Bio-based reference facade wall details

Design and analysis of moisture transport and thermal bridges for Dutch residential top-up buildings
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981.000 additional residences necessary

Figure 2. (Own illustration, 2025)



100.000 residences potential with top-ups




Definition top-up
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Figure 4. (Own illustration, 2025)



Figure 5. (Tomlow, 2021)
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Figure 6. (Bouwzo, 2025)
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Most used materials

Concrete Brick Plaster Steel Insulation



100.000 residences potential with top-ups




Figure 8. (Own illustration, 2025)
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Existing building materials
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Bio-based building materials

Wood
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Figure 9. (Own illustration, 2025)
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Figure 10. (Own illustration, 2025)
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Figure 11. (Own illustra

tion, 2025)
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Figure 12. (Own illustration, 2025)
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Phase shift & temperature amplitude

Low thermal mass constructions
Temperature during the day °C B Outside

30 °C

N

15°C

D ——

Phase shift

10 °C

12:00 24:00

Figure 13. Derived from: (Koppenhol, Hertzberger, et al., 2024)
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Figure 14. Derived from: (Bouke, 2020)
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Figure 15. Derived from: (Greg, 2019)
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Figure 16. Own illustration
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Figure 17. (Own illustrat

ion, 2025
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Lack of technical knowledge
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What if?
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Hypothesis
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How can bio-based facade wall reference details for residential
top-up buildings be developed according to thermal and
moisture regulation within the construction?
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Figure 21. (College van Rijksadviseurs, 2023)

Most promising bio-based materials
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Selection bio-based materials
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Selection bio-based materials
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List of bio-based products
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The bio-based reference detail configurations



Figure 22. (Own illustra

tion, 2025)

Detail configuration
hempcrete insulation blocks and a wooden facade
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Figure 23. (Own illustra

tion, 2025)

Detail configuration
hempcrete insulation blocks and a wooden facade
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Corresponding details
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Methodology detail
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Figure 26. (Own illustration, 2025)

Detail configurations
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Simulation set-up



WUFI geometry

WUFI assessment

Figure 28. (Screenshot WUFI, 2025)
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Figure 27. (Own illustration, 2025)
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WUFI numerical grid
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(NEN 2778, 2015)

Figure 29. Derived from



Figure 30. (Screenshot WUFI, 2025)
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Simulation results



Figure 31. (Screenshot WUFI, 2025)

Indoor surface

Outdoor surface

—— Adiabatic border

O -0 Layer of isopleth

Wood fibre plate

Hempcrete blocks

— Clay plaster

Transition hempcrete - wooden frame
Transition wooden frame - hempcrete

[sopleths

Indoor surface

Outdoor surface
—— Adiabatic border
O-0 Layer of isopleth

Wood fibre plate
— Hempcrete blocks

— Clay plaster

— Transition hempcrete - wooden frame
— Transition wooden frame - hempcrete

Wood fibre plate

Hempcrete blocks
Clay plaster

Indoor surface

Outdoor surface
—— Adiabatic border
O -0 Layer of isopleth

Transition hempcrete - wooden frame
Transition wooden frame - hempcrete

58



Figure 32. (Screenshot WUFI, 2025)
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Figure 33. (Screenshot WUFI, 2025)
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Figure 33. (Screenshots WUFI, 2025)
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Figure 30. (Screenshots WUFI, 2025)
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Figure 30. (Screenshots WUFI, 2025)
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Figure

31. Derived from: (Mousdell, 2024)
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Figure 32. (Own figure, 2025)
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Figure 33. (Own figure, 2025)
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Figure 34. (Own figure, 2025)
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Phase shift & temperature amplitude

Low thermal mass constructions
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Figure 35. Derived from: (Koppenhol, Hertzberger, et al., 2024)
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Figure 33. (Own illustration, 2025)
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Figure 34. (Own illustration, 2025)
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