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01 CONTEXT

MOBILITY SHIFT

The use of vehicles with internal 

combustion engines results in excessive 

CO2 emissions and other environmental 

issues. - Fulton et al., 2017

Together with non-motorized 

transportation, electric, hybrid, shared and 

autonomous vehicles could be revolutions 

to engage towards a sustainable way of 

mobility use. - Transport & Environment, 2019 
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INDUSTRIAL SHIFT

 (Heavy) industry is moving out of the 

cities, which leaves these sites prime for 

redevelopment - Van der Knaap, 2002 

There is need for 1 million homes before 

2030, in form of densifiction instead of 

expantion - Kajsa Ollongren, 2018

Development Port of Rotterdam (Port of Rotterdam, 2018)
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MOBILITY SHIFT INDUSTRIAL SHIFT

The use of vehicles with internal 

combustion engines results in excessive 

CO2 emissions and other environmental 

issues. - Fulton et al., 2017

Electric, hybrid, shared and autonomous 

vehicles could be technological revolutions 

to engage towards a sustainable way of 

mobility use. - Transport & Environment, 2019 

 (Heavy) industry is moving out of the 

cities, which leaves these sites prime for 

redevelopment - Van der Knaap, 2002 

There is need for 1 million homes before 

2030, in form of densifiction instead of 

expantion - Kajsa Ollongren, 2018

Location:
Merwe-Vierhavens
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01 CONTEXT

- ± 100 ha

- Developed 1910-1915

- Largest fruit port worldwide

- Focus of Municipality of Rotterdam

- Potential growth area 

- Innovation District

Merwe-Vierhavens:

0 500 1000 2000m
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Images from Google Maps 2018
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01 CONTEXT

‘Industrial sites need to be redeveloped as 
the industry is moving out and the current urban 

structure is not fit for the new functions. 

This, together with densification and other 
environmental challenges causes pressure on 

open space, which results in social, economic and 
environmental unsustainability’

‘The mobility shift towards sustainable 
principles can be a way to steer the 

development of post-industrial sites towards a 
sustainable environment’

PROBLEM STATEMENT: HYPOTHESIS:
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RESEARCH QUESTION:

01 CONTEXT

‘How can sustainable mobility guide the redevelopment of 
post-industrial sites towards a sustainable environment?’ 
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01 CONTEXT ‘How can sustainable mobility guide the redevelopment of 
post-industrial sites towards a sustainable environment?’ 

Defining the mobility 
transition

Translation into 
development patterns

Implementation of sustainable mobility in 
the redevelopment process

TRAIN

PROGNOSIS

METRO TRAM

In 2050, the train network consists of 
the following elements. The stations 
are designed as nodes where all 
kinds of mobility intersect. A station 
hub is a key location in the urban 
fabric, which accommodates a 
high-density environment. The rail 
network is extended to facilitate a 
high usage frequency, consisting 
of intercity, regional, and suburban 
trains. The energy is generated in 
a closed system within the train 
network. 

Passenger-kilometer by mode of transport aged 6 and older (CBS, 2019)

In 2050, the metro system is 
extended to connect the suburbs 
to the city center. The metro is still 
an easy and quick way of traveling 
in urban areas. Autonomation of the 
metro provides the opportunity to 
increase the frequency and shorten 
the travel time. Metro stations are 
designed in a way to connect to other 
public transport modes and provide 
easy accessibility for pedestrians 
and cyclists.    

In 2050, the tram network will 
experience the following transition. 
The trams serve the local 
transportation need. Tram networks 
are extended, as the tram is now one 
of the main forms of transportation 
since bus lines are not sufficient 
anymore. Tram vehicles drive 
autonomous to increase travel 
frequency. Tram tracks are situated 
in green environments to optimize 
the use of space.

Currently, still more than half of all passenger-
kilometers are still made by car mobility, either as 
driver or passenger. To move towards sustainable 
mobility, in 2050 a shift in mobility use must be 
made. The prognosis for 2050 shows a reduction 
in halving car use. This provides the opportunity 
for public transport to expand and take up about 
35 percent of passenger-kilometers.

The public transport network transforms into one 
of the main backbones of the urban structure. 
Stations are important, active nodes in the city. In 
these key locations, mobility, development, and 
environment come together. The city densifies 
around station areas to facilitate mixed-use 
areas and public spaces. The station areas are 
tied together by public transport lines. The lines 
operate on different scales and levels, according 
to the mode of transportation. The efficient lines 
with high frequency provide quick connections 
to increase accessibility. 

By the prioritization of public transport, the 
usage of the private car is reduced. This results 
in fewer emissions and environmental pollution. 
The different kinds of transportation modes run 
on locally generated power. The environmental 
aspect is represented in the design of stations. 
These areas exist in a green environment where 
the pedestrian and cyclists experience stand 
central. 

DEVELOPMENT 

ENVIRONMENT 

BUS OTHER

In 2050, the bus system is 
transitioned into a sustainable way. 
The current way of using buses is 
completely surpassed by the trams. 
The bus network is now an on-
demand service, in this way it meets 
the travelers’ needs. The buses are 
only electric power-driven and rely 
on sustainable resources. Just like 
the other modes, busesa are also 
autonomously drivena to ensure 
safety in use.

In 2050, other modes of transportation 
make their appearance, these 
modes are specific to the different 
environments. For example, the use 
of cable cars in mountainous areas 
or ferries and waterbuses in cities 
based around water. Adjusting to the 
characteristics of the city ensures 
optimization of land use. Other 
modes of transportation also include 
monorails and hyperloops.

PUBLIC TRANSPORT
Infographic

as part of Sustainable Mobility 

1 2 3
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02 THEORY+ANALYSIS
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02 THEORY+ANALYSIS

Strategy of Transit-Oriented Development (TOD) 

Main development is spatially focused around transit stations 
to integrate transit and land use - Zhang, 2007

Key components of successful TODs are density, transit 
accessibility and pedestrian friendliness - Dittmar & Ohland, 2012

1)
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Potential M4H:

Current M4H:

Accessibility Building density Function  diversity TOD conclusion
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02 THEORY+ANALYSIS

Strategy of the Two Networks (S2N) 

A guiding model for planning and design considering the 
carrying structures of the urban landscape - Tjallingii, 2005

The water network and traffic network are interrelated and 
considered equal in design - Tjallingii, 2015

2)
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Slow network M4H Fast network M4H Slow + fast network M4H
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02 THEORY+ANALYSIS

Sustainable Mobility

‘To ensure that our  transport systems  meet society’s 
economic, social and environmental needs whilst minimising 
their undesirable impacts on the economy, society and the 
environment’ - European Commission, 1992

3)
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02 THEORY+ANALYSIS

Public transport Slow mobility Sharing network Clean mobility
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02 THEORY+ANALYSIS

Public transport Density zones
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02 THEORY+ANALYSIS

Slow mobility Network of destinations

23/49



02 THEORY+ANALYSIS

Sharing network Entrance zones

Mobility hubs
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02 THEORY+ANALYSIS

Clean mobility Charging network

Street layout

25/49



03 STRATEGY

PHASE 3

PHASE 4

PHASE 1

PHASE 2

Engagement in transition

Fruit Terminal Rotterdam (port)

Continental Juice (port)

Soft ind./Retail/Car garages

Non-local businesses

Local businesses
Mixed-use buildings

Vacant buildings

Access World (port)

- +

Timeline Stakeholders

Design intervention

Key-elements city scale

Key-elements local scale
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03 STRATEGY

KEY-ELEMENTS LOCAL SCALE

1) Main Road
2) Local Streets
3) Green Network
4) Water Network
5) Buildings
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03 STRATEGY

KEY-ELEMENTS LOCAL SCALE

1) Main Road
2) Local Streets
3) Green Network
4) Water Network
5) Buildings

Low density Mid-low density Mid-high density High density
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03 STRATEGY

INDUSTRIAL CHARACTER M4H

Non-functional elements Facades Block/plots Open space Functions
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03 STRATEGY

FERRO DOME PLEIN

GROTE MERWEHAVEN
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03 STRATEGY

Current situation from Google Maps, 2019

DESIGN INTERVENTION CURRENT SITUATION
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03 STRATEGY

DI - CURRENT SITUATION

Current situation from Google Maps, 2019
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03 STRATEGY

DI - NEW SITUATION
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03 STRATEGY

DI - ACTIVITY
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03 STRATEGY
PUBLIC TRANSPORT (PT) SLOW MOBILITY (SM) SHARING NETWORK (SN) CLEAN MOBILITY (CM)
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03 STRATEGY

TRAIN

PROGNOSIS

METRO TRAM

In 2050, the train network consists of 
the following elements. The stations 
are designed as nodes where all 
kinds of mobility intersect. A station 
hub is a key location in the urban 
fabric, which accommodates a 
high-density environment. The rail 
network is extended to facilitate a 
high usage frequency, consisting 
of intercity, regional, and suburban 
trains. The energy is generated in 
a closed system within the train 
network. 

Passenger-kilometer by mode of transport aged 6 and older (CBS, 2019)

In 2050, the metro system is 
extended to connect the suburbs 
to the city center. The metro is still 
an easy and quick way of traveling 
in urban areas. Autonomation of the 
metro provides the opportunity to 
increase the frequency and shorten 
the travel time. Metro stations are 
designed in a way to connect to other 
public transport modes and provide 
easy accessibility for pedestrians 
and cyclists.    

In 2050, the tram network will 
experience the following transition. 
The trams serve the local 
transportation need. Tram networks 
are extended, as the tram is now one 
of the main forms of transportation 
since bus lines are not sufficient 
anymore. Tram vehicles drive 
autonomous to increase travel 
frequency. Tram tracks are situated 
in green environments to optimize 
the use of space.

Currently, still more than half of all passenger-
kilometers are still made by car mobility, either as 
driver or passenger. To move towards sustainable 
mobility, in 2050 a shift in mobility use must be 
made. The prognosis for 2050 shows a reduction 
in halving car use. This provides the opportunity 
for public transport to expand and take up about 
35 percent of passenger-kilometers.

The public transport network transforms into one 
of the main backbones of the urban structure. 
Stations are important, active nodes in the city. In 
these key locations, mobility, development, and 
environment come together. The city densifies 
around station areas to facilitate mixed-use 
areas and public spaces. The station areas are 
tied together by public transport lines. The lines 
operate on different scales and levels, according 
to the mode of transportation. The efficient lines 
with high frequency provide quick connections 
to increase accessibility. 

By the prioritization of public transport, the 
usage of the private car is reduced. This results 
in fewer emissions and environmental pollution. 
The different kinds of transportation modes run 
on locally generated power. The environmental 
aspect is represented in the design of stations. 
These areas exist in a green environment where 
the pedestrian and cyclists experience stand 
central. 

DEVELOPMENT 

ENVIRONMENT 

BUS OTHER

In 2050, the bus system is 
transitioned into a sustainable way. 
The current way of using buses is 
completely surpassed by the trams. 
The bus network is now an on-
demand service, in this way it meets 
the travelers’ needs. The buses are 
only electric power-driven and rely 
on sustainable resources. Just like 
the other modes, busesa are also 
autonomously drivena to ensure 
safety in use.

In 2050, other modes of transportation 
make their appearance, these 
modes are specific to the different 
environments. For example, the use 
of cable cars in mountainous areas 
or ferries and waterbuses in cities 
based around water. Adjusting to the 
characteristics of the city ensures 
optimization of land use. Other 
modes of transportation also include 
monorails and hyperloops.

PUBLIC TRANSPORT
Infographic

as part of Sustainable Mobility 

PEDESTRIANS

PROGNOSIS

CYCLISTS

In 2050, pedestrians take an active 
role as a mode of transportation. The 
design of the urban fabric stimulates 
walkability by focusing on pedestrian 
activity. The reduction of cars 
ensures more space for pedestrians 
in neighborhoods, streets, and 
central locations. The reservation 
of space for pedestrians crucial for 
a pleasant walking environment 
that stimulates movement. In this 
way, active mobility and social 
participation are enhanced by 

walking in the immediate living 
environment. The streets in cities 
are redesigned with more green 
and attractive walking routes to 
important destinations, such as 
facilities or public spaces, which are 
created. The pedestrian network 
is well connected to the public 
transport network. This connection 
is important as public transport 
provides a way for pedestrians to 
travel larger distances.

In 2050, cycling is one of the 
major modes of transportation 
used in urban environments. On 
short distances, cycling is more 
effective than car use. To support 
cycling in urban areas, the network 
is expanded and densified. This 
ensures safe and efficient cycling 
accessibility for all locations The 
cycling network consists of cycling 
routes connecting important nodes 
and destinations. On these routes, 

With the reduction of cars on the streets, the 
car-dominated environment shifts towards slow 
mobility use. In 2050, the shift in mobility towards 
slow mobility prioritizes the use of bicycles as the 
main mode of transportation in cities. The slow 
mobility network connects to public transport to 
support sustainable mobility on a large scale. This 
results in both an increase in walking, cycling, 
and public transport use. 

Slow mobility as the priority mode of transportation 
(Gemeente Rotterdam, 2020)

The implementation of slow mobility affects the 
design of the urban fabric. The slow mobility 
network consists of routes, connecting important 
key destinations in the neighborhood. Key 
destinations are, for example, public transport 
stops, parks, public spaces, or commercial 
buildings. The development in a city is centered 
around the slow mobility network to guaranty 
accessibility for cyclists and pedestrians. High-
density and mixed-use buildings provide all 
facilities and amenities within walking distance. 
The slow mobility routes are separated from 
other traffic to ensure physical safety. Social 
safety is ensured by the path context. 

The prioritization of slow mobility results in a 
reduction in car use. This change has a positive 
effect on the environment, as CO2 emissions are 
lowered. In the design of streets focused on slow 
mobility, more space for greenery is available. 
This is visible in the large rows of trees, semi-
permeable pavement, and green strips. In this 
way, slow mobility accommodates greenery in 
the street sections.   

DEVELOPMENT 

ENVIRONMENT 

OTHER

cyclists are separated from other 
traffic to ensure safety.The electric 
bike gains popularity besides 
the regular bike. With the rise of 
electric bikes further distances can 
be crossed. To support the use of 
electric bikes, bicycle parking is 
upgraded with electric charging 
stations. A network of bicycle-
sharing stations encourages cycling 
in the absence of a private bicycle.

In 2050, slow mobility does not only 
consist of pedestrians and cyclists. 
Other modes of transportation 
considering slow mobility are for 
example skaters and scooters. 
These types share in the use of 
the pedestrian areas and should 
therefore also be taken into 
consideration. To stimulate the use 
of bicycles and scooters, these 
vehicles could be shared. This is 
further explained in the ‘Sharing 
Network’ infographic 

SLOW MOBILITY
Infographic

as part of Sustainable Mobility 

PROGNOSIS

The implementation of sharing in the mobility 
network reduces the number of cars on the 
roads. The sharing network consists of two types: 
vehicle sharing and ride-sharing. Both types 
have a huge impact on the behavior of people, as 
it makes individual car ownership obsolete. The 
sharing network consists of sharing hubs that 
are distributed over the neighborhood, providing 
accessibility for everyone.

CARS BICYCLES

In 2050, cars are less prominent in 
the urban environment, as individual 
car use is cut down. However, the 
use of cars might sometimes be 
unavoidable. In cases where there 
still is car use, dense sharing systems 
are laid out to still reduce the number 
of vehicles. The sharing network 
consists of people who share cars on 
individual rides, or people who share 
a car on the same ride. The sharing 
hubs consist of parking and charging 

for the vehicles, as all vehicles are 
electrically driven. In this way, the 
cars are emission-free and safe for 
the environment. Sharing hubs are 
located near important locations, 
such as facilities, public spaces, 
and transit hubs. A sharing hub in a 
neighborhood enhances community 
as it gathers people. It causes 
interaction between people by the 
implementation of a communal area. 

In 2050, bicycles are an important 
part of the sharing network. As the 
slow mobility component further 
explains, cycling is one of the main 
forms of mobility in urban areas. The 
use of bicycles is further supported 
by a shared cycling system. This 
system consists of stations where 
people can rent bikes. Such 
sharing stations are situated next 
to important key locations such 

The implementation of a sharing network in a 
neighborhood significantly reduces car use, and 
therefore also benefits environmental impacts. 
The vehicles that are part of the sharing network 
are executed as electric vehicles in order to 
support clean mobility. The charging of electric 
vehicles is done by locally generated power. 
Together with the implementation of greenery, 
sharing hubs become key locations in the 
environmental network.  

ENVIRONMENT 

SHARING NETWORK
Infographic

as part of Sustainable Mobility 

OTHER

as public transport stops, public 
spaces, and important buildings. 
These sharing stations could be 
extended with the possibility of 
sharing other types of vehicles. In 
order to stimulate the use of bikes on 
longer distances, they are exploited 
with charging points for electric 
bikes. The bikes can be returned at 
every station, to make the journey as 
efficient as possible. 

In 2050, not only cars and bicycles 
are part of the sharing network. 
Other types of transportation are 
introduced in sharing hubs to fit more 
types of tips. Modes of transportation 
that are added to sharing hubs are 
for example scooters, motorcycles, 
and Segways. These operate mostly 
in urban areas for recreational 
purposes, however, with future 
developments they are now part 
of the system as a full-fledged 
alternative. 

Within the sustainable mobility network, sharing 
hubs are important nodes. The hubs are intensely 
used by the residents, so the hubs are designed in 
a way to act as a key location in the neighborhood. 
These central points are accompanied by some 
commercial amenities and public activities. In 
order to succeed as an efficient hub, several 
options of sharing are provided. In this way, there 
is a suitable ride for everyone.

DEVELOPMENT 

PROGNOSIS

At the center of the shift towards sustainable 
mobility stands clean mobility, as it states that all 
vehicles need to be clean and free of emissions. 
The transformation is guided by several design 
principles, which make sure all vehicles in 2050 
are clean. In the clean mobility principle vehicles 
are driven by electric power, as this is a renewable 
energy source. Clean mobility cuts pollution and 
provides clean air which positively influences the 
living environment. 

VEHICLES ZONING

In 2050, vehicles are part of clean 
mobility in the way they are powered. 
The electrification of public transport 
has continued, as their energy 
is generated in a closed system. 
Cars are completely electrified or 
running on a hybrid system. This 
cuts down pollution from the streets. 
The autonomation of vehicles also 
contributes to efficient energy use.

In 2050, the zoning of mobility 
has become standard. Zones that 
are established in urban areas to 
contribute and support sustainable 
mobility are no emission zones 
and low emission zones. In these 
areas, cars with internal combustion 
engines are prohibited and 
sustainable mobility modes are 
given priority. These zones regulate 
the use of mobility in cities. 

The implementation of clean mobility in a 
neighborhood also considers development. Part 
of clean mobility is a dense charging network 
and these stations should be located near 
important locations, as well as in sharing hubs. In 
order to further elaborate clean mobility, locally 
generated power can create closed energy 
systems. Energy generated by for example solar 
panels on roofs, can be used in charging electric 
vehicles.  

The environmental impact of clean mobility 
over time is large, considering that mobility is 
responsible for a large part of the CO2 emissions. 
With the implementation of clean mobility in a 
neighborhood the emissions and pollutions are 
cut, reflecting positively on people’s health and 
livability. 

DEVELOPMENT 

ENVIRONMENT 

CLEAN MOBILITY
Infographic

as part of Sustainable Mobility 

STREETS CHARGING

In 2050, the layout of a street 
influences clean mobility. A hierarchy 
in streets provides the opportunity 
to ban certain types of mobility in 
certain streets. The most common 
street design consists of sustainable 
mobility modes like trams, busses, 
and slow mobility lanes. These 
types of mobility take up less space 
in the street, which provides the 
opportunity to implement more 
greenery, like trees, bushes, and 
grass. In this way, there is a less 
paved area and more permeability. 

In 2050, an electric charging network 
stimulates the use of clean mobility. 
Charging points are installed in 
sharing hubs and parking stations. 
The visibility of electric charging 
introduces sustainable services in 
the urban network. When connected 
to a closed energy system, the 
charging points can be connected to 
local networks. 
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Defining the mobility 
transition

Translation into 
development patterns

Implementation of sustainable mobility in 
the redevelopment process

TRAIN

PROGNOSIS

METRO TRAM

In 2050, the train network consists of 
the following elements. The stations 
are designed as nodes where all 
kinds of mobility intersect. A station 
hub is a key location in the urban 
fabric, which accommodates a 
high-density environment. The rail 
network is extended to facilitate a 
high usage frequency, consisting 
of intercity, regional, and suburban 
trains. The energy is generated in 
a closed system within the train 
network. 

Passenger-kilometer by mode of transport aged 6 and older (CBS, 2019)

In 2050, the metro system is 
extended to connect the suburbs 
to the city center. The metro is still 
an easy and quick way of traveling 
in urban areas. Autonomation of the 
metro provides the opportunity to 
increase the frequency and shorten 
the travel time. Metro stations are 
designed in a way to connect to other 
public transport modes and provide 
easy accessibility for pedestrians 
and cyclists.    

In 2050, the tram network will 
experience the following transition. 
The trams serve the local 
transportation need. Tram networks 
are extended, as the tram is now one 
of the main forms of transportation 
since bus lines are not sufficient 
anymore. Tram vehicles drive 
autonomous to increase travel 
frequency. Tram tracks are situated 
in green environments to optimize 
the use of space.

Currently, still more than half of all passenger-
kilometers are still made by car mobility, either as 
driver or passenger. To move towards sustainable 
mobility, in 2050 a shift in mobility use must be 
made. The prognosis for 2050 shows a reduction 
in halving car use. This provides the opportunity 
for public transport to expand and take up about 
35 percent of passenger-kilometers.

The public transport network transforms into one 
of the main backbones of the urban structure. 
Stations are important, active nodes in the city. In 
these key locations, mobility, development, and 
environment come together. The city densifies 
around station areas to facilitate mixed-use 
areas and public spaces. The station areas are 
tied together by public transport lines. The lines 
operate on different scales and levels, according 
to the mode of transportation. The efficient lines 
with high frequency provide quick connections 
to increase accessibility. 

By the prioritization of public transport, the 
usage of the private car is reduced. This results 
in fewer emissions and environmental pollution. 
The different kinds of transportation modes run 
on locally generated power. The environmental 
aspect is represented in the design of stations. 
These areas exist in a green environment where 
the pedestrian and cyclists experience stand 
central. 

DEVELOPMENT 

ENVIRONMENT 

BUS OTHER

In 2050, the bus system is 
transitioned into a sustainable way. 
The current way of using buses is 
completely surpassed by the trams. 
The bus network is now an on-
demand service, in this way it meets 
the travelers’ needs. The buses are 
only electric power-driven and rely 
on sustainable resources. Just like 
the other modes, busesa are also 
autonomously drivena to ensure 
safety in use.

In 2050, other modes of transportation 
make their appearance, these 
modes are specific to the different 
environments. For example, the use 
of cable cars in mountainous areas 
or ferries and waterbuses in cities 
based around water. Adjusting to the 
characteristics of the city ensures 
optimization of land use. Other 
modes of transportation also include 
monorails and hyperloops.

PUBLIC TRANSPORT
Infographic

as part of Sustainable Mobility 
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