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Introduction

Ecology, economy and the demise of dualisms

“[..] nature is not “just there." It is historical."

MOCHE, J. 2015, Capitaiism in the Wb of Life: Ecology and the Accumuiation of Capital.
London: Versa

[Fig. 1] Map of the North Sea_Altimetry-Biathymery
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The North Sea perspective

Eutrophication
[Fig. 2b] Aress of the North Sea threstened by harmiful algal bloom [HAB] [Fig. 2] Key biodiversity areas of the Norh Sea
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Location: Dutch-Flemish Delta
Eutrophication levels




Problem field
[Part 1: Depletion of ecoservices]

[Fig. 4a] Migration pathwarys for species [Europe-Africa]

1 Seuren: Disgram macks oy suto: Danse on dais e gos, GAR1468




Problem field
[Part 1: Depletion of ecoservices]

[Ryg. 4] Dead fish on seawead on beach at low tide, North Sea coast, Netherands
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Problem field
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Problem field A=
[Part 2: Sea level rise_Non-versatile econcmy_Depletion cf resources] [Fig. 6] Map of the Dutch-Flamish Delta_From fluctusting edges to fixed limits &




Problem field
[Part 2: Sea level rise_MNon-versatie economy_Depletion of resources] Fig, 7h] Rigicl structiase B Sand, dune and dike systems

Annual dradge: 25 milion cubic rmeters

Morth Ssa W Q0% of river sediments
Rivers W i dradged

U Sourcs: VEM, G VAN DE, 2004, Mar-madk lwlands. History of water maragamsnt and lnd mclamation
i the Methedands. Uischt: Uitgewer Matrgs,



Problem field
[Part 2: Sea level rise_MNon-versatie economy_Depletion of resources] [Fig. 8] Risk assessment map (017)

[Fig. Ba] Excerpt from The Mational Flood Risk Analysis for the Netherands 2017} -~
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Problem field

[Part 2: Sea level rise_Non-versatile economy_Depletion of resources]

[Fig. %a) Land usss_Teelard | An urnvaried econony

Recreation
Agriculture

I Source: CES, 2016

100%

[Fi. 9] Land use map_Zesland [2016)




Problem field
[Part 2: Sea level ise_Non-versatile economy_Depletion of resources]

|Fig. S Tukp fiekd, Location: Aardenbung

1 Source: TrakEarth, hitpa:/www.trabaarth, comypaleny EuropaNetharands/Southy Zasland/ Aardenburg
photo 1 492442, him

[Fig. 9¢] Sol sinity [Zeeland, 2008]
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Problem field / '
[Part 2: Sea level rise_MNon-versatile economy_Depletion of resources] [Fig, 11} Flow snaysia [port & |

[Fig. 16] Pedution Sources

AMmosphere Industrial discharges

Vesaal operations

Agriculture [fertilisers etc.]

1 Source: Diagram madee by author based on data from bt plymsea. sc.uke 1 T45/1Uohins_and_Reid_2001. pdf



Research question

What kind of shift in production could subvert negative trends [pollution,
sea-level rise, reliance on resources fast depleting] to generate value and
facilitate a resilient, yet sustainable economy?



Hypothesis
From pollutants to productive landscapes
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Principles matrix [key factors]
Risk and potential in conterporary growth-oriented economy
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Principles matrix [key factors]
Expected inputs and outputs with regard to a bio-based economy
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Expected output
Evolutionary perspective

Research report on the Delta’s potential
o support a bio-based economy

Govermance
Research and development
Funding

Education and awareness

STEP 2

~—Algae production

Micro-algae outdoors

Micro-algae indocrs
———— New wallands and aquacuiture
Macro-algae open water production

Industial infrastructure upgrades
Nutrient netwark
CO2 capluring
Biofusl refinery

Local blornass plants

Local biormass technology centers
Protein production hubs

Aigae compost faciities

Open field enclosed algae systems

Fish famirg

Sourmae e mac by meee



Research by design [data & spatial factors]

Urbanisation trends
[Fig. 11] Population data - Zeeland
2015 2018

: Popdation on 1 Jaruary 381.252
© Live bomn children 380.726 3.450
! Deaths 3.604 3.885
| Armivals in municipality 3.930

Due to immigration 3.597 4,050
: Due to intermunicipal moves 12510 13.686
| Departures from muricipality

Due to emigration 2.568 2.607
; Due to intermunicipal moves 12689 14.388
; Net commections 2 i
. Popuation growth 526
| Popuation on 31 December 381.252 381.568

Wl Sourca: Diagrams made by suthon. Data fom: CENTRAAL BUREALI VOOR DE STATISTEK [CBS). 2017
chynamics; birth, death and migration per region, Retrievad from goo.ghsPPYeG [Last access: 05/01/2108, 14:26)




Research by design [data & spatial factors]
Agricultural census

[Fig- #3a] Open field agricultural usss - Cveral

[Fig. 12] Agricultural uses + cash flows in the Netherlands

Agicutl  nvestment Madmumyesty  Vearly bied

Mandmum ety Aversgs nat
\and uses costs(/ha)  GF0SS rvenues (Ea)  production costs E/ha) mmmmhmmw
Dy farrrirg 14,260 7000 2556 1187 19 [mocerats revenues] |
fesble farming 7287 o8 —aAza 1923 26 fowrmeroes]
Vagatable growing 14,850 17,047 —E200 4478 1708 !
Frut growing 35,858 17,813 —GEGT 5580 T i
Floveer crowing 26,254 30me —19,582 g |urdesperforming]
Tree rursery 36.066 49,440 -28,508 9628 622 okt reventes]

- Proposad agricutural land
' m:mmn for aign pmdwbon +fish Ilrmdng

lSwmx wammwmmm]mmeovauzols An ecoromic theory-based esplanatory 'I
& casa study, Agnoultural Systems, 130, 1-16




Research by design [data & spatial factors]
Ha suitable for aquaculture + re-flooding strategies [Zeeland]

[Arable land]
Fertliser consumption: 241.2 ky'ha

117,990 ha

Il Soume: Diagrams made by author. Data from; PROVINCIE ZEELAND. 2016, Omgavingsplan Zesland 2012-2018,

Provincie Zeeland, p. 117,

[Fig. 13k] Araas suitablo for aquaculiune [as retrieved by: PROVINCIE ZEELAND, 2018]




Research by design [data & spatial factors]
Selected scenarios

[Arable la

nd]
Fertliser consumption: 241.2 kyha Re-flooding scenarios [From XS to XL]

L: 40000 Ha

M: 20000 Ha

5: 7000 Ha
XS: 1000 Ha

117 940 ha

Il Soure: Diagrams made by author, Data from: PROVINCIE ZEELAND, 2016, Omgevingsplan Zeslend 2012-2018,
Provincie Zesland, p., 117,



Research by design [data & spatial factors]
Ha of agricuitural products that can be re-purposed for algae production + de-poldering + aquaculture

Cersals Flowers  Legumes Cnions P Beels Vegetales Seeck

Re-floeding scenarios [From XS to XL]
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Macro-scale
Spatial development [step 1] Stakeholders development [dispersed)]

W mgee crops

. First 5 yoars
High risk areas
High soil salinity




Macro-scale
Spatial development [step 2]

Stakeholders development [establishing connections]

I sugee crops:

. First 5 yoars
High risk areas
High soil salinity

W Sty
W 81Eyears

High risk areas
High sall salinity
Underpertaming

eraps.




Macro-scale
Spatial development [step 3] Stakeholders development [clusters formation]
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Macro-scale
Pclder structure [existing] Zeeland 2070+




From macro to meso-scale

Range of stakeholders
R - O
Gewaming agercisafnainamants
(©) Post of Fickteroam
. 14] Proposed new functions

bt L i e
@ Localised biomass plants
@ Protein hubs

@ Peckaging facilties
@ Storage managing companies

Agricuture mimed
@ Texile industry
() WarmCo2
® seg
@ Local restaurants
@ (@) Botrach BV,
E %mﬂm . @ Technology centers

@ Education facilties

5 VAN BERKEL BIOMASSA & BODEMPRODUCTEN BV,

%
|

1 Scurce: Dlagrams mads by auhor, Data from: PROVMINCIE ZEELAND, 2016, Omgevingsplan Zesland 2012-2018,
Provincie Zesland & van HELIST, M. n.d. The bio-based clustsr in the port Diedia, Erasmus School of
[Economics.






Meso-scale
Proposed design scenarios

Fa-purposad aea:
from 1500 Ha to 5000 Ha

algas B -‘,
aguaculura g §.o

® @ ®
Option 1: Patches + corridors Option 2: Zones Option 3: Mixed

|Fig. 16a) [Fig. 16k] [Fig. 18c]



Meso-scale
Scenario 1

Option 1: Patches + corridors

Bottom up
[self-steering_space for private initiatives]

som



Meso-scale
Scenario 1: Steps

Existing

Agricultural + industrial discharges
end up in the river



Meso-scale
Scenario 1: Steps

Step 1

Remediation ponds
[macroalgae | macrophytes]




Meso-scale
Scenario 1: Steps

Step 2

Microalgae crops
in proximity to reflooded areas




Meso-scale
Scenario 1: Steps

Step 3

@ Microalgae crops
[expansian]




Meso-scale
Scenario 1: Steps

Step 4

[infrastructure upgrades]




Meso-scale
Scenario 1: Steps

Step 5

Urban expansion
®[mwhomeaiaad§]




Meso-scale
Scenario 1: Steps

Step 6

Fish/ouster farming
in proximity to the dike systam




Meso-scale
Scenario 1: Steps

Step 7
® Floating processing
facilties/hubs



Meso-scale
Scenario 1: Steps overview

© o ® ® ® ®

®

[Flg. 17 -25a] Steps in sequance



FRe-purmaosed ansa:
from 1500 Ha to 5000 Ha

algas W
aguasculture g

3500 Ha

Meso-scale
Scenario 2

Option 2: Zones
Hierarchical staerng
[basic interests_flood protection
+underperforming zones of land]

som



Meso-scale
Scenario 2: Steps overview

®

This scenario follows the same line of reasoning and a similar saquence of steps as scanario 1, with sliight
differences: n this case, reflooding strategies are prioritised in relation to algae production
as flood protection and envionmental stability are the main drivers. The areas selectad for reflooding
are o be found within the existing polder dikes so that the reflooding processes are faciitated (could
even cccur raturaly if pumping stops) and are able to creato distinet water zones of macroalgae
or fish farming.

[Fig. 17-25b)



FRe-purmaosed ansa:
from 1500 Ha to 5000 Ha
algas W
aquaculture m

5000 Ha

Meso-scale
Scenario 3

Option 3: Mixed
Public-private partnerships
[pasic interests_flood protection
+space for private intiatives]



Meso-scale
Scenario 3: Steps overview

[Fig. 17-25¢]



Meso-scale
Scenario 3: Year 0

[Fig. 25] Stakeholders [Fig. 28a] Design scenario
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[Fig. 26a] Timeline




Meso-scale
Scenario 3: Year

[Fig. 25] Stakeholders [Fig. 28b)] Design scenaria
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Meso-scale
Scenario 3: Year 156

[Fig. 25) Staksholders [Fig. 28¢] Design scenanio
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[Fig. 27¢] Step

| @ Techroiogy centers
| @ Eucsion tac




[Fig. 25] Stakeholders

Meso-scale
Scenario 3: Year 25

STCHTAG EMBCE TR PLANTERSTERFE

Foacrs
Lot sepgrirmars
L 3 e,

[Fig. 27d] Step

[Fig. 28d] Design scenara



Meso-scale
Scenario 3: Year 35

[Fig. 25) Staksholders [Fig. 28e] Design scenario

[Fig. 27e] Step
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[Fig. 25] Stakeholders

Meso-scale
Scenario 3: Year 45
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[Fig. 271] Step

[Fig. 28f] Design scenario




Meso-scale
Scenario 3: Year 55

[Fig. 25] Stakeholders [Fig. 28g] Design scenario
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Meso-scale
Scenario 3: Year 65

[Fig. 25] Stakeholders [Fig. 28h) Design scenario
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[Fig. 26i] Overall timeline
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Meso-scale
Scenario 3: Year 70

[Fig. 28] Design scenarlo




Meso-scale

Scenano 3: Land re-purposed

[Fig. 29a) Replaced open fleld agricultural uses
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Meso-scale
Scenano 2: Land re-purposed

[Fig. 29b] Replaced open field agricullural vses
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Meso-scale
Scenano 1: Land re-purposed

[Fig. 29¢c] Replaced open fleld agricultural uses
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Meso-scale
Scenaro 1. Ecoservices
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Meso-scale
Scenaro 2: Ecoservices

[Fig. 30b] Species [Fig. 30di] Existing section
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Meso-scale
Scenaro 3: Ecoservices
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Meso-scale
Evaluation: Cost

[Fig. 31a] Cost estimation for sach scenario

¥ §

£5.0000000 £5,000.0000

on]

W operation costs for Aigas production
refcodng bond estabishment

Option 1: Patches + corridors. Option 2: Zones

[Fig. 31} Galcuations index

€5 .000vha of growsh pond ansa for ste clearing and pond levees. E€7.000Ma for alsae harweating
€5 000V ha for pacde wheals [f appicable]

Total canitsl mestment: €40.000 per hactars
pand parcetation inchading: €10.000¢ha for aperation costa
Sl to rradiun: §.2ha -0.6ha -0.Bha -1ha
Leme: »1ha <3ha
Extra lange: »3ha

W Data from: BEMEWANN, J.R., VAN OLST, LC., MASSINGILL. M.J., WHSSMAN, J.C., & BRUNE, D.E. 2002, Tha Controlled Eutrophi-
cattion Process: Lsing Microaigae for COZ Utiization and Agricutursl Fertiizer Recyding, Frocedings of the Bsh intemetionsl Confarence
on Greenhouse Gas Conrol Technologles, 2, 1433-1438, Japan, Kyoto,

Opticn 2: Mixed



Meso-scale
Evaluation: Benefit

[Fig. 31c] Benefit assessment for each scenario

Food (e.g. crops, fruit, fish, eic.)

Fibre and fuel (e.g. timber, wool, etc.)
Biochemicals, natural medicines, phamacauticals
Omarmental rescurces (e.g. shels, flowers, eic.)

Regulatory services

Ar quality reguiation

Climate ragulation

Wiater regulation (timing and scale of run-off.etc.)
Matural hazard reguation (i.e. storm protection)
Pest raguiation

‘Water purification and waste treatment

Cultural services

Cultural herlage

Recreation and tourism

Acsthetic value

Inspiration of art, folkdore, architecture, elc.
Social relations (e.g. cropping communitiss)

Supporting services
Soll Tormation

Primary production
Nutrient cycling

Watar recycling

Option 1: Patches + corridors Option 2: Zones Option &: Mixed

W Diatas froem: THE INSTITUTION OF ERVRONMENTAL SCIENCES, 2013, Boosysten sandoes assessrmant: How 1o do one in practios.
Fetrieved from: hitps: i cosystam_servioes.pdf [Last acoass; PIVOR/Z0MT, 21:34)




Meso-scale
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Meso-scale
Scenario 1: Flow analysis







akgoe crops |
remediation ponds [macr aigas| .
remedation pords [recopvies]
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Micro-scale
Zoom-in location




Micro-scale 45
Scenario 3: Steps QL-@"“
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Agricultural + industrial discharges
end up in the river




Micro-scale
Scenario 3: Steps

Step 1
O]

i
i




Micro-scale
Scenario 3: Steps

Step 2 [part 1]

Remediation pond
macroalgae]




Micro-scale
Scenario 3: Steps

Step 2 [part 2]

Remediation pond
[macro phytes]




Micro-scale
Scenario 3: Steps

Step 3

Aquaculture zones
[macroalgae or fish farming]




Micro-scale
Scenario 3: Steps

Step 4

@

Aquaculture zones expansion

[macroalgae or fish farming]




Micro-scale
Scenario 3: Steps




Micro-scale
Scenario 3 Steps | Infrastructure plans

[Fig. 32a) Depoldering svolution [former agricultural land]
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Micro-scale
Scenario 3: Steps | Infrastructure plans

[Fig. 32b] Depoidering evolution [former agricultural land]
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Micro-scale
Scenario 3: Steps | Infrastructure plans

[Fig. 32¢] Depoldering evolution [former agricultural land)]




Micro-scale
Scenario 3; Steps | Infrastructure plans

[Fig. 32d] Depaldering evelution [former agricultural lenc-visual impact




Micro-scale
Scenario 3: Steps

Step 5 [part 1]

Floating hubs
[processing facilities]




Micro-scale
Scenario 3: Steps

Step 5 [part 2]

Floating hubs expansion
[processing facilities]




Micro-scale
Scenario 3: Steps

Step 6

e Microalgae crops
[enclosed tubular systems]
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Micro-scale

Step 7
® Expansion of hubs
and ponds




Micro-scale
Scenario 3: Steps

Step 8

e Expansion of hubs
and algae crops







Micro-scale
Scenario 3: Overview




Micro-scale
Scenario 3: Overview




Micro-scale
Scenario 3: Overview | Infrastructure plans

[Fig. 33a) Depokdering evolusion [ama curmenty not pumped|




Micro-scale
Scenario 3: Overview | Infrastructure plans

[Fig. 33a] Depoidering evolusion [arsa curenty not purmped|




Micro-scale
Scenario 3: Overview | Infrastructure plans

IFa 330 bton [ currdy it purrpec]




Micro-scale
Scenario 3: Overview | Infrastructure plans

[Fig. 330 O htion y net purmped]

. 8] Depokiaring evolution [area curently not pumped]



Micro-scale
Scenario 3: Overview | Infrastructure plans

[Fig. 532 Depoidening evolfion + opening up the dike e cumently not purmped]

Praee 1







Micro-scale
Scenario 3: Overview | Infrastructure plans

[Fig. 33c] Depaidening evolaion + apening up the dike jarea cumently not pumped]visual impact




Micro-scale
Scenario 3: Reference

[Fig. 3a] Agricuural city (19600, Kisho Kurokawa
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Micro-scale
Scenario 3
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Micro-scale
Scenario 3 - Reparcelation options

]
=

1ha

>1ha<dha

>3 ha

£5.000/ ha for padde wheels [f applicabls]

pond parcelation

Small to mediume 0.2ha -0.6ha 0.Bha -1ha
Large; >1ha <iha

Extra larga: >3ha

o



interventions/actions

programmatic

physical

Governance

Transition in management [part 1]

[Fig. 34] Matrix showcasng the transition in

Govemarce
Research and development
Funding

Education and awareness

New wetlands/aquaculture
Algae production
Infrastructural upgrades

Housing development

adtha labour force
ain goveming body Joirt masterplan ----- Regonal strategic plan Policies
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Privats

Governance
Transition in management [part 2]
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Governance
Model options
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Triggering an emancipatory approach
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Triggering an emancipatory approach
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From micro- to nano-scale
Typologies matrix
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Nano-scale

Included typologies

gae vineyards 16.00




Nano-scale

Indudad typologies [Fig. 36] Algae vineyards 16.00 [Fa. 57] Algae vineyards 23.00
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Nano-scale

[Fig. 38b] Zesland proposed, Location: Vissingen
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[Fig. 38b] Zesland proposed. Location: Vissingan
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Nano-scale

[Fig. 40b] Zesland proposed, Location: Vissingen

Fig. 40a) Existing

-

1 Sourca: Pt by

[Fig. 41b] Zeeland proposed. Location: Vissingen port

|Fig. 41a] Existing




Nano-scale

Included typologies

<~

>

[Fa. 42] Depokderad knds




Nano-scale
Floating hubs

Neairg FAD canters

high complexity



Nano-scale
Floating hubs; Reference

[Fig. 43} Maw Babyion model (1960), Conatant Meusenhoys [Fig. 44] New Babyion sketch (19504, Corstant Neasenhiys

1 Source: googhZLCGE ¥ Sowrce: hips:/Aeredes ea'bilogleryoonstant-la-utopi-cobr-vida-rriqued-lacesta- codomiu



Nano-scale
Floating hub

[Fig. 43 Existing shuation Fig. 46] 80cm Saa Level Fisa

g A7) Hub section
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Nano-scale
Floating hub

[Fig. 48 Visusl impression
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Nano-scale
Floating hub

[Fig. 49] Algss collection point

\ { o

[Fig. 51) Exterior view

[Fig). 501 Algass adibition area
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Nano-scale
Floating hub explodead
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Ultra Nano-scale
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Ultra Nano-scale
The new “body”

Included typologies

|
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[Fig. 53] Filling cells process

[Fig. 964 Facace heoughont fhe day

[Fig 54] The “bio-infrastructural” body
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Upscaling

From nano- tor

[Fig. 56b] Visusl impact [remediation ponds + expar




o

to meso-sc

Upscaling

From nano-




Upscaling

From meso- to macro-scale

[Fig. 56d] Macro scole




Upscaling
From the Delta to the North Sea

[Fig. 2] Areas of the North Sea threstaned by harmiful algal bloom [HAB] Fig. 48] Key ArEAS of the North Saa suitabla for biobased economy
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Upscaling
Transferability matrix
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Across time and scales

[Fig. 49] Low oxygen zones

SonogrIEhe




Across time and scales
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