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Context
Location
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Context
Limited resources

Sint Maarten:  

Population: 40911;   
Area:  34 km2;   

Main Town: Philipsburg

A lot of resources depend on imports.

Export

Import
Manufactured

goods

Sugar

Energy
resources

Fish

Foods

Salt
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Context
Hurricane Issue

Sint Maarten gets ‘brushed or hit’ by a hurricane every 2.67 years. 

Hurricane Irma hit the island in September 2017, hitting the houses, infrastructure and economy.



Reconstruction Situation

The construction is basically completed, and the number of tourists increases year by year.

Coastal communities (Tourist-oriented)
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Reconstruction Situation
Inland communities (Resident-oriented)
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The construction process is pretty slow, many people still need help to fix their room, especially the roof.
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Focus Point



Bervedere MapSint Maarten Map

Belverdere Community

Dutch Quarter Community

Saint Martin (France)
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Belvedere Community
Design pilot



Belvedere Community
Who lives there
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This community is inhabited by people of all social classes.



Belvedere Community
The example of community repairing
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Housing repairs have been completed Well-planned and public buildings

It is an example and goal of the government for community reconstruction

School

Basketball
Court

Community
Center

Assembly
Hall

Church
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Public Spaces

Public Functions

Waste Greens

Empty Plots

Public functions

Waste grass

Empty plots

Mark on the map // Three types of public spaces.



Public Functions

Waste Greens

Empty Plots
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Social Issue
Low use of public space

Public spaces are there but people are not there.



Social Issue
Limited public activity and space
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Public Functions

Waste Greens

Empty Plots

Some buildings are only open in a fixed time.
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Social Issue
Missing management and maintenance

Public Functions

Waste Greens

Empty Plots

The green lands were deserted and turned into a canteen for animals.
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Water Issue
Large water demand

The monthly water consumption in Sint Maarten is 4.5-5.5 m3 per person which 
is quite large of clean water demand. 

The drinking water supply on the island has been increased by 60 m3 a day after 
hurricane Irma.

GEBE. NV. is the clean water provider for residents.



Water Issue
Limited water amount
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Cole Bay Plant: 3.3-3.6 million gallons

Point Blanch Plant: 2.2 million gallons 

Cupecoy Plant: 1.1 million gallons. 

Seven Seas Water Company provides 6.6-
6.9 million gallons water (approximate max. 

26119 m3) in total per day.

As the main source of fresh water, desalination does not 
fully meet the needs of Sint Maarten.

Sint Maarten has no money and no place for a new 
desalination plant. Which means the clean water amount 

cannot be larger in a short term.



Water Issues
Current water flow
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We can find opportunity by improving the current water flow.



Find Problems
Problems in the current water flow
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Rainwater harvesting system is poor and unsound.

untreated water pours into the open drainage 
which is bad for the environment.

Lack of wastewater purification and reuse



Water Issues
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Water pollution has become one of the most serious pollution problems.

It can also be partly solved during the wastewater purification process.

Water pollution and poor water quality



Water Issues
Incomplete water infrastructure
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Useless roof gutter Wastewater tnaks under construction

Both household and community water management facilities are very old and incomplete. 

The hurricane has also caused a certain degree of damage to water infrastructure.
The municipality cannot support enough money for all the upgradings.



Research Question
Technical questions
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Water Infrastructure Decentralized water 
management system

How can a cluster scale decentralized water management system solve 
water challenges in the hurricane-prone environment of Sint Maarten?

Find problems Study about technical methods Draw conclusion

Find out the problems in current 
water flow.

Research to the working process of 
different water management facilities.

Conclude a proposed new water 
system to improve the local water 

environment.



Case Study
Research to different water facility
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Anaerobic Baffled Reactor (ABR)

Playpump

Rainwater Harvesting

Anaerobic Filter (AF)

Biagas Reactor

Fish PondHorizontal Flow Constructed 
Wetland

Septic Tanks Vertical Flow Constructed Wetland

Agua Carioca, Brazil

Anil Agarwal Environmental Training 
Institute, New Deli.

Accar Water Management System 
Project, Ghana.



Case Study
Research to different water facility
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Agua Carioca, Brazil
Anil Agarwal Environmental Training 

Institute, New Deli.
Accar Water Management System 

Project, Ghana.



Improved Water Flow
Apply to a new water flow
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Design Ambitions
Provide opportunities

There are many opportunities not only to improve the current water environment

but also improve ecological and economic aspects.

Biogas Reactor:

Biogas production

ABR/AF:

Water purification

Wetlands:

Crops and trees

Water Tanks:

Water storage

Water tower:

Water storage



Design Ambitions
What can the system brings back to the community?
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Design Ambitions
Water ambition
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Design Ambitions
Ecology ambition
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Design Ambitions
Production ambition
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Design Ambitions
Public-Living ambition
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Design Elements
In a cluster scale
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1. Water Consumption Calculation

Minimum rainwater harvesting in hurricane season

Item Formula Number

Daily water consumption

Proposed households numbers in a cluster 12-15

Max.Population 60

Water amount per person per month 4.5 m3

Monthly water consumption amount 4.5x60 270 m3

Monthly greywater amount 0.1325x60x30 238.5 m3

Toilet waste 0.0015x60x30 2.7 m3

Monthly black water amount 0.03x60x30 54 m3

54-2.7 51.3 m3

ABR, AF and BR water loss 51.3x(100-15%) 43.61 m3

Proposed volume of community ABR, AF 44-45 m3

Proposed number and size of ABR, AF 3x15 m3 3x2.5x2 m

2x22 m3 3.6x2.8x2.2 m

Wastewater amount 43.61+238.5 282.11 m3

CW water loss and water amount for reuse 282.11x80% 225.70 m3

Reused water for each household 225.70/15 15.05 m3

Proposed size of household water tanks

Minimum CW area in total （225.70/1x10）
/30 m2

Min. 80 m2

Number of days 15

Minimum water demand per person per day 0.05 m3

15 days minimum water storage amount 0.05x60x15 45 m3

Average monthly rainfall 0.087 m3

Minimum catchment surface 45/0.087 517 m2

Back-up tanks volume 3.14x1.22x2 9 m3

Back-up tanks amount 3

Water Consumption Calculation

Cost-benefit  and Load Capacity Calculation

2. Cost-benefit Calculation
Objective Cost Load Capacity

Constructed

Wetlands

80-100 euro per m2

● A surface area of about 1-3 m2

per person is usually required.

● 1 m3 water needs 10m2 land

per day.

ABR and AF

2800-3500 euro for an ABR;

900-1200 euro for an AF;

● In general the daily inflow is

2-200 m3. the following

aspects.

● The hydraulic retention time

should be 48-72 hours.

Biogas Reactor

110-130 euro for a

household BR

The hydrostatic residence time

should be at least 15 days in hot

climates.

Water

Tower

500-600 euro for a concrete

water tower.

50-70 euro for a 3-4 m3 household

water tank.

Household

water tank

60-70 euro for a 3 m3

household water tank

3-5 years need to maintain or

replace the water tank.

Design Strategy
Water infrastructure
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Conclusion of a cluster scale

Households:
12-15

Residents:
max.60

Biogas Reactor:
1 for 1 house

1.2x2.5x2=6 m3

ABR/AF:
3~4 for 1 cluster

44-45 m3 

Wetlands:
1 for 1~2 clusters

min. 80 m2

Water Tanks:
1 for 1 house

min. 5 m3

Water tower:
2 for 1 cluster
min. 150 m2

Basement

Ground floor

Upper floors

Roof

Vertical and horizontal water flow in new facilities

Design Strategy
Water infrastructure
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Method --- Follow the streets and rivers

Design
How a cluster?
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Design Strategy
Water infrastructure

Cluster Division

Proposed Cluster

35      A Cluster Scale Decentralized Water Management Syatem



3x2.5x2m=15 m3

ABR+AF

3.14x1.32=5 m3

Water Tank
4 residents
Household

3.14x52x2m=157m3

Water Tower
2x1.5x2m=6 m3

Household BR

Clean water

12x8=96 m2

Wetland
Water in purifiation process

Wastewater

Water facilities in a cluster

Design Strategy
Water infrastructure
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Water infrastructure

+

=

Spatial fuctions

Three Types

Leisure functions
meet, play

Connection functions
Service, logistics

Ecological fuctions 
birds nest, planters.

Node

Connection Wetland

Public functions
schools, sports center, medical center...

Economical functions
workshop, shops, restaurant.

Biogas ReactorABR/AF:Wetlands: Water Tanks: Water tower:

Design Strategy
Building structure
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Design Strategy
Type 1:     Node

Traditional Caribbean Houses
Floor plan and structure

Shape and Measurement of a Node type

4400 mm

StorageFirst processing room

2200 mm

Processing

System controlling Energy station

Display and retailing

First processing room
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Design Strategy
Type 1:     Node

The Ground Floor

4400 mm

StorageFirst processing room

2200 mm

Processing

System controlling Energy station

Display and retailing

First processing room

ShopProcessing RoomSystem Room
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Design Strategy
Type 1:     Node

4400 mm

StorageFirst processing room

2200 mm

Processing

System controlling Energy station

Display and retailing

First processing room

4400 mm

StorageFirst processing room

2200 mm

Processing

System controlling Energy station

Display and retailing

First processing room

The First Floor

Common RoomFood & Material Workshop
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Design Strategy
Type 1:     Node

System controlling room Cafe kitchen

Front desk

Locker

Canteen Fitness Table tennis

System controlling room Cafe kitchen

Front desk

Locker

Canteen Fitness Table tennis

Individual Buildings

GF

1F

Water Tower with a kitchen of a Cafe

22
00

r5000

44
00

4400
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Plastic water tank (lightweight and  flxible to store a bit more water)



Design Strategy
Type 1:     Node

System controlling room Cafe kitchen

Front desk

Locker

Canteen Fitness Table tennis

System controlling room Cafe kitchen

Front desk

Locker

Canteen Fitness Table tennis

Individual Buildings

GF

1F

Public Building --- Sports Center
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Design Strategy
Type 2:     Connection

System controlling room Cafe kitchen

Front desk

Locker

Canteen Fitness Table tennis

System controlling room Cafe kitchen

Front desk

Locker

Canteen Fitness Table tennis

Bridge type 1 Bridge type 2
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Design Strategy
Type 3:     Wetland

4400 mm

StorageFirst processing room

2200 mm

Processing

System controlling Energy station

Display and retailing

First processing room

Constructed Wetland & processing room



Design Strategy
Landscape
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different type has different fuctions, with trees for birds and pavements
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Design Strategy
Steps

Install the system
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Design Strategy
Steps

Choose "Node" from shoplist
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Design Strategy
Steps

Add individual buidings (water towe and public buildings)
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Design
Overview

Add "Connection" between "Node"
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Design
Birdview

Add Landscape
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Design
Site Plan

Site Plan  1:500

N



Two routes with different atmosphere

Design
Analysis
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Two routes with different atmosphere

Design
Analysis
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Design
Analysis

Path through the building visually and physically
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Design
Analysis

Path through the building visually and physically
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Small squares that follow the shape of existing houses

Design
Analysis
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Design
Analysis

Path through the building visually and physically
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Design
Analysis

Layout of the ground floor
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Design
Analysis

Path through the building visually and physically
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Design
Analysis

Layout of the first floor
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Design
Analysis

Views on the first floor
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Design
Comparison
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Design
Comparison
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Design
Comparison
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Design
Comparison
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Design
Comparison
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Design
Comparison



Building Technology
Material strategy
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Building Technology
Climate and structural strategy

Open and long narrow floor plan
Locate openings on opposite side of building

These can help to promote natural ventilation.

Sloping roof and skylight

Good for rainwater harvesting and stack 
ventilation.

Strong foundation and raise building up

Raise the building 150mm and gutters nearby 
can prevent water and flooding.



Building Technology
Climate and structural strategy

Wooden framework construction

Permeable structure for airflow and open routing.

Louvers on the window

The main method of sunshading.
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Building Technology
Connection method
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Roof --- Hurricane strap Roof --- Hurricane strap Structure --- Screw



Building Technology
Connection method (water tower)
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Building Technology
Bracing method
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Window panels as a bracing An extra tranglar bracing in stairs



Building Technology
Facade

Rhythm of the windows and doors

Windows and doors
in the traditional Caribbean housings

74      A Cluster Scale Decentralized Water Management Syatem



Window demoubntability

Building Technology
Window and door
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1

3

4

2

5

2

1

1-  Plywood  frame
2-  Old elm wooden plank
3-  Plywood Window frame
4-  Louver
5-  Plywood Windowsill



Building Technology
Window and door
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For 2.2m span

For 4.4m span

Typology and material
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Building Technology
Construction sequences

Foundations Columns Primary structure
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Building Technology
Construction sequences

Secondary structure Wooden floor and supporting beams Fence and infill walls
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Building Technology
Construction sequences

Roof truss and rafters Roof purlins Plywood plank and shingles
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A Global Issue
UN 17 sustainable development goals

By 2030,
700 million
people could be 
   displaced by 

intense
water scarcity

673 million
people (9% of the 
global population) 
still practise 
open defecation 
(2017)

The majority of them 
ARE in Southern Asia2 billion people live

in countries experiencing 
high water stress

health-care facilities 
worldwide lack basic 
drinking water services 

(2016)

1 out of 4

2 out of 5

a basic 

worldwide
people

do not have

handwashing 
facility with 
soap and water 
at home (2017)

basic 
drinking

water

785 million
people remain 
without even

serviceS (2017) 

Ensure availability and sustainable 
management of water and sanitation for all



Clean Water And Sanitation
Goal 6 targets
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Safe and affordable drinking water

Improve water quality

Implement integrated water resources management

Water harvesting, desalination, water efficiency, 
wastewater treatment, recycling and reuse technologies

Sanitation and hygiene

Increase water-use efficiency

Protect and restore water-related ecosystems

The participation of local communities



Stakeholders
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Neighborhood Development
 Phase 1-2
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1-2 Months

+ Government cleans and re-plans existing green spaces

+ Resident fundraising for primary facilities



6-8 Months

+  Water collection facilities are completed first 
(community water tower//household water tanks).

+  Construction of the planned green space begins.

Neighborhood Development
 Phase 3-4
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Neighborhood Development
 Phase 5-6
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10-12 Months

+ Construction of all facilities is completed and the water 
system is normally used.

+ Planned green space are put in use
(community parks and playgrounds).



Neighborhood Development
 Phase 1-2
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1-1.5 Years

+  The construction of the basic building (Node) is 
completed, restaurants and shops are opened, and the 
common room in the community is used.

+  Residents saved a lot of water bills, and some residents 
were maintained by training and learning systems.



Neighborhood Development
 Phase 1-2
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2 Years

+ Residents' own businesses and wetland crops began to 
make profit.

+  Trees increased and living environment improved.



Neighborhood Development
 Phase 1-2
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2.5-3 Years

+  Residents chose to build Connections to create more 
public space.

+  People accept and like this system which is popular.



Suitable Context
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Other Community
Different residents and demand
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Other Context
Developing countries
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Other Context
Developed regions
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