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PROBLEM STATEMENT

Source: https://www.siebeswart.nl/image/I0000LQa6iS6DA90 Mercuriushaven
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Sources: 
https://www.dezeen.com/2016/07/29/pavilion-of-reflections-eth-zurich-students-studio-tom-emerson-wooden-floating-manifesta-art-biennale-switzerland/
https://www.archdaily.com/288198/iba-dock-architech
https://www.theplan.it/eng/award-2022-Mixed-Use/floating-office-rotterdam-the-biggest-and-most-sustainable-office-in-the-world-powerhouse-company

Pavilion of reflection, Zurich (2016)

IBA Dock Hamburg (2010)

Floating Office Rotterdam (2021)

PROBLEM STATEMENT
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Global CO2 emissions by sectorSource: Global alliance for buildings and construction 2018 global status report IEA

PROBLEM STATEMENT
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Conceptual Framework

WATER ECOSYSTEM

BIO-BASED MATERIALS

FL
OATING BUILDING

AMBITION
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How can bio-based materials sourced from local aquatic ecosystems be used 
to build a circular floating building?

RESEARCH QUESTION
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Mooring facility2 
- Able to withhold lateral forces4

- Let the building move up4

- Cable, tension leg, pier wall or 
dolphin-guided frame2

- Mooring posts allowing 
freshwater mussels to settle 
on them8

Exterior materials
- Easily controllable and changeable4

- Suitable for marine use5 and resistant to dynamic actions 
(thermal variations, wind pressure, wave movement)6

Floating ecoystem
- Take into account the additional 

weight of plants that will grow 
around the building and in water 
(even if some have buoyancy)7

- Geo-textile can be used to grow 
plants instead of soil7

Habitable superstructure
- Lightweight materials1

- Grid of columns instead 
of structural walls3

Walls
- Non structural3
- Only as space dividers 

and weather protection3

Floating structure
- Heavy (Low mass is exposing to larger waves)1

- Water absorptivity below 3%1 (water-tight5)
- Corrosion impact of the chorals on the materials7

Floor cover material
- Slip resistant exterior floor surfaces 

for pontoon, stairs, ramps5,6

Interior materials
- Non flammable materials for interior finishes 

(panels, ceilings, doors, stairs)6 
- Fire-retardant materials for soft furnishing 

(carpets, curtains, mattresses)6

Research plan diagram Material requirements for a floating building
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MICRO ALGAE

CATTAILREED
WATER SEDGE

Materials sourced from aquatic ecosystems in The Netherlands
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Structure elements
- For daub walls and fences3

WILLOW

Thatching1 

- Roof
- Facades

W
ATER SEDGE AND COMMON REED

Wickerwork board1

- Exterior facade 
covering

- Woven willow 
cladding

- Shading element
- Furniture

WILLOW

Lightweight structure4

- Timber-frame

ASH

Foundation pile1

- Underwater use

ALDER

Finishing & furniture2

- Solid wood 
- Veneer application

ALDER

Thermal insulation2

- Compressed panels

CATTAIL

Wall finishing2 

- Seedwool added to 
clay plaster

COMMON REED

Finishing4

- Strong & heavy wood
- Furniture, Doors, 

Floor, Walls

BIRCH

Surface wood4

- Railing
- Stairs
- Paneling

ASH
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Additive Manufacturing4

- 3D printing with Algae
- Possible use for tiles

MICRO ALGAE

MICRO ALGAE

Bio-reactive facade3

- With living algae

EELGRASS

Roof 
Thatching1

EELGRASS

Accoustic panels2

- For ceiling and 
walls

- Possibly coloured 
with natural 
pigments

- Mounted with 
wooden frames

SEAWEED

Pigment4

- In three colours 
(red, green, blue) 

- Can be used for bio 
epoxy (water-based 
paint)

SHELL WASTE AND SEAWEED
Bio-cement4

- Additive and base for biochar 
to use in concrete

- Much lower temperature 
needed to make clinker from 
shells compared to 
traditional sandstone

EELGRASS

Soft infill1

- Pillows
- Mattresses
- Couches

EELGRASS

Thermal 
insulation2

Bio-plastics3

- Based on bio-oils4 
- For interior and 

exterior facade4

- Or algae-based 
acrylic4

- Resistant to water4

- Might become 
yellow with UV4

SEAWEED

Bio Textile4

SEAWEED

Tiles3

- For floor or 
wall surfaces

SHELL WASTE
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Innovation
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Wood anchor
- Eucalyptus rods 

stuck into the 
bottom of the 
lake1

- Tied with rope to 
the root blocks1

FL
OATING ISLANDS LAKE TITICACA, PERU

Totora root block
- Living roots
- 10-20m long2

- Changed every 
15-20 years1

- Bundled with 
nylon rope1

- New reed added 
every 15-20 days 
because of 
decomposition2

FL
OATING ISLANDS LAKE TITICACA, PERU

Dried reed layers

- Reed bundles3

- Built in 3 days3

- With reed 
ropes, no nails 
or wood

- Stay afloat for 
25 about 
years3

FL
OATING BASKET HOMES, IRAQReed beams

- Smaller reed bundles3

Arched reed columns

Tree anchor
- Houses tied to 

trees with rope5

- To stay in place 
during storms 
and floods5

FL
OA

TI
NG M

ANOBO COMMUNITY, PHILIPPINES

Logwood raft
- Lanting structure9

- Possibly combined 
with 4 to 8 bamboo 
bundles of 20-30 
sticks7 

- Covered with 
wooden planks7

LA
NT

IN

G HOME IN KALIMANTAN, INDONESIA

Bamboo raft
- Raft able to flow with the 

water5 
- Can be dragged with rope 

to change location5

FL
OA

TI
NG M

ANOBO COMMUNITY, PHILIPPINES

Wooden hull
- Local Anjili wood 
- Planks tied with 

coconut fiber 
ropes8

- Cashew nut oil as 
protective varnish 
for water
resistance8

BA
CK

WATER HOUSE BOATS IN KERALA, INDIA

Wooden skin
- Wood planks 

wall in horizontal 
formation9

LA
NTI

NG HOME IN KALIMANTAN, INDONESIA

Wood structure
- Rectangular wood 

columns, beams and 
trusses7LA

NT
IN

G HOME IN KALIMANTAN, INDONESIA

Reed facade
- Woven reed mats 

with gap for light 
and air4

Reed roof
- Tightly woven 

reed mats4

FL

OATING BASKET HOMES, IRAQ

Palm leaves roof & skin
- Flexible marine plywood6

- Braided coconut palm leaves6

- Worked with cashew or neem 
oil to make it stronger, flexible 
and water-repellent6

BA
CK

WATER HOUSE BOATS IN KERALA, INDIA
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Stuff
Space plan

Services

Floating platform
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Reed

Insulation

Reed

Ceiling

Ash

Timber-fra
me

Eelgrass

Insulation
Eelgrass

Thatching

Water Sedge

Thatching

Cattail

Insulation

ROOF

Alder

Willow

Reed

Ash

STRUCTURE

Alder hull
Seaweed bio-plastic

FLOATING PLATFORM

Eelgrass

Insulation

Alder

Cladding

Bio-plastic

Cladding

Willow

Board

Reed 

Woven mats
Reed

Insulation

Bio-reactive

Micro Algae

Ash

Timber-fra
me

Cattail

Insulation

FACADE

SPACE PLAN

Clay plaster

with seedwool

Ash

Surface

Eelgrass

Panel

Micro Algae

Tiles

Seaweed 

Pigment

Reed

fillin
g

Mooring

Alder

Pole

Bio-plastic

Cover

Material combinations

OUTCOMES

5

3

6

7

3

3

9

5

8

2 7

1

2

9

4

2

1
10

1 Willow

2 Alder

3 Birch

4 Ash

5 Reed

6 Cattail

7 Seaweed

8 Micro Algae

9 Eelgrass

10 Shell waste

Research-by-design application
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Linear & circular economy

NEW APPROACH

Source: https://www.researchgate.net/figure/The-model-of-linear-economy-and-
circular-economy-Source-Authors-Synthesis-2021_fig1_356887454
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Life-cycle loops of bio-based materials

NEW APPROACH
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Source: https://www.ross-eng.com/nature-based-solutions/

SOURCING

Floating ecosystem island
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Source: https://www.floatingislandinternational.com

SOURCING

Ecological benefits
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Source: http://www.biomatrixwater.com/planting/ 

SOURCING

Heavier plants



2. LOCAL 
APPLICATION
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LOCATION

Haven Stad in Amsterdam
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Haven Stad proposed masterplanSource: https://openresearch.amsterdam/en/page/70618/programmaplan-
maatschappelijke-voorzieningen-haven-stad

72 650 HOMES 58 000 JOBS

LOCATION
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N
Minervahaven district - 1:5000

SITE ANALYSIS

11 620 HOMES
(16% of Haven Stad)

7 747 JOBS
(13% of Haven Stad)

50m 100m 200m
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SITE ANALYSIS

Current situation
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How can bio-based materials sourced from local aquatic ecosystems 
be integrated in the design of a floating public building that positively impacts 
the environment and the future communities of Amsterdam’s Haven Stad?

DESIGN QUESTION
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PROGRAM

CULTURAL 
CENTER

“CULTURE” HUB

MATERIAL 
CULTIVATION

COMMUNITY 
FOSTERING

Regenerative public building concept
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Planned bike connections
Planned ferry line
Planned metro line

NMobility - 1:500050m 100m 200m

SITE ANALYSIS
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Wind direction

Ship repair

Protected area

Waves direction

NClimatic conditions - 1:500050m 100m 200m

SITE ANALYSIS
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NUrban connection - 1:500050m 100m 200m

SITE ANALYSIS
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NMassing - 1:5000

MASSING

50m 100m 200m
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Adaptability & expandability

MASSING
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Adaptability & expandability

MASSING
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Adaptability & expandability

MASSING
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Adaptability & expandability

MASSING
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Adaptability & expandability

MASSING
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Adaptability & expandability

MASSING
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Adaptability & expandability

MASSING
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Maximum expansion

MASSING



3. SYSTEMIC 
DESIGN



42P5 Presentation - Gaspard Marteau From Water to Structure

Floating platform

DESIGN PROCESS
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Platform division

DESIGN PROCESS
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Modular platform

DESIGN PROCESS
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Deck

DESIGN PROCESS
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Modular deck

DESIGN PROCESS
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Floating ecosystems

DESIGN PROCESS
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Weather protection

DESIGN PROCESS
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Welcoming

DESIGN PROCESS
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Modularity

DESIGN PROCESS



51P5 Presentation - Gaspard Marteau From Water to Structure

Constructibility

DESIGN PROCESS
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Building volume

DESIGN PROCESS
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External circulation

DESIGN PROCESS
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Ramps & stairs

DESIGN PROCESS
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Modular structure

DESIGN PROCESS
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Thermal skin

DESIGN PROCESS
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Structural concept below the deck

STRUCTURE

Mooring

Barge-mounted crane (>3 tons)

Tugboat

Deck module

FLOATING           

  MODULES

Floating module

DECK
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DECK

Structure modules

Movable ladder

BIG ROOF

Roof panel

INNER 
BUILDING

STRUCTURE

Structural concept above the deck
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Mooring

Barge-mounted crane (>3 tons)

Tugboat

Deck module

FLOATING           

  MODULES

Floating module

DECK

Structure modules

Movable ladder

BIG ROOF

Roof panel

INNER 
BUILDING

STRUCTURE

Structural concept
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Masterplan - 1:1000
N

SITE INTEGRATION

60m20m 100m
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Growth steps - 1:200
N

8m 40m

CULTIVATION
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Growth steps - 1:200
N

8m 40m
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Growth steps - 1:200
N

8m 40m

CULTIVATION
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Growth steps - 1:200
N

8m 40m

CULTIVATION
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Growth steps - 1:200
N

8m 40m

CULTIVATION
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Growth steps - 1:200
N

8m 40m

CULTIVATION



4. USER 
EXPERIENCE
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PROGRAM

General organisation
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LIBRARY

EXHIBITION HALL

PERFORMANCE HALL

CLASSSROOMS

CAFÉ

SHARED WORKSPACE

GATHERING SPACE

EVENT HALL

ORGANISATIONS ROOMS

BUILDING WORKSHOP

PROGRAM

Main uses
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Spatial atmospheresVibrant & public Calm & intimate

PROGRAM

LIBRARY

EXHIBITION HALL

PERFORMANCE HALL

CLASSSROOMS

CAFÉ

SHARED WORKSPACE

GATHERING SPACE

EVENT HALL

ORGANISATIONS ROOMS

BUILDING WORKSHOP
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General sections & elevation - 1:200

SPATIALITY

10m2m 20m
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Main entrance

SPATIALITY
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Zoom-in plan & Section - 1:50

N

5m1m 10m

E’

D D’

E

SPATIALITY
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General sections & elevation - 1:200

SPATIALITY

10m2m 20m
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General sections & elevation - 1:200

SPATIALITY

10m2m 20m
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Café

Material storage

Bike parking

Material storage

Material storage

Material 
storage

Material 
storage

Library

Scenery storage

Stage

Ticket office

Gathering space

Staff 
room

Staff 
room

Welcome 
desk

Art classroomsMusic classrooms

Workshop room

Bike 
parking

Floating aquaculture 
ecosystems

Floating aquaculture 
ecosystems

Floating aquaculture 
ecosystems

A

B’

B

A’

C

C’

SPATIALITY



80P5 Presentation - Gaspard Marteau From Water to Structure

Floating ecosystem

SPATIALITY
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Building 
workshop

Organisations rooms

Elevated exhibition space

Backstage

Seating stands

Shared workspace

To play area

To dance 
rehearsal 
space
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Performance hall

SPATIALITY
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61°

61°

Wind

Thermal insulation

Heat pump Energy storage

Rainwater reservoir

Rainwater collection

Rainwater storage (8 m3 water tank)

Energy storage (60 kWh battery)

Shadow

Sun shading on South & West facades (willow panels)

Sun angle at 12pm on winter/summer solstice

Energy production (vertical axis wind turbines)

Floor heating

Climate design - Summer

CLIMATE COMFORT
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61°

61°

Wind

Thermal insulation

Heat pump Energy storage

Rainwater reservoir

Rainwater collection

Rainwater storage (8 m3 water tank)

Energy storage (60 kWh battery)

Shadow

Sun shading on South & West facades (willow panels)

Sun angle at 12pm on winter/summer solstice

Energy production (vertical axis wind turbines)

Floor heating

Climate design - Summer

CLIMATE COMFORT
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Café

SPATIALITY
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Fragment - 1:20

MATERIALITY

5m1m 2m

10
.1

73.
50

4.00

3.
50

2.00

2.
08

3.752.753.50

Detail A

Detail B

Roof

Structural timber frame  300 mm
Bio-plastic sheet   5 mm
Shading willow panel  50 mm

Slab

Timber beam  250 mm
Wooden ceiling panel  30 mm
Wooden joist
Insulation   170 mm
Wooden flooring   50 mm

Facade

Timber column 250 mm
Sliding window
Insulation  150 mm
Reed cladding 10 mm

Deck

CLT modules 300 mm

Floating module

Main timber structure  1000 mm
Skin planking   80 mm
Bio-plastic covering panel 
  on water level   20 mm

Mooring pile

Wooden pole    360 mm
Wooden anchoring guide
Securing beam   400 mm

Ecosystem

Rigid bio-plastic frame  200-400 mm
Expanded clay aggregate 400-600 mm
Bio-plastic mesh 
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Circulation space

SPATIALITY



5. COMMUNITY 
BUILDING
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Prefabrication steps

1

2
3

COMMUNITY BUILDING
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11

06

08

07

09
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01

02
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1203
04

14

15
05
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17

18

01 Birch wood flooring 20 mm
02 Birch plywood panel  30 mm
03 Ash timber joist
04 Ash timber covering beam

09 Ash timber handrail
10 Seaweed-based bio-plastic panel 10 mm 
11 Wooden nail
12 Eelgrass insulation 170 mm
13 Wooden nail

05 Ash timber primary beam 250 mm
06 Birch wood sliding window frame
07 Reed shading blind 
08 Double glazing window

14 Compressed reed ceiling 30 mm
15 Clay plaster with cattail seedwool 20 mm
16 Ash frame structure
17 Eelgrass insulation 150 mm
18 Reed cladding

Inner building detail - 1:5

DETAIL B

50cm10cm 30cm

MATERIALITY
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Inner building construction steps

1- Bearing structure 3- Handrails2- Ceiling & flooring 4- Facade

CONSTRUCTION STEPS
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01

02

03

04

05

06

07

08

01 Seaweed-based bio-plastic clip
02 Alder horizontal structure 
03 Pivoting window handle
04 Woven willow shading panel
05 Seaweed-based transparent bio-plastic sheet
06 Alder dowel
07 Alder pivoting panel frame
08 Sealing gasket

MATERIALITY

DETAIL A

Detail roof - 1:550cm10cm 30cm
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CONSTRUCTION STEPS

Construction steps - Roof panels

1- Frame 2- Installation on the roof 3- Bio-plastic panel 4- Woven willow panel



6. MAINTENANCE 
& REPLACEMENT
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D D’

E

Tugboat intervention

MAINTENANCE & REPLACEMENT
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D D’

E

Ecosystem detachment

MAINTENANCE & REPLACEMENT
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D D’

E

Floating module pulling

MAINTENANCE & REPLACEMENT
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D D’

E

Floating module transportation

MAINTENANCE & REPLACEMENT



7. SYSTEMIC 
ANALYSIS
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Fragment - 1:20
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Willow

Alder

Reed

Seaweed

Eelgrass

Cultivation area for replacement needs of the first building
N

PARAMETRIC ANALYSIS

VOLUME OF MATERIAL IN THE BUILDING

•	 Willow = 20.50 m3   
•	 Alder = 898.57 m3   
•	 Birch = 34.41 m3  
•	 Ash= 754.36 m3  
•	 Reed = 9.15 m3  
•	 Seaweed (50% of bio-plastic) = 22.13 m3 
•	 Eelgrass = 23.12 m3

SURFACE OF MATERIAL TO GROW FOR 
REPLACEMENT NEEDS

•	 Willow = 206 m2 --> 16 ecosystem modules 

•	 Alder = 10269 m2 --> 680m x 15m along the 
water bank & 5.6 ecosystem modules 

•	 Birch = 458 m2 --> 30m x 15m along the water 
bank 

•	 Ash = 4694 m2 --> 312m x 15m along the 
water bank 
 
Reed = 152 m2 --> 12.4 ecosystem modules 

•	 Seaweed = 49 m2 --> 4 ecosystem modules 

•	 Eelgrass = 77 m2 --> 6.3 ecosystem modules
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REFLECTION

WILLOW

SEAWEED

BIRCH

EELGRASS

ALDER ASH

MICRO ALGAE

CATTAILREED
WATER SEDGE
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WHAT’S NEXT?

Prototyping
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