
Author: Wouter ter Heijden
Student Number: 4512596
Studio: Urban Metabolism
1st mentor: Ulf Hackauf 2nd mentor: Henk Jonkers TU Delft MSc Urbanism 2018-2019

 Urban development is accompanied with resource 
depletion and environmental impact of the Earth’s ecosystem, 
with sand and gravel as the most consumed construction 
materials. Urban development is a major driver behind this 
consumption which is a challenge in regions, such as the 
Rijnmond-Drechtsteden, that have both a housing/urban 
development demand and a circular ambition. 
 Within the Dutch context, sand and gravel are important for 
the construction of the urban environment in order to secure its 
durability, accessibility and safety. The construction ecosystem 
has certain conditions which drives the consumption 
 The research aims to find ways to reduce the demand of 
primary construction sand through urban design.

“How can urban design reduce the consumption of primary 
construction sand and gravel in the construction ecosystem 

of the Rijnmond-Drechtsteden region?”

CITY without SAND A material conscious approach for the urban construction 
metabolism of sand and gravel in the Rijnmond-Drechtsteden 
region
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The improved sand metabolism of the Rijnmond-Drechtsteden Region 

A material conscious approach for urban design 
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Catalogue of Solutions

The Rijnmond-Drechtsteden region requires an enormous 
amount of primary material for the different construction 
activities but also needs to deal with a high amount of waste 
material which needs to be integrated in the urban ecosystem.
 In order to reduce the material consumption within the 
sand and gravel metabolism of the Rijnmond-Drechtsteden 
region, options need to be found in alternatives for the 
continuous demanding drivers such as fill sand for subsidence 
and for recycling opportunities of waste flows from dredging or 
demolition waste, see ‘A material conscious approach for urban 
design’ and ‘Catalogue of Solutions’. 
 Overall, Circular sand metabolism is a multi-scalar system 
where regional demand and supply is embedded in the local 
urban designs. These improvements require new flows and 
supplies which results in industrial spatial transformation of 
environments elsewhere.

Construction sand and 
gravel metabolism

2018-2040

Rijnmond-Drechsteden

River sediment 21.69 mln tonnes

Fill sand 
55,16 mln tonnes

Asphalt
6,2 mln tonnes

North Sea influx: 37.400

169,68 mln tonnes

nourished 

169,68 mln tonnes

eroded 

Dredged sand

261,8 mln tonnes
    dike maintenance: 28 mln tonnes

site preparation 0.23 mln tonnes

site preparation                75.1 mln tonnes

   subsidence maintenance: 19,48 mln tonnes

Beach nourishment 

UPSTREAM/HINTERLAND

NORTH SEA

concrete waste 22,16 mln tonnes    

site preparation 29.61 mln tonnes

Voorne: 22,56 mln tonnes

 

Voorne: 22,56 mln tonnes

 

Concrete
25,74 mln tonnes

New dwellings

11,7 mln tonnes

Replacement EOL

10,83 mln tonnes

retrofitting1

light-weighted material11

on-site separation20

elevation2

building transformation13

building transformation13

soil treatment15
land farming19

material market23
tidal park16

light urbanism4

building on stilts6

multifuctional dike5

building on water7

situation conscious8

urban solids3

soil condition conscious9

deposcape17

recycling facility22

biobased facility21

Material conscious approach for urban design integrates the four 
stages of a construction process from the life-cycle perspective 
(situation, construction, maintenance and end-of-life) with its 
related material consumption for each construction where the 
material efficiency strategies will be applied on; prevention, reuse, 
recycle. A crucial tool is the TM-LCA scheme which clarifies the 
material consumption of a design.
Spatial intervention regarding material consciousness 
are integrated in the Catalogue of Solutions where each 
intervention contributes to a material efficiency strategy within 
the construction ecosystem. These intervention relate to the 
conditions within the sand and gravel metabolism
The designs seek to reduce material demand, reuse structures 
or recycle material through spatial solutions where each design 
option has an different spatial, systematic and environmental 
impact.
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Application of the solution in the 
spatial urban development context
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