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INTRODUCTION 

Water scarcity is hitting many nations world-
wide; countries including Jordan, Saudi Arabia, 
India, Turkmenistan and Pakistan are among these 
countries (Bozorg‐Haddad et al., 2019; Shan et 
al., 2020). Population impacted with severe water 

scarcity is about 4 billion people (Mekonnen & 
Hoekstra, 2016). Water scarcity (WS) is a criti-
cal global challenge threatening environmental 
sustainability, economic development, and hu-
man well-being (Khan et al., 2024; Mukherjee 
et al., 2019). WS affects the climate, agricul-
ture, groundwater, population growth, economic 
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and social stability (Mukheibir, 2010). The WS 
threats require integrated water resource manage-
ment, technological innovation, and climate-re-
silient strategies to ensure sustainable freshwater 
availability (Khan et al., 2024; Lindner & Stamm, 
2025). Climate change also plays a main role in 
intensifying WS by causing droughts, floods, and 
increasing evaporation (Nairizi, 2017; Sivakumar, 
2010; Tabari, 2020). Atmospheric water (AW) 
has become an important, decentralized water 
resource for drinking water and irrigation (Inbar 
et al., 2020; Zhang et al., 2022). Although the 
amount of AW is small compared to other fresh-
water resources (0.04%), AW is continuously re-
newed which makes it a viable source of water 
(Ahrestani et al., 2023). AW harvesting is divided 
into dew point passive harvesting, active harvest-
ing using mechanical cooling, desiccant type and 
fog water harvesting (Jarimi et al., 2019).

Fog water harvesting captures liquid fog drop-
lets (typically 10–50 μm), while dew harvesting 
collects water through the condensation of atmo-
spheric water vapor on surfaces (Boutracheh et 
al., 2024). The fog harvesting processes includ-
ing impaction, interception and collection play 
valuable roles in maximizing the collection effi-
ciency and the water yield (-Sánchez & Mulligan, 
2025). The fog harvesting may be affected by 
various factors including in-situ fog, droplet-size 
and droplet-to-mesh surface interactions (Ura et 
al., 2021). In the last two decades research in the 
area of water harvesting and fog water harvesting 
has been intensified (Sartipizadeh et al., 2025), 
Research has progressively moved from conven-
tional mesh collectors toward engineered sur-
faces, biomimetic materials, functional coatings, 
nanostructured materials, and three-dimensional 
architectures.

The development of fog-harvesting technol-
ogy can therefore be viewed as a transition from 
simple passive interception toward integrated 
control of droplet capture, adhesion, coalescence, 
transport, shedding, and drainage (Jiang et al., 
2023). This development has placed materials 
and surface engineering at the center of recent 
fog-harvesting research.

This paper reviews developments in the fog-
harvesting field, especially during the last two 
decades (2006–2026), with particular emphasis 
on materials, surfaces, structural characteristics, 
and their influence on fog-droplet collection and 
drainage. An intensive review has been performed 
to capture important technological developments 

in fog harvesting, reduce the time required by re-
searchers working in this field, and contribute to 
the faster development and implementation of fog 
harvesting for drinking-water and irrigation ap-
plications (Boutracheh et al., 2024).

FOG HARVESTING COLLECTOR 
MATERIALS

Fog harvesting (FH) is affected by many fac-
tors including (Guo & Liu, 2025):
	• Material-related factors such as mesh type, 

size, material, orientation, coating and surface 
characteristics (hydrophobic and hydrophilic).

	• Environmental-related factors such as fog 
density, droplet size, wind speed, relative hu-
midity and ambient temperature.

	• Structural and design factors such as collector 
installation angle, orientation and height.

These factors are strongly coupled. Conse-
quently, improving one material property does 
not necessarily result in a proportional increase 
in the overall water yield. Fog harvesting ini-
tially relied heavily on traditional Raschel mesh 
systems (Wang et al., 2023). Polymeric meshes 
remain attractive because of their low cost, low 
weight, availability, and ease of installation. 

The materials commonly used include 
polyethylene (PE), high-density polyethylene 
(HDPE), polypropylene (PP), and nylon. Tradi-
tional polypropylene and polyethylene Raschel 
meshes were originally used extensively in ag-
ricultural applications and subsequently adopted 
for large-scale fog collectors (Castellano et al., 
2008). These materials are generally character-
ized by low cost, wide availability, UV resistance, 
and reasonable outdoor durability. Their water 
collection performance ranges depending on fog 
conditions (Alzahrani & Abdelbaki, 2025).

Metallic materials such as copper, aluminum, 
and stainless steel are particularly attractive for 
applications exposed to relatively high wind 
speeds (Nikbakht, & Heyhat, 2026). However, 
metallic meshes are generally heavier and more 
expensive and may require stronger structural 
support. Table 1 shows a comparison of tradi-
tional materials in fog harvesting. In order to im-
prove water collection efficiency, durability, and 
cost-effectiveness, continuous developments in 
FH materials were made. Technology has evolved 
through several generations of materials. 
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BIOMIMETIC SURFACE MATERIALS

In recent years, researchers have increasingly 
studied natural fog-harvesting organisms such 
as the Namib Desert beetle, cactus spines, and 
spider silk. These studies initiated a major tran-
sition toward biomimetic materials and surfaces 
(Amjad et al., 2026). Bioinspired collectors in-
corporate engineered surface properties such as 
hydrophilic and hydrophobic regions, micro- and 
nanoscale textures, and directional water trans-
port. These characteristics can promote faster 

droplet nucleation, improve drainage, and reduce 
re-evaporation losses. Significant water collec-
tion improvements compared with conventional 
Raschel meshes have been reported under labo-
ratory conditions (Rajaram et al., 2016). Biomi-
metic surface engineering is one of the fastest-
growing research areas in fog harvesting. Instead 
of relying solely on mesh geometry, researchers 
engineer the surface chemistry and micro/nano-
structure of collectors by mimicking organisms 
that have evolved to collect water efficiently in 
arid environments (Xiao & Guo, 2021; Yu et al., 

Table 1. Traditional materials in fog harvesting systems

Mesh material Composition & structure Typical water yield / 
efficiency Advantages Limitations References

HDPE Raschel 
mesh (standard 
fog nets)

Warp-knitted 
polyethylene 
(sometimes 
polypropylene) ~35% 
shade cloth

~3–10 L/m²·day in 
good fog conditions 
(field averages); typical 
collection efficiency often 
low (~1–2% raw capture)

Low cost, 
widely 
available, 
lightweight

Moderate 
efficiency; 
hydrophobic 
surface can 
delay drainage

Di Bitonto et al., 
2025

Polypropylene / 
plastic nets

Plastic shade/mesh 
similar to Raschel

Similar to HDPE (3–10 
L/m²·day typical in field 
deployments)

Affordable, 
accessible

Not optimized for 
fog capture

Hadba et al., 2024

Nylon mesh Synthetic polyamide 
mesh

Not widely quantified in 
field studies; expected 
similar to basic plastic 
meshes

Better intrinsic 
wettability than 
HDPE/PP

UV degradation 
over time; data 
sparse

Knapczyk‐Korczak 
et al., 2020

Stainless steel 
mesh (coated)

Metal (e.g., SS304/316) 
with hydrophobic 
coatings (e.g., MIT-14)

Higher relative capture vs 
HDPE; up to ~40% more 
collection at moderate 
winds in trials; some 
advanced designs aim at 
~10–12 L/m²·day in very 
favorable conditions

Strong, 
durable; better 
performance 
across wind 
speeds

Heavier, higher 
cost; requires 
stronger support

Fernandez et al., 
2018

Figure 1. Surface structure of a cactus spine showing how its tiny barbs and grooves are arranged (Ju et al., 2012)
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2022). These bio-inspired surfaces enhance drop-
let nucleation, capture, transport, coalescence, 
and drainage, thereby significantly improving 
water collection.

Fog harvesting technology is strongly inspired 
by organisms that have evolved to capture and 
transport atmospheric water in dry environments. 
Their surfaces combine  micro/nanostructures, 
wettability differences, curvature, and surface-
energy gradients to collect tiny fog droplets and 
move them toward a storage or absorption region.
The Namib Desert beetle survives in one of the 
driest environments by harvesting fog. It is char-
acterized by hydrophilic bumps (0.5–1 mm), hy-
drophobic wax-covered background, Water con-
denses on bumps. Droplets grow and roll toward 
the beetle’s mouth (Nørgaard & Dacke, 2010). 

Cactus spines collect fog through conical ge-
ometry, Laplace pressure gradient and surface 
energy gradient. Water moves naturally from the 
sharp tip toward the stem. It is characterized by 
passive directional transport, rapid drainage, and 
the prevention of flooding (Yi et al., 2019). Spider 
silk contains spindle knots, periodic joints and al-
ternating wettability. Water droplets migrate auto-
matically toward the spindle knots (Wang & Guo, 
2024). Pitcher plants possess slippery liquid-im-
pregnated surfaces (SLIPS). They are character-
ized by extremely low adhesion, rapid droplet 
removal, anti-fouling and self-cleaning, which 
inspired the development of lubricant-infused fog 
collectors (Li et al., 2020).

Hydrophilic bumps on hydrophobic 
backgrounds

The surface combines two complementary 
mechanisms:
	• Hydrophilic regions – increase droplet nucle-

ation rate, retain droplets during the initial 
growth stage and promote coalescence (Gao 
et al., 2026). 

	• Hydrophobic regions – this reduces contact 
angle hysteresis, minimizes droplet pinning 
and accelerates droplet removal, exposing 
fresh nucleation sites (Wang et al., 2015).  

This combination significantly increases the 
overall water collection rate compared with uni-
formly hydrophilic or uniformly hydrophobic sur-
faces (Hou et al., 2018). Researchers have repro-
duced this design using several fabrication tech-
niques including photolithographic patterning, 
laser surface texturing, plasma surface treatment, 
inkjet printing of hydrophilic coatings, selective 
chemical functionalization, microcontact printing 
and electrospun nanofiber membranes with pat-
terned wettability (Akuoko & Kwon, 2024). 

Various materials have been used including 
PTFE, PDMS, fluorinated silica nanoparticles, 
TiO₂ coatings, ZnO nanostructures and graphene 
oxide composites. They are characterized by high 
fog capture efficiency, rapid droplet shedding, re-
duced flooding of the collector surface, continu-
ous regeneration of condensation sites, improved 

Figure 2. Beetle’s back (elytra) surface made of hydrophilic hills/bumps surrounded 
by hydrophobic regions/burls (Parker & Lawrence, 2001)
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self-cleaning performance and passive operation 
without external energy (Table 2).

Table 3 summarizes different  biomimetic 
approaches for fog harvesting  inspired by na-
ture. The  Namib beetle  uses hydrophilic bumps 
to improve water collection, while the  cactus 
spine  and  spider silk  use special structures to 
both collect and efficiently transport water drop-
lets.  SLIPS  uses a lubricant layer that provides 
excellent drainage of collected water. Surfaces 
combining hydrophilic bumps with a hydropho-
bic background can provide very high water col-
lection and good drainage. Overall, these biologi-
cal inspirations show how surface structure and 
wettability can be designed to improve both fog 
capture and water removal  in artificial fog-har-
vesting systems (Yu et al., 2022).

Advanced functional materials and surface 
technologies

Functional coatings provide an effective 
method for modifying the surface properties of 
conventional collector materials without com-
pletely replacing the supporting mesh. The coat-
ing strategies discussed in the literature include:
	• nanoparticle coatings;
	• metal-oxide coatings;
	• polymer thin films;

	• graphene-based coatings;
	• silica nanostructures;
	• hydrophilic coatings; and
	• hydrophobic or superhydrophobic coatings 

(Sartipizadeh et al., 2025).

Their principal objective is to modify surface 
energy, wettability, nucleation, droplet adhesion, 
and shedding. From approximately 2015 onward, 
researchers have increasingly focused on modi-
fying collector surfaces rather than replacing the 
complete mesh structure (Ielo et al., 2021; Jin et 
al., 2022; Schneider et al., 2021). Researchers have 
investigated nanoparticle coatings, metal-oxide 
coatings, polymer thin films, graphene-based coat-
ings, and silica nanostructures (Lu et al., 2026).

These materials aim to increase condensation 
and control droplet adhesion and removal. Sur-
face engineering provides a means of modifying 
wettability and droplet mobility without neces-
sarily changing the underlying structural mesh.
Micro- and nanostructuring can increase effective 
surface area and alter the interaction between fog 
droplets and the collector. Such structures may 
influence nucleation, adhesion, coalescence, and 
droplet mobility.

Hybrid and composite meshes have become 
increasingly important in recent research (Bintein 
et al., 2023). Examples include dual-layer meshes 

Table 2. Basic characteristics of hydrophilic bumps on hydrophobic backgrounds and their performance

Key characteristic Performance
High fog capture efficiency (wettability gradient 
+ 3D structure) ~693.3 mg cm-² h-¹ at a 5 cm collection distance (Chen et al., 2026).

Rapid droplet shedding & self-cleaning (high-
contrast wetting patterns) ~60% improvement over pristine Pyrex glass (Kostal et al., 2018).

Continuous condensation site 
regeneration (3D-printed hybrid wettability) 366.2 g m-² h-¹ (Lin et al., 2025).

Passive operation & high efficiency (multi-
bioinspired patterns)

~5.3 g cm-² h-¹, which is 1.8× higher than previous star-shaped patterns 
(Yu et al., 2017).

Reduced flooding (multi-bioinspired: beetle + 
cactus + spiderweb)

20.17 L m-² day-¹; 68.64% higher than superhydrophilic surface and 229.38% 
higher than superhydrophobic surface (Li et al., 2024; Qi et al., 2025).

Dual-directional water transport (tri-layered 
composite membrane) 3.55 g cm-² h-¹ (Zhang et al., 2025).

Table 3. Biomimetic-inspired surfaces with their collection and drainage enhancements

Biomimetic inspiration Surface feature Collection 
enhancement

Drainage 
enhancement Reference

Namib beetle Hydrophilic bumps High Moderate Parker & Lawrence, 2001

Cactus spine Conical gradient High Very high Jiang et al., 2023

Spider silk Periodic spindle 
knots High Very high Zheng et al., 2010

SLIPS Lubricant layer Moderate Excellent Chen et al., 2022
Hydrophilic bumps + hydrophobic 
background Wettability contrast Very high High Al-Khayat et al., 2017
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with different pore sizes, composite polymer–
metal fiber structures, and electrospun nanofibers 
supported on conventional Raschel mesh.

Other approaches include laser-patterned col-
lectors, 3D-printed collectors, and bioinspired 
hierarchical structures. These systems aim to si-
multaneously optimize fog interception, water 
transport, droplet growth, and drainage. Hybrid 
materials combine the advantages of two or more 
material classes. Examples include polymer–met-
al structures, dual-layer meshes, electrospun nano-
fibers supported by conventional mesh, and hier-
archical bioinspired materials (Yin et al., 2017).
Such systems are particularly promising because 
the structural material can provide mechanical 
support while the functional surface provides im-
proved wetting and droplet transport.

Recent research has also explored smart and 
sustainable materials (Batisha, 2015), including 
recycled polymers, biodegradable materials, self-
cleaning coatings, and anti-icing surfaces (Cannio 
et al., 2024; Wang et al., 2025). These develop-
ments seek to reduce maintenance requirements 
and improve long-term performance while ad-
dressing environmental concerns associated with 
conventional polymeric collectors. Future material 
development should consider not only water yield 
but also environmental impact, service life, main-
tenance requirements, and end-of-life disposal. 
Researchers recognized that flat meshes have lim-
ited interaction with airflow. Consequently, new 
structures including three-dimensional knitted 
meshes, multilayer meshes, spacer fabrics, curved 
collectors, and conical collectors have been inves-
tigated (Zefrehei et al., 2022). These structures 
can provide greater effective surface area, modify 
airflow through the collector, reduce blockage 
caused by accumulated water, and improve per-
formance under varying wind conditions.

Harp collectors use vertical wires or fibers ar-
ranged similarly to the strings of a harp (Shi et 
al., 2020). Their low solidity can allow high air-
flow penetration while providing effective droplet 
interception. Their relatively open structure may 
also facilitate drainage and reduce the blockage 
associated with conventional dense meshes. Frac-
tal collectors provide multiscale architectures that 
can increase effective interaction with fog drop-
lets while maintaining pathways for airflow and 
drainage. Their potential arises from combining 
different length scales within one architecture.

Spider-web-inspired structures incorpo-
rate interconnected fibers and localized droplet 

collection regions. Their design is inspired by 
the ability of natural spider silk to combine water 
capture with directional transport (Zheng et al., 
2010).Three-dimensional lattice collectors pro-
vide a larger effective collecting structure than 
conventional planar meshes. Additive manufac-
turing can provide control over the geometry, po-
rosity, and orientation of these structures (Cha-
roensook et al., 2024). Triply periodic minimal 
surface (TPMS) structures, including gyroid, 
diamond, and schwarz-P architectures, provide 
continuous three-dimensional pathways for air-
flow and water transport. Their geometry allows 
the material architecture itself to participate in 
fog capture, airflow management, and drainage. 
Recent research has therefore considered TPMS 
structures as potential next-generation water-har-
vesting architectures (Wu et al., 2026). However, 
their practical application remains dependent on 
manufacturing cost, structural durability, scal-
ability, and field validation.

Electrospinning enables the production 
of fibers with diameters ranging from tens of 
nanometers to a few micrometers (Ganesh et 
al., 2017; Mishra et al., 2019; Xue et al., 2019). 
Materials such as polyvinylidene fluoride 
(PVDF), polyacrylonitrile (PAN), polyvinyl al-
cohol (PVA), and nylon have been investigated 
for nanofiber-based fog collection (Knapczyk‐
Korczak et al., 2020).

Electrospun structures provide extremely 
high surface area, high potential capture efficien-
cy, and tunable pore size. However, their practical 
application requires consideration of mechanical 
stability, manufacturing complexity, and long-
term environmental durability.

COLLECTOR GEOMETRY AND 
STRUCTURAL CHARACTERISTICS

Although this review focuses on materials, 
material performance cannot be separated com-
pletely from collector geometry. Fiber diameter, 
pore size, porosity, shade coefficient, and struc-
tural configuration determine how the material 
interacts with fog and airflow (Park et al., 2013).

Mesh geometry determines how efficiently 
fog droplets are captured and drained while air 
passes through the collector (Table 4). The prin-
cipal capture mechanisms include inertial im-
paction, interception, and gravitational drainage 
(Saha et al., 2022).
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The main governing parameters include:
	• fiber diameter, which influences droplet cap-

ture probability;
	• pore size, which controls the penetration of 

small droplets;
	• porosity, which affects airflow;
	• solidity ratio or shade coefficient; and
	• overall mesh structure.

Advanced geometries have also been devel-
oped using biological inspiration. These include 
cactus-inspired tapered structures, aerodynamic 
kirigami meshes, harp collectors, and other three-
dimensional structured meshes (Table 5), (Zhang, 
X. et al., 2022). The shade coefficient (SC), some-
times called the solidity ratio, is one of the most 
important design parameters in fog harvesting col-
lectors. It represents the fraction of the collector 
area occupied by fibers (Elshennawy et al., 2023):

 	 𝑆𝑆𝑆𝑆 = Fiber area
Total mesh area

   (1) 

𝜂𝜂𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑓𝑓(𝑆𝑆𝑆𝑆, 𝜂𝜂𝑎𝑎, 𝜂𝜂𝑑𝑑, 𝜂𝜂𝑟𝑟, geometry)  (2) 

𝜂𝜂𝑎𝑎 = 𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

  (3) 

𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀   (4) 

𝜂𝜂𝑎𝑎 = 1−𝜀𝜀
(1−𝜀𝜀)+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

   (5) 

𝐶𝐶𝑜𝑜 = 1.3𝑆𝑆𝑆𝑆 + ( 𝑆𝑆𝑆𝑆
1−𝑆𝑆𝑆𝑆)

2
 (6) 

	 (1)

A low SC allows fog to pass through without 
sufficient interception, while a high SC blocks 
airflow and causes aerodynamic bypass. There-
fore, an optimum value exists (Yang et al., 2025). 
Typical shade coefficients for various traditional 
materials are shown in Table 6. 

A major trend in the literature from approxi-
mately 2010–2026 is that the optimum shade 
coefficient is no longer considered a universal 
value (e.g., 50%) (Mukhopadhyay et al., 2023). 
Instead, the optimal SC depends strongly on col-
lector geometry:

	

𝑆𝑆𝑆𝑆 = Fiber area
Total mesh area

   (1) 

𝜂𝜂𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑓𝑓(𝑆𝑆𝑆𝑆, 𝜂𝜂𝑎𝑎, 𝜂𝜂𝑑𝑑, 𝜂𝜂𝑟𝑟, geometry)  (2) 

𝜂𝜂𝑎𝑎 = 𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

  (3) 

𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀   (4) 

𝜂𝜂𝑎𝑎 = 1−𝜀𝜀
(1−𝜀𝜀)+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

   (5) 

𝐶𝐶𝑜𝑜 = 1.3𝑆𝑆𝑆𝑆 + ( 𝑆𝑆𝑆𝑆
1−𝑆𝑆𝑆𝑆)

2
 (6) 

	 (2)

where:	ηa – aerodynamic efficiency, ηd – drop-
let deposition efficiency, ηr – drainage 
efficiency. 

Consequently, advanced geometries such as 
harp, fractal, spider-web, and TPMS collectors 
often achieve equal or better water yields than 
conventional Raschel meshes while operating at 

Table 4. Various mesh geometries for fog harvesting systems
Mesh 

geometry Description Aperture shape Performance notes References

Square mesh
Orthogonal weave with 
uniform square openings; 
often woven from metal

Balanced capture but higher 
blockage and pressure drop 
at high SC. Used as baseline 
in many experiments

Elshennawy et al., 2023; 
Renon, & Jeanningros, 
2025

Rectangular 
mesh

Orthogonal openings with 
unequal width/height; 
typically woven sieve types

Often used experimentally; 
tends to block less flow than 
square due to directional 
pores, with moderate fog 
capture

Ghosh et al., 2017, 
Rajaram et al., 2016

Triangular 
mesh

Equilateral triangle 
openings; can appear in 
knitted or engineered 
meshes

Higher interception potential 
per unit area due to angled 
fibers, but may incur higher 
aerodynamic resistance

Verbrugghe, & Khan, 
2023

Hexagonal 
mesh

Honeycomb-like openings; 
minimal intersections per 
area

Often yields better 
aerodynamic efficiency and 
smoother flow with good 
capture per unit shade 
coefficient

Elshennawy et al., 2022; 
Zhang et al., 2023

Raschel mesh

Knitted polypropylene mesh 
with triangular pattern and 
sloped fibers; widely used 
in large fog collectors

Field standard due to good 
drainage and balanced 
performance; foam-like 
structure enhances droplet 
coalescence and runoff

Rivera & Lopez-Garcia, 
2015
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significantly lower shade coefficients (Shi et al., 
2018). This shift from optimizing SC alone to op-
timizing geometry-driven transport mechanisms 
is one of the central developments in modern fog-
harvesting research. Table 7 summarizes the vari-
ous geometries/shapes of fog collectors with their 
shade coefficients.

The aerodynamic efficiency ranges in Table 
8 are literature-derived approximate ranges, be-
cause depends strongly on wind speed, droplet 
size distribution, collector dimensions, Reynolds 
number, and mesh porosity. Therefore, values 
should be interpreted as comparative perfor-
mance indicators rather than universal constants.

Table 5. Bio-inspired fog harvesting meshes (Bai et al., 2024)

Mesh geometry Mechanism Advantages Limitations

2D cactus kirigami mesh with 
tapered needles (Bai et al., 2020)

Laplace pressure + gravity

Simple to manufacture using 
CNC cutting

Practically untested, 
mechanical stability at high 
wind speeds

3D cactus mesh with tapered 
needles (Cheng et al., 2021)

Laplace pressure + gravity

Reduced clogging, boost 
Laplace effect with wettability 
gradients

Cost, practically untested

3D aerodynamic kirigami mesh 
(Li et al., 2025)

Aerodynamic
+ gravity

Simple to manufacture, high 
collection efficiency

Practically untested, 
mechanical stability 
(at high wind speeds)

Advanced harp / meshes
(Nagor, 2026)

Gravity (overcomes high 
pinning force)

Improved droplet control 
potential without wire tangling, 
no need for costly coatings

Cost, practically untested

Other 3D/structured meshes

Non-planar or engineered 
structures (e.g., intertwined 

hex patterns)

Often enhance both airflow 
and capture; sometimes 
outperform traditional meshes 
in field and laboratory

Aqualonis “FogHa-TiN” and 
other proprietary structured 
meshes (Fernandez et al., 
2018)
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Table 6. Various mesh geometries for fog harvesting systems: traditional materials

Period Collector type & material Typical shade 
coefficient (%) Design philosophy Collection 

performance
Recommended 

reference(s)

1960s–1980s Early wire screens, gal-
vanized steel 20–35 Maximize airflow through 

mesh Low Schemenauer & Ce-
receda, 2025 

1980s–1990s Raschel mesh collectors, 
polyethylene 35–50 Balance interception and 

ventilation Moderate Fessehaye et al., 2014

1990s–2005 Large fog collectors 35–50 Balance interception and 
ventilation Fernandez et al., 2018

2005–2015
Aerodynamic and biomi-
metic studies, functional-
ized polymer fibers

40–60 Improve aerodynamic 
collection efficiency Very high Alzahrani & Abdelbaki, 

2025

2015–2020
Theoretical optimization 
studies, coated metallic 
mesh

45–60
Best compromise be-
tween interception and 
bypass flow

Very high
Ghosh, & Ganguly, 
2020; Moazzam et al., 
2018

Table 7. Shade coefficients for various collector shapes and geometries

Geometry / shape Shade coefficient equation Parameters Reference

General geometry 𝑆𝑆𝑆𝑆 =
𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝: projected solid area Rivera et al., 2011; Elshennawy et al., 

2023

Porosity-based method 𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀 𝜀𝜀: porosity (open-area 
fraction) Rivera et al., 2011; Azeem et al., 2020

Circular fibers (square 
arrangement) 𝑆𝑆𝑆𝑆 = 1 − (1− 𝑑𝑑

𝑠𝑠)
2 𝑑𝑑: fiber diameter, 

𝑠𝑠: pitch Rivera et al., 2011

Thin-fiber approximation 𝑆𝑆𝑆𝑆 ≈ 2𝑑𝑑
𝑠𝑠 𝑑𝑑 ≪ 𝑠𝑠 Rivera et al., 2011

Square fibers 𝑆𝑆𝑆𝑆 = 1 − (1− 𝑤𝑤
𝑠𝑠 )

2 𝑤𝑤: fiber width Derived from the square-mesh 
formulation (Elshennawy et al., 2023)

Rectangular strips 𝑆𝑆𝑆𝑆 = 1 − (1− 𝑏𝑏
𝑠𝑠𝑥𝑥

) (1− 𝑏𝑏
𝑠𝑠𝑦𝑦

) 𝑏𝑏: strip width Derived from the rectangular mesh 
equations (Elshennawy et al., 2023)

Elliptical fibers 𝑆𝑆𝑆𝑆 = 1 − (1− 𝑑𝑑𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑠𝑠 )

2 𝑑𝑑𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝: projected width Rivera et al., 2011

Triangular fibers 𝑆𝑆𝑆𝑆 = 1 − (1− 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑠𝑠 )

2 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝: projected width
Geometric form derived from the 
triangular mesh treatment of 
(Elshennawy et al., 2023)

Diamond-mesh (raschel nets) 𝑆𝑆𝑆𝑆 = 1 − 𝐴𝐴𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Cell geometry Elshennawy et al., 2023

Perforated plates 𝑆𝑆𝑆𝑆 = 1 − 𝑁𝑁𝑁𝑁𝑑𝑑ℎ
2

4𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑁𝑁: holes,
𝑑𝑑ℎ: hole diameter Rivera et al., 2011; Azeem et al., 2020

Harp collectors
𝑆𝑆𝑆𝑆 = 𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
= 𝑁𝑁𝑁𝑁

𝑊𝑊 , 
𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 𝑁𝑁𝑁𝑁𝑁𝑁
𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑊𝑊𝑊𝑊

𝑁𝑁: wires, 
𝑑𝑑: wire diameter, 
𝑊𝑊: collector width

Almasi et al., 2011; Sohom et al., 2011

Chevron (V-shaped) collectors 𝑆𝑆𝑆𝑆 = 2𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝cos 𝜃𝜃
𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝜃𝜃: panel angle
Ghosh et al., 2020; Amjad et al., 2026; 
Jin, 2019; Sharifvaghefi, & Kazerooni, 
2021

Zigzag collectors 𝑆𝑆𝑆𝑆 =
∑𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
Projected segments

Derived from projected-area 
methodology used in collector-shape 
optimization studies.

Conical fibers 𝑆𝑆𝑆𝑆(𝑧𝑧) = 𝑑𝑑(𝑧𝑧)
𝑠𝑠 𝑑𝑑(𝑧𝑧): variable diameter Ju et al., 2013

Branched structures 𝑆𝑆𝑆𝑆 =
∑𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖
𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

Branch projections
Biomimetic tree-like collectors; 
projected-area method reported in bio-
inspired fog harvesting literature

Fractal structures 𝑆𝑆𝑆𝑆 = 𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

Image/CAD analysis
Numerical image-analysis method used 
in fractal collector studies; SC obtained 
from CAD/image processing

Spider-web structures 𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀 Measured porosity Zheng et al., 2010

3D lattice structures 𝑆𝑆𝑆𝑆 =
𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
CAD projection

Additive-manufactured fog collectors; 
projected-area calculation from CAD 
models (Kaindu et al., 2025)

TPMS structures (gyroid, 
diamond, schwarz-p) 𝑆𝑆𝑆𝑆 = 1 − 𝐴𝐴𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
Void fraction from CAD

Recent TPMS water-harvesting studies 
in Additive Manufacturing, Materials & 
Design, and Advanced Functional 
Materials; CAD-derived porosity 
calculations (Wu et al., 2021)
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A widely utilized model for aerodynamic ef-
ficiency was developed by de Rivera (Yang et al., 
2025):

	

𝑆𝑆𝑆𝑆 = Fiber area
Total mesh area

   (1) 

𝜂𝜂𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑓𝑓(𝑆𝑆𝑆𝑆, 𝜂𝜂𝑎𝑎, 𝜂𝜂𝑑𝑑, 𝜂𝜂𝑟𝑟, geometry)  (2) 

𝜂𝜂𝑎𝑎 = 𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

  (3) 

𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀   (4) 

𝜂𝜂𝑎𝑎 = 1−𝜀𝜀
(1−𝜀𝜀)+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

   (5) 

𝐶𝐶𝑜𝑜 = 1.3𝑆𝑆𝑆𝑆 + ( 𝑆𝑆𝑆𝑆
1−𝑆𝑆𝑆𝑆)

2
 (6) 

	 (3)

where:	Co – pressure-drop coefficient of the mesh, 
Cd – drag coefficient of the collector. 

Alternative form using porosity:

	

𝑆𝑆𝑆𝑆 = Fiber area
Total mesh area

   (1) 

𝜂𝜂𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑓𝑓(𝑆𝑆𝑆𝑆, 𝜂𝜂𝑎𝑎, 𝜂𝜂𝑑𝑑, 𝜂𝜂𝑟𝑟, geometry)  (2) 

𝜂𝜂𝑎𝑎 = 𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

  (3) 

𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀   (4) 

𝜂𝜂𝑎𝑎 = 1−𝜀𝜀
(1−𝜀𝜀)+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

   (5) 

𝐶𝐶𝑜𝑜 = 1.3𝑆𝑆𝑆𝑆 + ( 𝑆𝑆𝑆𝑆
1−𝑆𝑆𝑆𝑆)

2
 (6) 

 	 (4)

The equation can be written as:

 	

𝑆𝑆𝑆𝑆 = Fiber area
Total mesh area

   (1) 

𝜂𝜂𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑓𝑓(𝑆𝑆𝑆𝑆, 𝜂𝜂𝑎𝑎, 𝜂𝜂𝑑𝑑, 𝜂𝜂𝑟𝑟, geometry)  (2) 

𝜂𝜂𝑎𝑎 = 𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

  (3) 

𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀   (4) 

𝜂𝜂𝑎𝑎 = 1−𝜀𝜀
(1−𝜀𝜀)+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

   (5) 

𝐶𝐶𝑜𝑜 = 1.3𝑆𝑆𝑆𝑆 + ( 𝑆𝑆𝑆𝑆
1−𝑆𝑆𝑆𝑆)

2
 (6) 

 	 (5)

where: ε – mesh porosity.

Rivera employed the mesh pressure-drop co-
efficient from screen-flow theory:

 	

𝑆𝑆𝑆𝑆 = Fiber area
Total mesh area

   (1) 

𝜂𝜂𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑓𝑓(𝑆𝑆𝑆𝑆, 𝜂𝜂𝑎𝑎, 𝜂𝜂𝑑𝑑, 𝜂𝜂𝑟𝑟, geometry)  (2) 

𝜂𝜂𝑎𝑎 = 𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

  (3) 

𝑆𝑆𝑆𝑆 = 1 − 𝜀𝜀   (4) 

𝜂𝜂𝑎𝑎 = 1−𝜀𝜀
(1−𝜀𝜀)+√𝐶𝐶𝑜𝑜/𝐶𝐶𝑑𝑑

   (5) 

𝐶𝐶𝑜𝑜 = 1.3𝑆𝑆𝑆𝑆 + ( 𝑆𝑆𝑆𝑆
1−𝑆𝑆𝑆𝑆)

2
 (6) 	 (6)

This equation is commonly used for woven 
and Raschel meshes (Elshennawy et al., 2023).

CONCLUSIONS

The design of fog-harvesting materials in-
creasingly requires simultaneous control of sur-
face properties and structural characteristics. Con-
ventional materials remain attractive because of 
their low cost, availability, mechanical strength, 
and durability. However, advanced surface engi-
neering, including hydrophilic, hydrophobic, su-
perhydrophobic, and hybrid-wettability surfaces 
provides greater control over droplet nucleation, 
mobility, and removal. Bioinspired approaches 
based on cactus spines, Namib Desert beetles, 
spider silk, and pitcher plants further demonstrate 
the potential of combining wettability gradients, 
hierarchical structures, and low-adhesion surfaces 
to enhance both collection and drainage. Recent 
fractal, micro/nanostructured, and TPMS-based 
materials represent a further transition toward 
multifunctional fog collectors that integrate cap-
ture and water transport within the same material 
architecture. The future of fog-harvesting materi-
als lies in developing durable, scalable, low-cost, 
and sustainable materials that integrate capture, 
transport, and drainage. 

Table 8. Reported aerodynamic efficiencies for various mesh geometries

Mesh geometry Typical shade 
coefficient (%)

Approximate 
penetration range Reference

Single raschel mesh 35–50 0.30–0.60 Schemenauer & Cereceda, 1994; Hadba et al., 2020; 
Rivera et al., 2011

Double raschel mesh 40–55 0.40–0.70 Rivera 2011; Fessehaye et al., 2014

Woven wire mesh (circular fibers) 40–60 0.50–0.80 Mekonnen & Hoekstra, 2016; Qi et al., 2025

Square mesh 35–55 0.45–0.75 Mekonnen & Hoekstra, 2016

Rectangular mesh 35–60 0.55–0.85 Elshennawy et al., 2023

Triangular mesh 35–55 0.45–0.75 Elshennawy et al., 2023

Hexagonal mesh 35–60 0.60–0.90 Elshennawy et al., 2023

Perforated plate 20–70 0.30–0.65 General screen-flow theory (Rivera et al., 2011)

Harp collector 10–45 0.70–0.95 Park et al., 2013; Shi et al., 2020

Inclined harp collector 10–40 0.75–0.95 Park et al., 2013; Jiang et al., 2023

Chevron (V-shaped) 20–60 0.60–0.90 Silva et al., 2024

Zigzag collector 20–60 0.55–0.85 CFD-based fog collector studies

Conical fibers (cactus-inspired) 15–50 0.60–0.90 Jiang et al., 2023

Spider-web collector 10–40 0.70–0.90 Biomimetic web studies (Jiang et al., 2023)

Branched / tree-like collector 15–50 0.60–0.90 Nature-inspired collector literature

Fractal collector 10–50 0.70–0.95 Fractal fog harvesting studies

3D lattice collector 15–60 0.60–0.95 Additive manufacturing studies (Bitonto et al., 2025)

TPMS (gyroid, diamond, schwarz-p) 20–70 0.50–0.95 Recent TPMS water-harvesting studies 
(Garzon et al., 2026; Renon & Jeanningros, 2025)

Hybrid mesh–harp collector 25–55 0.70–0.95 Emerging studies (2020–2026) (Shi et al., 2020)
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