people’ involved
in a planning section should be part of such a workshop so that risks are
brought ‘transparently to the table’. The aim is for participants to understand
the risks and think beyond their own discipline. I1 described this as breaking
‘silo thinking’.
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‘I bring risks transparently to the table, everyone knows them by doing so
and thinks a little bit for the others. I want to break this silo thinking.’ (11)

At the same time, I1 explained that this is difficult in large infrastructure
projects. For a measure of 50 to 60 km, the interviewee explained that it is
not realistic to involve everyone in detail. Instead, projects need participants
who can act as multipliers and understand the needs of other disciplines (I1).

Risk workshops therefore appear to be communication and integration tools.
They do not replace specialist environmental assessment, but they can help
translate and transfer specialist knowledge into project-level awareness and
decision-making. This is especially important where technical planners need
to understand why environmental experts require certain information or why
a change in area management may create environmental consequences (I11).

4.5.5 Climate and Carbon Assessment Processes

Interview 02 described GHG accounting and climate risk analysis as
assessment practices. I2b explained that GHG emissions are balanced
across construction and operation, including energy consumption, Scope 2
emissions, and Scope 3 emissions.

Digital processes were described as important for making these assessments
manageable. 12b stated that eco-balancing can require considerable effort and
that digital processes, automation, and BIM models are used to reduce manual
effort. The interviewee stated that this creates ‘acceptance’ and ‘transparency.’
(I12b)

‘We mainly use digital processes, automation of processes, BIM models as
the basis for eco-balancing, so that we can reduce the manual effort as far as
possible. This creates acceptance, this creates transparency.’ (12b)

The climate assessment perspective therefore differs from traditional envi-
ronmental mapping. It relies less on identifying spatial conflicts and more
on data availability, calculation methods, assumptions, model inputs, and
process automation. However, both forms of assessment require transparent
information and coordination with technical planning (I2b; 14).
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4.6 Integration into Project and Risk Man-
agement Processes

The interviews show that integration depends on timing, responsibilities,
information flows, and coordination between disciplines. Environmental
sustainability cannot simply be added at the end of the planning process.
It must be connected to technical planning, approval preparation, risk
management, specialist assessment, and decision-making across project
phases (I1, [3a, 13b, 14).

4.6.1 Early Involvement and Phase-dependent Inte-
gration of Environmental Expertise

Early involvement was one of the strongest themes in the interviews. 14
stated that environmental planning ideally starts in Service Phase 1, meaning
‘completely from the start of the project’. However, 14 also explained that
some projects still include environmental planners only later, after basic
investigations and pre-planning have already been completed. In such cases,
‘the child has mostly fallen into the well’.

‘Ideally, the environment is from Service Phase 1, i.e. completely from the
start of the project. We still have projects where we only get in in the middle
[...], and then the child has mostly fallen into the well.’(14)

The reason early involvement matters is that it allows conflicts to be
addressed while planning is still flexible. 14 explained that projects in which
environmental planners are involved early can make changes and resolve
conflicts because the environmental team has a ‘temporal lead’ and can
accompany the project from the earliest stages of development.

I1 expressed a similar idea through the language of risk treatment. I1 stated
that the aim is to recognise and treat most environmental risks in advance,
because it is better if a risk is considered and evaluated in a report than if it is
not seen or ignored.

Early integration therefore functions as a risk mitigation strategy. It does
not eliminate environmental impacts, but it increases the chance that conflicts
can be avoided, reduced, or incorporated into planning before they become
approval or re-planning problems (I1; 14).
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Interview 03 showed that the integration of sustainability is strongly phase-
dependent. I3a explained that sustainability concepts may begin in Service
Phase 2, when there is an approximate idea of the planning direction.
However, the input values required for sustainability calculations may only
become available at the end of that phase (I3a).

This creates a timing dilemma. Sustainability should be included early enough
to influence planning, but some assessments require quantities, material
information, truck trips, and logistics concepts that only become available
later. 13a described this as a cascade: calculations are completed, the project
moves into the next phase, and changes or optimisations may already have
occurred. The participant stated that coordinating this is already a risk in terms
of time and cost (I3a).

‘Coordinating all this is already a risk, particularly in terms of time and
costs.’(I3a)

This shows that involving environmental specialists early is important, but not
enough. The required information must also be available at the right time, and
the assessment results must continue to influence the planning process (I13a).

4.6.2 Responsibilities and Coordination

The interviews show that the client or applicant plays a central role in the
integration process. I4 stated that the decision about when environmental
planning is commissioned is ultimately made by those running the project,
especially the client.

‘The applicant [...] has to decide what he wants to have and when he wants
to have it’(14)

I1 also emphasised the client’s responsibility. 11 stated that the client is
accountable if approval is denied or construction stops due to a missing item.
The interviewee added that the client does not need to know every technical
detail, but must know that expertise is needed and must know whom to ask.
As 11 put it, ‘the expert only does what I tell him’.

‘The client doesn’t have to do that; he has an expert, of course, but the expert
only does what I [the client] tell him.’(11)
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Coordination between disciplines is also central. I4 described the environ-
mental planning role as involving communication with the client, coordination
with the technical team, internal coordination, and ensuring the production of
the correct expert report. I1 described risk workshops as one mechanism for
overcoming silo thinking and making risks transparent across disciplines.

These statements show that integration is not only a technical issue. It depends
on whether clients commission the right expertise, whether environmental and
technical planners exchange information, and whether project management
structures allow environmental knowledge to influence decisions (I1; 14).

The main organisational problems mentioned in the interviews were divided
responsibilities, late involvement of specialists, irregular updates of risk
information, and weak coordination between technical, environmental, and
project-management teams (I1; I3b; 14). Environmental findings could remain
in specialist reports without being assigned to a responsible person or being
integrated into planning and decisions.

4.7 Trade-offs and Decision-making

Environmental sustainability requirements influence decision-making, par-
ticularly through variant evaluation. Sustainability was not described as a
single overriding decision criterion. Instead, it was described as one set of
considerations that must be weighed against technical feasibility, costs, time,
public benefit, approval requirements, and sometimes other environmental
objectives (I1; I3a; I3b; 14).

4.7.1 Variant Evaluation and Approval Feasibility

Interview 03 showed that several factors are considered when comparing
project variants. These include the cost-benefit analysis and the likelihood
that a variant will receive approval. I3a explained that the feasibility of
approval is often closely linked to environmental impacts. Variants with major
environmental impacts are less likely to pass the Plan Approval Procedure and
may be approved only with extensive conditions (I3a).

‘The ability to approve [...] mainly always refers to the point of the
environment, so if I have major environmental [impacts], I have a lower
probability that I will get through the Plan Approval Procedure.’(I13a)
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I1 also explained that environmental factors are considered when comparing
design variants. When two variants have the same cost-benefit result, the
more environmentally compatible option should be preferred. This may
include avoiding Habitats Directive areas and reducing impacts on people,
groundwater, and drinking-water protection areas (I1).

I1 stated that environmental requirements already influence decisions prior
to the final approval process. They influence which routes and designs are
considered suitable and which variants may create approval risks (I11; I3a).

4.7.2 Environmental Requirements, Cost, and Public
Benefit

Interview 03 showed that sustainability is weighed against other project
objectives. I3a stated that environmental influences play a primary role in the
weighing process, but are also considered alongside other factors. 13a added
that the client may still decide against environmental and sustainability aspects
if other advantages prevail.

14 described the relationship between environment and cost as case-dependent.
The interviewee stated that ‘the ecological variant is not necessarily always the
most economical.” However, 14 also explained that considering environmental
conflicts early can be economically useful because late conflicts may require
re-planning and cause substantial time and cost impacts.

‘The environmental variant is not necessarily always the most economical
[...] But you can save money [...] when you simply take the environment with
you early, simply through the prevention of conflict.’(14)

This shows that environmental and economic objectives are not always simply
competing. In some cases, environmental protection may increase costs. In
other cases, early environmental integration may reduce costs by preventing
approval delays or late planning changes (14).

4.7.3 Trade-Offs within Environmental Sustainability

The interviews also show that trade-offs occur within environmental
sustainability itself. 14 explained that different protected assets may conflict
with each other and that the project must weigh them against one another. The
interviewee stated that ‘we have to weigh all protective goods against all’ and
that approval authorities are often involved in such cases (I14).
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‘In the end, we have to weigh all protective goods against all.” (14)

I4 also explained that there is no simple hierarchy between different legal
foundations. The interviewee stated that the Federal Soil Protection Act, the
Federal Nature Conservation Act, and the Water Resources Act are ‘all equal’.
This means that decision-making can involve conflicts among legally protected
environmental interests rather than only competing with social and economic
factors (I4).

‘There is also no legal basis that is more valuable. But the Federal Soil
Protection Act has the same issues as the Federal Nature Conservation Act,
for example, or the Water Resources Act. They are all equal.’ (14)

I3b also gave an example of internal sustainability trade-offs in design. The
interviewee explained that reducing component thicknesses can lower both
CO2 emissions and construction costs, but thinner elements may require more
steel and raise durability concerns. I3b explicitly described durability as also
being a sustainability issue (I3b).

Environmental decisions are not always simply a choice between environmen-
tal protection and cost. Different environmental goals can also conflict. For
example, reducing carbon emissions in the short term may affect a structure’s
durability, while protecting a local ecosystem may conflict with the transport
system’s wider benefits (I1; 13b; 14).

4.7.4 Local Protection and Long-term Effects

Several interviews raised the question of how local environmental protection
should be weighed against broader long-term sustainability effects. 11
stated that a high-speed railway may be more environmentally friendly than
motorway expansion, but that this does not help an individual protected species
living directly along the planned route (I1).

Interview 03 raised a similar boundary issue regarding a project that was
halted due to a protected species. 13a described a case in which a housing
development project was halted because of a species and questioned whether
only the environmental impact of the project is considered, while wider
economic or social consequences may not be included in the analysis (I3a).

‘So you have to ask yourself, what takes precedence here? Does the benefit to
nature take precedence?’(13a)



Interview Results and Analysis |67

These examples show that sustainability-related decision-making involves
boundary questions. The result depends in part on whether the assessment
focuses on the project site, the approval procedure, broader social-
environmental consequences, long-term transport-system effects, or climate
benefits (I11; 13a).

4.8 Synthesis of Findings

The interviews show that environmental sustainability in TIPs includes local
environmental protection, climate protection, resource efficiency, and the
broader environmental benefits of the transport system. These perspectives
can complement each other, but they can also lead to trade-offs between local
impacts, climate objectives, approval feasibility, cost, public benefit, and long-
term infrastructure effects.

The findings identify two connected directions of environmental sustainability-
driven risk. Projects may create risks to environmental and climate objectives,
while environmental conditions and requirements may create risks to project
delivery through additional investigations, approval difficulties, redesign,
delays, additional costs, material constraints, and coordination problems.
These risks are influenced by data gaps, outdated information, methodological
differences, changing requirements, and uncertainty about future conditions.

Environmental sustainability-related information is generated through envi-
ronmental assessments, specialist studies, mapping and conflict analysis,
carbon accounting, climate risk assessment, risk registers, and workshops.
However, these processes are only partly connected. Integration depends on
early and iterative specialist involvement, coordination among project actors,
clear responsibilities, and the transfer of environmental findings into design,
approval documents, contracts, construction requirements, and monitoring.
Environmental requirements also influence which project alternatives remain
feasible and how environmental, technical, financial, and public-benefit
considerations are balanced.
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Chapter 5

Discussion

This chapter discusses the interview findings in relation to the theoretical
background and literature review. The discussion is structured around the
four research sub-questions and examines the interview findings, considering
whether they confirm, complement, or extend the literature.

5.1 RQ1: What types of environmental sustainability-
driven risks and uncertainties arise in
transport infrastructure projects?

The literature review and interview findings show that environmental
sustainability risks and uncertainties are closely connected. However, they
can be divided into three main groups. First, transport can create risks
to the local environment and climate objectives. Second, incomplete
information, different assessment methods, and uncertain future conditions
can make it difficult to assess the risks. Third, environmental conditions and
requirements can pose risks to project delivery, for example through additional
investigations and approval difficulties, with redesign, delays, or higher costs
as consequences. These groups are connected. For example, uncertainty about
the presence of a protected species may create a risk to the species itself. If
the conflict is identified late, it can also require additional surveys or design
changes (Dione et al., 2005).
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5.1.1 Risks to Environmental and Climate Objectives

The first group includes risks that transport infrastructure projects create for
environmental assets. Construction activities can disturb biodiversity and
habitats on site (Xiao et al., 2025) and can also create noise, vibration, dust,
waste, polluted water, and changes to drainage and groundwater conditions
(Wang et al., 2017; Zhang et al., 2022).

The interview findings strongly support the identification of these direct
impacts on the local environment. For this risk group, participants listed
protected species and habitats, tree removal, land sealing, soil, water and
groundwater, noise, air, floodplains, and protected areas (I1; [3a; 14).
The occurrence of these risks depends heavily on local conditions and
characteristics. A construction activity that has limited effects in one location
may create several serious environmental conflicts in another. Dione et al.
(2005) explain that the consequences of an environmental issue depend on
the surrounding conditions and the way the project interacts with them. The
interview findings similarly show that conflicts are more likely to arise in
transport infrastructure projects than in building projects, as they span large
areas of land (I1). The interviews argue that environmental risks need to be
included in the planning and design of TIPs, and, if necessary, avoidance,
mitigation, or compensation measures should be implemented (I3a; 14).

Climate-related effects also belong to this group. Infrastructure projects gen-
erate GHG emissions through material production, construction machinery,
material transport, energy use, maintenance, and operation (I2b). In German
law-making, GHG emissions from construction are receiving greater attention
than before, but development is still underway on how to integrate them (I12b;
I3b; 14). Climate change and the resilience of infrastructure are also growing
concerns. Climate change poses a risk to the operationality and durability
of transport infrastructure. It is therefore important to already incorporate
adequate resilience to a changing climate into technical planning and design
(Reddy et al., 2015; 12b).

Environmental and climate risks are directly connected to the other two
identified risk groups. Especially the following group, which discusses
information gaps and uncertain future conditions, has a significant influence
on how effectively the local environment and climate-resilient design can be
managed.
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5.1.2 Information, Methodological, and Future-condition
Uncertainties

The second group concerns uncertainty in the information used to identify
and assess environmental risks. During early planning, important decisions
must often be made before environmental surveys, technical designs, material
quantities, and construction methods are fully developed. Feng et al. (2022)
describe this as a general problem in infrastructure planning because early
decisions have a strong influence on the project even though the available
information is still incomplete.

Environmental data can also be incomplete or outdated. The environmental
system around a construction site is complex and can change over time.
Surveys may overlook certain species, while other species may immigrate into
the area during the long planning and design process. TIPs are especially
vulnerable to these changes as their planning often takes several years (I11; 14).
If the planning process takes too long, certain surveys may no longer be valid
and have to be repeated. This creates further uncertainty, particularly in the
approval process (I1).

A further source of uncertainty is that technical and environmental information
must be developed simultaneously, even though they may progress at different
speeds (I4). Environmental specialists need information about the project
location, construction areas, methods, quantities, and schedule to assess po-
tential impacts. Technical planners, in contrast, need early information about
protected areas, species, water conditions, and environmental constraints
before developing the design. This creates an information maturity dilemma.
Environmental information is most useful while routes and design alternatives
can still be changed. However, detailed environmental calculations often
require technical information that becomes available only later. Larsen et al.
(2022) identify this problem in life cycle assessment, where early calculations
are important for comparing alternatives but must rely on uncertain quantities
and assumptions. How projects can respond to this problem through early
involvement and repeated updating is discussed in Section 5.3.2.

Methodological uncertainty was specifically mentioned regarding carbon
footprint calculations (I2b). Carbon accounting in transport infrastructure is
still developing, and a transparent and standardised calculation method is not
yet fully established. 12b explained that suitable databases are currently being
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developed, but calculations still depend on assumptions that may be difficult
to verify. This limits the comparability of results and creates a possible risk of
greenwashing when methods, data sources, and system boundaries are unclear
(I2b).

Future climate conditions create another source of uncertainty. Transport
infrastructure is expected to remain functional for a long time, but it is exposed
to rainfall, flooding, temperature changes, and extreme weather events.
Reddy et al. (2015) argue that environmental assessments should therefore
consider future climate conditions instead of relying only on historical data.
The interviews also addressed the future resilience of infrastructure (I2b;
I3b). Although the operational phase is not the main focus of this thesis,
the durability and resilience of infrastructure are heavily influenced during
planning and design. 13b explained that the level of exposure also depends on
the type of infrastructure. Above-ground railway tracks, for example, may be
more exposed to weather conditions than tunnels (I3b). Considering climate
resilience during planning and design can therefore help reduce future damage,
repair costs, and reduced network reliability (Lisg, 2006; 14).

The findings generally show that uncertainty is omnipresent in TIPs. It arises
from missing data, a long planning and design phase, changing environmental
conditions, different speeds at which technical and environmental information
develop, and assessment methods that are still evolving.

5.1.3 Project-delivery Risks Arising from Environ-
mental Conditions and Requirements

The third group concerns risks to project delivery. Environmental conflicts
and requirements can lead to additional investigations, redesign, construction
restrictions, delays, cost increases, approval difficulties, or legal challenges
(Chowdhury et al., 2020; Coenen et al., 2022; Scott et al., 2023).

The interviews strongly highlight the importance of approval and procedural
risks. Missing documents, incomplete specialist reports, outdated surveys, and
unresolved environmental conflict create approval difficulties (I1; 12b; [3a; 14).
Formal errors were described as possible ‘showstoppers’ because the complete
approval process does not proceed when the required documents are missing.
A project may have technical mitigation measures in place, but approval can
still be delayed if the required evidence is unavailable or submitted too late.
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Environmental project risks often develop through connected events. A
possible conflict with a protected species first creates a risk to the
environmental asset. It may then require additional surveys, seasonal
restrictions, mitigation measures, or changes to the route or design (I1). These
responses then affect the approval process, project schedule, and cost. The
same environmental issue can therefore pose risks to both the environment
and project delivery.

Overall, the findings show that approval and procedural risks arise when the
required environmental information is incomplete, outdated, or insufficient for
the approval decision at the German authorities. Environmental sustainability-
driven risks are therefore not limited to local environmental and climate
impacts. Projects can be highly at risk through approval decisions based on
the local and higher-level environment.

5.1.4 Synthesis of RQ1

The findings show that environmental sustainability-driven risks and un-
certainties in TIPs can be divided into three connected groups. First,
the project can create risks to environmental and climate objectives,
including biodiversity, habitats, land, water, soil, air, resources, and
GHG reduction.  Second, risk arises from uncertainty.  Uncertainty
arises because environmental and technical information may be incomplete,
outdated, or based on methods that are still developing. This includes
changing environmental conditions, immature technical information, unclear
assumptions in carbon accounting, and uncertainty about future climate
conditions. Third, environmental conditions and requirements can pose
risks to project delivery when additional investigations, redesign, incomplete
documentation, or difficulties in providing evidence of compliance delay the
approval process, which in turn affects the schedule and project costs.

The main finding is that environmental sustainability-driven risks are
interconnected.  Although this section divides risks into three groups,
they are interconnected and cannot be considered separately. A risk
to an environmental asset requires further information, assessment, and
documentation. This can then lead to additional requirements, approval
difficulties, delays, or changes to the project. The three groups therefore
interconnect and should not be managed in isolation. Environmental
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sustainability-driven risks must therefore also be understood as a network and
must be managed as a connected system.

5.2 RQ2: How are environmental sustainability-
driven risks and uncertainties identified,
assessed, and integrated into project
planning and risk management processes?

The second research sub-question concerns how environmental sustainability-
driven risks and uncertainties are identified, assessed, and integrated into
project planning and risk management. The literature and interview findings
indicate that several tools and methods are needed to address this topic.
Information is collected through several environmental, technical, and project-
management processes.

5.2.1 Environmental Identification and Assessment
Practices

The first group consists of practices primarily used to identify envi-
ronmental conditions, potential impacts, and environmental requirements.
Environmental Impact Assessment, specialist reports, baseline studies,
mapping, and conflict analysis were important in both the publications and
the interviews. EIA establishes existing conditions, examines potential
environmental impacts, compares alternatives, and defines measures for
avoidance, mitigation, compensation, and monitoring (Khan et al., 2025;
Raafat et al., 2026). The interviews showed that EIA consists of different
protected-asset assessments and specialist fields, including species protection,
water, soil, noise, climate, and landscape (I1; 12b; 14).

A specialist report may show that a route affects a protected habitat or that
further surveys are required. The report therefore identifies an environmental
conflict and the need for a reaction. However, the report may not include
the complete process, including identification, assessment, mitigation, and
the consequences for project delivery. The environmental assessment
first explains the environmental conditions and impacts, while the project
consequences may be considered later by different project actors.
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14 also explained in the interviews that environmental experts need technical
information about the route, construction areas, material quantities, methods,
temporary works, and schedule. Technical planners need information about
protected areas, species, water conditions, and environmental restrictions
before the design can be developed. 14 and Larsen et al. (2022) agree
that environmental and technical information must be developed together
throughout the project. Environmental risks and conflicts become visible
when the design and planning of the different actors are compared (I3a; 14).

Mapping and GIS are tools to support this comparison. Spatial data can show
where technical plans overlap with species records, protected areas, water
bodies, groundwater, floodplains, forests, and other environmental assets.
Gharehbaghi et al. (2021) and Xiao et al. (2025) show that spatial analysis
can support early conflict identification and the comparison of different routes
or design alternatives. The interviews confirm the usefulness of GIS for
collecting and sharing this information (I4). However, GIS does not assess
risk on its own. Environmental specialists still have to interpret the available
data and determine whether there is a conflict.

The methods and tools named so far are used to collect direct environmental
data. Carbon accounting and climate risk assessment provide additional
forms of environmental assessment by broadening the scope of environmental
sustainability. The interviews showed that carbon and climate assessments
are becoming more relevant, but their practical application is still developing
(I2b; I3b; I4). Carbon calculations can support comparisons of materials,
structures, or variants, while climate-risk assessments can identify where
adaptation measures may be required (Reddy et al., 2015). The data and
methodological uncertainties connected to these assessments were discussed
in Section 5.1.2. For RQ2, the key point is that carbon and climate assessments
provide additional information to support planning and decision-making by
broadening the scope of environmental objectives.

Overall, environmental identification and assessment practices collect a wide
range of information about different environmental conditions. Baseline
studies and specialist reports identify local environmental conditions, while
mapping and GIS show spatial conflicts. Carbon accounting identifies climate-
mitigation effects, and climate risk assessment considers future exposure and
resilience. These methods are only useful if their findings are connected to the
planned project and are used in further planning and risk management.
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5.2.2 Project Risk Management Practices

Project risk management provides a more structured way to record and
track risks throughout the project. It usually includes the identification
and assessment of risks, the selection of responses, and the assignment of
responsibilities. Leitch (2010) emphasises that risk management should be
connected to the general project processes and decision-making rather than
treated as a separate activity. In the interviews, risk registers and risk
workshops were the main project risk management practices discussed.

Risk registers can provide an early overview of the risks that the project
team should consider. 13a explained that a basic risk register may already be
provided by the client in Service Phase 1. However, not all risks can be fully
assessed at this stage due to ongoing uncertainty and limited information. The
register therefore provides an initial structure, but it needs to be extended and
updated in the course of the project when more information becomes available
(I3a).

The interviews also showed that risk registers are not necessarily reviewed
at fixed intervals. I3b explained that risks can be reconsidered when new
information becomes available, project details change, or the planning moves
into the next phase. The usefulness of the register therefore depends on
whether it is actively updated. If the register is not adjusted as the project
develops, it may no longer reflect the current environmental or technical
conditions (I3a; I3b).

Risk workshops provide another way to identify and discuss risks. 11
described these workshops as a way to bring risks together transparently
and to help experts from different disciplines understand the risks and
conflicts in other disciplines. This is important because, as discussed before,
environmental issues also affect the technical design, approval processes,
schedules, and costs. Workshops can therefore help to make the connections
between different project areas more visible (I1). However, it may not be
possible to involve every project participant in detail, especially in large TIPs.
I1 explained that the success of a workshop depends heavily on whether the
expert understands the other participants’ needs and can communicate the
information to the wider project team.

Risk registers and workshops support different parts of project risk
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management. Registers provide a central platform for documenting and
updating risks, while workshops support communication and a shared
understanding of their possible consequences. However, neither practice
replaces the environmental assessments and specialist reports that identify
environmental conditions. How information from these environmental
processes relates to project risk management is discussed in Section 5.2.3.

5.2.3 Connecting Environmental Assessment and
Project Risk Management

Environmental assessment and project risk management are connected, but
they perform different core functions. Environmental assessment mainly
identifies environmental conditions, evaluates possible impacts, and develops
environmental measures. Project risk management focuses more directly
on how uncertainty may affect project objectives and how the project
should respond. Zelendkova and Zvijakova (2017) support this statement by
distinguishing between the environmental focus of EIA and the stronger focus
of risk analysis on probability, consequences, and response.

The interviews indicate that the processes are connected in practice but are not
consistently integrated across projects. Environmental and climate specialists
collect information through surveys, reports, maps, and calculations. Project
managers and controllers use risk registers, workshops, schedules, and other
controlling tools (I1; I2b; I3a; I3b; 14). The information is therefore often
stored in different documents and handled by different project actors. The
transfer of information between the processes is not automatic. Environmental
findings may remain in specialist reports without being connected to a project
decision. At the same time, a risk register may record approval delays or
redesigns without maintaining an up-to-date connection to environmental
conditions.

Larsen et al. (2022) support the argument that environmental requirements
must be translated into tasks and responsibilities across several project phases.
The information may be distributed across different documents, but the
relationships among them must be understandable and traceable. Integration
does not only mean collecting information together but also connecting it and
acting on the consequences of new realisations. Digital tools can support this
connection. The interviews discussed the use of shared databases or BIM
models to improve information exchange. However, digital tools do not create
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integration on their own. They can store, transfer, and update information, but
they do not make decisions on which environmental issues are important or
how they affect the project. Their outputs remain limited by incomplete data,
uncertain assumptions, and the need for professional interpretation (Saxe et al.,
2020).

The interviews do not show that TIPs use one separate environmental
sustainability risk management system. Instead, the risks are managed
through several partly connected environmental, technical, approval, climate
assessment, and project management processes. The main integration
problem is at the interfaces between these processes. Information must
be communicated between disciplines, remain connected to the original
environmental issue, and reach the actors who can make informed decisions.

5.2.4 Synthesis of RQ2

Environmental sustainability-driven risks and uncertainties are identified and
assessed through several complementary practices. EIAs, specialist reports,
studies, mapping, GIS, carbon accounting, and climate-risk assessment
identify environmental conditions, impacts, and requirements. Risk registers
and workshops then provide ways of connecting these findings to project
consequences, responsibilities, and responses. No single method identifies
and manages all relevant risks. Environmental assessment and project
risk management have different purposes and produce different types of
information.

Integration occurs when environmental findings are translated into project
risks, design decisions, contractual requirements, and response measures.
The environmental condition, possible impact, remaining uncertainty, project
consequence, responsible actor, and selected response should remain traceably
connected even when they are documented in different systems. The
interviews did not identify a common framework for structuring this
integration. Consequently, the level and form of integration appear to vary
between projects.
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5.3 RQ3: Which organisational, regulatory,
procedural, and phase-related condi-
tions enable or constrain the integration
of environmental sustainability-driven
risks into project planning and risk
management?

The third research sub-question covers the conditions that enable or constrain
the integration of environmental sustainability-driven risks into project
planning and risk management. The findings show that integration is
influenced by the regulatory and contractual framework, the timing of
environmental involvement and the development of project information, and
the responsibilities and coordination between the involved actors.

5.3.1 Regulatory and Contractual Conditions

“Environmental laws and approval requirements are critical to project
delivery. In Germany, the Plan Approval Procedure provides the formal
framework for major infrastructure approvals, while the Environmental Impact
Assessment Act requires the assessment of effects on defined protected assets.
Climate mitigation and climate adaptation considerations are also addressed
by the Federal Climate Change Act and the Federal Climate Adaptation Act (cf.
Section 2.1.5). These requirements give environmental sustainability a formal
role in the project and determine which information must be investigated and
documented.

The interviews described formal requirements as a central driver of
the inclusion of environmental and climate-related assessments. 12b
explained that public clients currently primarily commission legally required
assessments, especially when additional sustainability work would incur
further costs. Regulation was therefore described as the main driver for several
environmental and climate-related assessments by several interviewees (I12b;
I3b). Mandatory requirements ensure the integration of certain environmental
topics.

Regulation motivates, but it also adds complexity to a project. Requirements
can be unclear or changing. Chowdhury et al. (2020) show that uncertainty
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about the interpretation, timing, and final form of environmental requirements
can affect infrastructure planning. The problem is therefore not only that
environmental requirements exist. A project must also understand which
assessments are needed, when they must be done, and what information the
approval authority expects. At this point, it is important to note that regulatory
requirements heavily depend on the country of construction. None of the
included publications specifically report on Germany for that topic. The
literature describes projects all across the world where the legal requirements
differ. 14 was very specific about which legal acts influence the environmental
approval process, but also noted that they sometimes compete with one
another. So it may create problems not only if regulations are formulated too
broadly, but also if there are too many competing regulations.

Client- and project-specific requirements can provide another basis for
integrating environmental sustainability when formally incorporated. They
become relevant to the project once the required tasks, outputs, timelines,
and responsibilities are defined. If they remain general ambitions, they
may lose importance when the project faces cost or time pressure. The
contractual conditions are especially important for environmental objectives
that go beyond the legal minimum. I3a explained that client climate goals
must be converted into clear contractual requirements and included in the
criteria for comparing project alternatives. Only then can planners understand
what is seriously expected and consider the objective in their work. Larsen
et al. (2022) support the opinion that broad sustainability objectives need to be
translated into clear project requirements. In the German context, contractual
conditions could concern carbon reduction, resource efficiency, or material
requirements.

Overall, regulations provide mandatory minimum requirements, while client
requirements and contracts can extend environmental sustainability beyond
these minimum standards. Integration is supported when the requirements are
clear and formally written down.

5.3.2 Timing, Information Maturity, and Iterative Up-
dating
Section 5.1.2 showed that environmental and technical information is often

incomplete during the early planning stages. The relevant question for a
successful integration is therefore how environmental expertise can influence
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early decisions while the required information is still developing.

Both the literature and interviews emphasise that environmental specialists
should be involved, while routes, construction areas, and main design
alternatives can still be changed. Larsen et al. (2022) show that EIA is most
useful when it can still influence the design. The interviews also support the
importance of early involvement, especially when environmental conditions
can affect route selection and the feasibility of approval (I1; I3a; 14). Late
environmental involvement reduces the number of possible alternatives. If
a conflict is identified after the route and design have been developed, the
project may only be able to introduce mitigation or compensation measures
(Saxe et al., 2020).

However, early involvement does not mean that every environmental
assessment can be completed at the beginning of the project. 13a explained
that sustainability concepts may begin in Service Phase 2, while some of
the required input values may only become available at the end of that
phase. Quantities, construction methods, material information, logistics, and
other technical details are often needed before detailed calculations can be
completed (I3a).

This creates the information-maturity dilemma discussed in Section 5.1.2.
The project has the greatest potential to make major changes during the early
planning phases, but the information available during these phases is also the
least complete. Later in the project, the information becomes more detailed,
but major changes may already be difficult to implement or very expensive.
Feng et al. (2022) identify this as a general problem in infrastructure planning.
Early assessments may need to rely on assumptions because information is not
yet available. According to I2b and Saxe et al. (2020), making assumptions
is a normal practice, but they must be documented for traceability. The
assumptions can then be redefined as better information becomes available.

Information maturity generally increases as the project develops. Environ-
mental integration is therefore not a single task at a single point in the
project, but a repeated task across several project phases (Larsen et al.,
2022). Environmental specialists should therefore be involved early to identify
important conflicts and information needs. The assessments should then be
updated when more technical details are available. The interviews show that
coordination between environmental and technical specialists is difficult as
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they develop at different speeds. I3a described the process as a cascade in
which calculations are completed, the project moves into the next phase, and
changes or optimisations may already have taken place. Coordinating these
changing inputs was itself described as a possible risk to time and cost (I3a).

Timing and information maturity are connected. Therefore, environmental
expertise must enter the process early enough to influence important decisions,
while the assessment continues as the project information develops. Early
integration means early participation and influence, not that every assessment
must already be completed during the first project phase.

5.3.3 Responsibilities and Continuity across Project
Phases

Environmental sustainability-driven risks involve several actors with different
responsibilities.  The client commissions the project and the required
specialist work. Environmental specialists prepare surveys, assessments,
and recommendations (Chi et al., 2016; Paudel et al., 2025). Technical
planners develop the design, while project managers coordinate the different
project objectives and risks. The approval authority then assesses whether the
submitted information and proposed solution meet the relevant requirements.

The interviews described the client as a central actor in this process. The client
must decide when environmental expertise is needed and which services to
commission (I1; 14). 11 explained that the client does not need to have all the
detailed specialist knowledge, but must recognise when an expert is needed.
The client also remains responsible for ensuring that relevant topics are not
overlooked during the planning and approval process (I1). 14 explained that the
client often reaches out to the environmental specialists too late, and that harm
could have been prevented. But the participant also noted that the recognition
of the need for an environmental specialist early in the project is growing.

Environmental specialists can only assess the information and tasks that
are provided to them. They can identify a conflict and recommend
measures, but they do not control the technical design, budget, or project
schedule. This creates a separation between environmental knowledge and
the decision-making authority. The environmental specialist therefore needs
to communicate the findings to the actors who can make technical and project-
management decisions. The interviews therefore show that environmental
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planning is not an isolated activity, but depends on regular information
exchange with other project disciplines (14).

Project managers often lead risk workshops or supervise the risk register.
Project managers prepare and facilitate risk workshops, select relevant
participants, and document the outcomes (I1). They must create the
environment for successful information sharing with the appropriate experts
and document the results of the workshops (I1).

When the project moves to the next phase, it is important to maintain
continuity. Environmental findings may first be documented in surveys, maps,
or specialist reports, but they may later need to influence the design, approval
documents, contracts, or construction activities. Chi et al. (2016) show
that organisational separation and limited information exchange can prevent
environmental information from reaching the relevant project processes. The
findings must therefore be translated into forms usable in subsequent project
phases to inform implementation (Larsen et al., 2022).

Overall, clear responsibilities are important, but they must be combined
with continuous information exchange and decision authority. Therefore,
information needs to be exchanged continuously.

5.3.4 Synthesis of RQ3

The integration of environmental sustainability-driven risks is enabled or
constrained by three connected groups of conditions. The first group concerns
regulatory and contractual conditions. Formal environmental requirements
ensure that relevant topics must be investigated and documented. Client
requirements and contracts can extend the integration beyond the legal
minimum, but only when the objectives are translated into clear project tasks.

The second group concerns timing and information maturity. Environmental
specialists must be involved early enough to influence routes and design
alternatives. However, detailed assessments often depend on technical
information that only becomes available later. Integration therefore requires an
iterative process in which early findings are refined and updated as the project
develops.

The third group concerns responsibilities, coordination, and continuity. The
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client has a central responsibility for commissioning the required expertise and
ensuring that environmental findings are incorporated into the project process.
Environmental specialists, technical planners, project managers, authorities,
and contractors then have different roles in assessment, decision-making, and
implementation. Their work must be coordinated, and the information must
remain connected across the different project phases.

The main finding is that these conditions cannot be considered separately.
Clear requirements have little effect when the necessary work is commissioned
too late. Early assessments have limited value when their findings are not
updated or transferred into the design. Environmental information may
also remain unused when responsibilities are unclear, or no actor can make
the required decision. Integration, therefore, depends on the coordinated
integration of requirements, timing, information, responsibilities, decisions,
and implementation.

5.4 RQ4: How do environmental sustainabil-
ity requirements shape variant evalua-
tion, trade-offs, and decision-making in
transport infrastructure projects?

The fourth research sub-question examines how environmental sustainability
requirements influence variant evaluation, trade-offs, and decision-making.
The findings show that environmental sustainability does not normally act
as one single criterion that automatically determines the preferred solution.
Instead, environmental requirements influence which alternatives are feasible,
which information must be provided, and how different environmental and
project objectives are weighed.

5.4.1 Environmental Requirements and the Feasibil-
ity of Alternatives

Environmental sustainability requirements influence variant evaluation by
changing which alternatives can realistically be considered. The interviews
showed that approval feasibility is closely connected to environmental
impacts. Variants with major environmental impacts are less likely to pass the
Plan Approval Procedure or may only be approved with extensive conditions
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(I3a). Environmental requirements can therefore lead to alternatives being
changed or removed from further consideration.

Environmental sustainability does not automatically determine one preferred
alternative. Il explained that when two variants have the same cost-benefit
result, the more environmentally compatible option should be preferred.
This may include avoiding Habitats Directive areas and reducing impacts on
people, groundwater, and drinking-water protection areas (I1). Environmental
compatibility, therefore, affects the suitability of an alternative, but it remains
only one part of a wider comparison.

The main influence of environmental requirements on variant evaluation is
that they define the environmental constraints and approval risks associated
with each alternative. Larsen et al. (2022) similarly show that environmental
assessment should influence the development and comparison of alternatives
rather than only document the effects of an already selected solution. The
comparison with cost, time, technical feasibility, and public benefit is
discussed in Section 5.4.2, while trade-offs between different environmental
objectives are discussed in Section 5.4.3.

5.4.2 Trade-offs between Environmental and Project
Objectives

Environmental sustainability requirements must often be weighed against
other project objectives such as cost, time, technical feasibility, and public
benefit. However, environmental and project objectives do not necessarily
conflict. Environmental investigations, additional documentation, mitigation
measures, or alternative materials can create further costs during planning and
construction. At the same time, ignoring environmental conflicts may lead
to approval problems, redesign, delays, and higher costs later in the project
(Chowdhury et al., 2020).

The interview findings support both sides of this relationship. 14 explained
that the environmentally preferable variant is not necessarily the most
economical one. However, the same interviewee also stated that including
environmental considerations early can save money by preventing conflicts
and later replanning (I4). Environmental protection can therefore create an
additional immediate cost, but it can also reduce project risks. The result
depends on the specific situation and on whether the environmental issue is
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considered before it causes major changes to the project (I4). This means that
the cheapest alternative at one point in time may not be the least expensive
alternative for the project as a whole. An alternative may initially appear
financially more favourable but later require additional surveys, mitigation
measures, design changes, or longer approval procedures (Coenen et al.,
2022). Environmental costs should therefore not only be viewed as additional
expenses but also considered in relation to the approval, delay, and redesign
risks they may help avoid.

Technical feasibility must also be included in the decision. An environmental
measure may reduce one impact but create technical difficulties or require
a construction method that is unsuitable for the project. The project
must therefore find a solution that meets environmental requirements while
remaining technically possible and safe to construct. However, 11 and
I4 emphasised that usually technical and environmental considerations are
feasible.

In the end, the client makes the decisions and carries the consequences
(I1).  This is one reason why environmental sustainability does not
automatically have priority over all other project objectives. I3a explained
that environmental influences play an important role in the weighing process,
but that a client may still decide against the environmentally preferable option
when other advantages are considered more important (I13a).

Publicly funded transport infrastructure also introduces the question of public
benefit. Interviews 01 and 03 discussed the importance of cost-benefit analysis
and the responsible use of public funds when comparing project alternatives
(I3a; I3b). Transport infrastructure can provide wider benefits through
accessibility, mobility, and the development of lower-emission transport
systems. These wider benefits are also identified in the literature, which
shows that transport infrastructure can contribute to long-term mobility and
sustainability objectives while still creating environmental impacts during
planning and construction (Flyvbjerg, 2014; Oliveira et al., 2024).

[3a gave an example of a project that was halted due to a protected species. The
interviewee questioned how the local environmental benefit should be weighed
against the wider social consequences of stopping the project (I3a). This
example is not a TIP, but illustrates the wider question of which consequences
are included in the assessment. The outcome can depend on whether the
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decision focuses only on the project site, on the formal approval requirements,
on the long-term effects of the infrastructure, or on wider social and economic
consequences.

The wider public benefit does not ignore the project’s environmental
obligations. A positive cost-benefit result or an expected contribution to
sustainable mobility does not mean that impacts on protected species, water,
soil, or other environmental assets can be ignored. At the same time, the
lowest local environmental impact does not automatically establish the best
overall project alternative. The decision must consider the environmental
impacts together with the purpose and expected benefits of the infrastructure.
Environmental and project objectives are therefore connected, and the final
decision requires a justified balance rather than automatic prioritising of one
topic.

5.4.3 Trade-offs between Different Environmental Sus-
tainability Objectives

Trade-offs do not only occur between environmental sustainability and other
project objectives. Different environmental objectives can also conflict with
each other. 14 explained that the different protected assets must sometimes
be weighed against one another. The interviewee also stated that the legal
foundations for soil protection, nature conservation, and water protection are
not arranged in a simple hierarchy and that approval authorities are involved
in weighing up such conflicts (14). A measure that protects one environmental
asset may therefore create a negative effect on another.

The literature identifies similar conflicts among GHG reduction, biodiversity,
land use, resource consumption, and the long-term performance of infras-
tructure (Gharehbaghi et al., 2021; Oliveira et al., 2024). Saxe et al. (2020)
show that environmental results depend on the assumptions and boundaries
used in an assessment. Different environmental effects are also measured
in different ways. Carbon emissions can be expressed as a single numerical
value, whereas impacts on protected species, habitats, water, or soil are more
location-specific and may not be directly comparable. One environmental
indicator can therefore not represent the full environmental sustainability of
an alternative.

The interviews also showed that technical design decisions can create trade-
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offs within environmental sustainability. I3b explained that reducing the
thickness of structural elements can reduce concrete quantities, carbon
emissions, and construction costs. However, thinner elements may require
additional reinforcement, raising durability concerns (I3b). Durability is
also part of environmental sustainability because a structure that requires
earlier repair or replacement may consume more materials and create
further emissions over its lifetime (Padgett and Tapia, 2013). Reducing the
initial material use is therefore not automatically the most environmentally
sustainable decision.

The boundary of the assessment becomes especially important when local
impacts are compared with wider long-term benefits. I1 explained that a high-
speed railway may be more environmentally sustainable than expanding a
motorway, but that this wider benefit does not help a protected species located
directly along the railway route (I1). The example shows that a project can
contribute to a lower-emission transport system while still creating a serious
local environmental impact. Both statements may be correct because they
consider environmental sustainability at different levels.

The literature distinguishes between these different perspectives. A project-
site assessment focuses on direct effects on habitats, land, water, noise,
and the local environment. An infrastructure-asset or life-cycle perspective
can also include material production, durability, maintenance, and climate
resilience. A transport-system perspective may further include long-term
mobility and operational emissions (Oliveira et al., 2024; Saxe et al., 2020).
These perspectives can yield different results because they consider different
geographical areas, project phases, and time periods. Saxe et al. (2020) show
that life-cycle results are strongly influenced by assumptions. Although the
operational phase is not examined separately in this thesis, these long-term
effects remain relevant to the evaluation of the variant.

Different environmental perspectives should therefore not be combined
without explaining their differences. A wider climate or transport-system
benefit cannot automatically compensate for harm to a legally protected
local asset. At the same time, a local assessment alone may not show the
full long-term environmental function of the infrastructure. The relevant
boundary depends on the decision that is being made. Approval decisions
require detailed information about local protected assets, while carbon
calculations and strategic investment decisions may require a wider life-cycle
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and transport-system perspective.

The purpose of the decision-making process is therefore not to claim that
one alternative is environmentally best in every possible way. Instead, the
project should make clear which environmental objectives were considered,
which boundaries were used, and where conflicts remain. The decision should
also show which impacts can be avoided, which can be reduced, and which
remaining impacts must be accepted or compensated. Transparent boundaries
do not remove the trade-off, but they make the reasoning behind the decision
easier to follow.

5.4.4 Synthesis of RQ4

Environmental sustainability requirements are an essential part of variant
evaluation and decision-making. Alternatives with serious environmental
conflicts may require extensive mitigation, face a lower probability of
approval, or be removed from further consideration.  Environmental
requirements also determine which information must be provided and which
environmental consequences must be included when comparing alternatives.

The findings do not show that environmental sustainability acts as one superior
decision criterion. Environmental requirements must be weighed against cost,
time, technical feasibility, constructability, approval requirements, and public
benefit. Environmental measures may increase immediate project costs, but
they may also reduce the risk of delays, redesign, and approval difficulties.
The decision, therefore, depends on both the direct cost of the environmental
response and the potential consequences for the project.

Trade-offs also occur within environmental sustainability. Different protected
assets can conflict with each other, and a design that improves one
environmental objective may worsen another. The result can also change
depending on whether the assessment focuses on local construction impacts,
the infrastructure over its lifetime, or the wider transport system.

The main finding is therefore that environmental sustainability shapes
decision-making through a balancing process. Environmental specialists
provide information and recommendations, while clients and approval
authorities weigh this evidence alongside other project objectives and
requirements (I1; I13a; I4). A transparent decision should show which
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alternatives were considered, which environmental and project criteria were
applied, which spatial and temporal boundaries were used, and why the
selected alternative was preferred (Gharehbaghi et al., 2021; Zhang et al.,
2022).

5.5 Integrated Discussion and Implications
for Risk Management

Taken together, the findings show that environmental sustainability-driven
risk management should not be understood as a separate process added
to conventional project risk management. = Environmental conditions,
impacts, and requirements are identified through environmental assessments,
specialist studies, carbon calculations, climate-risk assessments, and approval
procedures.  Their consequences for design, approval, cost, schedule,
procurement, construction, and coordination are addressed through technical
planning, project management, risk management, and organisational decision-
making. The main integration challenge therefore lies at the interfaces between
these processes rather than in the absence of assessment methods or risk-
management tools. Environmental sustainability-driven risk management
emerges when information generated in different processes is connected and
used throughout the project (Chi et al., 2016; Zelenidkova and Zvijakova, 2017,
I1; I2b; I3a; 13b; 14).

A central implication is that the environmental issue and its consequences
for project delivery must remain traceably connected. An environmental
condition may create a risk to an environmental or climate objective while
also creating approval, design, cost, schedule, or construction consequences.
Project risk management should recognise these project consequences
without reducing the issue to financial or temporal effects. The affected
environmental objective, available evidence, remaining uncertainty, possible
project consequences, responsible actor, and selected response should
therefore remain linked, even when they are documented in different systems
(Corvellec and Boholm, 2008; Dione et al., 2005; Raafat et al., 2026; 11; 13a;
13b; 14).

This does not require that all environmental findings be copied into
a single central risk register. Environmental assessments and project
risk registers perform different functions and contain different levels of
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detail. However, environmental findings that may affect important project
objectives should be transferred or linked so that project managers, technical
planners, environmental specialists, and decision-makers can understand their
relevance. Without this connection, detailed environmental knowledge may
remain confined to specialist documentation and not be sufficiently reflected
in design decisions, responsibilities, contracts, construction requirements, or
monitoring (Chi et al., 2016; Raafat et al., 2026; Zelenidkova and Zvijakova,
2017).

Integration must also be early and iterative. = Environmental expertise
is most influential while routes and principal design alternatives remain
open, whereas detailed information on quantities, materials, construction
methods, emissions, and site effects becomes available only gradually.
Early integration should therefore identify major environmental constraints,
requirements, uncertainties, and information needs rather than attempt to
complete all assessments at the outset. These findings should subsequently be
reviewed as the design develops, approval documents are prepared, contractual
requirements are defined, and changes occur during construction (Feng et al.,
2022; Larsen et al., 2022; Saxe et al., 2020; 13a; 14).

Clear responsibility and decision authority are necessary to maintain
these connections. Environmental specialists identify impacts, uncertainty,
and possible mitigation measures; technical planners incorporate relevant
constraints into the design; project managers coordinate consequences
and responses; and contractors implement requirements transferred into
construction. The client occupies a central coordinating position because
it commissions specialist work, provides resources, defines additional
sustainability objectives, and determines whether these objectives are
incorporated into contracts and decision criteria. Integration therefore requires
both interdisciplinary communication and actors with sufficient authority to
decide how the project should respond and to ensure that the response is
implemented (Chi et al., 2016; Larsen et al., 2022; Paudel et al., 2025; I1;
12b; I3a; I3b; 14).

Overall, the findings suggest that effective environmental sustainability-
driven risk management depends less on developing an additional stand-
alone method than on maintaining connections among environmental
assessment, technical planning, approval, project risk management, contracts,
construction, and monitoring. Its practical purpose is to ensure that
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environmental information remains visible, is translated into responsibilities
and responses, and can influence decisions while meaningful alternatives are
still available.
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Chapter 6

Conclusions and Future Work

This chapter answers the research questions, presents the main contributions,
practical implications, limitations, and areas for future research.

6.1 Answers to Research Questions

RQ1: What types of environmental sustainability-driven risks and
uncertainties arise in transport infrastructure projects?

The findings show that environmental sustainability-driven risks and uncer-
tainties can be divided into three closely connected groups. First, TIPs can
create risks to the local environment and climate objectives, including impacts
on biodiversity, habitats, land, water, soil, air, natural resources, and GHG
emissions. Second, uncertainty arises when environmental and technical
information is unknown, outdated, or based on methods and assumptions
that are still developing. This includes uncertainty about environmental
baseline conditions, carbon calculations, technical designs, and future climate
conditions. Third, environmental conditions and requirements can create risks
to project delivery. Additional investigations, incomplete documentation,
redesign, mitigation measures, and compliance difficulties can affect approval,
cost, schedule, construction, and the feasibility of project alternatives.
Environmental sustainability-driven risks therefore operate in two directions:
the project can create risks to environmental objectives, while environmental
conditions and requirements can create risks to project objectives.

RQ2: How are environmental sustainability-driven risks and uncertain-
ties identified, assessed, and integrated into project planning and risk
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management processes?

The findings show that environmental sustainability-driven risks are identified
and assessed through several complementary methods and tools. Environ-
mental assessments, specialist reports, surveys, GIS-based conflict analysis,
and comparisons of technical and environmental information are used to
identify environmental conditions and potential impacts. Carbon accounting
and climate risk assessment cover GHG emissions, future climate conditions,
and infrastructure resilience. Risk registers and workshops are used to connect
uncertain issues to project objectives, responsibilities, and possible responses.

No single method covers all relevant risks and uncertainties. Environmental
assessment primarily provides information on environmental conditions,
impacts, and mitigation needs. Conventional project risk management
focuses more directly on the possible consequences for project objectives,
risk ownership, responses, and possible monitoring. The two processes are
therefore complementary.

How well environmental sustainability aspects are integrated into the risk
management process is highly project-specific and depends heavily on
the actors involved. Integration means connecting environmental findings
to project consequences, responsibilities, design requirements, approval
documents, contractual obligations, construction measures, and monitoring
arrangements. The main challenge is therefore not the absence of assessment
or risk-management methods. It is the connection between the existing
processes and the maintenance of environmental information as the project
develops.

RQ3: Which organisational, regulatory, procedural, and phase-related
conditions enable or constrain the integration of environmental sustainability-
driven risks into project planning and risk management?

The integration of environmental sustainability-driven risks depends on three
connected groups of conditions. The first group concerns regulatory and
contractual conditions. Formal environmental and approval requirements
ensure that relevant topics are investigated, evaluated, and documented.
Client requirements and contracts can extend consideration beyond the legal
minimum, but only when general sustainability objectives are translated into
clear project tasks, responsibilities, and decision criteria.



Conclusions and Future Work | 95

The second group concerns timing and information maturity. Environmental
specialists must be involved while routes and design alternatives are still
being considered. However, detailed assessments often depend on technical
information that becomes available only later. Environmental integration must
therefore begin early and remain iterative. Initial findings and assumptions
should be reviewed and updated as the design, quantities, construction
methods, and environmental information become more detailed.

The third group concerns responsibilities and continuity in coordination.
The client has a central role in commissioning the required expertise,
defining project requirements, providing resources, and ensuring that
environmental findings influence the project. Environmental specialists,
technical planners, project managers, approval authorities, and contractors
have different responsibilities for assessment, decision-making, coordination,
and implementation. Their work must be connected, and the information must
remain available throughout the project.

Integration is already limited when environmental work begins too late,
responsibilities are unclear, information is stored in separate documents,
assessments are not updated, or no actor has the authority to act on the
findings. Clear requirements are therefore necessary but not sufficient. They
must be combined with appropriate timing, available information, assigned
responsibility, and continuity across project phases.

RQ4: How do environmental sustainability requirements shape variant
evaluation, trade-offs, and decision-making in transport infrastructure
projects?

Environmental sustainability requirements affect variant evaluation by in-
fluencing which alternatives can realistically be developed and approved.
Alternatives with serious environmental conflicts can require additional
investigation, mitigation, redesign, or exclusion from further consideration.
Environmental requirements also determine which evidence must be prepared
and which environmental consequences must be included when alternatives
are compared.

The findings do not indicate that environmental sustainability is the sole
prioritised decision criterion. Environmental requirements are considered
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together with cost, time, technical feasibility, approval requirements, and
public benefit. Environmental measures can increase immediate planning
or construction costs, but early consideration may also prevent later delays,
redesign, and approval difficulties. The effect on the project, therefore,
depends on both the direct cost of the environmental response and the potential
consequences of failing to address environmental issues in time.

Trade-offs also occur between different environmental objectives. A solution
that reduces carbon emissions or material use may have consequences
for durability, land use, biodiversity, or other protected assets. Different
conclusions may also result from different definitions of the environmental
scope. A transport project may create local environmental impacts during
construction while contributing to wider mobility or climate objectives over
the long term. Transparent decision-making should therefore state which
alternatives, objectives, assumptions, geographical boundaries, and time
periods were considered and why one alternative was selected.

Main Research Question: How do environmental sustainability require-
ments influence risks and uncertainties, risk-management practices, and
decision-making in transport infrastructure projects during the planning,
design, and construction phases?

Environmental sustainability requirements influence uncertainty, risk-management
practices, and decision-making by expanding the range of objectives,
information needs, actors, and possible consequences that projects must
consider. They require project teams to investigate environmental conditions,
assess possible impacts, demonstrate compliance, consider future climate
conditions, compare alternatives, and document the reasoning behind
decisions.

These requirements create uncertainty when environmental data are in-
complete, assessment methods differ, technical information is still being
developed, future conditions are uncertain, or responsibilities are divided
between several actors. Environmental issues become project-delivery
risks when they affect the feasibility of approvals, design, cost, schedule,
construction, coordination, or long-term resilience.

Environmental sustainability-driven risk management should therefore not
be understood as a separate standalone system. It emerges through
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the interaction of environmental assessment, technical planning, approval
procedures, climate and carbon assessment, project risk management, and
organisational decision-making. Its effectiveness depends mainly on whether
these processes are connected early, updated as information develops, assigned
to responsible actors, and maintained through design, approval, contracts,
construction, and monitoring.

6.2 Main contributions

The first contribution of this thesis is the distinction between two connected
directions of environmental sustainability-driven risk. Transport infras-
tructure projects can create risks to environmental and climate objectives,
while environmental conditions and requirements can create risks to project
delivery. This distinction prevents environmental harm from being considered
only in terms of its effects on cost and schedule and explains why
environmental issues are relevant to project risk management. In the
German planning context, the second direction was especially visible through
documentation requirements, specialist assessments, approval feasibility, and
redesign.

The second contribution is the identification of partial integration between
environmental assessment and conventional project risk management. Both
processes address uncertainty through different professional and organisa-
tional structures. The findings show that the main integration problem lies
at the interfaces between specialist reports, technical planning, approval,
risk registers, decision-making, and implementation. It is therefore more
important to connect the existing processes effectively than to introduce
another sustainability-risk tool.

The third contribution concerns the relationship between early involvement
and information maturity. Environmental expertise must be included early
enough to influence routes and design alternatives. At the same time,
detailed assessments may only become possible when technical information
has developed further. The findings therefore support an early but iterative
approach in which environmental issues and information needs are identified
at the beginning and reassessed at relevant decision points.

The fourth contribution is the contextual understanding of how environmental
requirements affect project delivery and decision-making in German transport
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infrastructure planning. Environmental sustainability influences projects not
only through physical impacts but also through specialist documentation,
formal completeness, approval feasibility, variant selection, and the possible
need for additional investigations or redesign. Environmental evidence
therefore shapes which alternatives remain feasible, although it does not
automatically determine the final decision.

6.3 Practical implications

Clients and project owners should commission environmental expertise before
major route or design alternatives are fixed. The project should also
define when assessments must be reviewed as technical information and
environmental knowledge become more detailed. Early involvement should
therefore be combined with planned updating.

Environmental findings should be documented to maintain the connection
between the original environmental issues and the required project response.
A useful risk description should identify the environmental condition or
requirement, the affected environmental or project objective, the available
evidence, the remaining uncertainty, the possible project consequences, the
responsible actors, and the planned response.

Project teams should establish traceability among documents from different
areas of expertise. This reduces the possibility that significant findings remain
isolated in specialist reports or are lost during project handovers. Workshops
and shared information systems can support this process, but they must lead
to clear decisions, responsibilities, and follow-up.

Variant decisions should document the environmental objectives considered,
the spatial and temporal boundaries used, important assumptions, remaining
uncertainty, and the reasons for prioritising one alternative. This is particularly
important when local environmental impacts are compared with broader
transport-system benefits, or when different environmental objectives conflict.

6.4 Limitations

The literature review was limited to Web of Science and Scopus and used
English-language searches. Relevant publications available through other
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databases or published only in German or other languages may therefore have
been omitted. The research field is also broad and interdisciplinary, while
relatively few publications directly connect environmental sustainability-
driven risk management with transport infrastructure. Literature from the
broader construction and infrastructure fields was therefore included, but
these findings may not be directly transferable to all transport infrastructure
contexts.

The empirical study was based on four interviews involving six professionals.
The study provides qualitative and practice-based insights but does not
provide statistically representative data for the German transport infrastructure
sector. The represented perspectives came mainly from consulting, project
management, technical planning, environmental and approval planning,
climate assessment, project communication, and related specialist work.
Direct perspectives from public clients, approval authorities, construction
contractors, local communities, and environmental organisations were not
represented.

The interviews were adapted to the participants’ professional knowledge,
which increased the relevance of the individual discussions but reduced direct
comparability across all participants. Two interviews were conducted with
two participants, and interaction between the participants may have influenced
the direction or depth of their responses. The interviews were conducted in
German and reported in English, meaning that some linguistic detail may have
changed during translation.

The interview analysis and coding were conducted by one researcher. The
coding documentation and worked examples provide transparency, but they
do not remove the influence of the researcher’s interpretations. In addition, the
empirical material provided more detailed information about planning, design,
approval, and coordination than about the implementation of construction.
Conclusions concerning contracts, site-level implementation, monitoring, and
corrective action are therefore based on less extensive empirical material.

Finally, the findings concerning approval procedures, specialist documen-
tation, and organisational responsibilities are influenced by the German
planning and regulatory context. They should not be transferred directly
to other countries without considering differences in legislation, approval
systems, project organisation, and professional responsibilities. Further
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methodological limitations are discussed in Section 3.4.

6.5 Future research

Future research could follow individual TIPs over several phases to examine
how environmental findings are transferred from surveys and specialist
assessments into design decisions, project risk registers, approval documents,
contracts, construction requirements, and monitoring. Longer case studies
could identify where information is maintained, changed, simplified, or lost
during the project.

Further studies should include the perspectives of actors who were not
represented in this thesis. Interviews with public clients, approval authorities,
contractors, local communities, and environmental organisations could
provide a more holistic picture of how environmental knowledge, risk
ownership, responsibility, and decision authority are distributed.

Future research could also develop and test practical integration frameworks
that connect environmental conditions and impacts with project consequences,
risk ownership, decision points, contractual requirements, implementation,
and monitoring. Such frameworks should be evaluated not only on whether
they are formally introduced, but also on whether they improve decision
timing, traceability, environmental performance, and project delivery.

Further work is also needed to standardise carbon accounting and climate-risk
assessment for transport infrastructure. Research could examine how database
quality, emission factors, system boundaries, future climate scenarios, and
digital models influence comparability and the usefulness of results for project
decisions.

Comparative research across countries could investigate how different
regulatory and institutional systems influence the integration of environmental
sustainability into project risk management. This would help distinguish
findings that are specific to the German planning and approval system from
challenges that occur more widely in transport infrastructure projects.
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Appendix B

Interview Guide

1. Opening Statement

Introduce the researcher, the institutional context, and the purpose
of the master’s thesis.

Explain that the study examines how environmental sustainability
requirements influence risk identification, integration, manage-
ment, and decision-making in transport infrastructure projects
during the planning, approval, and construction phases.

Explain that the interview is analytical and seeks to understand and
compare professional experience rather than assess the participant
or organisation.

Inform the participant about recording, the intended use of
the material, anonymisation of personal and organisational
information, and the right to decline individual questions.

Outline the main interview topics and invite the participant
to provide examples, add topics, and clarify or challenge the
interviewer’s assumptions.

2. Core Interview Guide

2.1 Role and Project Content

Could you briefly describe your professional background, current
role, previous relevant roles, and responsibilities in transport
infrastructure projects?

What types of projects and project phases have you mainly worked
in?
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2.2 Environmental Sustainability and Risk Understanding

What does environmental sustainability mean to you in the context
of transport infrastructure projects?

What role do environmental sustainability requirements play in
current infrastructure projects, and how has their importance or
prioritisation changed?

What do you understand by environmental sustainability-driven
risks in infrastructure projects?

Which environmental sustainability-related risks occur most
frequently in practice, and which do you consider most critical?
Why?

2.3 Risk Identification and Integration

How are environmental sustainability-related risks identified in
practice?

At what stage should these risks ideally be identified, and when
are they usually identified in practice?

Who is responsible for identifying and managing these risks,
which experts and stakeholders are involved, and how is their work
coordinated?

How are environmental sustainability-related risks integrated into
formal project and risk-management processes?

Are risks sometimes identified or integrated later than they should
be? If so, what causes this and what are the consequences?

2.4 Risk Assessment and Re-evaluation

How are environmental risks assessed in terms of likelihood,
impact, or significance, and who takes part in the assessment?

Are environmental risks prioritised differently from other project
risks?

What leads to a reassessment of environmental risks during a
project, and are there specific review points?

2.5 Risk Occurrence and Project Impacts
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* In which project phases do environmental sustainability-related
risks typically materialise, and what usually triggers their
occurrence?

* Can you provide examples of environmental risks that had a
significant influence on a project?

e How were materialised risks handled, and which actors were
involved in developing or implementing the response?

2.6 Future Development and Reflection

* Are environmental sustainability-related risks adequately consid-
ered and integrated into current risk-management practice?

* What are the most important practical challenges, gaps, or
differences between formal approaches and project reality?

* How do you expect environmental sustainability requirements and
related risks to develop in the future?

* Is there anything else that you consider important and that has not
yet been addressed?

3. Interview-Specific Adaptations and Follow-up Questions

3.1 Interview 1 - Project Management and Supply-Chain Perspective
Participants and perspective: One expert with experience in environ-
mental engineering, project management across infrastructure project
phases, risk workshops, and supply-chain management.

* To what extent do environmental sustainability requirements
influence material procurement or logistics?

* What types of risks arise from sustainability requirements in
supply chains?

* Do you see similarities between sustainability-related risks in
supply chains and those occurring in transport infrastructure
projects?

3.2 Interview 2 - Technical Project Management and Climate/Life-Cycle
Perspective

Participants and perspectives: Two experts representing technical
infrastructure planning and project management, and sustainability
assessment with emphasis on greenhouse-gas accounting, life-cycle
assessment, climate risk, and resilience.
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Are there structured organisational approaches or internal frame-
works for integrating sustainability into risk management? How
are these applied in practice, and are they used consistently across
projects?

Where do you see gaps between formal or theoretical approaches
and actual project practice?

How are greenhouse-gas emissions, energy use, and other
environmental impacts considered across the infrastructure life
cycle?

What data gaps, methodological uncertainties, or standardisation
problems arise in carbon or life-cycle assessments, and how are
assumptions handled?

How are climate risks and climate-resilience or adaptation
measures assessed and integrated into project decisions?

Do your two professional perspectives lead to different assess-
ments of the most critical risks, responsibilities, or practical
challenges?

3.3 Interview 3 - Tunnel Planning, Approval Management, and
Stakeholder Interfaces

Participants and perspectives: Two experts representing tunnel and
infrastructure design, sustainability integration, project and approval
management, project communication, and stakeholder coordination.

What specific environmental sustainability-related risks arise in
underground or tunnel infrastructure?

What role do interfaces between planners, environmental spe-
cialists, authorities, clients, local authorities, residents, and other
stakeholders play in the emergence of risks?

Are there typical conflicts between these actors, and how are they
resolved?

What role do environmental requirements play in the approval
process as a source of risk?

Have environmental requirements caused delays in approval
procedures?

Have you experienced conflicts between environmental require-
ments and project objectives such as cost, schedule, technical
feasibility, or public benefit? How were these resolved?
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* How are climate neutrality, resource use, durability, and climate
resilience considered when comparing tunnel and surface alterna-
tives?

3.4 Interview 4 - Environmental and Approval-Planning Perspective
Participants and perspective: One environmental planning expert with
experience in environmental assessments, specialist reports, approval
documentation, mapping, coordination with technical planners, and
environmental support during construction.

* How are environmental risks identified through specialist reports,
environmental surveys, mapping, spatial overlays, and profes-
sional experience?

* Are there standardised lists, registers, or processes for identifying
environmental risks?

* Can you describe the practical sequence of risk identification
and integration, including when the different specialists and
stakeholders become involved?

* What uncertainties and data gaps typically arise, and how are they
addressed?

* Do risks sometimes become apparent only later because of new
findings, and what effect does this have on planning or approval?

* What happens when an environmental issue arises after approval
or during construction?

* How can legal changes, objections, or litigation affect an approval,
the required documentation, or the need for redesign?

* Which risks have the greatest practical impact: direct technical or
environmental effects, or procedural and approval-related risks?

3.5 Cross-cutting Trade-off Questions Developed During the Interview
Process
Conflicts and trade-offs emerged as an important topic during the
first interview and were subsequently addressed more explicitly. The
following prompts were used or developed as follow-up questions where
relevant.

* Have you experienced conflicts between environmental require-
ments and project objectives such as time, cost, design, capacity,
or wider transport benefits?



114 | Interview Guide

How are such conflicts evaluated and resolved, and who has final
decision authority?

Can different environmental objectives conflict with one another,
for example local habitat protection, land or water protection,
material-related emissions, operational carbon effects, or climate
resilience?

How are alternative project variants compared when no option is
environmentally preferable in every respect?

4. Use of the Guide during the Interviews

The thematic blocks were used as an orientation rather than a rigid
questionnaire.

The interviewer changed the order of questions when this followed
the participant’s account more naturally.

Follow-up questions were used to clarify terminology, obtain
concrete examples, and explore emerging themes.

Questions outside a participant’s field of expertise could be
shortened or omitted, while relevant specialised topics were
explored in greater depth.

For Interviews 2 and 3, both experts were encouraged to add to,
qualify, or disagree with the other participant’s answer.

The common thematic structure was retained to support compari-
son across interviews.
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Appendix C

Interview Summaries

C.1 Interview 01

Participant perspective The interview involved one expert with an
educational background in environmental engineering and professional
experience in managing large transport infrastructure projects. The expert had
worked across project phases from preliminary investigations to construction,
including cost and schedule control, project organisation, risk assessment and
risk workshops. At the time of the interview, the expert worked in supply chain
management, focusing on material procurement and supply chain stability.

Summary

The expert stated that environmental sustainability had become increasingly
important in German transport infrastructure approval procedures. Environ-
mental impact assessments now consist of a growing number of specialist
contributions. While earlier assessments focused strongly on vegetation and
the loss of green areas, additional requirements now cover surface water,
groundwater, species protection, forests and climate effects. When two project
alternatives have a comparable cost-benefit ratio, the more environmentally
compatible alternative must be preferred. This can lead to the selection of a
longer or more technically complex route when it better protects residents,
groundwater, drinking-water protection areas, protected habitats, or other
environmental assets.

At the same time, the expert questioned how environmental sustainability
should be defined when environmental assessments substantially delay a
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project. Reports, surveys and legal reviews require time, and environmental
organisations may challenge approval decisions. The expert used railway
infrastructure as an example and stated that the climate benefits of transferring
traffic from roads to rail may be postponed when an infrastructure project
is delayed for many years. From this perspective, protecting an individual
local habitat or species may conflict with the broader environmental
benefits expected from the completed infrastructure. The expert also asked
whether noise protection for people should be included in the definition of
environmental sustainability.

According to the expert, responsibility for ensuring that environmental risks
are considered lies with the client or project owner. The client does not need
to possess all specialist knowledge but must know which expertise is required
and commission the relevant specialists. Missing information can become a
formal error in an approval procedure. When one specialist report needs to be
revised, related reports may also need to be revised. Environmental mapping
may remain valid only for a limited period, meaning that project delays may
require surveys to be repeated. The expert therefore considered omissions
during the early stages particularly problematic.

The client should also understand basic restrictions before detailed planning
begins. Protected habitats and groundwater protection areas should be avoided
where possible, while detailed assessments of individual species can be
undertaken by environmental specialists. The expert explained that specialists
can only investigate the subjects they have been commissioned to examine.
The client must therefore ensure that all relevant topics are included.

The expert had participated in risk workshops and described them as a
means of putting risks on the table transparently. Ideally, all relevant
disciplines should be represented so that participants understand not only their
own responsibilities but also the information required by other specialists.
Technical planners should, for example, understand how changes in land
requirements affect environmental planning. The expert nevertheless stated
that involving every specialist in a large infrastructure project can make
workshops too large and inefficient. A broad initial workshop can therefore be
followed by smaller specialist workshops involving environmental planning,
water management, soil protection and other relevant disciplines. A later
review can then bring the results together.
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The selection of participants was described as important. =~ Workshop
participants should be able to think beyond their own specialist areas and
contribute to the overall project. The person with the highest technical
expertise is not necessarily the person best able to consider interdisciplinary
consequences. Organisational hierarchy may nevertheless require senior
representatives to attend because they are responsible for approving or signing
the results.

The expert described environmental sustainability as difficult to define
because different objectives can conflict. =~ Sustainability could mean
minimising land use, protecting water and animal populations, limiting costs,
or considering the environmental effects of long-term operation. Avoiding a
forest may require a substantial route diversion, which could increase vehicle
kilometres travelled, energy use, emissions, and tyre abrasion over many years.
In another example, protecting groundwater could conflict with protecting a
forest that contributes to groundwater recharge. The expert stated that such
decisions always require a balance and that one protected asset will normally
be affected.

Environmental information may also change during a lengthy approval
process. If species surveys are repeated after several years, new species
may be recorded, and the assessment may change. The client selects the
preferred alternative and bears the consequences of that decision. The approval
authority evaluates whether the balancing of interests is acceptable and may
grant approval, while a court may subsequently review the decision. If the
documentation is considered inadequate, parts of the planning may have to be
repeated. The expert said that environmental risks can generally be identified
early when the project is examined openly. Forests, grasslands, settlement
areas and other major constraints are normally visible from the beginning. The
presence of specific species may require additional surveys, but the overall
environmental conditions are usually known. Political considerations can
nevertheless influence which alternatives are examined and how risks are
presented.

After approval, environmental issues may still interrupt construction. The
expert referred to a project in which a protected species was found in an
area where vegetation was to be removed. Although the project had approval
for other environmental interventions, it lacked the necessary permission for
this specific case. The affected work was delayed while additional approval
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was obtained. The expert stated that such cases consume time and financial
resources even when the final physical outcome remains unchanged.

Risk identification was described as recording the event, its effects and
possible responses.  Effects may concern cost, time, quality, public
perception, land requirements or the environment. Measures can include early
environmental surveys, early consultation with environmental organisations
and environmental requirements in contracts. The expert said that transparent
documentation allows project managers to show which risks were considered
and how they were evaluated at a given point in time. Environmental issues
may be technically manageable but can significantly affect whether the project
receives approval.

Regarding supply chains, the expert stated that the first priority is the
reliable, timely availability of materials. Environmental requirements can be
incorporated into procurement strategies and contracts as they are developed.
A company may choose a nearby supplier with shorter transport distances but
higher prices, or a cheaper supplier located farther away. Disruptions can
result in materials being transported by air even when a lower-emission supply
route was originally planned.

The expert identified production methods and material contents as areas
where environmental requirements can be applied. Contracts can exclude
environmentally harmful substances or require alternatives to climate-
damaging materials. However, the expert considered it unrealistic to expect all
international suppliers to meet European environmental standards, particularly
when certain materials are only available from a small number of countries.
Construction materials such as concrete and cement are generally sourced
more locally because of their weight and volume, although their production
causes substantial emissions. Lower-emission production is possible but
usually costs more.

At the end of the interview, the expert called for a clearer definition of
the overall objective. Society and project organisations should specify what
environmentally sustainable infrastructure is intended to achieve, what level
of environmental intervention is acceptable and what costs or restrictions
people are prepared to accept. The expert favoured a pragmatic approach
in which the most important environmental improvements are implemented
before extensive resources are spent on the final remaining details.
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C.2 Interview 02

Participant perspectives

The interview involved two experts working with rail and road infrastructure.
One participant represented the technical and project-management perspec-
tive, with responsibilities in construction engineering and infrastructure
planning management. The second participant represented the environmental
sustainability perspective and worked primarily on GHG accounting, life-
cycle assessment, energy use, climate risk analysis, and climate adaptation
measures.

Summary

The sustainability expert explained that their work covers GHG emissions
from the construction and operation of transport infrastructure throughout
the full life cycle. This includes the construction of structures, maintenance,
replacement, reconstruction and recycling. Operational energy use is also
included, such as energy consumed by trains and road traffic, as well as by
technical infrastructure components. Railway point heating was given as an
example of a system that consumes energy during operation. The expert also
conducts climate-risk analyses and develops adaptation measures for transport
infrastructure.

Environmental sustainability was described as including both local environ-
mental effects and climate-related effects. Local topics include ecological
surveys, nature protection, emissions, noise, environmental construction
supervision, environmental planning, permit management, water protection
and biodiversity. Climate-related topics include GHG emissions, energy
consumption, and resource use. The expert therefore distinguished between
a project’s effects on its immediate surroundings and its effects on the climate.

The expert stated that environmental considerations are already a central
component of project approval. GHG emissions have recently received greater
attention and must be considered in approval procedures. The expert explained
that GHG effects must be examined and included in the documentation,
although they are not necessarily decisive in determining whether approval
is granted.

The main difficulties associated with greenhouse-gas accounting were
described as data availability and the absence of standardised methods for
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transport infrastructure. Existing environmental databases contain many
material-level data sets but do not always provide information specifically
suited to rail and road projects. Various methodological documents exist,
but no single binding and standardised approach has been established for all
transport infrastructure assessments.

When data are missing, the expert said that the assessment should still be
carried out. Assumptions can be used when they are clearly documented
and communicated to all project participants. Data from other countries
may provide guidance, although emission factors must be adjusted to the
German context where necessary. The expert considered using a transparent
assumption preferable to excluding an item from the assessment entirely.

A lack of common methods and data was also connected to the possibility
of greenwashing. When there are no fixed rules concerning methodology and
data sources, different projects can be calculated in ways that make comparison
difficult. The expert therefore favoured common databases provided or
supported by public infrastructure clients. Work on such databases was
described as ongoing, although the final direction had not yet been determined.

The expert stated that life-cycle assessments can require considerable effort
but that digital processes can reduce the workload. The methods used
include automation and the extraction of quantities from building-information
models. According to the expert, these approaches improve transparency and
acceptance and reduce the amount of manual calculation.

The sustainability expert did not describe environmental assessments as
project risks in themselves. Environmental impact assessments, GHG calcu-
lations, and climate risk analyses were presented as necessary components of
responsible infrastructure planning. The expert acknowledged that clients may
regard additional costs or additional work as risks but stated that environmental
and climate effects should not be omitted for this reason. The preferred
approach is to establish clear methods and automate calculations to complete
assessments efficiently.

Climate adaptation was described as an increasingly important requirement.
Climate risk assessments examine the exposure of infrastructure to future
extreme weather events and identify adaptation measures. The expert stated
that such assessments are in the client’s direct interest because resilient
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infrastructure is less likely to suffer operational failures. Avoiding or reducing
downtime benefits both the infrastructure owner and the users.

The interview also covered the motivation of public clients. The expert said
that clients generally do not commission additional environmental services
unless they are legally or contractually required. Clients may support the
objectives in principle, but financial pressure means that only necessary
services are normally ordered. When more funding is available, clients may
be willing to go beyond minimum requirements, but this was not described as
common under current financial conditions.

The expert consequently identified regulation as the main source of demand for
greenhouse-gas assessments and climate-risk analyses. European and national
requirements compel public infrastructure organisations to commission these
services. Regulatory demand also allows consulting firms and specialist
organisations to retain the necessary expertise. If assessments were no
longer commissioned, specialist capacity could be lost and would be difficult
to rebuild. Pressure from financial institutions for evidence of sustainable
investments was also mentioned, although the expert again connected this
pressure to regulatory requirements. The technical participant stated that
formal project risk assessment had not yet begun on one current project
because the project was still in the approval-planning stage. The sustainability
expert added that large projects normally include project-risk assessments
commissioned by the client. These assessments identify risks during planning
and examine how planning processes can be improved. The recording and
evaluation of these risks were described primarily as project management and
project control tasks.

After the technical participant left the interview, the sustainability expert
emphasised that environmental impact assessments, climate-risk analyses
and greenhouse-gas inventories are intended to improve projects rather than
obstruct them. The expert proposed introducing a carbon shadow price.
This would assign a monetary value to greenhouse-gas emissions and allow
them to be considered directly in economic decisions. Possible measures to
reduce emissions included selecting construction methods, using lower-carbon
materials, and implementing compensatory measures such as photovoltaic
installations. The expert distinguished these climate-protection measures from
climate adaptation, which aims to ensure that infrastructure can continue to
operate under future climatic conditions.
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The expert concluded that the professional knowledge and market capacity
needed to conduct greenhouse-gas assessments are already available. The
main missing element is standardisation. Although these assessments require
effort, the expert stated that they can be integrated into project work without
necessarily extending the overall processing time.

C.3 Interview 03

Participant perspectives

The interview involved two experts. One participant led a team responsible
for project management, approval management, project communication
and stakeholder communication in infrastructure projects. The second
participant was a civil engineer who led a team working on infrastructure and
sustainability, primarily in tunnel planning, from preliminary design through
tendering and, in some projects, construction supervision.

Summary

The civil-engineering expert described sustainability as a broad concept
covering ecology, economic factors, time, costs and climate neutrality.
Climate neutrality had become increasingly important in projects and in the
objectives of major public infrastructure clients. Sustainability-related risk
was described as the possibility that these objectives may not be achieved,
or that one objective is prioritised at the expense of another. Cost and
climate neutrality were given as an example of potentially conflicting project
objectives. The project-management expert explained that clients increasingly
commission life-cycle or environmental assessments and sometimes request
a sustainability strategy with specific requirements. These sustainability
considerations should be included from the beginning of the project. In
practice, the work is organised through successive planning phases with fixed
milestones. Sustainability work may only begin during preliminary planning,
when many technical details are still unknown.

The information needed for a sustainability calculation may not be available
until the end of one planning phase. By the time the calculation is completed,
the technical team may already have moved into the next phase and changed
or optimised the design. This creates a sequence in which the sustainability
assessment follows behind the technical planning. The expert described the
coordination of these activities as a possible source of additional time and cost.



Interview Summaries | 123

The sustainability strategy should be updated as planning progresses.
However, detailed calculations require a preferred alternative and sufficient
information about material quantities, construction traffic and logistics. This
information may only become available during a later design phase. If
the preferred alternative changes, previously completed calculations may no
longer correspond to the current design. Variant selection was described
as a balancing process. The prospects for approval of an alternative are
strongly affected by its environmental impacts. An alternative involving
major environmental interventions is less likely to receive approval, or may
receive it only with extensive conditions. Environmental effects therefore
play an important role when alternatives are compared. They are nevertheless
considered alongside cost-benefit performance, technical requirements, and
other project factors. The client may select an alternative that performs
less well environmentally when other advantages are judged to outweigh the
environmental disadvantages.

The civil-engineering expert stated that publicly funded infrastructure must
have a cost-benefit ratio above the required threshold. The benefits of the
project must outweigh the costs to the public. Environmental impacts and
effects on third parties are then included when the project alternatives are
assessed. For tunnel projects, specialist firms may calculate the transport
benefit created by moving traffic underground or increasing transport capacity.

The experts also discussed the consequences of delaying or cancelling
infrastructure projects. The project-management expert referred to an example
in which a development had been stoppedcited an example in which a
development was halted because of a protected species. The expert stated
that assessments often record the environmental impact on the protected
species but do not fully include the economic and social consequences of not
completing the project. The expert believed that these effects should also be
considered.

The client may provide a risk register during the first planning phase. At
that stage, not all risks can be evaluated because the design is not sufficiently
developed. The register is therefore continued and updated during subsequent
planning phases. Sustainability-related entries often concern the likelihood
of receiving approval. The civil-engineering expert said that risks in their
projects were generally reconsidered when a new planning phase began, new
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information became available, or the design changed. The expert was not
aware that the complete risk register was being reviewed at fixed, short
intervals when no project changes had occurred.

Environmental topics were described as a major source of dispute during
public approval procedures. Members of the public may object due to noise,
dust, dirt, and other direct effects of construction. They may also refer to
animals, habitats and the limited availability of undeveloped land. The project-
management participant advises clients on external communication. Near the
end of the interview, the civil-engineering expert added that communication
should begin early because an established negative public perception is
difficult to change.

For underground infrastructure, groundwater was identified as an important
environmental consideration. A tunnel should not create an unacceptable
barrier to groundwater flow. Groundwater models and technical measures
are used to maintain the flow where necessary. Other underground concerns
include contaminated soil and limits on heating the surrounding ground,
particularly for certain types of utility tunnels. The civil-engineering
expert explained that tunnels may themselves be selected for environmental
reasons. A tunnel can pass beneath a nature reserve, forest or drinking-water
protection area rather than cutting through it at the surface. One example
involved a long tunnel selected to avoid surface environmental impacts. The
expert acknowledged that the tunnel required more concrete and resulted in
higher construction-related GHG emissions than an open route would. The
underground option was nevertheless selected because it was considered better
for the public interest in the approval assessment. The expert repeatedly
described this as a balancing decision.

Climate resilience had not been treated as a separate additional factor in the
expert’s tunnel designs. Instead, changes in rainfall and flood conditions were
accounted for using updated standard values and project-specific information.
Tunnel structures were described as relatively protected from temperature
increases. Groundwater changes are examined by specialist reviewers, whose
forecasts are used in the structural design. The expert expected future extreme
rainfall and high-water events to be reflected in updated technical data. At the
end of the interview, the civil engineering expert stated that it was difficult
to separate environmental sustainability from the broader sustainability of
infrastructure. A project with a positive cost-benefit ratio was described as
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providing a social benefit. Environmental conditions, including emissions and
species protection, must then be observed and the design should be optimised
accordingly. The expert said that environmental and climate objectives need
to be included in contracts to influence planning. When a client sets a specific
emissions-reduction target and includes it in the decision matrix for project
alternatives, the planning team can work towards that target. At present, costs
remain decisive in many projects.

Some design decisions can reduce both cost and emissions. Reducing
the thickness of concrete components, for example, may reduce material
quantities, GHG emissions, and construction costs. The expert noted,
however, that thinner elements may require more reinforcement and could
affect durability. Durability was also described as part of sustainability,
meaning that material reduction must be balanced against the expected service
life.

The participants stated that funding decisions are also political and social
decisions.  Greater financial pressure reduces the willingness to spend
additional money on sustainability, while projects with more available funding
can consider more extensive measures. The project-management expert
also stated that underground infrastructure can create new opportunities at
the surface, particularly in urban areas, but that these benefits must be
communicated to political bodies and the public.

C.4 Interview 04

Participant perspective

The interview involved one environmental planning engineer working on
infrastructure projects from the beginning of planning through the preparation
and submission of approval documents and, in some cases, beyond approval.
The expert’s work included environmental reports, project management,
client communication, coordination with technical planners, and internal
coordination among specialist teams.

Summary

The expert described environmental sustainability as having two sides.
Infrastructure projects such as railway modernisation, new stations, network
expansion and electrification may support climate and transport objectives.
At the same time, these projects intervene in nature. Environmental
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planning therefore aims to avoid unnecessary impacts and reduce unavoidable
impacts to the minimum required for the project. The expert stated that
the environmentally preferable alternative is not always the least expensive.
However, early consideration of environmental conflicts can also reduce
project costs. Construction compounds, storage areas and other temporary
facilities require substantial land and may affect farmland, woodland or
other areas. When these conflicts are identified during early planning, the
locations or designs can still be changed. When they are discovered shortly
before approval or during the approval procedure, replanning can require
considerable time and money.

According to the expert, environmental specialists are increasingly involved
during the first or second planning phase, although this does not occur in every
project. The ideal arrangement is for environmental planning to begin at the
same time as the technical project. When the environmental team joins after
preliminary planning is complete, important decisions may already have been
made. Projects in which environmental specialists were involved from the start
enabled more conflicts to be addressed before the design was finalised. The
expert linked this development to experiences from infrastructure projects that
had been delayed for many years because environmental issues had not been
adequately considered. The decision to commission environmental planning
and determine its timing lies with the client or project applicant. The client
defines which services are required and when they should be performed. The
expert described environmental risk identification as the combination of two
sets of information. The first is the technical plan: what will be built, where
construction will occur, which areas will be occupied and which structures or
tracks will be changed. The second is the existing environmental condition of
the project area.

The environmental baseline includes soil, land, water, climate, air, landscape,
human health, cultural heritage, animals, plants and biodiversity. Existing
information is collected first. Data are often available for many environmental
subjects, but information about animals and plants frequently requires
additional field surveys. Relevant groups may include birds, amphibians,
reptiles, bats, insects and fish, depending on the project location and the
expected effects.

The technical and environmental information is then compared to identify
conflicts. The expert described using geographical information systems
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to overlay the technical design with species records, groundwater areas,
floodplains, forests and protected areas. The result is referred to as a conflict
analysis. Direct effects may include removing a tree or occupying a protected
area. Indirect effects may include construction noise near a breeding site,
requiring an assessment of whether the distance is sufficient for the affected
species. The duration of the assessment depends on the size of the project and
the availability of information. A small and spatially limited project may be
assessed within a few months when the necessary data already exist. Reports
for major infrastructure projects may be developed gradually over several
years. Data gaps for relevant animal groups are identified at the beginning
so that the required surveys can be commissioned. Major environmental
problems arising only after approval were described as uncommon. They
would normally mean that something important had been overlooked or that
conditions had changed substantially. Smaller issues occur more frequently
during construction. Environmental construction supervisors monitor the
works and coordinate practical responses with contractors and ecological
specialists. The expert gave the example of an unrecorded protected species
appearing on a construction site. In such a case, the parties may develop a
local solution, such as relocating the animals.

The expert stated that the consequences of legal challenges depend on
the type of approval procedure. A completed plan-approval procedure is
difficult to challenge because it includes defined participation opportunities
and deadlines. Nature conservation organisations may nevertheless bring legal
action, particularly in the context of controversial major projects. Such cases
often concern the content or completeness of the approval documents. A
successful challenge does not always require restarting the entire process.
It may result in a settlement, additional assessment, the examination of
alternatives or limited replanning.

Environmental organisations were described as increasingly professional and
increasingly capable of challenging approval procedures. Some cases are
pursued because they may establish a precedent that affects other projects.
The expert stated that only a small proportion of procedures reach this stage
and that most projects proceed without such disputes.

No single environmental risk was identified as consistently dominant. The
expert listed several recurring topics. Conflicts involving strictly protected
species are common, and interventions in protected areas are particularly
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sensitive. Land consumption, land sealing and soil protection have received
more attention in recent years. Projects are increasingly expected to minimise
the area they occupy and avoid additional sealing. Climate accounting has also
become more important. Projects are increasingly assessed according to their
carbon footprint, including emissions from construction and later operation.
Human health is another major consideration. Noise is particularly important
in densely populated areas and is assessed through specialist calculations for
daytime and night-time exposure. Climate resilience was described as an
emerging topic that was still partly under development and subject to further
research.

The expert explained that environmental planning does not produce one single
report. Environmental law is distributed across several different laws, and
separate documents are prepared for different legal requirements. A landscape
conservation plan describes the project’s environmental interventions and the
measures used to avoid, reduce or compensate for them. Large projects
may also require an environmental impact assessment report comparing the
environmental compatibility of alternatives. A separate species-protection
report addresses protected species. Further reports may be required for
protected habitats and water bodies. These documents are closely connected,
but each has its own legal basis and purpose. The number of reports and
legal requirements makes environmental planning difficult for outsiders to
understand. The expert stated that clients do not always recognise the extent of
the work or the need for early environmental involvement, although awareness
is improving.

When different environmental assets conflict, the project team must weigh
them against one another. The level of legal protection and the rarity of a
species may influence the decision. Approval authorities are often consulted to
ensure the project team and the authority can agree on an acceptable approach.
The expert stated that there is no general rule that one environmental asset
is always more important than another. Soil, nature conservation and water
legislation have their own legal foundations, and decisions must be justified
for the specific project.

The expert concluded that environmental decisions are rarely entirely clear
or one-dimensional. Structural intervention may affect several environmental
assets simultaneously, whereas alternative designs may protect one asset
but affect another. The final documentation must explain how the relevant
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interests were compared and why a particular solution was selected.
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Appendix D

Interview Analysis

D.1

1.

Codebook Interview Analysis

Conceptualisation and Definition of Environmental Sustainability

Operational definition: Statements that define, interpret, delimit, or
question ecological sustainability and sustainability-related risk in
transport infrastructure. The category covers local environmental
protection, climate and resource perspectives, infrastructure-system
benefits, avoidance and compensation principles, and ambiguity about
the scope or objective of sustainability

Include when: Definitions and framings of sustainability; statements
about what counts as environmentally sustainable; boundary-setting;
avoidance, mitigation, and compensation logic; broader or competing
understandings of environmental benefit

Boundary note: Use Governance, Institutions and Regulation for formal
legal or institutional requirements; Environmental Risks and Approval
Dynamics for specific environmental hazards or impacts; Trade-offs,
Prioritisation and Decision-Making when the main focus is an explicit
comparison or choice

Dataset coverage: 230 open-code records and 244 coded references;
sources 11, 12, I3, I4 Main analytical use in the results chapter:
Understanding Environmental Sustainability in Practice; Sustainability-
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driven Risks and Uncertainties

Representative open codes:

* Conceptual ambiguity of sustainability

Sustainability in the sense of climate consciousness

* Resource consumption as part of sustainability

Unavoidable ecological intervention

* Avoidance and mitigation principle in environmental governance

Tension between local and systemic sustainability goals

2. Governance, Institutions and Regulation

Operational definition: Statements about the legal, regulatory, political,
contractual, and institutional structures through which environmental
sustainability requirements enter and shape projects. This includes
approval procedures, authorities, litigation, statutory duties, public
participation, and institutional standardisation

Include when: Environmental legislation and approval requirements;
authority roles; legal challenges; political steering; contractualisation
of sustainability targets; formal project-governance structures

Boundary note: Use Environmental Risks and Approval Dynamics for
the environmental issue or project effect itself; Actors, Responsibilities
and Coordination for practical role allocation and coordination not
primarily based on formal authority; Data, Methods and Digitalisation
for methodological standards and databases

Dataset coverage: 116 open-code records and 122 coded references;
sources 11, 12, I3, [4 Main analytical use in the results chapter: Environ-
mental Sustainability Requirements in Project Practice; Sustainability-
driven Risks and Uncertainties; Trade-offs and Decision-Making

Representative open codes:

* Ecological sustainability as key aspect in the Plan approval
procedure

* Fragmentation of environmental law in several laws
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* Environmental NGOs as legal actors in approval process

Different variants are evaluated by the Plan Approval Authority

Contractual institutionalisation of environmental sustainability
goals

Need of politics to increase the mandatory sustainability require-
ments

3. Risk Identification and Knowledge Production

Operational definition: ~Statements describing how sustainability-
related risks, constraints, and knowledge gaps are identified, articulated,
documented, and made available for project decisions. The category
includes expert judgement, risk workshops and registers, surveys, and
the combination of technical and environmental knowledge

Include when: Open or formal risk identification; expert- and
experience-based identification; identification of blind spots; risk
workshops or registers; technical-environmental knowledge integration;
targeted surveying

Boundary note: Use Data, Methods and Digitalisation when the focus
is a specific dataset, model, database, GIS/BIM tool, or calculation
method; Actors, Responsibilities and Coordination when the focus is
who is responsible rather than how knowledge is produced

Dataset coverage: 23 open-code records and 26 coded references;
sources 11, I3, I4 Main analytical use in the results chapter:
Identification and Assessment Practices; Integration into Project and
Risk Management Processes

Representative open codes:

¢ Formal risk identification
* Transparent knowledge management
¢ Inclusive risk identification

* Integration of technical and environmental knowledge

Targeted environmental surveying

Identification of blind spots in assessment
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4. Environmental Risks and Approval Dynamics

Operational definition: Statements about concrete environmental and
climate-related risks and their consequences for approval, construction,
or operation. It includes biodiversity, water, soil, land use, noise,
carbon, climate resilience, protected assets, unexpected site conditions,
and the conversion of environmental impacts into approval or project
risks

Include when: Specific protected-asset impacts; species and habitat
risks; land, water, noise, soil, and carbon impacts; climate-resilience
risks; approval barriers caused by environmental conflicts; unexpected
environmental issues during construction

Boundary note: Use Conceptualisations and Framing for abstract
definitions; Governance, Institutions and Regulation for the formal legal
framework; Trade-offs, Prioritisation and Decision-Making when the
main focus is comparing competing effects or variants

Dataset coverage: T3 open-code records and 78 coded references;
sources 11, 12, I3, 14 Main analytical use in the results chapter:
Sustainability-driven Risks and Uncertainties; Environmental Sustain-
ability Requirements in Project Practice

Representative open codes:

* Environmental impacts as approval risks
* Emergence of unrecorded species during construction
* Climate resilience infrastructure risk assessment

¢ Concerns over land use

Hydrological environmental assessment

Conflicts between environmental protection goods

5. Trade-Offs, Prioritisation and Decision-Making

Operational definition: Statements about comparing alternatives,
prioritising criteria, defining acceptable compromise, and making
decisions under competing environmental, economic, technical, legal,
and public-benefit objectives
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Include when: Variant comparison; weighing protected assets;
environmental-economic trade-offs; cost-benefit considerations; ap-
proval feasibility in decisions; boundary and threshold decisions;
prioritisation among sustainability objectives

Boundary note: Use Supply Chains, Economics and Market Constraints
for external financial, market, procurement, or supply limitations;
Environmental Risks and Approval Dynamics for the underlying
environmental issue when no explicit comparison or decision is
discussed

Dataset coverage: 117 open-code records and 124 coded references;
sources I1, 12, I3, 14 Main analytical use in the results chapter: Trade-
offs and Decision-Making

Representative open codes:

* Balancing competing environmental interests

* Balancing local ecological protection against carbon impacts

Potential conflict between ecological and economic objectives

Comparative variant assessment

Conditional prioritisation of environmental compatibility

* Decision-making based on different criteria

6. Temporal Dynamics and Process Evolution

Operational definition: Statements about how sustainability-related
risks and practices change over time and across planning, approval,
construction, and operation. The category emphasises early versus
late involvement, iterative reassessment, delay, changing information,
urgency, and long-term or cumulative effects

Include when: Early or delayed environmental involvement; phase-
dependent integration; repeated or renewed surveys; changing con-
ditions; risk re-evaluation; approval delay; urgency; durability and
operational consequences
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Boundary note: Use Actors, Responsibilities and Coordination when
the focus is role allocation; Data, Methods and Digitalisation for the data
or method itself; Governance, Institutions and Regulation for formal
procedural rules rather than timing effects

Dataset coverage: 113 open-code records and 117 coded references;
sources I1, 12, I3, I4 Main analytical use in the results chapter: Integra-
tion into Project and Risk Management Processes; Sustainability-driven
Risks and Uncertainties

Representative open codes:

* Early environmental involvement in planning is ideal
* Delayed involvement of environmental planners

* Re-evaluation of risks due to event, new information, or design
changes

* Approval delay because of environmental conflicts
* Cyclical renewal of environmental knowledge

e Temporal gap between planning knowledge and sustainability
knowledge

. Actors, Responsibilities and Coordination

Operational definition: Statements about the actors involved in
sustainability-related risk management, their responsibilities, decision
rights, expertise, communication, and interdisciplinary coordination.
Particular attention is given to the client, environmental specialists,
technical planners, authorities, and stakeholders

Include when: Client accountability and decision authority; expert
roles; interdisciplinary coordination; stakeholder participation and
communication; delegation and dependence on specialist knowledge;
joint decision-making

Boundary note: Use Governance, Institutions and Regulation when
roles are discussed mainly as legal or institutional powers; Risk
Identification and Knowledge Production when the main focus is the
identification method; Temporal Dynamics and Process Evolution when
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timing is central.

Dataset coverage: 81 open-code records and 87 coded references;
sources I1, 12, I3, I4 Main analytical use in the results chapter:
Integration into Project and Risk Management Processes; Trade-offs
and Decision-Making

Representative open codes:

* Client responsibility for environmental governance
* Client coordination of specialised environmental knowledge
* Cross-domain environmental coordination

* Decision-making about sustainable options together with experts
and clients

* Importance and dependence on environmental expertise

Additional stakeholders are involved in approval process

8. Data, Methods, and Digitalisation

Operational definition: Statements about the data, analytical methods,
technical standards, databases, and digital tools used to assess
environmental sustainability and risk. It covers data gaps and
uncertainty, transparent assumptions, life cycle and carbon assessment,
GIS, BIM, automation, and risk-register tools

Include when: Data availability and quality; methodological standard-
isation; assumptions; databases and emission factors; GIS and spatial
overlays; BIM and automation; eco-balancing and climate calculations;
digital risk documentation

Boundary note: Use Risk Identification and Knowledge Production
for the broader process of identifying and sharing knowledge; Envi-
ronmental Risks and Approval Dynamics for the risk being assessed;
Governance, Institutions and Regulation for statutory requirements to
conduct an assessment

Dataset coverage: 53 open-code records and 62 coded references;
sources 11, 12, I3, I4 Main analytical use in the results chapter:
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Identification and Assessment Practices

Representative open codes:

» Using transparent assumptions when there is a data gap
* Lack of methodological standardisation

* Use of digitalisation for environmental assessment for reduced
manual effort

* Spatial conflict analysis with overlays
* Demand for centralised climate sustainability database

» Data gap for biodiversity on site

9. Supply Chains, Economics, and Market Constraints

Operational definition: Statements about economic, market, procure-
ment, logistics, and supply-chain conditions that enable or constrain
environmental sustainability. The category includes budget pressure,
cost-benefit requirements, material availability, supplier location,
market capacity, and geopolitical disruption

Include when: Cost and budget pressure; procurement and material
choices; supply reliability and logistics; market capacity for sustainabil-
ity services; cost-benefit thresholds; financial incentives; geopolitical
and regional supply dependencies

Boundary note: Use Trade-offs, Prioritisation and Decision-Making
when the main focus is a project choice among criteria; Environmental
Risks and Approval Dynamics for the environmental impact of a
material or construction method itself

Dataset coverage: 48 open-code records and 50 coded references;
sources 11, 12, I3 Main analytical use in the results chapter:
Sustainability-driven Risks and Uncertainties; Trade-offs and Decision-
Making

Representative open codes:

* Supply-chain continuity as primary concern in supply chain
management
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Cost pressure limits sustainability measures

When the financial means are tight, only mandatory implementa-
tion of sustainability

Relationship between financial capacity and environmental sus-
tainability ambition

Geopolitical disruption in supply chain

Market readiness for sustainability assessments

10. Learning Adaptation and Sustainability Transformation

Operational definition: Statements that move beyond immediate
project assessment toward learning, adaptation, optimisation, and
broader sustainability transformation. This includes infrastructure
modernisation as a sustainability contribution, climate adaptation,
organisational learning, motivation, and limits to full optimisation

Include when: Future-oriented improvement and learning; infrastructure-
led transition; adaptation based on projections; optimisation strategies;
intrinsic motivation; recognition that complete sustainability optimisa-
tion is unattainable

Boundary note: Use Environmental Risks and Approval Dynamics for a
specific climate or environmental risk; Temporal Dynamics and Process
Evolution for timing and phase effects; Conceptualisations and Framing
for definitions without a transformation or learning orientation.

Dataset coverage: 15 open-code records and 16 coded references;
sources 11, 12, I3, I14 Main analytical use in the results chapter: Inte-
gration into Project and Risk Management Processes; Understanding
Environmental Sustainability in Practice

Representative open codes:

* Infrastructure modernisation as sustainability
* Infrastructure-led sustainability transition

* Infrastructure adaptation based on environmental projections and
assessment

* Premature pursuit of marginal optimisation
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¢ Intrinsic motivation alone does not lead to commissioned work

* Inatainability of full sustainability optimisation

D.2 Coding and Category Development
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