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DE SLIMME REGENTON

Werken aan het klimaat is vaak zo suf. Saai. We mogen
dit niet of moeten dat. Cloiq heeft daar iets unieks

Op bedacht: een slimme regenton in de vorm van een
wolk. Bij elkaar gespaard met ingezameld plastic en 3D

i,

geprint tot een wolk van een regenton. Deze reguleert

Droogte voorspeld

Tijdens droogte wordt het
op eigen houtje het ultieme waterpeil. Via internet leest ze het weerbericht en leegt zichzelf
voor de hoosbui. In periodes van droogte gaat ze zelf regenen en bewatert zo de planten. Cloiq

is opgericht door ontwerper Bas Sala en werkt samen met professionals en bewoners aan een
toekomstbestendige, gezonde klimaatadaptieve stad

his rain barrel shaped like a cloud is a solution from Cloiq. Recycled plastic is 3D printed into a cloud thz

regulates its own water level. Checking the weather report through the internet and emptying itself b
a shower. During a drought she will start to rain and water the plants.
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“Werken aan het klimaat is vaak zo suft. So.oi.”
“Working on the climate is often so dull. Boring



Problem Statement

_ High emissions within
Decreasing average household construction industry

\ v

Affects climate and
global warming

v v

Housing Shortage NL Lower Emissions Architecture

v v

Need for 1 million homes before 2035 From January 1th 2021, every building

No priority from the government

NZEB
l * |
Energy neutral is Need for 1 million new habitations,
expensive which are affordable and energy neutral

v

Need to find ways to make these new environ-
mental friendly habitations affordable for the
average Dutch inhabitant



Objective Graduation Project

A

Housing Shortage NL CQO2 Emissions Architecture

vy

Affordable Environmental Friendly Habitations

\
I
Energy Neutral Modular High Quality Neighbourhood
Climate System Strategies Merwedeterrein

Energy Neutral Climate Modular Design Fitting
System For Modular Strategy Location and Target Group

N -
Thematic Research

High Quality Neighbourhood with
Affordable Energy Neutral Habitations
Merwedeterrein. Arnhem



Site | Merwedeterrein Arnhem (NL)




Difficulties Merwedeterrein




Design Goal Merwedeterrein

[

Decreasing Housing Shortage Affordable Energy Neutral Housing Climate Resilient Neighbourhood

2 Qllg

High Quality Neighbourhood High Quality Neighbourhood
Social Cohesion Varied Housing



Thematic Research Conclusions

- Intfegration 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.

Element Active | Passive Purpose Effectiveness Average Price Flexibility
Heating/Cooling | Combi Air Heat Pump Active | Passive Heating, cooling and
and Ventilation Unit ventilation with back-up 0000 ¢ 000 O 000 O

Type C

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

(X X Joke
NN

A OO
[ N NONON®.

000 OO
N

Radiators

Active | Passive

Heat emissions in the
building controlled by heat
pump

X X XoXo
NN

00O

00 OO
N

Ground Heat Pump

Active | Passive

Heating and cooling with

back up electric central . . . . O . . ’ . ’) . O C @)

heating with ATES R B -

(Low Temperature) Active | Passive Heat emissions in the o P )
Floor Heating building controlledbyheat | @ @ @ O O N NONONO®) 0000

pump

Electric Radiators

Active | Passive

Heat emissions in the

building controlledbyheat | @ @ O O O O O @ @ O 0 @ @ O O

pump, all-electric ' ) '
Infrared Ceiling Panels Active | Passive Heat emissions in the . - -
building controlledbyheat | @ @ @ O O 0000 N N NONO)

pump, all-electric

Air Heat Pump

Active | Passive

Heating and cooling
through air, can be
connected to MVHR

0000
o/

00O

X X JoRe
N N

(Warm) Water

Electric Boiler 50 L

Active | Passive

Boiler for warm water, can
be used as back up in
case of over consumption

' X JoXoke
N N

. . OO
N N

. . . ) O)
NN

Storage Vessel 150 L

Active | Passive

Boiler to warm water and
storage

00O
) U

L N _NONOR®

X X JoR®
NN

Electricit PV panels 365 Wp Active | Passive Generates energy for the L - B
v buidingandtosuppythe | @ @ @ O O @ @ @ O O | @ @ O O O
climate system
PV panels 370 Wp Active | Passive Generates energy for the . P .
buidngandtosuppythe | @ @ @ O O @ @ @ OO | @ @ O O O
climate system
Ventilation Combi Air Heat Pump Active | Passive Heating, cooling and
and Ventilation Unit ventilation with back-up : OO OO
Type C boiler and central heating, . . . ‘ "\ . . . o . . . O O
all-electric
Ventilation Unit Type D Active | Passive Mechanical ventilation
system for fresh air Q000 [ X N NONO N N NON®
supply, governed by CO, ) i 7
i i | lati N - ~N
Indoor Comfort HR ++ Glass Active | Passive nsulating 0000 X JOROR®) 00000
HR +++ Glass Active | Passive Insulating 00000 000G O 00000
Mineral Wool Insulation Active | Passive Insulating 0000 060 OO0 00000
i i i Insult -~ ~ O :
EPS Insulation Active | Passive nsulting 0000 00000 00000
Air Tight T i i K building air tight R - .
ir Tightness Tape Active | Passive eeps building air tig 'YX X JYoRoRK XoXeoXeoXe 00000
Innovative Smartty Air Clean Active | Passive Passive ventilation unit, P B P
Elements filters air and qre_ates ' . . [\ ORW, . . ( W \,) . . . . Y
natural humidity
Modul-AIR Blue Active | Passive All-electric air heat pump
that actively cools and N ')
heats, ventilates (C/D) and 0000 O 00000 0000 C
warms water
Multi Air Supply System Active | Passive Ventilation unit without aYe) DO O )
supply routes (Type D) L o 000 OO0 o000 —
Karbonic Heating Foil Active | Passive Easy applicable foil for : P
floor heating, heat 000 ORORUORY, 00000

emissions in the building




Design Principles

Integration of climate design with architectural Application of Passive Strategies to
and urban design (Urban Ecology & Passive Climate) develop an affordable, flexible building

i

Application of a Modular Strategy to Application of different kind of public and
develop flexible, varied housing private space to favour the Social Cohesion
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Urban Plan
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Urban Plan

Urban Plan 1:2000
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13

{/
..m;,.ﬁ ..
o\
U |
. |
' ,
g _
I
it
! f | 1
! | 1
, |
| |
|
| 1B -
]
|
i WL
)

-Ariisis Workspace and Exhibitionspace

- Commercial Area
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Urlban Ecology

@
®® 7

Greening Materialization Shadow
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Urban Plan

‘ i PVT Panels

Number of Modules m?
Commercial 28 30 - 60 m?
Ground Bound 2 Stories House 42 120 m?
Studio 28 30 m?
Apartments (1-2 modules) 203 60 m?
Green and Water Network - 80.000 m?

_ 5.500 m?
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Urban Plan

‘ i PVT Panels

Number of Modules m?
Commercial 28 30 - 60 m?
Ground Bound 2 Stories House 42 120 m?
Studio 28 30 m?
Apartments (1-2 modules) 203 60 m?
Green and Water Network - 80.000 m?

_ 5.500 m?
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Architectural Plan
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Intfegrated Passive Climate Design

A .

Shape Orientation Zoning Ventilation

2

Urban Ecology Sun shading Window fo Insulation
wall ratio




Passive Climate | Shape
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Passive Climate | Shape

Solar Gain Round Building
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Passive Climate | Orientation

N

30 degrees

/ 30 degrees
Z

Subdivision Round Building

Ground Level in Situation 1:500
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Passive Climate | Zoning
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Passive Climate | Zoning
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Floorplan 1 Module quftmeni 1:50
South Entrance

U N

[\

)

a

s

17 degrees

\
\
A\
A Y
A
|z
|4
%4
|4 Y
H A\
H \
H Q
N K Y
i K '\
H H &\
H H i - 1\
K H y il PR\
§ Kl K 4
K K K O
K K % B
K K K ' Y
4 H X VIR
K K N X L
Kl % \y
H 5 X 1
K | EVAVAYAYA AYAVAVAVAVAVAVA WVAVAVAVAVAVA K | A8\ \
§ %K R
K K WA & 4
H ) % X OVAAYA & N
K ) K Y V&)
4 A Xy Y R\
i . v,g\NNA'A b
H 3 I
{ ) i
i ) X X
{ J K
i A ¥ X
K K
i K
K K
H K
H
K
i
K
K
K
K
K
z
H
H

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

Outlet
Building
N
Heat wheel
NV
Summer +30C V4 N
Winter -15C +16C N[ Heat N
Supply 12C \ Recovery
/ / 1 each
vertical
B habitations’
P AN Mechanical
\Ground Plpé Ventilation slack
Ventilation
+12C
+7C

Mechanical Ventilation for Air Supply

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

T
////

Y

///////////4///&;;;

Modular Facade Element | RC 8

- 40 mm Vertical fimber 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

[

A I I T T T T T T T T T T T TT T TTL T TS TITTL SIS L SN CA TSN AR

ol

Detail Facade 1:5
Airtightness

s,

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
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Passive Climate | Ventilation

Floorplan Ground Floor 1:200

Diagram Mechanical Ventilation
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Passive Climate | Urban Ecology
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Passive Climate | Sun Shading
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Passive Climate | Sun Shading
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Passive Climate | Window to Wall Ratio

North Elevation 1:200

mi|||||||l|||||\U|||l||||\i||lH||lH|||\l||lHIIHII\Ml|!l|ll|ll||\|ll|l!|I|Mi TR "!IHlIHWIIHIINNMHMI.' k "1||1IIIHIIHIIIIHHWMNI" i ||I|!|!||lI|l||I]IIUUIIFI!!IIIMM' £ "HIIH|||U|||H||||Il|||iI||IM|M R |LMLM|I L H|IIIHIIMN LR IIMW
‘4‘.|| |||H||||1I|||||||\Il||\i|||||||||||i|||1H||II||||H|||l||||l||||ﬂ|||ﬂ|||HII\MHJIIHHIIHHIIMI\M} e UIIIHII!HIIIHlliHlIH\IIIHIIHh. il IHHIIWIIIHMMUIIHlmh.".”MHHUIIIHIWH L o LEMMU
*JHWNIV!II\ IIAIA i II|I||I||1INIWI|M\.'h ol IIIIIHIIHIIUM\!I. i‘HHI!HJII!IW]IIIH||i|ll||||MH;’ A MLE: 'hi'l'MIIV|HI!||?NMIWIKE§M‘v-w M||l||l||l|l\||1|U|IM|1|H|II!|||1I||I|||lI|||JI||NI|||1||||||||H|||H|||llllll||||!|||\ |||u||m|m

!||||1||||\IIH\|||Hl|!|I|||||Ii||||[|||||H||[||||U|||\I|||\l|||\|||IF|||IH|||H|||\l HJIIHHIIHUIIHINM LT T R TR
ﬂ\

31

Rl M Sl

‘mm-llllﬂlR’.[..umm.uMIIMMIIMIHIIIHIIIMIMIIIJIHII'..mn.mm1.J||||IIIIIl[||U||H[l|||[IIHIIMIIHIIIUIL,..m.“.nl.mm JAI Hllll|lﬂ|ﬂ||>|ll|ll|l| L — ||U|||H||Ni|||ﬂ|||ﬂM|M..wm\.m?‘ﬂ||U|MMﬂMMHIIMMMWW MW‘
‘ il | ‘“ A \|I\ \HH H”\ A H H\lw ”H“ i HI ‘| H \ ‘Iu HHM H“ i \I‘H Il |H‘ | | , |
| m..mmunmmmm |Il||||%.m.m IILE |||l|||| ||lI||| 1 — ||||l||||ll|!||||l||l IR I|I||l| mmnnnummnummmmm“”" |||ll||||I||||H||I|||||N|||l|||l||| AT —_/ MIIMIIMHI N ... I

N ! HMMM\MIHHMMH WAL A Husnmm WA | ‘mmmnu e Hunm\hmmnhlnu ‘ i m |
I e nl wly
\ LR n | '

South Elevation 1:200

=

|

WWR N

10-15%

WWR O-E 20-30%

WWR Z

30-50%

32



Passive Climate | Window to Wall Ratio

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

Thermal Envelope 1:500
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Passive Climate | Insulation

HR+++
, Triple glass

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 refardant foil

-12,5 mm Plasterboard

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 refardant foil

- 310 mm Mineral wool

- Water retaining foil

i = sy, > Ground Floor RC 6
R ’ = HR+++

HR#++ Cementless
: concrete
Triple glass

Crawlspace

/\/

PVT Panels

Eaves

Detail Ground Floor 1:5
Ground Roof RC 10

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

- 50 mm Acoustic insulation

-Kerto Ripa 2400x31 mm - H R"‘ +4+
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

izl s << 77
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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 retfaining foil

- Wood frame construction
12 mm fimber plate - 12mm timber plate -
280mm mineral wool - 12 mm timber plate -
12 mm timber plate

- Vapour retardant foil

- 12,5 mm Plasterboard

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

Facade RC 8
HR+++ e varea e by

-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 fimber plate
- Vapour retardant foil
- 12,5 mm Plasterboard

2?77,
727

Triple glass

Detail Facade 1:5 Detail Roof 1:5
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Active Climate

PVT panels
Outlets Meter
Cabinet Converter
Power Grid
Solar Roof for the
whole building
4
N\
Floor Heating N Y Solar boiler
(60 degrees)
L /
N N\ Rainwater
, Tap water
Heat Pump ¢ <
A AN Cycloon|| Green
/ / filter roof
1 each
habitation <
AN N
Heat exchanger AN\
’ LN
M Collecting
vessel
Heat
Recovery \I/
4
N\
ATES N2
Flush toilets
N\
/
NV
Sewage

Winter

PVT panels

Solar Roof for the

Outlets Meter
Cabinet Converter
Power Grid
V4
N\
Floor Heating ™ Y Solar boiler
Cooling (60 degrees)
VA l
N\ N
Heat Pump / Tap water
N\
A\ N\
/ 4
1 each
habitation
ANAAA >
Heat exchanger AN\
’ PN
Heat
Recovery
4
N\
ATES N2
AN
/

Active System Climate Diagram

whole building
Rainwater
A \’g
Cycloon|| Green
filter roof
N
Collecting
vessel
Flush toilets
h Vg
Sewage
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Active Climate

Floorplan Second Floor Technical Area 1:200
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Modular Strategy | Flexibility Structure

Wooden Hollow-Core Slabs

CLT Stability Wallls
Glulam columns and beams

Cementless Concrete Foundation

Floorplan Second Floor Technical Area 1:200 Consiruction Axo

-
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Modular Strategy | Flexibility Structure

Empty Floorplan 1:200
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Modular Strategy | Flexibility Structure

Floorplan Second Floor 1:200

Floorplan Third Floor 1:200
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Modular Strategy | Mirrored Modules

D

Floorplan Third Floor 1:200

Floorplan Second Floor 1:200
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Modular Strategy | 1-2 Modules
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Floorplan Third Floor 1:200
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Modular Strategy | Facade Modules
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Diagram Modules (1,5 m x 3,5 m)
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Modular Strategy | Facade Modules

North Facade Elevation 1:50

VAN

Stabilization wall \\
- 12,5 mm Plasterboard f %
- 50 mm Acoustic insulation oo

- CLT construction wall g &
- 50 mm Acoustic insulation |

- 12,5 mm Plasterboard

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 Fire-resistant
paneling wo

|
I HR+++
i Triple glass Airtightness tape

AVAVAVAVAVAVAVAVAVAVA

Horizontal Section 1:20
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Architectural Design
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Social Cohesion | Streets
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Social Cohesion | Streets
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Social Cohesion | Streets
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Ground Level in Situation 1
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Social Cohesion | Courtyard
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Social Cohesion | Vertfical Street

Floorplan Second Floor 1:200
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Social Cohesion | Gallery
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Floorplan Second Floor 1:200
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Social Cohesion | Gallery
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Solarpolis

Climate adaptive living
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