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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.
here rising sea levels are no threat.

here there is room for every citizen.

e everybody is treated equally.

| lFlldustry flows while the quality of life grows.
hriving place,

ea to live in,

delta.




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




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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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.
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Transfer "delta resilience" solutions to Graduate broadly oriented students
the world with specialist

know-how
@ Ui (T-profile)

Resilient Delta

Brings together a-, - and y-disciplines in research and
education o

Makes the Rotterdam delta resilient by designing solutions ins \..,.,. ] Lcehinside the real-
the delta d delta

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

Co-create solutions with (priv
Is the central node in a network of international partner deltas ?ﬁ
[ |

gent
that research delta systems ollaborate with

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

@ Attract professors, solutions, talent and businesses from around the globe to work on

. "delta resilience" challenges in the Rotterdam delta
Educates a global student population and graduates " g

Erasmus
University
Rotterdam

AContr

]
TUDelft



Erasmus
University
Rotterdam




b )

'v/ﬂinm@




Resilient
Delta

Structure ‘our’ Environment

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

How to maximize the opportunities for knowledge
integration? How can different fields and forms of

\expertise work together effective?
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§ change, social responsibility and the rapid emergence of new digitisation
g technologies, to transition the port into its future leading roles?
2 >
S
~_ 9 £ 2
o O L
Data Science / Sensing Technology Action Research

Erasmus
University
Rotterdam

et



Erasmus
University
Rotterdam

<
TUDelft e

Resilient
Delta

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

(i) ‘Broad prosperity’
(ii) ‘Zero-carbon society’
(iii) Healthy & safe living environment

(iv) Future-proof delta areas

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).

UNDER PRESSURE:
WATER AND THE CITY

Laurence Henriquez
Arjan van Timmeren

Laurence Henriquez
Arjan van Timmeren

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 /—‘ E R
in the atmosphere absorbs incoming solar radiation and the «
oceans act as a massive heat sink that stabilizes earth’s ambient V'
temperature. This very same effect is exacerbated by the ‘_/
prodigious amounts of greenhouse gases we emit, resulting in a §

L ] |

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 efficient 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 H20 and civilization, past,
present and future. From water’s fundamental importance to life
and the means by which 1t 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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INTRODUCTION

WATER WORLD
Ancient origins
Water properties
Water cycle

A BRIEF HISTORY OF THE URBANIZATION OF H20

Toilet City
Rediscovery of circulation
Modernization of Water

TRIALS AND TRIBULATIONS WITHIN
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OUR LAWNS

DUE TO THE DROUGHT AND
CURRENT WATER RESTRICTIONS,
CalPERS HAS STOPPED
WATERING THE GRASS.
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IMG 78. ‘Riverbed’ Exhibition Olafur Eliasson, Louisiana Museum of Modern Art,




IMG 51. Inside a reverse osmosis desalination plant in Barcelona, Spain
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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).
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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 /—‘ E R
in the atmosphere absorbs incoming solar radiation and the «
oceans act as a massive heat sink that stabilizes earth’s ambient V'
temperature. This very same effect is exacerbated by the ‘_/
prodigious amounts of greenhouse gases we emit, resulting in a §
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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 efficient 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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(4 Three- quarters of Dutch adults
) vﬂg worry about impact of climate
O change
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CLIMATE | NETHERLANDS

<« Netherlands: Building s
- Urgent action needed to prevent drinking water shortages in 2030

sponge roofs to

= /:‘7); Publication date 03-04-2023 | 07:00
Download report

Water availability for drinking water production up to
2030 - bottlenecks and solutions =3

More information

Drinking water 2

This news in English

Quick action needed to prevent drinking water shortage
in 2030 >
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What are the main changes? N
The main changes in our climate are: [ R 3;:3
- 'JJ" - ./ J
« Winters are becoming wetter, whilst the probability of severe summer O (-
4 downpours is growing. Furthermore, such downpours are becoming W = ‘ﬁy’;{ 9 \
.o 2
) increasingly more extreme. Precipitation is increasing because warmer . (3”3\3

DI ought is the worst climate change
threat for the Netherlands

i cIima change: Netheﬂénds needs 'to"tpr_epa~re for
heat, drought & flooding

The Netherlands’ climate is changing rapidly and is becoming hotter, wetter, and dryer, the Netherlands g
Environmental Assessment Agency (PBL) said in a report on Tuesday. The current climate risks already have “a

major impact on our daily lives” and are “expected to only increase in the future,” the PBL said. “It is clear that

increasing climate change will lead to greater risks if the Netherlands is unable to adapt to the changing

climate.”

Over the past 30 years, weather record after weather record has toppled in the Netherlands and it's happening
faster than expected. For example, 2019’s heat record of over 40 degrees Celsius was only expected decades

from now. )
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https://www.dutchnews.nl/2024/05/drought-is-the-worst-climate-change-threat-for-the-netherlands/
https://www.dutchnews.nl/2024/05/drought-is-the-worst-climate-change-threat-for-the-netherlands/
https://klimaatadaptatienederland.nl/actueel/actueel/nieuws/2024/methode-risico-limburgbui-beter-af-wegen/
https://klimaatadaptatienederland.nl/actueel/actueel/nieuws/2024/methode-risico-limburgbui-beter-af-wegen/
https://www.rivm.nl/nieuws/snel-actie-nodig-om-drinkwatertekort-in-2030-te-voorkomen
https://www.cbs.nl/en-gb/news/2023/48/three-quarters-of-dutch-adults-worry-about-impact-of-climate-change
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://www.dw.com/en/netherlands-building-sponge-roofs-to-prevent-flooding/video-69902802
https://klimaatadaptatienederland.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/en/knowledge-dossiers/themes/climate-change/how-climate-netherlands-changing/#:~:text=The%20main%20changes%20in%20our,air%20can%20hold%20more%20moisture
https://nltimes.nl/2024/05/14/rapid-climate-change-netherlands-needs-prepare-heat-drought-flooding
https://nltimes.nl/2024/05/14/rapid-climate-change-netherlands-needs-prepare-heat-drought-flooding
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environmental
technology & design

TU Delft prof.dr.ir. Arjan van Timmeren « TUDelfte Faculty of Architecture « Environmental an\, \,,\ & DeS|gn /I Extensia Wi 100l ///AMS institute Amsterdam // Resilient Delta Initiative Rotterdam
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Milieuthema’s

|.Verandering klimaat

2.Verzuring

3.Verspreiding (emissies) Duurzaamheid e

4. Verspilling toekomstige generaties - sluiten kringlopen
5.Verwijdering

6.Vermesting

PoEAOrIng ; - milieuhygiéne
8.Verspreiding htzzzbgjnr:riigs - natuur en'landschap
9.Vermesting - gezondheid
|0.Versnippering

oY Teg Oorspronkelijkheid

| 2.Verdroging integriteit natuur / - (' niet om de mens)
|3.Verstoring landschap op zich

| 4.Vermesting
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TU Delft prof.dr.ir. Arjan van Timmeren * TUDelfte Faculty of Architecture « Environmental Technology & Design // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam
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THELIMITS TO

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 20° eeuw.

De boodschap is eenvoudig: de planeet aarde is eindig en als gevolg daarvan zal een
voortdurende groei van materi€le productie en consumptie binnen enkele decennia
leiden tot een ineenstorting. Er zijn grenzen aan de groei die slechts tijdelijk kunnen
overschreden worden.

Donelis M Mesdows
Dennis L Meadows
Jorgen Randers
Wiliam W. Behrens i1l

Gal O4 SANRIT 3h.

"na

A Report tor THE CLUB OF ROME'S Project on the

: Predicament of Mankind
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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 20° eeuw.

De boodschap is eenvoudig: de planeet aarde is eindig en als gevolg daarvan zal een
voortdurende groei van materi€le 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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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.
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Overview of EU-27 progress towards the SDGs over the past 5 years, 2020
{Data mainly refer to 2013-2018 or 2014-2019)
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THE REGENERATIVE DESIGN

FRAMEWORK REGENERATING SYSTEM Regenerative
%’ $ Appropriate participation
o & P4 and design as nature.
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5 2B ¥ £
5 2 b £ Reconciliatory
® c ) bt r—
° S 4 O 8 Reintegrating humans
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2 € c S ‘E nature.
s = o c U
23 £ S 17
V= I .
a ® = 8 Y Restorative
0 S 2 s 2 2
§ 2 = & Regenerative approach Humans doing things to
- © o O decrases energy use nature.
Exploitative approach » > c o
- increases energy use // é O %o 2
o [ © ¢
i / | § "f = S Neutral point of not
< O & ¢ E doing any more damage.
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S 3 a € Relative improvements.
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2 S = Conventional practice
Compliance to avoid
DEGENERATING SY.STEM legal actions.
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rainfall event

exceedance
rainfall

drainage design

everyday rainfall ,
rainfall

increase in the impact/ consequence of the rainfall (e.g. $, health)

extreme
rainfall

increase in rainfall

AN
I

design approach and
reason to manage
rainfall

4th domain

emergency response and spatial
planning to minimise and manage
Impacts

3th domain

design for exceedance emergency
and spatial planning. manage water in
preferred locations

2nd domain
conventional drainage (e.g. sewers) and
SuDS to limit flooding

1st domain
drainage/ maintenance to limit pollution
and blockages causing flooding

source:
Ashley et. al (2015): Managing urban
flooding from heavy rainfall (encouraging the

uptake of designing for exceedance). environmental
technology & design
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There is an increasing trend in annual precipitation

Total Yearly Precipitation Trend

1300 Slope: 2.19 mm per decade ° —e— Annual Precipitation ~ ON average, the total yearly
E-\)/;Lu:. 05.:§)2:3e-03 —— |Trendline precipitation has increased by 2.19

1200 o millimeters every 10 years

1100
E A p-value less than 0.05 generally
£ :
= 1000 suggests that the trend observed is
-(% _ statistically significant, meaning that
S 900 | it's unlikely to have occurred by
S —
3 random chance.
— "]
o
< 800 —
s l y

700

r-value of 0.32 suggests a
600 moderate positive trend over time.
[ ]
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Year
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increase in the impact/ consequence of the rainfall (e.g. $, health)

rainfall event

. I
drainage design exceedance
rainfall ! rainfall
i

everyday rainfall

extreme
rainfall

increase in rainfall
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design approach and
reason to manage
rainfall

4th domain

emergency response and spatial
planning to minimise and manage
impacts

3th domain

design for exceedance emergency
and spatial planning. manage water in
preferred locations

2nd domain
conventional drainage (e.g. sewers) and
SuDS to limit flooding

1st domain
drainage/ maintenance to limit pollution
and blockages causing flooding

source:
Ashley et. al (2015): Managing urban
flooding from heavy rainfall (encouraging the
uptake of designing for exceedance).

design approach and reason to manage rainfall

1. drainage/ maintenance to limit pollution
and blockages causing flooding

2. conventional drainage (e.g. sewers) and
SuDS to limit flooding

3. design for exceedance emergency and
spatial planning. manage water in preferred
locations

4. emergency response and spatial planning
to minimise and manage impacts

. separated stormwater drainage -delay drainage - infiltration conveyance and storage of exceedance -diversion structures
system . raingarden flows . paths for flood return to river
. regulation of water flow of rivers . infiltration planters . cloudburst boulevards
. reduce obstacles in the floodplain . curbside raingarden -diversion structures . underground diversion tunnel
conveyance . green roofs . river bypass
. swales . berms
. infiltration trench -emengency measures
. pervious pavement -conveyance structures: . connection with multiple bridges
. infiltration basin . swales . amphibious houses
. ditches . houses starting one storey upper the
-delay drainage - buffer/ storage . street gutters street level
. detention basin . urban creek . concrete frame buildings for
. retention pond structure resistance against water
. wetland -multipurpose spaces . scape routes
. green areas
-water quality . flodable public spaces
. water factory . sport courts
. sand trap filter . playgrounds
. parking spots
. traffic islands
. small streets
-green reservoirs
. reedbeds
. forebay
-underground structures
. underground tanks, cisterns and
pools
-attenuing flow peaks
. land form depressions in the canal
forming public spaces
improve awareness- all domains
. combine green with blue . propose seasonal design . introduce variety of landscapes in . implement more water binds dust
infrastructures . change public spaces into floodable different districts particles
. implement public meeting spaces spaces . transform urban spaces into a more . implement more water humidifies
close to green blue infrastructures . implement open gutters, canals, natural habitat the air
. implement perenial open water creeks . generate system of green blue . implement riverfront parks revive the
structures . introduce green blue elements into spaces in urban areas presence of the rivers
. change water into a playful the landscape . bring people closer to water bodies . transform green roofs into rooftop
structure . bring water bodies closer to people gardens
. transform water facilities into parks . implement more water lowers the

ambient temperature in summer
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BOS OP POTEN TIMELINE

april - may 2023
search for a place

verschoorstraat
i - observation
e, T
conversation
~ — 7 ¢ \*
~- / / N\ email
= 7
L3 s
/ configuration
d
7
visserijplein
v o ’ -
~ ) EFY)
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?
handelsplein
7
o
v = "
4 \ —
-
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21 june 2023
welcoming event

#1 boomworkshop | wat weet je over ons?

#2 bosopstelling | waar zet je ons neer?

#3 ideeénboom | wat wil je doen in het bos?

#4 namenwedstrijd | hoe wil je ons noemen?
#5 oplaadstation | even bijtanken in de schaduw

+/- 60-80 people attended

11 people signed up for co-caring
58 ideas for activities in the forest
10 configuration mops created

2 august 2023
interview round neighbors

29 august 2023
moving day #1

configuration conversation
Interaction
drawing/map
3
Niiories what influence has bos op poten on the square?
what value does it have for you?
number

what do you think of the current configuration?
would you like to take care of the trees?

conversation
configuration
number

nitiative

€2.500 raised via citizen initiative
5 picnic benches were bought ond placed

10 short interviews 30 people attended

30 september 2023

storm op komst

observation

conversation

articie/promotion
conversation

interaction

general

article/promotion

emall
(i 2 o
ey = ST e
wil stad samen met Het bos op poten: 36
on ‘verplastsbare bomen op
het Handelsplein
[=—x]
emall
bos op poten website watering

3 articles published 30+ emails via website
3 peopie reached out for pictures or on article

3 people reached out for a similar project in their area

data types
observation
conversation
emall
configuration
interaction
drawing/map
written idea
number
article/promotion

Initiative
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PROPERTIES

Rooftop Strategy

Elements of the base layer

A
:g‘w -

4

RS

ENERGY FLOODING

TRANSITION

- 2
gs
g 5 Omm 70-300mm 18mm

“
2
g A
22 omm omm 30mm
o8
2
.%» >6kg/m?2 70-300kq/m2 55kq/m?
z
=
&
g no no sedum
g
>
@
2
g Solarge DUO Waterdak Dakbegroeiing
k] (Amsterdam lichtgewicht

Rainproof) (Optigriin)
’g‘ €257/m2 €100-150/m2 €45100/m2
Q (vattenfall) (Duurzaam 010) (Sedumdak
bedekking)

UHI-EFFECT

(medium)

25mm

60mm

a0ka/m?

sedum
(herbs, grasses)

Dakbegroeiing
economisch
dak (Optigrun)

€45100/m2
(Sedumdak-
bedekking)

19mm

60mm

90kg/m?

sedum, herbs
grasses

Meander
FKM 30
(Optigriin)

€45-100/m2
(Sedumdak:
bedekking)

UHI-EFFECT
(high)

30-80mm

60-150mm

<95kg/m2
herbs, bushes

Natuurdak
(Optigriin)

€100-120/m2
(Sedumdak
bedekking)

LACK OF BIODIVERSITY

30-80mm 150-370mm 110-160mm
150-210mm 230-400mm 230-400mm
95kg/m?2 310kg/m?2 320kq/m2

herbs, bushes perennials, trees, perennials, trees,
grass, pavement grass, pavement

Natuurdak Drossel Daktuin
(Optigriin) Intensief (Optigriin)
(Optigriin)
€120150/m2 €120-150/m2 €120150/m2

(Interpolis) (Interpolis) (Interpolis)

w

ﬂﬂ- 3
.
FLOODING X UHI-EFFECT
ENERGY (medium) x ENERGY
TRANSITION TRANSITION
95-150mm 95-150mm
Omm 80mm
<120kg/m2 120kg/m2
no sedum
Solargroendak Solargroendak
WRB (Optigriin) WRB (Optigriin)

-

'
lgi
e

UHI-EFFECT
(medium) X
FLOODING

70-80mm

60-80mm

<95kg/m2
herbs, bushes

Natuurdak
(Optigriin)

70-80mm

80-210mm

95kg/m2

herbs, bushes

Natuurdak
(Optigriin)

- @
UHI-EFFECT ‘
(high) X FLOODING
70-126mm 180-230mm
80-400mm 250-400mm
150kg/m2 600kg/m2

vegetables, fruits  perennials, trees,
grass, pavement

Dakbegroeiing Dakpark
(dakmoestuin) (verblijffsdak)
(Optigriin) (Optigriin)

UHI-EFFECT (medium)
X FLOODING X
ENERGY TRANSITION

95-150mm

80mm

120kg/m2

sedum

Solargroendak
WRB (Optigriin)
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PROPERTIES
building maintenance accessibility

function

ownership reinforce

height

supporting

structure

Rooftop Strategy

Elements of the social layer

public park, event
area

public

municipality

<15m

yes

housing corporation,
municipality

GROWING POPULATION

green community green, outdoor vegetable garden

centre, cafe, yoga workspace

school

public communal communal
municipality municipality, housing corporation

private ownership
<15m 0-40m 0-40m
yes yes yes
municipality property community
manager (residents)

shared rooftop
garden, playground

private

housing corporation,
private ownership

0-40m

yes

community
(residents)

rooftop garden,
terrace

private

private ownership

0-40m

no

owner

PROPERTIES

maintenance accessibility  function

reinforce
supporting
structure

ownership

\ ;\

green facade

public, community, private

municipality, community,
house owner

no

housing corporation,
municipality,private ownership

CONNECTION
elevated walkway green bridge
public, community nobody
municipality municipality
yes yes

housing corporation,
municipality

housing corporation,
municipality

green pergolas: enrich, strenghten
connetions for flora and fauna

nobody

municipality, community,
house owner

no

housing corporation,
municipality,private ownership

C onviranmental
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Figure 160. Decision tree

type ol SR __ & oy Iayer

— ownership p— access o2

¢ pitched roof * >20m2 * green corridor
* semi-flat roof * >500m2 * urban heat island
* flat roof * flooding area

TU Delft prof.dr.ir. Arjan van Timmeren * TUDelfte Faculty of Architecture « Environmental Technology & Design // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam

* municipality * indoor
* housing corporation * outdoor
* privately owned

social layer

G
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_ . Palm Greenhouse:;

GREEN WATE
-WATER HUBS-

« RAINWATER HARVESTIGES -
FOR GREENHOUSES







Drinking water usage in the De Hortus botanical garden

> X
2 swimming pools = 5000 cubic meters = drinking water for 2,500 people :7'

environmental
technology & design
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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.

yenvironmen

Vtechno]ogy& 1esigr
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Methodology for designing the tank of the RWH

Sizing of the
Storage Tanks

Possibilities

l —17 Among all

Mathematical Empirical @ ® @ i
Relationship > the social

Equation )
(Mass Balance) Methods Social benefits.
A[temlatives

— 1

Based on available roof
area and average annual
rainfall

Different time scales and
algorithms are used.
Yield-After-Spillage (YAS)
Yield-Before-Spillage (YBS)
|

Alternatives

5% of the available
roof area

|

YAS is less sensitive to changes]

in storage capacity and demand

T |

* 4
T+
=

Different

LCA
analysis of
the research

Environmen

storage tank to
greenhouse(s)

0of(s)
0 storage tank
Depends on Depends on

1 . | , \ ] | .

Supplied Storage Size Demand ‘ Whenever storages Supply of demand Area from Rainfall in From rainfall
| water 4R become full, excess related to storage roof in m? local area harvested roof,
_— water leaves the system capacity | y m? that go to .
E— storage tanks Life Cycle

Cost

L J Economic

2

The storage with the higher
water-saving efficiency and water age
should be chosen

Different benefits can be derived from the RWH system

environmental
technology & design
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The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily

0

100

a0
Annual rainfall value in mm

150
Monthly rainfall value in mm

0
Daily rainfall value in mm

1000
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Storage size (m?3)

The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily

Water saving efficiency for satisfying the demand for the greenhouses w.r.t different roof areas and storage sizes

Intersection (0.95-)
:
1]

Water Saving Efficiency

——0.9488

0.8888

0.8288

0.7688

0.7088

m Garden = Greenhouses ®Total water demand

iall

"v

inljj

R AN Q\ya B A A SRS '1? L i g S
& ¥ N S F O ¥ ¢ @ & S @"’ $ £ & ¢ &" ¢ ¢ & R &£
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- ] ua \
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i C o AWre W ——¢  Human dissaze | « Droplets and aerosols produced
related fo Legionelia i . distance fom spray
. Exposure duration
To caiculate 1he nsk I. The sample is noubated for 7 days. Suspecied colonies are then
on human inoculated onto 3 naw plate and incubated for 7 cays. Aller 14 ¢ays,
the numbsr of L2gionzlla colonies can be counted Resuns are usually
P R . g expressed a3 colony-forming wnits (CFU) per unit volume {8.9., CFUIL)
B - @ 2  gPCRis an alternative to culiurs-based methods for detecting L
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[concertation is e ( Sairiatar )7 doas not require sample incubation
\ mgn \ .
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Asrical infecticn and €S rink in calcuiated l
Critical concentration = based on: o)
« Dose-response model { infacion vs clinical severily infeclion. CSI). Faraw =1 Il] 1- Pyriwy Probabilty of infection
v « REXigrgetused ( Infection risk vs DALY on a per-axposure or annaal ; e :
- DOSE RESPONSE MODEL: basis) : i om daiy Pegumncy of te st iy | om ramy b per 2y
=0 e paatly ecusncy (o many days el yeall
U CsI
2. Sub.clinical infection: to DALY=
=premature martality
represent Pontiac faver infaction | (number of years of ife iost}+ lower than 105 fiog TARORER L
g bidity (years lived with for DALY shipssbontyaies
max Sisability: mmpneau::d foactors 18 \ infaction rick|
isabi u
‘ | I [ |
L = cakusled as the number of deaths mulhiphed by the remainang LD = multiplyng per health outcome the number of mcxdent cases for
e expectancy at the ape of death summed over all fatal health { oulcome by the disabslity wesght summed over all health outcome
88 within the ashwal history of e dissase conceming a ing tha natural history of that Fesaze . in 3 given population 3
N2 population srd panod od

environmental
technology & design

TU Delft prof.dr.ir. Arjan van Timmeren * TUDelfte Faculty of Architecture « Environmental Technology & Design // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam



e R

U

Y Y

g

Top Illustrated View
As the large rainwater tanks will be buried underground, of the Hortus' Cranjerie over three of the tanks. Above
they are not visible to visitors of the Mortus, But there, the other twa tanks, a change of paving matersal or
aside educational sigre, some subtle hints in the ficor are colour may be enough. This can be combined with
included that are usaful and at the same time make the some lights and information panels that explain the
required size of & rainwaler harvesting systemn visible, system and indicate, how full or empty the water
For now, we propose a wooden deck as part of the terrace storage & at the moment,

TU Delft prof.dr.ir. Arjan van Timmeren « TUDelfte Faculty of Architecture « Environmental Technology & Design // Extension School // AMS institute Amsterdam // Resilient Delt

The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily

—)\!

From Pre=Existing » . St -
Basement . { N <

Technica:| System Laybut Plan

The underground tarks are positioned o not interfere with
existing foundations, pipes and cables. There & & height
difference between the tanks, In case of heavy rainfalls,
the tariks Nl uw naturally. Only onoe the water & usad, it

requires pumging. Clustering several tanks makes it
passbie to move the water from ane tank to the ather,
and clean o maintain the tanks separately.

environmental
technology & design
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The rain gauges data showed on average 880 mm annually, 70 mm monthly, and 2.5 mm daily

Top Illustrated View : ' B ‘ =)

As the large rairmater tanks will be buried underground, of the Hortus' Oranjerie over three of the taniks. Above Technical System Layout Plan
Uuynnotvaibbm\nslmrsofme-ﬂnm.eunhen:, the other twa tanks, a change of paving matersal or The nd tanks are poski £ not laterfere with requires p ng. Clusters it
aside educaticnal sigre, some subtle hints in the ficor are colour may be enough, This can be combined with undengrou foned . urpi stering several tanks makes

- A existing foundations, pipes and cables. There & & height passbie to mowve the water from ane tank to the ather,
included that are useful and at the same time make the some lights and information panels that explain the diff bet e tanks. In case of rainfalls and clean o maintain the tanks rately
required size of & rainwaler harvesting systemn visible, system and indicate, how full or ety the water the tanks fil w naturall O‘W the ““! ".B g rt aay 8
For now, we propose a wooden deck as part of the terrace storage = at the moment, » ¥- g d
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Location of the considered storage sizes and also the connection to the existing one

Greenhouse

317 e & Storage A
/A ‘ o 443

) | \

: ‘ il il 'y
' L\ /

2.3 2.3 2.33 2.13 i 233
Paved Walkpath ' Underground Storage B Paved Walkpath Underground Storage C . Greenhouse Structural Foundation Future Water Treatment Area
Section A Section B
environmental
3 Water Pipes and Flows technology & design
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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!)

‘ environmental
T D I t @technology& design
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Planetary boundaries
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Global urban land
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and Encroachment

Global Terrestrial ecosystem

Land-use expansion pressures, amplifying
impacts on the earth systems
Ecosystem services, providing food security

saliepunoq Aiejaueld

THE
ANTHROP E
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The Anthropocene Review

1-27

© The Author(s) 2019

Artcie reuse guidelines:
sagepub.com/journals-permissions
DO 10.1177/20530196 19856672
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®SAGE

Global urbanization and food
production in direct competition
for land: Leverage places to
mitigate impacts on SDG2

and on the Earth System

Stephan Barthel,!2 "= Christian Isendahl,?
Benjamin N Vis,* Axel Drescher,’
Daniel L Evansé and Arjan van Timmeren?

Abstract

Global urbanization and food production are in direct competition for land. This paper carries out
a critical review of how displacing crop production from urban and peri-urban land to other areas
— because of issues related to soil quality — will demand a substantally larger proportion of the
Earth's terrestrial land surface than the surface area lost to urban encroachment. Such relationships
may trigger further distancing effects and unfair social-ecological teleconnections. It risks also setting
in motion amplifying effects within the Earth System. In combination, such multiple stressors set the
scene for food riots in cities of the Global South. Our review identifies viable leverage points on which
to act in order to navigate urban expansion away from fertile croplands. We first elaborate on the
political complexities in declaring urban and peri-urban lands with fertile soils as one global commons.
We find that the combination of an advisory global policy aligned with regional policies enabling
robust common properties rights for bottom-up actors and movements in urban and peri-urban
agriculture (UPA) as mult-level leverage places to intervene. To substantiate the ability of aligning
global advisory policy with regional planning, we review both past and contemporary examples where
empowering local sodial-ecological UPA practices and circular economies have had a stimulating
effect on urban resilience and helped preserve, restore, and maintain urban lands with healthy soils.
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resilience, social-ecological teleconnection, soil health, urban and peri-urban agriculture,
urbanization
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Cascading Resources / Land Encroachment
263

i
H
il
_ R _ > Urban lanéd cover |:—l
@ Financialization and distantiation E ' _

. characterize the global resource market {— i R
:Fertile urban& per-urban | 2 '%g h
iland i R —

& Unequal power relations dominate trade conditions ; = ; _ : _
; — : Less-fertile land distant from city
: 2] ;
% Weak planning regulations govern urban expansion § ; o
— ; ; Pristine ecosystems

22 / _ e . Urban planning zone to enact leverage places
oL Agricultural intensification strategies and monoculture

*’%(g l attempt to compensate loss of proximate fertile soils

7| Compensating the loss of fertile urban and per-urban soils &
[k requires twice the land elsewhere @

, e
Urban pianning 200

T J Delft prof.dr.ir. Arjan van Timmeren * TUDelfte Faculty of Architecture « Environmental Technology & Design // Extension School // AMS institute Amsterdam // Resilient Delta Initiative Rotterdam



Cascading Resources / Land Encroachment

Financialization and distantiation
@ characterize the global food market

Global advisory policy becomes aligned with regional planning ;
i Less-fertile land distant from city

Land suitable for farming is protected and preserved
Pristine ecosystems

Food produced in urban and peri-urban zones.
&
Robust common property rights to movements in UPA Urban planning zone to enact leverage places Q\é,

Circular economy principle operate locally &

_ e
Urban planning 2°%
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Sustainable P measures

60 [
) Efficiency: mining and fertilizers
Business as usual
Efficiency: agriculture
yiad Demand
measures

Efficiency: food chain

Reuse: fod/other waste
Reuse: crop residues

Phosphorus (Mt/a P)

ply
Reuse: manure measures

Phosphate rock l

0
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070
From Cordell et al. 2009 Year
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Pilot demonstration of extraction of phosphorus from municipal waste

e The Phosphorus recovery demo in the context of CINDERELA :

T ..
\ 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
9 15 P
B Phosphorus
. 974
Sewage sludge-based composites )

are promising
Secondary Raw Materials

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

CINDERELA

m Secondary R 15 iti
y Raw Critical Raw

" sludge | Material P | " \erial

Phosphorus
30.974
Light Rare-Earth Elements O -
OHeavy Rare-Earth Elements
Antimony
©
Phospihorus Magnesium
Bismuth 5
»
N Niobium
7} Borate 2
=t *  Scandium
a o
o Natural Graphite ;
o . Platinum Group Metals
Q. Indium  Beryllium o
=2 s :
v
Bauxite o Germanium
. Tungsten
_Helium Vanadlum Cobalt .
» Baryte
o Sapele Wood * Gallium Fluorspa
. Phosphate
Natuval@cork Litl:laum Silicon Metal Hafniu Rock Na ural rubber
Rheniume  “ Cooking coal “* Tantalum = Manganese
Natural Teak wood Tellurium Ti ® Molybdenum ®Chromium
° o lIN Iron
o Feldspar ® Magnesite Ich ® Potash
§ Sulphur .
Kaolin clay ® Silver
Perlite * G;psum e Talc Z'“c,')SeIenlum A U
® Nickel
BegtomleAggsreSél‘;ctzssand Dlatomlte Titanium “Coplgg
Gold * Limestone ® Lead
Economic importance >
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i‘.‘ Pilot demonstration of extraction of phosphorus from municipal waste

*
CINDERELA

e The need for Phosphorus recovery — switching to a CIRCULAR nutrient economy:

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

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

Scarcity Linear economy Pollution

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

*
CINDERELA

e The need for Phosphorus recovery — switching to a CIRCULAR nutrient economy:

MT/year
24
20 Global demand for P is growing
S
B 16
£
>
c
S 12 1
(9}
o
8 Phosphate
| Human excreta rock
4 Guano
' Manure
0 S ————
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

From Cordell et al. 2009

primarily (ca. 90%) for fertilizer
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i‘l\ Pilot demonstration of extraction of phosphorus from municipal waste ; P -Recovery Pathways :

*
CINDERELA

ERecovery pathways:

Direct application of sewage sludge to arable land

10-25%
Direct reuse of human excreta recovery Struvite
crystallization

from sludge
streams

Thermal/chemical P
extraction after
mono-incineration

Greywater

Mineral P
reserves

(Phosphate rock) *
Human Sewage
excreta WasteWater Treatment sludge
Finite Plant
resource Discharge to
G liti surface waters
eopolitics
g Resources for
Fossil fuel N & P
intensive removal
extraction & (energy & o
transport chemicals) Eutrophication
“Farm to fork” of ecosystems
+ Heavy I
losses !
metals
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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

Waste
stream

2

Recovery
Process

3

Product
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0Househo|d/Neighborhood

Urine

Blackwater

Fluidized bed, or continuously

stirred reactor w/ addition of Mg

Struvite

*
*

* %k

* %k

Municipal Wastewater Sludge incineration
Treatment Plant facilities
Sludge digestate

Sludge liquor % Sewage sludge ash
WAS thickening liquor

Aerated reactors w/ addition .
Diverse thermal and

of Mg E 3 :
chemical processes
Other
. H,PO,
Most common: Struvite sk o hosoh
Also: Calcium Phosphates Calcium phosphates
MAP

t 3 DE CEUVEL
t 3 BUIKSLOTERHAM

t 3 FOSVAATJE
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Pilot demonstration of extraction of phosphorus from municipal waste ; existing projects (A'dam)
C,IINDERELA

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

N247
WESTELIJK |\
HAVENGEBIED |
Amsterdam - West WWTP QRT |
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=
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AMSTERDAM Nondelpark | “——<
0 —
NIEUW- =
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i, ; AN Over-Dien
\ | A4 ZUIDAS 7 sk . __~Diemen
& JE  OMVAL o @
~ forp = _~  Duivendrecht
! N - . | ——
7 tenveldert 7 £
Nieuwe Meer Lo '
Het N
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= Bos ‘ AV
Amstelveen )
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STADSHART
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N2l ra Ouderkerk \ aasperaam cew

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

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



N
.

*
CINDERELA

magnesium

H) O effluent

Struvite
precipitation

\/
O
\/

Struvite© O

Complete nutrient

recovery

Pilot demonstration of extraction of phosphorus from municipal waste ; conventional ways...?

« Nitrogen & micronutrients are
recovered along with P

o Full waste stream is treated
« Distilled water as a byproduct

+ Product is free of pathogens &
pharmaceuticals

« Liquid fertilizer can be used for
hydroponics in urban environment

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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Supply risk

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

Critical Raw Materials

Light Rare-Earth Elements O

OHeavy Rare-Earth Elements
Antimony
®
VY
Phosp_horus Magnesium
Bismuth =
Trems Niobium
> L]
®  Scandium
El o
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o L ]
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> Tungsten
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o Sapele Wood » Gallium ‘Fluorsp
s “ Phosphate
Natural cork thlll.um Silicon Metal ~ Hafniumy o oy Naturat rubber
Rhenium Cooking coal @& Tantalum » Manganese
Natural Teak wood Tellurium Tin ® Molybdenum (o ®Chromium
& o
o Feldspar ®  ® Magnesite " l.h e Potash
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Perlite *® G;;(sz:ﬁ::n clay. Talc ® .S|Iver ZINC. Sgleriium ® Aluminum
- i e, AL
B.er.\tonn.eAngeSg;c[:ssand Diatomite  i¢anium 'Ct::;;ts'
Gold ¥ Limestone e Lead

Economic importance

Complete nutrient
recovery

« Nitrogen & micronutrients are
recovered along with P

o Full waste stream is treated
« Distilled water as a byproduct

+ Product is free of pathogens &
pharmaceuticals

« Liquid fertilizer can be used for
hydroponics in urban environment
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Pilot demonstration of extraction of phosphorus from municipal waste ... gender bias ?

*
CINDERELA

Previous initiatives: Alternatives Approach chosen:
considered:
,
. . )
2. ol
LAUFEN

Vacuum

toilets
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COLLECTION STORAGE

Urine

Urine H

diversion Urea is
toilets hydrolyzed to
ammonia

The Phosphorus (& other nutrients) recovery demo

Complete nutrient recovery
STABILIZATION

PURIFICATION  CONCENTRATION

Removal of .
pharmaceuticals by %ﬁ%
adsorption to the
activated carbon

Distilled
Activated water
carbon filter

Rotary vacuum
e distiller

Nitrification reactor

Ammonia transformed to
ammonium nitrate by
nitrifying bacteria.
Organic matter is removed
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The Phosphorus (& other nutrients) recovery demo

a Urine separation toilets 6 Nitrification Bioreactor e Distillation
a Urine storage ° Activated Carbon Filter e Fertilizer use

This project has received funding from the European Union’s Horizon 2020 research and innovation
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Source separation of urine (toilet innovation, by Laufen)

LAUFEN

Save!
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S . . o .
o Source separation of urine (toilet innovation, by Laufen)
CINDERELA

If you can hold it in a little longer . .
Please come use the toilets
in the CINDERELA container A w

We really appreciate it! 1
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The Phosphorus (& other nutrients) recovery demo (source separation / urine storage)

*
CINDERELA

a Urine separation toilets

a Urine storage

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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6 Nitrification Bioreactor

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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The Phosphorus (& other nutrients) recovery demo ; data logging

BQ37 - fx

10/03/2020 - pH1

12/03/2020 - pH1 13/03/2020 - pH1 14/03/2020 - pH1 15/03/2020 - pH1 16/03/2020 - pH1 17/03/2020 - pH1 18/03/2020 - pH1 19/03/2020 - pH1

11/03/2020 - pH1

be 11/03/2020 - pH1 + vol dosed

A=

13/03/2020 - pH2 14/03/2020 - pH2 15/03/2020 - pH2 16/03/2020 - pH2 17/03/2020 - pH2 18/03/2020 - pH2

12/03/2020 - pH2 19/03/2020 - pH2

pliec =
11/03/2020 - Temp o 12/03/2020 - Temp ! 13/03/2020 - Temp | 14/03/2020 - Temp 15/03/2020 - Temp 16/03/2020 - Temp 17/03/2020 - Temp 18/03/2020 - Temp 19/03/2020 - Temp
] //__ ? :
10/03/2020 - DO 1uos/ﬁo . I;O o 12/03/2020 - 0O 13/03/2020 - 00 14/03/2020- DO 15/03/2020 - DO u/oahozo -00 17/03/2020 - DO ‘ 18/03/2020 - 0O 19/03/2020 - DO
11/03/2020 - Vol dosed : 12/03/2020 - Vol dosed ; 13/03/2020 - Vol dosed 14/03/2020 - Vol dosed 15/03/2020 - Vol dosed 16/03/2020 - Vol dosed 17/03/2020 - Vol dosed 18/03/2020 - Vol dosed 19/03/2020 - Vol dosed
o o [ S
pe o g == T T o
:! il o PRI ; " . 5
3 CHARTS 2020-03-19 2020-03-18 2020-03-17 2020-03-16 2020-03-15 2020-03-14 2020-03-13 2020-03-12 2020-03-11 2020-03-10 2020-03-09 2020-03-08 +
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The Phosphorus (& other nutrients) recovery demo ; activated carbon filtration, distillation

*
CINDERELA

D)

\ 4

Distillation/RO

° Activated Carbon Filter G Fertilizer use
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;‘.‘ The Phosphorus (& other nutrients) recovery demo ; alternative configurations

*
CINDERELA .
Activated

Carbon Filter

Rotary
evaporator

Rotary
evaporator
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&
. LCA, LCC, S-LCA SYSTEMS THINKING
CINDERELA o N o o o

COLLECTION STABILIZATION PURIFICATION CONCENTRATION USE

Urine-diversion toilet Nitrification GAC Filtration Vacuum distillation

Waterless urinal

o
5
Urine
© diversion '
z‘ Waterless  toilets
inal
g urina Flush Solenoid
8 water valve
2 SowAre . :’:r;‘go e Rotation Vacuum
n- . sensors .
S Urine piping
]
ﬁ O Peristaltic
Peristaltic pump
g pump . P depleted sludge
O . ‘ . as SRM
Water chiller
> +pump g 2
Storage in IBC Buffer tank Storage in IBC
o
% Jerrycan collection lon exchange Reverse osmosis
© ) m—— )
c Dry UDT + AD of feaces Caustic addition Drying beds
3 fraction
<
80% less N
0% less P > Municipal WWT »Waste management)
90% less K
Conventional toilet N removal Incineration
P removal Landfill
N2, N2O 2
2 Agriculture

Flush
water

Sewage
sludge
n
o

+ chemicals

Sewage piping W

T
c
e
e}
3
=
c
Q
&

Effluent
discharge
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LCA, LCC, S-LCA

SYSTEMS THINKING

Input in red
Fuctional unit: 1 m’ww
Equivalent to:
1% Vol urine in WW
10 L urine
83gN
8gP
10,2 kg urine
1 ton of urine 1 ton of fertilizer
Equivalent to: |Equivalent to:
1,02 kg/L - density 1,5 kg/L - density
980 L urine 667 L fertilizer
81kgN 1383 kg N
08 kg P 133 kg P
77 7 'Noemssions ¥
e e | 0,1% % of total N |
I~ NH:Emissions ¥ | 025 gN,0-Nid |
[ 0%totalN | I 04LNod |
I 0,00 gNHy-N/d | | 17ppmN,0 |
| | | |
Amsterdam Demo Case: LIQUID FERTILIZER
1,2 L/d
URINE NITRIFICATION REACTOR 'VACUUM DISTILLER
30 Lid STORAGETANK ° Volume 150 L GAC FILTER 96% water removal 207,5 gN/L
10 dHRT Nitrification rate 830 mgN/L.d 25L 25 concentration factor 20 gP/IL
249 gN/d . 300 L — 3 HRT 5d =N 2 hHRT — —_— 47,5 gKIL
24 gP/d 107 Wh/L
57 gKid O nitrification 569 gO./d 1,0 kg GAC 3,2 kWh/d 1,8 kg/d
150 gCOD/d 0O, COD 150 gO./d 12,9 kWh/kgN 1,5 kg/lL
O, total 719 gO2/d
gL ——— DISTILLED WATER
N 83 28,8 L/d
P 08
K L
cop 5 i AR 3
from Meinzinger and Oldenbhrg 2009 (as in Wielemaker et al. 2019) | 1000 L/h |
|Air pump 20w |
IOperaﬁon time 23 hid 1
| 0,46 kWh/d |
1,8 kWh/kgN
: 0,01533 kWH/L urine :
U o —————— — — ]
2 mol Oz/mol NH;” to NO5 400 kg/m3 GAC
4,57 kgO2/kgN
22,4 Umol gas
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“LandSChapSparkZuidvleugel” Province ‘Zuid-Holland (the Netherlands)

Atlantikwall museum D e | ft
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prof.dr.ir. Arja

City of
Dordrecht

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

environmental

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

- ‘: - ’ g 2 .
Zyfljnclrzcrie p Area ‘De Staart ‘ e

Maasterras
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Seaward
‘Attack’

Adapt

‘Withdraw’

Protect/semi-open

‘Connect’
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Protect/semi-closed
‘Defend’
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i.s.m. Mecanoo architecten / Delft

Resilient Delta

_—_—>

Knowledge
Integration
RDi and Mecanoo
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Mecanoo
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i.s.m. Mecanoo architecten / Delft

Resilient Delta
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Elevated areas liminal space’ as ‘Public Shelters’ during extreme flooding events in Dordrecht (NL)

who will go where ?
- - . G : S .

Zyyfjniclgaciis
Area ‘De

Staart’

Area
‘Maasterras’

z 65.355 inhabitants

48.405 inhabitants
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Elevated areas liminal space’ as ‘Public Shelters’ during extreme flooding events in Dordrecht (NL)
barries along escape routes ...
PY ¢ e
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Highway
Railway
crossing

Area
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Railway
Railway crossing

Highway N3
crossing /
viaduct?
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Shelter locations in Dordrecht

who goes where ?
20% 10% 70%
escapes / is able to take shelter in their own take shelter on one of the
escape from ‘the island’ houses (vertical evacuation) main City Shelter-
(Dordrecht) Locations

5
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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....

Original plan Safehaven as part of the
approx. 2.000 houses development approx. 7.879 houses

+5.879 houses

3
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Administratively
robust

innovation

Water safety as a basis

Sustainable
area development

Liveable and

as a lead

Perseverance through
resilience

7

~,

\Valuable

environment &
public space

Future proof
investment perspective

engaged st.h.

]
TUDelft

Area development Principes :

1. Water safety as a basis

2. Sustainable Area Development
3. Liveable and engaged stakeholders
4. Valuable environment (ecology/soil)

5. Future-proof investment perspective
6. Perseverance through resilience

7. Innovation as a lead / brand

8. Administratively robust

U technology &
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Timeline in case of a flooding / disaster

Fasel
Prepare / Anticipate
Factor time
xx. hr

Fasell

Evacuate

1week

Faselll

Stay & Supply (basic needs)

xx. hr

ca. 72hr

FaselV
[ ]
Scale down & Recover :
.
xX. hr
[ ]

]
TUDelft
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Fase 1; Prepare / Anticipate

Threat & waming communication
+1.0 NAP

Bewoners en eigenaren op

de hoogte van dreiging 0 Duidelijkheid wie waarheen gaat
Ouders -> scholen van kinderen, Bewoners op

werk -> blijven daar, Mensen in omliggend gebied
thuis of onderweg -> naar M3 en M4

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

Voorzieningen worden voor- functie

bereid als coordinatie punt

e Bewoners M3 en M4 bereiden eigen woning

Bewoners en eigenaren bereiden eigen
voor

woning voor op komst evacuees

% \
TUDelft S cchrolosy &
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Fase 2; Evacuation

Escape routes and collection points
+1.5 NAP

0 Fietspaden herkenbare vluchtroutes
richting M3 en M4

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

+3.5 NAP

Publieke / gemeenschappelijke ruimtes met
toegang tot brugweg funcioneren als
gemeenschappelijke plek per gebouw waar
noodvoorzieningen zijn: Elektriciteit / Wifi /
Sanitair / dekens.

a Drinkwaterpunten op veilige hoogte

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

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

e 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.
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Fase 3; Stay (Shelter) and supply of basic needs (what if’?)

G Aanlegplaatsen per boot op onderste
verdiepingen

¢
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Fase 4; Scale down and Recover

+1.0 NAP

e Fast way out watergangen (wadi’s / verlaagde
voetpaden)

e Adaptieve beplanting - link naar Biesbosch?

e Gebied M3 en M4 nog in tact

e Kosten heropbouw lager
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Adaptive waterfront
Climate harbour - design

normal tide condition high-tide condition



Adaptive waterfront
Climate harbour - design




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

converecnce

e

Maasterras kent enkele markante
herkenningspunten zoals Spoorbrug en
autovrije Zwijndrechtsebrug.

Maasterras beschikt over 8.000m?
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.

Gedeeltelijke overkapping snelweg als extra
veilige openbare ruimte.

Autovrije Brugweg als 2e maaiveld

Directe toegang tot Kade

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

Parkeergarage kan noodstroomvoorzieningen bergen
door middel van elektrische auto’s.

Erasmus
University
Rotterdam
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Resilient Delta Initiative i.s.m. Mecanoo architects / Delft

ce

Maasterras kent enkele markante
herkenningspunten zoals Spoorbrug en
autovrije Zwijndrechtsebrug.

Maasterras beschikt over 8.000m?
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
e verdiepingen geplaatst worden.

Gedeeltelijke overkapping snelweg als extra
‘ veilige openbare ruimte.

Q Autovrije Brugweg als 2e maaiveld

e Directe toegang tot Kade
F16 en fietstunnel verbinden Maasterras met het
omliggende gebied en zorgen voor eengoede

toegankelijkheid.

@ 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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Verdergaand integreren kavel, gebouw en publieke ruimte/groen & tegen gaan van ‘verdozing’
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houten lamellen random groen gevel als opgaande entree onder uitstekende parkeren deels uit zicht stalen erfafscheiding houten structuur /
geplaatst in gevelbeeld continuering van Waterpark gevelband/luifel dmv. halfhoge heg continuering lamellen
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Verder introduceren van ‘natuur inclusiviteit’ , CE & Biobased bouwen (bouwmaterialen) ...

Locatie: Volop in de zon, gelegen tussen parkeerplaatzen en groene zons.

Type: Tussen de spanten, rasternst waar klimplanten in kunnen grosien en
aangsbonden worden, open structuur zonder achterwand

Hoogte: Maximaal 7 meter.

Extra: Spanten mogen nist begroeid worden, moeten vrij blijven van takken, keine
ineectenhotselz worden toegevoegd
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Verdergaand activeren van Duurzame Mobiliteit (LV, EV, deelmobiliteit, etc.) in groene milieus

Locatie: Viakvulling tussen lamellen met een vertanding.

Type: Tussen de lamellen, rastemst waar klimplanten in kunnen grosien en
aangebondan worden,

Hoogte: 10 metsr.

Extra: 1 of 2 soorten per verticaal viak, om streepjespatroon te verduidelijken
zetwerk rondom de panelen voorkomt ingrosien van kiimplanten
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Verdergaand activeren van WELL perspectief (certificering) / biophilic architecture ...
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Locatie: Viakvulling tussen lamelien met sen vertanding.

Type: Tussen de lamellen, rasternet waar kiimplanten in kunnen groeien en
aangsebonden worden,

Heoogte: 10 meter.

Extra: 1 of 2 =soorten per verticaal viak, om streepjecpatroon te verduidelijken
zetwerk rondom de panslen voorkomt ingrosien van klimplanten
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phlllc de5|gn IS a concept used within the building industry to
) increase occupant connectivity to the natural environment through
L the use of direct nature, indirect nature, and space and place conditions.
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Used at both the buﬂdmg and C|ty scale it aims for health enwronmental

the precipice of something new but not quite there yet. You can be in a liminal space physmally, emotionally, or metaphorically. §
¥ Being in a I|m|nal space can be |ncred|bly uncomfortable for most people but can aIso be used as a de5|gn strategy for change...
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From Sustainable to Regenerative

Inventing a more prosperous society : .' %echmbqy & design
liveable, sustainable, resilient and just... 7

regenerating
positive impact

degenerating
reducing impact

conventional green/high sustainable restorative design regenerative design

practice performance design
buildings reversal to human and natural

achieving performance towards pre-development systems actively
minimum improvement, net-zero environmental co-evolving as one
standards sustainability carbon conditions

ratings neutral

Thank you.
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