
The Resilient Delta 
Initiative
Imagine living in a city.
On the shores of a river, near the sea.
Where you thrive in harmony with nature.
Fully adapted to the changing weather.
Where you live surrounded by water, safe and secure. 
Where rising sea levels are no threat.
Where there is room for every citizen.
Where everybody is treated equally.
Where industry flows while the quality of life grows.
That’s a thriving place,
A great area to live in,
A resilient delta.
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CONVERGENCE
The urgent and complex societal challenges of our time 
call for convergence; the crossing of boundaries 
between institutes and disciplines to create new 
perspectives and solutions. For this reason, TU Delft, 
Erasmus MC and Erasmus University Rotterdam are 
joining forces in the Convergence
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Convergence Research

Research driven by a specific and compelling problem Convergence 
research is generally inspired by the need to address a specific challenge 
or opportunity, whether it arises from deep scientific questions or pressing 
societal needs.

Deep integration across disciplines
As Experts from different disciplines pursue common research 
challenges, their knowledge, theories, methods, data, research 
communities and languages become increasingly intermingled or 
integrated. New frameworks, paradigms or even disciplines can form 
sustained interactions across multiple communities.
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Pandemic and Disaster Preparedness 
Center

Health & Technology

Healthy Start

AI, Data & Digitalisation

Convergence
The integration of our knowledge and expertise 
within the medical, technical, social and 
economic sciences, as well as the humanities 
will give rise to new insights, technologies, and 
methodologies. We believe that the unique 
strength of this convergence between three top 
institutions in the region with their 
complementary disciplines will lead to research 
and education with great societal impact.

Resilient Delta
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Rotterdam

Transfer "delta resilience" solutions to 
the world

Attract professors, solutions, talent and businesses from around the globe to work on 
"delta resilience" challenges in the Rotterdam delta

Graduate broadly oriented students 
with specialist  
know-how 
(T-profile)

Drive research through urgent 
(societal) issues and collaborate with 
residents

Experiment and test "delta resilience" inside the real-
world delta

Co-create solutions with (private) partners

To be a globally renowned initiative which: 

Brings together α-, β- and γ-disciplines in research and 
education

Makes the Rotterdam delta resilient by designing solutions inside 
the delta

Transfers solutions and knowledge to the world, boosting 
earnings capacity of the Netherlands

Resilient Delta

Collaborates with residents, (private) partners and the 
municipality and is physically co-located inside the Rotterdam 
delta 

Is the central node in a network of international partner deltas 
that research delta systems

Educates a global student population and graduates 

Ambitions



FOR FUTURE-PROOF DELTAS
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RESILIENT DELTA
Tackling today’s global societal challenges requires 
resilience, especially in the delta regions. Within 
Resilient Delta we work in an interdisciplinary way, 
collaborating with societal partners to design resilience 
solutions in the real-world dynamics of our living lab, the 
Rotterdam delta.
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Delta System 
What are the trends, shocks and stresses and considered interventions in 
particular elements of the urban delta system, and how are these interrelated?

City 
How do multifaceted problems lead to increasing social inequalities within and 
across generations, and how can interventions contribute to an equal quality 
of living?

Port 
How to deal with the uncertainties and changing conditions like climate 
change, social responsibility and the rapid emergence of new digitisation 
technologies, to transition the port into its future leading roles?

Data Science / Sensing Technology                                                                   Action Research

‘our’ Environment

Wellbeing, Health, Equity, Sustainability 

Structure
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(i) ‘Broad prosperity’ 

(ii) ‘Zero-carbon society’

(iii) Healthy & safe living environment

(iv) Future-proof delta areas

... From our base in the Rotterdam 
Metro region we strengthen the 
resilience of urban deltas, focusing on :

Social resilience

Resilience engineering
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It is self-evident we live in the wealthiest and most  
scientifically advanced era of human history. Our world has 
become increasingly urbanized and dominated by the city, 
the technologically sophisticated, highly resource dependent 
cradles of civilization that simultaneously concentrate financial, 
technological, cultural and creative capital while propagating 
poverty, economic inequality, criminality and pollution. Yet, our 
demands on the biosphere are growing at such an exponential 
pace we have disrupted the dynamic equilibrium of the 
compound most integral to life: water (H20).

H20 propels the climate, lubricates continental drift and  
shapes our geographies. Its abundance demarcates 
international boundaries while its scarcity sparks civil conflict. 
You can read this book comfortably because water vapour 
in the atmosphere absorbs incoming solar radiation and the 
oceans act as a massive heat sink that stabilizes earth’s ambient 
temperature. This very same e"ect is exacerbated by the 
prodigious amounts of greenhouse gases we emit, resulting in a 
precipitous warming that threatens our long-term prospects.

Presently, cities are confronted with a number of increasingly 
unmanageable crises, from the triple threat of climate 
change, water scarcity, and environmental degradation to the 
deterioration of water supply and sanitation networks which will 
soon require radical retrofitting and/or complete replacement. 
This is most apparent in the countries of the Global South, where 
billions living in slums still lack easy access to clean water.

What can be done? Is water actually becoming scarcer? Will 
it be a simple matter of installing water e"icient toilets and 
faucets? Is it something best left to the free market? Or, can our 
problems be disrupted by ubikquitous IT and Smart Cities? 
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We try to map the relationship between H2O and civilization, past, 
present and future. From water’s fundamental importance to life 
and the means by which it has been metabolized by cities 
throughout history, to its intimate connection to the ongoing crises 
of our age (economic inequality, climate change, Middle East Wars, 
unregulated global finance) and the (sometimes ancient) solutions 
that are used as positive drivers of change. And, perhaps most 
importantly of all, they try to address the oftentimes ignored link 
between water and the asymmetries in social and political power 
that exist in the Global North and South.
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It is self-evident we live in the wealthiest and most  
scientifically advanced era of human history. Our world has 
become increasingly urbanized and dominated by the city, 
the technologically sophisticated, highly resource dependent 
cradles of civilization that simultaneously concentrate financial, 
technological, cultural and creative capital while propagating 
poverty, economic inequality, criminality and pollution. Yet, our 
demands on the biosphere are growing at such an exponential 
pace we have disrupted the dynamic equilibrium of the 
compound most integral to life: water (H20).

H20 propels the climate, lubricates continental drift and  
shapes our geographies. Its abundance demarcates 
international boundaries while its scarcity sparks civil conflict. 
You can read this book comfortably because water vapour 
in the atmosphere absorbs incoming solar radiation and the 
oceans act as a massive heat sink that stabilizes earth’s ambient 
temperature. This very same e"ect is exacerbated by the 
prodigious amounts of greenhouse gases we emit, resulting in a 
precipitous warming that threatens our long-term prospects.

Presently, cities are confronted with a number of increasingly 
unmanageable crises, from the triple threat of climate 
change, water scarcity, and environmental degradation to the 
deterioration of water supply and sanitation networks which will 
soon require radical retrofitting and/or complete replacement. 
This is most apparent in the countries of the Global South, where 
billions living in slums still lack easy access to clean water.

What can be done? Is water actually becoming scarcer? Will 
it be a simple matter of installing water e"icient toilets and 
faucets? Is it something best left to the free market? Or, can our 
problems be disrupted by ubikquitous IT and Smart Cities? 
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https://www.cbs.nl/en-gb/news/2023/48/three-quarters-of-
dutch-adults-worry-about-impact-of-climate-change 

https://www.dw.com/en/netherlands-building-sponge-roofs-to-
prevent-flooding/video-69902802 

https://kl imaatadaptatienederland.nl/en/knowledge-dossiers/themes/climate-change/how-climate-netherlands-changing/
#:~:text=The%20main%20changes%20in%20our,air%20can%20hold%20more%20moisture. 

https://klimaatadaptatienederland.nl/actueel/actueel/nieuws/2024/methode-risico-limburgbui-beter-af-
wegen/ 

https://www.dutchnews.nl/2024/05/drought-is-the-worst-climate-change-threat-for-
the-netherlands/ 

https://nltimes.nl/2024/05/14/rapid-climate-change-netherlands-needs-prepare-heat-
drought-flooding 

https://www.rivm.nl/nieuws/snel-actie-nodig-om-drinkwatertekort-in-2030-te-voorkomen 
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| Veerkracht in de Stad‘Under Pressure’|
| Metabolisme van de Stad



TERRITORIAL METABOLISM

URBAN CLIMATE

PEOPLE & BEHAVIOR
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TERRITORIAL METABOLISM

URBAN CLIMATE

PEOPLE & BEHAVIOR
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It is self-evident we live in the wealthiest and most  
scientifically advanced era of human history. Our world has 
become increasingly urbanized and dominated by the city, 
the technologically sophisticated, highly resource dependent 
cradles of civilization that simultaneously concentrate financial, 
technological, cultural and creative capital while propagating 
poverty, economic inequality, criminality and pollution. Yet, our 
demands on the biosphere are growing at such an exponential 
pace we have disrupted the dynamic equilibrium of the 
compound most integral to life: water (H20).

H20 propels the climate, lubricates continental drift and  
shapes our geographies. Its abundance demarcates 
international boundaries while its scarcity sparks civil conflict. 
You can read this book comfortably because water vapour 
in the atmosphere absorbs incoming solar radiation and the 
oceans act as a massive heat sink that stabilizes earth’s ambient 
temperature. This very same e"ect is exacerbated by the 
prodigious amounts of greenhouse gases we emit, resulting in a 
precipitous warming that threatens our long-term prospects.

Presently, cities are confronted with a number of increasingly 
unmanageable crises, from the triple threat of climate 
change, water scarcity, and environmental degradation to the 
deterioration of water supply and sanitation networks which will 
soon require radical retrofitting and/or complete replacement. 
This is most apparent in the countries of the Global South, where 
billions living in slums still lack easy access to clean water.

What can be done? Is water actually becoming scarcer? Will 
it be a simple matter of installing water e"icient toilets and 
faucets? Is it something best left to the free market? Or, can our 
problems be disrupted by ubikquitous IT and Smart Cities? 

&AUTONOMIEHETERONOMIE

I n t eg ra t i e  en  verduurzam ing  
v an  e s sen t i ë l e  s t romen  
i n  de  gebouwde  omgev ing
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EXPONENTIËLE GROEI …  
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1972 

Het Rapport van de Club van Rome van 1972, geschreven door Dennis en Donella 
Meadows (en verder Jorgen Randers en William Behrens) in opdracht van de Club van 
Rome, met als titel De grenzen aan de groei, is waarschijnlijk het belangrijkste 
filosofische boek van de 20e eeuw. 
De boodschap is eenvoudig: de planeet aarde is eindig en als gevolg daarvan zal een 
voortdurende groei van materiële productie en consumptie binnen enkele decennia 
leiden tot een ineenstorting. Er zijn grenzen aan de groei die slechts tijdelijk kunnen 
overschreden worden. 
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overschreden worden. 

1991

Twintig jaar later, in 1991, presenteerden het echtpaar Meadows en Randers een 
update, De grenzen voorbij. De wereld heeft haar grenzen overschreden. De huidige 
manier van doen is niet vol te houden. Om maar enigszins leefbaar te zijn moet de 
toekomst er een zijn van een stap terug, kalmer aan, herstel.  

2015

Paris Agreement / SDGs … 
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Integreren/vertalen van andere ‘waarden’  
… met name ook in de (semi) publieke ruimte
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Integreren van nieuwe eigendomsvormen … 
van ‘publieke’ ruimtes…
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Transformeren naar & integreren van ander  
ruimtegebruik t.b.v. water, groen en mensen …
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Integreren van klimaat adaptatie (& NBS) …
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Wind, Sun, 
Ecology, Nature, 

Water management,  
Material/Waste management,  

Site Preparation... 

Natural system ‘Human’ system

Fragmentation/Morphology, 
Density, Services 
Mobility/Traffic, 

Metabolism, 
Public Space 

Infrastructure. 

Liveability  
Social program 
Plan economy 
Policies & Governance 
Tools & Validation  
etc. 

PERSPECTIVE OF THE NATURAL SYSTEM

PERSPECTIVE OF THE HUMAN ‘SYSTEM’ 
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“The major problems in the world are the result of the difference between how 
nature works and the way people think” 
  
‘An Ecology of Mind’ Gregory Bateson 
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Baima Canal
500 meters long

12,000 pe
(City Average: 8,000 pe/km)

Bamai Canal (China): 500 meter 
lang , met ca. afvalwater effluent
                       van 12.000 pe ...
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REPAiR |  REsource Management in Peri-urban Areas: 
       Going Beyond Urban Metabolism 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 688920
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Grant Agreement No.: 688920
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REPAiR |  REsource Management in Peri-urban Areas: 
       Going Beyond Urban Metabolism 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 688920
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THIS BENCH IS 3D-PRINTED WITH MUNICIPAL PLASTIC WASTE FROM AMSTERDAM EQUAL TO:
 

150% OF THE PLASTIC WASTE
GENERATED ANNUALLY
PER CAPITA IN A’DAM
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Hybrid Green|Blue

prof.dr.ir. Arjan van Timmeren • TUDelft• Faculty of Architecture • Environmental Technology & Design  // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam 



prof.dr.ir. Arjan van Timmeren • TU Delft Faculty of Architecture & the Built Environment, Dept. Urbanism • Environmental Technology & Design  //  AMS institute Amsterdam  //  Resilient Delta Initiative Rotterdam 
 

S
tre

et
 in

 S
yd

ne
y 

(A
us

tra
lia

); 
ph

ot
o:

 A
.v

an
 T

im
m

er
en



prof.dr.ir. Arjan van Timmeren • TUD Faculty of Architecture & the Built Environment, Dept. Urbanism • Environmental Technology & Design  // Scientific Director joint MIT/TUD/WUR- AMS institute Amsterdam  prof.dr.ir. Arjan van Timmeren • TUD Faculty of Architecture & the Built Environment, Dept. Urbanism • Environmental Technology & Design  // Scientific Director joint MIT/TUD/WUR- AMS institute Amsterdam  
prof.dr.ir. Arjan van Timmeren • TUDelft• Faculty of Architecture • Environmental Technology & Design  // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam 



There is an increasing trend in annual precipitation

on average, the to ta l year ly 
precipitation has increased by 2.19 
millimeters every 10 years

A p-value less than 0.05 generally 
suggests that the trend observed is 
statistically significant, meaning that 
it's unlikely to have occurred by 
random chance.

r-value of 0.32 suggests a 
moderate positive trend over time.
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Water Plein  
Benthemplein, Rotterdam
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‘ Resilience by  
  Design ’  
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Groene Daken Programma R’dam (460.000 m2)
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‘MULTI-
FUNCTIONAL 
ROOFTOP 
LANDSCAPE’

Ro
tt

er
da

m
 R

es
ili

en
ce

 S
tr

at
eg

y 
/ 

co
ur

te
sy

: 
Ar

no
ud

 M
ol

en
aa

r

prof.dr.ir. Arjan van Timmeren • TUDelft• Faculty of Architecture • Environmental Technology & Design  // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam 



Ro
tt

er
da

m
 R

es
ili

en
ce

 S
tr

at
eg

y 
/ 

co
ur

te
sy

: 
Ar

no
ud

 M
ol

en
aa

r

prof.dr.ir. Arjan van Timmeren • TUDelft• Faculty of Architecture • Environmental Technology & Design  // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam 

Rooftop Strategy  
Elements of the base layer
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Rooftop Strategy  
Elements of the social layer
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H2Ortus



H2Ortus



Drinking water usage in the De Hortus botanical garden

2 swimming pools   =  5000 cubic meters  =  drinking water for 2,500 people 

We've been seeing longer, dryer periods, and we believe tap water will be 
scarce in the future. Rainwater is the best source of water for plants. So, 
for sustainability and water security reasons, we wanted to look into how we 
could collect, store, and use rainwater in our greenhouses and gardens.

““
The prediction of reduced availability of clean water due to climate change (and 
increased water use) is supported by two references from government 
organizations is the main motivation.

“
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84

RO 

De Hortus pays both drinking water bills and reverse osmosis application

The parameters (chemical, physical, microbial) of the 
interest were determined

Based on the selected parameters, the potential 
concentration was determined, followed by an assessment 
of the risk of infection.

Based on the established limit, the decision was made 
whether to implement treatment or not.

The Life Cycle Cost Analysis (LCCA) of the treatment is 
performed, including the LCCA of the storage size.

Waterberging in schip Drijvend waterzak

Waterverzameling  
via alle daken

Waterverzameling  
via de buurt

Flexibele  
oppervlakte berging

Waterplein

Waterberging op  
maaiveld in kas

Waterverzameling  
via de buurt
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RO 

De Hortus pays both drinking water bills and reverse osmosis application

The parameters (chemical, physical, microbial) of the 
interest were determined

Based on the selected parameters, the potential 
concentration was determined, followed by an assessment of 
the risk of infection.

Based on the established limit, the decision was made 
whether to implement treatment or not.

The Life Cycle Cost Analysis (LCCA) of the treatment is 
performed, including the LCCA of the storage size.



Methodology for designing the tank of the RWH
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Water-saving efficiency is 
the percentage of days on 
which rainwater meets the 

total water demand.

Water age indicates the 
number of days rainwater 

has been stored in the tank 
or reservoir.

Different 

Economic 

Environmen

Social 

Among all 
the social 
benefits, 

LCA 
analysis of 

the research 

Life Cycle 
Cost 

Different benefits can be derived from the RWH system
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The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily
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The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily
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The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily
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The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily
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Location of the considered storage sizes and also the connection to the existing one
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A possible solution for meeting the outside gardening …

next … 
Using ancient storage
for meeting the outside 
gardening demand 

ARTIS Zoo
> more different qualities 
> 150,000m3 in stead 
    of 5000 m3 !) 



Cascading Resources / Land Encroachment
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Cascading Resources / Land Encroachment
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Financialization and distantiation 
characterize the global resource market 

Unequal power relations dominate trade conditions

Weak planning regulations govern urban expansion

Compensating the loss of fertile urban and per-urban soils 
requires twice the land elsewhere

Agricultural intensification strategies and monoculture 
attempt to compensate loss of proximate fertile soils
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Cascading Resources / Land Encroachment
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Circular economy principle operate locally

Food produced in urban and peri-urban zones.

Robust common property rights to movements in UPA

Land suitable for farming is protected and preserved

Financialization and distantiation 
characterize the global food market 

Global advisory policy becomes aligned with regional planning
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This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751

• The need for  Phosphorus recovery – switching to a CIRCULAR nutrient economy:

From Cordell et al. 2009

 Pilot demonstration of extraction of phosphorus from municipal waste 
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Sewage sludge-based composites 
are promising 
Secondary Raw Materials  

Sewage sludge from municipal wastewater treatment 
is one of the most voluminous and costly waste 
streams in urban areas

But we want to 
recover valuable  
phosphorus before 
it ends up 
“wasted” in the 
sludge

• The Phosphorus recovery demo in the context of CINDERELA :

This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751
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 Pilot demonstration of extraction of phosphorus from municipal waste 



Secondary Raw 
Material

Critical Raw 
Materialsludge

Sewage
SRM CRM= =

What does the construction sector and multiscalarity have to do with P?

This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751
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Pollution Scarcity

Phosphate rock is a finite resource and its mining and 
transport is energy intensive

Phosphorus ending up “wasted” in ecosystems has severe 
ecological consequences

• The need for  Phosphorus recovery – switching to a CIRCULAR nutrient economy:

Linear economy

This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751
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 Pilot demonstration of extraction of phosphorus from municipal waste 



This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751
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From Cordell et al. 2009
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P 
co

ns
um

pt
io

n 

primarily (ca. 90%) for fertilizer 

Global demand for P is growing

• The need for  Phosphorus recovery – switching to a CIRCULAR nutrient economy:
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 Pilot demonstration of extraction of phosphorus from municipal waste 



       Recovery pathways:

Struvite 
crystallization 
from sludge 
streams

3 MT 14 MT 

Discharge to 
surface waters

Greywater
Mineral 

reserves
P

sludge
Sewage

Food  

Human 
excreta 

!
“Farm to fork” 

losses

1

Sludge
ash(Phosphate rock)

3 2

WasteWater Treatment

Struvite 

Plant

Direct application of sewage sludge to arable land

P4 
10 - 25 % 
recovery

Finite 
resource

Fossil fuel 
intensive 
extraction & 
transport

+ Heavy 
metals

Thermal/chemical P 
extraction after 
mono-incineration 

Eutrophication 
of ecosystems 

Resources for 
N & P 
removal 
(energy & 
chemicals)

P

Geopolitics

*

Direct reuse of human excreta

4

 Pilot demonstration of extraction of phosphorus from municipal waste ; P -Recovery Pathways :
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This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751



 Household/Neighborhood
Municipal Wastewater 
Treatment Plant

Sludge incineration 
facilities

Waste 
stream

Urine 

Blackwater

Sludge digestate 

Sludge liquor 

WAS thickening liquor

Sewage sludge ash

Recovery 
Process

Fluidized bed, or continuously 

stirred reactor w/ addition of Mg 

Aerated reactors w/ addition 

of Mg  

Other

Diverse thermal and 

chemical processes

Product
Struvite Most common: Struvite 

Also: Calcium Phosphates

H3PO4 

Calcium phosphates 

MAP

• Hotspots for Phosphorus recovery in the wastewater treatment chain: case studies in Amsterdam

1 2 3

*

*

**

*

**

*

*

*

*

*
* BUIKSLOTERHAM

DE CEUVEL

FOSVAATJE
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This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751

 Pilot demonstration of extraction of phosphorus from municipal waste ; existing projects (A’dam)



• Hotspots for Phosphorus recovery in the wastewater treatment chain: case studies in Amsterdam

Amsterdam – West WWTP

BUIKSLOTERHAM neighborhood

DE CEUVEL café

AFAS Live concert hall

 Pilot demonstration of extraction of phosphorus from municipal waste 
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 Pilot demonstration of extraction of phosphorus from municipal waste ; existing projects (A’dam)



Struvite 
precipitation vs. Complete nutrient 

recovery
• Full waste stream is treated

• Nitrogen & micronutrients are 
recovered along with P

• Product is free of pathogens & 
pharmaceuticals

• Distilled water as a byproduct

• Liquid fertilizer can be used for 
hydroponics in urban environment

+

 Pilot demonstration of extraction of phosphorus from municipal waste ; conventional ways…?
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Complete nutrient 
recovery

• Full waste stream is treated

• Nitrogen & micronutrients are 
recovered along with P

• Product is free of pathogens & 
pharmaceuticals

• Distilled water as a byproduct

• Liquid fertilizer can be used for 
hydroponics in urban environment

+
Critical Raw Materials

CRM

 Pilot demonstration of extraction of phosphorus from municipal waste ; Complete Nutr. recovery
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Location1. 

Urine collection2. 

Previous initiatives: Alternatives 
considered:

Approach chosen:

New prototype

“No mix” toilets

Vacuum 
toilets

 Pilot demonstration of extraction of phosphorus from municipal waste … gender bias ?

prof.dr.ir. Arjan van Timmeren • TUDelft• Faculty of Architecture • Environmental Technology & Design  // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam 

This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751



The Phosphorus (& other nutrients) recovery demo

Urine
Distilled 

water

Liquid 
fertilizer

STORAGE STABILIZATION PURIFICATION CONCENTRATIONCOLLECTION

Urine 
diversion 

toilets

Activated 
carbon filter

Nitrification reactor

Rotary vacuum  
distiller

Removal of 
pharmaceuticals by 
adsorption to the 
activated carbon

Urea is 
hydrolyzed to 
ammonia

Ammonia transformed to 
ammonium nitrate by 
nitrifying bacteria. 
Organic matter is removed

Complete nutrient recovery
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1

2

3

4
5

3

4

Nitrification Bioreactor

Activated Carbon Filter
1

2

Urine separation toilets

Urine storage

5 Distillation

6 Fertilizer use

6

30 L/d
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The Phosphorus (& other nutrients) recovery demo



CLICK THE LITTLE ICON  
TO PLACE YOUR FULL SCREEN IMAGES. 
(AFTER YOU PLACED THE IMAGE YOU CAN  
USE THE ICONS BELOW THE IMAGE  
TO ADJUST PLACEMENT TO YOUR LIKING)
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 Pilot demonstration of extraction of phosphorus from municipal waste ; on location Amsterdam



• Toilets:

Save!

1
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Source separation of urine (toilet innovation, by Laufen)
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Source separation of urine (toilet innovation, by Laufen)
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The Phosphorus (& other nutrients) recovery demo (source separation / urine storage)
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The Phosphorus (& other nutrients) recovery demo ; aeration & nitrification
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The Phosphorus (& other nutrients) recovery demo ; aeration & nitrification
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The Phosphorus (& other nutrients) recovery demo ; data logging
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The Phosphorus (& other nutrients) recovery demo ; activated carbon filtration, distillation
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The Phosphorus (& other nutrients) recovery demo ; alternative configurations
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Voorbeeld 2
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LCA, LCC, S-LCA
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SYSTEMS THINKING



LCA, LCC, S-LCA  
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SYSTEMS THINKING



prof.dr.ir. Arjan van Timmeren • TUDelft• Faculty of Architecture • Environmental Technology & Design  // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam 

This project has received funding from the European Union’s Horizon 2020 research and innovation 
Programme under grant agreement N° 776751

ALL READY…. ? 
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ALL READY….   DEMONSTRATOR ‘ON TOUR’ … 
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DEMONSTRATOR ‘ON TOUR’ … first stop at TU Delft Science Center / Botanical Garden
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Next stop: Oud Mathenesse
‘Greening without Borders’ EUI project



Province ‘Zuid-Holland (the Netherlands)“Landschapspark Zuidvleugel” 

prof.dr.ir. Arjan van Timmeren • TU Delft Faculty of Architecture & the Built Environment, Dept. Urbanism • Environmental Technology & Design  //  AMS institute Amsterdam  //  Resilient Delta Initiative Rotterdam 
 

PhD candidate Johnathan Subendran / Zac Taylor / Jelle Brouwer /  A.van Timmeren 

City of Rotterdam

Dordrecht

Zwijndrecht

Delft
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City of 
Dordrecht

the city of Dordrecht is actually 
an island (within the Delta area)



bron: AHN

Elevations Public Space in relation to rivers / waterways (& dykes)

Maasterras

Inner 
City

Area ‘De Staart’

prof.dr.ir. Arjan van Timmeren • TU Delft Faculty of Architecture & the Built Environment, Dept. Urbanism • Environmental Technology & Design  //  AMS institute Amsterdam  //  Resilient Delta Initiative Rotterdam 
 

PhD candidate Johnathan Subendran / Zac Taylor / Jelle Brouwer /  A.van Timmeren 



prof.dr.ir. Arjan van Timmeren • TUDelft• Faculty of Architecture • Environmental Technology & Design  // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam 

im
ag

e:
  A

.v
an

 T
im

m
er

en

Seaward 
‘Attack’

Adapt 
‘Withdraw’

Protect/semi-open 
‘Connect’

Protect/semi-closed 
‘Defend’



Resilient Delta Initiative i.s.m. Mecanoo architecten / Delft

Knowledge 
Atelier 1

Design 
Atelier 1

Knowledge 
Atelier 2

Knowledge 
Atelier 3

Combined 
Knowledge & 

Design
 Atelier 4

Design 
Atelier 2

Design 
Atelier 3

Resilient Delta

Knowledge 
Integration 
RDi and Mecanoo

Mecanoo



Scanning: 
Horizon 
Scan of 

Critical Themes

Design 
Atelier 1

Generating: 
Innovative 
 Solutions 
and Ideas

Developing: 
Innovative 

and Integrated 
Perspectives

Validation of 
Integrated  

 Requirements from 
a spatial 

perspective

Design 
Atelier 2

Design 
Atelier 3

Resilient Delta

Mecanoo

Knowledge 
Integration 
led by a Gluon

Resilient Delta Initiative i.s.m. Mecanoo architecten / Delft



Elevated areas ‘liminal space’ as ‘Public Shelters’ during extreme flooding events in Dordrecht (NL) 
who will go where ?

Area 
‘Maasterras’

Area ‘De 
Staart’

48.405 inhabitants 

65.355 inhabitants
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Railway

Highway N3 
crossing /
viaduct?

N3

Highway 
crossing 
/Tunnel?

Railway crossing

Railway

A16

Area 
‘Maasterras’

Area ‘De 
Staart

F16 Cycle Highway
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PhD candidate Johnathan Subendran / Zac Taylor / Jelle Brouwer /  A.van Timmeren 

Highway 
Railway 
crossing 

Elevated areas ‘liminal space’ as ‘Public Shelters’ during extreme flooding events in Dordrecht (NL) 
barries along escape routes …



Shelter locations in Dordrecht 
who goes where ?

20% 
escapes / is able to  

escape from ‘the island’ 
(Dordrecht)

10% 
take shelter in their own 

houses (vertical evacuation)

70% 
take shelter on one of the 

main City Shelter-
Locations

De Staart

Maasterras
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Original plan 
approx. 2.000 houses

Safehaven as part of the 
development approx. 7.879 houses

+5.879 houses

Elevated areas ‘liminal space’ as ‘Public Shelters’ during extreme flooding events in Dordrecht (NL) 
impact of the use of this resilience strategy on the development of  the ‘Maasterras’ area …
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Administratively 
robust

Water safety as a basis

Sustainable  
area development

Liveable and 
engaged st.h.

Valuable 
environment & 
public space

innovation 
as a lead 

Future proof 
investment perspective

Perseverance through 
resilience

Area development Principes : 
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Fase III 

Stay & Supply (basic needs)

ca. 72hr

Waterheight

1 week

xx. hrxx. hr

Fase I 

Prepare / Anticipate

Fase II 

Evacuate

Fase IV 

Scale down & Recover

Factor time

xx. hr

Timeline in case of a flooding / disaster
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Fase 1; Prepare / Anticipate 
Threat & warning communication

Duidelijkheid wie waarheen gaat 
Ouders ->  scholen van kinderen, Bewoners op 
werk ->  blijven daar, Mensen in omliggend gebied 
thuis of onderweg ->  naar M3 en M4 

Bewoners en eigenaren woningen en publieke 
gebouwen vluchtlocatie zijn op de hoogte van 
functie 

Bewoners M3 en M4 bereiden eigen woning 
voor

Bewoners en eigenaren op 
de hoogte van dreiging

Bewoners en eigenaren bereiden eigen 
woning voor op komst evacuees

Voorzieningen worden voor-
bereid als coordinatie punt
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Fase 2; Evacuation 
Escape routes and collection points

Fietspaden herkenbare vluchtroutes 
richting M3 en M4 

Meerdere opgangen naar vluchtroute 

Voorzieningen langs vluchtroute 
functioneren als eerste opvangplek voor 
evacuees. Deze worden herkenbare 
informatie en coordinatie punten. 

Publieke / gemeenschappelijke ruimte  (Cafe / 
restaurant / lobby) op droge hoogte met 
toegang tot brugweg per gebouw als 
gemeenschappelijk en coordinatiepunt per 
gebouwcluster. 

Noodvoorziening voor elektriciteit in 
gebouwen op hoogte. Informatie, 
communicatie en verlichting gemobiliseerd naar 
sub-coordinatie punt.
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Publieke / gemeenschappelijke ruimtes  met 
toegang tot brugweg funcioneren als 
gemeenschappelijke plek per gebouw waar 
noodvoorzieningen zijn: Elektriciteit / Wifi / 
Sanitair / dekens. 

Drinkwaterpunten op veilige hoogte

Supermarkt op veilighe hoogte en toegang tot 
elektriciteit zorgt voor een grote 
voedselevooraad. 

Daktuinen met beschutting toegankelijk voor 
gehele gebouw, mogelijkheid tot landen 
helikopter.

Fase 3; Stay (Shelter) and supply of basic needs

5  Elektrische auto’s op bovenste etage 
parkeergarage: accu’s (en laadpalen?) kunnen 
gebruikt worden. Toegang tot bovenste etage 
parkeergarage vanaf brugweg is noodzakelijk. 

Hulpgoederen per boot: goede connectie tot 
aanlegplaats  boten.

5

5

6

6
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Fase 3; Stay (Shelter) and supply of basic needs (what if?)

Aanlegplaatsen per boot op onderste 
verdiepingen
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• Fast way out watergangen (wadi’s / verlaagde 
voetpaden) 

• Adaptieve beplanting - link naar Biesbosch? 
• Gebied M3 en M4 nog in tact 
• Kosten heropbouw lager

Fase 4; Scale down and Recover
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Adaptive waterfront 
Climate harbour - design

normal tide condition high-tide condition



Adaptive waterfront 
Climate harbour - design
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Directe toegang tot Kade 

F16 en fietstunnel verbinden Maasterras met het 
omliggende gebied en zorgen voor een goede 
toegankelijkheid.

3

4

5

Maasterras kent enkele markante 
herkenningspunten zoals Spoorbrug en 
autovrije Zwijndrechtsebrug. 

Maasterras beschikt over 8.000m2 

evenemententerrein en heeft daarmee 
aantrekkingskracht op de hele stad. 

Stroomvoorziening  evenemententerrein kan op 
veilige hoogte als noodvoorziening fungeren 

Locatie programma staat nog niet vast; 
Belangrijke voorzieningen kunnen een 
belangrijke plek langs de vluchtroutes 
krijgen. 

Voorzieningen en publieke functies kunnen op 
verdiepingen geplaatst worden. 

6  Gedeeltelijke overkapping snelweg als extra 
veilige openbare ruimte.

7  Autovrije Brugweg als 2e maaiveld

2

1

8

9

10 Parkeergarage kan noodstroomvoorzieningen bergen 
door middel van elektrische auto’s. 
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Render of Area Development plan 
Maasterras area Mecanoo Architects
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WOHA Rethinking cities for the age of global warming…
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WOHA Rethinking cities for the age of global warming…
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Verdergaand integreren kavel, gebouw en publieke ruimte/groen & tegen gaan van ‘verdozing’
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Verder introduceren van ‘natuur inclusiviteit’ , CE & Biobased bouwen (bouwmaterialen) …

Am
st

er
da

m
 O

sd
or

p 
BP

AO
2 

; 
In

te
rs

te
lla

r 
/ 

H
ee

m
bo

uw
 S

AD
C 

Pr
oj

ec
t 

VE
G

A 
Am

st
er

da
m

  



prof.dr.ir. Arjan van Timmeren • TU Delft Faculty of Architecture & the Built Environment, Dept. Urbanism • Environmental Technology & Design  //  AMS institute Amsterdam  //  Resilient Delta Initiative Rotterdam 
 

Verdergaand activeren van Duurzame Mobiliteit (LV, EV, deelmobiliteit, etc.) in groene milieus
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Verdergaand activeren van WELL perspectief (certificering) / biophilic architecture …
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Biophilic design is a concept used within the building industry to  
increase occupant conneckvity to the natural environment through  
the use of direct nature, indirect nature, and space and place condikons.

We amplify this concept of direct and indirect nature to that of  urban 
design and spaHal integraHon of environmental soluHons for the sake 
of sustainability (Urban Metabolism ao) and liveability (Urban Climate ao). 

Used at both the building and city-scale, it aims for health, environmental, 
and economic benefits for building occupants and urban environments.

TERRITORIAL METABOLISM

URBAN CLIMATE

ENVIRONMENTAL DESIGN
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Liminal space : ”liminal" comes from the LaHn word “limen,” which means threshold. To be in a liminal space means to be on 
the precipice of something new but not quite there yet. You can be in a liminal space physically, emoHonally, or metaphorically.  
Being in a liminal space can be incredibly uncomfortable for most people, but can also be used as a design strategy for change…

Environmental Design / Key components



TOWARDS A SOLAR POWERED WORLD

Met dank.
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TOWARDS A SOLAR POWERED WORLD

Thank you.

Inventing a more prosperous society : 
liveable, sustainable, resilient and just… 
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