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Introduction

Framework

Research
& Circular Design Urban Story Conclusions
Analysis

Sarah Hoogenboom | P5 Presentation | 2



Introduction
Dwelling and Resource Challenge
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Introduction | Dwellings Challenge

Construction Rehabilitation Renovation
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(viicapitalfunds,2020), (Olubode, 2017)



Introduction | Dwellings Challenge

nZEB goals

Current Post-war Housing

R e
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(Filippidou, 2016)



Introduction | Dwellings Challenge

Renewable Energy Building Envelope Building Services
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(Philippe Ruault, 2020)



Introduction | Dwellings Challenge

Renewable Energy Building Envelope Building Services
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(Philippe Ruault, 2020)



Introduction | Dwellings Challenge

Steel Facades and Structures Fiberglass Insulation Gypsum Walls
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(Charlesdeluvio,2018) (Firstposts, 2021)



Introduction | Dwellings Challenge

Acoustic Recycled Burlap Acoustic Mycelium Tiles Wall + Insulation Reed
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Photos of the Exploded View Pavillion at Dutch Design Week 2021



Introduction | Resources Challenge

Soil Degradation Drought Flooding Pesticides
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(agriculturenews,2018) (SpringerLink)



Introduction | Resources Challenge

Biomass

PV Farms

Agriculture Land
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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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Introduction | Guiding Question

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 | 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
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Framework
Themes and Concepts
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Framework | Globe to Element Scale

WEF Nexus

CONCEPTS

TOPICS

GLOBAL

Circular Design

CEA System

NATIONAL REGIONAL LOCAL ELEMENT

Demand for
Construction and
Renovation

Resilient Enviroment
and Structures

Land Conservation

EU nZEB goals New Character of

Post war Housing Post war housing

Renovations Panel Application

Petrolium Free

Materials Building Application

Reduce strain
on supply chain

Panel Composition

Water and Nutrient
Bio-base Material

Resource .
Conservation Collection
Agricult d Material Growing
griculture an Food Supply

Circular Economy CEA Application



Framework | Topics

Dwelling Renovation CEA System

Sustainability ' .. Material Material
& WEF Nexus | Applications Properties Production

g
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Framework | Concepts

Food &

Bio-base Material Indirect Land Use Change
Population Growth

Climage Change

Water Energy
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Framework | Concepts

The CEA
Origin
Social Impact ) .
and Waste Management Bio-base Materials
Future CIRCULAR Composition
ECONOMY

The Renovation Application
Assembly
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Framework
Research & Analysis
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Framework | Research Methods

Biobase Materials

Bio-base Material Renovation
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Renovation
Research & Analysis
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Renovation | Dwelling Renovation

(Brand, 1994)

1 Stuff | < 3 years

I Space | 3 years

I Services | 7-20 years
i Structure | 30+ years
i Skin | 20-50+ years

. Site | Timeless
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Renovation | Dwelling Renovation

e Skiin | 20-50+ years

(Brand, 1994) Sarah Hoogenboom | P5 Presentation | 25



Renovation | Dwelling Renovation

R-value of walls

Before 1970 (1) 0.19-1.39
1970 (1) 1.66

2014 3.5
2015-2020 (2) 45

nZEB 2020 onwards (2) 5

(Ham, van Hulst, 2000) 2.(Groezinger, Boermands, John, Seehusen, 2014)

(Filippidou, Nieboer, Visscher, 2016)

Nearly Zero Energy Building | R-value Requirements

FLOOR
FACADE WALL

Sarah Hoogenboom | P5 Presentation | 26



Renovation | Renovation Surfaces

Exteriors
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Interiors

(Havinga, Colenbrander, Schellen, 2020)
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Renovation | Renovation Methods

Design Renovation +
Combination Renovation

Le Lignon, CH

Park Hill, UK

Rozemaai, BE

Camera
Obscuradreef, NL
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Renovation | Renovation Methods

Panel Renovation

\

Plug and Play Rc Panel BGDD Panel Gap3 Skin Panel
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Renovation | Renovation Methods

Design Renovation Panel Renovation Combination Renovation

Meets nZEB
Allows for Occupancy
Ease of Construction
Modular
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Renovation | Renovation in Netherlands
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(Havinga, Colenbrander, Schellen, 2020) Sarah Hoogenboom | P5 Presentation | 31



Renovation | Renovation in Netherlands

MUWI

RBM

_ Coegnet-groep

2

Construction Facade Lifespan ~50 years Renovation
T e e 1
1950s 1970s 2020s

(Priemus, van Elk, 1970) Sarah Hoogenboom | P5 Presentation | 32



Renovation | MUWI Construction
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Renovation | MUWI Construction
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Renovation | MUWI Construction

Public Stairwell
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Renovation | MUWI Panel Renovation
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Renovation | MUWI Panel Renovation
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Renovation | MUWI Panel Renovation
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Bio-base Materials
Research & Analysis
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Bio-base Materials | Investigation
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Bio-base Materials | Investigation

o

Mycelium

Rye

Rice Peanuts Wheat Potatoes Barley Soybeans

Corn Sunflower Agave Alfalfa

Hemp

Bamboo
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Bio-base Materials | Origin, Composition, Assembly, Future
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Bio-base Materials | Selection

Bio-based Material

for Construction

Growing Time

~1 year

Bulk Growth
tivation

and Cul
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Grown in
CEA system

Plant Peak Height

<100 cm

Root Depth
<50 cm
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Bio-base Materials | Selection

Rice Barley Flax Wheat Dandelions Mycelium
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Bio-base Materials | Selection

Agriculture By-Product
Insulation, Facades, Particleboards

Natural Rubber

Sealant
13

Mycelium
Adhesive in straw composite
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Bio-base Material | Application
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Fiberglass Mycelium Composite Barley

Crop Residue

Hemp Wool

Rice Bales

Wheat

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

Open Field Controlled Environment Agriculture
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CEA | Vertical Farm Components

CEA Steel Structure
Artificial Lighting | LEDs

Base Grow Trays

Water Distribution
via Water Pump
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CEA | Plants in Vertical Farm

A

Ploghing Soil Transplanting Tillering Elongation Flowing Maturing
Period
Vegetative Growth | 46 Days Reproductive | 25 Days Maturing | 30 Days
Rice Growth Open Field Total 110-120 Days
Rice Growth Vertical Farm Total 50-63 Days
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CEA | Material Cultivation

CEA System
é/:]/z:el’ Water Reuse Energy
CEA Consf:/uction Ener Energy Local Transport Renovation Energy or
Nutrients R4 Sequesterd Carbon Release

Transport Application
Water
Energy Water Energy Distant Transport Renovation Energy Reuse Energy
Fertilizers Energy or
Nutrients Transport Sequesterd Carbon Release
Soil Tilling
Open Field
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Design

Circular Design
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The CEA

Origin
Social Impact . .
and Waste Management Bio-base Materials
Future CIRCULAR Composition
ECONOMY

The Renovation Application
Assembly
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ORIGIN |

e
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Rice Barley Flax Wheat Dandelions Mycelium
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COMPOSITION |

Interior

Interior Finish (if necessary)

Particle Board
Vapour Controlled Foil
Battens Structure

Insulation between Battens
Open Vapour Water Resistant Foil

Cladding Tl Exterior

Sarah Hoogenboom | P5 Presentation | 56



ASSEMBLY |




FUTURE |
Bio-base Material
Use and Application
== ”\\7

R Material
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End of Life Stage Options



Assembly

Circular Design
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ASSEMBLY | Glazed Facade

Timber Structure Framing

Facade Panels
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ASSEMBLY | Glazed Facade Detail
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Panel Extents : % >
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ASSEMBLY | Full Cover Facade

4 | Bio-based Panel Addition

(Torres, Garay-Martinez, 2021)



ASSEMBLY | Full Cover Facade Detail

Proposed Full Cover Facade Solution MUWI Existing Exterior Walls

Brick Construction

M ’ by Cavity
LI Waterproofing finish
o Io . MUWI Wall Blocks
Cavity + Vapour Control M Insulation

6¢cm Rice Particle Board
28cm Baley Bale Insulation
Open Vapour Foil

1cm Rice Cladding

Building Exterior

Plasterbord
Building Interior

p
4
® o o4
>
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IS

MUWI Existing Flooring
’ Prefabircated Concrete Section
Poured Gravel Concrete

] |

T

/\\ Preabricated Flooring Blocks
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Composition
Circular Design
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COMPOSITION | All Bio-base Materials

Compresesed Barley Finish Barley
Compressed PFA Flax Finish

Mycelium Finish on Timber Slats
Rice Husks and Composite Finish

Cladding

Dandelions
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Sealant

— Insulation
Dandelions
Mycelium Straw Composite
Wheat-Barley Straw
Particleboard Barely Straw
Rice Husks Compressed Rice Husks
Flax Straw Rice Huks Bales

Mycelium Composite Wheat
Mycelium Composite Flax
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COMPOSITION | Facade Materials

Barley Flax Rice Mycelium and Timber
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COMPOSITION | Insulation Materials
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COMPOSITION | Design Material and Panels

Facade Particleboard

Insulation

'
'

Panel Type

Mycelium + Wheat
Panel

Barley Panel

Barley + Flax
Panel

\

Rice Panel
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The Ideal Panel
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COMPOSITION | Selected Panel
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Origin

Circular Design
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ORIGIN | Background Materials

Harvests (per year) 6 4 4 5
Growing Height (cm) 70 60 90 100
Harvest Grain Index (%) 33% 28% 55% 31%
Component Straw Straw Straw Straw

45

Root Residue

Panel Based

Fungus Growth
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ORIGIN | Background CEA

Flax Wheat Dandelion

Rice

*--—--o

110 100 130

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

11.2 meters | \“\ = = B

260 meters

150 meters
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ORIGIN | Harvesting Schedule

Months

Insulation Barley

Facade Rice
Board Rice

Processing Period
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ORIGIN | Harvesting

Rice - 18 stack blocks - 6 harvests
Barley- 4.1 stack blocks - 6 harvests
Dandelions - 2 stack blocks - 7 harvests
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Future
Circular Design
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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

Single MUWI Building | 160 residents
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FUTURE | Single MUWI Renovation

1 Open Field | 1.9 km2

1 CEA Construction | 0.03 km2

4.5 Futbol Fields 260.5 Futbol Fields
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FUTURE | Single MUWI Renovation
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FUTURE | All MUWI Renovations
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FUTURE | All MUWI Renovations
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Urban Story
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Conclusions & Reflection
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Conclusion
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Conclusion

Week O Week 1 Week 2 Week 3

Growing Medium Sterilization

Cooling Period
Vermiculite + Powdered Rice

Pressure Cook with cover Cool before placing Mycelium Samples

Inoculate with Sample
Place sample in jar and cover
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Conclusion
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Reflection
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Thank you
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Conclusion
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Renovation | MUWI Renovation
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Renovation | MUWI Renovation
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