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“Werken aan het klimaat is vaak zo suf. Saai.”
“Working on the climate is often so dull. Boring.”



3

Problem Statement
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Graduation Project

Problem Statement

Objective

The overall design question proposed in this 
research plan is: “How can a modular and climate 
strategy help develop an affordable, high quality 
neighbourhood with varied houses for the middle 
class in the Merwedeterrein, Arnhem?”.

To address this question, the following sub questi-
ons have been formulated:
-  What climate system elements can be used  
 to design an affordable energy neutral/ 
 positive building for a modular strategy? 
 (Thematic Research)
-  What elements are needed to create 
 flexible, modular housing and what kind of  
 habitations are needed?
-  What classifies as a high quality 
 neighbourhood and what is needed to  
 make Merwedeterrein high quality? 

During this project, the climate design will define 
the architectural choices, to properly integrate the 
climate design into the architectural design.

The chosen context is the Merwedeterrein in Arn-
hem, Netherlands. Arnhem is one of the cities that 
expects a growth in household until 2050 (Bekhuis 
et al., 2021). The Merwedeterrein is located nearby 
the center of the city, which makes it an attractive 
location. During a first site visit, the location showed 
different challenges (Figure 2).
The site is positioned between two train roads. 
This affects the accessibility of the site which at the 
moment is only reachable through a few tunnels 
under the train roads. Currently, the location houses 
various functions, from industrial functions to a trai-
ler park to an art workplace. Even though the site is 
located between different residential areas, the lo-
cation does not feel pleasant, it is not equipped for 
pedestrians and it is not an urban habitable area.
However, due to its flexibility, this location does lend 
itself for the design of an experimental neighbour-
hood, with lots of opportunities.

Figure 1 Problem statement (own work, 2021)

The goal of this project is to find ways to make new 
environmental friendly habitations affordable for 
the average Dutch inhabitant. This project should 
help find possible solutions for two of the bigger 
problems within architecture in the Netherlands, the 
housing shortage and rising prices, and the emis-
sions within architecture, but how to address them?

To find ways to lower the emissions within archi-
tecture, it is first important to know where these 
emissions come from. It starts at the preparation of 
the materials. Not only the material itself, but also 
the ways it is cured in factories and the transporta-
tion to the site can affect the emissions. At the end 
of the life cycle of a material, it is also important to 
consider the possible emissions during the disposal 
of materials. (Benda, 2021) Eco-based, reusable 
materials do lower the emissions. 
Furthermore, there are emissions during the con-
struction on site (van der Molen, 2021). By using 
prefab elements, the emissions on the field can be 
lowered.
Lastly, there are also emissions released during the 
use of a building, through the use of gas and other 
fossil fuels (Lammerse, 2020). By focusing on the 
climate strategy of the building, and making them 
energy neutral, the emissions are significantly lower. 
It is however important to focus on the affordability 
of these elements.

To lower the housing shortage, it is important to 
make high density neighbourhoods with affordable 
habitations in different sizes. The habitations need 
to be quick to build and flexible for future trends. By 
working with a modular strategy, all the elements 
can be addressed and the habitations can be per-
sonalized to the inhabitants’ wishes.

By combining these elements it is possible to 
design a high quality neighbourhood by using a 
modular and climate strategy.

Over the last years, the Netherlands has been strug-
gling with a continuously growing housing shortage, 
because of the decreasing average household (Obbink, 
2020). Even though it is not clearly visible, as most of 
the Dutch inhabitants do have a roof above their head, 
there is currently a shortage of 331.000 habitations, 
which will rise to 419.000 habitations in 2025 (Obbink, 
2020). Despite the fact that this problem has been 
around for a while, the Dutch government did not con-
sider the housing shortage as one of its priorities and 
nowadays they want 1 million new habitations before 
2035 (ABF Research, 2018).
This is an extremely elevated number, which the gover-
nment has determined based on the population fore-
cast from the Dutch Statistics Office (CBS), but is there 
really such a necessity? According to Frans Schilder of 
the “Planbureau voor de Leefomgeving” is the amount 
of 1 million homes not fixated as there are great un-
certainties within the predictions (Bekhuis et al., 2021). 
The number is supposed to radiate the urgency and 
to encourage people to start building. Friso de Zeeuw, 
emeritus professor of area development, thinks it is not 
realistic to build 1 million homes in the given time, even 
though he considers it necessary (Bekhuis et al., 2021).
The important thing seems to start buildings as soon 
as possible, but what kind of habitations are needed? 
As the last few years have been focused on building 
houses for the more expensive segment, there is a 
necessity for affordable owner-occupied homes for the 
low/middle classes, including starters (Bekhuis et al., 
2021).

This necessity for affordable housing is accompanied 
by the fact that the Dutch government decided that all 
the buildings built after January 1th 2021 need to be 
nearly zero-energy buildings (NZEB) (Rijksdienst voor 
Ondernemend Nederland, 2021) to lower the CO2 
emissions within the construction environment (Lam-
merse, 2020). Research states that nearly 40% of total 
global CO2 emissions derive from the construction 
industry, which is far from reaching the goals set by the 
Paris Climate Accords to tackle the rising temperatures 
worldwide (Lammerse, 2020). Different crises, like the 
human impact on the nitrogen cycle and the COVID 
pandemic, did slow down the construction industry, 
but it is also an opportunity to look at the changes that 
can be introduced within the industry to become en-
vironmentally friendly. These changes do not only affect 
the environment, but are also interesting investment 
opportunities to breathe new life into the economy.
It is important to realize that these interventions do 
affect the construction, purchase and usage price 
of buildings (Pricewise, 2020), which requires finding 
solutions to develop affordable environmental friendly 
habitations for the average Dutch inhabitant (figure 1).

Figure 2 Merwedeterrein, Arnhem (own work, 2021)

Context
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Objective Graduation Project
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Site | Merwedeterrein Arnhem (NL)
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Difficulties Merwedeterrein



6

Difficulties Merwedeterrein
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Difficulties Merwedeterrein
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Design Goal Merwedeterrein

Decreasing Housing Shortage Affordable Energy Neutral Housing

High Quality Neighbourhood 
Social Cohesion

Climate Resilient Neighbourhood

High Quality Neighbourhood 
Varied Housing
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Thematic Research Conclusions
Element Active | Passive Purpose Effectiveness Average Price Flexibility

Heating/Cooling Combi Air Heat Pump 
and Ventilation Unit 

Type C

Active | Passive Heating, cooling and 
ventilation with back-up 

boiler and central heating, 
all-electric

Electric Central Heating Active | Passive Heating system, not as 
effective as heat pump so 
can be used as back up 

or when small amounts of 
heat are needed

Radiators Active | Passive Heat emissions in the 
building controlled by heat 

pump

Ground Heat Pump Active | Passive Heating and cooling with 
back up electric central 

heating with ATES

(Low Temperature) 
Floor Heating

Active | Passive Heat emissions in the 
building controlled by heat 

pump

Electric Radiators Active | Passive Heat emissions in the 
building controlled by heat 

pump, all-electric

Infrared Ceiling Panels Active | Passive Heat emissions in the 
building controlled by heat 

pump, all-electric

Air Heat Pump Active | Passive Heating and cooling 
through air, can be 

connected to MVHR

(Warm) Water Electric Boiler 50 L Active | Passive Boiler for warm water, can 
be used as back up in 

case of over consumption 

Storage Vessel 150 L Active | Passive Boiler to warm water and 
storage 

Electricity PV panels 365 Wp Active | Passive Generates energy for the 
building and to supply the 

climate system

PV panels 370 Wp Active | Passive Generates energy for the 
building and to supply the 

climate system

Ventilation Combi Air Heat Pump 
and Ventilation Unit 

Type C

Active | Passive Heating, cooling and 
ventilation with back-up 

boiler and central heating, 
all-electric

Ventilation Unit Type D Active | Passive Mechanical ventilation 
system for fresh air 

supply, governed by CO2

Indoor Comfort HR ++ Glass Active | Passive Insulating

HR +++ Glass Active | Passive Insulating

Mineral Wool Insulation Active | Passive Insulating

EPS Insulation Active | Passive Insulting 

Air Tightness Tape Active | Passive Keeps building air tight

Innovative 
Elements

Smartty Air Clean Active | Passive Passive ventilation unit, 
filters air and creates 

natural humidity

Modul-AIR Blue Active | Passive All-electric air heat pump 
that actively cools and 

heats, ventilates (C/D) and 
warms water

Multi Air Supply System Active | Passive Ventilation unit without 
supply routes (Type D)

Karbonic Heating Foil Active | Passive Easy applicable foil for 
floor heating, heat 

emissions in the building

Appendix E. Climate System Elements Catalog

- Integration of the climate system elements within the ar-
chitecture of the building from the beginning is important to 
achieve a more affordable, effective climate system --> 
a climate design should be developed together with the 
architectural design.

- By first optimizing the building by using passive solutions on 
urban and architectural level, like orientation, shapes, 
insulation wall to window ratio, etc. and afterward adding the 
necessary effective active elements, a more affordable, 
effective and flexible climate system van be achieved for 
energy neutral modular buildings. 

- In the Netherlands, Heating is the most important function of 
the climate system, and sunlight is the climatological element 
that affects the indoor climate the most. 

- Affordability can be achieved through passive solutions and 
splitting elements between habitations.

- Flexibility can be achieved through giving every habitation 
their own climate system, creating smaller circuits, compact 
climate systems (through passive elements) and placing 
machines in the same place. 
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Design Principles

Integration of climate design with architectural 
and urban design (Urban Ecology & Passive Climate)

Application of Passive Strategies to 
develop an affordable, flexible building

Application of a Modular Strategy to 
develop flexible, varied housing

Application of different kind of public and 
private space to favour the Social Cohesion
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Content

Neighbourhood Building

Urban Architectural
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3

Difficulties Merwedeterrein

Urban Plan

Current Situation 1:2000
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Urban Plan

Urban Plan 1:2000
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Functions

Commercial Area

Artists Workspace and Exhibitionspace

Mobility Hub

1

2

1

2

>

>
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Mobility Hub

Slow Traffic (Bikes, Pedestrians)

Roads

Mobility

3

4

5

3

4

5

>

>

<
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Urban Ecology

Greening Shadow

Sloping area

Materialization 

Water storage
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Urban Plan

Number of Modules m2  

Commercial 28 30 - 60 m2

Ground Bound 2 Stories House 42 120 m2

Studio 28 30 m2

Apartments (1-2 modules) 203 60 m2

Green and Water Network - 80.000 m2

PVT Panels - 5.500 m2
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Urban Plan

Number of Modules m2  

Commercial 28 30 - 60 m2

Ground Bound 2 Stories House 42 120 m2

Studio 28 30 m2

Apartments (1-2 modules) 203 60 m2

Green and Water Network - 80.000 m2

PVT Panels - 5.500 m2
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Architectural Plan
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Integrated Passive Climate Design

Orientation Zoning

Sun shading

Shape 

Insulation

Ventilation

Window to 
wall ratio

Urban Ecology 
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Passive Climate | Shape

Shadow Study
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Solar Gain Round Building

Passive Climate | Shape



22

30 degrees

30 degrees

N

Z

Subdivision Round Building 

Passive Climate | Orientation

Ground Level in Situation 1:500
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Passive Climate | Zoning

Floorplan 1 Module Apartment 1:50
South Entrance

Floorplan 1 Module Apartment 1:50
North Entrance
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Passive Climate | Zoning

Floorplan 1 Module Apartment 1:50
South Entrance

Floorplan 1 Module Apartment 1:50
North Entrance

21 degrees

17 degrees
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Passive Climate | Ventilation

Cross Ventilation Apartment Cross Ventilation North-South Section 1:200
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Heat wheel

Outlet

Supply

Building

Heat Pump

ATES

Floor Heating

Heat exchanger

PVT panels

Solar boiler
(60 degrees)

Heat 
Recovery

Rainwater

Sewage

Flush toilets

Collecting 
vessel

Cycloon
filter

+ 30 C
- 15 C

+ 12 C
+ 7 C

+ 16 C
+ 2 C

Ground Pipe 
Ventilation

Meter 
Cabinet Converter

Power Grid

Outlets

Green 
roof

1 each 
vertical 

habitations’ 
stack

1 each 
habitation

Heat 
Recovery

Mechanical 
Ventilation

Summer
Winter

Heat Pump

ATES

Floor Heating
Cooling

Heat exchanger

PVT panels

Solar boiler
(60 degrees)

Heat 
Recovery

Rainwater

Sewage

Flush toilets

Collecting 
vessel

Cycloon
filter

Meter 
Cabinet Converter

Power Grid

Outlets

Green 
roof

1 each 
habitation

Solar Roof for the 
whole building

Solar Roof for the 
whole building

Mechanical Ventilation for Air Supply Detail Facade 1:5
Airtightness
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Modular Facade Element | RC 8
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- Water retaining foil

- 50 mm Acoustic insulation
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- 50 mm Acoustic insulation

- 13 mm - 13 mm Dry covering floor with floor heating

- 5 mm Timber floor cladding

Green Balcony

- Vegetation

- 300 mm Substrate layer

- 50 mm Drainage

- 10 mm Protective layer

- Water retaining foil
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- Vapour retardant foil
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding

- 20 mm - 20 mm Vertical and horizontal battening

- Water retaining foil
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Floor | RC 6

- 5 mm Timber floor cladding

- 13 mm - 13 mm Dry covering floor with floor heating

- 50 mm Acoustic insulation

- Kerto Ripa 2400x31 mm - 5x45x300 mm - 25 mm

- Vapour retardant foil

- 310 mm Mineral wool

- Water retaining foil
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Modular Facade Element | RC 8
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Triple glass

Green Solar Roof | RC 10

- 12,5 mm - 12,5 mm Suspended ceiling

- 100 mm Acoustic insulation

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- Vapour retardant foil

- 350 mm Mineral wool

- Water retaining foil

- 12 mm Protective layer

- 50 mm Drainage

- 200 mm Substrate layer

- Vegetation

PVT Panels

Eaves

Details Worksheet 1:10

Details Worksheet 1:10

Details Worksheet 1:10

Passive Climate | Ventilation



27

Diagram Mechanical Ventilation

Passive Climate | Ventilation

Floorplan Ground Floor 1:200
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Floorplan 1 Module Apartment 1:50
South Entrance

Module

Facade Fragment Model 1:50
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Passive Climate | Urban Ecology

Facade Fragment  1:50
Materiality
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Passive Climate | Sun Shading

North-South Section 1:200
Summer

North-South Section 1:200
Winter
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Passive Climate | Sun Shading

South Facade Fragment  1:20

WinterSummer
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Passive Climate | Window to Wall Ratio

North Elevation 1:200

South Elevation 1:200

WWR N 	 10-15%
WWR O-E 	 20-30%
WWR Z 		 30-50%
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South Facade Elevation  1:20 North Facade Elevation  1:20

Passive Climate | Window to Wall Ratio
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South Facade Section  1:20North Facade Section  1:20

Passive Climate | Window to Wall Ratio



35

Thermal Envelope 1:500

Passive Climate | Insulation
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Modular Facade Element | RC 8

- 12,5 mm Plasterboard

- Vapour retardant foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -

 280mm mineral wool - 12 mm timber plate -

 12 mm timber plate

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- 20 mm - 20 mm Vertical and horizontal battening

- 40 mm Vertical timber cladding

Stabilization wall

- 12,5 mm Plasterboard

- 50 mm Acoustic insulation

- CLT construction wall
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- 12,5 mm Plasterboard

Airtightness tape
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding

- 20 mm - 20 mm Vertical and horizontal battening

- Water retaining foil

- 50 mm Acoustic insulation
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- Wood frame construction
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Triple glass

Floor

- 5 mm Timber floor cladding

- 13 mm - 13 mm Dry covering

 floor with floor heating

- 50 mm Acoustic insulation

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- 100 mm Acoustic insulation

- 12,5 mm - 12,5 mm Suspended

 ceiling

Balcony

- 20 mm Timber floor cladding

- 20 mm Battening

- Water retaining foil

- 50 mm Acoustic insulation

- Vapour retardant foil

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- Vapour retardant foil

- 50 mm Acoustic insulation

- Water retaining foil

- 20 mm Timber cladding

Details Worksheet 1:10

Details Worksheet 1:10
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Green Solar Roof | RC 10

- 12,5 mm - 12,5 mm Suspended ceiling

- 100 mm Acoustic insulation

- Kerto Ripa 2400x31 mm -
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- Vapour retardant foil
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding
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Modular Facade Element | RC 8

- 12,5 mm Plasterboard

- Vapour retardant foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -

 280mm mineral wool - 12 mm timber plate -

 12 mm timber plate

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- 20 mm - 20 mm Vertical and horizontal battening

- 40 mm Vertical timber cladding

Stabilization wall

- 12,5 mm Plasterboard

- 50 mm Acoustic insulation

- CLT construction wall

- 50 mm Acoustic insulation

- 12,5 mm Plasterboard

Airtightness tape
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding

- 20 mm - 20 mm Vertical and horizontal battening

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -

 280mm mineral wool - 12 mm timber plate -

 12 mm timber plate
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Triple glass

Floor

- 5 mm Timber floor cladding

- 13 mm - 13 mm Dry covering

 floor with floor heating

- 50 mm Acoustic insulation

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- 100 mm Acoustic insulation

- 12,5 mm - 12,5 mm Suspended

 ceiling

Balcony

- 20 mm Timber floor cladding

- 20 mm Battening

- Water retaining foil

- 50 mm Acoustic insulation

- Vapour retardant foil

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- Vapour retardant foil

- 50 mm Acoustic insulation

- Water retaining foil

- 20 mm Timber cladding
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Modular Facade Element | RC 8

- 12,5 mm Plasterboard

- Vapour retardant foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -

 280mm mineral wool - 12 mm timber plate -

 12 mm timber plate

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- 20 mm - 20 mm Vertical and horizontal battening

- 40 mm Vertical timber cladding

Stabilization wall

- 12,5 mm Plasterboard

- 50 mm Acoustic insulation

- CLT construction wall

- 50 mm Acoustic insulation

- 12,5 mm Plasterboard

Airtightness tape
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding

- 20 mm - 20 mm Vertical and horizontal battening

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -

 280mm mineral wool - 12 mm timber plate -

 12 mm timber plate

- Vapour retardant foil
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Triple glass

Floor

- 5 mm Timber floor cladding

- 13 mm - 13 mm Dry covering

 floor with floor heating

- 50 mm Acoustic insulation

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- 100 mm Acoustic insulation

- 12,5 mm - 12,5 mm Suspended

 ceiling

Balcony

- 20 mm Timber floor cladding

- 20 mm Battening

- Water retaining foil

- 50 mm Acoustic insulation

- Vapour retardant foil

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- Vapour retardant foil

- 50 mm Acoustic insulation

- Water retaining foil

- 20 mm Timber cladding
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding

- 20 mm - 20 mm Vertical and horizontal battening

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -

 280mm mineral wool - 12 mm timber plate -

 12 mm timber plate

- Vapour retardant foil
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Floor

- 12,5 mm - 12,5 mm Suspended ceiling

- 100 mm Acoustic insulation

- Kerto Ripa 2400x31 mm - 5x45x300 mm - 25 mm

- 50 mm Acoustic insulation

- 13 mm - 13 mm Dry covering floor with floor heating

- 5 mm Timber floor cladding

Green Balcony

- Vegetation

- 300 mm Substrate layer

- 50 mm Drainage

- 10 mm Protective layer

- Water retaining foil

- 50 mm Insulation

- Vapour retardant foil

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- Vapour retardant foil

- 50 mm Acoustic insulation

- Water retaining foil

- 20 mm Timber cladding
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding

- 20 mm - 20 mm Vertical and horizontal battening

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -

 280mm mineral wool - 12 mm timber plate -

 12 mm timber plate

- Vapour retardant foil

- 12,5 mm Plasterboard
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Floor | RC 6

- 5 mm Timber floor cladding

- 13 mm - 13 mm Dry covering floor with floor heating

- 50 mm Acoustic insulation

- Kerto Ripa 2400x31 mm - 5x45x300 mm - 25 mm

- Vapour retardant foil

- 310 mm Mineral wool

- Water retaining foil

HR+++

Triple glass

Stone cladding

Cementless

concrete
Crawlspace
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Modular Facade Element | RC 8

- 40 mm Vertical timber cladding

- 20 mm - 20 mm Vertical and horizontal battening

- Water retaining foil

- 50 mm Acoustic insulation

- Water retaining foil

- Wood frame construction

 12 mm timber plate - 12mm timber plate -
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Green Solar Roof | RC 10

- 12,5 mm - 12,5 mm Suspended ceiling

- 100 mm Acoustic insulation

- Kerto Ripa 2400x31 mm -

 5x45x300 mm - 25 mm

- Vapour retardant foil

- 350 mm Mineral wool

- Water retaining foil

- 12 mm Protective layer

- 50 mm Drainage

- 200 mm Substrate layer

- Vegetation

PVT Panels

Eaves
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North Facade Fragment 1:20

North Facade Horizontal Section 1:20

North Facade Vertical Section 1:20

Vertical Facade Detail 1:10

Horizontal Facade Detail 1:10Horizontal Detail Facade  1:5

South Facade Elevation  1:50

Horizontal Section  1:20
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Architectural Design
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Social Cohesion Neighbourhood
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Social Cohesion | Streets

Ground Level in Situation 1:500
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Social Cohesion | Streets
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Social Cohesion | Streets

Ground Level in Situation 1:500

<
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Social Cohesion | Courtyard

Ground Level in Situation 1:500

<
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Social Cohesion | Courtyard
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Social Cohesion | Vertical Street

Floorplan Second Floor 1:200
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Social Cohesion | Gallery

Floorplan Second Floor 1:200



55

Social Cohesion | Gallery
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Social Cohesion 



57

Solarpolis
Climate adaptive living


