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Introduction
Dwelling and Resource Challenge
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(viicapitalfunds,2020),  (Olubode, 2017) 
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RehabilitationConstruction Renovation

Introduction | Dwellings Challenge



(Filippidou, 2016)
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Introduction | Dwellings Challenge



(Philippe Ruault, 2020)
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Renewable Energy Building Envelope Building Services
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(Philippe Ruault, 2020)
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Renewable Energy Building Envelope Building Services
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PUR- Oil 
based

(Charlesdeluvio,2018) (Firstposts, 2021)
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Fiberglass InsulationSteel Facades and Structures Gypsum Walls
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Acoustic Mycelium TilesAcoustic Recycled Burlap Wall + Insulation Reed

Photos of the Exploded View Pavillion at Dutch Design Week 2021 
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Introduction | Dwellings Challenge



Soil Degradation

Introduction | Resources Challenge

FloodingDrought Pesticides

(agriculturenews,2018) (SpringerLink)
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Introduction | Resources Challenge

Sarah Hoogenboom | P5 Presentation | 11



Introduction
Thesis
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Introduction | Challenge 

To declare agriculture bio-based materials a sustainable material for renovation, the method of 

growth and harvesting bio-based material crops and by-products should be responsibly 
sourced and resilient to land competition and environmental hazards, which is not possible in 

the current state of the agriculture industry
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To what extent can Controlled Environment Agriculture be a viable alternative to field crop 

and plant growth for agriculture bio-based construction materials for building 
renovations?
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Introduction | Guiding Question



Sarah Hoogenboom | P5 Presentation | 15

Introduction | Design Hypothesis

MUWI post-war housing constructions are able meet thermal performance nZEB goals through 

panel renovations that are primarily assembled from responsibly sourced agriculture 
bio-based material grown in a localized Vertical Farm, which provides opportunity to foster 

resilience to land competition and environmental hazards while also acknowledging circular 
economy practices and the Water-Energy-Food Nexus



Framework
Themes and Concepts
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Framework | Globe to Element Scale
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Framework | Topics



Framework | Concepts
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Framework | Concepts

Sarah Hoogenboom | P5 Presentation | 20



Framework
Research & Analysis
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Framework | Research Methods
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Renovation
Research & Analysis
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Renovation | Dwelling Renovation

(Brand, 1994)
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Renovation | Dwelling Renovation

(Brand, 1994)



Renovation | Dwelling Renovation

R-value of walls

Before 1970 (1) 0.19 - 1.39

1970  (1) 1.66

2014 3.5 

2015 -2020 (2) 4.5

nZEB 2020 onwards (2) 5

(Ham, van Hulst, 2000) 2.(Groezinger, Boermands, John, Seehusen, 2014) 
(Filippidou, Nieboer, Visscher, 2016)
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Renovation | Renovation Surfaces

(Havinga, Colenbrander, Schellen, 2020)

InteriorsExteriors



Renovation | Renovation Methods

Le Lignon, CH Park Hill, UK Camera 
Obscuradreef, NL

Rozemaai, BE

Design Renovation + 
Combination Renovation
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Renovation | Renovation Methods

Rc Panel BGDD Panel Gap3 Skin Panel
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Panel Renovation

Plug and Play



Renovation | Renovation Methods

Panel RenovationDesign Renovation Combination Renovation
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Meets nZEB
Allows for Occupancy
Ease of Construction

Modular
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Renovation | Renovation in Netherlands

(Havinga, Colenbrander, Schellen, 2020)
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Renovation | Renovation in Netherlands

(Priemus, van Elk, 1970)
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Renovation | MUWI Construction
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Renovation | MUWI Construction
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Renovation | MUWI Construction
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Renovation | MUWI Panel Renovation
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Renovation | MUWI Panel Renovation

Balcony Wrap Balcony Replacement Second Skin Facade
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Renovation | MUWI Panel Renovation

Second Skin Facade



Bio-base Materials
Research & Analysis
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Bio-base Materials | Investigation
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Bio-base Materials | Investigation
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Bio-base Materials | Origin, Composition, Assembly, Future



Bio-base Materials | Selection
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Bio-base Materials | Selection

Sarah Hoogenboom | P5 Presentation | 44

Rice Barley MyceliumDandelionsWheatFlax



Bio-base Materials | Selection
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Bio-base Material | Application



Controlled Environment Agriculture
Research & Analysis
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CEA | Agriculture Compared
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CEA | Agriculture Compared

Controlled Environment AgricultureOpen Field



Sarah Hoogenboom | P5 Presentation | 50

CEA | Vertical Farm Components
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CEA | Plants in Vertical Farm



Sarah Hoogenboom | P5 Presentation | 52

CEA | Material Cultivation



Design
Circular Design
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ORIGIN | 
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Rice Barley MyceliumDandelionsWheatFlax



COMPOSITION | 
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ASSEMBLY |
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RiceBarley Mycelium and TimberFlax



FUTURE | 
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Assembly
Circular Design
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ASSEMBLY | 
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ASSEMBLY | Glazed Facade
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ASSEMBLY | Glazed Facade Detail
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ASSEMBLY | Glazed Facade Detail
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ASSEMBLY | Full Cover Facade
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ASSEMBLY | Full Cover Facade Detail
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Composition
Circular Design
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COMPOSITION | All Bio-base Materials
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COMPOSITION | Facade Materials
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RiceBarley Mycelium and TimberFlax



COMPOSITION | Insulation Materials
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COMPOSITION | Design Material and Panels
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COMPOSITION | Selected Panel
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Origin
Circular Design
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ORIGIN | Background Materials



ORIGIN | Background CEA

Plant Height + 40 cm = Tier Height
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ORIGIN | Background CEA
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ORIGIN | Harvesting Schedule
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ORIGIN | Harvesting



Future
Circular Design
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Single MUWI Building | 160 residents
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FUTURE | Food

One Renovation in One Year
Rice | 49,000 kg
Barley | 7,000 kg

Rice | 915 people
Barley | 3800  people
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FUTURE | Single MUWI Renovation



FUTURE | Single MUWI Renovation
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FUTURE | All MUWI Renovations
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FUTURE | All MUWI Renovations



Urban Story
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ORIGIN |
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ORIGIN |
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COMPOSITION |
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ASSEMBLY |
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FUTURE |

Sarah Hoogenboom | P5 Presentation | 90



Conclusions & Reflection
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Conclusion
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Conclusion
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Conclusion



Sarah Hoogenboom | P5 Presentation | 95

Reflection



Thank you
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Conclusion
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ORIGIN 
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Renovation | MUWI Renovation
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Renovation | MUWI Renovation


