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Abstract

Keeping urban areas accessible and attractive under the stress of population growth, while also
facilitating the mitigation of climate change and achieving climate goals, is an urgent and
complicated challenge. The Utrecht Sciee Park (USP) currently faces this challenge, having
made plans to transform its transport infrastructure. Consequentially this study aimsto develop
a model that can assess the environmental impact of the UB&nsport infrastructure
transformation project and that provides an evaluation of possible mitigation measures.
Following the methodological steps oenvironmental impact assessmentthe Transport
Infrastructure Project Environmental Assessment (TIPEA) model was developethe TIPEA
model uses lifecycle assessment as a supportive tool to provide holistic environmental
assessment The TIPEA model has three transformation phases incorporated: the construction,
use and demolition phase. Iraddition to most studies,the use phase includepassenger
displacement. Furthermore, the TIPEA model has the ability to compare the environmental
impact of two system boundariesThe system boundarieexaminedare passenger displacement
on USP ground¢B1) and commute displacemen{(B2).

The application of the TIPR model to the USP transformation project has led to two important
conclusions. First, the original plans have the ability to reduce the environmental impact of the
USP Depending on thechosen system boundarythe embodied environmental impact of the
transformation on the global warming potential is paid back within 9.5 years (B1) or 13.3 years
(B2). However, thisis not in time to facilitate the aim of the Utrecht University to reach climate
neutrality in 2030. Therefore, the environmental impact must beeduced further to reach this
aim. Second, as the use phase contributes to up@®.5% (B1) or even up to 99% (B2) of the
global warming potential, it has a significant effect on the environmental impact of the project
and a highmitigation potential.

Toreduce the environmental impact of the USP transformation project, the effect of three
mitigation measures has been studié: inducing a modal shift in passenger displacement, using
alternative asphaltroad surface layers and constructing an alternativéype of parking garages.
All three possible mitigation measures havehe potential to mitigate the environmental impact
of the project. However, the extent to which these measures mitigatke environmental impact
varies significantly between the measureand is greatly dependent on thechosensystem
boundary. Thereby, the results highlight the importance of setting proper system boundary
conditions and climate goals in order to effectively mitigate climate change.
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1 Introduction

1.1 Background

Theworld population is growing steadily, and over 50% lives in urban areas(Ritchie, 2018).
Additionally, the urban population is expectedto increaseby 1.5times to around 6 billion people
by 2045 (United Nations,2014). To accommodatethis increase,national governmentsand
municipalities must plan aheadto facilitate basicservices,housing and infrastructure. The
quality of the transport infrastructure is alarge determinant of an area® efficiency of economic
and social processesand the wellbeing of its visitors and inhabitants (Seliverstov et al.,2020).
Therefore, it is important that the transport infrastructure canfacilitate the expectedpopulation
growth, while alsokeepingthe areaaccessibleand attractive. If the existing transport
infrastructure doesnot havethe capacityto do so,it must be transformed. Furthermore,
transforming the transport infrastructure caninfluence the sustainability of the area, ascity-
regions canbe strategic sites for systematicsustainability transformation processes(Coutard &
Rutherford, 2010).

Transport infrastructure transformation plans haveto be tailored to the areacontextand can
vary greatly per selectedarea(Seliverstovet al.,2020). A transformation caninclude the
addition or improvement of roads, parking stations and adjusted public transport services
Before new structures canbe built, existing structures often haveto be demolishedfirst. The
demolition and construction processesresult in high levels of energy useand greenhousegas
(GHG)emissions(Van Eldik et al.,2020). Furthermore, atransformation of transport
infrastructure canaffectthe ratio of transportation modesused(Woodcock et al., 2007; Noland
& Lem, 2002; Lee, 2018 Transformation plans caninclude measuresto encouragepassengers
to switch to modesof transportation that are more environmentally friendly, suchascycling
instead of driving a car. Consequentially transformation projects havethe potential to reduce
the environmental impact of the area.However, increasingthe capacity of aroad canadd up to
10% of basetraffi cin the short term, and up to 20% in the long term (Goodwin, 1996), which
canleadto higher levels of energy useand environmental emissions.Whether transformation
projects havethe ability to reduce environmental impactsis therefore, amongother things,
dependenton the ratio of the impacts of the processesmentioned above.Mitigating climate
change while alsofacilitating the expectedpopulation growth, is a complicated challengefaced
by urban planners.

1.2 State of the Art

In an attempt to reducethe environmental impact of transport infrastructure, afew studies have
beenpublished on evaluating this environmental impact. Important contributions in this area
include the studies of Hanson and Noland (2015) and Wang et al. (2015), who hadeveloped a
methodology on determining the GHG emissions of the constructiophaseof roads.The detailed
methodology provides great insight on how to determine the impact of the construction phase,
but lacks the holistic approach necessary for determining thbroad environmental impact of
transport infrastructure transformation projects.
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Li etal. (2019) assessedhe life cycle environmental impact of a fast track transportation project
in China.ln this study, Life Cycle Assessment (LCMas used as supportive tool for
Environmental Impact Assessment (EIA)They developed a framework to assedhe
environmental impact of the project by definingthe construction, maintenance and repairand
demolition phase. Howevertheir framework does not include theuse phase, which can account
for a substantial part of the environmental impacbf the project (Olugbenga et al., 2019).
Moreover,the use phase has the potential to decrease the environmental impaxftan areg if
more environmentally friendly modes of transportation are usedafter the transformation (Lee,
2018). Whenever this holds true, theenvironmental payback time can be calculated. This is the
moment in time when the embodied environmental impact of the changkinfrastructure breaks
even with the postive environmental impact of the changed use phaseThis period of time is
relevant to be able to determine if transformation plans are substantive in mitigatig climate
change and to reach climate goals in time.

Theimpact of the use phase is to a great extent dependent on the system boundary conditions
chosen (Hasan et al., 2019) and recent studies on transport infrastructure have shown that there
is a lack of consistent approaches of choosing system boundaries (Hasan et al., 2019; Jackson &
Brander, 2019; Saxe and Kasraian, 2020). This choice can ieffice whether climate goals are
achieved and are therefore of importance for evaluating the feasibility of reaching these goals.
Thus, elucidating thevariability in the results for different system boundaries, can help urban
planners make well informed dedsions.

Saxe and Kasraian (2020) have also acknowledged the need for a holistic approach to investigate
the environmental impact of transport infrastructure. Through extensive literature research,

they proposeda new framework for assessing the environmatal impact oftransport

infrastructure using LCA This research has focused on redefining thetagesof the life cycle of
transport infrastructure to better reflect the multifaceted structure of the construction industry,
taking into account the longlifetime, durability and induced travel behavior of transport
infrastructure projects. However, future work is needed to develop a practical applicatioand
quantitative analysis of these proposed life stages (Saxe & Kasraian, 2020).

These studies have éveloped insightful methodologies and framework4o assesshe
environmental impact of transport infrastructure projects, but have either a scope that is too
narrow to assess the impact of transformation projects or lack practical applicability.

1.3 Problem Description

In order to keepurban areasaccessibleand attractive under the stressof population growth,
while alsofacilitating the mitigation of climate changeand achievingclimate goals,there is a
needfor amodel to assesghe environmental impact of transport infrastructure transformation
projects. To be ableto identify major environmental impact factors, a holistic approachis
needed,evaluating the different characteristicsand phasesof the project. It has to provide
decision makers withinsight in the capability of their project to reach climate goals and how the
chosensystemboundary conditions can affect these results.

11



The Utrecht Science Park (USP) is an urban area in the Netherlands with an existing transport
infrastructure and associated environmenal impact. TheStichting Utrecht Science ParkSUSP)

a collaboration of the municipality of Utrecht the UtrechtUniversity (UU) and others, wans to
transform the USPtransport infrastructure. The goal is to make, and keep, the USP accessible
and attractive and at the same facilitate growth. Meanwhile, the UU strives to be as sustainable
as possible and aims to be climate neutral in 203Therefore, there is a need tassess the
environmental impact of this transport infrastructure transformation project. Hence, the USP
areais used as a case study for this research.

1.4 Research Questions

The aim of this studywasto develop a model that can assess the environmental impacttbie
USPtransport infrastructure transformation project. The analysishad to provide a holistic
assessment, including all relevant characteristics and phasestbé USRransport infrastructur e
transformation project. The main research question to be answeredas:

How canthe environmental impact of the Utrecht Science Parktransport infrastructure
transformation project be mitigated ?

In order to answer the main research question, the following sub questionsere answeredfirst:

1. What are the relevant characteristics and phases of transport infrastructure
transformation projectsfor assessing the environmental impact?

To be able to develop a modehat can assess the environmental impact afansport
infrastructure transformation projects, it had to be clear what characteristics and phases are
included in these projects. The ansver to this sub question provided all phases and
processes of which the environmental impact neeztl to be assessed.

2. How can the environmental impact of the Utrecht Science Park transport infrastructure
transformation project be assess@d

A fewstudies have been published in an attempt to provide method to assess the
environmental impact of transport infrastructure. However,these studieshave either a
scope that is toonarrow or lack practical applicability. Therefore, itwas necessary to
determine which limitations existing assessment method$iave and what changesvere
required to provide a holistic assessment.

The answers to the sub questions are provided in thineoretical framework, chapter 2. Chapter
3 describes the methodology used to develop theew model and to answer the nain research
guestion. In chapter 4, themodel elements and operation are explained. Chaptérprovides a
description of the USP transformation plans. Furthermore, this chapter presents the results of
the application of the model to the USP transformation plan# chapter 6, the results are
discussed and recommendationare given. Finally, the conclusions are presented in chaptér

12



2 Theor etical Framework

This section describes the theoretical concepts regarding this research. Sect@A describes the
characteristics and phases oftransport infrastructure transformation projects and their
environmental impact. In section2.2, several methods to assess the environmental impact of
transport infrastructure transformations are discussed.

2.1 Characteristics and Phasesof Transport Infrastructure
Transformation Projects

Transport infrastructure transformation projects caninclude several types of construction
works, such as roads and parking spacels Section2.1.1, the transformation phases osuch
construction works and their environmental impactsare identified and explained This includes
the demolition, construction and use phaseThen, thegeneralstructure of pavement
constructions is describedin Section2.1.2

2.1.1 Life Cycle of Construction Works

For the purpose of this study, thdife cycle ofconstruction works is divided into three
transformation phases: theconstruction, useand demolition phase During a transformation
project, construction works do not necessarily go through all phase$his is because the
majority of the roads will not be demolished and mostnew roads to be constructed do not
require demolition beforehand, as theremight not be anyconstruction works present yet.

Eachtransformation phase is divided into several subphases, as shownFigure 1. All phases
required to conform to the EN 15804 (the European standards on how taletermine
environmental impacts of construction works, elaboratedon in Section2.2.2) are included, with
the addition of subphaseUP3z Passenger displacementll transformation phases and
subphases are elaboratedon in Sections2.1.1.1:2.1.1.3

13



Construction phase Use phase Demolition phase

CP1 Extraction of raw . DP1 Demolition
materials UP1 Leaching activities

CP2 Transport of raw DP2 Transport to

materials UP2 Maintenance waste management
construction materials UPS Passenger DP3 Waste
displacement management
- . .

CP4 Transport to
construction site

CP5 Road construction
activities

L.

Figure 1: Life cycle of construction works . For the purpose of this study, the life cycle of
construction works is divided into the construction phase (with sulphasesCPXCF5), the use
phase (with sulphasesUP1-UP3) and the demoliion phase (with sulphasesDP1-DP3).

2.1.1.1 Construction Phase

In the USP transformation plans, several types of roads and parking spaces are consideféa:
construction phasedependson the type of structure that needs to be built, buit can generally
be divided into the following subphases

- CP1- Extraction of raw materials , such as cement, sandrushed stonesor bitumen.
The extraction of raw materials, especially that of bitume, can have a large impact on
the environment. An LCA study on Dutch asphalt mixtures has shown that this phase has
the largest contribution to the environmental impactfor all studied asphalt mixtures
(TNO, 2020).

- CP2-Transport of raw materials to produ ction site. Raw materials are transported
by truck, inland ship or sea ship to the production site.

- CP3- Production of road construction materials , such as asphalt opavementbricks.
The production of these materials can require higimputs of energy andhencecauses a
considerable amount ofGHG emissiongBarcelo et al., 2013)It is important to consider
that global warming is not the sole problem, afresh water eutrophication, acidification
and photochemical ozone formation are other theatsposedto the environment due to
the material production (Cruz Juarez & Finnegan, 2021However, the environmental
impact of this process can be reduced significantly if recycled materials are used. As an
example, Imtiaz et al. (2021) have found thate total global warming potential (GWP)
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can be reduced up to 57% when recycled aggregates are ufedthe production of
concrete.

- CP4- Transport of construction materials to  the worksite is provided by large
trucks. Some materials, such as sand, watand asphalt granulate, cafe sourced locally
and therefore do not require transportation (SGS Search Consultancy B.V., 2016).

- CP5- Construction of pavement structure . The construction of pavement structures
requires several processes, depending on thgpe of structure. For example, the
construction of an asphalt road requires site cleaning, the application of the asphahto
the road andflat rolling. These processes are executed with industrial machines, making
use of large quantities of fuel

2.1.1.2 Use Phase

Atransformation of the transport infrastructure will affecthow it will be used. This change can
be divided into three subphasesleaching, maintenance anghassenger displacement

- UPL1- Leaching of inorganic substances from the asphalt tofayer to fresh or salt water
occurs when the asphalt comes in contact with rainwateiThe majority of the leaching
occurs in the first years after the construction of a roadnd is thereforemostly relevant
for new roads (Vakgroep Bitumineuze Werken &8ouwend Nederland, 2022)

- UP2z Maintenance of roads. The processes and frequency dhe maintenance required
is dependent on the type of road and its age (Smith, 2006). Therefore, the transformation
of transport infrastructure can change the environmentalmpact due to theamount of
maintenancethat is required. However, it is likely that thissubphase does not have a
significant contribution to the environmental emissions, as little transportation of waste
and production materials is required and there is relatively little waste (Li et al., 2021;
PenadésPla, 2017).

- UP3zPassenger displacement . A change inpassenger displacementan becaused by a
combination of achange in theamount of passengers and modal shift. The modal shift
is defined as a chang in themodal split, which is the distribution of transportation
modes usedPolicy makers canencouragepassengergo use more environmentally
friendly modes of transportation. Preferably passengerdravel by foot or bicycle, or
make use of public transportThereby,amodel shift has the potential to significantly
change the environmental impacbf the use phase

2.1.1.3 Demolition Phase

The type and number of processethat are required for the demolition phaseare dependent on
the type ofconstruction work that needs to be demolishedThe demolition of a sidewalk made of
bricks can often be done manually, while a road madof concrete or asphalheedsto be
demolished mechanically. In general, the demolition process can be divided into fosubphases

- DP1-Demolition of existing structure , such as asphalt milling or concrete breaking.
This process usually requires asphiamilling machines or chisel hammers. These
machines require large amounts of fuel, resulting in high environmental emissions. A
cradle-to-grave LCA report of asphalt roaslhas shown that the demolition of 1 raof
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asphalt road causes 5.47 kg G@g.to be emitted, which accounts for 14% of the life time
emissions (SGS Search Consultancy B.V., 2016).

- DP2- Transport of waste materials to waste management . The demolition of roads
and parking spaces results in large amounts of heavy material waste. AccordiogSGS
Search Consultancy B.V. (2016), transporting the waste of 2f asphalt road results in
13.9 kg CQ@eq., which accounts for 36% of the life time emissionMaterials that are
reused in-situ do not require transportation.

- DP3-Waste management. Waste materials can often be recycled or reused. Therefore,
type of waste management greatly influences the environmental impact associated with
this phase. In the report of SGS Search Consultancy B.V. (2016), 99% of the asphalt is
recycled and1% will go to a landfill. As a result, the waste management of 12rof
asphalt road results in 4.8 kg C£eq., which accounts for 12% of the life time emissions.

2.1.2 Pavement Sructure

A pavedstructure, such asaroad or parking space generally consists ofive components: the
subgrade, the subbase course, the base course, the binder course and the surface course, as
shown in Figure 2. The subgrade is tle compacted surface of earthwork on which the pavement
rests. The subbase course is the first layer on top of the natural surface and improves drainage,
provides structural support and reduces intrusion of fines from the subgrade in the pavement
structure. This layer is often made of a mixture of sand, water, asphalt granulate (or other
gravel-type materials) and cement. The base course contributes to the subsurface drainage and
provides additional load distribution, and is typically made of low quality aspalt concrete (AC).
The binder course distributes the load from the surface to the base course and also consists of
low quality AC. A binder course is not always necessary and could be made of the same material
as the base course. The surface layer is iirett contact with the traffic load and is therefore
made of superior quality AC or porous asphalt (ZOAB).

5. Surface Course (25— 50 mm)
4. Binder Course (50— 100 mm)

3. Base Course (100-300 mm)
2.Sub Base (100 - 300 mm)

1. Sub-Grade (150 - 300 mm)

Figure 2: Pavement structure. The pavement structure consists of five components: the
subgrade, subbase course, base course, binder course and surface colNsée.From Flexible
Pavement Road Construction Layeby, B. Mahajan, 2021.
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Not all components are required for each road typeA recreational pedestrian road made of
gravel only requires a subbase course made of sand, granulate mixture or sand cement and a
surface course of gravel (FEBELCEM, 2008). In the Netherlands, the base course and binder
course are generally made of the sae material (Vakgroep Bitumineuze Werken & Bouwend
Nederland, 2022), and will therefore be referred to as the bin/base course in this thesis. An
overview of the material type and thickness of each pavement component for all road types
considered,is shown in Table1l.

Table 1: Material type and thickness of each pavement component for all road types.
Subbase course Bin/base course Surface course
Thickness Material Thickness Material Thickness

Road type Material type (mm) type (mm) type (mm)
Sand, granulate
Pedestrianz  mixture or sand

recreational! cement 300 - - Gravel 80
Paving
Pedestriart2  Crushed stone 300 Sand 30 bricks 80
Cyclistz Paving
brickst3 Crushed stone 30 Sand 30 bricks 80
Cyclistz
concretet Sand 200 - - Concrete 160
cveli ZOAB or
ag/:r:ztl'; Crushed AC top
aggregates 200 AC base 30-80 layer 15-30
Concrete
granulate or ZOAB or
crushed AC AC top
Car aggregates 200 bin/base 80-120 layer 40-60
Concrete
granulate or ZOAB or
CG (Casas crushed AC AC top
guest)s aggregates 200 bin/base 80-120 layer 40-60
AC Concrete
Bus Lean concrete 200 bin/base 50 slab 200-230
Concrete
granulate or ZOAB or
Parking crushed AC AC top
spaces aggregates 200 bin/base 80-120 layer 40-60
1 (ENCI, 2002)
2 (OCW, 2009)
3 (FEBELCEM, 2008)
4 (BetonInfra, 2011)
5 (Rijkswaterstaat GPO, 2016)
6  (Cement&BetonCentrum, 2012)
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2.2 Environmental Impact Assessment Methods

There are several existing methods to assess the environmental impact of projects. This section
will discuss Environmental Impact Assessment (EIA)Life Cycle AssessmentCA and the
Environmental PaybackTime (EPT).

2.2.1 Environmental Impact Assessment

Environmental Impact Assessmenis a procedure that assesses the environmental impact of a
specific local situation. It has to support decision makers with regards to the environmental
impacts of a projectduring its development According to the EU Directivg European
Commission, 2011) an EIA musprovide at least the following information:

the project description, defining the size, design and site of the project;

the possible mitigation measures of the project;

the necessary data to assess the impact thdtd project could have on the environment;
an outline of the studied mitigation measures or alternatives and explanation of
recommendations based on the environmental effects.

bR

Due to thelarge variety in project specificationsthat EIA is applied to, it is impossible to present
a uniform method for the impact assessment that can be applied in every EIA (Tukker, 2000).
Therefore, the best choice of the impact assessment method will be dependent on the project
specifications andboundaries.Usually, this leads to an evaluation of the expected effects on
humans and the environment and to what extent they can be mitigate@he EIA guidance report
of the European Commission (2017%tates that the LCA methodologprovides a reliable
framework for describing the environmental impacts ofa project.

2.2.2 Life Cycle Assessment

A Life Cycle Assessment is a method the assess the environmental impact of a product, process
or system over its complete life cycle (ISO, 2006). €H.CA methodological framework, per the

ISO 14040 standards, consists of four phases: the goal and scope definition, the life cycle
inventory (LCI), the life cycle impact assessment (LCIA) and the interpretation. In the goal and
scope definition, the interded application is explained and the system boundary is defined. In

the LCI, all relevant data for the LCIA is gathered and adjusted to the functional unit as defined in
the goal and scope. The environmental impact of all elementary flows defined in thellgbase

are quantified in the LCIA phase. In the interpretation phase, the outcomes of the LCl and LCIA
are classified, quantified and evaluated. This includes evaluating the consistency, completeness
and robustnessof the study.

LCA is often applied teevaluate the environmental impact of transport infrastructure (Cellura et
al., 2018; Guo et al., 2017; Wang et al., 2015). However, the original industpabduct-oriented

life stages of LCA (production, manufacturing, use, recycling and waste managemet) not
adequate in capturing the holistic impacts of transport infrastructure (Dimoula et al., 2017). As a
result, important temporal or spatial aspects are often left outside the system boundgof the
LCA, such as the end of life (Shinde et al., 20I®)induced travel behavior (Li et al., 2019).
Furthermore, recent LCA studies on transport infrastructure have shown that there is a lack of
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consistent approaches of choosingystemboundaries, which increases the probability of burden
shifting (Hasan et &, 2019; Jackson & Brander, 2019; Saxe and Kasraian, 2020). Thereftire,
original LCAlife stagesmust be reframed to be able to be useCAas a supportive tool in EIA for
transport infrastructure transformation projects.

The Nationale Milieudatabased a national database of the environmental impact &utch
construction works. The Stichting Nationale MilieudatabasgStichting NMD)hasdeveloped the
NMD-method. This method is LCAvased and calculates the environmental impact of
construction works of the production, construction, usedemolition and waste management
phase.The NMD-method is based on international researctand standards The EN 15804, the
European standards on how to construct Environmental Product Declarations (EPD$drms the
base of theNMD-method, and the primary processes are derived from the Ecoinvent database
(Ecoinvent Database, 2016)Both theNMD-method and database are adjusted to the Dutch
situation. Whenever a supplier or producer wants to add their product totie NMD, an LCA
practitioner calculates the environmental impact with theNMD-method. Another licensed LCA
practitioner has to validate theassessmenbefore it isadded to the NMDTherefore, the NMD is
part of a harmonized method to calculate the environmntal impact of construction works,
providing reliable LCAs in a central database which is managed by a neutral organizatibtence,
the NMD is a reliable tool for the impact assessment in EiAthe Netherlands

The EN15804+A1 was revised in 2019and since July 2021 the EN 15804+A2is mandatory to

be usedfor new additions to the NMD. New additions are required to be supplied with the

results based onboth standards, butolder EPDs are only based on the EN 15804+AThe main
differences between the two versionsare the characterization factors used CML:-1A or the
Environmental Footprint) and the amount ofenvironmental impact indicators included (11
against19 indicators) (Quist, 2021). Therefore, the results of both versions cannot be compared.
Hence, only the EN 15804+A1 results can be used if not all data requirecisilable with the EN
15804+A2results.

Both standardshave the option tomerge the results of the individualimpact categoriesinto a
single-score indicator.In the Netherlands the MKI (Environmental Cost Indicator)s commonly
used andprovides the shadow price of a project or produc{Hillege, 2021). The shadow price
reflects the highest level oprevention cost which is acceptable by the governmenper unit of
emission. Therefore, there is aweighing factor, ET 'O EoReisgibh,fér@ach impact
category. By summing the product of thevalue of each impactcategorywith their weighing
factor, the MKI of goroduct or project is obtainedas a singlescoreindicator. An overview ofall
impact categoiies and their weighing factors asin accordance with the NMD 3.0 methods
shown in Table 2. The MKI makes it easy to compare several options at once and give clear
recommendations to policy makers without thecomplex explanation of each individual impact
category. However,the shadow price is based on a valyeadgement and thereforeinfluencesthe
results and conclusions of the LCA.0 remain transparent, once can use a combination of
weighted and nonweighted results (Goedkoop, 2007)

7  The NMD is built byand in control of thestichting NMD. The database is commissioned by the Dutch government and the goal is
to provide an independent, complete and trustworthy sygem to assess the environmental impact of construction works.
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Table 2: Environmental impact categories and their M Kl weighing factors, as in
accordance with the NMD 3.0 method.

Weighing factor

Impact categor (2q.

Abiotic depletion kg Sb eq. 0.16
Abiotic depletion (fossil fuels) kg Sb eq. 0.16
Global warming potential kg CQeq. 0.05
Ozone layerdepletion kg CFCl1 eq. 30
Photochemical oxidation kg GHa 2
Acidification kg SQ eq. 4
Eutrophication kg PQ3eq. 9
Human toxicity kg 1,4DB eq. 0.09
Fresh water aquatic ecotoxicity kg 1,4DB eq. 0.03
Marine aguatic ecotoxicity kg 1,4DB eq. 0.0001
Terrestrial ecotoxicity kg 1,4DB eq. 0.06

2.2.3 Environmental Payback Time

The Environmental Payback Timds defined as the moment in time when the embodied
environmental impact of the changed infrastructure breaks even with the positive
environmental impact of the changed use phasgu & Yang, 2010)Therefore,the EPT caronly
be calculatedif the induced change in the use phase results in a positive environmental impact.
As theUtrecht University aims to be climate neutral in 2030, the EPT should be reached before
2030 to be able to facilitate in reaching this goalf the payback time will belonger, or if the
induced change in transport modes results in a negative environmental impact, the U to
compensate this impact elsewheré¢o be able to reach theimgoal. Therefore, theEPTgives insight
in the capability of the transformation projed to reach climate goals.

The environmental payback time carbe calculated with the formula:

O O
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Where EPTis the environmental payback timein years,Ecmpthe embodied environmental impact
of the changed infrastructure Euse,y the environmental impact of the use phase of theusiness
as usualscenario(no transformation) per year,and E;sey.the environmental impact of the use
phase of thetransformation scenario per year.

The EPTcan be calculated for all kinds of environmental impacts. As the climate neutral goal of

the UU in 2030 is defined as a net zero emission of GHGSss itseful to calculate at least the EPT
of GHG emissiongasgiven by the global warming potential)
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3 Methodology

The aim of this studywasto develop amodel that can assess the environmental impact tiie
USPtransport infrastructure transformation project and evaluatethe feasibility of reaching

climate goals This chapter presentshe methodological framework thatwas usedto
development the Transport Infrastructure Project Environmental Assessment (TIPEA) model
and to answer the main research questionas illustrated inFigure 3. In this chapter, the

methodological steps ofenvironmental impact assessmenare followed, with the addition of
calculating theenvironmental payback timein the third step. Section3.1 explains how the
project description and possible mitigation measures werestablished Section3.2 describes

how the necessary data to assess tlevironmental impact of the project has beenobtained. In
Section3.3, it is describedhow the TIPEA modelwvas developedto provide anassessent ofthe
environmental impact of the USP transformation project and its possible mitigation measures.
Finally, Section3.4 describes the validation of he TIPEA model through a sensitivity analysis.

EIA of USP Transport Infrastructure Transformation Project

1. Project Definition and
Mitigation Measures

Definition of USP
transformation project and
identification of possible
environmental mitigation
measures.

3. TIPEA Model Development

The collected data was
combined and used to
develop the TIPEA model.
~—»  With the use of this model,
the environmental impact of
the project has been
assessed.

2. Data Collection

All data regarding the
processes and material inputs
and their environmental
impacts for transport
infrastructure transformation
projects have been collected.

4. Model Evaluation

A sensitivity analysis has
been performed to study
the robustness of the
results and to determine if
the data quality needed to
be improved. The strengths
and limitations of the model
have been evaluated.

J

Figure 3: Methodological framework.
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3.1 Project Definition and Possible Mitigation Measures

The first step of ElAis to delineate a project definition, including the size, designsite and
temporal scopeof the project (European Commission, 2011)The SUSP has recently published
year 2040 and how to get thereThis report wasused to drav up the project description of the
transport infrastructure transformation of the USP.For clarification on certain topics, such as
the number of parking spaces to be constructed or demolishedn &nterview has taken place
with Stephan TroosfMSc, Project Leadearea development and Ing. Laurens de Lange,
ConsultantPolicy Advisor at the UU University Corporge Offices A summary of the interview is
shown in Appendix A.

The second step of Els to identify the possible mitigation measures of the project. Thubased

on the project description, a list of possible mitigation measuresvas made.Furthermore,

several scenarios have been mad#r comparison, eachonly deviating by a single mitigation

measurefrom the transformation scenario, as plannedinthed/ | CAOET COG&E OEA ¢mt m«
determine the effect of the mitigation measureson the environmental impact andthe

environmental payback time of the projectthe environmental impact andEPTof the scenarios

were compared.

3.2 Data Collection and Impact Assessmentz TIPEA Model

The third stepof EIA is to collect and present the necessary data assess thempact of the
project on the environment.For this research, aivision has been made between generalata on
infrastructure transformation projects, such asthe environmental impact of the construction of
a cyclist road, and USRansformation project specific data, such as the number of kilometers of
and the interview. Furthermore, a traffic model report of the USRirea, conducted by Movares
(2021) and requested by theSUSPhas been used tdescribe traffic on USP groundsAn
overview of the collected project specific data is shown in Sectidn2.

The generaldata on infrastructure transformation projects is based on Sectior2.1 and forms the
basis of the TIPEA modelThe TIPEA modetontains two databasesThe first database is the
Processes and Material Inpu(PMI) database, which containghe quantification of all processes
and materials that are required for the transport infrastructure transformation project. The PMI
database iselaborated onin Section4.2. The second database is the Environmental Impact (El)
database, which containghe environmental impactdata of all processes and materials from the
PMI database per functional unit. The El databaseetaborated onin Section4.5. The data
within the PMI and EIl datibasesis divided into the three transformation phases: the
construction, use and demolition phasgaspresented in Sectiorn2.1.1

80/ 1 CAOET COOEOEAS Ni @i ACAADPBODEOBE DA A | Hiisidrd tresettafstafiohddénot
explain the true meaning of this word, iiswriten AO O/ | CAEREIciGGEO EI OEEO OEAOEOS
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3.3 TIPEA Model Development

Figure 4 shows a flow diagram of the operation of the TIPEmodel.A scenario construction
interface has been made, where the user can construct two scenarimg quantifying the
construction, use and demolition phaset must be noted thatthe production and construction
phases from the NMD-method have been comhied to formthe construction phase and the NMD
demolition and waste management phasehave been combinedo form the demolition phase.
This methodological choice has been madeecause tlese phaseslwaysoccur togetherduring a
transformation and are more easily presented as a single phaSée operation ofthe scenario
construction user interface is explained in Sectiod.1. The TIPEAmodel combines the scenario
construction and thePMI database into the project inventory. The project inventory contains all
the required quantified processes and materials and is made fdaoth scenarios. Then, the TIPEA
model multipl ies the environmental impact data from the El database witthe according data
from the project inventory. Then, themodel executes a contribution analysis to be able to
identify major environmental impact factors and calculates thenvironmental payback time

The results of both scenarios are shown together in graphs and tablés comparison.

User input

Scenario Construction

Quantification of

scenarios in user .
interface Project Inventory El Database Show Results

Display of results in graphs and

List of all guan{nﬂ\_ecj . Er}Vi;?nmenta! Jmpagr tables. Includes contribution
processes and mai ?na s for or a proces_ses an analysis, EPT calculation and
each scenario materials

PMI Database

Quantification of all
processes and materials
required for the
transformation project

system boundary comparison

Figure 4: Flow diagram of TIPEA model operation.
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3.4 TIPEA Model Validation z Sensitivity Analysis

Finally, the TIPEAmodel was evaluated. To study the robustness of the model results and their
sensitivity to uncertain factors,a one-at-a-time sensitivity analyss was performed. In this
analysis, one input variablewas changed while all others remaird at their baseline value. The
resulting change in output shoved the sensitivity of the results tothe change inthe input
variable. The sensitivity analysisshowed the most important model parametersto determine
whether assumptionswere valid and if the data quality nee@d to be improved.

Table 3 showsan overview of thescenarioinput variables and assumptions thatwere examined
with the sensitivity analysis.The following considerations apply:

- Thecalculation of passengerdisplacement isbased on multiple assumptionsand due to
its relatively high uncertainty, it was analyzedwith in a range of®° 30%.

- The number of parking spaces to be constructed is still under investigation by the SUSP.
However,there is a limit of 9,800 parking spaces (see Sectiénl) and therefore it is
likely that the number of parking spaces to be constructed will fall between a rage of
° 20% of theexpected 4,@0 parking spaces. Therefore, the sensitivity of the results to a
° 20% in the number of parking spaces to be constructedvas examined.As the number
of parking spacedo be constructedis directly proportional to the environmental impact
of the parking garage the sensitivity of the results to a changthe in environmental
impact of the garmageswas studied as wellby this analysis

- No reliable sourcewas found concerningto which transport mode car passengers switch
to after a modal shift For this research, it has been assumed th&0% of the passengers
that stop traveling by car,switch to travel by tram and the other 50% will switch to bus
travel (see Sectiord.4). Asthis ratio might not reflect reality, a higher limit of switching
to 75% busand 25% tramwas chosen to study, as bus travehas a higherimpact onthe
global warming potential than travel by tram (Ecoinvent Database, 2016)A lower limit
of 75% cyclist (no impact) and25% for both bus and tram was chosento examine

- Furthermore, the year of transformation is also not determined yet by the SUSP awds
therefore tested within a range of° 5 years.

- Finally, the sensitivity ofthe results to a change irthe assumed distance traveled
without infrastructure transformation on USP groundgseeAppendix E) was studied.
The base value of this input variable is two times higher than the distance traveledth
the infrastructure transformation, and therefore the sensitivity of the results was studied
by changingthe multiplier to 3 andto 1.5.

Table 3: Limits sensitivity analysis.

Input variable/assumption Higher limit Lower limit
Passengedisplacement- USP grounds 30% -30%
Passengedisplacement- USP- home 20% -20%
Number of parking spaces to be constructed 20% -20%
75% bus, 50% cyclist,
Modal shiftassumption 25% tram  25% bus, 25% tram
Impact year transformation +5 -5

Distance traveledon USP groundsvithout
infrastructure transformation X 3 x 1.5
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4 TIPEA Model Operation

This chapter describeghe operation of the TIPEA modelFirst, the user interface of the scenario
construction is explained in Sectiot.1. Second, the Processes and Material Input Database
describedand assumptionsare clarified in Section4.2.In Section4.3and Section4.4, it is
explained howthe maintenance of roadsand the modal shift areincorporated into the TIPEA
model. In Section4.5, the datagatheredfor the Environmental Impact databaseis described.

4.1 Scenario Construction

In the user interface of the scenario construction of the TIPEA model, the user dauild the
scenarios by quantifyingthe transformation phases the construction, use and demolition phase
To do so, he following has tobe selectedand/ or quantified:

- Thelength (in km) of the roads that need to be constructed or demolished. A
deviation has been made between a paved pedestniaoad, a recreational pedestrian
road, a road for cyclists, a road for cars,@r as guest (CGpad and a bus laneThe
interface automatically calculates theamount of maintenance that will be requiredbased
on the amount of construction and demolitionchosen How the TIPEA model quantifies
the maintenance phases elaboratedonin Section 4.3. The amount of maintenance
required will be dependent on the year thdnfrastructure transformation takes place.
Therefore, the user can select thgear the transformation takes place in a dropdown
menu.Asthe/EET A1 UAAO 1 £ OE A pladdi$ tiipA€dRdAT Bidyedd E A
automatically set as the last year fothe temporal scope

- The type of surface layer used for roads for cars, CG roads and cyclist roads . The
TIPEA model contins multiple options of surface layers fortheseroad typesand they
can be selected in a dropdown menu.he types of surface layersthat can be selected are
described in the sectior4.2.

- The area (in km?2) of parking space sto be constructed or demolished. In line with
the SUSP plans (see Sectiénl), parking spaces to be demolished are considered to be
parking lots (i.e. ground level parking, not in garagesgnd parking spaces to be
constructed are considered to be parking garages.

- The type of parking garage to be co nstructed. The TIPEA model contains two options
for constructing parking garages. The characteristics of both types are explained in
Section4.2.

- Passenger displacement (in km) . A deviation has been made betweepassengers
traveling by car, bus and tram.

- Modal shift. The user carselect a modal shift between 4100%. With this function, a
yearly shift of the chosen percentage takes placeor example, when the user selects a

modal shift of 5%, the number of passengers traveling by cdecreases by 5% each year.

How the TIPEA model pplies the modal shiftand which assumptions are madgs
describedin Section4.4.

- The system boundary conditions . A deviation has been made between passenger
displacement on USP grounds and commute displacemeifibe system boundary choice
are elaboratedon in Section5.2.
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The user can construct two scenarios for comparisoffigure 5 showsa screenshot othe user
interface of the scenario construction of the TIPEA model.

Scenario 1 Scenario 2
Use - Use -
Passenger Passenger
Construction Road type Demolition Road type Displacement |Construction Road type Demolition  Road type Displacement
Roads (km)
Concrete
Pedestrian - Concrete paving Concrete Concrete paving paving
paved 0.0 stones 0.0 paving stones 9.0 stones 0.0 stones
Pedestrian -
recreational 0.0 Gravel 0.0 Gravel 3.9 Gravel 0.0 Gravel
Cyclist 0.0 Asphalt PRO 11.7 Asphalt PRO 3.0 Asphalt PRO
Car 0.0 Asphalt PRO 1.0 Asphalt PRO 3.5 Asphalt PRO
CG 0.0 Asphalt PRO 0.0 Asphalt PRO 4.5 Asphalt PRO 0.0 Asphalt PRO
Concrete
Bus 0.0 Concrete slab 0.0 Concrete slab 1.3 Concrete slab 0.0 slab
Parking spaces
(km2) 0.0 Garage type-B 0.0 Asphalt PRO 0.126 Garage type- B 0.1 Asphalt PRO
Passenger
displacement
(km)
Car 96695111 48347555
Bus 51721746 51721746
Tram 51721746 51721746
Modal shift (3¢) ] ]
Year of
transformation 2025 2025
System
Boundary USP Ground USP Ground

Figure 5: Screenshot of TIPEA model scenario construction user interface.

4.2 Processes and Material Input Database

The transport infrastructure transformation project of the USP requires the construction and
demolition of several types of roads, the construction of parking garages and the demolition of
parking lots. Furthermore, several travel modes are usefbr passengerdisplacement The types
of roads, parking and travel modesncorporated into the TIPEA modelare shown in Table4.

Table 4: Roads, parking types and travel modes for the USP transformation project.

Transformation type

Roads

Pedestrian road- paved
Pedestrian road- recreational
Cyclist

Car

Car as Guest

Bus
Parking

Abbreviation

PR

PRR
CRAPRO
CRAPR30
CRZOAB
CARAPRO
CARAPR30
CARZOAB
CGAPRO
CGAPR30
CGZOAB
BUS

Material type

Concrete paving stones
Gravel
Asphaltconcrete PRO
Asphaltconcrete PR30
Z0OAB
Asphaltconcrete PRO
Asphaltconcrete PR30
ZOAB
Asphaltconcrete PRO
Asphaltconcrete PR30
Z0OAB

Concrete slab
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Parking lots PS Asphaltconcrete PRO
Garage withPVpanels andrecycled

Parking garagetype - A PGA materials
Garage withoutPVpanels andno
Parking garagetype - B PGB recycled materials
Travel modes
Car TC Passenger car
Bus B Regular bus
Tram T Regular tram
Roads

For the construction of cycliss, cars and CG roadshree types of surface layers can be chosen:
APRO, APR30 and ZOAB. HeRRO stands for a partial recycling of 0%or the production of the
asphalt used and PR30 denotes a 30% recycled conteBAOABIs porous asphalt that reduces
traffic noise and is often used in the Netherlands he quantification of all processes and
materials that are required for the construction and demolition of km?2 of roadis listed in the
PMI database and is shown iAppendix B. The amount and type ofprocessesand materials
concerning asphalt roadsvere obtained from Table 1, and an LCA report from TNCabout Dutch
sector representative asphalt mixtures in 2020 (TNO, 2020Y.able 5 Table 5was used toconvert
the length of a roadinto its area.

Table 5: Width of roads .

Road type Width (m Source

Pedestrianz paved 1.8 (BouwAdviesToegankelijkheid, 2020)
Pedestrianz recreational 2.4 (BouwAdviesToegankelijkheid, 2020)
Cyclist 4.0 (Provincie Utrecht, 2016)

Car 6.9 (Nationaal Mobiliteit Beraad,2004)
Car as Guest 7.5 (CROW, 2019)

Bus 7.0 (Cementé&BetonCentrum, 2012)

Parking Garages

A new parking garagethe Olymposgarage,is recently built at the northern side of the USP. This
new parking garageprovides 320 parking spacesand has 840photovoltaic (PV)panels on its
roof. The project manager of the garage also claims that the materialsosenare as sustainable
as possible (Robben2021).A list containing all processes and materials for the construction of
the garage has been obtained and is shown Appendix C. This dataforms the basisof the
environmental impact of parking garagez type A.

Parking garagez type Ais relatively costly due to theB40 PV panels Therefore,parking garagez
type Bwas added to the TIPEA model. This garage type similar to type A, but does not haveV
panels on the roofand is built from nonrecycled materials. Hence, thisgarage was used as a
OO0ACOI A @othe@miperie@téion of the TIPEA modelThe PMI listof this garage is also
shown in Appendix C.
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4.3 Maintenance

For the purpose of this study, the maintenanceequired for roads that are already present at the
USRwas not taken into account. This is becausthese roadswill need to be mantained with or
without the transformation and thus do not count towards the environmental impact of the
transformation plans. However, newly constructed roads increase the total amount of
maintenance required and thereforethis increase wascalculated Futhermore, roads that will

be demolished do not need to be maintained anymore, and will therefore decrease the

AT Oeoi 11 AT OAl EIi PAAO 1T &£/ OEA 530 ET Z£OAOOOOAOOOA:

by not needing to maintain the demolished roadsraymore, was subtracted from the
environmental impact of the project.

The amount of maintenance required is dependent on the lifetime of road¥akgroep
Bitumineuze Werken & BouwendNederland, 2022; Nationale Milieudatabase, 2092Table 6
gives an overview of the lifetime of bhi/base and surface layers of roadsT he lifetime of concrete
slabs, gravel, concrete paving stones and the asphalt bin/base layer exceedstdrmaporal scope
of this research(15 years) and was therefore not taken into account. Maintenance of surface
layers of new asphalt roads will beequired after their lifetime has been reached. To calculate
the amount of processes and materials required for life prolonging maintenance, the formula

00 0z — is used. HerePMdenotes theamount of processes and materials required; the

years of life prolongng maintenanceneeded | the lifetime of a road surface layelin yearsand
the subscriptsm and T denote maintenance and theotal of all processes and materials required
for the construction and demolition of the road, respectively.

For newly constructed roads, the years of life prologing maintenancerequired is given by:0

0 0 awheretrdenotesthe final year d the temporal scopg(2040) and tt the year of the
transformation. It is assumed that the roads that need to be demolished have passed their
original lifetime, and would be needing life prolongmentmaintenanceevery yearE £ OE A U
demolished. Therefore, the years omaintenancesavedby demolishment is given byt 0

0.

Table 6: Lifetime of bin/base and surface layers of roads.

Road Type Lifetime Source

Concrete slab 100 (Nationale Milieudatabase, 2022)
APR5Q bin/base layer 45 (TNO, 2020)

APRO, surface layer 14 (TNO, 2020)

APR30, surface layer 14 (TNO, 2020)

ZOAB regula 12 (TNO, 2020)

Gravel 30 (Nationale Milieudatabase, 2022)

Concrete paving stone 25 (Nationale Milieudatabase, 2022)
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4.4 Modal Shift

The TIPEA model hasa function to apply ayearly modal shift between 3100%. No reliable
source has been found concerning to which transport mode car passengers switohwhen a
modal shift takes place. It imssumedthat passengers traveling by car do ndive within cycling
distanceor do not prefer to travel by bike/foot. Therefore, it is assumed that passengers who
stop traveling by car, willswitch to traveling by bus or tram (50/50) instead.

To calculate thenew modal split after a modal shift, theTIPEA model uses the following
formulas:
ny
pmm
0Ypr 07Ygp 0 Y 07 z2 1

OV 0 zop

where MSdenotes the modalsplit of car travel (C or public transport (PT), andSdenotes the
modal shift between 3100. Then, the new number of passengers traveling by car or tram/bus
can be calculated with the formulas:

. . 0 "Yq
Uirp ULR?
p T
. 0"Yj
O § U p?
p T

where N denotes the number of travel movements i year,and T denoting the sum ofall travel
modes together.The passengedisplacementafter the application of the modal shift can then be
found by multiplying the number of travel movements by their respective aveage distance
traveled.

4.5 Environmental Impact Database

To be able to understand the consequences of the use of the inputs of the Eltabasethese
inputs must be translated into environmental impactsHere, LCA is used as a supportive tofar
the development of the Environmental Impac{(El) database.The environmental impact data of
the inputs of the PMI databasés obtained from either the NMD(Nationale Milieudatabase,
2022), the LCA asphalt report from TNO (202Qpr from the Ecoinvent 3 databas€Ecoinvent
Database2016). The classification and characterization is provided by th&l database as

shown in Appendix B and Appendix C. The impact assesment method used for all processes and
materials is the EN 15804 +A method, in accordance with theNMD-method. Therefore, the El
databasecontains the environmental impact ofelevenenvironmental impact categories of all
processes and materials from thé°MI| databaseper transformation phase.
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5 Results z the Utrecht Science Park Transformation Project

This chapterdescribesthe results ofthe Utrecht Science Park (USRjansport infrastructure
transformation project. First, the USPtransformation project is described and possible

mitigation measures are identified in Sectiorb.1. Secondseveral scenarios have been
constructed to assess the environmental impact of the transformation project and to evaluate
the effect of the mitigation measures. The description of these scenarios and their quantification
are explainedin Section5.2. Finally,the TIPEA model is applied to the scenaricend the USP
project specific results aredescribedin Section5.3.

5.1 Project Description - The Utrecht SciencePark Transport
Infrastructure Transformation Project

The Utrecht Science Park is a science park in the Netherlands, accommodating 130 businesses,
3,000 student houses, 27,000 staff members and 51,000 students each day (Utrecht Science Park
Facts and Figures, n.d.). Currently, the city and region of Utrecre growing steadily, andare
expected to keep on growing in the coming years (Gemeente Utrecht, 2021). As a result, there is
a need for more office spaces, houses, businesses and basic services and the USP will have to
grow along with this growing demand.A healthy growth is essential to the USBnd space must
remain available for relaxation nature and sustainability (Municipality of Utrecht, 2021).

Mitigating climate change while alsofacilitating the expectedpopulation growth is a

complicated challenge and theStichting Utrecht Science Park (SUSBas created a

transformation plan to achieve this.

A4EA OOAT O Oi AGETT b1 AT AAT AA &£ O1T A ET OEA O/ C
by the SUSRMunicipality of Utrecht, 2021). In this document, the SUSP elaborated on, among

others, their ambitions regarding mobility for the USP in the year@40. The goal is to make the

USP accessible and attractive and at the same facilitate growth. Meanwhile, thteecht

University (UU), theland owner of the USPstrives to be as sustainable as possible and aims to

be climate neutral in 2030, while other U8 parties aim to be climate neutral in 2050. To do so,

the SUSP wants to encourage visitors to use different modes of transportation and maintain a

high quality of the transport network. To achieve this, they have made plang transform the

transport infr astructure. This includes the construction of new roads for pedestrians, cyclists,

public transport and cars. Furthermore, existing roads have to be improved, demolished or

transformed to have another function.Figure 6 shows the USP transformation plans for the

pedestrian network. The transformation plans for the cyclist network is shown inAppendix D.

The networkEi ACAO OET x O1T AAG 001 AA EIi Bowév&rhAndad £ O AOA
have been made about what should be improved about these roads. Therefdahes improvement

of roads is not t&ken into account in this research.

30



Pedestrian network
Legend
Existing network to be improved

Desired addition

Permeable building cluster (indicative)

Pedestrian zone - boulevard center

Pedestrian zone - Cars as guests

Existing recreational roads

Desired additional recreational roads

-- Desired connection recreation

Oostbroek-Rijnhauwen connection to
be investigated (indicative)

Figure 6: Transformation plans for the USP pedestrian network.

The SUSP wants to make the central area free of cars and buses, shifting them towards the edges
of the area, where mobility hubswill be built. This will increase the attractiveness of the central
area, as walking and cycling will be the main modes of transportation. The SUSP proposes that
two mobility hubs will be built at the northern and western borders of the USP. Passengers
traveling by bus or car carpark or get off here and continue traveling by foot, bicycle or tram.
Preferably, a new public transport route will be built along the edges of the USP. Regional bus
lines can stop at the mobility hubs and continue their route witbut putting pressure on the

busy USP center, making the tram the only mode of public transport through the central area.

The public transport transformation plans of the USP are shown iRigure 7.

P Public transport
/ network
II,
¢ Legend
TR sRLaa
WIS i
4 \ g e e I Mobility hub

Richting Station Utreci Centraal/
Station Overvecht. g

= Existing tram

= stops
e . Walking distance
\ 500m and 1000m

Bhing Station Utrecht Cear
Station Lunetten

Existing tram/
=== public transport

WEE -

> — ) Schematic option
RV N = == second public
transport route

Figure 7: Transformation plans for the USP public transport network.
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To achieve a central area free of cars, car blockages have to be built. The proposed placéof

the car blockages and the additional changes to the car network are shownHRigure 8. The
placement of the blockages isxecuted in two stagesas explainedin Appendix D. As a result of

the car blockages, car traffic with a western destination in the USP has to enter through the
western entrance. All other destinations are reached from the northern entrancénother
adjustmentto the car network is the transformation of roads for cars to a Car as Guest (CG) road.
On a CG road, the main transportation mode is cycling and cars have to drive cautiously and give
priority to cyclists.

Car network after 2030

Legend
mm== Existing network to be improved (50 km/h)
1 m m New network (50 km/h)
e Existing network to be improved (30 km/h)
m=== Transformation to Car as Guest road

=% Carblockage

Figure 8: Transformation plans for the USP car network.

As a consequence of blocking cars from the central area, car parking has to be adjusted. The
organization of car parking will determine the amount of car traffic and space for public
transport, cyclists and pedestrians. By restricting thenumber of parking spaces in the USP, the
amount of car traffic will be limited and scare ground can besed for other purposes However,
the location, amount and public access to parking spaces will determine the assibility and
quality of stay in the USP. Furthermore, the SUSP wants to create at least 4,000 new jobs in
2040, which would require additional parking spaces. Therefore, the SUSP wants to completely
redesign the organization of caparking. There will bea limit of 9,800 parking spaces, which
means that 700 additional parking spaces can be built. To ensure that the parking spaeesl the
scarceUSP groundcanbe used optimally,all existing parking lots (i.e. ground level parking, not
in garages)will be demolishedand newparking garageswill be built at the borders of the USP
and will be accessible to all visitors. Preferably, car parking will be combined with the mobility
hubs. There is already a parking garage present at the North hub, and &émer one is planned to
be built at the West hub. If the capacity of the western garage is not sufficient to provide the
required amount of parking spaces, an additional parking garage can be built. For the visitors
and employees of the academic hospital (4C), another parking garage will be constructed at
the northern side of the UMC. A schematic overview of the transformation plans of the parking
spaces at the USR shown in Figure 9.
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Figure 9: Transformation plans for USP mobility hubs and parking spaces.

5.1.1 Mitigation Measures

During a preliminary stage of thisresearch,three possible mitigation measures werddentified
to reduce the environmental impact othe USPtransport infrastructure transformation:

- The first option isto induce a modal shift , as already proposed by the SUSP in the
O/ I CAOET COOEOEA ¢cnmt1ndo8 4EA OOAT OA& Oi AGETT 1 &
induce a modal shift. As an example, the increased attractiveness of public transport or
the decreased availability of nearby parkng could cause visitors to use public transport
instead of using their car. Furthermore, the SUSP could actively encourage their visitors
to stop traveling by car. For instance, by giving their employees a (financial) incentive to
use public transport orto travel by bicycleor foot.

- Secondthe SUSP could chooge make use of alternative asphalt surface layers for
the construction of roads . This option was found when searching for a common road
type in the Netherlands. Three main surface layers aroséné APRO, APR30 and ZOAB
layers (see Sectio.2). Asthe extraction of raw materials contributes to more than 1/3
of the total environmental impactof the life cycle of asphalt roads (TNO, 2020), the use
of recycled asphalt has the potential to decrease the environmental impact of road
construction. Therefore, APRO is used as the regular road type and the use of APR30 and
ZOAB are studied as a mitigeon measure.

- The final mitigation measure isto build alternative z more sustainable z parking
garages. The SUSP claims to already have built a sustainable parking garage at the
Olympos sports center (Robben, 2021) and is open to building another one in the future
(see UU interview inAppendix A). The Olympos parking garage generates a significant
amount of electricity, due to the 840PVpanels on the roof. Furthermore, this garage is
said to be built with sustainable materials, whib decreased the environmental impact of
the construction of the building (Robben, 2021).
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