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Water scarcity is an increasingly recurrent problem in many parts of the world, especially in arid and coastal areas accentuated by climate change. The water resource is very accessible to populations with scarce economic resources, so finding a way to obtain this resource is a priority. Fog catchers have emerged as a viable solution for capturing water from fog; they are systems that work by condensing the moisture present in the fog through a special mesh that traps it and then channels it into a container. Although fog catchers already exist and have been successfully implemented, there is a continuous effort to improve their efficiency, a key aspect being the design of the fog catcher itself. In that sense, the research aimed to design and build a pentahedral-shaped fog catcher and evaluate its efficiency in capturing fog water compared to a traditional design. As a result, it was obtained that the pentahedral design with a panel area of ​​45 m2 each, captured an average of 188 litres of water in 24 hours, compared to the traditional design that captured 34.56 litres in the same time, both installed in the same place (at an altitude of 718.6 m.a.s.l.) and in the same meteorological conditions (temperature of around 16 °C and relative humidity of 90.85 to 92.4% on average). It is established that water collection with fog catchers is a viable solution, presenting itself as a sustainable alternative for areas with water scarcity, it does not require traditional water sources nor does it need energy.

Introduction
Water scarcity is an urgent and pressing challenge today, with an impact that affects almost two thirds of the world's population for one month every year; this phenomenon is mainly caused by human action characterized by the inability to meet the total water demand of the population and other ecosystems (Alwarthan, et al., 2024). The main causes of this water crisis are climate change (Gardner, 23010), the inefficient use of water as in the case of agriculture where 68% of the world's water is consumed, the high contamination of water sources and the overexploitation of aquifers, industry consumes 20% of the world's water, as does domestic consumption (Alwarthan, et al., 2024).
Water scarcity has a profound impact in many ways. In the environmental sphere it causes direct impacts on public health, the economy, and can become a source of conflict within communities (Bell, 2015); it also impacts biodiversity, contamination of the food chain and the disappearance of many ecosystems (Arce and Pfister, 2016). The challenges associated with water scarcity, it is indicated, will be exacerbated by several factors resulting in unsustainable management and extraction of water sources that may be depleted in the coming decades (Rich et al., 2023).
Faced with this crisis, there are studies that seek to alleviate the problem of water scarcity; for example, research in southeaster Africa reports that water was obtained using fog as a source, also proving that it was a promising way to overcome water scarcity, highlighting its low maintenance cost and sustainability for communities with adverse water collection conditions (Zaitizila I. and Yun G., 2021). These projects on the use of fog catchers have demonstrated that fog water harvesting can be an effective and sustainable solution, especially in regions with persistent fog and limited water resources (Oktor, et al., 2024). Fog catchers are systems constructed with panels or fine meshes that capture tiny droplets of water contained in the fog and by gravity they fall and are collected reaching in some cases a volume of up to 400 liters of water per day when optimal conditions are present (Sustainability, 2023).
Fog catchers have been successfully implemented in several countries, including Chile, Peru, Ecuador, Guatemala, Nepal and some African countries, in Spain, in the Canary Islands area, this technology has proven to be a viable alternative to face the severe drought affecting the region (Manzoor, et al., 2021). In Colombia, the Air Force uses fog catchers in military posts on hills with difficult access, where conventional water supply infrastructure is not easy to install, is insufficient or non-existent (Oktor, et al., 2024).
Water harvesting by means of fog catchers is a sustainable and sustainable solution that allows water care and contributes to the fulfillment of the Sustainable Development Goals, specifically referred to clean water and sanitation (Arce, et al., 2023); however, although these systems are advantageous and are a promising technology, limitations must also be considered, the most important being that the water obtained can only be used for irrigation activities, cleaning and cleaning tasks but not for direct human consumption, for which additional treatment is required, improving materials including innovative types and designs of fog catchers, among other aspects (Verbrugghe and Khan, 2023). Water purification could be done by complementary methods such as purification by progressive concentration by freezing Yan, et al, 2024).
The objective of the research was to evaluate the amount of water trapped by a pentahedral design fog trap system compared to a traditional single panel design; It is also highlighted that in small areas with fog, a greater number of fog catchers could be installed compared to the traditional single panel.
Methodology
Design of the fog catcher
A five-panel fog catcher with a single vertex was designed. The panels were made up of Raschel mesh panels with wooden frames on the edge of the mesh with dimensions of 3 m long and 3 m high. Raschel mesh was chosen because it is a reliable and widely used material due to the balance between efficiency, durability and cost, which can be used in low-income communities (Feld et al., 2016). It also adapts to coatings and geometric modifications to improve its efficiency (Rajaram et al., 2016). Other complementary materials used in the construction of the prototype of fog catchers under study were: gutters, polyvinyl chloride (PVC) reducers and a PVC tank for water collection (See Figure 1).
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Figure 1: Pentahedral fog-catcher design

2.2. Location of the fog trap installation
The fog trap was installed in the jurisdiction of Carabayllo, north of Lima, in the sector called “Lomas de Primavera de Carabayllo”, an area with a fragile ecosystem, with the presence of very varied flora and fauna, but which in periods from August to May requires attention because it is more vulnerable due to lack of water. The fog trap was installed at coordinates 8694416N,273033E, at an altitude of 718.6 meters above sea level.

2.3. Water capture monitoring
The water capture monitoring period with the fog catcher began on May 15, 2024 and culminated on July 30 of the same year. Measurements were taken for 24-hour periods
Results and discussion
3.1. Meteorological conditions  
During the monitoring stage, the meteorological parameters taken into account were wind speed, temperature and humidity at the site. The averages of these parameters are shown in Table 1.
[bookmark: _Hlk190624616]Table 1: Meteorological parameters
	Periods in year 2024
	Wind direction 
	Wind speed (Km/h)
	Temperature (°C)
	Humidity (%)

	May 15 – 31  
	NE 
	6.3 
	15.24 
	90.95 

	July 01 – 30  
	NE 
	4.8 
	16.67 
	90.85 

	July 01 – 31 
	NE 
	4.9 
	16.07 
	92.4 

	August 1– 15 
	NE 
	4.8 
	16.02 
	91.26 



Relative humidity plays an important role in fog water collection efficiency because it influences droplet size and distribution, when this humidity is high larger droplets are formed which allows them to be captured more easily on the fog catcher surfaces as opposed to low relative humidity (Fritz, et al... 2021).Also high relative humidity means higher water vapor in the air which leads to higher fog formation, this is justified by findings where the average depression in the air is lower than the average depression in the fog catcher, 2021).Also high relative humidity means higher water vapor in the air leading to higher fog formation, this is justified by findings where fog collection efficiency decreases when the mean dew point depression (DPD) is higher than 0.2 °C or the mean liquid water content (LWC) is lower than 0.045 g/m3 (Montecinos et al., 2018). It is also important to evaluate the material of the fog trap, thus those materials that switch between hydrophobic and hydrophilic states adapt to different humidity levels improving water collection efficiency (Paris, et al., 2023). 
Humidity also influences the aerodynamic behavior of fog droplets, when it is higher it generates more stable fog improving the aerodynamic collection efficiency of fog catchers, i.e. certain speed the humidity flow can influence the capture efficiency (Ukolov A.I., and Popova T.N., 2023). The place where the pentahedral fog catcher was installed has the environmental conditions conducive to capturing water by this means, where temperature and wind speed interact with humidity to obtain the collection of water with fog catchers.
In the research it was found that the wind speed was on average 4.8 to 6.3 km / h, studies indicate that the optimal wind speed ranges between 5 and 7 m / s maximize the aerodynamic collection efficiency (Carbajal, et al., 2020), high speeds can affect the structure of the fog catchers (Holmes, et al., 2015). Here it can be seen that at low speeds the formation of fog is improved by replacement by new humid air instead of old humid air, but on the contrary, at high speeds it can affect the formation of fog (Imteaz, et al., 2011); However, experiences according to the scientific literature indicate that high wind speeds generally improve fog water collection because fast winds transport more fog droplets to the mesh and can be captured (Park, 2021). In one investigation it was found that for a fog droplet size of 30 µm and a wind speed of 4 m/s, it is possible to collect at a rate of 0.65 to 9.7 L/m2 per hour when the liquid water content in the Fog (LWC) varies from 0.2 to 3 g/m3 respectively (Gandhidasan, et al., 2018).

3.2. Volume of water captured by the fog catcher

[bookmark: _Hlk190624688]During the monitoring to see the amount of water captured by the fog catcher from the fog that occurred in the place, the volume indicated in Table 2 was found. The average reached in the period from May 15 to June 31 stands out, where 188 Liters were captured in 24 hours. This was due to a time when the temperature was lower than the following two months and with higher wind speed, despite the fact that the relative humidity was relatively lower.
Table 2: The Volume of water captured by the fog catcher
	Periods in the year 2024
	Volume of water captured (L) 
	Capture time (h)

	May 15 – 31  
	188.00
	24

	July 01 – 30  
	160.06
	24

	July 01 – 31 
	162.00
	24

	August 1– 15 
	155.66
	24



The mesh used in constructing the fog catcher panels was of the standard Raschel type at 35% shade. This material was taken based on the scientific literature which indicates that this type of material has good efficiency in capturing water droplets from the fog, there being steel meshes and three-dimensional fabric (FogHa-Tin) that can be used, but other particular characteristics that they may present must be taken into account, such as wind speed. In this regard, it is stated that stainless steel meshes coated with hydrophobic material collected more fog water than the raschel mesh at any speed, especially at higher speeds (Fernandez, et al., 2018), also cylindrical meshes are efficient for variable winds compared to traditional flat ones. (Mosa, et al., 2024).

3.3. Statistical correlation between meteorological parameters and the volume of water collected

To verify the correlation of these parameters in the research, a statistical treatment was made with the data obtained. Using the total data (92 data) on the water captured by the fog catcher and the meteorological parameters humidity, wind speed and temperature, the following was statistically demonstrated:
The normality of the data was verified. By obtaining a p-value> 0.05 for the data of all cases (Kolmogorov-Smirnov), it is established that there is a normal distribution.
Using the SPSS software, the data were subjected to correlation tests (See Table 3). Statistically demonstrating through the Pearson index test that:
· There is a significant correlation (p-value < 0.005) with a moderate positive index (0.646) between the humidity present in the site and the volume of water captured by the fog catcher.
· There is a significant correlation (p-value < 0.005) with a very high index (0.927) between the wind speed at the site and the volume of water captured by the fog catcher.
· [bookmark: _Hlk190624747]There is a significant correlation (p-value < 0.005) with a very strong and inverse index (-0.846) between the air temperature present at the location and the volume of water captured by the fog collector.
Table 3: Pearson correlation index between the volume of water collected and meteorological parameters
	
	
	Humidity
 (%)
	Wind speed (Km/h)
	Temperature (°C)

	Volume of water captured (L) 
	Pearson correlation
	0.646**
	
	

	
	sig. (bilateral)
	<.001
	
	

	
	N
	92
	
	

	Humidity (%)
	Pearson correlation
	1
	
	

	
	sig. (bilateral)
	
	
	

	
	N
	92
	
	

	Volume of water captured (L) 
	Pearson correlation
	
	0.927**
	

	
	sig. (bilateral)
	
	<.001
	

	
	N
	
	92
	

	Wind speed (Km/h)
	Pearson correlation
	
	1
	

	
	Pearson correlation
	
	
	

	
	N
	
	92
	

	Volume of water captured (L) 
	Pearson correlation
	
	
	-0.846**

	
	sig. (bilateral)
	
	
	<.001

	
	N
	
	
	92

	Temperature (°C)
	Pearson correlation
	
	
	1

	
	sig. (bilateral)
	
	
	

	
	N
	
	
	92



3.4. Comparison of water collection between pentahedral fog catcher and traditional design

The pentahedral design, it differed from the traditional model by using five panels joined under a single vertex, the efficiency was superior to the traditional single-panel design as seen in Table 4. After reviewing the scientific literature, no similar design has been found. In this regard, research carried out has tested "V" and concave designs, achieving aerodynamic efficiency and water collection. These designs can be improved with the geometry of the mesh and shading coefficient (Elshennawy et al., 2023), using microfiber grid types (Huang, Zhang, LI, 2024), as well as improving the chemistry and structure of the mesh surfaces (Lee et al., 2021).
[bookmark: _Hlk190624802]Table 4: Volume of water captured by pentahedral and traditional fog catchers
	
	Pentahedral fog catcher (5 panels)
	Traditional fog catcher (single panel)

	Volume of water captured (L)
	188.00
	34.56

	Fog catcher capture area (m2)
	45 
	9

	Water capture index (L/m2)
	4.17 
	3.84


 
Conclusion
It was established that the pentahedral fog-catching design is efficient for capturing water from fog, obtaining an average of 188 L/day, more than 400% higher than the volume of water captured by a traditional single-panel model, under the same meteorological conditions and in the same place; this is due to its larger capture area and arrangement of the panels at different orientations to receive the variations of the wind with the fog. It is thus demonstrated that the pentahedral design is an alternative design to improve the obtaining of water from fog through fog-catching systems in arid areas, taking advantage of favourable environmental conditions. It is an alternative to achieve an improvement in the quality of life of populations and at a low cost, in an environmentally sustainable way.
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