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(Natural Disasters 2018; CRED, 2019)

CLIMATE CHANGE
Natural disasters



CONTEXT AFRICA



CONTEXT MOZAMBIQUE



CONTEXT BEIRA



PROJECT IDEA
Target group



PROJECT SCALE
Small community

(United Nations, 2017)



Design by Research



(Weather & Climate, 2019)

PROJECT CONTEXT
Climate



(Schofield & Deprez, 2019)

IDAI CYCLONE
Facts





Drinking Water



(The World Bank, 2015)

DRINKING WATER ACCESS 10x

50x



(European Commission, Statista, 2014-2015; WHO, 2016)

WATER CONSUMPTION
Average consumption of tap water per person (liters/day)

10x

50x



(The Water Research Foundation, City of Cape Town, 2016)

GUIDE TO 50L PER DAY 10x

50x



(The Water Research Foundation, City of Cape Town, 2016)

GUIDE TO MAKE IT LESS

1600L

10x

50x



WATER QUALITY

1600L

(Water & Sanitation for the Urban Poor, 2019)

10x

50x



WATER PURIFICATION

1600L

10x

50x



1600L

SOLAR BASED SYSTEMS

(Luzi, Tobler, Suter, & Meierhofer, 2016; Saidur et al, 2011)

10x

50x



1600L

SOLAR BASED SYSTEMS 10x

50x

(Photo Courtesy Creative Publishing International)(The Science of Creativity) (All 4 Adventure)



SIMPLE SOLAR STILL

1600L

(Ali et al, 2011; Ligy, Ramprasad, Krithika, 2019)

10x

50x



OPPORTUNITIES & CHALLENGES

1600L

(Cannon & Au, 2008; Ligy, Ramprasad, Krithika, 2019; Shatat & Riffat, 2014)

10x

50x



1600L

POSSIBLE IMPROVEMENTS

(Ayber et al, 2005)

(Al-hayek, Badran, 2004)

(Adberachid, Abdenacer, 2013)

(Manchanda & Kumar, 2015)

10x

50x



1600L

IMPROVED SOLAR STILL

(Liu et al, 2017)

10x

50x



(Liu et al, 2017)



1600L

CLEAN WATER PRODUCTION

200M2

10x

50x



Electricity



200M2

1600L

(The World Bank, 2015)

ELECTRICITY ACCESS 10x

50x



200M2

1600L

ENERGY CONSUMPTION

(City Centre Retreat, 2018)

10x

50x



200M2

1600L

(NationMaster, 2005; Monari, 2011)

ENERGY CONSUMPTION 10x

50x



10x

50x

200M2

1600L

(IEA, 2016)

MINIMUM LEVEL OF ELECTRICITY

IS IT ENOUGH?



200M2

1600L

ENERGY TYPICAL USE 10x

50x



200M2

1600L

ENERGY OPTIMAL USE

0.012

0.300

10x

50x



200M2

1600L

ENERGY NECESSARY USE

0.012

0.060

0.300

10x

50x



200M2

ENERGY PRODUCTION NEED

13 300kWh

10x

50x



200M2

ENERGY GOAL

(UN, 2015; Zajicek, 2019)

13 300kWh

10x

50x



200M2

ENERGY PRODUCTION

(Cuamba et al., 2006)

13 300kWh
30PV, 50M2

10x

50x



Sanitation



200M2

SANITATION OVERVIEW

(UNICEF, 2017)

13 300kWh
30PV, 50M2

10x

50x



200M2

VIP LATRINE

(Jenkins, 2009; Tilley et al, 2014)

13 300kWh

( Shaw, WEDC, 2010)

30PV, 50M2

10x

50x



200M2

TWIN PIT LATRINE

(Tilley et al, 2014)

13 300kWh
30PV, 50M2

10x

50x



Mozambique, Kelvin TemboMozambique, Arup



200M2

SANITATION STRATEGY

13 300kWh
30PV, 50M2

10x

50x



Local Architecture



Mozambique, Fango Nsanje Mozambique, Dreams Time

Mozambique, Betty Muess



LOCAL MATERIALS

(Schofield & Deprez, 2019)



LOCAL CONSTRUCTION TECHNIQUE
Bamboo, Wood

Yasuyoshi Chiba/AFP/Getty Images Yasuyoshi Chiba/AFP/Getty Images



LOCAL CONSTRUCTION TECHNIQUE
Rock, Earth

Yasuyoshi Chiba/AFP/Getty ImagesTon Rulkens 2013



LOCAL CONSTRUCTION TECHNIQUE
Metal Sheet, Straw, Reed

Philip Kleinfeld/TNHPhilip Kleinfeld/TNH



Philip Kleinfeld/TNH

Intellectual Reserve, Inc. 2019Reuters

Reuters

Balagan Stock, Shutterstock



Masterstudents of Bergen School of Architecture

Asante

2009: Educational Building in Govuro, Mozambique.

2018: The Econef Children’s Center in Kingori, Tanzania

Masterstudents of Bergen School of Architecture

2009: Educational Building in Govuro, Mozambique.



Design Brief (PoR)



Research by Design



Architecture



ARCHITECTURE
Form & Scale



FUNCTIONAL LAYOUT
12 Modules



CENTRAL HUB
2 Modules - floorplan



CENTRAL HUB
2 Modules - section A-A



MODULE UNIT



BAMBOO STRUCTURE
Construction principles

(Hidalgo-López, 2003)



ASSEMBLY STEPS
Foundations



ASSEMBLY STEPS
Elevated floor +45cm



ASSEMBLY STEPS
Single-culm columns



ASSEMBLY STEPS
Main frame



ASSEMBLY STEPS
Diagonals



ASSEMBLY STEPS
Secondary roof frame



ASSEMBLY STEPS
Truss



ASSEMBLY STEPS
1 module



ASSEMBLY STEPS
Secondary roof substructure



ASSEMBLY STEPS
Metal sheet covering



ASSEMBLY STEPS
Main roof substructure - main beams



ASSEMBLY STEPS
Solar-still units / PV panels



ASSEMBLY STEPS
Openwork shading, wall bamboo slats



ASSEMBLY STEPS
Openwork shading, wall filling & plastering



WALL
Local construction technique



PHYSICAL MODEL
1:10 Maquette



PHYSICAL MODEL
1:10 Maquette



PHYSICAL MODEL
1:10 Maquette



Water System



WATER FLOW
Per user



RAINWATER COLLECTION
Main water source

(Climates To Travel, 2019)



WATER TANKS
System infrastructure



PRE-FILTRATION
Dirt Tank with Sand Filter

(CAWST, 2009)



SOLAR-STILL SYSTEM
Roof units



WATER BASIN
GFRP form



POLYSTYRENE BLOCK
Thermal barrier



FIBER-RICH PAPER
Carbon-coated wipes

SR511 TOKAI Carbon Black



TRANSPARENT COVER
Glass panel



UNIT DESIGN
System optimization



UNIT DESIGN
System optimization



SYSTEM MAINTENANCE
Service-free design



SYSTEM MAINTENANCE
Periodical cleaning



WATER SYSTEM MODULE
Solar-still roof



Electricity System



ENERGY SYSTEM MODULE
PV roof



PHOTOVOLTAICS
Electricity storage

Car battery 200Ah 12V

3x

7x



Sanitation Strategy



WASTE-WATER STRATEGY
Reduce, Reuse, Produce



BIOGAS PLANT
Energy for cooking and water heating

(Polit, 2013)



BIOGAS SYSTEM
Blackwater treatment



BIOGAS DEMAND
Plant input & output

BLACKWATER

(Panjwani, 2017)



BIOGAS BENEFIT
Life quality improvement



Mock-up



MOCK-UP
Prototyping





Water basin
1x1m





car putty filler



Plywood Mold
1x1m





GFRP Sample test



GFRP Sample test
Proportions



GFRP Sample test
Casting



Mold with waxMold without wax



GFRP Sample test
Water tightness



Fiberglass mat
Paper cardboard model



Tip: It is always better to buy more material than less…



Water basin casting
1x1 GFRP basin





GFRP Water basin
In mold





GFRP Water basin
Postprocessing

Surface sanding Edge trimming







Piping
Water input & output



Piping
3D printed reductions



Water pump
Aquarium pump



Piping
Drilled connections



Profiles
Support and water collection



Pipes
Dirt water input & output





Transparent cover
Wooden frame with ETFE



WOODEN FRAME ETFE 150MIC





RUBBER GASKET



TEST 1
(FAIL 1…)









IMPROVISING…



+POLYESTER LACQUER

Water basin topcoat
Polyester lacquer















Polystyrene block
With fiber-rich papers





Wipe test
Water performance





Polystyrene block
Testing





Polystyrene block
Cutting



Wipes coating
Black powder





2x COATING
NO RINSING

1x COATING
3x RINSING





2x COATING
3x RINSING

+DRYING BETWEEN

COATING
DRYING
COATING
DRYING
RINSING
DRYING

COATING
RINSING
DRYING

COATING
DRYING
COATING
DRYING



4x65 WIPES

Wipes coating
242 wipes





TOP (121 WIPES) 1M2 BOTTOM (TOUCHING WATER)





Polystyrene block with wipes
Water performance



Solar stills
Final units





Sand filter



Sand filter
Gravel and sand fractions







DIRT WATER TAP WATER 



DIRT WATER TAP WATER FILTERED

(HIGH PRESSURE)





Support structure
Cardboard tubes (as bamboo culms)



Support structure
Cardboard tubes (as bamboo culms)







TEST 2
(FAIL 2…)





ANGLE CHANGED
STILL NOT WORKING…



glass

ETFE

Glass improvising





PERFORMANCE TEST







TEST 1 – ETFE FAIL = 0L
TEST 2 – GLASS  - (15-17°C) = 4L
TEST 3 – GLASS – (16-21°C) = 6L (150%)



- Hot climate or summer sun
- No direct sun – air temperature
- +50% while temperature increased by 1-4°C
- No clear sky – no solar radiation
- Improvised glass - leaks
- West orientation and self-shading

LIMITATIONS
System performance



SOLAR-STILL SIMULATION
Heat Balance Model



SOLAR-STILL SIMULATION
Steady State Model



SOLAR-STILL SIMULATION
Parametric Model



2ND MOCK-UP TESTING
17.06.2020, Cardboard Tubes (Bamboo Structure)



2ND MOCK-UP TESTING
17.06.2020

INSIDE SOLAR-STILL OUTDOOR (SUN) OUTDOOR (SHADE)



SELF-SUFFICIENT HUB
Off-grid system



CONSTRUCTION MANUAL
Final Product



CONSTRUCTION MANUAL
Final Product



CONSTRUCTION MANUAL
Final Product



COST ESTIMATION
One module, One unit



Redesigned Disaster



THANK YOU.


