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1. INTRODUCTION



DUTCH POPULATION GROWTH
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POPULATION GROWTH FOUR MAJOR
DUTCH CITIES 2017

Amsterdam 17.000
I Y

Rotterdam 7.200
D Y

The Hague 6.300
| |

Utrecht 5.100

x 1000

Source: Centraal Planbureau (CBS) 2017



+ Adding 70,000 homes to the stock with as sociated

(social)facilities

» Transforming o

Ices and old port areas into

actractive areas to live and work

» All existing buildings must minimal meet the
requirements of energy label B

STRUCTURAL VISION AMSTERDAM 2040




HOUSEHOLD ENERGY CONSUMPTION

Space heating 58% / \

Lighting and equipment 12%
Cooking 6% ___

Warming water 24%

Space heating count by far the largest part of the total energy concumption



AVERAGE HEAT TRANSFER THROUGH THE BUILDING SKIN
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Lighting and equipment 12%
Cooking 6%

Warming water 24%

2/3 of energy is lost through walls and roof



STANDARD APPROCH HOUSING RETROFIT

Roof insulation Wall insulation Window replacement

STATIC BUILDING SKIN

All efforts and attentions have maily been focused on increasing and optimizing
the thermal insulation



SWITCHING FROM STATIC TO DYNAMIC

ADAPTIVE BUILDING SKIN

Limitation of the existing facades could be overcome only by switching from ‘static’ to
‘'responsive’ and ‘dynamic’ systems, such as Multifunctional Facade Modules (MFMs)
and Responsive Building Elements (RBE).



petter suited to its habitat. This process takes place over many generations,
and is one of the basic phenomena of biology.”

- On the Origin of Species, Charles Darwin




Overal design question

"How can a redesign for existing vacant stock
in Amsterdam, reduce energy demands and
save energy to become energy neutral?"



2. DESIGN CONCEPT






Shipyard and trading

1655







1885 1900 1945




Demolish and reconstruction

1968



Future plans

2016



First steps development and strategy

2017
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'Verbindings school

Impoverished & outdate

Usable concrete structure
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MASTERPLAN

CHARACTERISTICS

INNOVATION

Education
Residential
Restaurant

ENTEPRENEURIAL DYNAMISM

SUSTAINABLE DEVELOPMENT
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RE-USE STRUCTURE

HEIGHT

20,8m

STRUCTURAL PRESSURE LAYER

PREFAB CONCRETE FLOOR ELEMENTS

COLUMN BEAM STRUCTURE

HEAD FACADES FOR STABILITY

16,5m




Benefits existing structure

Free facade possible

Bearing capacity min. 2,5kN/m?2
Free space plan possible

Floor height min. 3,2m

Depth minimal 17,5m

+ + + + +

Limitations

~ Independent load bearing structure
~ Grid size 3,8m

RE-USE STRUCTURE



FLOW CHART DECISSION MAKING FACADE REFURBISMENT

)

Audit report list of measures and
existing characteristics demo case

Input data template:

- construction structure

- air infiltration

- HVAC

- determine users function
- Dutch Weatherfile

MODEL DEFINITION

Improve reference building model by
adding insulation according to below
minimum Rc values

- Floor insulation: Rc = 5,0 (m2K/W)

- Facade insulation: Rc 2 4,5 (m2K/W)
- Roof insulation: Rc 2 6,0 (m2K/W)

:

Modeling demo case with
Sketchup + Openstudio

plugin

Run Simulation program
EnergyPlus+ and check

Input higher thermal
re-insulation Rc values

TEST RETROFIT

- Direct earth coupling

- Energy piles

Select a geothermal system

- Earth-to-air heat exchanger

Select climate responsive
facade/ roof components
according to the overview
matrix

results of the building
envelope
energy consumption

kWh/(m?2yr)

No the annual energy consumption is
< 300 kWh/m?yr (average) without
passive/ active facade retrofit

The thermal insulation upgrade has the
potential to be a future proof nearly
zero energy building

Run Simulation program
EnergyPlus+ and check

results of the building
envelope
energy consumption

kWh/(m?2yr)

the annual energy consumption is

RETROFIT DESIGN SOLUTION

<

z
o
/R

<40 kWh/m2yr
# Yes

Intervation is a good retrofit proposal and
becomes almost energy neutral building

DEVELOPING STRATEGY



MODEL DEFINITION

Improve reference building model by
adding insulation according to below
p Minimum Rc values

- Floor insulation: Rc =2 5,0 (m2K/W)

- Facade insulation: Rc =2 4,5 (m?K/W)
- Roof insulation: Rc 2 6,0 (m?K/W)

Audit report list of measures and
existing characteristics demo case

-/

\_ ¢ .

4 R

Input data template: g )

: gﬁr}i}irllircgl?onnstructure . Modeling demo case with

- HVAC Slketi(r:]hup + Openstudio

- determine users function piug

- Dutch Weatherfile \_ D
N Y




Input higher thermal
re-insulation Rc values

No

Run Simulation program
EnergyPlus+ and check
results of the building
envelope
energy consumption

KWh/(m2yr)

the annual energy consumption is
< 300 kWh/m?yr (average) without
passive/ active facade retrofit

TEST RETROFIT



Electricity Consumption (k\Wh)

RESULTS SIMULATION

Interior Equipmen
55k — Heating
50k Fans
45k Water Systems
40k Interior Lighting
35k Cooling

Exterior Lighting

30k —

e Pumps

20k —

15k -
10K <

5k —

0 -

Jan Feb Mar Apr May Jun Jul Aug Sep Cct Nov Dec
Month
Monthly Overview Annual Overview
Total Energy (kWh) Energy Per Total Building Area (kWh/m*2) Energy Per Conditioned Building Area (kWh/m~2)
Total Site Energy 1037733.4 258.6 278.6
Net Site Energy 1037733.4 258.6 278.6
Total Source Energy 2338900.0 582.7 627.9

Net Source Energy 2338200.0 582.7 627.9



RESULTS SIMULATION

Total Energy (kWh) Energy Per Total Building Area (kWh/m”2) Energy Per Conditioned Building Area (kWh/m~2)
Total Site Energy 1037733.4 258.6 278.6
Net Site Energy 1037733.4 258.6 278.6
Total Source Energy 2338900.0 582.7 627.9
Net Source Energy 2338900.0 582.7 627.9

Avearage energy consumption

e Restaurant 305 - 330 kWh/m2 yr
e Residential 150 - 220 KWh/m2 yr



Select a geothermal system
- Direct earth coupling
- Earth-to-air heat exchanger

- Energy piles
-

¢

4 N

The thermal insulation upgrade has the
potential to be a future proof nearly

\_

Select climate responsive
facade/ roof components
according to the overview
matrix

zero energy building

Run Simulation program
EnergyPlus+ and check

A

results of the building
envelope
energy consumption

kWh/(m?yr)

No ( the annual energy consumption is
k < 40 KWh/m?2yr

Yes

REFURBISHMENT SOLUTION



PROMISING TECHNIQUES

SOLAR CHIMNEY INTEGRATED PHOTOVOLTAC CELLS

SUMMER - COOLING

WINTER - HEATING » Perfect aestheticintegration
* No sunscreen needed
» Generates electricity



2. CONCEPTUAL DESIGN



HOW CAN I DEVELOP A STRATEGY WHEREBY USER COMFORT AND ENRGY SAVINGS
CAN BE ACCOMPLISHED WITH ADAPTIVE FACADE INTERVENTIONS?



TRANSFORMATION

RENEWABLE ENERGY

solar & geothermal

PROGRAM

Mixed-use

re-use existing structure
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Multifunctional corridor

<
Auditorium

Entrance offices

Stairwell

Bar/ restaurant
Common space
Conference centre

Conceptual design
Pragmatic lay-out according
to sun

Following rigid grid of
building



Le Corbusier, L'unité d'habitation de Marseille
built 1947 - 1952



Floorplan layout

BENEFITS:

o only one corridor
o double-sided orientation
o multiple floors

LIMITATIONS:

o living and sleeping separated
by floor



Daylight through former
fire exitdoors

Workspaces accessible from corridor

Stairwell

Bar/ restaurant

Common space
Conference centre
Offices

Corridor

Maisonnette entrance NO

Maisonnette entrance SW

Conceptual design

Pragmatic lay-out according
to sun

Following rigid grid of
building



Largest apartments placed
near stairwell en elevator

Stairwell

Bar/ restaurant

Common space
Conference centre
Offices

Corridor

Maisonnette entrance NO

Maisonnette entrance SW

Conceptual design

Pragmatic lay-out according
to sun

Following rigid grid of
building



Stairwell

Bar/ restaurant

Common space
Conference centre
Offices

Corridor

Maisonnette entrance NO

Maisonnette entrance SW

Conceptual design

Pragmatic lay-out according
to sun

Following rigid grid of
building



Potential adaptive facades

PV CELLS SOLAR CHIMNEY
- electricity - natural ventilation
- shading device - heating/ cooling



Potential adaptive facades

Trombe wall o

Solar PV o ?

LOCATION | THEM= IC RESEARCH QUESTION | METHODOLOGY | RESULTS
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Facade design principles



2. FINAL DESIGN



Facade design

N
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Facade design




Working principle

SUMMER - COOLING WINTER - HEATING



Detail Trombe wall

- finishing, loamstuc, dim. 10mm

- gypsum fiber board, dim 12,5mm

- capillary heating mats

- 3 mm bio-compisite matted with (hemp / flax) natural fiber
- 200mm BioFoam sprayed foam insulation

- 3 mm bio-compisite matted with (hemp / flax) natural fiber
- capillary heating mats

- gypsum fiber board, dim 12,5mm

- PCM (phase chaninging material)

- air cavity

- 10 mm Enkel glas




vertical sliding window, aluminum

—fFinishing, loamstuc, dim. 10mm

——qaypsum fiber board, dim 12,5mm

—capillary heating mats

—3 mm bio-compisite matted with (hemp / flax) natural fiber
——200mm BioFoam sprayed foam insulation

—3 mm bio-compisite matted with (hemp / flax) natural fiber

1.227
—Finishing floor, dim. 20mm —Finishing floor, dim. 20mm
—Ffloorheating underfloor, dim 50mm ——Floorheating underfloor, dim 50mm
= ——underlayment, dim. 20mm ——existing finish floor, dim. 40mm
——wooden beams, dim. 46 x 121mm ——existing concrete floor, dim 110mm
——fFloorisolation, Rc 5,0 m2K/W ——Floorisolation, Rc 5,0 m2K/W
+4.190 W
o)
+4.120¢9

steelconstruction, HE140A + L150/100/10

steelconstruction, K100/100/5

finish, composite element

LU 1 + + + + + +
+ / + + + + +
steelconstruction, HE140A o + / + + + + +
+ + + + +
| + + . + + + +
N L ®
+3.450 \ 4 3

wooden beams, dim. 71 x 171mm
wood, dim. 22 x 45mm
ceiling finish, dim. 22mm

|







Floor plans

. Maisonette apartments

-~ Offices
- Restaurant

Commom space

~ Conference

54/63



Sections
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Sections

U

56/63



Magquette cross section
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IMPRESSIONS
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PROJECT MOVIE



THANKS FOR YOUR ATTENTION
QUESTIONS?



