
 

 

INTRODUCTION 
Toward Decentralized, Passive Water Security Systems 
Water scarcity is no longer a distant or localized concern. It is 
a structural condition affecting a growing portion of the global 
population, driven by climate instability, population growth, 
aging infrastructure, and the increasing mismatch between 
water demand and accessible freshwater supply. While the 
planet is often described as “water rich,” the reality is that only 
a small fraction of global water is readily usable by humans, 
and even that fraction is unevenly distributed, increasingly 
stressed, and vulnerable to disruption. 
In many regions, water scarcity does not arise from absolute 
absence of water, but from dependency: dependency on 
centralized systems, energy-intensive treatment processes, long 
supply chains, and infrastructure that was not designed to 
withstand prolonged stress, conflict, or climatic volatility. 
When these systems fail—whether temporarily or 
permanently—the effects cascade rapidly into public health 
risks, economic instability, and social tension. 
For these reasons, interest has grown in decentralized, low-
energy, and passive methods of water acquisition that can 
complement or partially replace centralized supply. These 
approaches do not aim to eliminate existing infrastructure, but 
to reduce vulnerability by introducing redundancy, local 
resilience, and alternative pathways to secure water access. 
This project operates within that context. 

 
Water From the Atmosphere as an Untapped Resource 
Atmospheric moisture represents one of the most consistently 

overlooked freshwater resources. The vast majority of water in 
the atmosphere exists as vapor, invisible yet omnipresent. Fog, 
mist, dew, and low-lying clouds are simply manifestations of 
this moisture becoming temporarily accessible due to 
temperature gradients, pressure differentials, and airflow 
dynamics. 
In natural ecosystems, atmospheric water interception is 
already a foundational process. Trees, vegetation, soil 
formations, and geological structures routinely capture, 
redirect, and store water from the air. In certain environments, 
such interception contributes a significant—sometimes 
dominant—portion of total hydrological input, sustaining 
forests, watersheds, and river systems even in regions with 
minimal rainfall. 
Human societies have historically observed and exploited these 
mechanisms, often without formal scientific understanding. 
Archaeological and anthropological evidence shows that fog 
interception, dew collection, stone condensation structures, and 
vegetation-assisted water capture have been used for centuries 
in arid and semi-arid regions. These methods were typically 
passive, low-maintenance, and adapted to local conditions. 
Only in the past century has systematic scientific investigation 
begun to quantify and optimize these processes. Even today, 
however, atmospheric water harvesting remains 
underdeveloped relative to other water technologies, despite its 
potential advantages: no fuel requirement, minimal moving 
parts, low operational cost, and reduced environmental impact. 

 
Limitations of Single-Method Solutions 
Despite growing interest, no single atmospheric water 



 

harvesting method can be considered universally sufficient. 
Fog harvesting systems, for example, are highly sensitive to 
local climate, topography, wind patterns, and seasonal 
variability. Inconsistent yields, intermittent availability, and 
dependence on specific environmental conditions limit their 
reliability as standalone solutions. 
Similarly, subsurface condensation methods, biological 
interception, and terrain-based moisture capture each present 
advantages and constraints. Some are effective only at certain 
scales; others require specific ecological or geological 
contexts. Many systems work well in isolation under ideal 
conditions but degrade rapidly when conditions shift. 
This reality underscores a critical insight: water security does 
not come from a single device or method, but from layered 
systems designed with redundancy, overlap, and adaptability. 
The objective, therefore, is not to identify a “perfect” solution, 
but to assemble a portfolio of complementary systems that 
together reduce dependence on any one source, technology, or 
assumption. 

 
A Systems-Level Approach to Water Security 
This project adopts a systems-level perspective rather than a 
product-centric one. Instead of focusing on a single apparatus 
or technique, it examines how multiple passive and low-energy 
water acquisition methods can coexist, reinforce one another, 
and be selected based on context. 
Key principles guiding this approach include: 
• Decentralization: Water should be acquirable at or near 

the point of use, minimizing reliance on long distribution 
chains. 

• Passive Operation: Priority is given to systems that 
function without continuous external energy input. 

• Redundancy: Multiple independent methods reduce the 
risk of total failure. 

• Contextual Adaptability: Systems must be selectable and 
scalable based on climate, terrain, and available resources. 

• Maintainability: Techniques should rely on accessible 
materials and manageable upkeep. 

• Non-Exclusivity: These systems are intended to 
complement, not necessarily replace, existing supplies. 

By applying these principles, it becomes possible to design 
water strategies that are resilient under both normal conditions 
and periods of stress. 

 
From Observation to Structured Implementation 
The material presented in the following sections builds upon 
extensive observation of natural systems, historical practices, 
and contemporary research into atmospheric and 
environmental water capture. Rather than treating each method 
as an isolated innovation, the project evaluates how these 
methods can be formalized, improved, and integrated into 
coherent operational frameworks. 
This includes examining: 
• How fog and mist can be intercepted more efficiently 

through structural and material choices 
• How soil, rock, and subsurface environments naturally 

condense and store moisture 
• How vegetation functions as a biological pump, moving 

water from ground to air 



 

 

• How mineral composition and terrain influence moisture 
availability 

• How urban environments contain overlooked and 
recoverable water pathways during emergencies 

Each method carries different risk profiles, output 
characteristics, and deployment requirements. The strength of 
the system lies not in any single technique, but in their 
combined availability. 

 
Purpose of the Following Sections 
Pages 80–95 present a focused exploration of specific water 
acquisition systems and strategies derived from this broader 
framework. These sections move from conceptual grounding 
into applied methods, offering structured pathways for 
understanding, evaluating, and implementing alternative water 

sources under varied conditions. 
This introduction serves to establish the rationale for that 
material: 
• Why multiple systems are necessary 
• Why passive, off-grid methods are prioritized 
• Why adaptability matters more than optimization 
• Why resilience is achieved through diversity, not scale 

The sections that follow should be read not as isolated 
solutions, but as components within a larger, modular approach 
to water security. 
Together, they form a practical reference for designing water 
systems that continue to function when centralized supply 
becomes unreliable, constrained, or unavailable. 

 

 
 
 
 
 
 



 

Design Changes 
 
 

As we saw from our product evaluation, the first version of Dewpoint 
showed a great potential for improvement, in terms of Life Cycle 
Design. We also examined the different possibilities for sustainable 
design interventions and came up with 6 Ideas to implement into the 
second version of product and the system. These are - 

1. Finding the best possible materials possible for each component 
2. Simplifying the design and reducing the number of components 
3. Optimizing efficiencies with Kirigami based Net Design 
4. Increasing the re-usability and renewability of the product 
5. Facilitating on-site maintenance and repair 
6. Decentralizing the system and democratizing the product 

In this section and the next, we will see what these design interven- 
tions look like and how the second version of the product has been 
improved, implementing these six ideas which are based on estab- 
lished Life Cycle Design principles outlined in the ICS Toolkit. 

Idea 1 - Finding the best possible materials possible for each com- 
ponent - is accomplished through the extensive aforementioned 
research done into fog net harvesting. The ideal materials for each 
component of the product have been mentioned below, keeping in 
mind their key characteristics, like the expected life spans of each 
component, anticipated operating conditions, ideal surface proper- 
ties, environmental impacts in their life cycles etc. Doing this mind- 
fully can also help with reducing the amount of toxic substances in 
the product's entire life cycle. 

Idea 2 - Simplifying the design and reducing the number of compo- 
nents - is accomplished through a redesign of the tripod, as it had 
the most number of moving parts and components. A mono-mate- 
rial and compatible materials strategy was adopted to minimize the 
number of different incompatible materials, of which there were 
many, in the product. This also follows the strategy of Designing for 
Reliability by eliminating small components that can get lost, and 
overall simplifying the product, which will also greatly aid in its 
repair and maintenance. 

Idea 3 - Optimizing efficiencies with Kirigami based Net Design - is 
based upon reducing material and energy consumption during pro- 
duction, as they are far simpler to produce and more efficient in 
terms of material used per unit of fog water harvested. These kinds 
of net deigns are further elaborated upon below. 

Idea 4 - Increasing the re-usability and renewability of the product 
- tries to leverage the modularity of the system for flexibility and 
adaptability of usage conditions. Thus, the attachment system was 
redesigned, with the proper materials, to allow for different kinds of 
nets and net configurations depending upon the user and context. 

Idea 5 and 6 are implemented in the system section, where we will 
look deeper into decentralizing the system and making repair and 
maintenance easier. The proposed sustainable product-service-sys- 
tem will also address some guidelines from these first four ideas, and 
even augment some of the product-based strategies. 



 

 

 
 
 
 
 
 
 
 
 

New Tripod Design 
 
 

The tripod was one of the salient features of DewPoint due to the sim- 
plicity of its mechanism. However, other crucial aspects of its Life 
Cycle Design were not thoroughly fleshed out or deliberated upon, 
such as; the appropriate material(s) to use, the number of incompat- 
ible components, manufacturability, the actual mechanism of the 
telescoping legs, the anticipated usage and weather conditions, and 
the redeployability and adaptability to the context. All of these prob- 
lems, which were pointed out during the qualitative assessment, 
have been addressed in the new tripod design. 

The first LCD based improvement made was to choose the ideal 
material carefully and apply a mono-material strategy throughout 
the entire tripod. The earlier design had certain parts made out of 
rubber and plastic while others were metal. For the new design, 
secondary recycled aluminum was chosen. Aluminum is theoreti- 
cally 100% recyclable and maintains all its properties and thus se- 
lecting secondary aluminum, greatly reduces the impact without 
sacrificing the desired qualities. The grades of aluminum selected 
are; 6061, which has high strength, excellent formability and is often 
used to make structural components, and 6063, which has moderate 
strength, good formability and is often used in piping applications. 

Both of these were chosen as they show excellent corrosion resis- 
tance, to withstand any climatic conditions at the site, and the 6000 
series of wrought aluminum is both food safe and widely employed 
to produce various structural shapes and through aluminum extru- 
sion in architectural applications. 

 





 

 

 
 

Integrated Attachment Points for Top and Bottom of Attachment system 
 
 

The sustainable material approach had to be paired with the LCD 
guideline of reducing the number of components, which helps 
improve design for reliability, disassembly and maintenance and 
also reduces the number of incompatible materials present in the 
product. This was done by carefully integrating the functions of dif- 
ferent plastic attachment points for the net, into the legs themselves. 
These can be manufactured with simple pipe forming processes. 

For the telescoping mechanism of the legs, a pin-locking mecha- 
nism is used, which is both easy to operate without needing tools, 
and also provides the simplest way to achieve the desired motion, 
while using the least amount of material. In this way, the telescoping 
legs’ mechanism can be made out of a single material (6063 Alumi- 
num), without compromising on any of its functions. The pivot of the 
tripod and the feet were also redesigned to use the same Aluminum, 
and are colored red by sustainable powder coating, for higher visi- 
bility and better protection against the elements. 

 
 
 
 
 
 
 
 

Pin lock mechanism in 
telescoping legs 

 
Closeup of pivot nut and thumbs screws 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Standard available SS Pin clip  
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3 Legs, 3 Feet, 1 Pivot 

The Pivot, while being an ingenious idea for this application, was 
also improved upon, to make assembling and disassembling the 
tripod easier. Knurled and lifted thumb screws, have been utilized 
in the new design, as opposed to more permanent joining solutions, 
to allow for easy, quick and repeatable assembly and disassembly 
cycles, without the need of any tools. This allows the entire tripod 
to be used in changing contexts and locations, adaptable to the user 
needs. This further increase in the level of modularity and standard- 
ization, also allows for all these small parts (Pivot and Feet) to be 
interchangeable between fog harvesters, and extra inventory can be 
kept at hand to ensure self sufficiency in case of repairs. 

As can be seen in the figure beside, the pivot system allows for each 
identical leg to be separated easily and thus can drastically improve 
the life span of the product by encouraging swapping and repair. 
This combined with the pin lock mechanism, means that the entire 
product can easily be completely taken apart for reuse or disposal. Tripod components disassembled 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hexagonal Pivot and knurled 
thumb screws made of SS 



 

 

The other big design change made to the original tripod design was 
the feet of the tripod. Further research revealed that, the effective- 
ness of tripod pegs (the part that drives into the ground) in stabiliz- 
ing such a system, is dependent on the shape, material, and joining 
method of tripod pegs themselves. Thus adopting a mono material 
strategy for these pegs, and making them out of the same aluminum, 
proved useful as they can be made stronger and more modular by 
utilizing a threaded surface junction. 

These pegs are meant to be unscrewed and left in the ground to mark 
the location, when moving the fog harvester to a different site - a 
method often seen in tripod applications. The color on the surface 
helps with visibility, and the pegs have a specially designed ribbed 
structure for added strength and durability, often seen in industrial 
tripods. Of course this means that multiple sets of these pegs will be 
required but this is will ensure flexibility of the system based on the 
user’s changing needs and contexts. 

 
 
 

Closeup of colored stainless steel tripod feet with triangular driving points and ribs for strength 

 

 
 

Specially designed tripod feet for enhanced stability in many different kinds of soils and terrains 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Feet are easily detachable and swappable 
due to a standardized threaded system 
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New Attachment System 
 
 

While the first version of the fog harvester had an attachment system 
which meant fog nets could be taken off and put back on easily, it did 
little to address the flexibility of use or the resistance to climatic con- 
ditions required in such outdoor situations. Hence, while keeping 
the principle of mounting the net the same, the rest of the design was 
changed drastically through sustainable Life Cycle Design strategies. 

The new system comprises of just two rings, also made of extruded 
6063 or 6061 secondary recycled aluminum, thereby both reducing 
the number of components and adopting a compatible materials 
strategy. The three-dimensionality of the fog nets is provided by the 
new net designs below, thereby eliminating the need for the central 
ring and providing a great degree of freedom when it comes to cus- 
tomizing the net design. The tension provided by the fog nets holds 
these rings in place and they are attached to the tripod, on the new 
attachment points, by elasticated cords (also called bungee ropes). 

One major learning from the CloudFisher product is the importance 
of the flexibility of bands. Fog nets are usually set up in areas with 
high wind speeds and in older designs, the rigidity of the product and 
the meshes often lead to the nets tearing. Structural principles tell us 
that tall structures in the wind are more likely to survive if they are 
compliant to the winds rather than resisting them. Cloudfisher im- 
plemented the use of common hooked bungee cords to allow for the 
nets to move with the wind. Utilizing off-the-shelf expander bungee 
cords is however not a prudent material design choice as it contains 
neoprene (synthetic rubber) which is highly unsustainable. 

 
 
 
 
 
 
 

Top ring of attachment system with inside and outside rails, mounted on tripod with PP cords 

 

Bottom ring of attachment system with the water collecting trough and funnel, mounted on tripod 



 

 

In this design, elasticated cords made from Polypropylene are, used 
due to its unique benefits like remarkable resistance to moisture, 
chemicals, and UV degradation, all of which are extremely essential 
for an outdoor product. Moreover, polypropylene bungee cords are 
gaining popularity in the industry due to being lightweight and while 
polypropylene is not entirely sustainable, it is considered more sus- 
tainable than many other types of plastic. 

Thicker 4mm PP cords are used to hold the attachment rings on the 
tripod and thinner 2.5mm cords of the same type are used in the 
net connection system (described below). Polypropylene is the best 
material currently available for this purpose however, promising re- 
search into biodegradable rubbers suggest a more sustainable alter- 
native elastic material becoming mainstream in the near future. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Standard 2mm braided elastic 
cords made out of PP 

 
 

 
 
 

SS snap-fit brackets mounted on inside and outside rails (two different shaped pieces) Tripod with complete attachment system set up 
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The new attachment rings have two rails each, one on the inside and 
one on the outside. These rails are used to hold and slide the brackets 
which in turn hold the fog mesh. The rails and brackets system was 
designed keeping many Life Cycle Design considerations in mind. 

Firstly, the presence of two independent nets allows for the system to 
continue working at some capacity, even if one mesh is damaged and 
needs to be repaired. This system of two separate rails, also allows 
for diverse use case scenarios which give users the flexibility to use 
as much or as little mesh as required for the context. The inside and 
outside rails also allow the meshes to move independently of each 
other, which is required in some of the new net designs. 

Secondly, this system greatly extends the compatibility and adapt- 
ability of the product, with different kinds of meshes. While new Ki- 
rigami based net structures and production techniques have been 
discussed in this thesis, it is not likely that every use case will adopt 
these new designs with unfamiliar processes. Raschel net, although 
not ideal for a sustainable fog net, still remains the most opted for 
material in fog harvesting along with a few other commercially 
available nets. The salient feature of this attachment system is that it 
allows for the use of both custom-designed nets and user imple- 
mented alternatives, thus greatly increasing the flexibility of use and 
also assimilating with existing systems. The aluminum brackets and 
the polypropylene cords, allow for a system versatile enough that it 
can be used with any number of net types and materials. 

Last but not least, the brackets in rails design makes the system also 
adaptable to changing weather conditions. The nets can move like 
curtains and if the prevailing wind is blowing from one direction, 
the nets can be aligned to them by moving them along the rails. The 
shape of the brackets are designed so that they can be taken out of 
the rail and put back in with easy snap-fits, facilitating the process of 
mounting a new net. All the components of both the top and bottom 
rings are identical to each other, making manufacturing simple. 
Extra brackets and cords are meant to be kept at hand in case of 
repair due to loss or damage. 

 

 
Freely moving brackets and cords set up on the outside ring, ready for a net 

 
 
 
 

Fog net mounted on attachment system and product is ready for fog water collection 



 

 

The specially designed fog nets are made from uncoated stainless 
steel sheets and can be attached easily to the stable base through the 
brackets and cords system. A double layer of mesh is used in every 
net, doubling the surface area for collection (1.3m2 x 2 = 2.6 m2), and 
with the flexibility of using the inside, outside or both rails this effec- 
tive surface area can be increased by four times (5.2 m2). The salient 
feature of this attachment system is its adaptability to different kinds 
of nets with a standardized way of attaching a removing the nets. 

While a basic cylindrical net can be used, as shown in the previous 
image, a new half-net was also designed, that can be mounted onto 
the same system, as shown in the image to the right. This structure 
has two features which make it a more effective and sustainable than 
a basic cylindrical mesh. This design drastically reduces the amount 
of material used in making each mesh (2m2). However with the new 
and improved kirigami designs, this can capture upto three times 
the amount of water as a Raschel mesh net of the same surface area. 
The different nets have been given a specific angle, according to the 
respective kirigami designs, for the perfect water runoff rate, which 
increases the water collection capacity. Therefore we can reduce the 
amount of material used without sacrificing the water output much. 

The second and more interesting feature of this new half net are its 
aerofoil wings, which are used to orient the half net in a direction 
perpendicular to the current wind, thus increasing the water harvest- 
ing efficiency. This is designed by studying the principles of weather 
vanes and windmills, which automatically orient themselves in a di- 
rection favorable to capture the wind. The 'sails' in the half mesh 
comprise of a differently shaped net support which can pivot freely in 
the rail and bracket system, and the cords provide much need slack 
and suspension to the system. Mesh has been added over these sails 
and the angle of 15 degrees will expedite the water runoff into the 
trough funnel below. These will help to swing the net around and face 
the wind optimally, on its own, but this still needs to be tested at 
varying wind speeds. This attachment system allows for a great cus- 
tomizability of nets in different contexts, weather, needs, etc. 

New half net design with sails that rotate the fog net to better align with the wind 
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Kirigami Net Designs 
 
 

As Bintein et al., found out, kirigami 
nets, made out of uncoated stainless 
steel, offer a higher and faster fog col- 
lecting ability than the usual Raschel 
fiber nets. Based on their experimen- 
tal setup, this first Kirigami net design 
was created. The Kirigami cutting 
pattern is shown here, next to its full- 
mesh and half-mesh versions on the 
fog collector. The elongated shape and 
small size of the nucleation points help 
in quickening the speed of droplet for- 
mation. The slight taper downwards 
increases the droplet accumulation 
and runoff rates. According to Bintein 
et al., this particular Kirigami struc- 
ture has a greater fog harvesting po- 
tential than that of CloudFisher's pat- 
ented 3D mesh, and that is why this is 
the first designed being proposed. The 
kirigami mesh structure itself requires 
stretching along a single axis and thus 
uses simple transformation process- 
es. Thus the half-mesh version of this 
kirigami design, is the easiest to man- 
ufacture, requires the least material, 
and is the most efficient design. 

 
 
 
 
 
 
 

First Kirigami Net - Cutting and Folding Pattern, 
Full-mesh on fog collector, Half-mesh on fog collector 

 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 

Li et al. demonstrated the effective- 
ness of using Kirigami structures' 
morphology guided gathering along 
with aerodynamics assisted fog inter- 
ception, in their pyramidal fog collec- 
tors. Using this principle, the second 
Kirigami fog net was designed, the 
shape and pattern of which should 
accelerate both the rates of droplet 
gathering and new droplet formation. 
The Kirigami cutting pattern is shown 
here, next to its full-mesh and half- 
mesh versions on the fog collector. As 
this kirigami design's folding structure 
involves transformation along two 
axes, this can be slightly more difficult 
to produce, but it can lead to much 
higher water collection rates due to its 
unique and innovative pyramid struc- 
ture. This Kirigami sheet however, due 
to it morphology, should be placed at a 
15° angle from vertical, for maximum 
fog droplet formation. Therefore, the 
shape of the net was made with two 
frustum shapes tapering at 15°, so 
that the water droplets can drip easily 
down into the funnel. 

 
 
 
 
 
 
 
 

Second Kirigami Net - Cutting and Folding Pattern, 
Full-mesh on fog collector, Half-mesh on fog collector 
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The third Kirigami net design pro- 
posed here is based on the work done 
by Li et al., showing that their proto- 
typed Kirigami fog collector showed a 
water harvesting efficiency of nearly 
3.5 times the control group of raschel 
mesh. The Kirigami cutting pattern is 
shown here, next to its full-mesh and 
half-mesh versions on the fog collec- 
tor. The circular holes in the design 
create nearly twice as many nucleation 
points as the control group, shown by 
Li et al., without compromising the 
structural integrity of the net. This 
cutting pattern can result in a mesh 
which is more flexible and malleable 
than the others, and therefore can be 
formed into any desired shapes. It also 
utilizes the least amount of cutting and 
transformation processes and should 
be the easiest to scale up the produc- 
tion of. The thickness of the stainless 
steel sheet will need to depend on the 
local weather conditions as thinner 
sheets might suffice in low wind envi- 
ronments, while thicker sheets will be 
required to resist stronger winds. 

 
 
 
 
 
 
 

Third Kirigami Net - Cutting and Folding Pattern, 
Full-mesh on fog collector, Half-mesh on fog collector 

 
 
 



 

 

 
 
 
 

Collection & Distribution 
 
 

The collection of water from a fog harvesting site, and its efficient 
and judicious distribution to the community it benefits, is highly 
context dependent. Both demand and supply of freshwater at a given 
location fluctuate throughout the year, based on its local climatic and 
human factors. The topography of certain sites will allow water to be 
piped down by gravity, while in others pumps might be needed. In 
some projects it will make more logistical sense to install individual 
collectors, while elsewhere a whole group of them might be more 
efficient. On the islands we saw, transportation by boats might be 
the most cost effective method of distribution, while in mountain- 
ous areas pipes might work best. Thus the exact modus operandi of 
collection and distribution of fog water will differ at every location. 
We will see in the next section how decentralizing this part of the 
system, and giving the NEB community and local water authorities 
the responsibility to decide the best methods of water collection and 
distribution for them, is the most prudent and long lasting solution. 

Keeping this in mind, the water funnel and filter were designed to 
be as simple, adaptable and standardized as possible. The 2mm thick 
aluminum funnel ends in a standard ISO Metric thread (M25x2 6g 
RH), which can easily be connected to different piping solutions. An 
inline disc water filter is present at the base of the funnel, made with 
semi-clear PP for monitoring dirt accumulation, which can filter 
particles down to 20 microns. This is done so that, no matter what 
the intended use and subsequent water treatment is, the fog water 
coming out of the product in the first place is of a high quality itself. 

 
 
 
 

Clear in-line water filter for remov- 
ing particles down to 20 microns 

 
 
 
 
 

Top and bottom view of water-collecting trough and funnel with threaded attachment and f
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