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This is the preliminary version of the graduaƟ on the-
sis report for the Masters study of Urbanism at the 
Faculty of Architecture, DelŌ  University of Techno-
logy.
This graduaƟ on project has taken place in the gradua-
Ɵ on studio Delta IntervenƟ ons. This studio deals with 
the following issue:
“Due to a changing climate and changing insights 
concerning sustainable relaƟ ons between ciƟ es and 
water-landscapes, new intervenƟ ons will be needed 
to create a new urban delta-landscape. In addiƟ on 
to safety and beƩ er water-systems, in urban delta’s 
there is a need for stronger spaƟ al idenƟ Ɵ es and new 
cohesion of ciƟ es and their water-landscapes. This 
is a task that cannot be solved within one discipline; 
architects, urban designers, landscape designers and 
civil engineers will have to work together on diff erent 
pieces of this complex assignment.” (DeltaIntervenƟ -
ons.com, 2009, accessed 10-5-2013) 

What started off  in September 2012 as a ‘plan to save 
the world’ – as many have addressed my iniƟ al am-
biƟ ons – has resulted in an integraƟ on of disciplines 
that had my interest even before parƟ cipaƟ ng in this 
graduaƟ on studio.

I think that urban deltas are the urban territories that 
need a mulƟ disciplinary aƩ enƟ on to solve urgent 

threats at hand.
The water, that has been vital in the development of 
the urban deltas, sƟ ll has its importance. However 
it is not exploited enough. This graduaƟ on project 
will show ways to re-think the power of water, see it 
more as a friend instead of a foe. 

By combining the disciplines of energy management 
and water management together with urban deve-
lopment integrated soluƟ ons can be found to make 
a more sustainable urban delta that can face the cli-
mate changes and energy transiƟ ons of the coming 
century.  

Caspar Lysen
DelŌ , October 31st, 2013. 

preface
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introduction

Ever since the Industrial RevoluƟ on, ciƟ es have be-
come more and more aƩ racƟ ve and have been ex-
panding rapidly ever since. Nowadays, the majority of 
people worldwide live in ciƟ es. This will conƟ nue to 
grow. By 2030 six out of ten people and in 2050 even 
seven out of ten people is expected to live in ciƟ es 
(WHO UN-HABITAT, 2010). This will result in large ur-
ban expansion within the coming decades, where ci-
Ɵ es have to accommodate even more people in oŌ en 
already densely populated areas.
Although living close together in ciƟ es is relaƟ vely 
more energy effi  cient than rural living, the worldwide 
amount of energy used is mostly consumed in ciƟ es. 
This will increase in the future, when even more peo-
ple will live in urban areas.

The majority of these urban areas are situated at or 
near waterfronts. It is predicted that half of the worlds 
populaƟ on will live within 100 kilometers from the 
coast by the year 2050 (Adger et al., 2005). The wa-
ter is vital to the ciƟ es and the humans that live the-
re. People have seƩ led here centuries ago and have 
grown to the current urban deltas due to the favou-
rable condiƟ ons. In delta areas seƩ lers could benefi t 

from reliable water sources, that could be used for 
drinking, but also as a mode of transport to dispose of 
waste. The land is favourable to growing crops becau-
se of its ferƟ lity and oŌ en fl at. But on top of that, it of-
fers a great place to start trade from (De Graaf, 2012).
Deltas are, apart from very favourable to urbanizaƟ -
on, also a very suscepƟ ble to the threat from water. 
Since deltas can be defi ned as the place where river 
and sea meet, they are also experiencing the eff ects 
of both systems on the land (Meyer, 2009). This results 
in threats of river fl oods, storm surges from the seas, 
changes in sea level and dealing with heavy rainfall. 
The urbanizaƟ on of the treacherous deltas can there-
fore be seen as a double complexity, which Meyer 
(2009) describes as:
“.. they have to deal with the complexity of the delta, 
as the meeƟ ng of rivers and sea, and with the com-
plexity of urban paƩ erns, as a condiƟ on and result of 
economic, cultural and social life.” (p.432) 
This clearly shows that these deltas are diffi  cult to de-
velop, since one has to take the complexiƟ es of na-
ture’s threat on top of complexity that human beings 
living together brings to the table.
Over the ages, though, man has developed measures 

to overcome these threats from nature that deltas 
have been subjected to. Building dikes and pump-
ing water away from swampy land made safe urban 
expansion possible. On top of that, man was able to 
keep feeding and fuelling these ever growing delta po-
pulaƟ ons. This results in today’s situaƟ on, where the 
largest ciƟ es in the world are located in delta areas 
and will only increase in number and size.

However, the coming century these urban deltas will 
face major threats when they conƟ nue to grow in the 
same manner. Apart from planning the rapid infl ow of 
people into (mega)ciƟ es, climate change aff ects water 
systems and many of the currently used energy sour-
ces are depleƟ ng.

introducing the problem
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The condiƟ ons in which we have been able to set-
tle ourselves on this planet are changing. The energy 
sources that we use, are being depleted and due to cli-
mate change water systems are also changing, causing 
sea level rise, more fl oods and more droughts. This is 
aff ecƟ ng the densely populated urban areas across 
the world.

The current system needs a change to be able to aff ord 
the expansion and energy consumpƟ on we got used 
to over the last century. This awareness for sustaina-
bility has risen over the last decades. With the growth 
of the urban populaƟ on comes an increasing demand 
for energy that cannot be met by most of the sources 
that are currently used. Therefore a more effi  cient use 
of sources is necessary along with a transiƟ on towards 
a sustainable system based on renewable sources. 
Although living close together in ciƟ es is relaƟ vely 
more energy effi  cient than rural living (Owen, 2009), 
the worldwide amount of energy used is mostly con-
sumed in ciƟ es. This will increase in the future, when 
even more people will live in urban areas. A transiƟ on 
to renewable energy sources is essenƟ al to meet our 
future energy demands, as [Fig. 1.2] shows a vast gap 
is showing in the graph. This is a serious concern, es-
pecially since it predicts the shortage will occur within 
the next twenty years.

Flood adaptaƟ on
On the other hand a triple water threat is facing urban 
deltas due to climate change. Due to global warming 

Energy transiƟ on

problem statement 1.2

[Figure 1.2]: Graph showing world energy defi cit between 
the demand and the availability of fossil fuels. This clearly 
shows a transiƟ on towards new energy sources is eminent.
(source: Roper (2006), Future Energy, online: hƩ p://arts.bev.net/
RoperLDavid, accessed Nov 7th, 2012)

[Figure 1.1]: Graph showing the threats to life in the urban delta: 
energy shortage and a triple threat from the water, namely rising 
sea levels, increasing river discharge and more extreme precipita-
Ɵ on levels
(source: by author) 
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sea levels are rising and storms become more power-
ful, causing more severe storm surges.
This is something that is visible in many places around 
the world already, oŌ en with  great social and econo-
mical impact. Disasters such as in the state of Queens-
land (Australia) in December 2010, or New York (USA) 
in November 2012 are clear examples of how extreme 
weather could lead to enormous amounts of damage.

Over the past few years several studies have been 
done to predict the mean sea level rise. These results 
vary signifi cantly [Figure 1.3] but most show a signifi -
cant sea level rise.

The Delta CommiƩ ee also has diff erent scenarios for 
the Dutch coast, but the most likely predicƟ on is that 
by the year 2100 the sea level have risen with 65 to 
135 cm (Programmabureau Zuidwestelijke Delta, 
2011). This is sƟ ll a large margin, but it matches with 
the esƟ mates in [fi gure 1.3]. This graph clearly shows 
that in any case serious water level rise will take place 
towards 2100 and will conƟ nue to rise aŌ erwards. 
Another characterisƟ c of the changing climate condiƟ -
ons is excessive precipitaƟ on fi gures. Drought will oc-
cur more frequently, but also more precipitaƟ on with 
heavy peak loads will cause fl ooding 
These changes will force us to adapt our water ma-
nagement to be able to cope with large amounts of 
precipitaƟ on as well as droughts. It would be a solu-
Ɵ on to have more storage capacity for fresh water.  
This is not only applicable to the outer dike area, but 
especially for precipitaƟ on also for inner dike area. 
CreaƟ ng extra buff er capacity by means of implemen-
Ɵ ng storage space is relaƟ vely easy in rural areas with 
much open land, but in dense urban area, the river 
squeezes itself through built-up area, with liƩ le space 

[Figure 1.3]: Range of expected sea level rise in the 21st cen-
tury. This graph shows that the esƟ mates vary more than 150 
cm. 
(source: Rahmstorf (2010), A new view on sea level rise. In: Nature 
Reports [online:] hƩ p://www.nature.com/climate/ 2010/1004/full/
climate.2010.29.html, accessed October 26th, 2012)

introducing the problem
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The Dutch delta forms an excellent locaƟ on for this 
graduaƟ on project. For centuries the Dutch have been 
baƩ ling the water quite successfully. They are renow-
ned for it throughout the whole world. The country 
has been subsiding in the area near the coast and is 
below sea level; most people live in these western 
subsided areas below sea level. Major rivers such as 
the Rhine and the Meuse mount into the sea here, 
carrying water from large parts of Europe. At the same 
Ɵ me, these rivers form the main reason for the eco-
nomic success. The port of RoƩ erdam is one of the 
largest in the world and forms the gateway to the Eu-
ropean main land. 
On top of that, this region is suitable, because it al-
ready has an extensive programme to become more 
sustainable. This is mainly combined in the RoƩ erdam 
Climate IniƟ aƟ ve. The water threat is also addressed 
in this region by the Delta CommiƩ ee and the muni-
cipality itself. 
Another interesƟ ng characterisƟ c of this delta lies in 
the planning. In RoƩ erdam, a vast area of city ports 
will be due for redevelopment within the coming cen-

Project locaƟ on

very well integrated.  Although both worlds are con-
cerned with the future and try to work towards more 
sustainable soluƟ ons, their approach is diff erent. As 
water management focuses on adaptaƟ on to climate 
change, energy management is more concerned with 
miƟ gaƟ on towards this problem and a transiƟ on to 
renewable energy sources. When fi nding long lasƟ ng 
and resilient soluƟ ons for urban delta redevelopment. 
This project should fi nd the integrated approach for 
water- and energy management to evolve towards a 
sustainable urban delta. When we are able to manage 
our water beƩ er we can see it less as a foe, but treat 
it more like a friend and let it into our urban environ-
ment. This way, it can become possible to make this 
water work to our benefi t when urban areas are (re)
developed. Surface water can be seen as a blue swiss 
army knife with many funcƟ ons. The versaƟ le possi-
biliƟ es could create a sustainable urban environment.
The sustainability in this project can be explained in 
two ways: environmentally friendly and long lasƟ ng. 

The urban developments should be using less energy, 
which be generated by using renewable local sources. 
The soluƟ on should last as long as possible. This 
means it should be able to withstand or adapt to the 
changing circumstances in both environment and go-
vernance. By implemenƟ ng mulƟ disciplinary soluƟ -
ons, they will be more widely supported. AdaptaƟ on 
to the changing environment means dealing with and 
overcoming changing economic circumstances or cli-
matological changes that aff ect the area, such as wa-
ter level rise.

water 
management

energy 
management

climate change

adaptation

depletion of resources

mitigation &
transition

sustainable urban delta integrated 

approach for 

sustainable 

urban delta

for expansion. One soluƟ on is creaƟ ng a bypass on a 
regional scale to relieve the city. There is sƟ ll heavy 
debate on whether this bypassing is the right soluƟ on 
or perhaps even to open up the delta. Fact is, that cre-
aƟ ng more space for water in urban areas is very valu-
able in this maƩ er, also because especially the water 
from the urban areas is important to store.
 
It can be said that there is a need for a new approach 
for urban deltas when it comes to resilience in water 
safety but also in energy consumpƟ on for the coming 
century. It will take a lot of change to the current situ-
aƟ on, but this will be the way to anƟ cipate to the si-
tuaƟ on in 2100 or even beyond. To make a good plan, 
there should be an integrated mulƟ disciplinary solu-
Ɵ on to the challenge. 

But how to combine a new strategies for surface 
water management with energy management in an 
urban delta? Today, these worlds are currently not 

[Figure 1.xx]: scheme showing the two disciplines that will be aƩ empted to 
integrate in this graduaƟ on project (source: by author)
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tury. This is an opportunity to implement new and 
more integrated systems. Many city ports are current-
ly under redevelopment, while others show a reducing 
industrial programme. The Waalhaven - the wedge-
shaped basin in the close-up of [Figure XXX] -  is, with a 
surface of 310 ha. the largest man-made port basin in 
the world (Municipality of RoƩ erdam, s.d.) and several 
concepts have been made for redevelopment. 
The development of this large basin has been charac-
terized by many transiƟ ons [Figure xxxx]. This adapƟ ve 
design over the last century matches the adapƟ ve ap-
proach of water management and the transiƟ on envi-
sioned for implemenƟ ng renewable energy systems.
With its many piers this port already has potenƟ al 
to become integrated with the water when it will be 
taken over by the city. This outer dike area would be 
ideal to experiment with new approaches, especially 
from the discipline of energy management.

To anƟ cipate to future threats, the potenƟ al of water 
should be rethought today. In this graduaƟ on project 
an implementaƟ on of a new energy system, integra-
ted with the characterisƟ cs of the Rijnmond region, 
as a sustainable soluƟ on for sustainable and durable 
redevelopment of the urban delta will be researched. 

introducing the problem

0 10km[Figure 1.xxx]: project locaƟ on is the Rijnmond-Drechtsteden region in the Dutch Delta. The local spaƟ al im-
plementaƟ ons will be done in the Waalhaven; one of the city ports that will be transformed into urban area 
within the coming decades (source: by author, underlying map from Google Maps)

storm surges and 
sea level rise

increasing river discharge

increasing river discharge

[Figure 1.xxxx]: The development of the Waalhaven 
in the 20th century, showing the transformaƟ ons this 
large port basin has undergone and thusly its elasƟ city. 
(source: Kamphuis et al., 1998)

[Figure 1.xxxxx]: Aerial photo of Pier 1 in the Waalhaven, 
showing the pier was used as recreaƟ onal area during the 
crisis of the 1930’s. (source: Kamphuis et al., 1998)
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From the problem statement and the preferred locaƟ on the following main research quesƟ ons is posed for this 
graduaƟ on project:

Derived from this main quesƟ on a number of sub-research quesƟ ons will be answered in this project:

How can sustainability be used for urban delta development? 

How to defi ne sustainability in urban development? 

Where are the disciplines of energy management and water management best combined in spaƟ al develop-
ment?

How can these combinaƟ ons play a role in a regional vision for the Rijnmond region?

What is the potenƟ al of implemenƟ ng this combinaƟ on in a strategy for the city ports of RoƩ erdam?

How can integrated strategies be translated spaƟ ally into an urban design? 

How to spaƟ ally integrate fl ood adaptaƟ on and renewable energy systems in sustainable urban delta development?

research questions 2.1
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The main aim of this graduaƟ on project is to develop 
spaƟ al soluƟ ons for an integrated approach of water 
management, energy management and urban deve-
lopment [Figure 2.1]. This should result in sustainable 
spaƟ al soluƟ ons to withstand the eff ects of climate 
change and the energy transiƟ on that threaten the ur-
ban delta in the twenty-fi rst century.

The fi rst objecƟ ve in this project is to fi nd the opƟ -
mum for gathering energy from surface water that can 
be implemented in the Rijnmond area. 
Secondly, a regional vision on implemenƟ ng this com-
binaƟ on of water and energy should lead to the urban 
plan and –design, in which sustainable water manage-
ment, sustainable energy management and urbanism 
form an integrated whole in spaƟ al soluƟ on.  

This project should aim for a strategy that makes the 
delta region of RoƩ erdam more self sustaining in ener-
gy use. This should be done by using the energy po-
tenƟ al in the region and aim for more closed cycles (as 
seen in [Figure 2.2]). However, this should sƟ ll match 
with the fl ood adaptaƟ on and the urban transforma-
Ɵ on.

energy
management

water
management

urban
design

graduation 
project

[Figure 2.1]: this graduaƟ on project tries to integrate 
the disciplines of energy management,  water ma-

nagement and urban design. 
(source: by author)

[Figure 2.2]: Conceptual scheme of an almost self-sustaining city, where most 
energy is kept inside the city’s energy cycles

(source: Van den Dobbelsteen (2012), Fossil free ciƟ es: towards intelligent ciƟ es ready 
for the energy crisis, Lecture at University of Melbourne, March 21, 2012. Melbourne, 

Australia)

research aim

thesis setup
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The main structure of this graduaƟ on project is as fol-
lows:

I – theoreƟ cal framework
II:A -  technical analysis (Water&Energy)
II:B –  spaƟ al analysis (Energy&Urban dev.)
III:A –  spaƟ al vision, strategy and rules per discipline
III:B – integrated vision, strategy and design 
IV – conclusion & evaluaƟ on

The theoreƟ cal framework and the analyses of the 
project can be characterized as design research (De 
Jong & Van der Voordt, 2002). In this stage knowledge 
is gathered to form the base of the design, that is fee-
ding from this knowledge.
In phase III,  the design research changes into study by 
design. “CharacterisƟ c for this type of study is gene-
raƟ ng knowledge and understanding by studying the 
eff ects of acƟ vely and systemaƟ cally varying of both 
design soluƟ ons and their context.” (De Jong & Van der 
Voordt, 2002, p.21)
An overview of the methodology used for this gradua-
Ɵ on project is seen in [Figure 2.3].

2.3.1 Methodology

methodology & approach 2.3

[Figure 2.3]: schemaƟ c representaƟ on of the structure of the graduaƟ on project linked to the methodology and techniques 
(source: by author)
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The methodological details of each part is described:

I - TheoreƟ cal framework 
CreaƟ ng the theoreƟ cal framework is the start of this 
graduaƟ on project. It is used to gather knowledge on 
the subject of water management, energy manage-
ment, sustainability and the design region (the urban 
delta in general, but also more specifi c the project 
area). 
The  literature in this theoreƟ cal framework consist 
for the greater part of literature studies. By reading 
books, proceedings, journals and reports, the know-
ledge on water management, energy management, 
development of the region and the array of imple-
mentable systems has been gathered. There is at-
tenƟ on paid to the date of the pieces of literature. 
The most recent studies are more likely to include the 
latest technologies and should have included the new 
post-crisis perspecƟ ve. 
AƩ ending lectures also contributes to the increase of 
knowledge on the topic. The lecturers themselves of-
fer direct informaƟ on on various related topics, but 
above all, they oŌ en refer to projects or literature 
that is very helpful in gathering the needed know-
ledge.
These types of research can be categorized as ‘bu-
reauonderzoek’ (Verschuren & Doorewaard, 2007), 
which can be translated as ‘desk research’. This re-
search methods mainly take place behind a desk, 
where data, gathered by others, is processed.

II – A: Technical analysis (W&E)
By combing the disciplines of water and energy, the 
technical research is executed.
By studying reports and papers and consulƟ ng Van 
de Ven, Tillie and Broersma (amongst others) in inter-

views, an overview of the many technical possibiliƟ es 
combining water and energy is created and subse-
quently assessed by focusing on potenƟ al and effi  ci-
ency. CalculaƟ ons are done to get an indicaƟ on of the 
quanƟ fi caƟ on of the best assessed system. CalculaƟ -
ons are based on data found in reports and from case 
studies of similarly implemented systems.

II – B: SpaƟ al analysis (E&U)
The results of the funcƟ onal/technical analysis is com-
bined with the characterisƟ cs of the project locaƟ on. 
A comparaƟ ve study of the REAP-iniƟ aƟ ve leads to 
adopt certain elements of these studies. PrecondiƟ -
ons for the locaƟ on are shaped by studying the muni-
cipal visions as well as visions of the City Ports and a 
combinaƟ on with the technical research is made. 
During the analysis, the progress and fi rst envisioned 
soluƟ ons have been tested by presenƟ ng to the men-
tors of this graduaƟ on project. 
 
III – A: spaƟ al vision, strategy and rules per discipline
The vision and strategy are a spaƟ al translaƟ on of the 
results of the research-and-analysis phase. In the third 
phase, a disciplinary layer assessment is applied. This 
is inspired by the layer method. This layer method, as 
originally used, disƟ nguishes “spaƟ al planning tasks on 
the basis of the diff ering spaƟ al dynamics of substra-
tum, networks and occupaƟ on paƩ erns”(Van Schaick 
& Klaassen, 2011, p.1). However, in this project, the 
layers will represent a discipline: energy management, 
water management and urban development. Each 
discipline will be designed throughout diff erent sca-
les. The scales used are: regional, municipal, district, 
neighbourhood and segments of neighbourhood.  
This phase is characterized as design research. The re-
sults from the analysis are put on paper. By drawing 

and sketching, but also digitally drawn maps and sche-
mes a vision for a combined approach of water- and 
energy management is created. This leads to an adap-
Ɵ ve strategy for the Rijnmond delta. 
CreaƟ ng a spaƟ al vision requires more research. More 
knowledge is gathered via reports and interviews, but 
also from a comparaƟ ve study, using reference pro-
jects. These precedents are taken from other urban 
delta regions. RoƩ erdam takes part in many alliances 
with delta ciƟ es all over the world, such as the DeltaAl-
liance, ConnecƟ ng Delta CiƟ es (CDC), C40 and Celsius 
CiƟ es.  

III – B: integrated vision, strategy and design 
This step combines the design results per discipline 
per scale, creaƟ ng the following products:
- Regional scale: vision
- Municipal scale: strategy
- District scale: masterplan
- Neighbourhood scale: urban design
- Segments of neighbourhood scale: urban de 
 sign principles and visualizaƟ on
The results of the two methods show four steps. Each 
step represents a scale level in which the three dis-
ciplines are spaƟ ally developed. Then, an integrated 
product is designed by using the ingredients from the 
three disciplines. The integrated result of one scale 
then feeds the individual disciplines on a lower level 
of scale. The results are organized in a matrix with 
scales on one axis and disciplines on the other [Figure 
METH3]. 
Step III-B is dominated by the method of study by 
design. By using sketches and collages a range of so-
luƟ ons of spaƟ al integraƟ on of water and energy is 
created. By assessing these possibiliƟ es through empi-
rical research (Verschuren & Doorewaard, 2007), such 

thesis setup
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as site visits and interviews, but also by more reports 
and precedents, a creaƟ ve design process is fed. This 
process does not develop via a straight path, but has 
a more cyclical progress. This is something that is seen 
regularly with creaƟ ve design processes (Van Doorn, 
2004); someƟ mes a step back is required to move for-
ward in the design process. The process described by 
De Jong and Hickling (1990) resembles the design pro-
cess during this project (pp.23-26): 
-> formulate –> generate –> compare –> choose -> 
execute –> explore ->

This design shows how to spaƟ ally translate the vision 
from larger scale into a key intervenƟ on in the stra-
tegy – namely the pier - in which energy and water are 
combined with urban challenges of the next decades. 
During this process the research by design inviolved 
the following research:
  - Local analysis: subsoil specifi caƟ ons, site visit, 
  - Interviews with thermal network specialist for mu-
nicipality of RoƩ erdam, Havenbedrijf RoƩ erdam, sus-
tainable energy expert.  
  - Reference projects of rebuilding port areas: Ham-
burg, Copenhagen, Antwerp, Gotenburg and refe-
rences in RoƩ erdam itself. This reference research is 
meant to discover smart implementaƟ ons that have 
been executed or planned to improve living qualiƟ es 
and support the technical aspects of the energy- and 
water systems that are being implemented.

IV – conclusion & evaluaƟ on
The conclusions are drawn according to the way the 
research quesƟ ons are posed. This includes a conclu-
sion on theoreƟ cal, funcƟ onal and spaƟ al results.
Subsequently, the project as a whole is evaluated in-
cluding the process. Both are presented in this integral 

thesis report at the end of the graduaƟ on project. Backtracking, forecasƟ ng, backcasƟ ng
In the research to fi nd the suitable systems from wa-
ter management and renewable energy sources, an 
approach from literature is used. The principles of 
forecasƟ ng, backtracking and backcasƟ ng suit this 
project well.  [Figure METH2] shows the principle of 
these three methods. In short they can be defi ned as 
follows (Van den Dobbelsteen et al., 2006):
- ForecasƟ ng is ‘ [..] to esƟ mate the consequences of 
current developments and our own intervenƟ on on 
long-term eff ects.’(p.3) 
- Backtracking is basing soluƟ ons ‘on historical cir-
cumstances at the Ɵ me there sƟ ll was a sustainable 
equilibrium.’(p.3)
- BackcasƟ ng is ‘involving the descripƟ on of a desired 
future state [...] and translaƟ ng this state back to stra-
tegies and measures we need to develop now.’(p.3)

Translated to the graduaƟ on project, this means the 
following:
The future situaƟ on is forecasted. In fact, this is the 
problem statement; the forecasts might be vague, 
but they clearly show a challenge at hand. 
The backtracking begins with researching the histori-
cal development of predominantly energy and water 
management, but also combined with urban deve-
lopment. This is elaborated in the literature studies. 
AŌ er establishing the historical sustainable equilibri-
um and understanding how these disciplines have de-
veloped unƟ l today, the conclusions can be projected 
onto future developments.
The next step can be interpreted as backcasƟ ng. If a 
certain sustainable future is desired, in which urban 
deltas will not suff er from the changing climate and 
the depleƟ ng energy sources, a vision and strategy 
should be developed today. This is preceded and ac-

2.3.2 Approach
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companied by research and analysis. An urban design 
shows how this vision and this strategy can be trans-
lated spaƟ ally.

Disciplinary assessment: result matrix
To organize the results from the three disciplines with 
the conclusions on each scale, a structuring matrix is 
created [Fig. METH3], visualising the disciplinary layer 
assessment. This matrix works as follows:
Horizontally, the products per discipline are placed, 
starƟ ng at the large scale en conƟ nuing to zoom in    
towards the right. Logically, in the verƟ cal rows each 
scale is displayed, showing the each discipline per sca-
le and the combined product. This project meanders 
through this matrix, elaboraƟ ng on the results per le-
vel of scale; starƟ ng with the disciplines and conclu-
ded by the combined products and subsequently ta-
king this as starƟ ng point for a smaller scale.

thesis setup

[Figure 2.4]: A graphic representaƟ on to clarify the principles of forecasƟ ng, backtracking 
and backcasƟ ng. (source: Van den Dobbelsteen et al., 2006, p.3)

[Figure METH3]: The result matrix of diff erent layers. Horizontally the diff erent scales, verƟ cally the disciplines and the com-
bined product. The storyline throughout this report will run per scale level (source: by author)
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The theoreƟ cal framework for this graduaƟ on project 
consists of literature studies of the historical deve-
lopment of energy-, water management and port city 
development as a backtracking study. 

Subsequently, the theoreƟ cal forecasƟ ng showcases 
future situaƟ ons and sustainable approaches in the 
three disciplines to manage these paradigms.

Future energy systems should use renewable, local ly 
available resources to power a sustainable economy. The 
principles of centuries ago are suitable when we use mo-
dern technological paradigms to meet the ever growing 
demands.

backcasƟ ng conclusions:

The sustainable equilibrium can be found in parƟ ally gi-
ving space to the water and parƟ ally control it. In these 
controled areas, development should be more  integrated 
with water management instead of relying on off ensive 
power, that has strengthened sinced the Industrial Revo-
luƟ on.

The predicted reducƟ on of scale and fragmentaƟ on of 
port and city, developing towards a network that forms a 
mosaic of funƟ ons is not directly tracking back. However, 
this mosaic allows funcƟ ons to mix and form interesƟ ng 
mulitple use of the public space and urban area. This can 
be tracked back to port acƟ viƟ es integrated in urban area.

IntroducƟ on

theoretical framework 3.1
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[Figure 3.1]: Graphic comparison of the diff erent theoreƟ cal studies on energy management, water manegement and urban development. The 
fi gure shows a similar trend in all disciplines: refering back to sustainable equilibriums of the past to approach the future. (source: by author)
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Diff erent eras in energy sources
The diff erent stages of used energy sources over Ɵ me 
can be best categorized according to the diff erent sta-
ges in energy landscapes, described by Pasqualeƫ   
(2012, pp.14-40).

  I      energy of the organic economy
  II     energy of the mineral economy
  III    energy of the electric economy
  IV    energy of the sustainable economy
[See also Appendix B???]

Today, we sƟ ll use all of the resources menƟ oned in 
the stages above. Fossil fuels, currently the most used 
energy source, are depleƟ ng and therefore we are 
currently only at the beginning of this fourth age. One 
could also say that a circular process is completed and 
we have returned to our organic stage.  This is a clear 
example of backtracking energy use. 

Diff erent eras in water management
Water management has always been closely related 
to urbanizaƟ on. Meyer (2009) states: ‘Throughout his-
tory, in a watery region such as the Dutch lowlands the 
quesƟ on of water management and fl ood defence has 
been related to the quesƟ on of the relaƟ on between 
the urban and the rural communiƟ es’(p.433). Hooi-
meijer (2011) also focuses on the Dutch delta and 
gives a clear guideline to approach the Dutch water 
management history. It is divided into the following 
eras (using Hooimeijer’s terminology):

  I     before the year 1500:  Natural defensive 
  II   1500 – 1800:        AnƟ cipaƟ ve
  III  1800 – 1890:        Off ensive
  IV  1890 – 1990:        ManipulaƟ ve
  V   1990 – present:        AdapƟ ve manipulaƟ ve
 
Hooimeijer also conludes: ‘The Fine Dutch TradiƟ on 

expressed in the new Dutch water city can return to 
its roots: complex urban developments that connect 
diff erent challenges in the most effi  cient way’ (Hooi-
meijer, 2011, p.287). This can also be interpreted as 
backtracking to a Ɵ me where urban design and water 
management were sustainably balanced. 

A study by Brown et al. (2008) shows a similar division 
in diff erent eras of water management. It also advo-
cates to strive for water sensiƟ ve ciƟ es, in which adap-
Ɵ ve and mulƟ funcƟ onal urban design should enforce 
awareness of water in urban areas as well as fl ood 
resilience. Brown concludes that ‘given the signifi cant 
climate change and populaƟ on growth challenges fa-
cing ciƟ es, there is a criƟ cal need for strategic invest-
ment in soluƟ ons that will deliver long-term sustaina-
ble outcomes.’(Brown et al., 2008, p.9)
This matches with this graduaƟ on project, where a vi-
sion and an urban design should be exemplary for a 
durable sustainable approach for the urban delta. 

Meyer (1996) studied the historic development of port 
ciƟ es and defi nes four diff erent eras. The main trend 
in this development is the separaƟ on of port and city 
as they increased in size, but predicƟ ons show a de-
velopment into a mosaic of scaƩ ered port- and urban 
areas throughout the urban delta. 

Backtracking historical trends
These studies on energy- and water management 
shows that backtracking towards the sustainable equi-
librium can be seen in both disciplines. The use of lo-
cal resources and being in touch with the local envi-
ronment is the modern approach, just like it was back 
in the 1300’s. In port city development also, a similar 
trend is visible [Figure 3.1]. The smaller scale is envi-
sioned by Meyer (1996)  for future port development, 
with a mosaic landscape of port and city. The appro-
ach for this project shows that all three disciplines 

show signs of working towards a new situaƟ on that 
was already seen centuries ago. Smaller scale systems 
with soluƟ ons adapted to the local problems at hand.

In this project, the integrated approach harnesses the 
tradiƟ onal polder city water awareness with the small 
scale port development – integrated in the urban Ɵ s-
sue. It should power the new developments with the 
use of locally available renewable resources from the 
sun, the moon and the earth. This will be spaƟ ally 
translated into an urban design. It should be noted 
that the design can use today’s technological progress 
to be used in sustainable ways instead of using the pa-
radigms of the 1500’s. 
 

Historic development of water management 
and energy use

research & analysis
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[Figure 3.3]: Principle of cascading where unused energy (entropy) cascades down to 
the next step where it partly serves as exergy. Source: Van den Dobbelsteen, 2010

Energy and sustainable planning
Technological advancement has given us the power to 
baƩ le nature and to harvest resources from this pla-
net in growing amounts. However, in the last decades 
awareness for environmental issues is raised. Gradu-
ally, the understanding that the used energy sources 
were not endless, started to emerge and that it would 
be wise to reduce our footprint. ‘Limits to Growth’ 
(Meadows et al., 1972), ‘Our Common Future’ (WCED, 
1987) and ‘Cradle to cradle’ (McDonough & Braungart, 
2002) are some of the main documents to indicate this 
trend. This mindset - along with ever evolving tech-
nology – should bring us towards a more balanced 
coexistence with nature.
This change, that has to take place, should occur in 
mulƟ ple ways. Using the Trias EnergeƟ ca (Lysen, 1996) 
and the ‘Cradle-to-Cradle’ method (McDonough and 
Braungart, 2002) the New Stepped Strategy (Van den 
Dobbelsteen, 2008) was created:
  1.Reduce the demand
  2. Reuse waste streams
  3.  A. Use renewable energy sources
        B. ‘Ensure that waste can be used as    
 food’   (Van  den Dobbelsteen and Tillie,   
2011, p.6)

In REAP – RoƩ erdam Energy Approach & Planning – by 
Van den Dobbelsteen and Tillie (2011) the New Step-
ped Strategy is applied to a principle for the city of 
RoƩ erdam. This includes the principle of energy casca-
ding as seen in [Figure 3.3].  This principle shows that 
unused energy – entropy – from one user can be the 
exergy for another (Van den Dobbelsteen, 2010).
TransporƟ ng the energy from one user to another 
should be done across small distances, as it energy 
loss occurs and – mainly infrastructural - costs need to 
be made. Project Ground for Change (Van den Dobbel-
steen et al., 2006) promotes the use of local strengths 
to come to sustainable energy soluƟ ons: ‘there is no 

[Figure 3.2]: Energy potential mapping scheme (EPM). (source: Van den Dobbelsteen et al. 
(2011), Energy Potential Mapping for Energy-Producing Neighborhoods. In: SUSB Journal, Issue 

no. 14, 2011.
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[Figure 3.4]: The effects of the climate change on the Dutch water 
system predicted for the year 2100. Sea levels will rise 65 to 130 cm, 
creating a larger area of infl uence inland . Also a larger discharge 
from the rivers towards the sea. Part of the current deltaworks will 
be obsolete and dike reinforcement is emminent.
(source: Delta Committee, 2008)

[Figure 3.5]: four scenarios for the Dutch delta as predicted in the 
delat programme (source: by author, based on Delta Committee, 
2008)
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one true method or soluƟ on to aƩ ain a certain goal; 
every locaƟ on and situaƟ on demands for diff erent 
measures’(p.2). Looking for local energy potenƟ al is a 
complex study, considering many variables, as seen in 
[Fig. 3.2]

Power to the people
The New Stepped Strategy combined with harvesƟ ng 
from local sources, fi ts into RiŅ in’s idea on The Third 
Industrial RevoluƟ on (RiŅ in, 2011). It describes that 
aŌ er the occurrence of steam power and the internal 
combusƟ on engine , the third revoluƟ on in energy is 
occurring today; a switch towards renewable energy 
combined with the leap in communicaƟ on due to the 
digital revoluƟ on. This third revoluƟ on consists of fi ve 
pillars (RiŅ in, 2011):
I - shiŌ ing to renewable energy 
II -  buildings as power plants
III -  deploying storage techniques 
IV -  internet technology to transform the po  
wer grid
V -  transiƟ on of transportaƟ on to electric
The European Union has already applied this to their 
energy poliƟ cs (Energieoverheid, 2012)
This revoluƟ on also changes consumers into produ-
cers. It becomes more easily for a household to col-
lect their own energy and become more independent. 
It creates the possibility to organise power on a very 
local level, such as a street or a neighbourhood. This 
is (literally) giving the power to the people (Tegenlicht, 
2012). It gives individuals or small communiƟ es the 
chance to sort out their own energy needs, but also 
their own food and even their insurance. 
The fi rst four pillars are included in this project, predo-
minantly the shiŌ  to renewables and deploying stora-
ge techniques.

Water
Water infl uences the energy system, as [Figure 3.2] 

shows. It can be a primary source - such as hydropo-
wer or Ɵ dal energy - or contribute in a secondary role, 
such as reducing Urban Heat Island eff ect (UHI-eff ect) 
and facilitate mariculture (Deltasync, 2012) and cre-
ate an ideal environment for wind energy yield. These 
characterisƟ cs are very interesƟ ng to explore in the 
urban delta, where surface water makes up a signifi -
cant percentage of the total area.

Today however, water is seen more as a threat that we 
need to control.  This aƫ  tude is for good reason. In 
the coming century, high water levels will occur more 
frequently, due to rising sea levels, more extreme river 
discharges and more extreme precipitaƟ on. The Delta 
CommiƩ ee (2008) predicted that by the year 2100 [Fi-
gure 3.4]:
   - Sea level will rise 65 – 130 cm and will be 
     infl uencing the water more upstream inland 
  - River discharge will increase to 18.000 cubic 
    metres per second, of which the majority will 
    pass through the Rijnmond-Drechtsteden 
    region.

There are four scenarios developed to show what the 
Dutch urban delta will look like in the year 2100. They 
are predominantly determined by the development of 
the economy and the rapidity of climate change (Del-
taprogramma Rijnmond-Drechtsteden, 2011):
 - ‘VOL’ (‘Full’): moderate climate change, socio- 
    economic growth 
 - ‘RUST’ (‘Calm’): moderate climate change,      
     socio-economic shrinkage
 - ‘STOOM’ (‘Steam’): rapid climate change, 
    socio-economic growth
 - ‘WARM’ (‘Warm’): rapid climate change, 
     socio-economic shrinkage

The future over a Ɵ me span of a hundred years is hard 
to predict. For socio-economic developments this is 

research & analysis
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even harder than climate change. Therefore, all four 
scenarios are likely to happen. However, the Delta Pro-
gramme uses the ‘Full’-scenario as the most likely in 
their strategies.

Improve overall fi tness
To establish a climate proof region the ‘overall fi tness’ 
of the area should be improved. This will lead to bet-
ter capabiliƟ es to anƟ cipate to climate change and be-
come less vulnerable to threats (Homan (2005). This 
fi tness can be improved by following these points of 
aƩ enƟ on (Roggema, 2005):
 - areas for natural resource
 - networks strong, safe, fl exible and overlapping
 - safe living: defi ne risk areas
 - mix funcƟ ons and provide many diff erent 
    elements
 - landscape mosaic (spaƟ al & funcƟ onal)
 - city diff erences (spaƟ al & funcƟ onal)
 - border: defi ne border of acƟ on, but also scope  
   beyond border for regional context
 - open infuence: defi ne areas with open 
   infl uence  from external factors

RoƩ erdam as one of the acƟ ng urban deltas
To understand urban deltas beƩ er, the work of Meyer 
is very supporƟ ve, such as ‘ReinvenƟ ng the Dutch del-
ta, complexity and confl icts’ (2009) and ‘Delta urba-
nism in the Netherlands’ (Meyer et al., 2010).
Delta ciƟ es worldwide have already organised them-
selves in diff erent iniƟ aƟ ves to exchange knowledge 
and experiences. ConnecƟ ng Delta CiƟ es (CDC), Del-
taAlliance and C40 CiƟ es are some examples of these 
iniƟ aƟ ves, of which each has their own body of know-
ledge that could be tapped on to.
This knowledge is also published. For example the sus-
tainability guide by the municipality of RoƩ erdam, in 
which tools for planners is published to help spaƟ al 
implementaƟ on of climate change adaptaƟ on [Figure 

3.7].

In the future urban development can also be taken to 
the large surface waters, such as the sea. Nowadays 
small lakes and rivers are occupied by fl oaƟ ng buil-
dings, but Deltasync (2012) proposes this new fron-
Ɵ er in the concept of the Blue RevoluƟ on. This holds a 
long term vision in which we expand delta ciƟ es onto 
the water and use this area to create closed nutrient 
cycles for the city [Figure 3.6].

ForecasƟ ng the future
Towards the year 2100, more awareness with our en-
vironment will be creaƟ ng by transiƟ on towards new 
energy approaches. The New Stepped Strategy forms 
the base of sustainable thinking. The REAP (Van den 
Dobbelsteen and Tillie, 2011) froms a good approach 
for tackling the energy transiƟ on in RoƩ erdam. There 
are many ways to extract energy from local potenƟ ali-
Ɵ es, that can power local boƩ om-up iniƟ aƟ ves to form 
small decentralized communiƟ es. 
Since water levels will rise signifi cantly in the coming 
century, more adapƟ ve strategies to cope with this 
water will be needed in the urban delta, where socio-
economic growth will be combined with a moderate 
climate change. However, preparing for the worst, the 
design results should be able to cope with a sea level 
rise of 130 cm in 2100. Extra water buff ering will give 
more opportuniƟ es to use surface water in a way it 
contributes to the creaƟ on of a more self-sustaining 
city.

[Figure 3.6]: concept of creaƟ ng fl oaƟ ng extensions of the urban 
delta area onto the water to make a more environmentally friendly 

city, called Blue RevoluƟ on (source: De Graaf, 2012)
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[Figure 3.7]: Excerpt from the RoƩ erdam Sustainability Guide, that can be used for planners to off er pracƟ cal soluƟ ons to adapt the delta to climate change. 
The soluƟ ons can be executed on diff erent scales. (source: De Jager, W. (2010) RoƩ erdam sustainability guide. In: Schoenmaeckers, B. & van Rijnsoever, M (2010) Change 
magazine: Deltas in Ɵ mes of climate change, 2010-2011, issue 1)



34

Rethinking the power of water - MSc thesis - CT Lysen

The goal of this project is to fi nd spaƟ al implemen-
taƟ ons of the integraƟ on of water management and 
energy management. This concentrates the research 
on to  energy systems and their spaƟ al eff ects on surf-
ace water.  As a part of the backcasƟ ng, research and 
analysis help determining the instruments to achieve 
this goal with.

Understanding energy from water
Ever since the awareness of sustainable energy sour-
ces in our environment has risen, many techniques to 
extract this energy for our use have been developed. 
A wide range of possibiliƟ es can be implemented. 
Therefore, a categorisaƟ on is made to structure the 
possibiliƟ es. The energy provided by the sun and the 
moon and the earth´s core can be harvested as:
  - Thermal energy
  - KineƟ c energy
  - PotenƟ al energy
  - electrochemical energy
Some of the applicable systems are Ɵ dal energy, wave 
energy, temperature and salinity diff erences, hydro-
power, geothermal energy and river fl ux (see appen-
dix A for complete overview)
These harvestable energy potenƟ als can be divided 
into three types of usage: electricity, thermal and the 
storage of energy [fi g.3.9]. On top of that, surface wa-
ter also has a secondary eff ect on wind energy, as a 
large surface of open water poses no obstrucƟ on to 

the wind and is therefore favourable to harvesƟ ng 
wind energy, but also off ers space to store this energy. 
The storage of wind energy by height diff erence is ap-
plied in ‘Plan Lievense’ (Lievense, 2008) and more re-
cently by GoƩ lieb Paludan Architects (year) [fi g.3.8]. 
In this plan potenƟ al energy – or height energy – is 
combined with windpower, creaƟ ng a system that 
could supply electricity according to the curve of the  
demand of the urban area.
With the aim of using these potenƟ als regionally to 
meet the demands of the project area, let us focus on 
the Rijnmond region and its potenƟ als. 

Yield potenƟ al in Rijnmond region
The potenƟ al of each system depends on the geop-
hysical condiƟ ons of the area one is harvesƟ ng the 
energy from. The Dutch delta off ers potenƟ al:
  • in its estuaries with exisƟ ng dams and Ɵ des for 
     Ɵ dal energy, but also the close proximity of salt and  
     fresh waters off ers electricity through osmosis
  • off shore by using the fl ux of the sea, the Ɵ dal 
    diff erences and the waves, but also its potenƟ al for 
     wind energy. Even thermal potenƟ al can be used for 
    heaƟ ng and cooling
 • in its rivers for heaƟ ng and cooling, but they run 
    too slowly to be used for fl ux energy (Benner et al., 
    2009)
 • in its urban areas for heaƟ ng and cooling and 
    storing heat and cold 

 • in its rural polder areas, where the low-lying land is 
    suscepƟ ve to inundaƟ on, but could therefore be 
    a potenƟ al for heaƟ ng and cooling, but also energy 
    storage in the form of the biomass of algae. The 
    fl atness of the delta suits the rural areas for wind 
    energy. 

[Figure 3.8]: Visual of Green Island concept by GoƩ lieb Paludan 
Architects. This is a concept for an island near Tampa, FLO, USA. 
Energy is generated by wind and hydropower and is mainly used 
to provide cheaper electricity and a buff er for the peak demands.
(source: GoƩ lieb Paludan, 2009)

technical inventory water & energy 3.2
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Of the potenƟ al implementaƟ ons, the concept of 
the energy island ‘Plan Lievense’ is very expensive to 
build. To make this feasible, it needs to be developed 
on a large scale. This is very hard to do in the urban 
environment. A large port basin such as the Waal-
haven, certainly has potenƟ al. However, in an urban 
environment it is undesirable to have a quay wall of 
about ten metres and a water level that fl uctuates ten 
metres daily. On top of that, the cheapest and easiest 
way to obtain electricity to meet the peak demands 
is using electricity from abroad. This simply requires 
a cable across the sea boƩ om and is therefore much 
more cost effi  cient than building an energy island. 
Currently, The Netherlands already have a connecƟ on 

to Great-Britain and Norway and more connecƟ ons 
are planned [Figure 3.12]. When generaƟ ng electricity 
is combined with water safety, the expensive project 
could serve two goals – namely energy and water safe-
ty – and is therefore more feasible. In this project the 
possibiliƟ es of implemenƟ ng this kind of islands is not 
included, since the combinaƟ on with energy is at this 
point not feasible, especially in the urban areas. 

Wind energy needs open space for maximum yield. On 
top of that, (large) turbines are experienced as nuisan-
ce in urban environment, so they should be posiƟ oned 
away from urban areas. This is a feasible opƟ on, be-
cause electricity can be easily transported over large 

[Figure 3.9]: overview of energy systems related to water, divided 
by their use; generaƟ ng electricity, heaƟ ng and cooling and energy 
storage (both thermal and electrical) (source: author)
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 [Figure 3.12]: Dutch Electricity network with connecƟ ons to Gre-
at-Britain and Scandinavia. 
(source: Tennet TSO (2012). In: Leenaerts, H.(Eds.)(2012), Bosat-
las van de energie. Groningen: Noordhoff  AtlasproducƟ es, p.79).

 [Figure 3.11]: centralized(l) and decentralized(r) networks are 
represenƟ ng the two systems for energy distribuƟ on, top-down 
versus boƩ om-up, regional versus local (source: by author) 

distances. Other systems need to be in non-urban 
areas where the condiƟ ons of the water are profi ta-
ble. This is predominantly applicable to wave energy 
and fl ux energy. 
Some new techniques for harvesƟ ng energy from wa-
ter are not fully developed to be implemented at this 
point. This considers osmosis or blue energy. Also Ɵ -
dal energy and the energy island are sƟ ll not seriously 
considered for implementaƟ on. It should be noted 
however, that predominantly the energy island and a 
Ɵ dal dam could also be combined with water the dis-
cipline of water management as they are also fl ood 
defence elements.  

Assessment energy and water
The results of the assessment report by Deltares 
(2008) show the most suitable water energy systems 
for the Netherlands. Apart from its geographical po-
tenƟ al, the diff erent systems are assessed on techni-
cal and societal collectability. This means that not only 
the energeƟ c potenƟ al is taken into account, but the 
research also shows the technical possibiliƟ es to im-
plement the system and the acceptance by society to 
implement these systems. The results in [Figure 3.13] 
show that the most potenƟ al lies in heat and cold 
storage and geothermal energy. 
A second report concerning the assessment of techni-
ques of energy from water shows similar results. From 
this report by CE DelŌ  (2009) can be concluded that 
the best techniques are: 
  - heat and cold from sea water
  - fl oaƟ ng housing with heat and cold from water
  - energy from waves
The most promising approach for a sustainable energy 
system would be the exploraƟ on and the implementa-
Ɵ on of thermal energy from water. The wave energy is 

not applicable in the urban environment. The fi rst two 
opƟ ons can be combined as they both consider the 
thermal qualiƟ es of surface water. 

Thermal energy from surface water
To get more acquainted with thermal energy and its 
characterisƟ cs and possibiliƟ es for the urban environ-
ment, an addiƟ onal study is done.
The thermal energy and water combinaƟ on is con-
cerning the surface water, but also the subterranean 
water and includes the systems of temperature diff e-
rence, heat and cold storage and geothermal energy 
[Fig 3.14].

Surface water is used for cooling and heaƟ ng by using 
the diff erence in temperature between the water and 
the indoor temperature of a building. The disadvan-
tage of this system is that there is liƩ le temperature 
diff erence between the source and the desired tem-
perature. Therefore, it has only a small eff ect. Never-
theless, the thermal capaciƟ es of surface water are 
nearly endless, when this is taken from a river. Here, 
the fl ow provides new source material constantly. 

Surface water as a cooler seems perhaps more logical 
than its heaƟ ng capacity, but it is actually an immense 
solar energy collector. For example, during summer-
Ɵ me, the total heat (and cold) demand in The Nether-
lands can allegedly be collected from sunrays in the 
Dutch surface waters in just eleven days (Techniplan, 
2010). This means an enormous heat potenƟ al form 
surface water, although it  is a low temperature heat.

A large temperature diff erence can be found by using 
geothermal energy; the heat from the earth’s core. 
From a depth of about two kilometres water is pump-
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[Figure 3.13]: assessment table of diff erent energy systems with water, showing the most potenƟ al can be found 
with heat and cold storage, geothermal energy and wave energy. (source: Deltares, 2008)

[Figure 3.14]: schemaƟ c overview of the three possibiliƟ es of thermal energy 
combined with water: solar power and cooling from surface water, heat and 
cold storage and  a geothermal well. (source: by author) 
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ed up with temperatures  between 60 and 150 de-
grees Celsius (Van t Slot, 2011) and is therefore mostly 
suitable for high-temperature heat demand, such as 
hospitals and industrial acƟ viƟ es. However, geother-
mal wells provide no cooling opƟ on and they can de-
plete in a couple of decades. It then takes between 
one and three centuries to recharge. This makes the 
yield limited.

Heat and cold storage is another way to increase the 
diff erence between the source temperature and the 
desired temperature. It is best known in the form of 

Aquifer Thermal Energy Storage, or ATES. It works 
with the principle of transporƟ ng heat from above the 
surface to aquifers underground via water. This means 
both heat and cold can be stored to be used when it 
is needed. This system only stores gathered energy 
and therefore needs another producing source, such 
as indoor and outdoor air temperatures, or water. As 
seen in [Figure 3.15] the most common way is to use 
in underground aquifer stored heat and cold to cre-
ate the desired indoor climate. Then, the used water 
has changed temperature and is stored again in the 
underground. During the summer, the cold source is 

depleted as the warm source is charged; in the winter 
this process is reversed to meet the heat demand. 
Besides ATES, there is also a closed system possible, 
where the stored water is not pumped into an aquifer, 
but heat is transferred to the surrounding soil around 
many pipes. This closed opƟ on is suitable for single 
household storage, but less suitable for the larger pro-
jects as the capacity of a closed system is smaller than 
an open system.
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The water temperature diff erence is compared to the 
heat and cold demand schemaƟ cally over a year in [Fi-
gure 3.16a]. This shows the demand is opposite to the 
availability of heat and cold. To achieve the desired 
temperature, the surplus of heat in the summer and 
the surplus of cold in the winter should be used half 
a year later [Figure 3.16b]. Storing this heat in for ins-
tance aquifers would make it possible to transfer the 
heat and cold from the surface water in Ɵ me.

Conclusion
The most effi  cient usage of energy from urban surface 
water can be found in its thermal capacity. The electric 
alternaƟ ves are more effi  cient on larger a scale in ru-
ral or marine areas, where they are less of a nuisance, 
but sƟ ll without a signifi cant energy loss due to trans-
portaƟ on. In combinaƟ on with heat and cold storage, 
the subtracƟ on of heat and cold from surface water 
can provide a substanƟ al part of the heat and cold de-
mand. Where other types of harvesƟ ng energy from 
water are far less effi  cient, thermal energy systems 
work especially well in urban areas of the delta. Also, 
the solar energy captured by the river water in the 
hinterland fl ows towards the ocean and oŌ en passes 
through  delta ciƟ es. Therefore surface water should 
not only be seen as a coolant, but also as a heater. 
Due to the limited temperature diff erence of the surf-
ace water and the desired temperature at that mo-
ment, the heat and cold can be used most effi  cient 
when it is stored and used half a year later when there 
is a signifi cant demand for it.
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[Figure 3.16a]: SchemaƟ c graph of the diff erent temperatures of 
water and air, compared to the demand during a year. (source: by 
author)

[Figure 3.15]: SchemaƟ c representaƟ on of on open sys-
tem (top) and a closed system (boƩ om) for thermal 
storage. The system is shown in summer (leŌ ) and winter 
(right) condiƟ ons. The open systems have more capacity 
and are therefore used for larger projects, whereas closed 
systems are oŌ en used for small projects. (source: Eneco,  
[online:] www.vrijekavelsplantagedesniep.nl)

[Figure 3.16b]: the diff erence in supply and demand should be 
solved by collecƟ ng the surplus and using it half a year later 
during shortage (source: by author)
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[Figure 3.17]: District heat networks and projects in the South wing of the Randstad. Excess heat from port industry is used elsewhere in 
the region. Also in urban areas heat suppliers are in place.(by author, based on: Tillie, s.d.; Province of Zuid-Holland, in: Bosatlas van de 
Energie, 2012) 

AŌ er establishing thermal energy combined with 
storage as the favourable combinaƟ on of energy and 
water, this result is applied to the project area: the ur-
ban environment of the Rijnmond region. This will be 
done according to the scale levels that are used in the 
design, starƟ ng with the regional scale, via municipal 
scale to Waalhaven scale to pier level.

Region: thermal energy network development
Currently, several developments are already taking 
place in the region, such as geothermal heaƟ ng for 
greenhouses, but also individual heat and cold stora-
ge and a district heat network fuelled by excess heat 
from waste incinerators and industrial acƟ viƟ es in the 
Port of RoƩ erdam. 

Currently the region has several district heat projects 
and is sƟ ll expanding [Fig 3.17]. However, in future, the 
current producƟ on of heat will be reduced as these 
heat producing acƟ viƟ es in the Port of RoƩ erdam will 
disappear. It is expected that by the year 2050 at least 
two of the fi ve major excess heat producing industries 
will have disappeared to be replaced by cleaner indus-
tries (Tillie, 2013a). 
AlternaƟ ves need to be developed to anƟ cipate to this 
future decrease in heat supply. Two strategies have 
been are proposed by the author [Fig 3.18]:
  - Take over parts of the district heat network with 
     sustainable alternaƟ ves

spatio-technical analysis3.3

source with heat 
surplus

heat network (plan-
ned)

existing network

potential network

Botlek loop
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  - Create sustainable back-up sources for parts of the 
     district heat network
These alternaƟ ves can be geothermal wells, bio-
mass incinerators or heat from surface water com-
bined with Aquifer Thermal Energy Storage (ATES). Of 
course, these alternaƟ ves could also be implemented 
in urban areas that are not serviced by the district he-
aƟ ng network. The alternaƟ ve can by chosen by as-
sessing which type has the greatest potenƟ al for that 
parƟ cular area.

The region has also geothermal potenƟ al as autono-
mous source. As [Figure 3.22] shows, higher tempe-
ratures can be retrieved from 2000m and 5000m. The 
highest temperatures can be found in the greenhouse 
area, an evident heat-demanding region. 

City: The RoƩ erdam district heat network
The current RoƩ erdam district heat network is the 
most extensive network in the region and is depen-
ding on heat suppliers that will disappear in the up-
coming decades. Therefore the focus of the project 
lies with the municipality of RoƩ erdam. The current 
district heat network of the city [Fig 3.19]is scaƩ ered 
across the city, but mainly covers the city centre and 
the north-eastern suburbs.
One of the condiƟ ons of successfully implemenƟ ng 
a district heaƟ ng system into a neighbourhoods is to 
have a density of at least 30 dwellings per hectare. 
In neighbourhoods with lower densiƟ es it is simply 
too expensive to construct all the infrastructure and 
the extensive pipe network creates a larger heat loss 
during transportaƟ on. In the heaƟ ng vision of the mu-
nicipality or RoƩ erdam [Figure 3.20] these suitable 
areas are visible in large parts of the city. The focus 
areas for the municipality are situated outside the 

concession areas and located in the northern suburbs. 
These areas are well suitable for researching the pos-
sibiliƟ es of implemenƟ ng the alternaƟ ve - locally orga-
nised – systems. 

geothermal

diff

diff

diff

geothermal

geothermal

diff

take over from heat network

heat network leaves large parts uncovered
 -> thermal energy from surface water

also in covered parts these systems can be imple-
mented back-up for heat network

[Figure 3.18]: schemaƟ c drawing of combining the district heaƟ ng network with locally organized sustainable alternaƟ ves 
(source: by author)
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Subsoil potenƟ al
The region is already used for underground thermal 
storage, but hidden deep lies a heat source. 
The geothermal potenƟ al is very favourable for this re-
gion. The most potenƟ al areas are located underneath 
the greenhouse area. This link has indeniable potenƟ -
al. The total potenƟ al for the Waalhaven is not as high 
as the Westland. SƟ ll, underneath the Waalhaven 9 - 
15 GJ/m2 can be collected [Figure 3.22]. Because the-
se wells can deplete, one has to take into account that 
thrity years of use will require the well to recharge for 
100-300 years. Therefore,  a conƟ nuous potenƟ al over 
a period of 300 years is calculated: 300 - 500 GJ/ha/yr.

[Figure 3.19]: current district heaƟ ng network of RoƩ erdam (sour-
ce: Tillie, 2013) 

[Figure 3.20]: district heaƟ ng vision of municipality of RoƩ erdam, 
showing areas with suitable densiƟ es within and ouside the con-
cession areas and the focus areas in the northern suburbs in the 
non-consession areas. (source: Tillie, 2013) 

Figure 3.22: The diagrams show a potenƟ al for collecƟ ng geothermal energy in the region. A more focused image on the right 
shows us that the geothermal potenƟ al underneath the Waalhaven is 9-15 GJ/m2 (source: Broersma et al., 2010)

[Figure 3.21]: Principle of collecƟ ng geothermal energy (deep wells) 
and ATES (relaƟ vely close to surface).  source: IF Technology/TNO
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Trias EnergeƟ ca and the ‘Cradle-to-Cradle’ principle. 
This means considering the three steps when transiƟ -
oning towards sustainable urban development:
  - Reduce demand: effi  cient building materials and
   installaƟ ons, energy effi  cient orientaƟ on, effi  cient 
   distribuƟ on
 - Exchange and reuse energy: cascading, exchanging
 - Use sustainable sources: geothermal wells, solar 
    collectors, biomass incineraƟ on/gassing. This should
   also be combined with the storage of thermal 
   energy, for example heat&cold storage or transform 
   into hydrogen.
The exchange and reuse of thermal energy is the most 
contemporary part of the approach. On top of that, 
it also most related to urbanism as it is about the in-

teracƟ on between several buildings. The reducƟ on of 
the demand asks for a more architectural elaboraƟ on 
and the use of sustainable sources is a more technical 
challenge. Therefore, this project will focus on the ap-
plicaƟ on of exchanging and reusing energy.

Local scale: Various energy strategies
In REAP2 (Van den Dobbelsteen et al., 2011) the au-
thors focus on the diff erent strategies to heat neigh-
bourhoods. This can be approached by the tradiƟ onal 
heat district network or by more invenƟ ve individual 
systems, cascading networks and exchange networks 
or a combinaƟ on of these systems.  Each system is 
described on the right page of this spread.

Before assessing the systems, it is important to know 
that there are diff erent demands for heat and cold 
possible. For instance, older buildings have a lower 
heat effi  ciency and therefore require warmer hot wa-
ter supply than a building that is being built today (Van 
den Dobbelsteen et al., 2011). Subsequently, today’s 
standard newly built dwellings need more heat than 
passive houses. Also, diff erent programme has diff e-
rent heat and cold demands. A swimming pool will 
require a lot of heat, whereas a supermarket would 
require a lot of cold. 
This means for example for a cascading network a high 
temperature pipeline runs from a swimming pool via 
monumental buildings, old offi  ces and contemporary 
dwellings to passive houses. Then it is pumped back to 
the supply staƟ on to recharge. Also, the large heat de-
mand typology - i.e. the swimming pool - can be linked 
with programme with a high cold demand - such as 
supermarket - and exchange their surpluses.

The RoƩ erdam Energy Approach and Planning (REAP) 
off ers a range of possible systems to make a transi-
Ɵ on to a sustainable urban thermal network. It off ers 
guidelines that help determine how to apply thermal 
energy systems in the urban area, apart from the dis-
trict heat network that works on regional scale. The 
approach to work with local sources also advocates 
these small scale thermal systems to add on to the re-
gional network. REAP is a well-thought guideline for 
this project; apart from working on diff erent scale le-
vels, it not only addresses the subject of thermal sys-
tems, but it also looks at the other factors involved in 
this complex process.
As menƟ oned before REAP works with the principle of 
the New Stepped Strategy (NSS), a combinaƟ on of the 

Municipal scale: Sustainable soluƟ ons: REAP

Figure x11: : The diff erent strategies for heaƟ ng of exisƟ ng buildings, according to the REAP2 (source: Van den Dobbelsteen et al., 2011)
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Individual systems: every cluster of buildings or individual 
building provides itself with their own energy. This system 
provides the greatest fl exibility since there is no interde-
pendency. However, every individual system has to fi nd its 
place in the urban environment, taking care of its own heat 
supply. Because each individual unit has to construct their 
own hardware, it is an expensive opƟ on. 

Cascading systems are very interdependent systems. The 
system is connected to a high temperature source. This 
could be the district heat network, but also a geothermal 
source or a biomass incinerator. Hot water fl ows from a hot 
water user and becomes less hot. This can subsequently be 
used by lower heat demanding users and so on. This sys-
tem can contribute to a more cohesive community, as all 
the users are vital to keep this system running. Here also 
lies its great disadvantage. Since the users are connected 
serially, the change of just one user can make the whole sys-
tem ineffi  cient, if not inoperable. Therefore, although it can 
contribute to more social cohesion in the neighbourhood, it 
is also vital to have the users strung closely together.

There is also a hybrid possibility; a combinaƟ on of a cascading 
system and an exchange system. This concept, called the casca-
ding machine, works with a central exchange mechanism, where 
mulƟ ple temperatures can be distributed.  The return stream 
from a user is cascading to a lower temperature distribuƟ on to 
supply users at that temperature level. This system can be con-
nected to the district heat network, but can also operate auto-
nomously. Because the system off ers a range of temperatures 
on which a user can be connected, the system is very fl exible. 
It is therefore not as dictaƟ ng to urban planning as a cascading 
system. The downside of the system is that every user or user 
group needs a separate connecƟ on to the central supply staƟ on. 
This results in an extensive pipe network.

Exchange systems have less interdependency than casca-
ding systems. A central exchange module connects a heat 
demanding source with a cold demanding source. The sys-
tem delivers the same temperature to both users, which 
then needs to be heated or cooled individually.
The interdependency of both users can only exist as long as 
both parƟ es keep their posiƟ on. When one party leaves or 
changes its heat demand, the other party will be aff ected 
by this.

It is also an opƟ on not to change the current district heat net-
work and produce the heat from a renewable source. The cen-
tralized structure will remain along with the exisƟ ng infrastruc-
ture, which makes it a more easily executable transiƟ on.

research & analysis

cascading machine



44

Rethinking the power of water - MSc thesis - CT Lysen

Determining system in Waalhaven
For a port area that will face a transiƟ on within the 
coming decades, a sustainable energy system needs to 
be determined. Factors that play a role in this process 
are:
 - The transiƟ on will take place gradually. This means 
   there will be a gradual shiŌ  in heat demand. The 
   thermal energy system needs to be capable to adapt 
   to these changes
 - The transiƟ on means old buildings will be gradually 
   replaced by new buildings with beƩ er energy 
   effi  ciency. Together with the envisioned mix of 
   funcƟ ons, there will also be a mix of diff erent heat 
  demands. Also, as Ɵ me progresses, technological 
   advance will lead to more energy effi  cient buildings. 
 -The pier structure makes a spaƟ al division in the 
  landscape. Each pier could be one heat distribuƟ on 
  system.

The most suitable system for this area in transiƟ on 
would be the cascading machine that services one 
pier. This allows users to change relaƟ vely freely, wit-
hout aff ecƟ ng other users. At the same Ɵ me the whole 
pier as a community is supplied from one central sys-
tem. This makes it visible and understandable, crea-
Ɵ ng more awareness on energy use.
The system would collect its heat and cold from the 
surrounding surface water, storing heat in the summer 
and cold in the winter, to be used half a year later. In 
the intermediate seasons – spring and autumn – the 
surface water has intermediate temperatures, that 
can sƟ ll meet cooling and heaƟ ng demands. In these 
periods, the storage wells could be bypassed and the 
demand is directly gathered from the surface water. 

FloaƟ ng programme will not be connected to the cas-
cading machine. Although the system is suited to deal 

with changing programme, the posiƟ on of fl oaƟ ng 
buildings is not always fi xed and in fact a quality to this 
typology. Also it has excellent access to surface water. 
Therefore it can easily supply its own demands with a 
small system.

ImplementaƟ on aspects energy system in Waalhaven
Next, the chosen energy system is linked to the spa-
Ɵ al characterisƟ cs of the Waalhaven and the pier. The 
energy demand and the energy potenƟ al are compa-
red in the Waalhaven.

Water temperature
The surface water heats up faster in shallow waters, 
however, this water is not suitable for collecƟ ng cold, 
especially not during summer, when cold collecƟ on 
is in progress. For cold, deep waters are needed. The 
Waalhaven has deep port basins, especially the central 
areas[Fig. X14]. These are ideal for extracƟ ng cold. The 
heat can be extracted from the shallow parts. Howe-
ver, these are situated in the south, whereas the piers 
are located north; a distance needs to be covered, or 
the water depth in the northern basins needs to be 
reduced.

Figure X14: Map of water depths in Waalhaven and surrounding basins, showing shallow areas in the south 
and a deep trench at the entrance of the Waalhaven (source: Municipality of RoƩ erdam, 2011)
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When heaƟ ng up surface water, the quality can beco-
me poor, dangerously unhealthy even. To prevent this, 
fl ow and oxygen is needed. The Ɵ de could provide the 
fl ow; oxygen can be provided by vegetaƟ on. 

CategorizaƟ on of temperature systems
Old exisƟ ng buildings need high temperatures to be 
heated during summer. Together with high heat de-
mand funcƟ ons, such as swimming pools and hospi-
tals, they will be connected to a 90 degrees Celsius 
pipeline, as this demand cannot be met by the surface 
water. 

Dwellings that are built today have a heat demand of 
100 to 50 kWh/m2/yr. Today, newly built offi  ce buil-
dings can have a heat demand as low as 50 kWh/m2/
yr (Wisse, 2013). Both can be supplied with a pipeline 
that supplies a medium temperature of 45 degrees 
Celsius. Passive housing will be possible on a short 
term, which requires only 15 kWh/m2/yr (DHV et al., 
2007; Lysen, 2013c). These buildings require a low 
temperature supply of 30 degrees Celsius. This is sƟ ll 
a small amount of buildings, but other energy effi  cient 
houses will be able to meet their demands with this 
low temperature connecƟ on. Buildings in the future 
will be built much more energy effi  cient. The assump-
Ɵ on is made that  towards 2050 more buildings will be 
able to meet their thermal needs with a connecƟ on to 
the 30 degree pipeline.
It also needs to be noted that this heat demand only 
covers for the heaƟ ng of space, not warm tap water. 
This demand will be supplied by each individual buil-
ding.

Thermal energy system for Waalhaven pier
The system that has been developed works as follows:

Figure AA: principle of chosen system, the cascading machine, fed by return streams, heat and cold from surface water and high tempe-
rature suppliers. Network will have three levels of temperature. (source: by author
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The system that has been developed is seen in [Fi-
gure AA]. It is in principle the cascading machine, but 
with extra supply from the thermal energy from the 
surrounding water. The system consists of the follo-
wing elements:
 - a central distribuƟ on building
 - a cold exchanger and distribuƟ on staƟ on, collecƟ ng 
   cold water and storing it underground
 - a heat exchanger and distribuƟ on staƟ on, collecƟ ng 
   warm water and storing it underground
 - distribuƟ on pipes across the pier in three diff erent 
   warm temperatures (90’C, 50’C & 30’C) and cold 
   temperature (8’C)
 - an external high temperature supplier: excess 
    industrial heat, biomass plant or geothermal 
    source 

The system works as follows throughout the seasons:
 
Summer [Figure AAA-a]:
The large cold demand is met by pumping cold water 
from the ATES and the deep parts of the Waalhaven 
via heat exchangers to the distribuƟ on staƟ on. 
The demand for warm water is minimal, but there 
is plenty available. The warm water from the shal-
low water is therefore mostly stored by ATES via heat 
exchanger.

Spring and autumn [Figure AAA-b]:
There is an average heat and cold demand. This can 
mostly be subtracted from the surface water and via 
exchanger directly supplied to the distribuƟ on sys-
tem. This means the ATES’s do not need to be de-
pleted during these seasons.

Winter [Figure AAA-c]:
The large heat demand is met by pumping warm wa-
ter from the ATES and the deep parts of the Waalha-
ven via heat exchangers to the distribuƟ on staƟ on. 
Here an addiƟ onal external supply is delivered to the 
system to meet the high temperature demand. 
The demand for cold water is minimal, but there is 
plenty available. The cold water from the shallow wa-
ter is therefore mostly stored by ATES via the exchan-
ger.
 
The developed system is diff erent from the cascading 
machine presented in REAP2. With the help of cur-
rently accessible high temperature sources, all the dif-
ferent heat demands can be met. This can be supplied 
by the exisƟ ng district heat network, but also from a 
geothermal source. UnƟ l around 2050 the pipeline of 
district heat network could be fed from the current 
suppliers, but they will have parƟ ally disappeared by 
then. The emergence of for instance a biomass plant 
could take over this supply on a regional scale, but per-
haps even on a small local scale, such as a geothermal 
source. The demand for high temperatures will decre-
ase as the more effi  cient future buildings will not be 
needing the high temperature water. When this hap-
pens, the system might funcƟ on autonomously on the 
heat and cold it can retrieve from the port basin.

Heat and cold demand versus pier potenƟ al
To implement a system into the Waalhaven, one distri-
buƟ on network is focused on. This project will elabo-
rate on the spaƟ al and funcƟ onal implementaƟ on on 
pier 1, which is the fi rst pier south of SƟ eltjesdijk. 
To determine the possibiliƟ es of programme on the 
pier, one has to deal with many variables, that are lis-
ted briefl y:

summer

spring, autumn

winter

a

b

c

Figure  a-c]: 3 types of season makes the heat and cold collec-
Ɵ on work in three diff erent ways (by author)
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 - Due to new technology and beƩ er insulaƟ on 
   techniques, more energy effi  cient buildings will  
   emerge, which leads to a reduced heat and cold 
   demand in future.
 - The diversity of programme with diff erent types of 
    heat demand – diff erent temperatures - makes it 
   diffi  cult to calculate the exact values for a certain 
    programme
 - To store the demand that is needed aŌ er making an 
   assumpƟ on for the demand in 2050, the footprint of 
   the well cannot be larger than the footprint of the 
   programme. In other words, the FSI should not su-
   persede the footprint of the well [FigXXX2]. 

Many variables
Determining the potenƟ al and the size of the ATES is 
relaƟ vely complex, since there are many variables in-
volved. The surface that it is occupying is related to 
ground water speed, the thickness of the aquifer, the 
number of aquifers on top of each other, the unba-
lance between the heat and cold well. This unbalance 
is caused by the diff erence in heat and cold use, which 
is due to the heat and cold demand of the built pro-
gramme. When this programme is also changing, the 
(un)balance between heat and cold demand will shiŌ , 
which makes it even more diffi  cult to determine the 
size of the footprint. 

Reducing underground storage footprint
The unbalance - and therefore the footprint - can be 
reduced by compensaƟ ng the surplus or shortage. 
This is done by using the surface water of the port 
basins. The possibility to use the surface water in the 
intermediate season – spring and autumn – directly 
for heaƟ ng and cooling buildings without depleƟ ng 
the ATES, has a reducing eff ect on the footprint. A case 

study of the Maastoren, recently built three kilome-
tres upstream from the project locaƟ on, shows that 
implemenƟ ng this system could drasƟ cly reduce the 
storage footprint ( s.n, 2007; Blankesteijn & Gerritsen, 
2009). Using the addiƟ onal surface water in heat and 
cold storage also helps to minimize the footprint as it 
restore an unbalance.

EvaluaƟ on of thermal system
The downside of the system that has been created to 
be locally implemented, is the complexity of it. Apart 
form the fact that it needs much piping, it could also 
be cascading more simply. However, this will limit the 
freedom of placement and change of programme. 
This is one of the characterisƟ cs that has signifi ed the 
Waalhaven over the last century (Figure 1.???) and 
should be preserved.

..........

...........

...........

............

.............

Figure MT]: reduced footprint by direct cooling from surface 
water.  (by author & s.n., 2007)

Figure XXX2: diagrams of building energy footprint (green) excee-
ding the limits of the underground storage footprint(purple). This 
will cause interference with other wells if they are placed too close 
to each other. (source: by author)

p.)(average outdoor temp
p.)(average outdoor temp

charge well with warm 
water from Meuse river

charge well with cold 
water from Meuse river

(average river temp.)
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full

moderate 
climate change

rapid
climate change

socio-economic
growth

socio-economic
shrinkage

steam

warmcalm

Water management  in the Rijnmond region

Urban deltas formed by success of their port acƟ vity 
and connecƟ on to the water. Therefore the urban wa-
terfront is oŌ en characterized by a structure of piers 
and port basins; blue fi ngers stretch inland, forming an 
interwoven structure of land and water.

Water threat in Rijnmond-Drechtsteden region 
The four scenarios developed for the Dutch urban 
delta in the year 2100 (Deltaprogramma Rijnmond-
Drechtsteden, 2011) will have their eff ect on the spa-
Ɵ al condiƟ ons of the urban delta as seen in [Figure 
SSSS]. 

The only certainty at this point is that more extreme 
water levels will occur. The two main strategies to bat-
tle this threat is to either follow the robust path and 
increase the reinforcements to withstand every sce-
nario, or try to coexist more with the water, giving it 
more space and adapt ourselves to the changes made 
by nature. There are also strategies that include both 
elements, as the following Delta scenarios for the sou-
th-western Dutch Delta by Meyer (2010):
- Closed [Figure Ta] 
- Semi-closed [Figure Tb]
- Strengthening dikes [Figure Tc]
- Open and extra fl oodplains [Figure Td]

These strategies need to be implemented on this le-
vel of scale to execute a well-funcƟ oning soluƟ on. This 
also means it will have an impact on the landscape and 
socio-economic acƟ viƟ es in a large region and will af-
fect the decision making on local level.

Rotterdam region  - Closed
Rotterdam region  - Semi-closed Rotterdam region  - Strengthening dikes

Or….  Open, with extra floodplains

[Figure SSSS]: Four delta scenarios for 
the Rijnmond-Drechtsteden region have 
been spaƟ ally translated by Studio Ver-
meulen (source: Deltaprogramma Rijnmond 
Drechtsteden, 2011)

[Figure xx]: Delta scenarios for RoƩ er-
dam region, where the open scenario 
with extra fl oodplains matches the re-
gional vision best. (source: Meyer (2010), 
Dutch Delta: re-invenƟ ng Delta-urbanism, lec-
ture at Harvard University, January 28, 2010)
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City port scale
On municipal scale integral visions on water in the 
urban delta are created in Waterplan 2 (Municipality 
of RoƩ erdam et al., 2012) In this second Waterplan, 
the municipality of RoƩ erdam indicates the following 
points of aƩ enƟ on concern this project:
The city of RoƩ erdam should be an aƩ racƟ ve city and 
its character as water city and city on the Meuse river 
should be adverƟ sed more.

The fl ood defences need to be strengthened to baƩ le 
the higher water levels in the future

Increasing precipitaƟ on will result in 600000 cubic me-
tres of water that needs to be dealt with. This trans-
lates spaƟ ally to 80hectares of extra urban surface wa-
ter needed in the municipality.

The quesƟ on is raised how the city could be made at-
tracƟ ve and solve waterproblems simultaneously. The 
tradiƟ onal soluƟ ons for this issue have been found in-
suffi  cient

 Whereas the north can strengthen its ‘singels’ and 
‘boezems’ system, the south of the city needs a more 
radical approach

More collaboraƟ ons should take place between the 
municipality, the water boards, water specialists and 
urbanists. 

City Vision 2030
Also in the municipal vision, the need and ambiƟ on is 
shown for creaƟ ng new soluƟ ons to keep a strong and 
aƩ racƟ ve city; a vibrant water city on the New Meuse 
(Municipality of RoƩ erdam, in: Guit, 2011)

[Figure 3.4.1]: Map of Waterplan 2, sho-
wing a spaƟ al translaƟ on of implemen-
ted water measures on a municipal scale.
(source: Municipality of RoƩ erdam et al., 
2012)

[Figure 3.ccc]: city vison of RoƩ erdam and the 
aƩ racƟ ve water city (source: Mun. of RoƩ er-
dam, in: Guit, 2011)
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The area for the urban design will focus on Pier1, the 
pier just south of Sluisjesdijk. It has the characteris-
Ɵ c linear, rectangular pier shape [Figure QQQQ]. It is 
currently occupied by warehouses, that help store and 
distribute various goods, brought in by relaƟ vely large 
vessels. 
At fi rst, the quays look to form a hard edge with the 
water. However, more close-up images show the crane 
tracks that form the north and south edge with the 
water, are in fact concrete jeƩ y’s built from a sloping 
water edge [Figure WW]. The assumpƟ on is made that 
these sloped walls are similar to Pier2, of which the 
drawing is seen in the boƩ om leŌ  picture in [Figure 
QQQQ].
When redeveloping piers, restricƟ ons are in place 
when it comes to building close to the water edge. 
Since the quay walls are not designed to withstand 
the  pressure of these new buildings, they could col-
lapse. This is therefore not recommended without a 
thourough - and very expensive - re-enforcement. 

Pier 1: port and quay characterisƟ cs

[Figure QQQQ]: collage to give an impression of the look and feel of Pier1’s occupaƟ on and quays compiled by author)

[Figure WW]: sketch of assumed secƟ on of Pier1’s sloped quay wall 
with crane track jeƩ y (source: by author)

source: Bing Maps (2013)

source: Google Streetview (2013)

source: GeolocaƟ on.ws (accessed october 2013)

source: Gemeentewerken RoƩ erdam (1942)

source: dekunstclub.nl (accessed june 2013)source: dekunstclub.nl 
(accessed june 2013)
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An overview of the results that will be taken along into 
the creaƟ on of the design products is made:

research & analysis

conclusions3.4
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introduction

The design products are structurized 
in the design products assessment ma-
trix. This shows the diff erent scales ver-
Ɵ cally and the disciplines horizontally. 
This chapter will meander through the 
matrix as the grey arrow in [Figure 4.0] 
indicate. The disciplinary products are 
combined per scale. Then, these results 
are taken to a smaller level of scale, en-
ding up with the integrated urban de-
sign. From here, the details are shown 
divided over the disciplines and visu-
alizaƟ ons show the integrated spaƟ al 
result.

[Figure 4.0]: scheme of result matrix, organising the design results. 
(source: by author)

SUSTAINABLE ENERGY 
MANAGEMENT

REGION
Rijnmond-Drechtsteden 

MUNICIPALITY
City ports

DISTRICT
Waalhaven

NEIGHBOURHOOD
Pier

DETAILS NEIGHBOURHOOD
part of pier

STRATEGY  VISION MASTERPLAN URBAN DESIGN VISUALIZATION

SUSTAINABLE WATER 
MANAGEMENT

URBAN DEVELOPMENT

COMBINED
PRODUCT
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regional strategy4.1

E
E

electricity from Great-Brittain 

electricity from Scandinavia (NorNed)

The Rijnmond-Drechtsteden region should make bet-
ter use of all the surface water in and around the re-
gion to power the urban delta. 
Gaining electricity from surface water is only feasible 
in the marine periphery of the region and when new 
techniques will improve in future. Since electricity can 
be transported over large distances, these large and 
tedious installaƟ ons can be placed far away from oc-
cupied area, where it is not considered a nuisance. In-
vestments should be made to fi nd feasible areas for 
Ɵ dal energy installaƟ ons in the southern estuaries, 
as well as algae farming. Wave energy can be harve-
sted from the north sea, together with the secondary 

water related energy source: wind power. CreaƟ ng 
energy islands such as Plan Lievense (SOURCE!!!!) are 
not feasible, because peak demands can be met more 
easily and cheaper by geƫ  ng it from overseas. 

The general strategy for the region will make a disƟ nc-
Ɵ on between locally harvested thermal energy and 
electricity harvested from the rural and marine pe-
ripheries of the region and beyond [Figure RE1]. This 
is based on the energy loss of thermal energy when 
transporƟ ng it over large distances, whereas transpor-
taƟ on of electricity over large distances hardly invol-
ves losses.

This leads to a regional electricity network with inter-
naƟ onal connecƟ ons that is feeding the urban cores. 
Within these cores thermal energy soluƟ ons should 
be implemented. ExcepƟ on to this rule is the residual 
heat from the industry that can be transported by wa-
ter from the port area into several district heat pro-
jects in the urban cores.

The surface waters in the urban cores should not be 
seen as merely a coolant – for instance to counteract 
the Urban Heat Island eff ect – but also as potenƟ al 
source of heat.

[Figure 4.1]:scheme showing strategy for electrical energy regi-
onally and beyond, and thermal energy collected locally within 

the urban environment (source: by author)

[Figure 4.2]: Envisioned 
energy system in the re-

gion; an electricity network 
throughout the region, 
connected to countries 

overseas, and locally 
organised thermal energy 

soluƟ ons. 
(source: by author)

4.1.1 Energy

design products
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The climate change will bring more water to the re-
gion. This water must have more space to fi nd its way 
back to the sea. This means implemenƟ ng an open 
system (Meyer, 2010). This seems to go against the 
Dutch DNA of fi ghƟ ng the water and create (polder)
land. However, backtracking shows us that there was a 
sustainable equilibrium in the pre-industrial era. Here, 
nature was respected, with some areas protected by 
dikes and others were suscepƟ ve to fl ooding. People 
learned to live with the natural condiƟ ons. Unfortuna-
tely, this has also cost many lives when disaster struck.  
However, with today’s technology, these areas can be 
occupied safely as well, as long as it can adapt to the 
climate changes and fl oods. The fl oodable areas are 
determined by the vicinity of streams or rivers and the 
subsidence of the land. 
The north side of the New Meuse river will largely stay 
as it is today. Dikes need to be heightened and streng-
thened to withstand water levels of over NAP+4m. 
These water levels can be reached up river in 2100 
during a storm surge.  The south side will also need 
to strengthen dikes, but also requires the installaƟ on 
of overfl ows to inundate low-lying polder land during 
a fl ood.

The precipitaƟ on can be drained easily in outerdike 
areas, but the inner dike areas need to invest in buff er 
zones that can retain water during extreme precipita-
Ɵ on levels. These buff erzones can be realised relaƟ -
vely easily in the rural areas, but smart soluƟ ons are 
needed to implement extra buff er capacity in a clog-
ged-up urban environment.

By creaƟ ng more space for the water and create more 
retainment areas, the water is changed more into 
land. This is perpendicular to the current strategy of 
changing land into water.

[Figure 4.2]: an open system is chosen for the region to give more space to the water 
(source: by author)

4.1.2 Water



57

The project area forms the main part of the south wing 
of the Randstad, one of the most economically impor-
tant regions of The Netherlands. The area is already 
developing as a city network and should conƟ nue to 
do so. The network connecƟ ons via water ways should 
be intensifi ed. 

The Dutch tradiƟ on of compact built urban clusters 
that are well connected will also be the standard for 
the coming decades. This means, amongst others, that 
studies for developing new programme should predo-
minantly take place within the city limits.

The development of the industrial axis (secondary 
economies) along the river and a knowledge axis (ter-
Ɵ ary economies) from Rijswijk into RoƩ erdam – also 
envisioned in the ‘Stadsvisie 2030’ (dS+V, 2007) and 
Structuurvisie Stadshavens RoƩ erdam (Municipality 
of RoƩ erdam, 2011) – will be sƟ mulated. Water ways 
could also play an important role in this development. 
Both zones will overlap in the city of RoƩ erdam. The 
secondary and terƟ ary economies in the region should 
create an acƟ ve and innovaƟ ve, cuƫ  ng edge economic 
region that can compete with the best in the world.

[Figure 4.xxx]: urban development vision of the south wing of the Randstad as a city network in which water way connecƟ ons play a more 
important role. Also two main zones defi ned (knowledge and industry) that meet in the city of RoƩ erdam. (source: by author) 

4.1.3 Urban development

design products
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When combining the three visions for the disciplines 
an integrated regional strategy is made. To establish 
the integrated results on regional scale overlap in the 
three layers need to be found. In the absence of an 
overlap the diff erent interests are assessed and the 
choice will be moƟ vated. 

[Figure RC1]: regional strategy, determined by 
combining three disciplines of energy, water 
management and urban development. (source: 
by author)

[Figure RC 0.1]: envisioned principle of not just cre-
ate land in the water, but also create water on land. 
This will off er an increase in buff er capacity  and 
new possibiliƟ es to use the thermal advantages of 
this water, as well its infrastructural and aestheƟ c 
strengths, but also economic advantages. It will cre-
ate a landscape reminscent of pre-industrial ages , 
but it should create more resilient areas. (source: 
by author)

4.1.4 Integrated strategy
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- Land in the rural areas could be permanently inun-
dated is stead of only during fl oods. When more land 
is permanently inundated to create a larger buff er ca-
pacity for extreme water levels, this surface water can 
be used for collecƟ ng thermal energy for programme 
developed on or close around it. This programme 
could be dwellings, but also agriculture. By re-thinking 
the possibiliƟ es of water agricultural processes can be 
made more effi  cient when it is transformed to aqua-
culture (Deltasync, 2012). [E+W+U]

- Since the most urban expansion is planned to take 
place within  the current city limits, the abandoned 
city ports are interesƟ ng areas for newly developed 
urban programme. Since these areas are outer dike 
areas the programme and the urban plan will need 
to be adapƟ ve to possible fl ooding. This also matches 
with ‘making room for the river’. On top of that, these 
city ports can be fi Ʃ ed with a new energy system rela-
ted to the surface water it is situated next to. [E+W+U]

- The area will be developed as a city network. This 
means well connected dense urban cores and open 
area in between. This works in favour of the thermal 
energy supply that works best in local decentralized 
systems. Also, the open area between the urban cores 
is maximised in this strategy. This increases the search 
area for inundaƟ on and to give more space to the wa-
ter. [E+W+U]

- Electricity can be collected from the rural and marine 
peripheries of the region, where the forces of nature 
are strongest and the nuisance is minimal. In contra-
dicƟ on to the sustainable equilibrium, electricity is a 
modern source that can be generated sustainably but 
not necessarily used locally. It can even be retrieved 
from overseas.[E+U]

- CollecƟ on of thermal energy should be developed 
urban areas. This is the best combinaƟ on between 
surface water and energy and as the systems is the 
water’s best feature and the systems to collect it take 
liƩ le space. In the periphery of the region the scale of 
the systems can be increased and the other features 
of the delta waters are more suitable to extract electri-
city from. These landscapes are also suitable for wind 
parks and ‘energy storage lakes’. As it can be transpor-
ted over large distances, electricity will be generated 
in these peripheries, but peak demands can even be 
met with electricity from abroad.  Electricity can be 
generated in urban areas, but on small scale via PV-
panels.[E+U]

- An open water system will require extra fl ood de-
fence measures in urban areas along the rivers and 
estuaries. This call for new spaƟ al soluƟ ons, who can 
be combined with the urban design soluƟ ons needed 
to combine the zones of terƟ ary and secondary eco-
nomies in the municipality of RoƩ erdam. The Waal-
haven, in the middle of these acƟ vity could be an im-
portant economical engine for the region, but also to 
showcase spaƟ al soluƟ ons for a sustainable fl ood sus-
cepƟ ve urban area. [W+U]

envisioned principle of not just create land in the wa-
ter, but also create water on land. This will off er an in-
crease in buff er capacity  and new possibiliƟ es to use 
the thermal advantages of this water, as well its infra-
structural and aestheƟ c strengths, but also economic 
advantages. It will create a landscape reminscent of 
pre-industrial ages , but it should create more resilient 
areas. (source: by author)

design products
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legend

500m offset from main surface water

envisioned extension of distribution 
pipe
area with district heating
decentralized clusters for local heat 
networks

distribution pipe of district heat 
network

current heat supply station

0 500m
N

The regional strategy shows the municipality of RoƩ erdam and its city ports as the heart of the region. Therefore 
the focus will be on these city ports and a vision is made. Once again, this is done by envisioning each discipline at 
this scale separately and subsequently combine these three into an integrated vision for the city ports. The current developments on creaƟ ng a district 

heat network connected to industrial excess heat 
with not be in vain as this system can coexist with 
sustainable local systems (see also [Figure x9]). The 
implementaƟ on of these systems can occur in areas 
that are not covered by the district heat network. 
The thermal energy networks that use the surface 
water as source need to be in the vicinity of the wa-
ter. In this project the assumpƟ on is made that the 
maximum distance is 500 metres (based on Tech-
niplan (2012)).  Outside this area, thermal energy 
projects are by all means possible, but the storage 
capacity cannot be reduced by using surface water 
in the intermediate seasons.

city ports vision 4.2
4.2.1Energy
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retain precipitation;

increase buffer capacity

immediately draining 

precipitation

legend

outer dike area

0 500m
N

outerdike: adaptive building 

drain precipitation

buffer capacity for precipitation

organize escape routes out of outer 
dike area

strengthen dikes (water levels 2100)

• Since the waterfronts have been used for indus-
trial acƟ viƟ es, the fl ood defences are situated in 
land. This coincides already with the open system 
and allows the river to exceed its current limits. 
These outer dike port areas will be developed into 
urban area and therefore need implementaƟ ons 
of water safety measures, such as fl ood proof buil-
ding and escape routes. 

• Where the inner dike areas need to develop 
more capacity for retaining precipitaƟ on, the ou-
ter dike areas can  drain precipitaƟ on directly into 
the river.

• Due to the rising water levels the dikes need 
strengthening. Some dike secƟ ons are more cri-
Ɵ cal than others, but as they are not built on an 
open system, all teh dikes in urban area need a 
check-up.

4.2.2 Water

design products
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Dutch hinterland, German
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• The city ports will be developed as urban living and 
recreaƟ ng areas as the industrial acƟ viƟ es gradually 
move to the west. The Waalhaven is situated at the 
border where urban area and industrial area meet. 
This large port will therefore be redeveloped as a more 
industrious port; there will be urban development, but 
it will be combined with producƟ on and knowledge in 
light industry, businesses and offi  ces.

• The trend of developing dense urban area along the 
river banks is conƟ nued towards the west, replacing 
industrial programme that is moving out of the city. 
This extended high density zone is also connected to 
a new metro connecƟ on. A new metro route is being 
studied by the municipality, but the main concept is to 
connect economic centres on the south bank to the 
north bank, forming a half circle around the city centre 
[Figure MU2].

• Following the dense urban area, a slow traffi  c route 
is created along the south bank to connect the acƟ vi-
Ɵ es at the Wilhelmina pier surroundings to the RDM 
Campus. This area will be developed as a similarly at-
tracƟ ve cluster. It will be characterized by educaƟ onal 
programme and research faciliƟ es. The main car traf-
fi c will be situated more inland, following the route 
around the city ports.

• Possible funcƟ ons - besides urban funcƟ ons, such as 
dwellings, shops and faciliƟ es - for the transiƟ on area 
between urban area and port in the Waalhaven are: 
port and water related offi  ces; marine knowledge (co-
herent with Stadsvisie RoƩ erdam 2030 (dS+V, 2007) 
and Structuurvisie Stadshavens (Stadshavens RoƩ er-
dam, ), but also more sustainable possibiliƟ es: 
o cradle-2-cradle disassembly and reassembly
o agriculture/ aquaponics 
o the construcƟ on industry of fl oaƟ ng buildings
These funcƟ ons fi t the area perfectly. They are show-

casing 21st century industries and create job opportu-
niƟ es for the problemaƟ c neighbourhoods in RoƩ er-
dam-south, that deal with high unemployment rates. 
Most of these jobs require low skill levels, which ma-
kes them accessible for uneducated.

• The city port landscape has many kilometres of wa-
terfront. This aestheƟ c value should be rated to its 
value. AƩ racƟ ve and accessible waterfronts should be 
created. Programme situated along shores should be 
more oriented more towards the water to make the 
banks more appealing and accessible. This also means 
accessibility via water.

• When urban programme is placed in the outer dike 
areas, the dikes separaƟ ng inner dike and outer dike 

urban Ɵ ssue should become less of a barrier but more 
a connector between both areas. This can be done by 
     o placing programme in the dike or mask fl ood de- 
         fences by placing them inside buildings
     o reduce the slope by creaƟ ng delta dikes
     o make the dike an aƩ racƟ ve public space for both  
         sides
     o create elevated public space 

• The waterways will be used more for transport of 
people. It will form a blue highway through the city, ta-
king you from one city port to another. This is also why 
the urban Ɵ ssue expands ,more along the river, while 
the industrial area is located closer to the highway to 
transport goods by track. 

4.2.3 Urban development

[Figure  CPU2]:  municipal vision on connecƟ ng economic centres  across 
south bank (source: municipality of roƩ erdam, s.d.) 

design products
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[Figure MC1]: integrated vision of the city ports on municipal scale (source: by author) 
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The area in which one can use surface water as ener-
gy source is roughly the same as the outer dike area. 
Buildings in this area could therefore be thermally 
powered by decentralized local clusters and these sys-
tems should be resilient to fl ooding. Being more water 
oriented in outer dike areas will also be translated spa-
Ɵ ally in organising programme thusly, that it is more 
oriented towards the water. Since there is no need for 
buff ering precipitaƟ on in the outer dike areas, the roof 
space can be used for energy collecƟ on (PV or solar 
heat collector). Urban agriculture will take place at 
ground level in public spaces. [E+W+U]

The pier and basin landscape that characterizes the 
city ports causes a spaƟ al segregaƟ on of small areas. 
This is convenient for the division into smaller com-
muniƟ es to organise an energy system, but also an 
evacuaƟ on route. This structure also creates much 
shoreline. This allows many buildings to be situated 
near or at the waterfront and therefore could be easily 
reached by boat, but also collect the water for thermal 
energy systems. [E+W+U] 

The most densely build areas are likely to have the hi-
ghest cooling demand as this will have the most offi  ce 
space located near the New Meuse river. This can pro-
vide the most potenƟ al cold and can therefore meet 
the local demand. [E+W+U]

The industrial acƟ viƟ es move out of the city ports to-
wards the west and urban programme will take their 
places. The new urban edge will be formed by the wa-
ter of the Waalhaven and the Merwe-Vierhavens. This 
new programme will sƟ ll have a strong connecƟ on to 
the water and therefore the pier structure will barely 
change. There will be space for experimental aquaƟ c 
building. Also, the dimensions of the Waalhaven are 
less suitable for creaƟ ng comfortable urban environ-
ments, whereas the dimensions of city ports like the 

Maashaven and Rijnhaven are more suitable for urban 
projects.[U+W] 

The programme in this new edge between urban and 
industrial will have diverse programme and forms a 
powerful engine for the economy. The Waalhaven - on 
the juncƟ on of the knowledge and the industrial axis 
- should be hosƟ ng job opportuniƟ es for the well edu-
cated (marine technology) but also for the less edu-
cated and less wealthy. The south of RoƩ erdam has 
a relaƟ vely poor community with many naƟ onaliƟ es 
and relaƟ vely high unemployment rates. The Waalha-

ven off ers a vast area in which there is plenty of place 
to start simple businesses or to do labour that requires 
liƩ le skill. This is for instance: urban agriculture and 
aquaculture, ‘C2C’-industry (disassembly and reas-
sembly of used products) or in the construcƟ on indus-
try of fl oaƟ ng buildings.[U+W]

The division of the urban Ɵ ssue created by the dike 
will be reduced by local spaƟ al soluƟ ons, such as delta 
dikes and programme within the dike.[U+W]

[Figure MC2]: visual comparison to show overview of the three disciplines in the urban 
delta with outer dike and inner dike area  (source: by author) 
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The pier structure advocates the implementaƟ on of a 
local thermal energy network per pier. The surface wa-
ter can be approached from almost all around the pier. 
This gives much freedom in the spaƟ al planning of the 
distribuƟ on network; the installaƟ ons will always be 
near to the water. The west ends of the basin will be 
less under the infl uence of the Ɵ dal movements in 
the port and will be slightly warmer. The deep areas, 
where the cold water is situated is are in the centre of 
the Waalhaven.  

High temperature is provided by an external source 
via the pipeline that runs close to the Waalhaven. This 
heat is provided by port industry, but could be chan-
ged in future. To be autonomous, geothermal wells 
can be implemented in the Waalhaven to provide the 
high temperature. One doublet will cover an area of 
1 by 2 km and will deplete at some point. Therefore a 
connecƟ on to an external centralized supplier is most 
effi  cient in the long run. 

As the buildings in the Waalhaven will have an alterna-
Ɵ ve thermal source and will be less heat demanding, 
the main orientaƟ on of the district heat network is 
towards the inland urban area of Oud-Charlois. These 
dwellings are not very energy effi  cient and therefore 
have a larger heat demand.

Between the piers – in the port basins – low dense 
aquaƟ c programme is thermally autonomous. Becau-
se this programme is not connected to a network, it is 
possible to make very fl exible programme

Waalhaven master plan 4.3

[Figure WE1]: 

4.3.1 Energy
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The branched structure of port basins makes most of 
the area accessibility over water. The central axis will 
remain deep to allow access to large vessels. 

The fi nger structure of piers and basins also make a 
very long waterfront. These high quays need to grant 
beƩ er access to the waterfront. 

The water quality needs to be increased in the ends of 
the port basins. Therefore, water plants will be intro-
duced. However, they need more shallow waters. This 
results in reducing the depth of the end of the basins. 
In the southeast of the Waalhaven the  shallow areas 
already exist. These will remain shallow to allow vege-
taƟ on to grow. 

The pier structure makes a clear linear escape rou-
Ɵ ng per pier possible. This simple arrangement makes 
orientaƟ on easy. The escape route should be elevated 
along the pier.

The escape routes will lead onto a delta dike. Because 
the open system can lead to high water levels excee-
ding the NAP+4 m, the delta dike needs to be at least 
NAP+6 m taking  in account all the safety margins.

The deep waters are not suitable for the currently avai-
lable fl oaƟ ng buildings. When technique evolves, this 
might be possible in a later stage. Current opƟ ons for 
the programme in the deep water of the Waalhaven 
can be realised by placing an oil rig and redevelop this 
for urban or light industrial purposes in the city port. 

4.3.2 Water
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[Figure WW1]: Water masterplan of Waalhaven (source: by author)
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Urban programme
The highest building densiƟ es will be placed along the 
shores of the New Meuse river; this concerns the SƟ el-
tjesdijk and RDM campus. The lowest densiƟ es will be 
on the southern piers of the Waalhaven, where a re-
creaƟ onal area will be realised. This is connected to 
the green areas of the Zuiderpark area.

The Waalhaven can be divided in two; a western part 
and an eastern part. This is spaƟ ally determined by a 
dividing strip of water and the diff erence in angle of 
orientaƟ on of the piers. The urban programme in the 
east of the Waalhaven will consist of offi  ces, dwellings, 
light industrial programme and businesses, but also 
recreaƟ onal areas. The west side remains industrial 
area. 

The western parts of the pier will be closest to the in-
dustry and to the river. The western parts of the piers 
on the eastern side will be characterized by the more 
industrial programme. The eastern side will need to 
connect to the urban Ɵ ssue by matching programme. 

ConnecƟ vity
A bridge will connect the SƟ eltjesdijk and the RDM-
campus. This will allow slow traffi  c and a tramline to 
conƟ nue their path along the riverbank through the 
dense urban zone.

The industrial areas will connect more to the port in 
the west and the highway A15. The urban areas will be 
oriented to the waterways with more aestheƟ c value 
and the shortest route to the city centre.

A new metro staƟ on on SƟ eltjesdijk will connect north 
and east. It will be part of the circular line connecƟ ng 
the economic centres in southern RoƩ erdam. The sta-
Ɵ on will service the dense cluster on SƟ eltjesdijk.
From near the proposed metro staƟ on connecƟ ons 

across the port basins is made, perpendicular to the 
direcƟ on of the pier. These connecƟ ons are for slow 
traffi  c and make the piers more connected, now it is 
changing to an urban area. 

The eastern edge of the Waalhaven is determined by 
a dike, that will be upgraded to a delta dike. By incre-
asing the height, but more importantly the width of 
the dike, it will ‘protect and connect’ the Oud-Charlois 
district. The delta dike will be mainly green, but with 
urban programme that will connect the urban Ɵ ssue 
of Ouc-Charlois to the Waalhaven. Also the exisƟ ng 
infrastructure will be extended on to the Waalhaven 
piers. 

AquaƟ c programme
The water in the extension of the piers is available for 
aquaƟ c buildings (fl oaƟ ng or elevated) in similar den-
siƟ es as the pier. This will be realised in a later phase, 
when the piers have been fully redeveloped. The strip 
of water is over a hundred meters wide and can also 
host a strip of aquaƟ c building. To respect the open 
character of the port basin, this will be done in low 
density and a small amount of layers.
In the south, where water are shallow, there are more 
suitable locaƟ ons to place fl oaƟ ng programme. In this 
area it should match with the green recreaƟ onal cha-
racter, therefore, the programme will be placed in low 
densiƟ es, allowing to recreate around the fl oaƟ ng pro-
gramme.

The south-oriented quays will be developed as aƩ rac-
Ɵ ve public space with port idenƟ ty. In this area origi-
nal buildings will be preserved and reused. Some of 
the exisƟ ng port cranes can remain to give more cha-
racter to the public space.

ElasƟ city
The elasƟ city that has characterized the Waalhaven 
over the last century will also be visible in these deve-
lopments. The gradual transiƟ on will change the look 
and use of the Waalhaven over Ɵ me, resulƟ ng in chan-
ging outline shapes. However, it is very expensive to 
change  and rebuild quay walls. Therefore, it is envisi-
oned that the current form will remain for the coming 
decades. The change will predominantly take place in 
the new fronteer: aquaƟ c building. With building up 
the designated zones, new  dimensions of the surface 
water will be shaped, that are more coherent with ur-
ban typologies, such as canals. Also , the role of the 
north-south connecƟ ons will contribute to shaping a 
new orientaƟ on in the Waalhaven.
The southern part of the Waalhaven could contribute 
more to its elasƟ c legacy. This more green, low-dense 
area with shallow waters could be parƟ ally removed 
form its current hard water edge and create a more 
subtle, natural shoreline. With an expansion of the 
elevated infrastructure, the shape of the ground level 
could become barely signifi cant to the funcƟ oning of 
the area. It could therefore change regularly without 
having a major impact. Even more elasƟ city is brought 
by fl oaƟ ng programme, which can be placed and chan-
ged in a short amount of Ɵ me.

4.3.3 Urban development
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[Figure WC3]: matching gradients in the dif-
ferent disciplines of the Waalhaven (source: 
by author)

[Figure WC3]: pier 
structure Waalha-
ven creates sepera-
ted peninsulas that 
helps creaƟ ng idenƟ -
Ɵ es per pier (source: 
by author)

[Figure WC2]: secƟ on AA; north-south secƟ on of Waalhaven (source: by author)

[Figure WC1]: Masterplan of Waalhaven (source: by author)
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The zoning plan for the Waalhaven is formed by com-
bining the three disciplines. The SƟ eltjesdijk will have 
the highest density as it is part of the linear dense 
zone along the New Meuse river. It will have many of-
fi ces with a relaƟ vely large cold demand. The river is 
a more effi  cient source for cooling than a port basin. 
The two pier south tof the SƟ eltjesdijk are less dense. 
This is because they are not on the main rouƟ ng along 
the shore, but also to beƩ er connect to the archetype 
of Oud-Charlois and the Waalhaven. The delta dike 
should also contribute to making a beƩ er connecƟ on 
between city and transiƟ oned port.
Since the south-eastern part of the Waalhaven is more 
shallow and can be connected to the green zone in the 
Zuiderpark, this area will be more characterized by the 
green and is most suitable for fl oaƟ ng programme. 
Here also a soŌ  approach can be used, where quays 
disappear and nature can infl uence the landscape. 
The fl oaƟ ng buildings have easy access to the water 
and therefore can be thermally autonomous. Also 
around the piers 1 and 2 study areas are indicated to 
place aquaƟ c building. The water depth is considered 
too deep for the current techniques. Therefore, this 
can be placed in a later phase. 
The western side of the Waalhaven will remain part 
of the industrial zone. AŌ er short seas shipping this 
area will also be used for construcƟ on and C2C-indus-
tries. The RDM-campus and its surrounding area will 
be transformed to an urban zone. This area will be a 
hosƟ ng a knowledge cluster and forms the end of the 
slow traffi  c route and dense urban Ɵ ssue along the 
New Meuse river.[E+W+U]

The idenƟ ty per pier is already made possible spaƟ ally 
by having the piers separated by water. This separa-
Ɵ on helps in organising local energy networks as well 

as evacuaƟ on schemes. Also, by making the energy 
system more visible on the pier should contribute to 
creaƟ ng more unity and idenƟ ty.[E+W+U]

There will be connecƟ ons for slow traffi  c made 
between the piers. First, the eastern connecƟ ons 
across the water are implemented, as the urban re-
development of the port area will start from the other 
urban area. As the transiƟ on of the piers progresses 
the western connecƟ ons will appear. These connec-
Ɵ ons are also part of a fl ood-safe route through the 
Waalhaven. Therefore, these connecƟ ons will be ele-
vated above the water, but also above the piers. This 
makes crossings with ships and cars possible.[W+U]

The southern oriented quays of the piers are develo-
ped to exploit the quality of its ‘sunny’ public space 
with characterizing elements. As it will be a pleasant 
place to stay the connecƟ on with the water should be 
improved as well.[W+U]

The largest heat potenƟ al in the surface water of the 
Waalhaven can be found in the areas that are shallow 
and/or have slowly moving water. This can be found 
in the south-eastern part of the Waalhaven and at 
the Ɵ ps of each port basin. This can subsequently be 
linked to the programme. When buildings need signi-
fi cantly more heat than cold, they should be located 
near these areas. This includes for example housing 
and farming. It also works the other way around; pro-
gramme with a relaƟ vely high cooling demand, such as 
offi  ces and shops, should be located near the coolest 
water, which will be in the New Meuse river and the 
deep central axis of the Waalhaven.[E+W+U]

Opposing (and therefore matching gradients can be 
seen in the Waalhaven [Fig. WH1], where the gradient 
of the water temperature is opposite to the building 
density. The cooler waters in the northern waters can 
provide the cooling demand of the dense urban zone 
at SƟ eltjesdijk, whereas the southern low-density pro-
gramme - in warmer waters - needs less cold water. 
[E+W+U]

The heat demand will also change in Ɵ me. As the in-
dustrial programme leaves, new, more energy-effi  -
cient buildings will take their place. This means the 
demand for high temperature water will be reduced. 
The district heat pipe, running close by the Waalhaven 
can therefore be iniƟ ally important, but its requested 
heat supply will reduce. Other, locally produced high 
temperature water, will be used instead to supply the 
small demand.[E+U] 

4.3.4 Integrated masterplan
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[Figure PE-1]: envisioned measures within the discipline of energy management (source: by author)
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4.4.1 Energy
The pier will form a local thermal energy network, 
which is almost autonomous. The system explained in 
paragraph 3.3 is spaƟ ally implemented on to the pier. 
This puts it in between the cold water and the warm 
water supply staƟ ons, making the transport equally 
long. . The cold exchange staƟ on will be near the deep 
waters in the west and the heat exchange near shal-
low waters in the east. In their surroundings the heat 
and cold is stored underground.

From this machine, the warm waters and cold water 
is distributed across the pier to the designated user. 
Each temperature level will have an outgoing pipeline 
servicing the need and a returning pipeline supplying 
a cooler temperature level in the cascading machine. 
This distribuƟ on will take place along a central axis 
over the length of the pier. 

These distribuƟ on pipelines should be accessible so 
that when a transiƟ on in the programme takes place, 
a quick alteraƟ on to the pipelines could facilitate the 
new situaƟ on.

The storage systems will consist of an exchanger and 
switch to charge, discharge or bypass the ATES. These 
systems are located near their sources on either end 
of the pier. 

There should be a possibility to bypass the distribuƟ on 
staƟ on to supply high (or low) temperatures to special 
users, such as a supermarket or a swimming pool. This 
programme will be situated near the heat or cold ex-
change staƟ on.

The heat and cold yield  from surface water is incre-
ased by taking water from either deep port basins or 

by shallow waters to gain respecƟ vely cold water (8’C) 
and warm water (25’C) 

The maximum yield from heat collecƟ on can be ensu-
red by making the sun hit the surface water throug-
hout the day. The assumpƟ on is made that the sun 
should cover two-thirds of the surface at 18:00 hrs on 
September 1st. This means an angle of impact of 14 
degrees (Giesen, 2013).

Buildings
Apart from sustainably generated energy, the New 
Stepped Strategy also indicates that the demand 
should be as minimal as possible. 
The thermal energy loss will be reduced by making pla-
cing programme that answers to the latest demands 
on sustainable building. To prevent thermal loss of 
buildings, they should be built compactly. Obviously, 
they should also be equipped with thorough insula-
Ɵ on of wall and glass and furthermore, have energy 
effi  cient equipment. 
The building orientaƟ on for reducƟ on of heat demand 
makes no diff erence whether building blocks are 
oriented south or south-west. However, for lighƟ ng 
it does maƩ er; therefore southwest is preferred (Mo-
rello et al., 2009).

The cascading machine will distribute the heat and 
cold to the buildings on Pier1 from a central posiƟ on. 
From here the numerous pipelines will distribute the 
diff erent temperature levels across the pier. The cold 
exchange staƟ on will be near the deep waters in the 
west and the heat exchange near shallow waters in 
the east. In their surroundings the heat and cold is 
stored underground.

design products
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[Figure PW-1]: envisioned measures within the discipline of water management (source: by author)

[Figure PW-1]: schemaƟ c secƟ on of envisioned measures on water manegement. (source: by author)
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The pier is situated in outer dike area. This means for 
instance, that the area does not need to retain preci-
pitaƟ on; it can be drained directly into the port. This 
also means that the rooŌ ops and public space do not 
need retenƟ on systems implemented, which is valu-
able space that can be used for other purposes, such 
as energy collecƟ on and recreaƟ on. However, water 
retenƟ on systems could sƟ ll be implemented for gray 
water systems, that help save (drinking)water.
In the year 2050 it is assumed that water levels could 
reach a mean high water level of NAP+3.85 with a 1 in 
10.000 year chance (Veerman, 2008; Kokhuis, 2013).  
This means water levels will rarely be life threatening, 
but very inconvenient indeed.

Flood protecƟ on
 The central strip of the pier will be having an elevated 
core on poles, from where a path runs along the pier 
guiding people to safety behind the dike. This parallel 
escape route is connected to the other piers by per-
pendicular elevated connecƟ ons across the port bas-
ins, making the area beƩ er connected and off er more 
access possibility to fl ee to higher ground. 
The ground fl oor of this central strip will be suscep-
Ɵ ble to fl oods. Therefore, it will be either built dry 
proof or wet proof, depending on the damage that can 
be brought to the elements behind the facade.  Also 
disaster miƟ gaƟ on is applied by demanding installa-
Ɵ ons as well as bedrooms to be situated on the fi rst 
fl oor or up.
The renovated warehouses are also suscepƟ ve to 
fl ooding. They will host mainly programme to what 
the water can do liƩ le damage. A fl oor can be built 
in to the eight meter high building to store electronic 
equipment and building installaƟ ons. These buildings 
will be mainly wet proofed, some will be dry proofed 

according to the programme they host. FloaƟ ng pro-
gramme docked alongside the pier will rise with the 
water, so will not be damaged by the water. Further-
more, it could also funcƟ on as place of refuge in case 
of a fl ood.

Accessibility
The long waterfront around the pier has diff erent cha-
racterisƟ cs of the transiƟ on from land to water. 

The quay wall can be lowered , bringing people up to 
the water line. This means breaking down the quay 
wall, which usually causes construcƟ on problems, as 
quay walls are complex structures. It is therefore not 
recommended.

High quay walls combined with deep waters allow re-
laƟ vely large vessels to reach the pier and dock. This 
helps providing the industry and retail with goods via 
water oriented transport.
The high quay wall can remain and from there a ramp 
connects the land to a fl oaƟ ng plaƞ orm, that allows ac-
cess to the surface water.

FloaƟ ng development can be placed against the quay 
wall. This development has mulƟ ple levels allowing to 
enter the building at the fi rst fl oor and decent to fi nd 
water access at ground level.

The pier also should use the deep waters in de surroun-
ding port to be accessible by large vessels. This can be-
nefi t the industry. However, moving these ships far up 
the basin towards the east is not possible, because of 
shallower waters, but also designated zones for fl oa-
Ɵ ng development. Placing this on the water helps ma-
king the vast water surface into urban dimensions.  

4.4.2 Water
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ground level

wet proof
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[Figure PW-1]: envisioned measures within the discipline of urban design(source: by author)
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Pier zoning
The central linear strip will be used for new buildings. 
Through the middle of this zone, an elevated linear 
route runs towards the delta dike. The buildings are at-
tached to this elevated public space. Around this block 
a road forms the separaƟ on between the build up 
blocks and the outer ring of open public space. Here, 
the preserved and renovated warehouses give cha-
racter to the zone, but should keep an open charac-
ter to the waterfront. This means a selecƟ on is made 
on what warehouses to preserve. This is for aestheƟ c 
purposes, but also pracƟ cal; quay structures cannot 
bear the heavy load of extra buildings if they are built 
too close to the quay wall, without severe – and very 
expensive – forƟ fi caƟ ons. This excludes of course the 
already exisƟ ng warehouses, as their load has pro-
ven no problem to the current quay. All development 
on the quay will therefore be compact and light. The 
most of the waterfront consists of crane tracks that are 
constructed to the land as a jeƩ y [Figure DU-0/DW-x]. 
These are founded construcƟ ons and could bear some 
load. The cranes on these tracks will partly remain, as 
it gives the area its character.
The port basin is 100 – 130 m wide. This is not a very 
urban dimension. Therfore zones in the water are in-
dicated, were fl oaƟ ng programme can be added. This 
also gives great opportunity to help the region change, 
because new programme can replace obsolete deve-
lopment simply by fl oaƟ ng the old one out and the 
new one in. This can be seen as changing the appli-
caƟ ons on a smartphone (Waterstudio, 2012) [Figure 
DU-1].

Programme
The buildings on the open, low lying zone, are desig-
nated to host small enterprises and start-ups, mainly 

in the cultural and leisure sector. The middle zone 
should have a mix of funcƟ ons. In this mix, a gradient 
between the eastern and western side of the pier is 
visible; from urban programme in the east towards 
more industrial programme in the west [Figure DU-0]. 
The elevated public space provides the buildings with 
a second plinth on a diff erent fl oor. This could bene-
fi t the mix also verƟ cally. This elevated public space 
forms a more enclosed space, contradictory to the 
open waterfront. This contrast needs to be vouched 
for in the development of these building blocks con-
cordantly their funcƟ ons. In other words, shops and 
public services should not be drawing the crowds to 
this area. It should give access to predominantly dwel-
lings and offi  ces; the occasional hospitality or small 
shop is allowed.

Building height
Pier 1 will be built up with urban densiƟ es. This means 
working with an FSI (Floor Space Index) around 1,0. 
Also the number of layers will be limited. There will 
not be too many large shadows casted to keep day-
light available for most buildings and also the quays.
The number of built-up layers will be mostly between 
3 and 5. The building height should vary regularly to 
show mulƟ -form building blocks. This also means that 
building heights of 6 or 7 layers are occasionally allo-
wed.

RouƟ ng
The pier will have a car route from the main road – the 
Waalhaven Oostzijde - going round the pier. This gives 
access to both quay programme as the programme in 
the central strip. The ground fl oor of this strip will be 
mainly parking and storage space. 
Where the car is limited in its routes, the slow traffi  c 

- predominantly pedestrians - have great freedom of 
movement. On ground level a waterfront promenade 
forms a wide conƟ nuous route, meandering through 
the Waalhaven. This network is via ramps and stairs 
connected to the elevated network, which forms the 
fl ood proof escape route of the outer dike area. This 
route forms the central public space in between the 
buildings. Perpendicular to this route along the pier 
are two pedestrian bridges; one halfway down the 
pier and one at the end. These bridges form the con-
necƟ on to the other piers, shortening the distance 
when travelling from one pier to the other.

Quays
Since the exact calculaƟ on for the distance to the quay 
wall and the amount of load to bear, is not a fi eld of 
experƟ se for this project, the exact rules are unclear. 
Since the concept is to keep an open environment al-
ong the waterline, the quays will have no extra heavy 
loads to bear. Small pavilions are allowed. Larger pro-
gramme along the waterline will therefore be placed 
in the water. Thusly, it can also form a connector 
between the high crane track jeƩ y and the water surf-
ace. Beacause these jeƩ y’s are preserved, the water 
accessibility needs to be increased by creaƟ ng aquaƟ c 
public space - either on poles or fl oaƟ ng - connected 
to the quays. This allowes a beƩ er experience and use 
of the surface water.

4.4.3 Urban development

design products
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[Figure DU-2]:overview of buildings that will be preserved in the urban design 

(source: Google maps, assembled by author)

Preserved buildings
The following selecƟ on is made for the preservaƟ on of 
buildings. Most of them are warehouses that all look 
very similar. 
The warehouses should, together with the cranes con-
tribute to the more industrial feel of the pier. The open 
waterfront should therefore show similarity in mate-
rial and look; warehouses along the water and open 
space in between, materialized with concrete, steal 
and brick.
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Phases of transiƟ on 
As the redevelopment of Pier 1 is a transiƟ on progress from industrial to urban, it will not happen overnight. The 
plots will most likely become vacant at diff erent moments in Ɵ me. The exact end of the current contracts at Pier 
1 could not be given  for this project, but the current contracts on the Waalhaven-East and SƟ eltjesdijk will end 
between 2020 and 2035 (De Vries, 2013). The energy system chosen for the pier is very suitable for these transi-
Ɵ ons, but how to approach this from a spaƟ al-funcƟ onal perspecƟ ve?
Firstly, the direcƟ ons of development should occur in western direcƟ on, because this area is situated closest to 
the exisƟ ng urban area. 

Phase 1 [Figure DU-2a] :
Opened up areas on the pier can be turned green. Soil examinaƟ on should determine whether this can take place 
in the pier’s soil or on top of it (when polluƟ on is indicated).
Green areas can funcƟ on as recreaƟ onal, but also as agricultural land. Here, people from the surrounding neigh-
bourhoods could be given the space to start urban farming or gardening. 

Phase 2 [Figure DU-2b]:
Urban programme is being developed in the middle strip of the pier. The temporary green that was situated here 
before, will reappear elsewhere on the pier. Also warehouses in the open zone are assessed and renovated. More 
industry disappears and is turned to green. 
More temporary programme can be implemented onto the pier when more people are aƩ racted to the Waalha-
ven-East. Possible opƟ ons are shown in [Figure DU3].

Phase 3 [Figure DU-2c]:
The majority of the pier is currently under redevelopment. The pier hosts defi niƟ ve programme in the eastern 
developments, characterized by mainly dwellings and offi  ces. The waterfront is developed concordantly. The mid-
dle secƟ on of the pier is sƟ ll a mix of businesses, temporary programme, green plots and light industry. 

Phase 4 [Figure DU-2d]: 
The pier nears its full transformaƟ on. More plots in the west are fi lled with durable development. The industry 
here will slowly be replaced by small businesses that benefi t from their locaƟ on at the waterfront, accessible by 
small cargo vessels. The rouƟ ng along the waterfront is fully developed, making a conƟ nuous promenade along 
the pier. Also fl oaƟ ng – fl exible – programme can be placed at the waterfront, accessible from the promenade.

Phase 5: [Figure 2e]:
The new fronƟ er in this phase is expansion of urban programme along the extended line from the pier towards 
the west as industry is moving more and more to the west. This requires new technology and will not occur before 
2050.[Figure DU-2]: schemaƟ c overview of phasing between 

2030 and 2050 towards 2100 (source: by author)

a: phase I

b: phase II

d: phase IV

c: phase III

e: phase V

2030

2050

210000
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prinzessinnengarten.de de.fac.to

The transiƟ on will come with unoccupied plots. Here, 
temporary programme can be placed. This could be 
occupying the plot for a few months, but it could also 
be around a decade. Temporary programme should 
make an industrial port area more intrersƟ ng for the 
inhabitants of RoƩ erdam (and perhaps even from out-
side the city). Events and recreaƟ on, but also jobs and 
schooling should lure people towards the Waalhaven. 
This temporary programme should also contribute to 
the community feeling and should support the bot-
tom-up iniƟ aƟ ves.
The advantage of the port area is that fl oaƟ ng pro-
gramme can easily be towed in and quickly replaced 
by new programme when the demands change.

Some examples of temporary programme are:
- agriculture
- sports
- events, fairs, concerts
- studio space, start-ups
- temporary housing
- recreaƟ on, gardens
- educaƟ on

In a transiƟ on area, temporary programme will also 
mix with defi niƟ ve redevelopments. It should contri-
bute to a more pleasant and more vibrant urban area, 
that is in the making.

possible temporary programme

prinzessinnengarten.de

prinzessinnengarten.demellowpark.de

almere.nu

Islands Brygge Dalhoff ,s.d)
nurlimonde.blogspot.nl

torteltuinen, Leiden
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Triple gradient
The programme on the pier will be an integraƟ on of 
disciplines. The western end of the pier will host in-
dustrious logisƟ c funcƟ ons, that can be linked to trans-
port over water. These buildings will be in between ur-
ban funcƟ ons and the industry that can be witnessed 
across the water in the west. This requires accessible 
quays and deep waters. These deep waters are suitable 
for cold water collecƟ on and the cold exchanger is, as 
said before, situated at this same end. This way, it can 
also supply cold water directly to peak cool demands, 
such as cooled storage units or industrial acƟ viƟ es. 
Also, a more urban programme can be placed here 
as well, when the transiƟ on conƟ nues. A large super-
market, a food court or even a theatre or convenƟ on 
centre needs cooling and could be accessed by boat. 
The programme would aƩ ract also people from land 
and will create a fl ow of people up and down the pier, 
prevenƟ ng it from becoming a slightly desolated area. 
Dwellings and offi  ces will be on the more urban side 
of the pier, connecƟ ng more to the urban programme 
in Oud-Charlois. In this more urban programme the 
larger public space comes to jusƟ ce. Here the water 
depth is also reduced to make a more pleasant water 
for recreaƟ on, but also to use the shallow waters for 
surface water heaƟ ng.[E+W+U] 

Linear structure
The linear structure of the pier forces all three discipli-
nes to work in the same direcƟ on. This makes it easier 
to spaƟ ally combine the three layers. In this project, 
the energy distribuƟ on matches the escape route as 
well as the orientaƟ on of development and the rou-
Ɵ ng [Figure DC3]. 

Elevated public space

The elevated public space is a good example of the 
integraƟ on of the three disciplines. It forms the back-
bone for new development on the pier, as new buil-
dings are connected to the public space, which creates 
a second plinth and a route to safety. But on top of 
that it also distributes the thermal pipelines from the 
cascading machine to the building blocks and back. 
The elevated pipelines are therefore not suscepƟ ve to 
fl ooding and also easy accessible when an adaptaƟ on 
needs to made to the system or a repair is needed. The 
elevated thermal transport is also the shortest route, 
as the cascading machine and the installaƟ ons in the 
buildings are also at elevated levels [Figure DC2].   
With this system, the enƟ re pier can undergo the trans-
formaƟ on in secƟ ons. First the pathway is made and 
aŌ er that programme is placed against the walkway 
and is subsequently aƩ ached to the thermal system. 
[E+W+U]

Appearance energy system
The pier will have its own heat distribuƟ on system. 
This is formed by a centrally situated distribuƟ on sta-
Ɵ on, fed by a heat exchange staƟ on (east side) and a 
cold exchange staƟ on (west side). Since the project is 
all about implemenƟ ng the thermal energy network 
in the urban environment and showcasing new ways 
to rethink the power of water, the elements of the sys-
tem should be standing out. This can – and will -  be 
done by remarkable architecture, but also by eleva-
Ɵ on, which will also prevent it from fl ooding. People 
may see that this is the heart that is fuelling their pier 
community.[E+W+U]

Safety & distribuƟ on
The elevated land the cascading machine is on is part 
of an elevated linear route across the pier, providing 

a safe exit in case of fl ooding. This escape route will 
be at around 4 metres above the quay, which is 7,2 
metres above NAP. This height is above the assumed 
threat line of NAP+6 and makes it possible to organise 
a building layer of programme underneath. On top 
of that, it also connects to the elevated connecƟ ons 
across the port basins and allows cars and trucks to 
cross underneath.[W+U]

Reducing demand
The buildings on pier 1 will be mostly in closed buil-
ding blocks. This is to honour the large scale plot of 
the port idenƟ ty, but also to build compactly and re-
duce heat demand. Due to technological advance, 
buildings will get more and more energy effi  cient. The 
heat demand for dwellings will be reduced from 200 
kWh/m2/yr to an average of around 50 kWh/m2. Of-
fi ces have a current heat demand of around 450 kWh/
m2/yr and the assumpƟ on is made that this will be 
reduced to 200 kWh/m2/yr. A lower heat demand also 
means a lower temperature connecƟ on to the central 
distribuƟ on staƟ on. This can be reconnected at this 
staƟ on and requires no new pipelines to the new buil-
ding. These pipelines will run underneath the elevated 
public space, so they are easily accessible. 
The heat network will consist of the distribuƟ on of 
three diff erent temperatures. The high temperature 
will supply the old, exisƟ ng buildings with low thermal 
effi  ciency. The medium temperature will be distribu-
ted mainly to offi  ces, but also a part of the newly built 
dwellings. The other part of the dwellings will be built 
very energy effi  ciently and can be supplied with a low 
temperature thermal source.[E+U]

Urban rules
To make sure enough sunlight can hit the water from 

4.4.4 Integrated urban design

4.4.4 Integrated urban design: aqua-thermal  
redevelopment design products
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cold warm

!! !
e l e v a t e d p u b l i c s p a c e

where most heat is extracted, there will be maximum 
building heights on the pier to guarantee sunlight on at 
least two thirds of the basin between 10:00 and 18:00 
hours during the heat collecƟ ng months. Studying the 
azimuth of the sun tells us that an imaginary line with 
a 14 degree angle with the surface from the middle of 
the basin forms the limit to building heights. An oc-
casional excepƟ on is allowed, when other arguments 
prescribe an exceeding building height. In pracƟ ce, 
this means that the zone directly south to the basin 
will be restricted; the middle zone of the pier has a 
restricƟ on that makes a 5 layer building easily possible 
[Fig. CD4]. [E+U]

Suitable landscape
The pier and basin landscape is very suitable for im-
plemenƟ ng temporary fl oaƟ ng programme around 
the pier. The deep and wide waterways make it easy 
to manoeuvre large vessels into urban area. When the 
circumstances change, the programme can simply be 
changed by towing the obsolete programme out and 
the new programme in. This can be done in a day and 
won’t require long construcƟ on Ɵ me at the site, as in 
convenƟ onal systems.  Regularly changing programme 
also fi ts the adapƟ ve energy system. When the pro-
gramme has a high thermal demand, this cannot be 
generated by an autonomous system. Then, it can be 
aƩ ached to the thermal distribuƟ on system. The tran-
siƟ on development could also benefi t from placing 
temporary fl oaƟ ng programme around the pier. As 
the character of the pier changes, the programme at 
the waterfront can adapt to that by simply replace the 
building.[E+W+U]

[Figure DC2]: comparing the three disiplines in a schemaƟ c secƟ on (source: by author)

ENERGY

URBAN DEV.

WATER

urban character

striking installations 

industrial character

water levels

overflow dam

elevated escape route

cascading machine

thermal exchange station

cold transport

heat transport

external heat supply

ATES

suitable for small boats

suitable for larger vessels

escape to safe ground

accessible water

!

NAP+6.0 m (extreme; 2100)

deep shallow

NAP+1.5 m

NAP -0.5 m



85

Phase 1:
The fi rst plots of industrial area on the pier will be tur-
ned into green recreaƟ onal or agricultural land. The 
fi rst secƟ on of the elevated public space is construc-
ted. This concerns the secƟ on between the main road 
and the cascading machine. 

Phase 2:
Permanent built-up programme is appearing around 
the elevated connecƟ on. It becomes a mix of open 
and built-up plots, connected by an elevated public 
space. Also, the fi rst development on the waterfront 
starts. Further west on the pier, more green starts re-
placing industrial area.

Phase 3:
The urban character starts to show its complete form 
in the east with all the plots built up with defi niƟ ve pro-
gramme. The open waterfront funcƟ ons as pleasant 
outdoor space for the dwellings and offi  ce space. The 
western side of the pier has developed the elevated 

Phasing of the transiƟ on

public space. Along which the fi rst defi nite program-
me start appearing. The circular rouƟ ng is completed; 
the southern road is constructed and the conƟ nuous 
promenade along the waterfront is complete.

Phase 4: 
The pier transforms the fi nal remaining plots to be-
come a fully completed urban area with a more indus-
trious mix on the west side of the pier – towards the 
industrial port. The east side blends into the urban Ɵ s-
sue of Oud-Charlois across the delta dike.

Phase 5:
This step, aŌ er the compleƟ on of the land based pro-
gramme, is characterized by aquaƟ c development. 
This can be developed as large fl oaƟ ng blocks or eleva-
ted on poles. New technologies will make this possible 
and aff ordable; something that is not the case today. 
Extra connecƟ vity between the piers and a more blur-
ry boundary between land and water are advocated in 
this phase.

[Figure DC4*: building height restricƟ on based on azimuth regulaƟ on sƟ ll 
off ers large potenƟ al for dense urban areas. (source: by  author)

[Figure DCX]: impression of pier segment in transiƟ on. It shows the central 
elevated public space and the mix of permanenet and temporaty progamme. 
(source: by  author)

[Figure DC4]: The linear structure helps molding the three 
disciplines: energy (top), urban development (middle) and 
water (boƩ om) (source: by  author)
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The programme for pier 1 is determined. The calculaƟ -
on is determining the size of the storage wells needed 
for the programme of the volumetric design made. 

Surface per programme
Per strip calculaƟ ons are made to determine the pro-
gramme. The division of programme is done by divi-
ding all the funcƟ ons into fi ve diff erent categories that 
can be characterized by their heat and cold demand: 
- The category ‘mulƟ -use/service’ holds besides offi  ce
  space also museums and other public service 
  programme; 
- The category ‘Dwellings’ simply contain dwellings;
- The category ‘Shops’ contains retail, shops;
- The category ‘Business’, which holds besides 
  businesses, some light industrial programme, but 
  also restaurants;
- The category ‘supermarket’ also covers funcƟ ons 
   such as theatre or ocnvenƟ on centre and  (large 
   cooling demands per m2).
A division of funcƟ ons of enƟ re strip is made to give a 
quick esƟ mate of the Gros Floor Space (GFS) of each 
category:
mulƟ -use /service  30% 
Dwellings   35%
Shops    15%
Business   19%
Supermarket   1%

The total GFS of the Pier 1 programme is 151 381 m2. 
The total surface area of Pier 1 is 185 000 m2. This 
results in an FSI of 0,81 [Figure Calc1]. 
This is relaƟ vely low for an urban environment, due to 
the included large open waterfront. When calculaƟ ng  
the built up centre strips, results show FSI = 2.0 (see 
appendix C for more explicit calculaƟ ons).

CalculaƟ ng demand programme Pier 1
The heat demand (for the heaƟ ng of space, no tapwater heaƟ ng) and cold demand for this programme is calcula-
ted. In research of the consummaƟ on of heat and cold, diff erent results were found. For example, offi  ce heat sup-
ply could diff er between 50 kWh/m2/yr (Wisse, 2013) or 140 kWh/m2/yr (ECN, 2010). On top of that, buildings 
will become more energy effi  cient in future. In an area with a gradual transiƟ on process, many diff erent demands 
within one category will occur. Therefore the following assumpƟ ons have been made based on the found data 
and have been used to determine a heat and cold demand. This fi gure is most likely too high for the amount it 
could be in 2050. However, there is no guarantee that all new buildings will be built according to the latest energy-
effi  ciency.

Total heat demand
mulƟ -use 30% with 100 kWh/m2/yr heat demand =  4541427 kWh/yr
Dwellings 35% with 50 kWh/m2/yr  demand = 2649166 kWh/yr
Shops  15% with 300 kWh/m2/yr  demand = 6812141 kWh/yr
Industrious 19% with 200 kWh/m2/yr  demand = 5752474 kWh/yr
Supermarket 1%   with 300 kWh/m2/yr  demand =   454143 kWh/yr
                      TOTAL DEMAND: 20.2 GWh/yr
Total cold demand
MulƟ -use 30% ; 50 kWh/m2/yr   demand = 2270714 kWh/yr
Dwellings 35%; 0 kWh/m2/yr; cooling by venƟ laƟ on or (electrical) air-condiƟ oning systems 
Shops  15%; 40 kWh/m2/yr  demand = 908285 kWh/yr
Industrious 19%; 300 kWh/m2/yr  demand = 8628711 kWh/yr
Supermarket   1%; 1400 kWh/m2/yr  demand  = 2119333 kWh/yr
       TOTAL DEMAND: 13.9 GWh/yr

[Figure calc1]: graph by Spacemate, showing the density data of 
the urban design on Pier1 (source: Spacemate.nl)
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IrregulariƟ es of water
The low temperature heat and cold will be harvested 
from the surface water. The calculaƟ on of the yield, 
again, is infl uenced by mulƟ ple variables. The main 
one is the fl uctuaƟ ng temperature of the surface wa-
ter [Figure...]. This aff ects both heat and cold collec-
Ɵ on. 
The assumpƟ on is made that the cold temperature 
can be collected at 5°C, whereas the heat can be co-
lelcted from the shallow basin can be collected at tem-
preatures up to 26°C (see appendix C).

Dimensions of ATES footprint
With this in mind the dimensions of the storage wells 
are calculated (see also appendix C):
- A heat demand of 20.2 GWh/yr normally requires a 
  footprint of 61575 m2 (280 by 280 m). 
- A cold demand of 13.9 GWh/yr requires a footprint 
  of 36106 m2 (190 by 190 m). 

However, the fact that surface water can be used does  
have eff ect on the size of the footprint. Here also many 
uncertainty about the actual percentage of reducƟ on. 
This depends in the fi rstly on the shape of the aquifer, 
but also the temperature plays a role. The effi  ciency 
shown at the Maastoren system, 75% (De Ingenieur, 
2007), is almost too good to be true. Both Molenaar 
(2011) and Wisse (2013) suggest it is far less. There-
fore the assumpƟ on is made that the addiƟ on of the 
surface water could result in a 40% reducƟ on:
 -  Heat footprint: 31360 m2 (177x177m)
 -  Cold footprint: 14440 m2 (120x120m)

These area needed for the warm water storage is 
available in the design. The large public space off ers a 
place where mulƟ ple wells can easily be accessed; via 
the waterfont and the underground space underneath 

the shallow basin.
The cold storage has the some open public space to 
create wells. However, there are larger wells necessary 
or smaller wells under the water to meet the number 
of square metres that is needed to support the pier’s 
cold demand. 
There could be the opportunity to use more surface 
water directly at the cold collecƟ ng to reduce the 
storage capacity.

Surface water to reduce unbalance
The surface water is also used to adjust the unbalance 
between the heat and cold demand of the pier. These 
adjustments will help reduce the footprint. On top of 
that, thses adjustments are ideal to cope with chan-
ging demands. These will occur when programme is 
changing during the gradual transiƟ on of the area. 

As the transiƟ on progresses, the buildings at the 
pier will become more energy effi  cient and less heat 
demanding. A shiŌ  will take place from the higher 
temperatures towards the lower temperatures. This 
means an ever growing percentage can be covered 
by the low-temperature energy extracted from the 
shallow basin. This makes the pier more self-suffi  cient 
over Ɵ me.

[Figure ccc]: diagram showing the possible reducƟ on 
in storage footprint when using surface water directly 
in the intermediate seasons.However, the exact per-
centage wis sƟ ll quite vague due do many variables  
(source: by  author)

[Figure ccc]:calculated footprint projected onto the 
pier. The shape of the footpint will change in the ac-
tual placement; this is a schemaƟ c.
The cold wells have less public space to be placedm  
(source: by  author)
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The design of Pier 1 can be categorized in diff erent zo-
nes as indicated in [Figure ZONE]. This shows that the 
northern waterfront is much wider that the southern. 
This makes is suitable for small scale programme to 
be placed together with the conƟ nuous rouƟ ng of the 
promenade. It also guarantees more direct sunlight 
on the promenade. The promenade is separated from 
the sidewalk by landscape elements, such as a slight 

Zoning of Pier 1

diff erence in elevaƟ on, street furniture, green patches 
and trees.
 The central zone, where the newly built development 
will arise, consists of three to fi ve layers of urban pro-
gramme.  In the plinth at ground level, mainly interac-
Ɵ ve programme is placed. The rest of ground level is 
– in fully transformed situaƟ on – used for parking and 
storage. The plinth at level 1 will be mostly private, 

making it a more inƟ mate public space for inhabitants 
and people working in the surrounding. 
The zone is divided into two built-up zones connected 
to the elevated public space in between. This division 
will diff er along the pier to off er a variable building ty-
pology and also to prevent an 800 metre long straight 
line along the pier in between the buildings. 

For determining the spaƟ al organisaƟ on of the zone 
the public space is determined to have a width of 12 
or a double module of 24 metres. This module is pla-
ces in the centre of the zone or on either side of the 
centre. This has its eff ects on the building typology on 
either side.  It is also possible to place the buildings 
partly over the module or away from it. In this last 
case, an addiƟ onal elevated public space is added to 
the module [Figure Mod1].
Beneath the surface of the elevated public space, the 
pipelines for the distribuƟ on of thermal energy are 
more easily accessible than put away underground. 
This is convenient for when adaptaƟ on have to be 
made to connect new or changing users of thermal 
energy to the system.
At ground level the parking is also determining the 
dimensions of the elevated level as the space under-
neath has to match with the dimensions needed for 
parking. This also explains the 12 meter: 5 meters for 
the parking space and 7 meters for the connecƟ ng 
road.[Figure Mod1]:schemaƟ c secƟ ons of combining diff erent placings of the elevated public space module  and the leŌ  over 

space between the module and the road to be built up. More variaƟ ons possible (source: by  author)

[Figure Mod0]:schemaƟ c secƟ on of pier showing diff erent zones (source: by  author)
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[Figure mod3]: cross secƟ on of pier showing the module implemented(source: by  author)

[Figure mod4]: cross secƟ on of pier showing second opƟ on for implemenƟ ng the module of elevated public space  
(source: by  author)
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water should also be accessible for recreaƟ on, the wa-
ter quality must be guaranteed. With the esƟ mated 
temperatures, this requires oxygen and movement, 
created by the Ɵ de, fountains and water vegetaƟ on. 
This esƟ mate is a maximum. Due to Ɵ dal infl uences 
the water level will diff er and water will fl ow in and 
out, taking some captured energy away.[E+W]

The basin being infl uenced by Ɵ dal diff erences means 
the water level will change during the day. The water 
levels diff er between +1.5m NAP (high Ɵ de) and -0.5m 
NAP (low Ɵ de).  By creaƟ ng a dam with a height of +1m 
NAP, even with low high Ɵ des, water will fl ow over this 
dam and refresh the water in the shallow basin.

Programme
The space that is fi lled up, will be used as programme. 
It can partly be space for the heat exchange staƟ on, 
but predominantly to funcƟ on as a parking space for 
the surrounding buildings. When a two-level parking 
garage is placed on the boƩ om of the port basin, a 
metre of water will be leŌ  on top to be heated. The 
entrance to the subterranean parking garage needs to 
be resilient to fl ooding. Two soluƟ ons can be imple-
mented: entrance is located +6m NAP or the entrance 
below this level can be closed off  with fl ood doors. 
In the later phases the space could be transformed 
into a storage space for warm water, but these tech-
niques are currently not perfected yet. On the other 

Of the possible spaƟ al soluƟ ons to make a shallow port 
basin [Figure VS1], the fi ll-up construcƟ on is chosen.

Th dam construcƟ on makes a hard edge and thus an 
immediate height diff erence, allowing relaƟ vely large 
vessels to enter the basin . The dam also makes a con-
trollable construcƟ on, not suscepƟ ve to erosion. This 
is an important quality when esƟ mates for warm wa-
ter supply need to be quite accurate.

The dam has a height of NAP+1. This means that it 
will overfl ow during high Ɵ de, when the water level 
is assumed to vary between NAP+1,0 and NAP+1,5. 
During low Ɵ de the water levels are assumed to drop 
to around NAP-0,5. This is based on data from live.ge-
Ɵ j.nl (accessed april 2013). 
In the shallow part behind the dam the boƩ om will be 
constructed one metre below the top of the dam.  Cal-
culaƟ ons show that the water depth of one meter will 
not cause the water to become too warm. This might 
be inconvenient for the warm water yield, but it is fa-
vourable to the water quality.  

An exemplary calculaƟ on is made to illustrate the ef-
fects of a shallow basin from where heat is collected. 
It shows that a one metre deep basin of 100 by 100 
metres can be heated 2,6 degrees Celsius during sum-
merƟ me [see appendix D], raising the water tempe-
rature to just over 25 degrees Celsius. Because this 

visualization of segments

4.5.1 Focus shallow end of basin

[Figure VS1]: visualizaƟ on of possible spaƟ al solu-
Ɵ ons for creaƟ ng a shallow end of the basin in an 
urban environment (source: by  author)

(fl oaƟ ng) shallow basins

fi ll up behind dam; hard transiƟ on, man-made

fi ll up with gradual slope; soŌ  transiƟ on, natural
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hand, the pier will not have the parking capacity in 
the middle strip during the fi rst phases. This can be 
placed in this underground space. Also, the parking 
space can be used to facilitate the high-dense urban 
programme along the SƟ eltjesdijk, just north of this 
area and the old town centre of Oud-Charlois, a cou-
ple of minutes walking form the planned underground 
parking. During the transiƟ on stage, large events, such 
as concerts, can also use the parking space. In the fi nal 
phases, the public space on top of the parking space 
can also host events, such as fesƟ vals or markets. This 
requires parking space that cannot be found else-
where on the pier. 

Accessible water
The water in this basin is shallow and therefore relaƟ -
vely safe to enter. Also, the shallow water allows water 
plants to fl ourish. 
Because the quay construcƟ on is replaced by the par-
king garage, it is also possible to redesign the water-
front and lower the quay towards the water level. 
To gain even more access to the water, a network of 
jeƩ y’s are constructed just above the water level of 
NAP+1. This means that during high Ɵ de, this network 
is not accessible. It raises the awareness of the fact 
that the area is subject to Ɵ dal movement. 

Elevated pipelines and exhausts form the parking gara-
ge make up a visible industrial network. This is essenƟ -
al for fl ood proof installaƟ ons, but also gives character 
to a former industrial area. This is combined with the 
preserved port cranes and the materialisaƟ on of the 
pier. Much concrete and large dimensioned elements 
are combined with more urban related areas charac-
terized by green, trees and more refi ned paving.

[Figure VS2]:west-east secƟ on of shallow basin with the double parking deck and wrm well distributor (source: by  author)

[Figure VS3]: bird’s eye impression of shallow basin (source: by  author)

design products
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[Figure]:Impression elevated public space (by author)

[Figure]:gadual slope in Hafencity, Hamburg (Hafencity.com)
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[Figure]:renovated waterfront in Rouen, FRA 
(image by author)

design products
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[Figure]: Islands Brygge, Copenhagen (Google Streetview)[Figure]:Quay in Hafencity, Hamburg (Hafencity.com)
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[Figure VS10]: irecreaƟ on at Islands Brugge, Copenhagen (source: Eva Fabricius) [Figure]: Waterfront Toronto (west8)

[Figure]: fl oaƟ ng pool, Copenhagen (s.n.)
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[Figure]:Kalvebod waves (KLAR & JDS Architects)
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5.1 Conclusion
The conclusions of the this graduaƟ on project are categorised by giving answer 
to the research quesƟ ons posed in the beginning of this report. First the sub-re-
search quesƟ ons are answered, which leads to an overall conclusion to answer the 
main research quesƟ on.

How to defi ne sustainability in urban development?
This is the fi rst step to take when asking the main quesƟ on. Urban development 
can be sustainable in two ways:
  - creaƟ ng environmentally friendly soluƟ ons. This means to use sources for an 
     urban area that have liƩ le - but preferrably no - impact on the environment
  - creaƟ ng long lasƟ ng soluƟ ons. This can work in two ways:
 > creaƟ ng adapƟ ve programme that can overcome changes in the 
    environment, such as natural elements
 > combining disciplines to create soluƟ ons that are supported by mulƟ ple 
    stakeholders, since it meets their demands

How can sustainability be used urban delta development?
The problem is stated that the urban delta faces threats that require to rethink the 
way we handle these issues today. This concerns the disciplines of water manage-
ment and energy management, together with urban development.
The approach of forcasƟ ng,backtracking, backcasƟ ng helped in defi ning a sustai-
nable path for sustainable development. AŌ er forecasƟ ng the threats, inspiraƟ on 
for the soluƟ on is derived from backtracking towards the Ɵ me when the discipli-
nes were sƟ ll in a sustainable equilibrium. This can be found before the Industrial 
RevoluƟ on, when men did not have the equipment to overpower nature and had 
to co-exist with it. For the three disciplines the following can be concluded:
  - energy management: use renewable locally gathered resources
  - water manegement: give more space to the water; have some areas controlled 
    by men, others by nature. Strive for more anƟ cipaƟ ve water management in 
    urban delta development instead of an off ensive aƫ  tude towards the water. 
 -  port city development: port and city have grown apart, mainly due to increased 
    levels of scale. Reintegrate them by forming a more mixed programme mosaic 
    in a networked city. 
Today, these mindsets need to be re-interpreted to fi t the modern age to work 
towards a future in which we can face the threats. IntegraƟ ng these disciplines 
should create even longer lasƟ ng results. 

Where are the disciplines of energy management and water management best 
combined in spaƟ al development?
To answer this, the combinaƟ on between energy- and water management is 
sought aŌ er fi rst. SpaƟ al implementaƟ on requires to focus on energy systems 
within the energy management and the wide arrange of spaƟ al implementaƟ ons 
of fl ood resiliency and adapƟ ve qualiƟ es as well as the governance that leads to 
these implementaƟ ons.
Electricity systems have a large yield, but they do not fi t in urban environments.   
They are also new systems that were not available in the sustainable equilibrium 
and can be seen as a major progress since then. On top of that are many of the 
new techniques not properly developed yet to be implemented in the near future 
without hesitaƟ on. However, there is a large potenƟ al in combining some of these 
systems with fl ood defense: Ɵ dal dams and energy islands could be implemented 
in a regional strategy.
The best combinaƟ on lies in thermal energy from surface water. This is available 
today and has high potenƟ al in implementaƟ on into urban Ɵ ssue (Deltares, 2008).
On top of that, thermal energy suits local decentralized networks and boƩ om-up 
strategies. This has been established to be a healthy approach.

Then, research is done on what role aqua-thermal systems can play in the Rijn-
mond region, especially in the municipality of RoƩ erdam, since most thermal sys-
tems work decentralized. An important economic region is in search of soluƟ ons 
to increase the economic and environmental resiliency.  New integral approaches 
are herby adverƟ sed.  The REAP programme helped understanding the possibi-
liƟ es of implemenƟ ng new thermal systems in exisƟ ng programme in the muni-
cipality. An assessment shows the cascading machine to be the best match with 
the vision of creaƟ ng local (energy) communiƟ es and the fl exibility required for 
a transiƟ on area. Local systems can be combined with the exisƟ ng district heat 
network that is already in place.
The  thermal energy in this cascading machine can be used in full potenƟ al when 
the heat and cold from the surface water is stored and used in the season it is re-
quired. Therefore, the combinaƟ on with ATES is made. Inspired by the Maastoren 
case, two systems were put together. However, since this is not a fi eld of experƟ se  
of the graduate, extensive research was needed to get a grip on the topic. Rea-
ding many reports also led to contradicƟ ve data, which did not help with making 
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progress. By working with assumpƟ ons progress could be made. Nevertheless, an 
expert review sƟ ll showed some improvements in the system. These can be re-
commended to be researched deeper by specialists to further improve the applied 
system. 
The experimental thermal energy system can be also be jusƟ fi ed by aƫ  tude of the 
municipal visions, that encourage new, creaƟ ve soluƟ ons for the redevelopment 
of the city ports, that concern the surrounding water and support the economic 
growth of city and region. 

How can this combinaƟ on play a role in a regional vision for the Rijnmond region?
AŌ er forecasƟ ng the desired situaƟ on, now, via backcasƟ ng, design products will 
help showing how this sustainable result can be achieved. This is done by asses-
sing the three disciplines on a regional level and fi nding overlap in the three to 
form an integrated vision. The idea to make a vibrant area in an outer dike area 
might be contradicƟ ve, but this is exactly the rethinking that creates new urban 
landscapes. The overlap between the disciplines can be found in the city network 
approach. Densifying urban clusters and beƩ er connecƟ ons creates space for the 
water. This extra water can be used as a connector, but also as a source of energy 
or concentrated aquaƟ c acƟ viƟ es. The land expansion into the sea should be ret-
hought; moving water into land is against our DNA, but is is a cheaper opƟ on to 
create adapƟ ve power and economic yield.

The design products for the sustainable urban delta are aff ecƟ ng many levels of 
scale. This, in combinaƟ on with the three disciplines and an integrated product, 
calls for a organising framework. By meandering through the product assessment 
matrix from scale to scale, a structure and a storyline was created. This matrix 
helped organising the many ideas that were generated in all the disciplines. The 
meandering storyline came as an improvement on the horizontal and verƟ cal sto-
ryline, which were basically two stories. 
So, aŌ er the regional role the intrgrated systems can play, the focus shiŌ s to the 
municipal implementaƟ on strategy.

What is the potenƟ al of implemenƟ ng this combinaƟ on in a strategy for the city 
ports of RoƩ erdam?
The city port structure in the region is very suitable for the integraƟ on of the three 
disciplines spaƟ ally. 

Pier-and-basin structure 
The pier-and-basin structure forms an interwoven paƩ ern of water and land in the 
city ports; this long edge makes many connecƟ ons and interacƟ ons with water 
possible (technical as well as social). The river with all these man-made branches  
forms a blue connecƟ on that runs through the heart of the city, which makes it 
aƩ racƟ ve to be connected to. The pier-and-basin structure makes large water ac-
cess possible. 
The spaƟ al structure makes a division into small communiƟ es possible by spaƟ al 
separaƟ on. On this segregated area, a linear organizaƟ on creates a clear rouƟ ng 
and allows a systemaƟ c approach to spaƟ al design and implementaƟ on of energy 
systems. 
The linearness also shows in the gradients this structure helps forcing in a certain 
direcƟ on. Gradients  are can be seen in the port enƟ rely - but also per pier – in 
each discipline. This helps to create a smooth transiƟ on from one landscape to the 
other, although it looks very binary.

Outerdike area
This area can remain outer dike area in an open system, making the water more 
accessible. These areas need spaƟ al soluƟ ons to increase fl ood adaptaƟ on. The 
requirement of adapƟ ve building in this area poses no problem, because the exis-
Ɵ ng buildings do not match with urban programme. Therefore much of it needs 
to be replaced. 
The area remains accessible by relaƟ vely large vessels, creaƟ ng opƟ ons for water 
transportaƟ on and distribuƟ ng temporary fl oaƟ ng programme. This can be used 
during the transiƟ on phases, but also off ers the possibility for change aŌ er com-
pleƟ on, whereas the programme on land is more permanent.

Vicinity of accessible water with thermal quality
The vicinity of water helps reducing the footprint of the ATES considerably because 
it can be included in the nearby system and helps meeƟ ng the thermal demands 
of new urban development in an environmentally friendly, decentralized system.
Also, the aestheƟ c power of surface water is signifi cant. Living near the water is 
considered a quality, which makes it an aƩ racƟ ve area to live and work, or recre-
ate. 

thesis evaluation
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How can integrated strategies be translated spaƟ ally into an urban design? 
First, create a range of principal spaƟ al soluƟ ons for a certain strategic goal. Then 
assess the opƟ ons to fi t the locaƟ on. The product assessment matrix helps here to 
organise the possibiliƟ es in each discipline and shows how they can be combined 
into an integrated result. Form each discipline mulƟ ple spaƟ al soluƟ ons are gene-
rated to be implemented in the project. The fi rst step was to make a masterplan  
for the Waalhaven. This masterplan helps the transformaƟ on of the goals towards 
spaƟ al implementaƟ on onto the urban design of Pier1. Here, many of the choices 
for the spaƟ al implementaƟ on are based on local preferences and urban paƩ erns.
This mainly helped in understanding how the pier should be connected to its sur-
rounding and how it forms a gradual transiƟ on between urban and industrial. 
When the focus came to gradients, many more were found in diff erent disciplines. 
Surprisingly, most of them matched wonderfully well.

The elevated backbone forms the umbilical cord for a gradual transiƟ on of city 
ports.  As  a fl ood proof soluƟ on that distributes thermal energy it forms the main 
spaƟ al arrangement of a pier. Along this mulƟ disciplinary construcƟ on - combined 
with a fl exible thermal energy system – the industrial area can be transformed 
gradually into urban area with mixed programme. Modern urban planning shows 
more and more small scale development and private iniƟ aƟ ves. With this spaƟ al 
system the precondiƟ ons are met by the municipality but the building projects 
can be iniƟ ated by private parƟ es – as long as they build according to the spaƟ al 
precondiƟ ons. 
It is recommended that for city port transformaƟ on the municipality defi nes in 
a zoning plan the areas were building is allowed and what should remain open. 
Accordingly, the rouƟ ng should be detremined to establish the safe zone and the 
‘people-and-pipe’- distribuƟ on. This helps determining the spots for ATES, prefer-
rably in between the collector and the distributor. 
By planning along an elevated backbone and building all vital elements at a save 
height, the ground level can more easily be changed. This matches with the elasƟ c 
character of the Waalhaven. Also, it helps creaƟ ng more urban dimensions in a 
formal insutrial area:
- enclosed space in built-up area with high FSI
- it contrasts with the vast openess of the waterfronts. 

The unfamiliar fi eld of experƟ se and complicated calculaƟ ons made it diffi  cult to 

determine a the specifi caƟ ons of the programme. CalculaƟ ons on the maximum 
programme possible to be supplied by this thermal system proved diffi  cult, becau-
se there are  besides many ways to calculate, also many variables, such as soil con-
diƟ ons, use of the building and the demand reducing measures. The leading role 
is therefore urban development; it should match with the density and building 
heights in the environment and the characterisƟ cs of an urban environment. This 
spaƟ al design is subsequently tested on technical-spaƟ al feasibility. The mixed 
programme planned on Pier 1 can be thermally supplied by the cascading machine 
in combinaƟ on with ATES.

However, the expert review (Wisse, 2013) did reveal some more points of aƩ en-
Ɵ on that are recommended to research in future, by or with more skilled parƟ es 
with technical background.
- The cascading machine does imply  that the diff erent temperatures are interde-
pendent; one uses the entropy from another. If this entropy disappears, others 
will feel the eff ect. This can be compensated with extra heat  from the surace wa-
ter, so this can be solved. However, it is perhaps not the simplest opƟ on.
- The distance between the storage wells and the cascading machine is relaƟ vely 
large. This could perhaps result in no immediate supply of heat and cold when it is 
needed. Although a central distribuƟ on system is most likely to have a conƟ nuous 
demand, it could sƟ ll pose a problem. A soluƟ on is to move the wells closer to the 
cascading machine. This means fi nding new locaƟ ons to do so. The most appea-
ling opƟ on is to make the wells underneath the backbone; this is constructed fi rst, 
already has a column structure and accessibilty to installaƟ ons on a fl ood proof 
height. The current design, with a favourable open space raƟ o (OSR=0.95) has 
plenty of opportunity to fi nd more convenient locaƟ ons.
- In the intermediate seasons one can use the benefi ts of the surface water. Ho-
wever, it is relaƟ vely complicated to use this water directly. It is beƩ er to use the 
medium temperatures for heaƟ ng and the cold source for cooling. The wells can 
be recharged by using the surface water. Also, it can help counter the unbalance 
between the cold and warm ATES’s.
- This connecƟ on to the surface water as an external input for the heat/cold ba-
lance helps adapƟ ng to change in thermal demands due to changing programme.
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The answers to these subquesƟ ons can be summarized in answering the main 
research quesƟ on:

How to spaƟ ally integrate fl ood adaptaƟ on and renewable energy sys-
tems with urban development to design a sustainable urban delta?
By backtracking to the more balanced condiƟ ons environmentally friendly and 
long lasƟ ng approaches can be used on modern planning. 
By fi nding the opƟ mal combinaƟ on between the disciplines of water and energy 
management that is spaƟ ally implementable in a port city, backcasƟ ng shows 
what systems can be implemented to reach the sustainable goal. It is at the same 
Ɵ me a type of forecasƟ ng in the sense that the results of the spaƟ o-technical 
inventory need to be implemented in a design. 
Then, backcasƟ ng by creaƟ ng design products helps creaƟ ng the sustainable spa-
Ɵ al design soluƟ ons for the specifi c locaƟ on. This process is guided by the pro-
duct assessment matrix, which meanders through the products per scale, taking 
conclusions from one level of scale to the next, working towards the most spaƟ -
ally related scale: the pier. 
The pier-and-basin structure of the city ports turns out to be an ideal area to 
execute an integrated approach for redevelopment as all three disciplines need 
to be rethought in these areas.  The linear structure helps in forcing the three 
disciplines in the same direcƟ on but then these disciplines integrate very well. 
This is best shown in the implementaƟ on of the linear elevated public space. This 
element forms the backbone of the redevelopment of the port area as it safely 
distributes ‘people and pipes’ across the pier in case of fl ooding. It also creates 
a more urban environment with urban dimensions in an area where industrial 
dimensions dominate.
It facilitates local networks that work mulƟ disciplinary, creaƟ ng awareness for 
the forces and benefi ts of nature, facilitaƟ ng local communiƟ es and boƩ om-up 
iniƟ aƟ ves, making the Waalhaven fi t for the coming century.
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large components of the project.  This is also an 
argument for the long period of time spent on 
collecting the right data. 

Working according to the P2-planning
The planning that was made at the P2 has been 
realized quite well. Although there was a change 
in the process and including more levels of scale, 
the work was accordingly to the planning. This is 
because the planning shows a large amount of 
time to do the local analysis and design. It also 
has overlap with the regional research and de-
sign. This led to a rearrangement of the planning, 
but hardly any extra time.
However, in fi nalizing the products, the planning 
is too optimistic. Most products take more time 
than anticipated. For the remaining products 
more time will be planned to realize the planned 
results. Shorter set deadlines should be respected 
more thoroughly. This is one of the reasons why 
the fi rst P4 moment was not successful; due to 
lack of time the products were too poor to con-
cince the committee. 

The relationship between research and design
The functional analysis has been taking more 
time than anticipated. This meant less time to 
research by designing. In the end this has been 
the right approach, because the outcomes of the 
analyses were important for determining the pre-
conditions for the design, this would be the most 
effi cient way to divide the project in research and 
design. When the design process started, there 
was still additional research to be done guided 

vels of scale, the clear distinction between large 
scale project and key intervention has faded. 

Numerical research versus spatial design
The quantifi cation of the results are not very ex-
tensive. This has two reasons: 
Firstly, this is a graduation project for an ur  
ban planning and design studio. There  
should be more emphasis on the spa tial elabora-
tion than the quantitative data of technical soluti-
ons.
Secondly, the data that was found during the re-
search was sometimes confusing.  Reports sho-
wed different values for heat demand and were 
often also expressed in different units. This re-
quired a conversion of the found data before 
being able to see the connections. This meant 
that this part of the process has taken more time 
than was planned beforehand.

Because there seemed to be enough time to 
do some more research and calculations on the 
quantitative research, too much time was taken 
to fi nd the right data. This was one of the reasons 
there was a time shortage in the run-up towards 
the P4. In hindsight, it would have been better 
to start earlier with making assumptions for the 
calculations and work with those. Then, progress 
is made more quickly. Also, if more accurate date 
would have been discovered, it would be relati-
vely easy to adjust the calculations. Disadvantage 
of this approach is that if the calculations have 
much effect on the spatial design, a late chan-
ge in the calculations could result in redesigning 

As a mandatory part of the graduation program-
me a refl ection is included in the thesis report. 
This refl ection will elaborate on how the expected 
approach of the project turned out in practice and 
why this has occurred accordingly (or not) to the 
initial plan. 

The products that were expected in January, are 
still the products that are and will be realized at 
the fi nal presentation. There will be additional 
products though. The expected end products 
were expected to be on a regional and on a local 
scale, but products on intermediate scales have 
been added. 

This was due to the change in the process. When 
the step needed to be taken from the regional 
scale to the local scale, the gap appeared to be 
quite large. To research that was done revealed 
that the effects and the systems involved in the 
decision making process were operating on dif-
ferent levels of scale. These were vital to make 
the step from regional to local scale. This led to a 
study on fi ve scale levels.
Also, the structure needed to be made more 
clearly, striving to make the project with so many 
parameters more understandable. By connecting 
each level of scale to the discipline of energy ma-
nagement, water management and urban deve-
lopment, the layer-method was made more pro-
minent in this project. This resulted in a more  
clarifying matrix of design solutions ending up in 
the fi nal vision, strategy, master plan and urban 
design. 
Because the project is now integrating several le-
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[Figure R1]: overview of chan-
ged perception during between 
P2 and P4. Subsequently, the 
result matrix shows some 
slight adjustments at P4-II. 
(source: by author)
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energy combined. Also in the end, it has been 
worth spending this time to create the fi nal re-
sult, in which the three disciplines are integrated. 
The layer method also helped in organising the 
results and telling the story. The result metrix that 
was developed also served as a visual tool to de-
fi ne how the story works through the matrix. This 
study shows in the changed storyline through the 
matrix at P4-II as seen in [fi gure R1]. 

The relationship between the project and the 
wider social context
More and more people in the world will be living 
urban deltas. This habitat needs to be safe and 
serviced to prevent social unrest or catastrophe. 
By creating smaller energy distribution systems, 
a district or neighbourhood can be given an extra 
form of identity. It also fi ts in a modern trend that 
is taking its distance from the top down instituti-
ons that rule most parts of our lives. It could give 
a great feeling of satisfaction to manage an auto-
nomous energy network with a neighbourhood. It 
is a great way to create more unity each energy 
cluster. By bringing this energy system back to a 
small scale, it becomes more comprehensible for 
the users. They can therefore be more in control 
of the systems and are a better in fi nding local so-
lutions. This new system requires people to work 
together with their neighbours and creates more 
awareness of the systems that are active in the 
urban environment. 

nagement in an urban environment. Since the 
municipality expresses the need for creative so-
lutions and new ideas for the redevelopment of 
their city and meeting their sustainability targets, 
an integrated approach to rethink some existing 
patterns or stigmas, should be interesting.
This also shows the amount of graduation pro-
jects at the TU Delft that are situated in the Rot-
terdam region.  Another reason is of course that 
it is located near the university, which makes it 
easy to visit project sites and fi nd documents and 
actors involved in the chosen topic.

The relationship between the methodical line 
of approach of the studio and the method chosen 
The layer method was promoted in the begin-
ning of this year by the studio mentors. This is 
being considered as a valuable approach to ana-
lyse an area. In the fi rst half of this graduation 
year, this method had disappeared slightly to the 
background, but was rediscovered when trying to 
organize the results of the research of the three 
disciplines on fi ve different scales. 
This research works with the disciplines of wa-
ter management, urban development and energy 
management. These fi rst two disciplines are very 
common for the studio. The third discipline is not 
very common within the fi eld of the studio, but it 
is also part of the problem statement. This dis-
cipline required the most research as it was the 
most unknown. Spending much time during the 
project on the discipline of energy management 
is perhaps not according to the studio standards. 
However, most research was done on water and 

by the developments in making the vision, strategy 
and designs – better known as ‘research by design’. 
In this additional research the expected case stu-
dies were not all used, e.g. Melbourne and Copen-
hagen. Instead, projects in Goteborg and Antwerp 
were inspirational precedents. In the extra time 
towards the second try, Copenhagen did become 
useful as reference though.

The relationship between the theme of the studio 
and the subject chosen 
The studio Delta Interventions has a relatively dis-
tinct theme already. When entering this studio it 
was already clear the subject for the graduation 
project would concern water issues and is quite 
certainly located in a delta.
This still leaves a vast range of possibilities to 
choose a topic and add your personal affi liation to 
the topic.

The location chosen for this project matches the 
subject very nicely. The Dutch are famous for their 
leading role in water management. It is a nation 
with water in their DNA. Therefore, concepts on re-
thinking water management would fi nd cooperation 
here. 
Since there is also a personal affi liation with sustai-
nability, this had to be part of the project. Rotter-
dam is one of the leading cities in the world when 
it comes to programmes and policies on creating 
a more sustainable urban environment. There are 
many plans to reduce CO2-emissions and fi nd smart 
solutions for waste and energy problems. This was 
therefore an inviting region to try exploring the 
combination of water management and energy ma-
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source: CE Delft (2009) Energie uit water - een zee van moge-
lijkheden

possible combinaƟ ons energy & waterA
appendix A



119

Surface and density calculaƟ ons

appendix B

Density calculaƟ ons:

Total surface area:  185 000 m2
Total footprint:     40 857 m2
Total Gros Floor Space (GFS): 151 381 m2
     This results in:   FSI = 0.81

However, this includes a vast area of open waterfront. This does 
count in the calculaƟ ons, but if we diff erenƟ ate the two built up 
strips on either side of the cascading machine we see other fi gures:
- east side: Area=30906m2, footprint=13303m2, GFS=62191m2 => FSI = 2.0
- west side: Area=26081m2, footprint=11528m2, GFS=52767m2 => FSI = 2.0
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Dimensions of storage wells

Heat storage:
Q(t)[kWh] = 1.16 * Vgem * dTgem (Calje, 2010)
27021491 = 1.16 * Vgem * 5
 Vgem = 5308990 m3/yr

dTgem(°C) is determined as follows: 
[water temp. in basin/storage] – [desired temp.] = 25°C – 20°C = 5°C
The predicted basin temperature during the summer is calculated to be able to reach 
25°C (see insert block to the right).

The thermal radius of a well is calculated as follows: 
sq.root (V/(2.2*H[aquif]))  (Calje, 2010)
Based on calculaƟ ons from Maastoren casestudy (De Ingenieur, 2007): H[aquif] = 80,6 m
Sq.root (5308990/177.32) = 173
This means a thermal radius of 173 m and a total surface of  94024 m2. This is over half 
the pier’s surface. With a similar size needed for the return water, this will be diffi  cult to 
fi t at the project locaƟ on.
However, by analyzing the data from the Maastoren casestudy, a signifi cant reducƟ on is 
possible. When using surface water directly during the intermediate seasons, the Maas-
toren alledgedly has a Vgem which is only 25% of the volume needed when only stored 
heat in aquifers was used:

94024 * 0.25 = 23506 m2
These wells do not connect seamlessly to each other. Therefore a square around 
the circle is calculated as a measurement to represent a more applied situaƟ on. 
Wells: r  = 173; diameter of square surface = 346m; 
Surface of this square = 119716 m2
Reduced surface: 119716 * 0.25 = 29929 m2
This means with the return well the surface doubles: 59858 m2, or 244 x 244 m

CalculaƟ ons water temperature heated by sun

Sunrays deliver 1 kWh/m2 with a full sun (SolSoluƟ ons) .
In the summerƟ me this is during 5 hours a day, In winterƟ me during 0.5 hours a day, ma-
king a yearly average of 2.7 hours a day of full sun.
The assumpƟ on is made that through the angle of the light, refl ecƟ on, absorpƟ on and 
evaporaƟ on 0.6 kWh/m2 transfers into the water.
Per day: 5 * 0.6 *3600 = 10800 kJ/m2/day
Basin: 100 x 100 = 10 000 m2 -> 108 GJ/day

One degree Celsius change in temperature of water  equals 4.2 kJ/litre.
10*10^6 litre has 10.8 kJ/litre energy, making the temperature diff erence: 10.8 / 4.2 = 2.6°C

(source: SolSoluƟ ons (s.d.),[URL] hƩ p://www.solsoluƟ ons.nl/zonnestroom/opbrengst-zon-
nestroom/, accessed May 2nd, 2013)

thermal energy calculaƟ ons

appendix C
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Dimensions of storage wells

Q(t)[kWh] = 1.16 * Vgem * dTgem (Calje, 2010)
20209350 = 1.16 * Vgem * 5
 Vgem = 3484370 m3/yr

The thermal radius of warm well: 
sq.root (V/(2.2*80.6)  (Calje, 2010)
Sq.root (3484370/177.32) = 140.2 m radius
This means a thermal radius of 140 m and a total surface of  61575 m2 (or square of 
280x280m). 

With a potenƟ al ‘Maastoren reducƟ on’ of 75%, it could be: 
0.25*(280m diameter)^2 = 19600 m2, which means a footprint of 140 x 140 m
With return well this is 197 x 197 m.

However, a reducƟ on of 40% is more likely (based on: Molenaar, 2011; Wisse, 2013).
This means a square footprint of: 0.4*(280m)^2 = 31360 m2, or 177 x 177 m 
(354x177m with return)

Dimensions of storage wells

Q(t)[kWh] = 1.16 * Vgem * dTgem (Calje, 2010)
13927043 = 1.16 * Vgem * 7.5  [dT=7.5 is based on Maastoren effi  ciency calculaƟ ons 
by Molenaar (2011)]
 Vgem = 1600809 m3/yr

The thermal radius of cold well: 
sq.root (V/(2.2*80.6)  (Calje, 2010)
Sq.root (1600809/177.32) = 95 m 
This means a thermal radius of 95 m and a total surface of  36106 m2. 
With a potenƟ al ‘Maastoren reducƟ on’ of 75%, it could be: 
0.25*(190m diameter)^2 = 9025 m2, with return well this is means a footprint of 134 
x 134 m.

With a reducƟ on of 40%, this results in a square footprint of:
0.4*(190m)^2 = 14440 m2, or 120 x 120 m (240 x 120m with return)

Reviewing this result led to a new calculaƟ on. Hereby the heat demand (kWh/m2/yr) 
was redetermined to more up-to-date values, that match the condiƟ ons towards 2050 
(Wisse, 2013; Lysen, 2013.
Also the division of Gros Floor Surface (GFS) was adapted to new condiƟ ons of the design. 
This leads to the following heat and cold demand :

appendix C

UNBALANCE; compensate with heat 
or cold directly from surface water
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surf ace water in intermediate seasons:
diameter per well is 70 m

-

much smaller surface needed

space office & facilities: 40 000 m2

diameter well = 140 m -> 19600 m2 (square surface)
      -> 39200 m2 per doublet
FSI(max): 40000 / 39200 ~ 1

diameter well = 70 m  -> 4900 m2 (square surface)

diameter per well would normally be 140 m. 
probably used surface larger; square 

offset wells to prevent contact between cir
cular wells

appendix D

(source: De Ingenieur, 2007)

Figure]: reduced footprint by direct cooling from surface water.  
(by author & s.n., 2007) Figure: diagrams of building energy footprint (green) exceeding the 

limits of the underground storage footprint(purple). This will cause 
interference with other wells if they are placed too close to each 
other. (source: by author)

case of Maastoren 
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The theory that is used to help fi nding an answer to 
the research quesƟ ons of the graduaƟ on project is or-
ganised as follows in this thesis plan report:
Firstly, a historic development of both water manage-
ment and energy use are presented  with a view on 
future developments expected to evolve from the dif-
ferent historical eras.
Then, a selecƟ on of applicable sustainable energy sys-
tems and water management systems is presented.

Diff erent eras in energy use
The diff erent stages of used energy sources over Ɵ me 
can be best categorized according to the diff erent 
stages in energy landscapes, described by Pasqualeƫ   
(2012)pp.14-40).

I - energy of the organic economy. 
First, thousands of years BC, man only had the power 
of its own muscles and that of its animals. The energy 
needed to fuel this, came from food. Fire, fuelled by 
wood, was used for heaƟ ng. 
Later wind and water power were used for small scale 
industry and transportaƟ on, for example by means of 
windmills, sailing boats and water wheels.
In the Dutch delta harvested peat was mostly used as 
energy source to generate heat. 

II – energy of the mineral economy
Already in the 13th century coal was used to fuel fi res, 
but its true success started in the eighteenth century 
at the dawn of the Industrial RevoluƟ on. It was the 
main source to fuel steam engines.
Mid nineteenth century, when industrial equipment 
was developed to drill deep into the ground, oil and 
natural gas mining emerged worldwide. When tech-

niques improved during the twenƟ eth century, the 
unconvenƟ onal fossil fuels became accessible, such as 
oil from oil sands and shale gas. Fossil fuels facilitated 
a giant leap on a technological level. With the access 
to so much energy, man could conquer many forces 
of nature by creaƟ ng machines to assist in building, 
transporƟ ng and living. Also, centralized distribuƟ on 
systems started to appear. 

III – energy of the electric economy
At the end of the nineteenth century electricity was 
generated, powered by fossil fuels. With generaƟ ng 
electricity it became possible to transport energy over 
large distances, creaƟ ng a large hub-and-spoke system 
to distribute energy.
Mid twenƟ eth century nuclear power became a clean 
subsƟ tute for the polluƟ ng burning of fossil fuel to ge-
nerate energy. This form of generaƟ ng energy had its 
disadvantage; it produces lethal radioacƟ ve waste.

IV – energy of the sustainable economy
In the 1970’s the fi rst awareness of our energy con-
sumpƟ on and to our ‘limits to growth’ (Meadows et 
al., 1972, ). This results in the use of sustainable sour-
ces. This age can be regarded similar to the fi rst age, 
based on the use of the same resources. However, 
with advanced technology the resources can be harve-
sted more effi  cient. Sources such as hydropower, wind 
energy and biomass are used to create electricity that 
powers our instruments. 
On top of that, geothermal power is extracted from 
deep in the earth and photovoltaic panels as well as 
solar boilers use modern techniques to covert the po-
wer of the sun into usable energy. 

Today, we sƟ ll use all of the resources menƟ oned in the 
stages above. Today, we are sƟ ll in the stage of a sus-
tainable economy. Fossil fuels, currently the most used 
energy source, is depleƟ ng and therefore we are only 
at the beginning of this fourth age. Or one could say a 
circular process is completed and we have returned to 
our organic stage.  This is a clear example of backtrac-
king energy use. 

Diff erent eras in water management
Water management has always been closely related to 
urbanizaƟ on. Meyer (2009) states: ‘Throughout history, 
in a watery region such as the Dutch lowlands the ques-
Ɵ on of water management and fl ood defence has been 
related to the quesƟ on of the relaƟ on between the ur-
ban and the rural communiƟ es’(p.433).

Hooimeijer (2011) also focuses on the Dutch delta. Her 
extensive overview gives a clear guideline to approach 
the Dutch water management history. It is divided into 
the following eras (using Hooimeijer’s terminology):

I - before the year 1500: Natural power
The country exists of many marshlands in which people 
adapt to nature. Only small iniƟ aƟ ves are taken to con-
trol drainage.

II - 1500 – 1800: Power of unity
Technological instruments such as windmills, dams, 
dikes and sluices make canal systems, poldering and 
world trade possible. On top of that, a centrally orga-
nized approach makes the Dutch get more control on 
the water.
Added to this, Meyer (2009) states that in this era con-
fl icts between urban and rural areas emerged on con-

extensive theoreƟ cal exploraƟ on
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trolling the dam. This would also control the inunda-
Ɵ on of the polders behind the dam. To clean the urban 
water system, ciƟ es that formed around this dam, had 
to build a buff er to fl ush out all the waste water. This 
buff ering would also aff ect the water levels of the hin-
terland, which the farmers did not like. Governance be-
came more important and this era marked the birth of 
the civil engineer, a cross between ‘what today we call 
hydraulic engineering and urban design.’ (Meyer, 2009, 
p.435)
     
III - 1800 – 1890: New power
This era is marked by the Industrial RevoluƟ on, giving 
new power to man to control the water. Steam powe-
red pumps made poldering on a large scale possible. 
This created new farmland and building grounds, which 
caused rapid urban growth. But pumping out even 
more water also increased the land subsidence. 
New connecƟ ng canals were dug and water plans were 
integrated with urban expansion, also to increase the 
poor water quality of the growing ciƟ es. Because the 
scale of the projects increased, a naƟ onal water gover-
nance became necessary. 

IV - 1890 – 1990: AcceleraƟ ng powers
New technological innovaƟ ons, such as petrol engines 
facilitate another increase in scale. Hooimeijer divides 
this period into three subsecƟ ons;
1890-1945: machine power
In this ‘manipulaƟ ve phase’ (Hooimeijer, 2011, p.155) 
urban waters start to disappear and are being replaced 
by roads, rails and sewage systems. This makes the wa-
ter system no longer the leading urban structure.
1945 – 1970: manpower
AŌ er the Second World War standardizaƟ on marks ur-
banism. Water is mainly used as recreaƟ onal area and 
as separaƟ on of neighbourhoods, but sƟ ll essenƟ al in 

draining the urbanized polders in this urban sprawl. 
This also causes further land subsidence in these areas.
1970-1990: fl ower power
Environmental awareness raised by, amongst others, 
the Club of Rome (Meadows et al., 1972) causes a 
more harmonious relaƟ onship between man and na-
ture. New water management strategies are created 
together with ecologists, resulƟ ng in more balanced 
urban designs in caulifl ower neighbourhoods.

V - 1990 – present: AdapƟ ve power
A conƟ nuaƟ on of the fl ower power period causes a 
more integrated approach, where civil engineers share 
their knowledge with urban designers to create beƩ er 
engineered plans. Policies are made on naƟ onal scales 
and planning start taking place on a network city scale. 
Urban expansions are developed with water systems 
as the highest priority. This results in more surface wa-
ter in newly built neighbourhoods. 

Here Hooimeijer also conludes with a similar state-
ment as in chapter: 
‘The Fine Dutch TradiƟ on expressed in the new Dutch 
water city can return to its roots: complex urban de-
velopments that connect diff erent challenges in the 
most effi  cient way’ (Hooimeijer, 2011, p.287). This can 
also be interpreted as backtracking to a Ɵ me where 
urban design and water management were sustaina-
bly balanced.  

A movement to fi nd balance similar to the movement 
Hooimeijer established, can be seen in the diff erent 
‘key transiƟ on states’ (Brown et al., 2008)p.4) in the 
framework of Brown, Keath and Wong (2008) as seen 
in Figure 6.1. In this proceeding ‘water sensiƟ ve urban 
design’ (p.2) is advocated by pracƟ cing ‘sustainable ur-
ban water management’(p.1). 

Here Brown et al. (2008) show fi ve eras, seen from a 
more socio-economical side (pp. 5-9):
From 1800: Water supply city
First modern water city state, large amounts of wa-
ter extracted that should be publically accessable and 
delivered by the government
> 1850’s - 1945: sewered city
Similar to Hooimeijer’s AcceleraƟ ng machine power 
age
> 1945 – 1970: drained city
Similar to Hooimeijer’s AcceleraƟ ng manpower age
>1970 – waterways city
Similar to Hooimeijer’s acceleraƟ ng fl ower power age 
> 21st century: water cycle city
Awareness of shortage, sensiƟ ve to energy and nu-
trient cycles
> Near future: water sensiƟ ve city
Unprecedented, requiring a major socio-technical 
overhaul, adapƟ ve and conƟ nually evolving

Brown concludes that ‘given the signifi cant climate 
change and populaƟ on growth challenges facing ci-
Ɵ es, there is a criƟ cal need for strategic investment 
in soluƟ ons that will deliver long-term sustainable 
outcomes.’(Brown et al., 2008, p.9)

One could state that the stages in Australia are not 
that diff erent from the Dutch stages. Although they 
started civilizaƟ on many centuries later and had to 
deal with drought much more than wetness.
The water sensiƟ ve city is sƟ ll an idea, it has not been 
implemented anywhere. But this step also requires a 
major overhauling. This is also something that can be 
expected when in Europe we start the transiƟ on to-
wards the earliest sustainable state.
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Figure 6.1: Urban water management transitions framework show the different key 
transition stages in Australian watermanagement history.
Source: Brown et al., 2008

Energy and sustainable planning
As seen in the historical overview of the diff erent 
energy eras, in the last decades awareness for envi-
ronmental issues is visible. Gradually, the understan-
ding that the used sources were not endless, started 
to emerge and that it would be wise to reduce our foo-
tprint. ‘Limits to Growth’ (Meadows et al., 1972), ‘Our 
Common Future’ (WCED, 1987) and ‘Cradle to cradle’ 
(McDonough & Braungart, 2002) are some of the main 
documents to indicate this trend. They each aƩ end to 
a diff erent approach of sustainability, but they clearly 
insist on the fact that if humans should conƟ nue living 
the way they were, they would face an abrupt halt in 
future (Tjallingii & De Vaan, 2009, pp.5-6). 

This change, that has to take place, should occur in 
mulƟ ple ways. Using the Trias EnergeƟ ca (Lysen, 1996) 
is a much used approach to improve the sustainability. 
According to this theory, energy strategies should in-
clude the following three steps:
1. Permanent increase in energy effi  ciency
2. Augmented use of renewable
3. Cleaner use of remaining fossil fuels (p.1)
This strategy could be more current. Inspired by the 
Cradle-to-Cradle method (McDonough and Braungart, 
2002) the New Stepped Strategy (Van den Dobbel-
steen, 2008) was created:
1.Reduce the demand
2. Reuse waste streams
3.A. Use renewable energy sources
    B. Ensure that waste can be used as food (Van den 
Dobbelsteen and Tillie, 2011, p.6)
This new version does not diff er that much from Ly-
sen’s version, only adapƟ ng the third step.
In REAP – RoƩ erdam Energy Approach & Planning – 
by Van den Dobbelsteen and Tillie (2011) this upda-

ted version is applied to a principle for the city of Rot-
terdam. Together with REAP energy cascading is used 
(Figure 6.2). This principle shows that unused energy 
from one actor could be used by another, instead of 
considering it energy waste (Figure 6.3).

The cascading principle is an insighƞ ul means to dis-
Ɵ nguish two types of energy; used exergy and entropy. 
Exergy is ‘the useful part in energy, the part that can 
be used to perform work, a measure of energy quali-
ty’(Van den Dobbelsteen et al., 2006, p.6). This means 
that one could think in reusing unused energy – en-
tropy – for other purposes and therefore becoming 
exergy again. The distribuƟ on in the REAP principle 
can take place in a cascading manner, where the ne-
arest or most needy user could get the energy and 
then search a next actor that could benefi t from the 

entropy this second user has to off er aŌ er use.

When striving for a climate proof region, one should 
increase the overall fi tness (Homan, 2005) of the re-
gion. Roggema (2009) translates this into spaƟ al crite-
ria (p.5), that form a complex adapƟ ve system, which 
is bapƟ sed ‘swarm planning’ (Jacobs and Roggema, 
2005). It relies on the infl uence of one local interven-
Ɵ on, that catches on and crosses a Ɵ pping point aŌ er 
which it will change the direcƟ on of the region (hence 
the ‘swarm’).  
 
Project Ground for Change (Van den Dobbelsteen et 
al., 2006) is a good example of a new approach with 
the use of local strengths. This embraces the thought 
that ‘there is no one true method or soluƟ on to aƩ ain 
a certain goal; every locaƟ on and situaƟ on demands 
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Figure 6.2; Principle of cascading where unused energy (en-
tropy) cascades down to the next step where it partly serves as 
exergy. Source: Van den Dobbelsteen, 2010

for diff erent measures’(p.2). 
By mapping the local energy potenƟ als, an indicaƟ on of the 
logical energy sources for that region is created and therefore 
a guideline for local policy makers. Figure 6.4 shows the com-
plexity that all the diff erent involved parameters bring to end 
up with an energy based plan. When all the energy potenƟ als 
of a region are determined including their locaƟ on within the 
region, this results in an energy potenƟ al map of the region as 
seen in Figure 6.5.

Sustainable systems involving surface water that can be imple-
mented also form a list. A brief summing of applicable systems:
- Water heat pump for  heaƟ ng but also cooling buildings
- Heat storage from surface water
- Tidal energy 
- Wave energy

Figure 6.3: The exergy and entropy of energy made visual in a scheme. It shows that the majority of the energy we receive 
is in fact not used and gone to waste.
Source: Cullen & Allwood (2010)
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Figure 6.4: Energy potential mapping scheme (EPM) 
from: Van den Dobbelsteen et al. (2011), Energy Poten-
tial Mapping for Energy-Producing Neighborhoods. In: 
SUSB Journal, Issue no. 14, 2011.

Figure 6.5: Map showing all the energy potentials of the province of Groningen, in 
the north of the Netherlands.  Source: Van den Dobbelsteen, Broersma & Stremke 

(2011):  Energy Potential Mapping for Energy-Producing Neighborhoods

- River energy
- Salt/freshwater energy
- Energy island
But also water in a secondary role contributes to ener-
gy use
- Surface water to reduce the UHI-eff ect (urban heat 
island eff ect). This saves energy in cooling the city
- Surface water as a waterway for transportaƟ on. 
TransportaƟ on on water is more sustainable than on 
rail or roads. 
-  Agriculture on water, mariculture, is according to De 
Graaf (2012) more effi  cient than on land

Water management and fl ood resilience
To determine the scenario or scenarios are most likely 
to occur in the project area (most likely RoƩ erdam-
Rijnmond region) the reports of the IPCC, KNMI and 
the Second Delta CommiƩ ee need to be studied, as 
well as Rahmstorf’s report on sea level rise.
The Delta CommiƩ ee shows four scenario’s that could 
occur within the coming century where each scenario 
has diff erent impacts on the urban delta.

Also Brouwers ‘Inleiding watermanagement’ (2008) 
forms a valuable source to get a grip on the charac-

terisƟ cs of water and the possibiliƟ es in managing it. 
There needs to be an understanding on the eff ects of 
implemenƟ ng fl ood plains, placing defence works or 
bypasses. Besides that, it is also important to know 
the behaviour and eff ects of water quality and salini-
zaƟ on on the surrounding area.
There are diff erent types of surface water defi nable in 
the urban delta:
- River
- Canals
- Lakes
- Ponds
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of these iniƟ aƟ ves, of which each has their own body 
of knowledge that could be tapped on to. In this pro-
ject these reference ciƟ es could be consulted for solu-
Ɵ ons or designs made that included water resilience. 
There are hardly any precedents that include energy in 
the urban environment.
Also, if there will be enough Ɵ me within the project, a 
design soluƟ on for the RoƩ erdam region can be tested 
on generic qualiƟ es by implemenƟ ng it into one of the 
connecƟ ng ciƟ es, of which New York City is preferred 
the most.

In the future urban development can also be taken to 
the large surface waters, such as the sea. Nowadays 
small lakes and rivers are occupied by fl oaƟ ng buil-
dings, but De Graaf proposes this new fronƟ er in his 
concept of the Blue RevoluƟ on (2012). This holds a 
long term vision in which we expand delta ciƟ es onto 
the water and use this area to create closed nutrient 
cycles for the city. A visualisaƟ on of this concept is vi-
sible in Figure 6.6.

- Sea/ocean
- Estuary/bay
Each has diff erent qualiƟ es and could therefore play a 
diff erent role in fl ood resiliency, but also in generaƟ ng 
and storing electricity. For instance, Ɵ dal energy can 
be generated in estuaries, not in lakes or ponds. Since 
water is the largest solar collector there is, one could 
extract thermal energy from every type of surface wa-
ter. For instance, a newly built neighbourhood in Duin-
dorp, near The Hague, is collecƟ ng thermal energy via 
a pipe connecƟ on from the North Sea.

RoƩ erdam as one of the urban deltas
To understand urban deltas beƩ er, the work of Mey-
er is essenƟ al, such as ‘ReinvenƟ ng the Dutch delta, 
complexity and confl icts’ (2009) and ‘Delta urbanism 
in the Netherlands’ (Meyer et al., 2010). For beƩ er un-
derstanding the development of port ciƟ es, the PhD-
thesis of Meyer is very useful literature, also because 
it is comparing four ciƟ es. Since this is also a part of 
this graduaƟ on project, it would be useful to analyse 
Meyer’s approach to this comparison.

The urban deltas in scope at the moment are New York 
City, Melbourne, Brisbane, Copenhagen and obviously 
RoƩ erdam. Delta ciƟ es worldwide have already orga-
nised themselves in diff erent iniƟ aƟ ves to exchange 
knowledge and experiences. ConnecƟ ng Delta CiƟ es 
(CDC), DeltaAlliance and C40 CiƟ es are some examples 

Figure 6.6: concept of creating 
fl oating extensions of the urban 
delta area onto the water to 
make a more environmentally 
friendly city, called Blue Revo-
lution
Source: De Graaf (2012)
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