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Abstract
In water-scarce regions where fog is abundant, the population can rely on this resource to obtain fresh water.
The potential to harvest fog is confirmed by Large Fog Collector projects worldwide, which are reviewed.
Mostly maintenance issues due to environmental and complex social factors compromise the sustainability
of such projects. The researchers endeavour to resolve these issues by developing enhanced materials, while
others use biomimetic design, hence creating innovative collectors. The objective of this paper is to survey
and review the state of the art and develop a framework of different types of innovative fog collectors,
including conceptual, experimental and operational aspects.
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1 INTRODUCTION
The demand for fresh water rises, while the availability diminishes
due to overpopulation, urban migration and human-made green-
house emissions [1]. Globally, two billion people experience water
stress daily whereof 1.1 billion, mostly settled in urban slums or
remote arid areas, have merely 5 litres of water a day [2]. In order
to fulfil daily basic water needs, each person should be provided
with a minimum of 20 litres [2]. Isolated communities are usually
not connected to a conventional water supply network whereas
networks in urban slums are often in poor conditions and not
adequately regulated by local governments [3]. In order to combat
this threatening issue of water scarcity, alternatives such as desali-
nation, rainwater collection and groundwater collection are being
studied and implemented worldwide. When these alternatives
are scarce or nonexistent, atmospheric water harvesting can be
feasible. In fog-loaded (semi-)arid regions, inhabitants can fully
or as a supplementary supply rely on fog collectors for drinking,
agriculture and reforestation purposes [4]. The most prominent
and largely installed collector is FogQuest’s Large Fog Collector
(LFC) [5]. Fog harvesting is a common practice in nature, and for
enhancing the efficiency of human-made collectors, researchers
are studying biomimicry, a promising research field defined

as a solution for complex human design problems inspired by
nature. [6]

The first scientifically documented feasibility study for collect-
ing fog dates from 1903 conducted by Dr. Marloth in South Africa
[7, 8]. Towards the end of the 1900s, fog collecting as a viable
water resource has gained interest, and this is seen in the rise of
publications, illustrated by Qadir et al. [9] in Figure 1. Dates of the
publications on fog collecting reviewed for this paper are added to
the graph.

The main objective of this paper is to survey and review state
of the art and develop a framework of existing water harvesters
with the focus on conceptual, experimental,] and operational
aspects. Conceptual refers to parametrically designed prototypes,
experimental to designs that are tested on full scale for scientific
development and operational to collectors implemented within a
community. The information on fog collection projects is scat-
tered and this paper aims to fill this gap by analysing various
collectors. Sections 2 to 5 of this survey and review effort are orga-
nized along the following questions: Globally, where are the most
feasible fog collection regions? What are nature’s fog collectors?
What is the working mechanism of fog collectors? What is the role
of the community for the success of LFC installations? Following
the elaboration of the LFC projects, the sixth section provides a
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Water harvesting through fog collectors

Figure 1. Publications on the topic of fog collecting from 1981 to 2020. Adapted
from [9]. Addition of publication dates reviewed for this paper from 1903 to 2022.

comparative analysis of state-of-the-art mesh developments, alter-
native conceptual and experimental collectors and operational fog
collection projects, with the LFC considered as traditional. To
conclude, suggestions regarding future research towards efficient
community-based, cost-effectiv and urban-integrated harvesters
are provided. A combination of different methods is used: system-
atic literature reviews, comparative analysis, two expert interviews
and a field visit.

2. FEASIBLE REGIONS FOR FOG
COLLECTION
Fog precipitation is a local phenomenon, mostly thriving on
slopes or summits of mountains and is generally a biodiversity
wellspring [10]. By definition, fog is a cloud that touches the
ground containing water particles from 1 to 40 microns. In the
context of harvesting moisture from fog as a resource, three
types are relevant: advection, orographic and radiation fog [5].
Advection fog is formed through warm, humid air masses moving
horizontally over a cooler surface, such as the sea. Orographic
fog is formed by humid air masses that move upward along the
land acting as an orographic obstacle. At a certain height, the
air expands. Both are characterized by relatively strong winds,
whereas radiation fog, which is an accumulation of a large stable
cold air mass formed during a cold period mostly situated inland,
is characterized by a low wind speed making it the least inter-
esting for harvest. [11] Aside from wind speed, which typically
ranges from 2 to 12 m/s, the LWC (Liquid Water Content) is an
important factor for fog collecting and is the amount and size
of droplets in a cloud [5]. Along the coasts of South America,
Africa and the Arabian Peninsula, various fog oases are found.
These are characterized by aridity, but organisms survive through

the presence of (seasonal) low stratocumulus [12, 13]. Moreover,
tropical highlands that experience seasonal droughts, such as the
Chiapas region in Mexico and the Philippines, can benefit from
fog collection [14].

3 NATURE’S FOG COLLECTORS
Organisms living in places where water is scarce rely mostly on fog
and have developed efficient ways to capture water out of the air.
Natural fog collection occurs in trees, for example, in coniferous
redwoods. The quantity of harvested water depends on the tree’s
structure and the leaf’s wettability properties in relation to the
present foggy wind. In advantageous conditions, little droplets
coalesce on the leaves and fall on the ground through which
the roots can absorb the droplets [10]. Ancient communities
captured this fresh water by digging wells under the trees [15]. The
Tillandsia landbeckii is known for being one of the sole organisms
that thrives in the arid Atacama Desert by intercepting fog. The
plant absorbs water through its fibre-like leaves, or trichomes,
whereafter it is stored efficiently through its thick layer resulting
in water losses close to zero [16, 17]. A cactus native to the
Mexican desert has developed barbs on its spines facilitating the
interception of droplets, whereafter they grow and move towards
the base of the tip due to the Laplace pressure gradient and where
they are absorbed by the cactus’ thick flesh [18].

Animals also have developed efficient ways to harvest mois-
ture such as the fog basking ability of the Namib Desert beetle.
Its back skin is made of alternating hydrophilic areas, whereon
droplets congregate, and hydrophobic areas, allowing the droplets
to funnel down to the beetle’s mouth [19]. A Lizard’s skin is
likewise adapted to harvest water and funnel droplets into its
mouth through open channels, which narrow down in the direc-
tion of the mouth. Water movement is achieved through capillary
action [18]. This evolutionary intelligence is mostly researched
by material scientists to develop efficient materials. Regarding fog
collection, researching fabric material is important for enhancing
the efficiency of fog-intercepting meshes.

4 FOG HARVESTING MECHANISM
Figure 2 illustrates the mechanism to yield fog by capturing
droplets using a mesh placed perpendicularly to the fog-loaded
wind. A part of the droplets carried by the wind collate on
the mesh material and run down into the gutter. For optimal
efficiency, fog waste must be kept to a minimum.

The most widely used interception mesh, called the Raschel
Mesh (RM), is a food-safe mesh manufactured in Chile. Polypropy-
lene or polyethylene fibres are triangularly woven consisting of a
flat fibre of 1-mm wide and 0.1-mm thick resulting in a total
covered surface (shading coefficient) of ∼35%. The triangular
pattern enables an efficient transport of droplets [20]. To ease
runoff and obtain a shading coefficient of ∼70%, a double layer
able to move against each other is used. Aside from the LWC
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Figure 2. Fog collection mechanism using a mesh to intercept fog particles.

and the wind speed, the mesh’s geometrical aspects and physical
properties such as the surface wettability determine the collection
rate [20, 21]. Thus, the thickness of the fibres and the percentage of
the covered surface have a direct effect on the harvest efficiency. A
smaller fibre size results in a better efficiency than one of 10 mm
whereas the coverage of the surface cannot obstruct the wind
completely to assure that the fog-loaded wind passes through [10].
The efficiency of the mesh is usually measured by the ratio of the
amount of water that reached the gutter and the total amount of
droplets that passed through the mesh over a defined period [22].

5 LARGE FOG COLLECTORS
An LFC (Figure 3) is a two-dimensional water harvesting mech-
anism with a flat frame of 4 × 10 m wherein a double RM is
stretched. The frame is attached to two poles, anchored 2 m
above the ground. These poles are strengthened by cables with
turnbuckles that need to be strengthened or loosened depending
on the climatic situation. The price for one LFC is US$1000–
1500 [5]. Determined by the site and season, yearly averages of
3–10 l/m2/day are obtained [20]. Due to the cables, the occupied
ground surface is considerable resulting in the fact that LFCs can
only be placed in areas where space is available. When multiple
LFCs are installed in one place, two collectors share the middle
pole, hence saving space.

5.1. Evaluation before implementation
Climatological and social parameters are evaluated before initi-
ating a project. Preliminary tests with one or multiple Small Fog
Collectors (SFCs) are executed over a certain period to estimate
the amount of harvestable water. An SFC has a mesh area of
1 m2 and should harvest approximately 1–10 l/m2/day. [23] If a

Figure 3. Visualisation of a flat-framed Large Fog Collector with a total mesh
surface of 40 (48) m2.

location is climatologically ideal, meaning positive harvest from
the SFC(s), it does not assure an installment of LFCs. The com-
mitment of the local communities must be evaluated, commonly
through local non-governmental organizations (NGOs), because
(they and) the locals need to maintain the collectors. Additionally,
land ownership in the area should be revised [5].

5.2. Operational community-engaged projects
Operational LFC projects intended for implementation in
communities for drinking or growing crops are described and
depicted in Figure 4, classified by continent and accompanied
by their reason for failure or continuation and the number of
implemented LFCs to perceive a scale of the project. Many
additional installations have been carried out for scientific
research, which are not incorporated. The current and past
LFC installations demonstrate the high potential to supply
rural communities with adequate amounts of water but show
significant problems due to their lack of engineering and high-
maintenance needs compromising the sustainability. Climatic
issues refer mostly to breakage due to harsh weather conditions.
This in combination with complex social issues ensuing poor
maintenance and insufficient monitoring leads to deterioration of
the collectors [24, 25].

5.2.1. Successful projects
In the Tojquia region in Guatemala, 42 LFCs supply 200 inhab-
itants with daily averages of 5 l/m2/day during the dry winter
season. The inauguration was in 2006 and according to FogQuest;
the collectors were still carefully maintained in 2020 [26]. The
construction was built with volunteers of the community where-
after a local village fund was founded to maintain the collectors
[27]. The beneficiaries of the project are mostly women and
girls, whom before would spend hours walking to collect water
down the valley [28]. A small-scale project is found in a remote
area in the Andes Mountains in Colombia. One collector with
a mesh size of 25 m2 delivers freshwater to a local school for
irrigation purposes. The highest monthly average obtained was
∼2 l/m2/day during a study period from May 2008 to February
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Figure 4. Selected operational Large Fog Collector projects in Africa, Asia, Central America and South America appointed with their main reason for failure (climatic
or social) or continuation and the number of implemented LFCs.

2009. Afterwards, the collector was built, with a strongly engaged
community resulting in a request for additional LFCs [29].

In spite of fog being difficult to predict, this is an economic and
ecologic resource from which enterprises and organizations can
benefit. Moreover, when the water supply for the local population
is delivered by conventional means, their domestic water supply
is not affected during fog-scarce periods, generally resulting in
a strong involvement of the employees for managing and main-
taining the collectors. In the rural village Falda Verde (Chile), 11
LFCs supplied the irrigation of commercial aloe vera from 2001.
An annual average of 1.5 l/m2/day was determined by SFCs prior
to the installation of the LFCs [20, 30]. In 1999, ten collectors were
placed to supply a sanctuary, in Padre Hurtado, Chile, providing
up to 5 l/m2/day [31, 32]. In Nepal, the Pathivara Temple is
supplied with ∼6.3 l/m2/day of fog water (no specifications of data
found) from two collectors from 2001 onwards [10, 33].

5.2.2. Past projects
A research project in the 1980s led to the first large-scale fog
collection project worldwide in a small Chilean fisher village,
Chungungo, using 100 LFCs of 48 m2 overlooking the village.
The collectors harvested an average of 15 000 l/day (∼3 l/m2/day)
over a 10-year period flowing directly into the village and sup-
plying 300 inhabitants [5, 10]. This generated a visible increase
in economic resources [20]. The community managed the sys-
tem, but after administrative problems, growth of the permanent
population pressuring the water system, absent funds, storms
destroying the LFC’s rigid 2D structure and the mesh if not

regulated properly, and a pending request for a connection to a
conventional pipeline, the system was slowly neglected. During
the project, the unreliability of fog water in some period led to the
supplementation with truck-delivered water, as it was done before
and soon enough it switched back to this expensive resource [34,
35]. A reforestation project to rehabilitate the Lomas’ ecosystem in
Meija (Peru) was established in 1995 with 20 LFCs. The water was
also used by neighbouring farms. After the reforestation project
came to a successful end in 2010, harvesting an annual average
of 7.5 l/m2/day, the lack of involvement of the local communities
to adapt the collectors resulted in degradation [35]. Considerable
amounts of up to 12 l/m2/day on foggy days were measured in
the mountainous region Pachamama Grande (Ecuador), where
40 collectors operated from 1995–1997. The large-scale project
quickly degraded due to the lack of technical skills of the local
NGO [20].

Insufficient maintenance and monitoring in combination with
extreme weather quickly results in damaged collectors [10]. In
Eritrea, the local population often depends on various unstable
water resources such as unsafe shallow wells and truck-delivered
water. In the small rural villages Nefasit and Arborobue, 10 LFCs
were installed at each location in 2007 to supply local schools
nearby [36]. Feasibility studies demonstrated annual averages of
1.4 l/m2/day (Nefasit) and 3.1 l/m2/day (Arborobue) [37]. Both
projects were abandoned due to gale winds despite the strong
commitment in Arborobue, where the RM was replaced several
times and ultimately even replaced to a resistant German ITV
mesh [37]. Extreme wind speeds also affected two projects in
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Lepelfontein and Soutpansberg (South Africa), where annual
averages of 4 l/m2/day were measured [38]. In Lepelfontein, one
collector with a mesh surface of 70 m2 supplied a local community
from 1999 to 2001, and in Soutpansberg, seven collectors supplied
a local school from 2001 to 2008 [10, 39]. Furthermore, collectors
in South Africa suffer from vandalism [40]. After obtaining
positive results of 4.5 l/m2/day over a 3-month period in a small
village in Western Yemen, 26 LFCs were inaugurated in 2003.
After 3 years, strong winds destroyed the midscale project [41].

5.3. Sustainability issues
The sustainability of a project mostly depends on the beneficiaries’
commitment to maintaining and monitoring the collectors [10].
The communities’ commitment decreases when climatic-related
problems occur, especially when they were not motivated nor
prepared for this alternative. Experience revealed that individually
owned and/or self-bought collectors accomplish a higher degree
of commitment [42], because generally, a community consists of
different families. This suggests that there is no direct ownership
and no feeling of responsibility on an individual level causing
conflicts, abandonment or both. Besides, some locals do not
possess economic and technical resources nor spare time whereas
the collectors demand daily surveillance [25]. The role of a local
NGO is therefore crucial to introduce and inform the beneficiaries
about the fog harvesting mechanism through a public programme
with great sensitivity to local traditions. After the collectors are
handed over to the community, NGOs are expected to assist
and conduct routine evaluations, but these are often irregular or
obsolete [43]. In most cases, governmental aid is required for
subsidies and leadership [14]. However, multiple fog-loaded arid
regions are prone to governmental restrictions because they do
not consider fog collection to be a national water policy, ergo, do
not provide action plans [44].

6 ALTERNATIVE FOG COLLECTORS
New designs are emerging to harvest atmospheric moisture. These
are based on the LFC, the knowledge of the local population
living in fog-loaded areas and fog-basking organisms, fusing into
sustainable community-based collectors. By learning from pre-
vious mistakes, introducing new materials and developing low-
maintenance designs, alternative mesh and collector concepts
solve some common issues seen in the LFC projects. All collectors
described operate with a mesh and are passive, using merely natu-
ral driven forces without requiring external energy. Additionally,
a common innovative design aspect is that they all use a three-
dimensional design whereas the LFC has a two-dimensional set-
up catching water from one direction, while the wind direction
can be variable [45].

6.1. Mesh research
Only ∼2% of the total moisture passing the RM is harvested
and the efficiency decreases remarkably due to factors such as

clogging, coalescence of droplets and loss of droplets re-joining
the wind [46]. Experimental research by Rajaram et al. [47] illus-
trates the great potential for improvement of the RM by applying
coatings and changing geometrical features. The tests revealed
that a reduction in fibre size and an increase in filament distance
yields ∼50% more. A superhydrophobic coating increased the
contact angle yielding by an additional 50% [47].

Specific climate conditions demand specific mesh characteris-
tics, and the inflexibility of the RM has proven not to be suitable
for very windy locations. The mesh is also prone to damaging
under high UV radiation [25]. In general, the RM has a lifespan
of 5–10 years (excluding environmental damage) whereas three-
dimensional nets are estimated to have a lifespan of 20 years.
Still, these technologies hold a considerable disadvantage, which is
their high cost, making the RM more suitable for underprivileged
communities [24, 44]. In South Africa, a co-knit mesh of stainless
steel, for strength, and polypropylene yarn, for an efficient harvest,
has successfully been tested [20]. Fernandez et al. [48] performed
comparative studies of three different mesh types regarding wind
speeds on four locations in California (USA). Each site included
four SFCs, one with a double-layered RM, one with a hydrophobic
coated stainless steel mesh (MIT-14) and lastly two with a 3D
spacer fabric deployed horizontally and vertically, respectively
(FogHa-Tin). The results revealed that, under similar conditions,
the meshes showed inconsistent results. Nonetheless, compared
to the RM, the FogHa-Tin produced better results at lower wind
speeds and the MIT-14 produced better results at all wind speeds
[48]. Apropos to this, Schunk et al. [49] performed studies to
determine the most durable meshes at high wind speeds. Three-
dimensional spacer fabrics, entailing more efficient run-off and
coalescence of droplets, showed better results than woven fabrics
such as the RM [49]. Lummerich and Tiedemann [50] performed
a comparative analysis of three full-scale collectors with three-
dimensional meshes alongside a traditional SFC in field condi-
tions in the outskirts of Lima. The ‘Eiffel’, constructed with two
separate layers of RM and additional strips in between, produced
most water. The ‘Harp’ and ‘Diagonal Harp’ consisted of a metal
frame wherein vertical and diagonal, respectively, rubber strings
were attached and produced similar results as the SFC [50]. The
fog harp, designed by Shi et al. [51], contains an array of vertical
wires. Woven meshes tend to clog and lose droplets whereas the
metallic wires ensure an efficient water yield and efficient drainage
harvesting three times more [51]. Azeem et al. [17] reported
multilayer harp collectors with four or five layers achieved the
maximal aerodynamic collection efficiency, which is the unper-
turbed flow of fog droplets carried by the wind that could reach
the wires. Under optimized geometrical conditions, experimental
studies revealed that this harp collects four times more than the
SFC [17].

A notable water harvesting feature seen in nature is
(super)hydrophobicity [52]. By studying the effect of hydrophilic
and hydrophobic coatings on wires, Azeem et al. [21] concluded
that the latter improved the collection rate of vertical harps.
American engineer Bhushan developed a conceptual design of a
biomimetic three-dimensional mesh with water-harvesting cones
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Figure 5. Visualisation and pictures of conceptual fog collectors with their source of Copyright: MF-LFC [25], Dropnet [54], Cloud Harvester [55], Fog Tower [57],
Urban concept [58] and experimental fog collectors: Airdrip [13], FogHive [59].

resembling a cactus. Metallic cones are attached to a metallic
surface that consists of alternating hydrophilic and hydrophobic
areas inspired by the Namib Desert Beetle’s back, and openings for
the wind to pass through [18]. Another distinct conceptual mesh
design is a simplification of a spiny cactus to a two-dimensional
mesh made from waxed paper kirigami (variation on origami).
Preliminary tests illustrated that the collection rates are higher
than those of harps at a lower cost [53].

6.2. Conceptual and experimental
Figure 5 visualizes conceptual and experimental fog collectors.

6.2.1. Conceptual
Developed by Chilean researchers is the MF-LFC, which is a
conceptual design derived from the traditional LFC optimizing
its weak characteristics such as breakage and high maintenance
by dividing the mesh surface. This modification decreases the
stress on the mesh fibres and ultimately decreases the need for
constant regulation under extreme weather. Moreover, decreasing
the mesh surface is an element used by all described concep-
tual, experimental and operational designs to reduce breakage
and maintenance needs. The collector has a three-dimensional
modular funnel (MF) structure and the appearance of a half-open
harmonica with individual frames placed at 60-degree angles
facing each other towards the predominant wind. Each frame is
filled with a double layer RM and individually anchored into the
ground. Theoretically, the collection efficiency is increased from
the LFC’s 26% to 64% [25].

Dropnet is a tent-like structure with a parabolic-formed mesh
developed by Höhler. Six square metres of RM is tensed around

aluminium prebend poles catching droplets multi-directionally.
The prototype is constructed in the same way a typical camping
tent is, anchored 90 cm above ground level. In favourable climatic
conditions, Dropnet is predicted to harvest up to 2 l/day. Through
plastic foundations, the structure is flexible and can adapt to
strong winds [54]. A beneficial application could be for urgent
small-scale supplies in post-disaster areas, where conventional
networks or trucks are not within reach.

The Cloud Harvester has a particular shape, designed by
Choiniere-Shields. A stainless steel mesh with one side attached
a few centimetres above the ground covering a part horizontally,
continuing vertically, with the other side attached at a height
of 1.8 m, theoretically harvests ∼1.1 l/m2, or 45.6 l, per hour
in optimal climatic conditions. Considering only 10% of this
quantity, one mesh would harvest 5 l/h. Under the collecting
mesh, a tarp is placed, inclined to the direction of the water
tank serving as an impermeable layer to catch the droplets and
whereon dew formation is possible. Because of the simplicity
of the structure, the mesh is made affordable with a total
cost, production and construction of US$165.85. Supposedly,
the conceptual design is expected to have similar collection
efficiency as the LFC at a lower cost and smaller in size [55,
56]. A great advantage is the small size of the collector enabling
it for implementation in metropolitan areas. While the LFCs
are intended for long-term commitment, have the potential of
harvesting large amounts of water, but require basic knowledge
of technical tools and skills, Dropnet and Cloud Harvester, which
are ready-made, easy to transport, and lightweight, serve more as
a temporary supply.

Chilean researchers developed the Fog Tower. The collector
uses the same mesh (RM) as the LFC but is designed as a

International Journal of Low-Carbon Technologies 2023, 18, 392–403 397

D
ow

nloaded from
 https://academ

ic.oup.com
/ijlct/article/doi/10.1093/ijlct/ctac129/7091805 by guest on 01 O

ctober 2023



Verbrugghe and Khan

three-dimensional tower of 10–20 m, depending on the
communities’ needs. The structure was physically built in 2008
measuring almost 10 m in height with a diameter of 2 m
consisting of a wooden spiralling frame. The RM is attached to
the interior of the structure on multiple points accomplishing
a higher resistance to strong winds. The tower requires solid
foundations, but the structure is lightweight and flexible making
it foldable and easy to transport. The fog tower theoretically
harvests 100–300 l/day, which is similar to the LFC but occupies
around ten times less of the ground surface [57]. However,
comparing these conceptual designs to the operational LFC in
terms of collection efficiency can be misleading because it is
imperative to test and validate the collectors in similar field
conditions.

Italian researchers designed an urban fog collector. A water-
harvesting cube intercepts moisture with its two parallel sides
filled with a mesh. No specifications of a mesh are provided but
the researchers declare that further research should determine
the most efficient mesh for this prototype. In front, an MF is
placed to direct the fog-loaded wind and a wind vane assures
the most efficient wind speed. In densely built-up cities, the wind
is obstructed and deviated by the buildings, thus the collectors
would be placed on roofs and in the upper street valleys where
greater foggy wind speeds are found [58]. This concept is the sole
example that aims to tackle the problem of the high need for urban
collectors that can be placed in densely built-up metropolitan
areas.

6.2.2. Experimental
Airdrip is a validated concept of a three-dimensional fog mecha-
nism with an innovative structural feature being the lightweight
polyhedral air-frame system and the size ratio of the water yield-
ing mesh which is placed multidirectional to capture fog from
all sides in the Atacama Desert. The designers observed vari-
ous organisms living in foggy arid climates and concluded that
hydrophobic materials and harvesting water from all wind-faced
directions are crucial for an innovative design. A prototype was
built in Coquimbo, Chile, and has the potential to harvest around
six times more than the flat framed LFC. The price for one
collector is US$1850 [13].

The prototype is derived from FogHive and uses the same mesh.
A hydrophobic polyethylene textile is a light-coloured mesh that
decreases the temperature surface while its three-dimensional
built-up makes it resistant to strong winds. FogHive is designed
in a hexagonal form serving as a pavilion for shade for animals
and people. Three sides that are in the direction of the most
prevailing fog-loaded wind are covered with the white mesh,
whereas the other sides are covered with a shading mesh. The
lightweight and deployable mecanoo structure is constructed
with aluminium, galvanized steel or timber [59, 60]. Both three-
dimensional designs strongly differ from the traditional flat frame
and are fixed alone standing collectors. Their application could
be a central meeting point within a community providing both
water and shade.

6.3. Operational
The following described projects are or have been working within
a community. A comparison is made in Table 1. However, it is
important to convey that every collector has been implemented
in a distinct area, coming with different (dis)advantages for each
location.

6.3.1. CloudFisher
In Southwest Morocco, LFCs for rural Berber communities of
Aït Baamrane were damaged several times due to strong winds.
The collectors, placed uphill from the villages, were maintained
daily by locals [61]. Their strong commitment motivated the non-
profit organization Dar Si Hmad for Development, Education and
Culture (DSH) and German engineers of Wasserstiftung to seek
a solution. Preliminary experiments with more resistant material
[49] ultimately led to the creation of a new design named Cloud-
Fisher (CF) in 2013 [61]. Twenty-five kilometres of pipelines
connect 31 CFs and cisterns to 15 villages downhill. Potable water
is delivered to 1250 inhabitants, with a daily supply of 18 l/person,
a school and agriculture, making it the most productive and
durable fog collection project globally. An average of 22 l/m2/day
is collected on fog days [62, 63]. Operational installations are
found in Morocco, Tanzania and Bolivia, and additional projects
are underway. In terms of mechanism, and contrary to the LFC
where the 40-m2 mesh is solely connected to its frame at the
corners, a big CF consists of four separate frames, each with a
mesh surface of 13.5 m2 connected to the steel frame through
multiple bungee holders facilitating to tense the mesh, decreasing
the need for constant regulation and resulting in a resistance to
winds up to 120 km/h. To enhance its resistance and efficiency
even more, a plastic grid is placed on the mesh to prevent the
surface from bulging and losing droplets. The total net surface is
54 m2, and each frame has support poles anchored into the ground
[63–65]. Whereas the structure is two dimensional, the innova-
tive spacer fabric, which is a food-safe and UV-resistant mesh
with monofilaments woven into interconnected helixes, is three-
dimensional rendering a more efficient harvest. Because of the
variable sized openings of the mesh, the fog passes through easily
while the three-dimensional aspect facilitates the coalescence and
run-off of droplets ultimately decreasing the potential for droplets
to re-join the wind. Yet, the price is considerably higher compared
to the RM [61].

Two models exist, a big (height: 6 m) or mini (height: 3 m)
CF, and depending on the soil wherein it will be placed, concrete
or peg fastenings are available. Before committing completely, an
SFC variant with the CF’s technology is offered for US$910 [63–
65]. The main drawback of this collector is its high initial cost
of US$13 000 for one CF. Nonetheless, an average of 1200 l/day
on foggy days is harvested in Morocco whereas the LFC only
harvests a general average of 200 l/day but costs around 13 times
less [61]. For the price of one CF, eight LFCs could be purchased
with a theoretical harvest of 1600 l but eight times the space is
required. Considering the expected durability and low mainte-
nance needs of the CF, the investment could render a lower price
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over time. However, this is purely theoretical because long-term
testing of the two collectors under equal conditions has not been
undertaken (yet). The commitment of the inhabitants and the
NGO DSH has generated an exceptional social and economic
impact, especially influencing gender inequality issues. As seen
in many other remote communities, women and girls are the
main water gatherers and spend hours walking to nearby valleys
or open wells, retaining them from pursuing other productive
activities and going to school, respectively. They are thus the
primary beneficiaries of a water harvesting project. In Morocco,
the older Berber women are assigned to survey and report on the
CFs’ water problems by using their smartphone. By giving respon-
sibility on management and training low-literate women to use
information and communication technologies, some traditional
and institutional discrimination issues are addressed [66, 67].

6.3.2. Nieblagua
Nieblagua is a Canarian company. Most of the information
below is obtained during a field visit and expert interviews
with the founder Ricardo H. Gil Casanova, and through the
website www.nieblagua.com. The fog collector RAA (Spanish:
Recogedores de Aguas Atmosféricas) is a three-dimensional metal
cuboid wrapped with a green double layer of polyethylene mesh.
A biomimetic feature is implemented through the placement
of additional meshes within the cuboid stacked hierarchically
resembling a tree’s structure minimizing its fog waste. A second
is the green-coloured mesh, which serves as a means of visually
merging into forest regions. A collecting tray is installed under
the structure which is connected to a cistern with tubes. Evidently,
the mesh is an obstruction to the wind flow. Unlike the LFC where
the mesh is applied when the poles are up implying difficulties to
attach the corners to the structure, an innovative feature is that the
RAA’s mesh is easily applied when the structure is not up yet using
simple strip cable zip ties. The cost-effectiveness and simplicity
of the structure are also advantages requiring merely two people
to build five to six collectors in 1 week. Other advantages are its
small ground surface area of 1.60 m2 and the absence of cables.
However, the structure is still fixed and needs to be placed with
robust foundations, such as the LFCs. Multiple installations are
found on the Canary Islands. Each location contains five to six
individual RAA collectors placed side by side and collectively
harvest 11 000 to 25 000 l/year. Most projects are intended
for reforestation, and when using it for drinking, filtration is
added [68].

6.3.3. Niebla
Niebla is a fog collector designed by Tómas Garay Ávila. In
Caldera, a deserted area in Northern Chile, four collectors along-
side each other were installed in 2017 by and for the Colla com-
munity with national funds. According to Garay, through an
expert interview, the communication with the community was
challenging, and he spent years gaining trust and introducing
the fog harvesting mechanism to them. The structure is based
on tensegrity, which is an architectural principle of components

under tension. The collector is easy to transport and construct
and requires a minimum of maintenance owing to its flexible
structure. To keep it low-cost and low-tech, material that is easy
to find is used such as PVC tubes for the structure and metal
cables to keep the structure in place. Instead of using the Chilean
RM, a more robust mesh of monofilaments is used. A total of
27-m2 mesh is loosely attached through multiple holders within
the tensed network, allowing the mesh to fluctuate and reducing
the tendency of breakage under harsh weather conditions. In
Caldera, an average of 20 l/day is accumulated by one collector
during the winter fog season. A unique feature of this design is
that the fluctuating mesh allows intercepted droplets blown off by
winds to be recovered. Coalesced droplets can also roll down the
mesh as typically observed. A plastic slab catches all the mesh-
intercepted droplets, covering an area greater than the ground
surface of the collector, and is directed to a gutter connected to
a cistern. The relatively small-scale three-dimensional collector
with a size of 3 m in all directions has an aesthetic outlook. While
the collector is currently in exploratory phase collecting water to
supply one person, Garay intends to build NIEBLAs for domestic
and agricultural use for rural families. With national funding,
the collector could also serve as a refuge for people and animals
seeking shade in the Atacama Desert on routes that are used by
the rural population moving daily with their animals, enhancing
the quality of their trips, and providing potable water [69, 70].

6.3.4. Warka Water
The Warka Water Tower is a freestanding cylindrical wooden
collector developed by architect Arturo Vittori to harvest fog, rain,
and dew using a polyester mesh similar to the RM. The prototype
is in exploratory phase intending to obtain a daily average of
40–80 l. The innovation of the 9-m-high tower lays in the fact
that it is prefabricated, lightweight (80 kg), quickly built and easy
to maintain through a minimal knowledge of tools. Moreover,
it uses recyclable and local materials such as bamboo and is
designed to be operated and owned by the locals [56, 71]. The
fog-collecting mechanism and materials of the tower are inspired
by organisms’ hydrophobic or hydrophilic surfaces, or both, such
as the Namib beetle’s back, lotus flower leaves, spider webs and
cacti. A promising first and second of 12 designs have already
been constructed in Ethiopia and Cameroon, respectively. The
price of the collector is unknown because of its large dependence
on local materials, workforces and remoteness of the area [71]. A
large canopy can be added around the structure for community
gathering events [72], implicating that one Warka Tower is aimed
for placement within and for the entire community living in fog-
loaded areas, excluding the need for extensive pipelines, whereas
the LFCs are mostly placed uphill near beneficiary villages.

7 DISCUSSIONS AND CONCLUSIONS
Water is a vital resource for all living creatures. Fog is essential
for natural organisms to survive in arid climates, and researchers
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have learned a lot about this evolutionary phenomenon. Fog
harvesting, being relatively new, clearly has great potential with
an exciting interdisciplinarity blending biomimicry, indigenous
knowledge, sociology, engineering and sciences. The search for
innovative designs and low-cost and low-maintenance materials
is an ongoing process enhancing this sustainable humanitarian
technology. Bio-inspired research for ameliorating meshes as well
as structures is still underexplored, nonetheless, with a great range
of possibilities. Multiple projects of FogQuest and alternative fog
collectors are described each with their merits and weaknesses but
showing their exceptional ability as an alternative water resource.
Most of these projects are intended for placement in specific
rural fog-loaded areas where the population needs to rely on
unreliable expensive truck-delivered water or where they need
to spend full days walking to open wells or river basins. Besides,
collecting possible contaminated water results in a high number
of water-borne diseases and other health issues, hence the large
benefits of fog collection for underprivileged communities. To
conclude, some suggestions for future research are discussed.
First, various factors need to be considered before implement-
ing collectors within a community. The absent participation of
communities, and obsolete local NGOs has a great influence on
the failure of a project, calling for focused research to develop an
adapted approach to communicate and educate rural people in
need. Second, although the conceptual designs are more flexible
and constructed with lightweight materials, studies show that
strong winds require more robust structures, exposing the need
for more extensive experiments in remote areas. Third, due to
climate change and urbanization, water scarcity is becoming a
bigger problem in arid metropolitan areas. One-third of the urban
population, or 993 million, already experiences water stress [73].
Therefore, research towards urban-integrated fog collectors is
highly recommended, especially in vulnerable urban areas. Lastly,
collecting rainwater is a common practice for people living in
rainy areas, regardless of their status. The average or wealthier
population that are connected to a conventional water network
living in fog-loaded arid regions do not profit from atmospheric
moisture, which is a lost opportunity, mostly because they do not
feel nor consider water scarcity to be a problem. Integrating this
alternative as a (complementary) water resource into moderate
households, with the help of governmental regulations, creates a
sustainable freshwater supply and ultimately a sustainable future,
and could positively change the opinion of the less fortunate.
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