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Research
Problem statement Image 2:  Green tech park concept 

(Studio Marco Vermeulen)
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•	“As of 2011, more than 52% of the global 
population lives in urban areas. In 2006, ur-
ban areas accounted for 67–76% of energy 
use and 71–76% of energy-related CO2 
emissions. By 2050, the urban population 
is expected to increase to 5.6–7.1 billion, or 
64–69% of world population” (IPCC)

•	“The sheer quantity of renewable energy 
that needs to be generated to sustain hu-
manity may require us to regard, at least 
conceptually, every landscape as an energy 
landscape” (Stermke, S., & van den Dobbel-
steen, A., 2012) 

•	Paris 2050



Research
Motivation Image 3:  Renewable energy share in 

total energy usage
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•	The Netherlands as one 
of the worst performing 
countries in the EU

•	Complexity of population 
density



•	Growing desire to fulfil the energy demand 
with renewable energy 

•	Grid relies on centralized energy systems
•	Rising cost of energy 
•	Net-positive architecture > Urban  

self-sustainability
•	Maturing renewable energy production 

technologies
•	Clean energy production earmarked as one of 

the promising economic fields for the recove-
ring economy in a post-Covid economy by Eu-
ropean Commission

Research
Trends Image 4:  Total investment in start-ups in 

energy sector

City of the future 06/68



Research
Research question Image 2:  Green tech park concept 

(Studio Marco Vermeulen)
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How can sustainable energy systems 
be integrated in urban areas through 
spatial planning and design?



Conclusion

Public life Urban design

Image 5:  Position paper conclusions
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- Urban farming
- Tropical garden

- Public pool
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ter/of�ice
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Rotterdam

Research
Strategy Image 6:  Energy hub systems
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XLL

MS
- Focus on envelop design
- Integration through 
morphological adaptation

- Focus on compactness
- Complementary neigh-
bourhood functions

- Focus on appropriateness 
and local initiatives 
- Publicness around 
perimeter

- Focus on public interiors
- Energy experience
- Urban functions

Research
Strategy Image 7:  Scale of the Energy Hub
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Primary program

XL

1. Geothermal plant

2. Biomass plant

3. Biogas/Biofuel plant

4. Electricity

 production

5. Electricity storage

6. Cold-Heat storage

7. Maintenance room

8. Loading bay

1. Heat exchange 

trough local functions

2. Interior circulation 

space

3. Exterior functions 

(facade program)

1. Learning environ-

ment

2. Heat exchange 

through local functions

3. Thermal spa

4. Public pool

5. Botanic garden

6. Urban farming

7. Modal hub/Car-sha-

ring hub

8. Waste collection and 

separation

9. Lookout point

10. Museum

11. Start-ups

Secundary program Tertiary program

Research
Strategy Image 8:  Programmatic framework
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Image 9:  Schiehaven (Source: Google Earth)



Energy hub Schiehaven

< 5 MWth - moderate indication
> 5 MWth - good indication
> 7,5 MWth - good indication
> 10 MWth - good indication
> 20 MWth - good indication

Image 10:  Technical potential 
geothermal energy
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Image 11:  Potential Biomass from 
wood and pruning waste
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8,26 - 94,07



Image 12:  Potential Biogas from 
domestic organic waste
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Research
Location analysis Image 13:  Educational facilities
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- E
ast/West tr

am connectio
n

(W
estzeedijk

)
Rotterdam Mainport 
Institute of applied 
sciences

(Junior/Senior) 
High school

New energy 
institute

Academy of 
theatre arts

- Erasmus university- Coolhaven metro stop 

(East/West connection)



80+ C
(At 3-4 km)

Medium/High 
temperature

District heating 
main line

New network Delfsha-
ven/Bospolder (2700 
+3200 units)

30-40 C

- Largely pre-war housing

- Radiator heating systems

- Production unit
- Fase 1: Deep geothermal 
heat 

- Low temperature heat
- Heat storage 
- Public pool, urban farming

Research
Location analysis Image 14:  District heating system
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Urban functions Educatio
n axis

Industrial fu
nctio

ns

Research
Location analysis Image 15:  Combining urban functions
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Image 16
Energy in the city
Photo - edited
[View of the Gas silo on the F. 
aan de Lusthofstraat. Taken 
from the gas factory on the 
Oostzeedijk, 02 October 1908]
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Infrastructure:
Systems

Decentralized 
systems

Energy institute 
(transformative)

Production 
landscapes

Architecture:
Places of exchange

Technology:
Energy production 

and storage

Decentralized energy
systems

1. Interweaving of public func-
tions and private/production 
space

2. Development of cold to hot 
is visible 

3. Making clear the paths of 
the energy systems and ma-
king the installations insight-
ful for visitors

Design
Design concept Image 17:  Design/Research framework
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Decentralized system management, Learning 
environment

Representative architecture (Representation on  
regional scale)

Production landscape, interaction with public, 
history of production in Rotterdam

Design
Design concept Image 18:  Three layers of the design
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The traditional warehouse shape

Design
Form studies Image 19:  Traditional architecture
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The introduction of public program and secundary energy systems

Design
Form studies Image 20:  Mixing functions
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Re-organization of the primary functions

Design
Form studies Image 21:  Reorganization of program

City of the future 25/68



Stacking and intersection

Design
Form studies Image 22:  Functional alignment
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Recreating the representative facade

Design
Form studies Image 23:  Architecture and content
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Recreating the representative facade

Design
Form studies Image 24: Modularity
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Design
Isometric plans Image 25:  Roof plan
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Public pool

Exposition space

Heat exchanger

Geothermal heat plant

Heat storage atrium

Schiehaven

Westzeedijk

Design
Isometric plans Image 26:  Ground floor
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Walk- in lecture 

space / Main-

tenance space

Bar Kitchen

Of�ice main-

tenance crew

Storage and 

archive

Front desk

Exposition space

Shower

Public pool

Lobby

Front desk

Back of�ice

Back of�ice

Bar

Kitchen

Maintenance crew 

entrance / Of�ice 

crew entrance

Public stair-

well

Of�ice staff 

stairwell

Opening facade for 

maintenance

Main public 

entrance

Design
Floor plans Image 27:  Ground floor
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N



Design
Isometric plans Image 28:  Second floor
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Rooftop park

Energy labs

Auditorium

Opening facade



N

Design
Floor plans Image 29:  Second floor
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Start-up of�ices

Explore lab

Meeting 

room

Of�ices

Of�ices

Of�ices

Printers

Of�ices

HVAC

Front desk

Study lounge

Teachers 

lounge

HVAC

HVAC

HVAC

Technical spaces auditorium

Maintenance crew / �ire 

escape / visitors

Of�ice staff 

stairwell

Rooftop access



Design
Isometric plans Image 30:  Third  floor
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Canteen

Public tour/ main-
tenance  walkway

XL Class rooms



Design
Floor plans Image 31:  Third floor
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N

Canteen

Kitchen

Of�ices

Of�ices

Of�ices

Lobby/Pantry

Of�ices

HVAC

Printers

HVAC

HVAC

HVAC

Technical spaces auditorium

Maintenance crew / �ire 

escape / visitors

Connecting 

1st and 2nd 

�loor

Cross paths connecting 

of�ice and education 

wings



Impressions City of the future 36/68
Image 32:  Front entrance (North facade)
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Image 33:  Front entrance



Impressions City of the future 38/68
Image 34:  Crew entrance (South facade)



Design
Sections Image 35:  Longitudinal section

City of the future 39/68



Hot side Luke warm side

Public poolInnovation / heat 
exchanger

Of�ice/ Start-upsStorage and vertical 
displacement

AuditoriumGeothermal heat plant

Design
Sections Image 36:  Functional section
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Design
Sections Image 37:  Cross section
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Factory - Mainte-
nance of�ices

Schiehaven side

Public space Storage and vertical 
displacement

Factory - Major 
water line

Public space

Westzeedijk side

Design
Sections Image 38:  Functional section
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Factory - Mainte-
nance of�ices

Schiehaven side

Public space Storage and vertical 
displacement

Factory - Major 
water line

Public space

Westzeedijk side

Design
Elevations Image 39:  North and South facade
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Impressions City of the future 44/68
Image 40:  View on infill  section



Location City of the future 45/68
Image 41: View from Westzeedijk (North facade)



Building technology

City of the future



- Concrete (situ cast, prefab)

- Column and truss (glass and opaque)

- Steel structure

Construction
Load bearing elements Image 42:  Isometric structure model
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A1

A1

Of�ice and education
Public space
Factory climate
Public swimming pool

A2

A2

B1

B1
B1

B2

B2

Climate
Climate zones Image 43:   Zones in section
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Load bearing / Building technology 
structure - visible networks

Through pipes in longitudinal direction

Pipes in cross direction in lowered cei-
ling (only in class rooms and of�ices)



Load bearing / Building technology 
structure - visible networks

Through pipes in longitudinal direction

Pipes in cross direction in lowered cei-
ling (only in class rooms and of�ices)

Climate
HVAC infrastructure Image 44:  Ventilation in cross section
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Air treatment

Heat circulation with 

production spaces

Vertical transportation along 

load bearing  construction

Climate
HVAC infrastructure Image 45:  Ventilation infrastructure
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Direct discharge of heat 
surplus through ventilation 
grilles

Regeneration of geothermal 
source through urban heat 
and building heat surplus

Withdraw heat from 
atrium walls to heat pool 
an outdoor pool

Direct cooling with Schie-
haven surface water in 
extreme scenario



Direct discharge of heat 
surplus through ventilation 
grilles

Regeneration of geothermal 
source through urban heat 
and building heat surplus

Withdraw heat from 
atrium walls to heat pool 
an outdoor pool

Direct cooling with Schie-
haven surface water in 
extreme scenario

Climate
Climate strategies Image 46:  Summer scenario
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Discharge of waste air to 
boost production units cli-
mate to a min. of 12-15 C

Greenhouse winter climate: 
12-15C, to maintain a wor-
kable environment

Heat from heat storage atrium 
indirectly exchangeged to 
of�ice and education

Floor heating integrated 
in compression layer in 
of�ice and education

Low temperature return 
circuit supports public 
pool and ground �loor 

Climate
Climate strategies Image 47:  Winter scenario
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Discharge of waste air to 
boost production units cli-
mate to a min. of 12-15 C

Greenhouse winter climate: 
12-15C, to maintain a wor-
kable environment

Heat from heat storage atrium 
indirectly exchangeged to 
of�ice and education

Floor heating integrated 
in compression layer in 
of�ice and education

Low temperature return 
circuit supports public 
pool and ground �loor 

Ground level: +1000

Safety glass

First �loor: +8000

Second �loor: +12000

Roof level: +16000

Industrial door 
hinge

Sunken galvanized. Door 
on metal wheel bearing

Leightweight  facade panel 
(Floor to ceiling)

Perforated steel panel

Galvanized steel sub-
structure for photovol-
taic landscape

Extended parapet

D1

D2

D3

D4

Building technology
Detailing Image 48:  1:20 Facade fragment
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Impressions City of the future 54/68
Image 49:  North facade



Impressions City of the future 55/68
Image 50:  Interior walkway



60
0

20
60

32
0
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0

10

Round tubing structural subframe (Photo-
voltaic landscape)

Rigid insulation creates inclined plane
for rain water drainage

Solar panel

Schüco AWS 90 window frame

- Bitumen waterproof roof
- Waterproof membrane
- Plywood
- Plywood
- Soft insulation (rockwool 0,040 
W/m.K) 
- Plywood
- Water resistant membrane
- Aluminium facade panel (directly 
mechanically attached to plywood)
- Perforated steel panel (clear coated)

2 mm
-
12 mm
12 mm
280 mm

8 mm
-
3 mm 

3 mm

140 110 85 110

435

Galvanized steel mullion 
(spaced apart 900mm)

Steel plate as mullion anchor 
(spaced apart 900mm)

Aluminium roof trim (wate-
ring inward for rainwater cap-
turing

D1

Building technology
Detailing Image 51:  Roof detail
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140 110 85 110

435

Galvanized steel mullion 
(spaced apart 900mm)

Aluminium L-pro�ile window trim

Aluminium pro�ile substructure for 
wooden panel lowere ceiling

Ventilation duct (diam. 400mm)

Schüco AWS 90 window frame

Steel plate as mullion anchor 
(spaced apart 900mm)

- Plaster
- Gypsum board
- Plywood
- Soft insulation (rockwool 0,040 
W/m.K) 
- Plywood
- Water resistant membrane
- Aluminium facade panel (directly 
mechanically attached to plywood)
- Perforated steel panel (lackered 

5 mm
8 mm
8 mm
280 mm

12 mm
-
2 mm

3 mm 

D2

Building technology
Detailing Image 52:  Floor detail
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140 110 85 110

435

Galvanized steel mullion 
(spaced apart 900mm)

Steel square tubing as structural subframe 
(air tight through horizontal seal)

Corrugated alumiminum 
sandwich panel 

Ventilation duct (diam. 400mm) Ventilation duct (diam. 400mm)

Jansen by ODS Janisol facade 
system

Steel plate as mullion anchor 
(spaced apart 900mm)

- Plaster
- Gypsum board
- Plywood
- Soft insulation (rockwool 0,040 
W/m.K) 
- Plywood
- Water resistant membrane
- Aluminium facade panel (directly 
mechanically attached to plywood)
- Perforated steel panel (lackered 

5 mm
8 mm
8 mm
280 mm

12 mm
-
2 mm

3 mm 

D3

Building technology
Detailing Image 53:  Underside floor detail
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300 250 150 100 50

850

Steel rebar to bind cast 
concrete segments

Concrete cantilever to support 
steel subframe facade panel

Janisol double glazing (1,0 
W/m2K)

Steel square column (300x-
300x12 mm). Lacquered to be 
�ire proof for 30 mins.

- In situ cast concrete
- Steel square pro�ile (150x150x8 mm)
- Jansen by ODS Janisol facade system (faca-
de frame 
- Aluminium pro�ile (mechanically attached 
to wind frame

500 mm
8 mm
150 mm

2 mm

D4

Building technology
Detailing Image 54:  Foundation detail

City of the future 59/68



Building technology
Detailing Image 55:  Horizontal detail
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Integrated door hinge Jansen by ODS -  Janisol facade system Wheel bearing (Taking weight of door hinge)

Guiding track



Building technology
Relevant elements Image 56:  Perspective section
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Building technology - Truss like ceiling 
system as �lexible infrastructure space

Factorization - standardized 
window frame

Basement - expansion opportunities 

Public space as education spaces - 
Colour coded pipes and cables

Factorization - Standardized 
facade panel (removable, movable, 
replaceable)
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Image 57:  Eastern wing ground floor



Energy

City of the future



70-90 C+30 C

Incoming 
main pipe

Outgoing 
main pipe

Low temperature 
public function

High temperature 
heat storage

High temperature heat 
production - Geothermal

Short term re-
newable 

energy storage

+

Hot source
extrusion 
pipe

Could source
infusion 
pipe

Energy
Infrastructure Image 58:  System diagram
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High temperature heat storage 

(intermittency)

Low temperature heat 

exchanger (30-40 C)

Geothermal heat (3-4km 

deep, 70-90 C)

Main outlet

Main inlet

Photovoltaic energy
Public pool

Ground �loor heating

Experimental heat exchanger 

(public pool - public skate ring)

Heat pump (cascaded) . 

Hot well regeneration

Energy
Infrastructure Image 59:  Infrastructure in model

City of the future 65/68



Impressions City of the future 66/68
Image 60:  Geothermal production unit
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Image 61 - Closing page
Energy in the city
Photo - edited
[View of the Gas silo on the F. 
aan de Lusthofstraat. Taken 
from the gas factory on the 
Oostzeedijk, 02 October 1908]
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Questions?


