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LIVING TECHNOLOGY
Engineered Living Materials

(ELM)

POST-DISASTER HOUSING
(DR-Shelter)

LTF

LTFDR-SHELTER (Interdisciplinary approach)
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LTF SHELTER- Research Aim and Objectives

The main aim of this research is to investigate the application of ‘Living-Transforming Post-
Disaster shelter’ conceptual approach as a way of providing post-disaster housing
effectively

Objectives:
• Analyze the existing approaches for post-disaster housing and clarify the proposed ‘Transforming

Post-Disaster shelter’ conceptual approach
• Review the potential opportunities and challenges of new Engineered Living Materials (ELM) to

explore their effective applicability in the built environment.
• Evaluate the applicability of new engineered living materials (ELM) in ‘Transforming DR-shelter’

conceptual approach
• Determine the concept of ‘Living-Transforming DR-shelter’ approach
• Develop the ‘Living-Transforming DR-shelter’ framework of critical success factor (CSFs), challenges

and opportunities



LTF SHELTER – Contribution to Knowledge

DR Shelter   Design Requirements
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LTFDR-Shelter Framework

Making with life
Values   Needs   Ethics  Risks

Proactive approach 

LIVING TECHNOLOGYPOST-DISASTER HOUSING LTF





Issues in existing DR-shelter approaches - TIME

(Fengler, Ihsan, & Kaiser, 2008)
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Towards more sustainability

Making with life
Risks  Values   Needs   Ethics

LTFDR-SHELTER- Comparison to existing approaches

3-phased approach Transitional
Add value to next phase

Living-Transforming
Transform value to better quality for next phase
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LTF How to do 

UPGRADABLE REUSABLE RELOCATABLE RESALEABLE RECYCLABLE Transfunction Transfiguration Self-Healing Self-Assembling Self-CleaningSelf-Powerd

Emergency  response

Temporary  shelter

Permanent  reconstruction
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Transitional Shelter Approach 

Conventional Multi-phased unsustainable approach

without long-term Performance Consideration

Emergency  

response Temporary  

shelter Permanent  

reconstruction
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Living-Transforming  DR Shelter Approach 

HOWWHAT

POST-DISATER SHELTER PROVISION AND RECONSTRUCTION APPROACHES
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Problem
Major factors affecting effectiveness of DR-shelter approaches :

Reconstruction
inherently LONG PROCESS

Adverse effects on (i.e.):

Existing Solutions

RECONSTRUCTION DELAY

LESS MONEY and RESOURCES remain for Reconstruction 
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Quality
Satisfaction
health conditions 
livelihood of residents

RUSH RECONSTRUCTION
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In the face of not enough RESOURCES, capacity and infrastructure available
for QUICK Reconstruction 
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DR-shelters
Used LONGER than anticipated

End up being PERMANENT WITHOUT INTENTION or PREPARATION

Moving disaster victims from shelters to permanent houses as QUICKLY as possible

Cost overrun 
Poor quality of life
Low satisfaction due to 
delayed reconstruction

Cost overrun 
Poor quality of permanent house 
Low satisfaction of poor quality 
permanent house 

Economical Sustainability
Environmental Sustainability

Contribute MORE MONEY and RESOURCES on TEMPORARY  
accommodation with MORE PERMANENCY and QUALITY

Economical Sustainability
Environmental Sustainability
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LESS MONEY and RESOURCES remain for 
Reconstruction 

RESOURCESTIME

QUALITY
(efficiency)

B
A

LA
N

C
ED

Satisfaction

LOW SHORT-TERM 
SATISFACTION

RECONSTRUCTION DELAY

MORE RESOURCE NEEDED 
OVER SHORT PERIOD OF TIME

FEW RESOURCES AVAILABLE HENCE
LESS QUALITY OF RECONSTRUCTION

LOW LONG-TERM 
SATISFACTION

RUSH RECONSTRUCTION

PROLONGED RECONSTRUCTION
PROLONGED USE OF TEMPORARY ACCOMMODATION

POOR QUALITY OF LIFE

Time/Speed

Resources/Cost

Quality

Satisfaction

Significant effect of RESOURCES

Efficiency

LTFDR-SHELTER- “Resource Efficiency” from new methods of bio-production on site
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Towards more sustainability

Transitional Approach3-phased approach

Comparison of resource efficiency in existing DR-shelter approaches

Add value
to next phase

) 



CHARACTERISTICS OF TS-Shelters approach- Resource efficiency (How it adds value to next Phase)

UPGRADABLE REUSABLE RELOCATABLE RESALEABLE
RECYCLABLE
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Towards more sustainability



LTF SHELTER

Add value from phase to phase
Dependency on external help

Transform into a better value
Less dependant on external help
By resource manufacture on site
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Sustainable

C I R C L E

Spiral
Unlike circle never goes back to the same 
stage(growth)
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Prefabricated Shelter production- Just to be assembled on siteMaterial/Parts Production Material/Parts Production

Re- Trans-

LTF SHELTER-LIFESPAN-TIME- CHANGE- QUALITY- (Increase Quality to increase Permanency)

Days/Weeks Weeks/Months
Years

Days/Weeks Weeks/Months Years

Beyond-Sustainable
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LTFDR-SHELTER

Living-Transforming
Transform value to better quality for next phase



TransfigurationSelf-Healing Self-AssemblingSelf-CleaningSelf-Powered Transfunction

Towards Self-Sufficiency
(Self- )

Changing for the Better
(Trans- )

CHARACTERISTICS OF LTF APPROACH



Towards more sustainability

Making with life
Risks  Values   Needs   Ethics

LTFDR-SHELTER - Comparison to existing approaches to Resource efficiency 

3-phased approach Transitional
Add value to next phase

Living-Transforming
Transform value to better quality for next phase
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Bio-inspired
Bio-Utilization

Bio-derived
Bio-Assisted Bio-mimicry

Bio-design Categories

(Yao 2017)

(Baumeister, Tocke et al. 2012)
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bio-utilizatlon· 
acquire the product or 

producer 

sustainable harvest 

unsustainable harvest 

blo-assisted: 
domesticate the 

producer 

natural breeding 

transgenics 

bio-utlllzatlon blo assisted 

example 1: abalone nacre 

sustainable harvest of wild 

abalone for nacre 

over-harvesting of wild 

abalone for nacre 

natural breeding of abalone 

for farming 

genetic eng,neenng of abalone 

to create "better' nacre 

example 2: spider/silkworm silk 

sustainable harvest of 

s,lkworm s, k 

over-harvesting of 

s"lkworm s lk 

natural breeding to maximize 

silk production 

b10-engi,.,eering goats to 

produce silk proteins in milk 
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Engineered Living Materials

Engineered Living Materials 

• Rational Genetic 
Modifications 

• Multicellular Hierarchies 
• Prescribed Morphologies 
• Biopolymer Production 

• Cell as a Biofactory 
• Extend survivability 

• Self-healing building 
materials 

• Living fabrics that 
sense biometrics 

.,,.~ - Bioplastics with 
triggered degradation 

• Optimize metabolic performance 
• Sense environment dynamically 



Engineered Living Materials
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Engineered Living Materials Hub for Biotechnology in the Built Environment 
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UN, 2010. SAD, p.98.

18 assistance methods

4 labour methods

WASH Items

Shelter  

construction  

items
General items

3 materials methods

2 quality assurance methods

Capacity  
building

Supervision and  

technical expertise

Cash Vouchers

Market  
interventions

Local  

information  

centres

Return and  

transit items

Insurances,  

loans and  

guarantees
%

Advocacy,  legal 

and  administrative

Infrastructure  and 

settlement  planning

9 support methods

Environmental  and 
resource  
management

Community labourDirect labour

Contract labour Self-help

Diagram 18 assistance  methods

• Growing (self-assembling)
• Growing (material production)
• Growing (material specifications enhancement)
• self-healing

• Bacterial production of cellulose fibres and bioplastics•
Microbially synthesised mineral crystals to replace cement•
Bacterial spore-based materials which change shape in response to water
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• biological sensing systems
•

healthy ‘microbiome’/ 'good bacteria' within buildings

(people might live in greater harmony with environmental microbes and viruses in a healthy ‘microbiome’).
•

creation of probiotic materials, surfaces
•

probiotic ventilation systems
•
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Zero-energy living buildings •
bioluminescent lighting, walls and furniture •
microbial power and waste systems •
small-scale bioreactors for micro-generation of electricity from human waste•
production of nutrients for growing food from human and food waste•
enzymes that can degrade plastics to create valuable products within the home b
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LIVING TECHNOLOGY AS AN ASSISTANCE METHOD
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http://sheltercentre.org/sites/default/files/shelterafterdisasterguidelines2010_0.pdf


Minimize
the Energy FlowCartesian, 

object-centric view of 
architecture

Connect
Energy and Information flow

Share Resources

Natural Environment Built Environment

Systems Architecture
Beyond Sustainable
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(Armstrong, 2010)

LTFDR-SHELTER (Beyond Sustainable VS Environmental Sustainability)
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Conventional Multi-phased

unsustainable approach

without long-term 

Performance Consideration

Transitional Shelter Approach 

Living-Transforming Shelter Approach 

Emergency  response Temporary  shelter Permanent  reconstruction
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(Corsellis 2012)
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RESOURCES /COST – CASH DISTRIBUTION AND VALUE

Conventional Multi-phased

unsustainable approach without

long-term Performance Consideration

Emergency  response Temporary  shelter Permanent  
reconstruction

Value

Transitional Shelter Approach 

Value

Living-Transforming  DR Shelter Approach 

Value

Value Growth
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Conventional Multi-phased

unsustainable approach without 

long-term Performance 

Consideration

Transitional Shelter Approach 

Living-Transforming Shelter Approach 

RESOURCES, MATERIAL DISTRIBUTION

Emergency  response Temporary  shelter Permanent  reconstruction



UPGRADABLE

REUSABLE

RELOCATABLE

RESALEABLE

RECYCLABLE

Self-Assembling

A. Shelter design requirement
B. Organisms’ expected specification

WhatStrategy

How this LTF Characteristic contributes 
to sustainable TS characteristic

To WHAT TS characteristic and HOW each LTF characteristic can contribute through what Strategy

How
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CLIMATE

LTF ADAPTABILITY in terms of Insulation against: Rain, Wind, Coldness , Dampness in different climates

INSULATION

Cold

Mild

Damp Tropical

Arid

HOW

LTF

Trans-figuration

Self-Powered

Trans-function
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