
Scalable façade 
renova�on solu�on 
for Dutch system-built houses
MSc in Architecture, Urbanism, and Building Science: Building Technology
TUDel�

Adrian Chrapliwy
1-11-2024

Mar�n Tenpierik
Jan Jongert



Research framework

Contents

System-built houses analysis

Design

Conclusion

Literature research
Background

Overview
Similari�es & Differences
Classifica�on

Design criteria
Design concept

Exis�ng building stock
Energy efficiency & Comfort
Facade renova�on
Circularity
Scalability



Research framework
Background

Adrian Chrapliwy

3 41

NET 0 CO₂

200.000 renova�ons per 
year by 2030

Renovate en�re stock by 
2050
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Non-uniform building stock

Embodied energy of renova�ons

System-built houses / Systeemwoningen

CO₂
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“How can a scalable and circular façade renova�on system be 
designed for Dutch system-built houses from the post-war period?”
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Literature research Design 
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Facade renova�on
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Before 1945 1945-1975 1975-1995 A�er 1995

Dutch terraced house

Housing types

Construc�on periods

Semi-detached houses Detached houses Gallery / Porch 
apartments
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Share of final energy consumption in the Dutch
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Trias Energetica by Kees Duijvestein (1979) - TUDelft
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Energy label Energy index NTA 8800

Actual savings vs expected energy savings in renovation projects 
(Guerra-Santin et al., 2021)
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CO2 neutral by energy savings and green energy production 
(van Bruggen, 2023)
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Dutch Climate

(KNMI, 2024)
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Replace Wrap-it Add-in Cavity 

Refurbishment strategies modified from (Konstan�nou, 2014)
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Prefabrica�on Mechaniza�on Automa�on Robo�cs Reproduc�on
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1 Scanning

3 Produc�on

2 3D modelling

4 Installa�on

(RcPanels, n.d.)
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CO2 budget of 47 Mtons for 1.5 degrees increase, 234 Mtons for 2.0 degrees

Emissions from Dutch construc�on with the current building methods, 
for 2023-2030 and 2023-2050 (Copper 8, 2023)
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100 kg CO2-equivalent per square meter

Opera�onal energy

Environmental payback �me

Grondgebonden woning: 35 kWh/m2
Appartement: 45 kWh/m2

Embodied energy

NIBE (2023)
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The shadow costs of different insula�on materials (Mun�nga, 2018)

0
100
200
300
400
500
600
700
800



Literature research
Circularity

Adrian Chrapliwy

20 41

Seven principles of connec�ons ranged from fixed to flexible 
connec�ons (Durmisevic, 2005)
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Classifica�on characteris�cs for standardiza�on (Mohan, 2022)
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Alignment between the produc�on system and the product type 
(van Groesen, 2022)
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Overview of manufacturing processes (Van Groessen, 2022)
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(Pla�orm31, 2013)
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Stapelbouw Gietbouw

Different construc�on frames, modified from (Konstan�nou, 2014)

Montagebouw



Building analysis
Systeemwoningen

Adrian Chrapliwy

26 41



Building analysis
Systeemwoningen

Adrian Chrapliwy

27 41

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

1 
w

oo
nl

aa
g

2 
w

oo
nl

ag
en

3 
w

oo
nl

ag
en

4 
w

oo
nl

ag
en

5 
w

oo
nl

ag
en

6 
w

oo
nl

ag
en

7 
w

oo
nl

ag
en

8 
w

oo
nl

ag
en

9 
w

oo
nl

ag
en

10
 w

oo
nl

ag
en

11
 w

oo
nl

ag
en

12
 w

oo
nl

ag
en

13
 w

oo
nl

ag
en

14
 w

oo
nl

ag
en

15
 w

oo
nl

ag
en

16
 w

oo
nl

ag
en

17
 w

oo
nl

ag
en

18
 w

oo
nl

ag
en

19
 w

oo
nl

ag
en

20
 w

oo
nl

ag
en

21
 w

oo
nl

ag
en

stapelbouw gietbouw montagebouw 0 2000 4000 6000 8000 10000 12000 14000 16000 18000

270
270- 299
300- 329
330- 359
360- 389
390- 419
420- 449
450- 479
480- 509
510- 539
540- 569
570- 599

> 600

Rela�on of number of floors to construc�on method Grid measurements between structural elements



Building analysis
Systeemwoningen

Adrian Chrapliwy

28 41

Different facade implica�ons illustrated with the systeemwoningen

Different connec�ons for balconies and galleries for the systeemwoningen
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25 m³/h per person

Rc-value of 4.7 m²K/W
Energy

Comfort

Scalability

Circularity

winter: 20°C 
summer: 25°C

Planbased approach can decrease renovation costs by around 15% 
compared to a project-based approach

Different adjustments for specific building characteristics

Recyclable or circular materials
Mechanical joints, no chemical joints if possible
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Rc = 4.9 m²K/WRc = 5.3 m²K/W
Lichtgewicht beton

Rc = 5.2 m²K/W
Beton

Rc = 5.0 m²K/W
Houtvezel

Rc = 5.2 m²K/W
Minerale wol

Wooden frameInsulationBinnenblad

Rc = 5.5 m²K/W

Ubakus.de
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VanderSanden -  Baksteenstrips Mechslip -  Baksteenstrips
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Connection on horizontal rails
Stacking from bottom to top
3 different elements
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“How can a scalable and circular facade renovation system be 
designed for Dutch system-built houses from the post-war period?”

▪ Diversity between system-built houses

▪ Several systems available, limited in terms of adaptability

▪ Limited circular solutions

▪ Mass-customization > specific solution preferred
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• Analysis of existing systems on disassembly

• Hygrothermal performance of demountable joints

• Simulation with climate change
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• No one-size-fits-all system

• Behavioral factors and occupant impact

• Interventions and changes during service life
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Renovation status of Woon 2018 cases 

Modified from (Woon 2018)
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Most common plans for portiek flats

(Priemus, 1971)
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Current systems

MEEFS system RcPanels


