
issue 01    DTNM

STEP 1:

STEP 2:
DISCOVER
NEW WATER
SOURCES

RECYCLE
WASTEWATER 

An overview of global water emergency based on data, experiments & experiences. 
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there is enough water.2018-2019

SLUDGE AS A RAW MATERIAL
Introducing treated wastewater as a 
new raw material with applications 
from city pavers to paper ink.  

CLEAN IT.
Join the new awareness movement 
demanding companies to stop water 
pollution by recycling wastewater.

STORING WATER FROM AIR
Local materials and techniques help 
to reduce water stress in dry areas 
by keeping the soil hydrated.

stop water pollu tion. k eep the cycle m
oving. close the loop.
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HOW CAN WE CLOSE THE 
WATER CONSUMPTION LOOP?
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The name ‘Thirsty crow’ comes from a childhood 
bedtime storybook ‘The Thirsty Crow’. The 

story is about a crow searching for water and his 
journey to reach the water source. Similarly, we 

need to re-evaluate our processes for water 
management and methods to source water.

This issue covers the various factors affecting 
global water emergency and showcases solutions 

and alternative methods to solve the same.  
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by
Khushboo Gandhi



Water is the most valuable commodity on the 
planet and we’re always surrounded by it. We 
can live for three weeks without food but we 
can’t survive for more than three days without 
water. Water is not running out, but every year 
more of us are sharing it. Access to a safe supply 
of water is a human right. However, with 
growing populations, global warming and 
contamination due to human activity, clean 
water has become a scarce resource. 

As the global water crisis worsens every year, the 
demand for a solution increases. This demand 
leads to collecting data from reliable sources like 
the UN (United Nations), FAO (Food and 
Agriculture Organization), talking to 
environmentalists and visting global design 
weeks to understand global water emergency 
from a bird’s-eye view. Data collected for this 

issue highlights the concept of virtual water and 
its footprint, the ratio between water supply and 
demand and the different factors that play a role 
in adding up the numbers. For example, South 
and East Asia consume the most percentage of 
water because more than half the population of 
the world resides over there. Due to uneven 
distribution the region faces water stress.

Based on the data studied the approach is 
divided in a two-step process to address the 
global water emergency. There is no single 
golden solution to avoid the global water crisis 
but a series of changes in behaviour, processes 
and materials used. The first step is to clean our 
current water sources by recycling and reusing 
treated wastewater. Water pollution leaves us 
with no clean water and a long list of diseases. 7 
million people die annually from water-related 

HOW CAN WE CLOSE THE
WATER CONSUMPTION LOOP?

02 03

diseasses. Kids are more vulnerable to fall sick 
due to water pollution. Water pollution is one of 
the major impacting factors of the water crisis. 
Water pollution also disbalances the ecosystem. 
Unlike trash we don’t see the wastewater 
generated by human actvities. When wastewater 
filled with toxins and chemicals mixes with 
freshwater sources it pollutes the entire 
ecosystem disrupting the life living inside and 
around the freshwater source. Treating 
wastewater is a crucial stage to closing the loop 
of water consumption. We need to raise 
awareness against sectors, industries and 
companies 
contributing to water 
pollution by educating 
the consumer to close 
the loop. Clear It. is an 
initiative to educate 
the customer about 
water pollution impact 
caused by a particular 
product. 
During my visit to 
DDW’18 last year, I 
came across Kaumera, 
a material made from treated waste water 
globally called ‘sludge’. Using Kaumera in 
different applications shows the potential of 
waste materials generated from recycling 
wastewater. It’s important to close the loop of 
current water sources before jumping to step 
two.

Purifying a depleting water supply is only the 
first step to the solution. We still need new 
water sources to meet our demands due to 
geographical and personal disbalances. New 
water sources is still an unexplored stream. 
Currently scientists and researchers have been 
able to capture fog, moisture and vapour to 
produce water from air but most of these 

products or materials are not available on the 
market yet. There’s an abundance of water 
around us in the air we breathe. Extracting 
water from the humidity in the air does not 
deplete the existing water supply. Water vapor 
can continue to be extracted from the air 
indefinitely without impacting the planet. Water 
vapour is present everywhere and is constantly 
generated due to natural and manmade activities 
like cooking, taking a shower or heat reactions. 

To achieve step 2 we need to take inspiration 
from nature. Learning from other species can 

help us reach our goals. 
Using biommicry as 
the prime 
methodology to mimic 
the structures, 
processes and 
behaviour patterns of 
species surviving in 
dry regions can give us 
promising results.

Current global 
approach to solve 

problems is practising human centered design, 
but I believe in choosing a life centered design 
approach keeping the ecosystem in mind. The 
entire ecosystem needs to live together in 
harmony.

This issue covers the different steps and projects 
required to close the water consumption loop.

KEY WORDS: Moisture harvesting, Biomimicry, 
Water pollution, Sludge, Capillary movement, 
Temperature difference
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OVERVIEW

1. GLOBAL IMPACT
Understanding the impact of data to
derive solutions based on insights. 

 1.1 Water supply & demand
    - Water availability
    - Water stress
    - Water scarcity
    - Water consumption
    - Virtual water

INTRODUCTION

FROM THE LAB 

ACKNOWLEDGEMENT

IDEAS SAVING THE WATER

2. CLOSE THE LOOP
Understanding the vision in different 
sectors for closing the water consumption loop. 

3. STEP 1 FOR CLOSING THE LOOP:
   RECYCLE WASTEWATER

This section highlights the benefits of treating 
wastewater and the growing bussiness market.

 3.1 Sharing experiences
 3.2 Sludge is good

    - Why recycle wastewater
    - Challenges
    - Opportunities
    - Recovering useful by-products

4. KAUMERA
Exploring applications with treated wastewater 
sludge from Netherlands. 

 4.1 Kaumera - Sludge based
      raw material
 4.2 Exploring with Kaumera 
 4.3 PRODUCT: Sludge Street 
 4.4 CAMPAIGN: Clean it. Raise
      awareness about water footprint

source: unsplash.com/ciancullen
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5. STEP 2 FOR CLOSING THE LOOP: 
    DISCOVER NEW WATER SOURCES

Exploring the importance of finding new ways of
sourcing water and highlighting future applications
and need in the market. 

 5.1 Understanding
       atmospheric water
 5.2 Current water supply network
 5.3 Relation between material,  
      texture & structure
 5.4 Material exploration
 5.5 Series of ‘trial & error’
 5.6 Work in progress recipes
 5.7 Next steps

BIBLIOGRAPHY

5. THE FUTURE
Showing the vision of the insights and projects
covered in this book and discussing different 
methods to achieve them.

6. SOIL MOISTURIZER
A product made with locally sourced materials to 
keep the soil hydrated during water scarcity.

 6.1 PRODUCT: Water Nanny

source: unsplash.com/alexhall



We often look at an object and appreciate 
the outer beauty but the story lies within the 
approach; the process of creation and the 
reason behind the object. The same
theory implies for any situation, material 
or emotion.
Marjan van Aubel, a Solar 
Designer is making solar energy 
approachable through design.
Prof. Pieter Desmet emphasises 
the role of emotions and 
experiences while designing. 
Marije Vogelzang, draws a 
connection between habits, 
culture and experiences related 
to food. Cameron Sinclair is a 
Humanitarian Designer 
providing shelter solutions for 
all. As a common thread, all 
these people are dedicated 
toward making primary life 
requirements accessible for all.  

Every aspect can have infinite 
viewpoints depending on how 
far you want to push the limits. 
The same thought can be 
ref lected while desigining a 
process, material or system. 
For example, sugar mixed with 
boiling water becomes viscous. 
The same sugar becomes f luffy 
when spun with heat. 

Concluding the ideology by ref lecting this 
process to address the global water 
emergency in this scenario.
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From the work table

FROM THE LAB

TAKE TWO OPPOSITES, 
CONNECT THE DOTS AND 
YOU’VE A STRAIGHT LINE.
-YAHIA LABABIDI

Khushboo Gandhi
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Accidents happen for a reason and there 
is always a connection between the 
known and the unkown.  I would like to 
thank all the random people, moments 
and impromptu plans which fueled my 
mind at the the right time. This has been 
an amazing journey of discovering new 
methods of working and finding the 
future path.

I would like to thank Elisava for 
conducting the DTNM Masters. Laura 
Cleries Garcia for conducting the course 
and guiding us through the project. 
Robert Thompson, Carlos Saez, Saúl 
Baeza, Gaston Lisak, Marta Gonzalez, 
Pere Llorach, Luis Eslava and Clara 
Guasch for mentoring and pushing my 
boundaries through the project. Guest 
lectures with Cristina Noguer, Arnau 
Llobet, Ane Guerra, Maria Botto and 
Anastasia Pistofidou for adding a fresh 
perspective to the development of the 
project. Grusha Dhawan for naming the 
project and products

Family, friends and f latmates for constant 
support, motivation and love.

Lastly, carrot cake cravings for helping 
me get through this journey like a piece 
of cake.

– Cafe d’estiu

– La Masala Cafe

– Barceloneta Sunday  
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– Bornet Cafe
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IDEAS SAVING
THE WATER.
IDEAS SAVING
THE WATER.

NEW WATER SOURCES

Projects from across the globe creating a close water consumption loop. 
These are innovators who build communities, materials and new systems 
for making clean water available for all.

Inventing new water 
sources based on 
temperature difference 
and material structure. 

MECHANISM

WATERSEER

Using structure to capture water.
STRUCTURE

WARKA TOWER

Using material porosity 
to capture vapour

MATERIAL STRUCTURE

MOF
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RECYCLE WATER

FILTER WATER

Speculative approach to 
recycle water at home. 

SYSTEM

Wastewater purification tile 
composed of locally sourced 
materials.

MATERIAL | STRUCTURE

The above projects are based on 

– locally sourced sustainable material
– using waste as a raw material
– inventing simple processes
– speculative projects for the future

INDUS BIO-ID

RARE G2G

Using structure to 
capture and filter 
water.

STRUCTURE

HOPE TREE

STRUCTURE

MEMBRANE

Using wastewater sludge as a 
new material source.

NEW MATERIAL

BLUE ROOF
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GLOBAL
IMPACT
Understanding the status of water sources.

This section covers the various terminologies and 
numbers affecting the global water crisis. It draws 
conclusions and insights from facts about the present
and the future. 

source: pixabay.com

Saline groundwater
0.93%

Freshwater
2.5%

Saline lakes
0.07%

Oceans
96.5%
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GLOBAL IMPACT

Water is not an infinite resource.
The availability of water is limited and is 
re-circulated as potable water in precipitation.
Globally, the annual precipitation on land is 
about 814 mm, of which 56 percent is 
evapotranspired by forests and other natural 
landscapes and 5 percent by rainfed
agriculture. The remaining 39 percent are the 
worldwide theoretically available annual 
renewable freshwater (surface water and 
groundwater) resources for human uses and the 
environment, which in 2014 is equal to 

16,000 LITRES PER PERSON PER DAY. 

DEPENDING ON DIET AND LIFESTYLE, 
ABOUT 2,000 TO 5,000 LITRES OF WATER 
IS SAID TO BE USED TO PRODUCE A 
PERSON’S DAILY FOOD CONSUMPTION AND 
MEET THE DAILY DRINKING WATER AND 
SANITATION REQUIREMENTS. 

Theoretically there is more than enough water 
available worldwide, even if taking into 
consideration the water needed to produce 
clothes and other consumable and 
nonconsumable goods. Unfortunately, 
freshwater is very unevenly distributed 
geographically and a large part of it is not easily 
accessible.

WATER SUPPLY & DEMAND:
Fresh water is a renewable but finite resource.

1.1 DISTRIBUTION OF WATER 

Global water

Groundwater
30.1%

Surface water &
other freshwater
1.3%

Glaciers &
Ice caps
68.6%

Biological water
0.22%

Atmospheric water
0.22%

Rivers
0.46%

Soil moisture
3.52%

Swamps & marshes
2.53%

Lakes
20.1%

Ice & snow
73.1%

Freshwater
Surface water &
other freshwater

Water supply talks about the natural freshwater sources available for human use based on 
groundwater and precipitation geographical distribution. Water demand covers the consumption of 
water including wastewater generated in the process and water required to produce food and goods. 

The difference between the two is the level of water stress and scarcity faced worldwide.
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GLOBAL IMPACT

Large differences in precipitation exist between 
continents, regions, countries and within 
countries. The map below explains the 
distribution of ground water aquifers and the 
amount of precipitation received in different 
regions across the globe. 
Temperature and population play a big role in 
the water supply of a region. Example, climate is 
moderate in Europe, while hot temperatures in 
large regions of Africa can result in considerable 
losses of water through extremely high 
evaporation.

Egypt with only 51 mm/year the country with 
the lowest precipitation worldwide, followed by 
Libya with 56 mm/year and Saudi Arabia with 
59 mm/year. However, thanks to the Nile river 
bringing a large amount of freshwater into 
Egypt each year, the renewable freshwater 
resources per person—1,900 litres per day in 
2013—are much higher than in Libya—300 
litres per day—and Saudi Arabia—230 litres per 

day, which both don’t benefit from external 
rivers.
Countries with the highest precipitation are 
usually islands, such as Sao Tome and Principe 
in Africa with 3,200 mm/year, Papua New 
Guinea in Asia with 3,142 mm/year or the 
Solomon Islands in Oceania with 3,028 
mm/year. Costa Rica in the Central America 
region is, with 2,926 mm/year, the continental 
country receiving the highest precipitation.
For most parts of India the rainfall occurs under 
the inf luence of the southwest monsoon 
between June and September, accounting for 
70-95 percent of the annual rainfall. However, 
in the southern coastal areas near the east coast 
much of the rainfall is inf luenced by the 
northeast monsoon during October and 
November. And while the average annual 
rainfall over the country is 1,170 mm, it varies 
from 150 mm in the northwest desert of 
Rajasthan to more than 10,000 mm on the 
Khasi hills in the northeast.

1.2 PRECIPITATION AND GROUND WATER OVERVIEW 

Major regional 
aquifer system

Complex 
aquifer system

Local minor 
aquifer system

North Africa
96mm / year

South America + Caribbean
1,600mm / year

North America
637mm / year

Rest Of Africa
677mm / year

Sub Saharan Africa
800mm / year

Rest Of Europe
545mm / year

Western +
Central Europe
800mm / year

Middle East Asia
85mm / year

South + East Asia
1,139mm / year
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GLOBAL IMPACT

WATER STRESS

Water stress is the overexploitation of 
freshwater sources. It can be caused by 
climate, population or water widthrawal. 
Overexploitation is caused due to the depletion 
of groundwater, over-consumption of fossil 
non-renewable groundwater or mandatory use 
of non-conventional water. Regions where 
widthrawal largely exceeds the renewable water 
sources are prone to witness the side effects of 
overexploitation of water.
While all continents have sufficient water 
resources to cover the daily requirements in 
2013, large differences exist between continents, 
regions, countries and within countries. The 
map below shows the ratio between the 
availability and consumption of water per person 
per day based on climate and population 
differences.

For example, in Australia unfortunately the 
population is concentrated in areas where water 
is already scarce.
In India, most of the renewable water resources 
are generated during the three month monsoon 
period during which 70-95 percent of the 
annual precipitation occurs.

NOTE: Just for domestic purposes, in rich 
countries water withdrawal can go up to 800 
litres per person per day, against only 10 litres 
per person per day in very poor countries.

1.3 RATIO BETWEEN FRESHWATER SUPPLY & DEMAND PER PERSON

ICELAND RECEIVES
1.4 MILLION LITRES/DAY

KUWAIT RECEIVES 16 LITRES/DAY

Demand Supply

North America (wettest continent)
46% of renewable freshwater sources 
for 30% of global land area
55,500 litres/day

South America 
29% of renewable 
freshwater sources for 
13% of global land area
86,600 litres/day

Oceania (low 
population density)
2% of renewable 
freshwater sources for 
6% of global land area
81,000 litres/day

Asia
7,500 litres/day

China
(dry north & humid south)
5,500 litres/day

India (dry northwest 
and wetter east)
4,200 litres/day

North Africa
750 litres/day

Europe
55,500 litres/day

Arabian Peninsula
230 litres/day
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GLOBAL IMPACT

WATER SCARCITY
Water scarcity is an abstract concept to many 
and a stark reality for others. Water scarcity is 
the result of regions facing overexploitation of 
freshwater sources.

NOTE: Water stress starts when the water 
available in a country drops below 4,600 
litres/day per person. Water scarcity is 
experienced when the 2,700 litres/day per 
person threshold is crossed. Absolute water 
scarcity is considered for countries with less 
1,400 litres/day per person. By this definition, 
49 countries are water stressed, 9 of which 
experience water scarcity and 21 absolute water 
scarcity.

Water scarcity is a result of consumption caused 
primarily by the extensive use of water in 
agriculture/livestock breeding and industry. A 
large part of this is indirect use in 
water-intensive agricultural and industrial 
production processes of consumer goods, such as 
fruit, oil seed crops and cotton. Because many of 
these production chains have been globalised, a 
lot of water in developing countries is being 

used and polluted in order to produce goods 
destined for consumption in developed 
countries. Directly and indirectly people in 
developed countries generally use about 10 times 
more water daily than those in developing 
countries.

IN THEORY, THERE IS MORE THAN ENOUGH 
FRESHWATER AVAILABLE TO MEET THE 
DEMANDS OF THE CURRENT WORLD 
POPULATION OF MORE THAN 7 BILLION 
PEOPLE, AND EVEN SUPPORT POPULATION 
GROWTH TO 9 BILLION OR MORE. DUE TO 
THE UNEQUAL GEOGRAPHICAL 
DISTRIBUTION AND ESPECIALLY THE 
UNEQUAL CONSUMPTION OF WATER, 
HOWEVER, IT IS A SCARCE RESOURCE IN 
SOME PARTS OF THE WORLD AND FOR 
SOME PARTS OF THE POPULATION.

1/3 of the global population 
(2 billion people) live under 
conditions of severe water 
scarcity at least 1 month of 
the year.

1/2 a billion people in the 
world face severe water 
scarcity all year round.

1/2 of the world’s largest 
cities experience water 
scarcity. 1.4 WATER SCARCITY

> = 70%

25% - 70%

10% - 25%

0 - 10%

Not applicable

If current trends 
continue, demand is 
expected to outstrip 
supply by 40% in 2030.

1 in 9
people

lack access to 
safe water

15
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source: unsplash.com/mrjn
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GLOBAL IMPACT

WATER CONSUMPTION

Water plays an important role in the world 
economy. Water consumption refers to water 
that has been removed from its source for a 
specific use. The major sectors that withdraw 
water are irrigated agriculture, industries and 
municipalities. Large differences in water 
withdrawal, both geographically and between 
the different sectors, exist.
Global water withdrawal increased from less 
than 600 km3/year in 1900 to almost 4,000 
km3/year in 2010. Globally, water withdrawal 
has increased 1.7 times faster than population 
over the last century.

Agriculture—including irrigation, livestock 
watering and cleaning, and aquaculture.
The importance of agricultural water 
withdrawal is highly dependent on both climate 
and the place of agriculture in the economy.
27 countries dedicate more than 90 percent of 
their water withdrawal to agriculture, and 8 
countries even more than 95 percent. On the 
other hand, 36 countries dedicate less than 10 
percent of their water withdrawal to agriculture, 
and 24 countries less than 5 percent, most of 
them located in the non Mediterranean 
countries of Europe, where both the climate is 

moderate and the place of agriculture in the 
economy is lower.
The total annual irrigation water requirement 
accounts for 1,500 km3 globally. To meet
this requirement around 2,700 km3 is 
withdrawn, from renewable, nonrenewable and 
non-conventional sources of water, such as 
direct use of wastewater and agricultural 
drainage water and—due to its costs—in a very 
few cases desalinated water.

In the United States of America 90 percent of 
the water withdrawal for industries is for cooling 
of thermoelectric plants. About 64 percent of the 
world's water withdrawal is withdrawn by the 
Asian continent and more than half of the water 
withdrawal is withdrawn in the Southern and 
Eastern Asia region. At the same time the 
Southern and Eastern Asia region also hosts 
more than half of the world's population and 
almost 60 percent of world's area equipped for 
irrigation.

1.5 CONSUMPTION BY SECTOR

69% Agriculture

19% Muncipalities

12% Industries 

1.6 CONSUMPTION BY CONTINENT

Europe

America

Oceania

Asia

Africa

World

60% 20% 20%

50% 18% 32%

60% 25 15%

80% 10% 10%

80% 15% 5%

70% 15% 15%
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The term Virtual Water was coined by water 
guru Prof. Tony Allan. The concept of virtual 
water helps us realize how much water is needed 
to produce the goods we use and the food we 
eat. It calculates the invisible water required. 

It takes water to grow or make most things: cars, 
furniture, books, electronics, buildings, 
jewellery, toys, and even electricity. This water, 
which often goes largely unseen, is often called 
“virtual water.” What gets forgotten is that 
virtual water is as real as the water you drink.

NOTE: The net amount of freshwater 
consumed or polluted to grow or make 
something, be it a lemon, cellphone, or glass of 
wine, is the product’s water footprint.

VIRTUAL WATER

1.8 DOMESTIC CONSUMPTION PER PERSON / DAY

1.7 TOP 5 WATER FOOTPRINT CONTRIBUTORS

THE AVERAGE 
DOMESTIC 
CONSUMPTION IS 
137 LITRES OF 
WATER / DAY.

5%

10%

20%

30%

35%

Cleaning

Bathing & showering

Flushing toilet

Laundry

Cooking & drinking

India

China

Russia

United States

Brazil

Souh Africa

1,182 billion

1,207 billion

396 million

1,053 billion

482 billion

59 billion

GLOBAL IMPACT
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GLOBAL IMPACTGLOBAL IMPACT

WATER FOOTPRINT BY THE 
INDUSTRIAL SECTOR 

2.1% TEXTILE SECTOR
IS EQUIVALENT TO
1.5 TRILLION LITRES OF 
WATER USED BY THE 
FASHION INDUSTRY
EVERY YEAR.

Thermal Power

Pulp & paper

Textiles

Steel

Sugar

Fertilizer

Engineering

Other

88%

2.3%

2.1%

1.3%

0.5%

0.8%

5.1%

0.8%
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GLOBAL IMPACTGLOBAL IMPACT

WATER FOOTPRINT BY THE 
AGRICULTIRE SECTOR

Industry

Industry + Agriculture

Industry + Domestic

Domestic

Domestic + Industry

Domestic + Agriculture

Agriculture

Agriculture + Industry

Agriculture + Domestic

No data

Animal products

Cereals & beer

Vegetables, fruit, nuts & wine

Sugar & sweeteners

Oilseed crops & oils

Coffee, Tea, Cocoa & tobacco

Other crops

53%

11%

9%

5%

8%

8%

6%

1.9 WATER FOOTPRINT BASED ON SECTORS AND CONTINENTS
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CLOSE
THE LOOP
CLOSE
THE LOOP

1. Alternative low water 
consuming processes

2. Raise awareness

– Power generating plants
– Better irrigation process
– Water consumption for growing sugarcane, coffee, cotton, rice
– Better textile processes

– Water consumption by various sectors
– Impact of micro waste in water on living species
– Water polluting sectors

There are multiple ways to keep our water sources clean and 
healthy. Mentioned below are various routes to close the loop 
and keep the cycle running.

21

5. New water 
sources

4. Treating 
wastewater

3. Use of invasive 
aquatic plants

– Condensing vapour
– Creating water absorbing textures
– Using material structure to capture fog
– Capturing water from dry air & humidity
– Filtering salt water

– Sewage waste
– Chemical waste 
– Industrial waste; textile industry
– Creating an independent recycling
   waste water system
– Making locally available filter system
– Finding different uses for sludge 

– Eutrophication (blue green algae), water    
   hyacinth are names of common invasive 
   aquatic plants
– Deriving a material from invasive plants
– Using a material to stop the growth of  
   invasive plants
  

CLOSE THE LOOP

There is scope for 
improvement within the 
water industry to improve 
processes, use waste 
generated from treated water 
as a new material and to raise 
awareness. 
Looking at data from the 
previous chapter, the demand 
for more solutions in the 
future is going to increase 
rapidly and there will be 
stable growth in this sector.

source: unsplash.com/samuelscrimshaw
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Do you know where the water from the drain goes?

STEP 1 FOR 
CLOSING THE LOOP:

RECYCLE
WASTEWATER 

As we know water is a finite resource, the first step in the attempt of 
approaching global water emergency is to recycle wastewater produced 
during the production of any goods and services. During the recycling 
process the leftover dirt is called ‘sludge’ which can be repurposed to give 
itself value and function as it’s rich in nutrients. 
This section explores the importance of recycling wastewater,
city paver made out of Kaumera, a sludge-based material and a campaign
to raise awareness about water pollution by asking companies to take 
responsible actions towards treating wastewater.

source: unsplash.com/skye

23

In 2017, a 14 day cycling trip in the Himalayas 
intrigued me about things which make a 
difference but are not visible.
Camping between mountains ranging from 
15,000ft to 17,000ft makes you question the 
basic facilites provided in a city. These 
mountains don’t have water pipes to transport 
water or eletricity poles to 
provide energy. In that moment 
you see the waste produced by 
human activites become a part 
of nature. While washing 
clothes in a f lowing river at the 
campsite made me question, 
‘Where is the water taking the 
detergent? What is the detergent 
made with? Is it harmful?’ 
In the city, clothes get cleaned 
in a washing machine and 
utensils get cleaned in a sink. 
The dirty water with chemicals 
is drained through a pipe. But 
where does the pipe end? 
Where does this water go? What happens with 
wastewater? This is unseen waste.
This scenario made me curious about the 
unintended harm we cause to our surroundings.
We’re mindful of lifestyle waste which goes in 
the bin as we can see it. What about the waste 
our dishwashers, washing machines, kitchen 
sinks and bathrooms create everyday?

Every day the water is polluted with 
harmful chemicals which clean our 
houses, clothes & utensils but leave 
our environment dirty.
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OUT OF SIGHT,
OUT OF MIND.

STEP 1: RECYCLE WASTEWATER 
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STEP 1: RECYCLE WASTEWATER 

SLUDGE
IS GOOD
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STEP 1: RECYCLE WASTEWATER 

Wastewater is any water that has been affected 
by human use. It is used or processed water from 
any combination of domestic, industrial, 
commercial or agricultural activities. The 
leftover solids found in wastewater are called 
sludge. It is a semi-solid slurry viscous mixture 
commonly used as biomass, biogas or fertilizer. 
The information below will open new windows 
for different application of sludge.

WHY RECYCLE WASTEWATER
Wastewater remains an undervalued resource, 
often seen as a burden to be disposed off or a 
nuisance to be ignored.
This perception needs to change to correctly 
ref lect its true value. Wastewater can be a 
potentially safe, affordable and sustainable source 
of water, energy, nutrients, organic matter and 
other useful by-products (e.g. metals). This is 
especially important in the context of a circular   
economy, whereby economic development is 
balanced with environmental protection, and 
where a cleaner and more sustainable economy 
has a positive effect on water quality.
Actions to improve wastewater management fall 
under one of the ‘four R’s’:

• Reducing pollution at the source
• Removing contaminants from wastewater f lows
• Reusing treated wastewater
• Recovering useful by-products

WASTEWATER IS ROUGHLY COMPOSED OF 
99% WATER AND 1% SUSPENDED, 
COLLOIDAL AND DISSOLVED SOLIDS.

The consequences of releasing untreated or 
inadequately treated wastewater can be classified 
into three groups:
i) harmful effects on human health;
ii) negative environmental impacts; and
iii) adverse repercussions on economic activities.

NOTE: A circular approach to controlling and 
regulating various wastewater f lows is the 
ultimate purpose of improved wastewater 
management. The management cycle can be 
broken down into four phases:
i) Prevention of the pollution at the source
ii) Wastewater collection and treatment
iii) Using wastewater as an alternative source
     of water
iv) The recovery of useful by-products

CHALLENGES
• Barriers to the use of reclaimed water and 

recovered by-products are often economic and 
regulatory, rather than technical. 

• Overcoming negative public perceptions (i.e. the 
‘yuck factor’) is critical to implementing water 
reuse schemes. Raising awareness and education, 
tailored to consumers with different cultural and 
religious backgrounds, are the main tools to 
overcome social, cultural and consumer barriers.

• Appropriate pricing of water from all sources to 
ref lect its actual cost enables investments that 
can translate into affordable service delivery for 
all, including the poor.

2.1 WASTEWATER PRODUCTION

60% Agriculture wastewater

12% Muncipality wastewater

28% Industrial wastewater
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STEP 1: RECYCLE WASTEWATER 

OPPORTUNITIES

• The costs of wastewater management are 
greatly outweighed by the benefits to human 
health, economic development and 
environmental sustainability providing new 
business opportunities and creating more 
‘green’ jobs. (UN-Water, 2011)

• Water availability is also affected by pollution. 
Most problems related to water quality are 
caused by intensive agriculture, industrial 
production, mining and untreated urban 
runoff and wastewater. (UN-Water, 2011)

• By 2050, close to 70% of the world’s 
population will live in cities, compared to 
50% today. Currently, most cities do not have 
inadequate infrastructure and resources to 
address wastewater management in an 
efficient and sustainable way. (UNDESA, 
2014)

• 1.8 billion people use a source of drinking 
water contaminated with faeces, putting them 
at risk of contracting cholera, dysentery, 
typhoid and polio. (WHO/UNICEF 2015)

• Since the 1990s, water pollution has worsened 
in almost all rivers in Africa, Asia and Latin 
America (UNEP, 2016a).

RECOVERING USEFUL BY-PRODUCTS

• Wastewater can also be a cost-effective and 
sustainable source of energy, nutrients and 
other recoverable by-products, with direct 
benefits to food and energy security. As such, 
wastewater is poised to play a pivotal role in 
the transition towards a circular economy. 
However, wastewater’s vast potential as a 
source of recoverable by-products remains 
largely underexploited.

• Energy can be recovered from wastewater in 
the form of biofuel, biogas, heat, and electricity 
generation (e.g. turbines). Energy recovery has 
significant business potential for wastewater 
management in terms of reducing its energy 
use, its operational costs and its carbon 
footprint. 

• The development of technologies for 
recovering nutrients like nitrogen and 
especially phosphorus, from sewage sludge is 
advancing. It is now both technically and 
financially feasible to transform these nutrients 
into fertilizer.

 • Phosphorus recovery from wastewater is 
becoming an increasingly viable alternative to 
scarce and depleting mineral phosphorus 
reserves. Recycling human waste worldwide 
could satisfy an estimated 22% of the global 
demand for phosphorus. Urine is a particularly 
rich source of phosphorus. It is likely that urine 
collection and use will become an increasingly 
important component of ecological wastewater 
management, as it contains 88% of the 
nitrogen and 66% of the phosphorus found in 
human waste.

• The recovery of nutrients and energy can add 
significant revenue streams to help cover the 
investment and operational costs of wastewater 
treatment and sanitation.

99%
+ 1% sludge = wastewater
water

STEP 1: RECYCLE WASTEWATER 

source: unsplash.com/mihalykoles
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KAUMERA
This article explores the various applications 
possible with the new raw material Kaumera. It 
displays the process of being used as a street 
paver and a paper ink at the same time.  

Kaumera Nereda® Gum is a new biological raw 
material that is extracted from sludge granules 
that form during the Nereda® purification 
process. This year the first factory in the world 
is being built to produce this innovative raw 
material. Due to the unique properties of the 
Kaumera biopolymer, infinite applications are 
possible that previously could only be achieved 
with chemical raw materials.

Kaumera is a versatile name for a versatile 
product. Kaumera means 'chameleon' in Maori, 
the language of the original inhabitants of New 
Zealand. The chameleon is known for its 
colorful transformation and adaptability. This 
makes the chameleon a wonderfully f lexible, 
effective and versatile animal.
By combining Kaumera Nereda® Gum with 
another raw material the character of the 
material changes. Kaumera is an amplifier and 
connector of features. 

Kaumera can retain water but can also repel. 
This makes various applications possible. For 
example, a reduction in the leaching of 
fertilizers in agriculture. As a result, crops 
absorb fertilizers better. The water-repellent 
properties also make Kaumera an excellent 
coating for concrete f loors.

www.kaumera.com

Sludge based new raw material
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KAUMERA

DATA SHEET
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Various base materials, cross linkers and fibrous 
yarns are used to try different possibilites. Glycerine 
is added in a few samples as a plasticizer to make 
them less brittle. The chemical exploration of 
samples are based in 3 categories:

• With a goal to create RUBBER BIOPLASTICS

• Checking sample results based on DIFFERENT

FIBRE ADDITIONS

• Finding a REPLACEMENT FOR STREET PAVERS.

The physical exploration of samples varied in
shape, thickness and surface texture.

The following ingredients 
were used in different 
combinations and ratios.

• Agar agar

• Kaolin

• Volcani rock

• Sodium bicarbonate

• Ash

• Carboxymethyl cellulose

• Cat hair

• Microfibre waste

• Dried corn leaf fibre

• Textile waste fibre

• Glycerine

• Tea tree oil

SAMPLE CATEGORIES

INGREDIENT LIST

KAUMERA

MATERIAL 
CHARACTERISTICS

Based on the data sheet 
provided for the raw material 
the following conlusions were 
drawn:

• The pH of the raw material is 
acidic in natural state. An 
alkaline base needs to be added 
to neutralize the pH.

• The material consists 
40% of proteins making it a 
natural polymer.

• The raw material consists 
approximately  20% of  sugars 
making it a good binder.

• Due to the organic content it 
reacts with most metals.

• The raw material is available in 
two states; gel and granular. 
The gel base material is 
difficult to dry.

• Lastly, this raw material has a 
very strong odour.
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KAUMERA

possibilities with Kaumera
EXPLORING

The raw material was first 
tried with minimal 

ingredients to test f lexibility 
and rigidness of the 

material. Based on the 
results and the data sheet 

new samples were created to 
explore the various 

properties of Kaumera.

Kaumera
+ textile waste f ibres Kaumera

+ volcanic stone
& kaolin

Kaumera
+ cat hair

Kaumera
+ textile waste f ibres

Kaumera
+ kaolin

Kaumera
+ starch

Kaumera
+ starch

Kaumera
+ microfibre waste 
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Kaumera, Kaolin, 
Textile waste, 
Glycerine, Ash, 
Bicarbonate soda, 

All the ingredients 
were kneaded 
together like 
dough and then 
f lattened using a 
rolling pin.

Thin, semi 
f lexible, fragile, 
plaster like 
material

Inside layer of 
walls

Kaumera,
Textile waste

Both the 
ingredients were 
mixed and spread 
over a creased 
plastic bag for an 
uneven texture. 
The material was 
let to air dry for a 
week to let the 
water evaporate.

Thin, rigid, sturdy

N.A.

Kaumera, 
Microfibre waste

Both the 
ingredients were 
mixed and 
transferred into a 
silicon mould. The 
material took very 
long to dry.

Fragile, thin, soft, 
absorbent

N.A.

Kaumera, Kaolin, 
Textile waste, 
Glycerine,  
Bicarbonate soda, 

All the ingredients 
were kneaded 
together like 
dough and then 
f lattened using a 
rolling pin.

Thin, semi 
f lexible, fragile, 
plaster like 
material

Inside layer of 
walls

Kaumera, Alginate 
soda, Glycerine,  
Bicarbonate soda, 
Cat hair

Except for cat hair 
all the ingredients 
were mixed and 
heated together. 
Next, cat hair 
between these two 
layers was heat 
pressed together.

Brittle, fragile, 
semi f lexible

N.A.
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KAUMERA

5.

4.

3.

2.
1.

1. 2. 3. 4. 5.

DIFFERENT FIBRE ADDITIONS
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1.

1. 2.

1. 2.
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Kaumera, Kaolin, 
Ash, Bicarbonate 
soda, Dry corn 
leaf, Tea tree oil, 
Carboxymethyl 
cellulose

All the ingredients 
were mixed 
together, baked for 
2hrs at 130 degree 
after 5hrs of air 
drying. 

Porous, sturdy, 
rigid

Replace street 
pavers, replace 
concrete

Kaumera, Kaolin, 
Ash, Bicarbonate 
soda, Dry corn 
leaf, Tea tree oil, 
Carboxymethyl 
cellulose, Volcani 
rock

All the ingredients 
were mixed 
together, baked for 
2hrs at 130 degree 
after 5hrs of air 
drying. 

Porous, sturdy, 
rigid

Replace street 
pavers, replace 
concrete
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Kaumera, Agar 
agar, Microfibre 
waste, Glycerine, 
Bicarbonate soda

All the ingredients 
were heated 
together and then 
baked for 1hr at 
150 degree.

Slight bounce, 
f lexible, curling of 
mateiral

Tartan track 
replacement

Kaumera, Agar 
agar, glycerine

All the ingredients 
were heated 
together and then 
baked for 1hr at 
150 degree.

Shrinkage, slight 
bounce, curling of 
material, 

Tartan track 
replacement
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1. 2.

STREET PAVER REPLACEMENT

RUBBER BIOPLASTIC
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KAUMERA

‘Sludge Street’ pavers break the negative public 
perception of sludge by making them socially acceptable.

These pavers have the potential of replacing concrete 
pavers and closing the water consumption loop. 

INTRODUCING

‘SLUDGE STREET’ IS A 
SUSTAINABLE PAVER MADE 
WITH 100% NATURAL 
MATERIALS CONSTITUTING 
30% KAUMERA. 
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A LIGHTWEIGHT 
CONCRETE PAVER 
REPLACEMENT 
FOR CITIES.

WHY PAVERS?

Sludge is produced in huge quantities and is a 
reliable material of the future as it’s constantly 
being produced due to human activities. Since 
70% of the population will live in cities by 2050, 
sludge can be used to construct brick pavers for 
these cities. This reduces the use of concrete and 
helps to spread awareness about water pollution 
and its impacts on the ecosystem.



INGREDIENTS USED FOR
MAKING THE PAVER:

KAOLIN sustainable material

Kaolinite is a clay mineral, 
part of the group of 
industrial minerals. It is a 
layered silicate mineral, with 
one tetrahedral sheet of silica 
linked through oxygen 
atoms to one octahedral 
sheet of alumina octahedra.

VOLCANIC ROCK sustainable material

Volcanic rock is an igneous
rock of volcanic origin.

SODIUM BICARBONATE

sustainable material

Is a salt composed of a sodium 
cation and a bicarbonate anion.

KAUMERA 
sustainable material

CARBOXYMETHYL CELLULOSE 
sustainable material

Carboxymethyl cellulose or 
cellulose gum is a cellulose 
derivative with carboxymethyl 
groups bound to some of the 
hydroxyl groups of the 
glucopyranose monomers that 
make up the cellulose backbone. 

DRIED CORN LEAF FIBRE 
sustainable material

TEA TREE OIL sustainable material

Is an essential oil with a fresh 
camphoraceous odor 

DISTILLED WATER

sustainable material

Is a polymer
binder

Is a base
constituent
material

Is a base
constituent
material

Is used as a
odour blocker

Is used as a
cross linker

Are added
to increase
tenacity

Balances
the pH
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KAUMERA

A wooden mould is handcrafted to create a 
paver with the Barcelona f lower insertion as an 
impression on the paver.
All the ingredients are mixed in order and 
poured inside the mould. The f lower is then 
pressed into the mould to create an impression. 
The paver is ready after natural sun drying 
followed by 2hrs of baking in an oven at 130 
degree temperature. Moss is added in the end to  
make it aesthetically appealing.

THE JOURNEY

PRE PRODUCTION PROCESS
(MOULD MAKING)

POST PRODUCTION PROCESS
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KAUMERA

PRODUCT 
CHARACTERISTICS

• Lightweight

• No odour

• Grey colour

• Sturdy

• Rigid

• Porous
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KAUMERA

• It’s been a great experience to work with a real 
client and a material of the future with multiple 
applications. 

• Following a material driven approach to find 
applications for a new material based on the data 
sheet provided to understand the capability of 
the material. 

• Solving technical issues like material shrinkage 
and odour based on understanding the chemical 
reactions between materials.

• Mixing materials based on its mechanical and 
chemical properties as per the results required. 

• Following a low energy consumption process 
and not using harmful chemical materials.

• Lastly, changing the negative perception of 
wastewater and its uses by making it acceptable 
and raising awareness.

CITY PAVER MADE WITH 
WASTEWATER IS 
ECONOMICALLY EQUIVALENT 
AND ECOLOGICALLY PROFITABLE  
TO CURRENT OPTIONS 
AVAILABLE IN THE MARKET.

OTHER APPLICATIONS

LEARNINGS

‘Sludge Street’ can be used as -

• Roof tile

• Road mixture to replace concrete

• Material to make plant pots

• Interior products 

• Paper weight

BUSINESS MODEL
TARGET CUSTOMER

• City council

• Urban city developers

• Architects and contractors involved in road and 
pavement construction

• Companies alloted by government for new 
public space development

KEY PARTNERS

• Exisitng paver making factory to produce
‘Sludge Street’

• Storage space for raw material 

• Management and quality control team

• Delivery system of pavers to the site

KEY RESOURCES

• Certified and treated raw material Kaumera 
provided by the company

• Locally sourced natural material

• Fixed recipe and production process

• Support from the government



80% 
In a world where demands for 
freshwater are ever growing, and 
where limited water resources are 
increasingly stressed by 
over-abstraction, pollution and 
climate change, neglecting the 
opportunities arising from 
improved wastewater management 
is nothing less than unthinkable in 
the context of a circular economy.  

of the world’s 
wastewater flows 
back untreated into 
the environment.
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source: pixabay.com
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KAUMERA

INTRODUCING

The campaign ‘Clean It’ is 
about water footprint 
awareness. Making the 
consumer aware of the 
wastewater produced in the 
making of the product and 
for brands to treat 
wastewater before disposal.
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PRINT SLUDGE

Communicating with the end customer helps 
raise awareness within people. Making the pre 
and post consumption of water transperant helps 
to keep the cycle moving and close the loop.

‘Print Sludge’ is used to produce product tags to 
create an impact on the purchase decision made 
by the customer. The idea is to make people 
aware of the water footprint. Awareness leads to 
demand from industries, companies and brands 
to treat wastewater before dispoal.

PAPER INK 
MADE FROM
KAUMERA.

The name ‘Clean It.’ 
comes from the 
expression ‘stop it’ which 
emotes taking action 
rather than ignoring. 

43

INGREDIENTS USED FOR
MAKING THE INK:

KAUMERA 
sustainable material

Is a polymer
binder

AGAR AGAR sustainable material

Agar or agar-agar is a jelly-like 
substance, obtained from red algae. 
Agar is a mixture of two 
components: the linear 
polysaccharide agarose, and a 
heterogeneous mixture of smaller 
molecules called agaropectin.

Is used for
consistency

VINEGAR sustainable material

Vinegar is an aqueous 
solution of acetic acid and 
trace chemicals.

Balances pH 
and emulsifies 
the mixture

DISTILLED WATER

sustainable material

KAUMERA
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A plastic stencil screen is used to print the tag. 
All the ingredients are stirred together in a pan 
for 30min on medium f lame.

The ink is used on the tag with a paintbrush

PRODUCT 
CHARACTERISTICS

• Shades of brown 
can be achieved

• No odour

• Dark brown colour

• Waterproof

• Quick dry

THE JOURNEY
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POLLUTING WATER MAY BE THE BIGGEST 

SINGLE MISUSE OF WATER, TO THE 

EXTENT THAT A POLLUTANT LIMITS 

OTHER USES OF THE WATER, IT 

BECOMES A WASTE OF THE RESOURCE, 

REGARDLESS OF BENEFITS TO THE 

POLLUTER. LIKE OTHER TYPES OF 

POLLUTION, THIS DOES NOT ENTER 

STANDARD ACCOUNTING OF MARKET 

COSTS, BEING CONCEIVED AS 

EXTERNALITIES FOR WHICH THE 

MARKET CANNOT ACCOUNT. THUS OTHER 

PEOPLE PAY THE PRICE OF WATER 

POLLUTION, WHILE THE PRIVATE FIRMS' 

PROFITS ARE NOT REDISTRIBUTED TO 

THE LOCAL POPULATION, VICTIMS OF 

THIS POLLUTION.

KAUMERA

source: pixabay.com
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Do you know where the water in the tap comes from?

STEP 2 FOR CLOSING THE LOOP:

DISCOVER NEW
WATER SOURCES

After step 1, it’s time to move to step 2; finding new water sources. Based on the data 
provided in the first section we’re always surrounded by water in some form. What if 
there is a way to capture water from our surroundings irrespective of the location? 
This section is about understanding humidity levels across the globe and finding ways to 
harvest water with the help of structures, textures and materials used by nature.
The idea of transporting water is not the correct approach for building a system. 
Imagine transporting air? Or packaging air? We need to re-evaluate the need of bottles 
and transporting water. When we make a radius for living with local sourcing we need 
to also include water and energy sourcing within the radius.

source: unsplash.com/sylwia
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Water vapour is present everywhere and is 
constantly generated due to natural and 
manmade activities like cooking, taking a 
shower or heat reactions. The map above shows 
the average distribution of humidity across the 
world. There is substantial amount of water 
present in the atmosphere in the form of vapour 
even in areas with low relative humidity (RH). 

While it’s easier to extract water from high RH 
areas, dry regions require high energy methods 
to extract water from the atmosphere. Material 

based innovation will help reduce water stress in 
dry regions with lack of water resources.

MANY SPECIES THRIVE IN THE DRIEST 
PLACES, WITH SOME SURVIVING ON 
WATER HARVESTED FROM FOG
OR THIN AIR.

By studying these species, new materials can be 
developed to provide a source of freshwater from 
vapour for communities across the globe. 

STEP 2: DISCOVER NEW WATER SOURCES

Understadning
atmospheric water

Hyper-arid

Arid

Semi-arid

Semi-arid

Humid

Cold

4.1 GLOBAL HUMIDITY MAP

Using water vapour as a source of water in dry regions.



independent / adjective
1. Free from outside control; not subject to another's authority.

2. Not dependant on another for livelihood or subsistence.

WE CALL OURSELVES INDEPENDENT, ARE WE?
We depend on the system for our basic needs of water, electricity 
and many other facilities. In a state of crisis one wouldn’t know 

how to arrange the basic needs of life.

Illustrated above is a drawing of a regular water supply chain 
within cities. In current times without a water stream it’s 

impossible to supply water to a city. This supply system comes 
with huge invesments, space demand and material requirements.

WHAT IF THERE IS NO WATER IN THE PIPES TOMORROW?
HOW HEALTHY IS THIS WATER FLOWING THROUGH 

CENTURY OLD PIPES?
HOW FRESH IS THE WATER FROM THE PIPES?
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4.2 WATER SUPPLY NETWORK

STEP 2: DISCOVER NEW WATER SOURCES

Current water 
supply network

STEP 1
Extract water

STEP 2
Transport water

STEP 3
Store water
in reservoirs

STEP 4
Transport water
to local tank

STEP 6
Consume
tap water

STEP 5
Storing water
in personal tanks

Questioning the current water supply 
system to houses and industries
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Relation between
material, texture & structure

The answer to the questions from the previous 
page is to find new water harvesting systems. 
The methodology used for this approach draws a 
strong connection between the material, its 
structure and the form of the texture on its 
surface. The mechanical characteristics of a 
material changes based on its strucutre and the 
process used to create it. Graphite and diamond, 
made of the same substance; carbon, has 
differnet properties and values due to its 
structural difference.
Bridging the gap between the strength of 
material structures and functionality, this section 
talks about the different forms in nature as 

inspiration to create a material range to harvest 
water on the go.

DIFFERENT HYDROPHILLIC AND 
HYDROPHOBIC MATERIALS ARE USED IN 
HANDCRAFTED MOULDS INSPIRED BY 
NATURE TO HARVEST WATER FROM AIR.
 
Using biomimicry; imitation of the models, 
systems, and elements of nature for the purpose 
of solving complex human problems as a 
methodology to achieve the desired results.

STEP 2: DISCOVER NEW WATER SOURCES
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Commonly known as the mountain devil, 
thorny lizard, thorny dragon, and moloch, is a 
species of lizard in the family Agamidae. The 
species is endemic to Australia. It is the sole 
species in the genus Moloch. Most specimens are 
coloured in camouf laging shades of desert 
browns and tans. These colours change from 
pale colours during warm weather to darker 
colours during cold weather. The thorny devil is 
covered entirely with conical spines that are 
mostly uncalcified. An intimidating array of 
spikes covers the entire upper side of the body of 
the thorny devil. The thorny devil's scales are 
ridged, enabling the animal to collect water by 
simply touching it with any part of the body, 
usually the limbs; the capillary principle allows 
the water to be transported to the mouth 
through the skin.

The skin of the thorny devil readily absorbs 
water, like "blotting-paper." The volume of 
water held in the cutaneous capillary system is 
about 3.7%of the body mass. Water is conveyed 
to the mouth by the cutaneous capillary system, 

where it is imbibed. The low permeability of the 
skin to evaporative water loss and lack of dyed 
water absorption suggest that there is not any 
transcutaneous water absorption acrossthe skin 
itself. Inter scalar channels about 5-50µm wide, 
and an overlapping shelf around the edge of the 
scales that forms a sub-scalar channel, appear to 
be the primary cutaneous surface features that 
are responsible for the "blotting-paper" action of 
the skin. The capillarity force that absorbs water 
to the skin supports a pressure head of about 
10cm water. This capillaryhead is not consistent 
with the inter-scalar capillarity channel 
dimension of about 5-50 um, but to about 220 
Am. One ecological role of the "blotting-paper" 
skin of the thorny devil is clearly the direct 
uptake of rain that falls on the skin or from 
puddles. In addition, the cutaneous capillary 
system of the thorny devil enables water 
absorption from moist sand.

IT CAPTURES DEW WITH THE TIPS OF ITS 
PROTECTIVE SCALES, GROOVED TO RUN 
THE LIQUID TO THE RIGHT PLACE.

THORNY DEVIL moloch horridus
STRATEGY: Collection

STEP 2: DISCOVER NEW WATER SOURCES

source: pixabay.com
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STEP 2: DISCOVER NEW WATER SOURCES

Samples using dummy 
mateirals to test the 
surface texture and 
structure. The 
structure is inspired 
from the skin of the 
lizard. Using capillary 
action between ridges 
for water to f low and 
temperature difference 
for adsorption of water.
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NAMIB DESERT BEETLE

STEP 2: DISCOVER NEW WATER SOURCES

Also known as the fogstand beetle, it is native to 
the Namib Desert of southern Africa. This is 
one of the most arid areas of the world, 
receiving only 1.4 centimetres (0.55 in) of rain 
per year. The beetle is able to survive by 
collecting water on its bumpy back surface from 
early morning fogs.

WATER DROPLETS GROW ON WAX-FREE 
HYDROPHILIC BUMPS BEFORE BEING 
TRANSPORTED TOWARDS THE MOUTH BY 
WAXY HYDROPHOBIC SURROUND. 

To drink water, the S. gracilipes stands on a 
small ridge of sand using its long, spindly legs. 
Facing into the breeze with its body angled at 
45°, the beetle catches fog droplets on its 
hardened wings. Its head faces upwind, and its 
stiff, bumpy outer wings are spread against the 
damp breeze. Minute water droplets (15-20 µm 
in diameter) from the fog gather on its wings; 
there the droplets stick to hydrophilic 
(water-loving) bumps, which are surrounded by 
waxy, hydrophobic troughs. Droplets f latten as 
they make contact with the hydrophilic surfaces, 
preventing them from being blown by the wind 
and providing a surface for other droplets to 
attach. Accumulation continues until the 
combined droplet weight overcomes the water's 
electrostatic attraction to the bumps as well as 
any opposing the force of the wind; in a 30 
km/h breeze, such a droplet would stick to the 
wing until it grows to roughly 5mm in 
diameter; at that point it will roll down the 
beetle's back to its mouthparts.

Stenocara gracilipes
STRATEGY: Collection

Opuntia microdasys (angel's-wings, bunny ears 
cactus, bunny cactus or polka-dot cactus) is a 
species of f lowering plant in the cactus family 
Cactaceae, native and endemic to central and 
northern Mexico.
Instead of spines it has numerous white or 
yellow glochids 2–3 mm long in dense clusters. 
They are barbed and thinner than the finest of 
human hairs, detaching in large numbers upon 
the slightest touch. The Latin specific epithet 
microdasys means “small and hairy”.
The bunny ears cactus, Opuntia microdasys, 
keeps itself hydrated by gathering moisture from 
the air using spines and hairlike trichomes on its 
stem. Researchers led by Lei Jiang of China’s 
Beijing National Laboratory for Molecular 
Sciences wondered whether smaller structures 
might also play a role in the water-harvesting 
phenomenon. When they took a closer look, 
they found that 

WITHIN THE CLUSTERS OF SPINES ON THE 
CACTUS STEM, THERE ARE ALSO TINY 
CONES, ROUGHLY 100 ΜM TALL, THAT 
CONTRIBUTE TO THE CACTUS’S ABILITY TO 
COLLECT WATER.

Arrays with a hexagonal arrangement proved to 
be the most efficient structure because air 
f lowed through these staggered cones rapidly, 
quickly moving water droplets along each conte.

BUNNY EARS CACTUS Opuntia microdasys
STRATEGY: Temperature change

spine

barb

Mechanism

hydrophobic

hydrophilic
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Also called the Arabian camel is generally found 
in the semi-arid to arid regions of the Old 
World, mainly in Africa, and a significant feral 
population occurs in Australia.

Water in its liquid state is a good conductor of 
heat and in its gaseous state, as water vapor, 
more of it can be contained in hot air than cool. 
Both camels and elephant seals have refined 
water and heat exchange systems in their noses. 

TURBINATE STRUCTURES OF SPONGY 
NASAL BONE ARE COVERED IN MUCOUS 
AND WILL HYDRATE THE AIR COMING INTO 
THE ANIMAL, AND DEHYDRATE THE AIR 
BEING EXHALED.

In this way, the animal is able to save as much as 
60 percent of its water. That process is an 
elegant example of a simple structure responding 
to different conditions strictly because of 
physical properties. In the camel's case, 
whenever the air passing over the plates is 

DROMEDARY Camelus dromedarius
STRATEGY: Temperature change

Relatively cool

Condensation of
twater vapour 
which
comes out with 
the exhaled air.

Hot air

Cool air

Cool surfaces

Accumulation of
condensed water

Moist surfaces

WATER IN ITS LIQUID 
STATE IS A GOOD 
CONDUCTOR OF HEAT 
AND IN ITS GASEOUS 
STATE, AS WATER 
VAPOR, MORE OF IT CAN 
BE CONTAINED IN HOT 
AIR THAN COOL. 

hotter, the plates will take some of its moisture; 
whenever the air is cooler, the plates will give up 
some moisture. 

2.1 DRAWING OF THE MECHANISM FOLLOWED BY A CAMEL

source: pixabay.com
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Animal class Species Water source Collection 
mechanism 

Surface structure 
or chemistry 

Further handling 
and function

References

Amphibians (tree 

frogs)
Phyllomedusa 

sauvagii 

Litoria caerulea

Humidity Condensation 
on skin

Hygroscopic 
secretion, 

slightly granular 
skin

Transcutaneous 
uptake

Shoemaker et 
al., 1972; Toledo 
and Jared 1993 

Toledo and 
Jared, 1993; 
Tracey et al., 

2011

Amphibians (toads) Anaxyrus boreas 

Anaxyrus 
woodhousii 

Anaxyrus 
punctatus

Moist 
substrate

Skin-wetting 
propertyies, 
capillarity

Ridges, channels Skin-wetting 
and capillary 
transport to 
replenish 

evaporation loss

Fair, 1970; 
Lillywhite and 

Licht, 1974; 
Toldeo and 
Jared,1993 

Lillywhite and 
Licth, 1974 

McClanahan 
and Baldwin, 

1969; Fair, 1970

Reptiles (tortoises) Psammobates 
tentorius trimeni* 

Kinixys homeana* 

Homopus areolatus 
*

Rain Exposure of 
body surface to 
rain, utilising 

gravity

Large ridges of 
carapace 

Gravity- 
facilitated 

transport on 
surface to 
mouth for 
drinking 

Auffenberg, 
1963 

Auffenberg, 
1963 

Auffenberg, 
1963

Reptiles (lizards) Phrynosoma 
cornutum* 

Phrynosoma 
modestum* 
Phrynosoma 
platyrhinos* 

Phrynocephalus 
arabicus 

Phrynocephalus 
helioscopus* 

Phrynocephalus 
horvathi* 
Trapelus 

flavimaculatus * 
Trapelus pallidus* 
Trapelus mutabilis* 
Moloch horridus 

Uromastyx spinipes 

Pogona vitticeps* 

Moist 
substrate, rain 

Rain 

Skin-wetting 
properties, 
capillarity 

Honeycomb-
like 

microstructure, 
channels 

between the 
scales 

Transport in 
channels 

between scales 
from all body 

parts to mouth 
for drinking  

Sherbrooke, 
1990; 

Sherbrooke, 
2004; 

Sherbrooke, 
2002 

Pianka and 
Parker, 1975; 

Peterson, 1998 

Commons et al., 
2011 

Schwenk and 
Greene, 1987 
Yenmis et al., 

2015 
Vesely and 

Modry, 2002 
Vesely and 

Modry, 2002 
Vesely and 

Modry, 2002 
Bentley and 

3.3 PASSIVE INTEGUMENTAL WATER HOLDING CAPACITY IN ANIMALS
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Pogona vitticeps* 
Aporosaura 
anchietae

Rain 

Fog
Fog basking 

Channels 
between the 

scales  
n.d. 
n.d. 

Direct drinking 
of collected 

water 

Modry, 2002 
Bentley and 

Bulmer, 1962; 
Gans et al., 1982; 

Sherbrooke, 
1993; Withers, 

1993; 
Sherbrooke et 

al., 2007 
Ditmars, 1993 

Fitzgerald, 1983 
Louw, 1972

Reptiles (snakes) Crotalus atrox* 

Crotalus mitchellii 
pyrrhus* 

Crotalus viridis 
concolor* 
Crotalus s. 
scutulatus* 

Bothrops moojeni* 
Bitis peringueyi* 

Acrochordus 
granulatus

Rain 

Rain, fog 

Open water, 
wet substrate 

Accumulation of 
collected water  

Skin-wetting 
properties, 
capillarity

n.d. 

Hygroscopic 
skin, capillary 

channels 

Drinking from 
body surface 

Prevent 
dehydration

Repp and 
Schuett, 2008 

Glaudas, 2009 
Ashton and 

Johnson, 1998 
Cardwell, 2006 
Andrade and 
Abe, 2000 

Louw, 1972; 
Robinson and 
Hughes, 1978 
Lillywhite and 
Sanmartino, 

1993

Mammals 
(elephants)

Loxodonta africana 

Elephans maximus

Open water/
lakes

Skin-wetting 
properties, 
capillarity

Ridges/ grooves Thermoregulati
on, reduction of 

dehydration

Lillywhite and 
Stein, 1987 

Lillywhite and 
Stein, 1987 

Aves (sandgrouse) Pterocles bicinctus  

Pterocles namaqua

Open water/
lakes

Capillarity Hairy feather 
structure

Storage between 
feathers direct 
drinking by 

chicks 

Cade and 
MacLean, 1967 

Joubert and 
MacLean, 1973

Insects (beetles) Onymacris 
unguicularis* 

Onymacris 
bicolor* 

Stenocara sp.

Fog Fog basking Patchwork of 
hydrophilic and 

hydrophobic 
parts 

Wetting 
properties of 
elytra, gravity

Hamilton and 
Seely, 1976; 
Seely, 1979; 

Norgaard and 
Dacke, 2010 
Seely, 1979; 

Norgaard and 
Dacke, 2010 
Parker and 

Lawrence, 2001

Insects (flat bugs) Dysodius lunatus  

Dysodius Magnus 

Rain Hydrophilic 
cuticle, 

capillarity

Hydrophilic 
waxes, spine, 

microstructures, 
channels 

Reducing 
relfectivity, 

aiding 
camouflage 

Hischen et al., 
2017 

Hischen et al., 
2017

Crustacea  
(wharf roaches)

Ligia exotica  

Ligia oceanica 

Moist 
substrate

Hydrophilic 
cuticle, 

capillarity

Channels 
between hair-

like and paddle-
like protrusions

Thermoregulati
on or transport 
to hindgut for 

uptake 

Horiguchi et al., 
2007; Ishii et al., 

2013 
Hoese, 1981
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Species Water-holding capacity (mg cm-2) References

Moloch horridus (lizard) 9.19 Comanns et al., 2016a

Phrynosoma comutum (lizard) 5.9 Sherbrooke, 2004; Comanns et al., 2016a

Acrochordus granulatus (snake)* 5.39 Lillywhite and Sanmartino, 1993

Anaxyrus woodhousii (toad) 0.43 Lillywhite and Stein, 1987

Loxodonta africana (elephant) 1.27 Lillywhite and Stein, 1987

Elephas maximus (elephant) 0.81 Lillywhite and Stein, 1987

STEP 2: DISCOVER NEW WATER SOURCES

3.4 WATER-HOLDING CAPACITY OF THE INTEGUMENT SURFACE OF SOME ANIMALS

3.6 CONTACT ANGLE AS QUANTIFICATION OF WETTING PROPERTIES

*Aquatic species. 

THE ROLE OF STRUCTURE

Droplet

Ranges require roughness

Hydrophile

Hydrophobe

Superhydrophobe
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3.6 STRUCTURE INFORMATION

Structure Species Description Scale Source

Cones Uloborus walckenaerius 
(This spider’s wetted 

web) 

Physosterna cribripes 
(beetle)

Knot 

Cone-like bumps

Diameter= 21.0+ 2.7 
um 

Diameter =0.5-1.5 um

Zheng et al (2010) 

Norgaard and Dacke 
(2010)

Hexagonal Physosterna cribripes 
(beetle) 

Moloch horridus 
(lizard) 

Phrynosoma corundum 
(lizard)  

Phrynocephalus arabicus 
(lizard)

Hexagonal Distance 
between bumps (i.e. 

valley) 

Honeycomb 

Honeycomb 

Honeycomb

Diameter= 10um 
0.5-1.5mm 

Diameter=10-20 um 
Depth = 5 um 

Diameter= 15-25 um 
Depth= 5um 

Diameter= 20-30 um 
Depth= 1um

Parker and Lawrence 
(2001) 

Norgaard and Dacke 
(2010) 

Commans et al (2011) 

Grooves Stipagrostis sabulicola 
(grass) 

Opuntia microdasys 
(cactus) 

Moloch horridus 
(lizard) 

Uloborus walckenaerius 
(This spider’s wetted 

web) 

Onymacris laeviceps 
(beetle) 

Onymacris unguicularis 
(beetle)

Grooves Ridge  

Base grooves  
Tip grooves  

Second level grooves 
along entire spine  

Grooved channel  

Joint  

Elytra grooves 

Elytra grooves 

Diameter= 30-80 um 
Diameter=100-150 um 

Ave. width = 6.8 um 
Ave. width = 4.3 um 

Width = 0.6 um 

20 um 

Diameter= 5.9 + 1.2 
um 

Width = 0.1 mm 

Width = 0.5mm 
Seperation = 0.1 mm

Roth-Nevelsick et al 
(2012) 

Ju et al (2012) 

Gans et al (1982) 
Zheng et al (2010) 

Norgaard and Dacke 
(2010)



Series of ‘trial & error’
Based on studying different species to understand the mechanism and 

structure to harvest water in the previous section, a series of handcrafted 
mould are developed to try with different material combinations.
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TEMPERATURE DIFFERENCE STRUCTURE

#INSPIRED BY THE THORNY DEVIL

#INSPIRED BY THE CACTUS

#INSPIRED BY THE NAMIBIA BEETLE

STEP 2: DISCOVER NEW WATER SOURCES
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ABSTRACT HEXAGON SHAPE STRUCTURE

ABSTRACT HEXAGONAL STRUCTURE WALL

HEXAGONAL MESH BRICK

HEXAGONAL FIBRE
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#1 

#2

This mould is handcrafted by creating a negative structure in silicone using a hairbrush. The abstract 
hexagon shape of mould helps in arranging them together creating a capillary movement. The 60 

degree angle semi circle surface helps in water collection at the peak and then sliding down towards 
the bottom. The surface has small horns like a cactus to attract water vapour.   

This mould is handcrafted by creating a negative structure in silicone using a peace lily leaf.
The surface texture of the leaf creates a capillary movement. The natural shape of the mould helps 

the water to navigate till the source.  

INSPIRED BY CACTUS

INSPIRED BY PEACE LILY LEAF
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This mould is handcrafted by layering an aluminium mesh over a hydrophillic material. There are 
small semi circular bumps created between the mesh to attract vapour. The aluminium mesh acts as a 

hydrophobic material to condensify vapour.

#3 

This mould is handcrafted by carving clay. The abstract hexagon shape of mould helps in arranging 
them together to create a capillary movement. The 60 degree angle semi circle surface helps in water 

collection at the peak and then sliding down towards the bottom. The surface has small conical 
structure of different sizes to like the skin of the thorny devil to attract water vapour.   

INSPIRED BY THORNY DEVIL

#4 INSPIRED BY NAMIBIA BEETLE
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water
is the largest 
contributor to 
the Earth’s 
greenhouse 
effect.

vapor

STEP 2: DISCOVER NEW WATER SOURCES

source: pixabay.com
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Material exploration

Research for material exploration was divided 
into separate categories based on the mechanical 
and chemical characteristics of the materials.  
Different properties were explored to achieve 
the desired results. Basic formulas were applied 
to achieve these results.

1. Thermosresponsive material
    + hydrophillic material

2. Metal ions + organic linker

3. Usage of pore forming agents

4. Usage of capillary tube material

5. Hydrophillic polymer + cross linker

Deriving a list of potential materials to be 
used for harvesting water
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PHASE CHANGING MATERIALS

A phase change material is a substance with a 
high heat of fusion which, melting and 
solidifying at a certain temperature, is capable of 
storing and releasing large amounts of energy. 
Heat is absorbed or released when the material 
changes from solid to liquid and vice versa; 
– Calcium Chloride
– Sulfate decahydrate
– Propylene glycol + sodium carboxymethyl

METAL ORGANIC FRAMEWORKS (MOFS)
Metal–organic frameworks (MOFs) are a class of 
compounds consisting of metal ions or clusters 
coordinated to organic ligands to form one-, 
two-, or three-dimensional structures. They are 
a subclass of coordination polymers, with the 
special feature that they are often porous. 
– Aluminium
– Magnesium
– Ui066
– MOF 801
– Chromium ions + carboxylate base organic 
ligands

HYGROSCOPIC MATERIALS

Hygroscopy is the phenomenon of attracting and 
holding water molecules from the surrounding 
environment, which is usually at normal or 
room temperature. This is achieved through 
either absorption or adsorption with the 
adsorbing substance becoming physically 
changed somewhat.
– Zinc Chloride
– Peptide / metal cations
– Lithium bromide
– Calcium sulfate
– Gypsum
– Activated alumina
– Magnesium sulfate

HYDROGELS

A hydrogel is a network of polymer chains that 
are hydrophilic, sometimes found as a colloidal 
gel in which water is the dispersion medium. 
Hydrogels are highly absorbent (they can 
contain over 90% water) natural or synthetic 
polymeric networks.
– Edible polymer
– Calcium chloride
– PNIPAA + Alginate
– Zinc Oxide
– IPN + Sodium alginate
– Polypyrrole chloride + Isopropylacrylamide

ZEOLITE

Zeolites are microporous, aluminosilicate 
minerals commonly used as commercial 
adsorbents and catalysts.
– Alumina
– Silicate

ADSORBENT

Adsorption is the adhesion of atoms, ions or 
molecules from a gas, liquid or dissolved solid to 
a surface. This process creates a film of the 
adsorbate on the surface of the adsorbent. 
– Mussel shell
– Anhydrous salt
– Bile salts

NATURAL MATERIALS

A natural material is any product or physical 
matter that comes from plants, animals, or the 
ground. Minerals and the metals that can be 
extracted from them are also considered to 
belong into this category. 
– Bamboo based silica
– Horestail plant silica
– Clay + PCM capsule
– Activated carbon
– Activated charcoal
– Sodium bentonite clay

LIST OF MATERIALS CATERGORIZED 
BASED ON PROPERTIES
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Work in progress recipes

Sodium Alginate (polymer)
+ NaOH (alkaline base) 
+ Citric acid (cross linker)
+ Potassium persulfate (initiator)

Kaolin (base)
+ Starch (polymer binder)
+ Alumina (base)

Alumina
+ Silica

TiO2 
+ NaOH

Alumina (base)
+ Silica (absorption)

Starch (polymer)
+ Alumina (base)

Citric acid (cross-linker)
+ Starch (polymer)

Sodium polyacrylate
(absorption)
+ Kaolin (base)

The raw material was first 
tried with minimal 

ingredients to test f lexibility 
and rigidness of the 

material. Based on the 
results and the data sheet 

new samples were created to 
explore the various 

properties of Kaumera.
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3.4 WATER STRESS IN 2030

As per the above data of the future water stress 
across the globe, we need to find solutions other 
than current water resources.

With more people sharing water as the 
population is growing and people moving to 
cities at the same time requires us to be better 
prepared.

This step is the beginning of finding new water 
harvesting sources and integrating them with 
our current lifestyle. An object can have 
multiple functions rather than just surving its 
primary purpose. 
For example, a table or a bag can also provide us 
with water. Walls can protect us from the 
exterior but also provide us with water.

No water stress

Lowwater stress

Moderate water stress

Severe water stress

Next steps
This is an ongoing research still in the experimenting phase based on the data 
collected about various species. It’s important to see the growth of the water 

harvesting industry and the several applications possible under this methodology. 
This section highlights the data about the future and various applications.
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One method, different 
forms, more uses.

Future
applications

Building
bricks

fibre 
development 
for textile 
structures

Water facility
while sailing

Village square 
installation

Building
facade

Indoor 
furnitureRemote

areas military
services

Building
roof

Hiking
backpack

Self
filling
bottle

Vapour 
capturing from 
industries
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The 
World 
Will Soon 
be at a

War
Over
Water.

STEP 2: DISCOVER NEW WATER SOURCES

source: unsplash.com/frida
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‘Water 
Nanny’ is a 
soil 
moisturizer 
totem stick for 
plants, 
gardens, parks 
and farms.

A 
handcrafted,  
sustainable 
product made 
with locally 
sourced 
materials.

SOIL MOISTURIZER

INTRODUCING
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This product 
helps to add 
revenue towards 
a community by 
making local 
people handcraft 
these for 
purchase by 
visitors /tourists.

Use this 
product the 
next time you 
visit a park to 
hydrate the 
trees or for 
your plants at 
home when 
you’re away 
on holiday.

SOIL MOISTURIZER
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SOIL MOISTURIZER

THE JOURNEY

MATERIAL CHARACTERISTICS

The totem can be made into any 3d shape, 
abstract or character as long as it has space inside 
to be filled with the gel. The clay totem shape is 
then stuck to a bamboo stick followed by filling 
up the shape with gel and closing it. After air 
drying it overnight and heating it in the oven for 
2hrs over 150 degree the ‘Water Nanny’ totem 
stick is ready to be used.

The outer body of the 
totem stick is 
handcrafted using 
locally sourced clay as 
it will maintain the 
temperature of the gel 
inside and help in slow 
absorption.

A hollow bamboo 
pole is used as the 
stick to hold the 
totem. Bamboo 
contains 70% silica 
which is a great 

adsorbent. Both, 
bamboo and clay 
properties will help 
retain moisture for a 
longer time in the soil.

The gel is made using 
natural ingredients as 
well.
 
Using untreated 
natural materials 
makes the product 
chemical free and 
biodegradable. 
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INGREDIENTS USED FOR
MAKING THE GEL:

CITRIC ACID sustainable material

Citric acid is a weak organic acid 

Is used for
cross-linking

SODIUM ALGINATE sustainable material

Sodium alginate is the sodium salt 
of alginic acid. Sodium alginate is a 
gum, extracted from the cell walls 
of brown algae.

Is used as
a binder

SODIUM HYDROXIDE toxic material

Sodium hydroxide is a highly 
caustic base and alkali that 
decomposes proteins at ordinary 
ambient temperatures and may 
cause severe chemical burns. It is 
highly soluble in water, and readily 
absorbs moisture and carbon 
dioxide from the air.

Is used for
consistency

POTASSIUM PERSULFATE material

An inorganic compound, white 
solid that is sparingly soluble in 
cold water, but dissolves better in 
warm water. This salt is a powerful 
oxidant, commonly used to initiate 
polymerizations.

Is used as
an initiator

SOIL MOISTURIZER
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SOIL MOISTURIZER

A big bowl is filled with ice cubes. A smaller 
bowl is immersed to make the material. A 10ml 
NaOH solution is prepared and mixed with 
citric acid. Later, potassium persulfate and 
sodium alginate is added to the mixture. The 
mix is heated in a microwave for 5hrs at 70 
degree.

THE JOURNEY
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THE FUTURE
Ask and it will be answered. The answer 
always lies within the ecosystem. 

I believe in long term projects. Time, 
experience and constant evolution helps 
to dig deeper towards the purpose. 
Combining emotion-driven design with 
a common sense approach to rediscover 
the life side of business, systems and 
methodologies for the ecosystem and not 
only for humans.

I see myself as a communication designer 
expressing through different mediums 
ranging from materials, brand building 
to community-centred design by 
drawing analogies and transferring 
approaches between contexts via 
cross-industry innovation.

I'm looking forward to learning more 
about the ecosystem and consequences 
faced by nature. I would love to work 
with local communities, materials, waste 
by-products and renewable energy 
sources like water, wind and sun.

After this course, I’m ready to gain 
experience in the field of material 
research and community building 
services / products.

Same thought process has been ref lected in compiling this issue and 
the journey behind taking a step to address the global water 
emergency. I’m looking forward to collaborate with other like 
minded people professions, search for a platform to showcase the 
incredible potential in developing materials from wastewater and 
conduct workshops to explore future possibilites, contact brands 
and companies to be a part of the Clean It. campaign, connect with 
wastewater treatment companies to access more sludge and lastly, 
develop more materials in the field.

CONTEXT LEADS TO CHANGE

Khushboo Gandhi
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