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Abstract 40 

The collection of fog water is a simple and sustainable technology to obtain fresh water for 41 

afforestation, gardening, and as a drinking water source for human and animal consumption. 42 

In regions where fresh water is sparse and fog frequently occurs, it is feasible to set up a 43 

passive mesh system for fog water collection. The mesh is directly exposed to the atmosphere 44 

and the foggy air is pushed through the mesh by the wind. Fog droplets are deposited on the 45 

mesh, combine to form larger droplets and run down passing into a storage tank. Fog water 46 

collection rates vary dramatically from site to site but yearly averages of 3 to 10 liters per 47 

square meter of mesh per day are typical of operational projects. The scope of this 48 

contribution is to review fog collection projects worldwide, to analyze factors of success, and 49 

to evaluate the prospects of this technology.  50 

Key Words: fog collection, large fog collector, standard fog collector, sustainability, water 51 

resource 52 
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1 Introduction  54 

The collection of fog for the purpose of the production of clean water has attracted increasing 55 

attention over the past decades. It is a simple and sustainable technology with the potential to 56 

produce precious water in some regions of the world. It is achieved by exposure of mesh 57 

material to foggy air masses. There are numerous projects on five continents to collect fog 58 

water, of which some are more successful than others. The beneficiaries are often poor 59 

people, although successful projects also exist in more prosperous regions. A tri-annual 60 

international conference series on fog, fog collection, and dew, since 1998 61 

(http://www.fogquest.org/conferences.html), brings together scientific findings and users of 62 

the technique. The scope of this review is to synthesize the current understanding of fog 63 

collection and to analyze its potential and limitations for future development. In a sense, this 64 

is a follow-up contribution of a summary presented 20 years ago in Ambio (Schemenauer and 65 

Cereceda 1991). Note that the science of fog physics, chemistry, and its role in the 66 

hydrological cycle, which extends to a much wider climatic range than the “fog collection” 67 

addressed here, is not within the focus of this paper.  68 

2 Climatic Preconditions 69 

Fog is a cloud with physical contact to the earth’s surface. The fog droplet diameters typically 70 

range between from around 1 µm to a few 10s of µm. There are several fog forming processes 71 

(Schemenauer et al. 1988; Eugster 2008), of which only two are briefly mentioned here. First, 72 

low stratus clouds can form over a rather cold body of water, e.g., the subtropical SE Pacific 73 

Ocean, and the resulting cloud base height above the surface and the cloud’s thickness may be 74 

a few tens or hundreds of meters. If such a cloud is advected by the regional winds towards 75 

the coastal mountains, advection fog may occur in the mountainous region. Another way to 76 

produce fog is adiabatic cooling of humid air masses during their uphill transport. Oceans are 77 

major sources of humidity so that the combination of an ocean with a near-coast mountainous 78 

region is a favorable setting for collecting water from such orographic fog.  79 

Only if fresh water is sparse, is there a motivation to set up a system for fog water collection. 80 

In other words, if rain is a very limited (in many cases virtually non-existent at least for a 81 

significant time period of the year) source of fresh water, and groundwater is an unsustainable 82 

or expensive source, fog collection projects make sense. These preconditions lead to a 83 

concentration of fog collection projects in arid and semi-arid tropical and subtropical climates. 84 

3 Technical Realizations 85 

The collection of fog water is a simple technology. A mesh is exposed to the atmosphere and 86 

the fog is pushed through the mesh by the wind. A fraction of the fog droplets is deposited on 87 

the mesh material by impaction. When more and more fog droplets deposit, they combine to 88 

form larger droplets, run down the mesh material into gutters and eventually into a storage 89 

tank. Differences between various fog collector designs exist regarding their size and shape as 90 

well as the mesh material used. The Standard Fog Collector (SFC) is mainly used in 91 

exploratory studies to evaluate the amount of fog water that can be collected at given sites. 92 
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The construction and use of this flat mesh panel is described in detail in Schemenauer and 93 

Cereceda (1994a). The SFC has a 1 m × 1 m surface, with a base 2 m above ground and is 94 

installed perpendicularly to the wind direction that is associated with the occurrence of fog. It 95 

has now been used to measure fog fluxes in about 40 countries. 96 

The Large Fog Collector (LFC, Schemenauer and Cereceda 1994b) has been widely used for 97 

fog collection. The principle is identical to that of the SFC. It is, however, much larger. In 98 

most cases, the mesh is 4 m high and 10 m wide. The lower edge of the mesh, with the 99 

attached gutter, should be as high off the ground as possible (typically 2 m) in order to 100 

increase the collection rate of the collector.  101 

In the SFC design, the mesh is stretched over a rigid frame. For the LFC, the mesh is 102 

supported by a frame made of cables, which are held tightly between two vertical posts. 103 

Figure 2 shows an LFC in Spain.  104 

The collection rate of a fog collector is determined by the fog liquid water content, the size 105 

distribution of fog droplets, the size and arrangement of the mesh material and the wind 106 

speed. The description of the physical processes behind the impaction of fog droplets is 107 

beyond the scope of this contribution and is described in Schemenauer and Joe (1989) and 108 

Schemenauer and Cereceda (1994a). 109 

The Raschel shade-net material from a Chilean manufacturer is used in most fog collector 110 

applications worldwide. The material (Fig. 3) is made of food-safe polyethylene and has a 111 

fiber width that is effective at collecting fog droplets. The weave consists of vertically 112 

stretched triangles enabling rapid run-off of the water. Also, the mesh is used double-layered 113 

because the movement of the two layers against each other facilitates the run-off of the 114 

collected water.  115 

Extreme conditions can possibly benefit from the use of different mesh material or collector 116 

design. A variety of mesh materials have been tested (e.g., Shanyengana et al. 2003). For very 117 

windy sites, more robust material with a stronger, stainless mesh, co-knitted with the poly 118 

material (Fig. 3) has been tested. Collector designs other than the SFC and LFC have been 119 

tested and could prove useful in specific applications. In relatively rare cases where there is 120 

no unique wind direction associated with the occurrence of fog, a three-dimensional structure 121 

of mesh material in the landscape may be advantageous. The “Eiffel” collector as used at 122 

some sites in Peru (Tiedemann and Lummerich 2010), and a system consisting of nine panels 123 

arranged in the shape of four equilateral triangles, as employed in South Africa (van Heerden 124 

et al. 2010), are examples of 3-D collectors. However, a systematic side-by-side operation of 125 

various material or designs, comparing collection efficiencies, deposition of aerosol particles, 126 

and economic aspects (section 6), has not been performed as of yet. Both laboratory and field 127 

studies are encouraged. 128 

4. Past and Current Fog Collection Projects  129 

This section briefly characterizes important worldwide fog collection projects over the past 50 130 

years. It is not within the scope of this paper to list all projects or compare their sizes and 131 

collection rates. The existing data base is too diverse and incomplete. Instead, various types of 132 
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projects and some of their specific conditions are mentioned, in order to set a basis for a more 133 

systematic analysis in section 5.  134 

4.1 South and Central America 135 

Large sections of the Pacific coast of South America receive only very small amounts of 136 

precipitation. Low stratus clouds often form over the cold ocean water and move landwards, 137 

leading to fog on the coastal cordillera but typically no rain. The natural Loma vegetation belt 138 

between about 5 °S and 30 °S is well adapted to these conditions and utilizes water obtained 139 

from collecting fog droplets. However, a large portion of the Loma vegetation is degraded or 140 

absent today. Fog collection projects aim to support reforestation, agricultural activities, and 141 

provide fresh water for the human population. The first large collectors were designed and 142 

constructed in Antofagasta (23.5 °S) during the 1960’s.  143 

Systematic scientific research was conducted in the 1980’s in the Coquimbo region around El 144 

Tofo (30 °S), and 50 fog collectors of 48 m2 collection surface each were installed 145 

(Schemenauer et al. 1988). Forty one more were installed in the 1990’s. The project provided 146 

fresh water for about 100 families by taps in their homes. The project, which had initially 147 

been supported by foreign partners, was given over to the local population in the mid 1990’s. 148 

After many years of successful operation (Cereceda et al. 1997), the maintenance of fog 149 

collectors stopped when village politics and the substantial growth of the village led to a 150 

demand for an expensive water pipeline from a distant groundwater source and a sea water 151 

desalination system.  152 

More projects in Chile were realized in Padre Hurtado (31.5 °S, Osses et al. 2000), providing 153 

water for visitors to a church sanctuary and for gardening between 1999 and 2004, in 154 

Peñablanca (29 ºS), where the fog water is used for afforestation with native trees and for 155 

environmental education, in Falda Verde (26 °S, Larrain et al. 2002, Carter et al. 2007), 156 

delivering water mainly for Aloe Vera fields between 2001 and 2010 and now being operated 157 

as a demonstration project, and in Alto Patache (21 °S, Larrain et al. 2002, Calderón et al 158 

2010), which is a site primarily used as a platform for ecosystem and climate research. It has 159 

an SFC fog collection record for 14 years, with average fog collection rates of about 6 L m-2 160 

d-1.   161 

Peru has a long tradition of fog collection. Many projects have been developed by the 162 

communities, with varying degrees of success, from Trujillo in the northern part of the 163 

country to Tacna in the South. A major project between 1995 and 1999 near the town of 164 

Mejia on Peru’s south coast proved the feasibility of fog collectors to provide water for 165 

afforestation and restoration of the degraded coastal ecosystems (Schemenauer and Cereceda, 166 

1993; Cereceda et al. 1998; Salbitano et al. 2010). This led to an afforestation project in 167 

Atiquipa, which has continued to the present (Ortega et al., 2007). Peruvian laws turned out to 168 

be supporting factors for fog collection because they demand a reforestation area above the 169 

“young villages” outside Lima as a requisite to get the legal land title (Tiedemann and 170 

Lummerich, 2010). In three current projects, the water collected is used to grow fruits and 171 

provide fresh water for the population. As well, the local support for reforestation is strong.  172 
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In Ecuador, the potential of fog as a water resource has been studied since the 1990’s. Very 173 

large collection efficiencies of up to 12 L m-2 d-1 were identified for high mountain regions. A 174 

large scale collection project was in operation from 1995 through 1997 employing 40 LFCs in 175 

Pachamama Grande. After the system had been given over to the local population, it 176 

degraded. The lack of technical skills and involvement by the local NGO eventually hindered 177 

the project’s persistence (Henderson and Falk 2001).  178 

A large operational fog collection was stated in 2006 in the Guatemalan village of Tojquia in 179 

the Western Highlands at 3300 m above MSL. There are now 35 LFCs installed producing an 180 

average of 6300 L of water per day in the 4 to 6 month winter dry season. In the wet season 181 

the water yield is even larger due to the collection of rain water as well as fog water. High 182 

wind speeds are an issue in this region and people had to be trained on how to repair and 183 

maintain the collectors. All LFCs built since 2006 are fully operational. The impact of the 184 

year-round availability of fog water in some of these very remote regions impacts the social 185 

life of the population immensely as it has traditionally been the women’s task to obtain water 186 

for the families. Prior to the installation of the first fog collectors, the women would walk 187 

each day to the valley bottom to get water. Strong community involvement is one of the main 188 

success factors for the project in Tojquia (Henderson and Falk 2001, Schemenauer et al. 2007, 189 

Rosato et al. 2010).  190 

Islands in the Caribbean are also seasonably dry in the period from October through March 191 

and, where there are mountains interacting with the northeast trade winds, there can be an arid 192 

zone on downwind side.  Good evaluation projects were done in the Dominican Republic and 193 

Haiti and the fog collection rates show that large-scale projects could be successful 194 

(Schemenauer et al. 2001). 195 

4.2 Africa 196 

The feasibility of using fog collection to supplement domestic water supplies in South Africa 197 

was investigated during the late 1960’s and again in 1995. SFCs were erected in various parts 198 

of South Africa and the water collection rates monitored over a three-year period. The yields 199 

ranged from 1 to 5 L m-2 d-1 and exceeded 10 L m-2 d-1 in the mountainous regions at 200 

elevations higher than 1700 m above MSL.  201 

Seven LFCs were installed between 2001 and 2008 to provide drinking water at two schools 202 

in the Soutpansberg Mountains in Limpopo, at five schools in the Eastern Cape, and at a small 203 

West Coast village. Daily water collection rates varied largely (Olivier 2004). Unfortunately, 204 

the recipients failed to perform the required maintenance and only one of these systems, 205 

maintained by students from the University of Pretoria, is still in partial operation. 206 

Namibia also offers opportunities to produce fresh water from fog collection. Various 207 

exploratory studies, some dating back to the 1950’s, showed that there are some sites with 208 

good prospects. Seely and Henschel (1998) documented the climatology of fog in the Namib 209 

Desert, Seely et al. (1998) discussed the ecology of the fog, and Mtuleni et al. (1998) 210 

presented results from fog collection measurements made with 14 SFCs. They found that the 211 

quantity and the quality of fog in the Namib Desert were sufficient to justify a fog collection 212 
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project. However, a large project has not been started in this country as of yet (Shanyengana 213 

et al. 2002, Makuti et al. 2004).  214 

There are fog collection projects in Eastern Africa and the Arabian Peninsula. In Eritrea, there 215 

are about 700 km of mountains along the Red Sea, where the winds advect moist air from the 216 

sea and form advection and orographic fog on the highlands. Twenty LFCs were installed in 217 

the villages of Nefasit and Arborobo in order to increase access to drinking water for schools 218 

and 120 families. Results showed a good production of fog water (www.fogquest.org). The 219 

project subsequently faced some significant challenges on its management since the collectors 220 

needed high maintenance and close supervision during high wind conditions. The fog 221 

collectors now serve as a demonstration of the potential for fog collection for the whole of 222 

Eritrea. There is also a large evaluation project underway in Tanzania and some work has 223 

been done in Ethiopia. 224 

In Oman, a major fog collection experiment was undertaken in the summers of 1989 and 225 

1990. In the upper elevations, from 900 to 1000 m above MSL, very high average collection 226 

rates of 30 L m-2 d-1 for the monsoon period were obtained. However, the fog water is only 227 

available for about two months of the year and this puts limits on the use of the water 228 

(Schemenauer and Cereceda 1992b). More recent work by Abdul-Wahab et al. (2010) 229 

confirmed the productivity of the fog. In Yemen the potential to collect fog water for fresh-230 

water production was investigated in the mountains near Hajja, north of the capital city of 231 

Sana’a and inland from the Red Sea in 2003 (Schemenauer et al. 2004). The best sites 232 

averaged 4.5 L m-2 d-1 over the three month dry winter period, justifying a large project with 233 

25 LFCs to be implemented in January 2004. After successful initiation, the project was given 234 

over to the local people and local organizations. The follow-through at the community level 235 

was not sufficient and issues related to occasional high wind speeds were not resolved and the 236 

project stopped after about one year. Other sites in Yemen at higher altitudes (over 2000 m 237 

above MSL) were evaluated with SFCs and were successful in terms of water volume 238 

produced (Osses et al. 2004). Conditions that are present on the east side of the Red Sea in 239 

Yemen are expected to persist northwards into Saudi Arabia. Abualhamayel and Gandhisan 240 

(2010) report on three months of measurements in the Asir region with encouraging fog 241 

collection rates of about 2 L m-2 d-1. 242 

In the Macaronesian archipelagos (the Azores, Madeira, the Canary Islands and the Cape 243 

Verde Islands) and NW Africa, favorable meteorological conditions exist for fog water 244 

collection (Azevedo et al. 1998; Marzol 2005; Prada et al. 2007). The station Bica de Cana 245 

(1800 m above MSL) on Madeira collected an amount of about 8 L m-2 d-1 (Prada et al. 2007). 246 

The station Anaga (842 m above MSL) on Tenerife island exhibited the best collection rates 247 

(10 L m-2 d-1, Marzol and Valladares 1998; Marzol et al. 2010). The efficiency, good 248 

performance and the availability of continuous hourly data for more than 14 years has enabled 249 

this station to be used as a model site for studying the characteristics of fog on the island of 250 

Tenerife and for comparison with other places (Marzol et al. 2010). In the 2000s, a number of 251 

fog collectors were installed in the NW of the island of Tenerife (Marzol 2002), including 252 

four LFCs, and four more were added in 2011. The water is used for domestic purposes in the 253 

Forestry Commission Office, for irrigation for the reforestation of endemic laurisilva species, 254 

and for prevention of and fight against forest fires.  255 
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On the desert archipelago of Cape Verde, the aim of the fog collection projects has been to 256 

obtain water to meet the needs of the rural population. Many pilot sites were installed, all of 257 

them facing to the N and NE. Major projects were realized on various islands, at altitudes 258 

between 750 m and 1400 m above MSL (Sabino 2004). The water collection rates range 259 

between 3 and 75 L m-2 d-1 (Reis Cunha 1964; Juvik 1988, Sabino 1998, 2001, 2007). 260 

On the NW coast of Africa, fog water collection has been investigated since 2006. Boulaalam, 261 

4 km from the coast and 300 m above MSL, and Boutmezguida, 30 km from the coast and 262 

1225 m above MSL, were chosen as the two experimental sites in a pilot project. Data 263 

obtained after two years of investigation indicate that the interior was the more efficient site 264 

with more than 7 L m-2 d-1 compared to only 1.9 L m-2 d-1 on the coast (Marzol and Sánchez 265 

2008, Marzol et al. 2010). In 2011, fourteen LFCs were installed to provide fresh water for 266 

small rural communities with serious water shortage problems. The population in this area 267 

lives off livestock farming and has to travel long distances on a daily basis to fetch water from 268 

wells at the bottom of the valleys.  269 

4.3 Europe 270 

Southern Europe is also a region with severe water resource problems. The combination of 271 

hot, dry summers with mild, wet winters, together with a strong population pressure, 272 

expansion of irrigated lands and over-exploitation of aquifers have led to water scarcity in 273 

most of the countries around the Mediterranean basin. Mountain ranges exceeding 500 m in 274 

height near the coast and the constant presence of maritime winds advecting moist air and 275 

clouds provide favourable conditions for fog collection.  276 

Croatia was the first country in this region to collect fog water. Since 2000, a SFC has been 277 

collecting fog water on Mount Velebit, 1594 m above MSL near the Adriatic Sea. The results 278 

show that fog has the potential of being an important source of water, especially during the 279 

dry summer season, when collection rates of up to 4 L m-2 d-1 can be reached (Mileta 1998, 280 

2001, 2004, 2007, Mileta and Likso 2010). 281 

In Spain, a fog collection network has been maintained since 2003 on the eastern fringe of the 282 

Iberian Peninsula, covering an area nearly 800 km long. Twenty four fog collectors are 283 

installed at 19 different locations. Fog water is collected with handmade cylindrical passive 284 

fog collectors (i.e., omnidirectional collection efficiency), made of either nylon wire or 285 

Raschel mesh, in combination with additional meteorological sensors. Fog can play an 286 

important role in the hydrological system in this area, with total values reaching 7 L m-2 d-1 at 287 

some locations (Estrela et al. 2008). Fog water was included as a supplementary water 288 

resource in a forest restoration project started in 2007 at Mount Machos, located 60 km from 289 

the nearest coastline. An LFC was used to irrigate 620 one-year-old seedlings of Pinus 290 

pinaster and Quercus ilex planted in an area of 2500 m2. A collection rate of 3.3 L m-2 d-1 291 

filled up three 1000-L tanks in five months (Estrela et al. 2009). The results show that the 292 

survival of the two planted species had improved significantly with the use of small controlled 293 

irrigations with water from fog. 294 

4.4 Asia 295 
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The first fog collection project in Nepal was started in 1997 using SFCs for evaluation 296 

purposes (MacQuarrie et al. 2001). The climate is characterized by the summer monsoon 297 

season with heavy rain and the winter with a lack of rain and water shortages in the mid 298 

elevations. Fog collection projects in Nepal are typically in an elevation band around 2000 m 299 

above MSL. Following the initial SFC measurements, the techniques for site selection were 300 

introduced and the local NGO staff was trained in the construction of LFCs. Today there are 6 301 

small fog collection projects operational in villages and a pilgrim temple. In Nepal, a medium 302 

sized fog collector with 20 to 30 m2 mesh area is being developed and tested. There is 303 

considerable interest in fog collection in several parts of India where some evaluations are 304 

now beginning.  305 

5. Project Schedule 306 

Although the structures and goals of the many fog collection projects worldwide differ 307 

widely, there are characteristics that typically appear within a project schedule. In Figure 4, a 308 

flow diagram is presented with numbered tags that will guide the discussion of processes and 309 

conditions in this section. Not each and every project evolves along that line. However, the 310 

general reasoning helps to understand the specifics of a fog collection project, and to avoid 311 

mistakes in future applications. Cost estimates are provided. 312 

(1) The initial project idea for fog collection typically originates from a person that is directly 313 

affected by the future project in his daily life. In most cases, it is a person that has seen or 314 

heard about a project elsewhere in his country or through some news broadcast. However, he, 315 

or the village, does not have the knowledge or resources to carry out a project without 316 

assistance. An approach is then made to a non-governmental organization (NGO), typically a 317 

non-profit organization, either in his own country or often one based in North America or 318 

Europe. The goals of the NGO typically are to support development, to reverse environmental 319 

problems, and to foster sustainable development. In some cases the idea of fog collection does 320 

not evolve locally but comes into a region in the form of a scientific study which, when 321 

successful, leads the participants to consider whether there may be applications for the people 322 

of the region. The introduction of the idea from the outside is, however, a delicate process 323 

requiring great respect for local customs, social aspects, traditions and religion. Once the idea 324 

is born and the potential region identified, steps 2, 3, and 4 (Fig. 4), need to be realized. This 325 

initial stage has a minimal cost in time (days) and a negligible monetary cost. 326 

(2) Once a working relationship is established between the village, a local in-country NGO, 327 

and the external NGO or university with the expertise in fog collection projects, initial funds 328 

need to be raised to perform an analysis of the meteorological conditions and current or 329 

potential sources of conventional water (step 4) and to operate several standard fog collectors 330 

(SFCs) for an evaluation study that lasts at least through one dry season (step 7). Typically, 331 

several trips to the potential fog collection site need to be financed. The cost of materials for 332 

one complete SFC setup is around 150 USD, depending on the local market situation. Often, 333 

an external expert on meteorology and water supply should visit the region very early. It is 334 

virtually impossible to pay this expert any remuneration; however, the travel costs must be 335 
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covered somehow. The total initial funds required are, depending on travel distances, in the 336 

order of 3000 to 5000 USD.  337 

(3) A careful analysis of the prevailing climatic conditions is needed. Unfortunately, regions 338 

with large potential for fog collection are often quite far away from recording meteorological 339 

stations. Visibility (fog density) data are typically not available. A further difficulty arises 340 

from the large local variability of fog and rain, for example along mountain slopes. The ab 341 

initio analysis is therefore based on meteorological and geographical expertise and on 342 

interviews with the local population. Specific attention needs to be paid to the potential 343 

occurrence of strong winds that may damage fog collectors. Precautions have to be taken in 344 

such cases and, if high winds are anticipated, it becomes important to make some 345 

measurements. Another tool that can be of great value is the use of satellite imagery but this is 346 

only practical if an archive of images is accessible at no cost. The time involved in this stage 347 

is perhaps only a week and the costs are negligible if the time is donated. If a field program 348 

with anemometers is required, then an additional 5000 USD in instrument and travel costs 349 

may be involved plus time for data analysis. 350 

(4) The analysis of the current freshwater supply needs to be performed carefully and 351 

extensively. Where does the water come from currently? Is it trucked from a distant source? Is 352 

it carried by people (typically women and girls) from a distant place, for example a valley 353 

bottom? Is it pumped from a well? Is the well likely to be sustainable? How much water is 354 

available per day per person? What are the costs involved for the current water supply? Is 355 

there a pronounced seasonality in water supply? Are there any plans to connect the people to a 356 

centralized water supply system? NGOs use questionnaires and make surveys in the field 357 

regarding these issues. This analysis takes about one month and travel related costs may be 358 

3000 USD. This stage may also require chemical and bacterial analysis of current or proposed 359 

sources of water. In some cases the motivation for using fog collectors is the contamination of 360 

current water sources. If analysis for major ions, heavy metals, and bacteria are required, it 361 

adds another 5000 USD unless analysis is donated. 362 

(5) On the basis of the analysis and success in steps 2 through 4, it may be decided to start an 363 

exploratory fog collection project with small SFCs. The decision should be made after 364 

discussion with the local population and once they understand the idea of fog collection. The 365 

involvement of the local population is an essential part of the project. Villagers have to 366 

commit to make daily observations of the amount of water collected during the evaluation 367 

study (step 7). 368 

(6) In anticipation of the start of a large fog collection project (step 10), further funds need to 369 

be raised. This process takes more time and needs to be started immediately. Typical funding 370 

agencies are NGOs, private and corporate donors, United Nations agencies, the European 371 

Union, and other governmental organizations. In many cases, there is a lack of information 372 

about potential money sources. For example, there are funds offered by the Peruvian 373 

municipalities, private companies and foreign embassies but people are not informed about 374 

these funds. NGOs may help with the paperwork. The application process together with the 375 

village representative can serve as a first test for the commitment and the organizational 376 

strength of a village community for a fog collection project. It is ideal if a portion of the 377 
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funding originates from a local source, potentially the village community itself, but the reality 378 

is that most remote communities where projects take place can only contribute their labor. In 379 

any case, the connectedness of the people with the project contributes to the success. The 380 

involved experts may be identical to those in step 2. The funds required depend on the scale 381 

of the project and its location. For a village of 200 people, and a goal of 25 liters of fog water 382 

per person per day, one typically needs 1000 m2 of mesh, or 25 LFCs. The cost for materials 383 

including water tanks and pipelines, plus travel and shipping costs, would be about 75 000 384 

USD. This assumes no costs for salaries in external NGOs. Often the initial project (step 10) 385 

would be rather small, as limited funds are available at that stage. If the local NGO requires 386 

funds for salaries, vehicles, and other expenses, this must be considered and the decision 387 

factored into the overall costs. This might add an additional 10 000 USD or more. 388 

(7) The SFC should be operated over a period of at least 12 months and be operated carefully 389 

by a person that lives in the area. In reality, sponsors are often in a hurry to get the main 390 

project started and initial measurements are sometimes limited to the dry season when rainfall 391 

is lacking and fog collection can fill an urgent need. The installation of the SFC needs to be 392 

done with the best possible expertise and care. The height above MSL, an unobstructed 393 

geographical position and the correct orientation are essential. Precise recording of daily fog 394 

collection rates is important and is difficult to achieve in remote areas without extensive 395 

training of the observers. If funds and expertise are available, a meteorological station 396 

recording standard parameters plus the visibility (as a metric for the density of fog) should be 397 

installed as well. The collected water may be used for gardening or similar purposes. Material 398 

costs have been given above. This step will require several weeks of analysis and problem 399 

solving time plus the time of the observers. In some countries the observers have to be paid to 400 

get reliable data. This may add 1000 USD to the costs. 401 

(8) When the start of a large fog collection project (step 10) becomes likely, its logistics needs 402 

to be organized. The mesh (see section 3) needs to be ordered, and construction materials for 403 

the LFCs, tanks and pipelines (if required) organized. The setup of the LFCs is 404 

technologically simple but great care must be taken in their construction and it is crucial that 405 

the local population be heavily involved in the construction process. Building materials, 406 

except for the mesh, can be purchased in the country. The manual labor should be done by the 407 

beneficiaries in the interest of the sustainability of the project. Sewing the edges of the mesh 408 

is an example of a task that involves women in the construction process. A concept for water 409 

storage and water distribution needs to be developed. In most countries poly-ethylene storage 410 

tanks can be purchased or cement cisterns built. The series of processes and decisions are 411 

complicated and guided by experience. The social impact of a new source of freshwater 412 

should be anticipated and communicated. This involves a series of community meetings and 413 

specific meetings with the women of the village who may be excluded from the formal village 414 

organizational structure. The financial structure for the construction and on-going operation of 415 

an LFC system need to be agreed on. This stage may require funds for travel, perhaps 3000 416 

USD, and time measured in weeks or months 417 

(9) The decision to set up a large fog collection project needs to be carefully made. In 418 

particular, the potential benefit needs to be projected. How much water collection is expected? 419 
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How much water will be potentially needed, and for what purpose? How large will the water 420 

storage capacities have to be? How many LFCs should be built in the first place? Who will be 421 

responsible for the operation of the LFCs and for the distribution of the water? Who will 422 

cover the costs of operation, which may be in the order of 1000 – 2500 USD per year? How 423 

much will the water cost? Will it be sold? Is strong enough commitment within the 424 

community of beneficiaries to be expected? In a real application this is an effective “exit” 425 

point.  426 

Along with the decision about the LFC project, success factors should be defined and coupled 427 

to a time frame. For example, if the system is capable of supporting a school for five years 428 

with fresh water so that students have drinking water in the school, this may be defined as a 429 

full success. A social benefit may arise if a specific societal group will receive an advantage, 430 

such as the women in Guatemala, Morocco, or Eritrea, who do not have to carry all the fresh 431 

water long distances every day (e.g., Rosato et al., 2010). Overall, this is a difficult process as 432 

a novel appreciation of values may be introduced into the societal system of a village 433 

community. If full success is achieved, a review (step 10) and potential re-decision about the 434 

further development of the project should be envisaged.  435 

(10) Once the project is operational, it needs to be conducted very carefully and responsibly. 436 

The installation must be maintained and the collected water volume and quality need to be 437 

recorded. The success of the project should be evaluated with appropriate and realistic success 438 

factors previously defined (step 9). This is the weakest point of many past projects. Once in 439 

operation, they were not observed carefully enough and deteriorated. The success of a project 440 

should be quantified so that follow-up decisions can be made. Under optimum conditions, 441 

step 9 is re-entered so that an ongoing loop (steps 9 and 10, Fig. 4) perpetuates the project. 442 

This implies that there is an on-going commitment of time and money by the village 443 

community, the local NGO, or the experienced international NGO. If travel costs are 444 

involved, they are likely to be in the order of several 1000s of USD per year. 445 

If fog collectors fail to operate successfully within the project period, a rapid and unbiased 446 

analysis should be performed, potentially by external experts as mentioned in steps 2 and 6. 447 

Step 9 should be re-entered as soon as possible. The discouragement of the local population 448 

through malfunction of the collectors must be avoided as it may dominate their attitude 449 

towards the fog collection idea itself. The main problems that occur are lack of basic 450 

maintenance, such as keeping the cables tight, poor quality of cables, and that the mesh may 451 

not have been installed properly initially. The role of the local NGO is critical both to identify 452 

these types of problems early on, and also to continue the education program in the village to 453 

ensure good water quality and an appropriate and functional village water management 454 

program. 455 

The exit options in Figure 4 indicate that for a project that seems unfeasible or not feasible 456 

any more, a clear stop should be set. That may happen very early, i.e. before any test 457 

measurements are being started (step 5), before the actual construction of large collectors 458 

(step 9), or after operation of a LFC project (step 10) with limited success. Another 459 

eventuality is that after a period of years with a fog collection project, a village may grow 460 

significantly or funding from the local government may increase and suddenly a village may 461 
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get an adequate conventional water supply such as a pipeline. Optimum conditions in terms of 462 

sustainability are fulfilled if the external experts (steps 2 and 6) exit a successful project at 463 

step 9, while the project continues to operate. For example, the project in Tojquia, Guatemala, 464 

is nearing this point as the last LFC was built by the local Mayan villagers and they are 465 

assisting new villages to utilize the technology. Another example is the community Peña 466 

Blanca in Chile, where fog collection was initiated and operated with the assistance of 467 

Pontifical Catholic University (Santiago) in 2005 for about two years. After 6 years, the 468 

system is in sustainable operation and three new projects have been started related to fog 469 

collection, biodiversity, environmental education, and school projects on fog and dew to stop 470 

further desertification. 471 

6. Specific Aspects 472 

6.1 Fog-water Quantity 473 

The daily output from a fog collector is the product of the fog flux in L m-2 d-1 and the area of 474 

the collecting surface. Although the quantification of this flux is straightforward, there is no 475 

standard routine followed by investigators worldwide. Some numbers presented are annual 476 

averages, some averages for the fog season only, and some maximum observed values. Both 477 

SFCs and LFCs are also able to collect rain efficiently, so that their water yield may include 478 

rain in some climates. Another issue is the installation height of fog collectors above ground. 479 

The higher an installation is, the greater the yield is due to higher wind speeds and often due 480 

to higher liquid water content (LWC) in the fog. Last but not least, data quality control 481 

procedures and uncertainties are often not reported. This combination of uncertainties limits 482 

inter-comparison of fog collection rates at various sites.  483 

The total quantity of water produced by LFCs depends on the number of fog collectors 484 

installed and the collection rate at the site. The fog collector array at El Tofo, Chile (see 485 

section 4.1, above), produced an average of 15 000 L of water per day. The daily water output 486 

varies at all sites and at this location some days produced over 100 000 L of water and other 487 

days none or very little. Present fog collection projects are producing average quantities in the 488 

dry season of 6300 L d-1 at Tojquia in Guatemala from 1400 m2 of collecting surface (4.5 L 489 

m-2 d-1, Rosato et al. 2010), viable amounts in South Africa (van Heerden et al. 2010), Peru 490 

(Tiedemann and Lummerich 2010) and in Colombia (Escobar et al. 2010). In Europe, 491 

Valiente et al. (2010) discuss an application in eastern Spain where the 2007 annual fog flux, 492 

measured with a cylindrical collector, was 3.3 L m-2 d-1.  493 

Evaluations with SFCs have shown that on mountains in the dry areas of Chile (e.g. Carter et 494 

al. 2007; Larrain et al. 2002), Colombia (Garcia and Arango 2004), Yemen (Osses et al. 2004; 495 

Schemenauer et al. 2004), Guatemala (Garcia et al. 2004), Oman (Schemenauer and Cereceda 496 

1992b), Peru (Bresci 2001) and Eritrea, seasonal average fluxes, measured with SFCs, ranged 497 

from 1.5 to 8 L m-2 d-1. In locations in other countries with fog collection potential, 498 

measurements of fog fluxes have shown annual average values as low as 1 L m-2 d-1 in 499 

Namibia and fog season values as high as 70 L m-2 d-1 in Oman. Many previous 500 

measurements of substantial collection rates at fog collection sites have been reported, e.g. 501 
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Cape Verde (Sabino 2004), Dominican Republic (Schemenauer et al. 2001), Namibia 502 

(Shanyengana et al. 2002), Nepal (MacQuarrie et al. 2001), South Africa (Olivier and 503 

Rautenbach 2007) where viable amounts of fog water can be collected.  504 

6.2 Fog-water Quality 505 

There are several aspects of water chemistry that are important in fog collection projects. The 506 

first is the chemical composition of the fog in the air before it strikes any collecting surface. 507 

This is what is often measured in scientific projects using scientific active or passive 508 

collectors with careful collector cleaning procedures. At sites worldwide where fog and rain 509 

were collected at identical sites, the fog water generally exhibits higher concentrations of 510 

solutes than comparable rain water. This has to do with the droplet forming processes in rain 511 

and fog and the more intense exposure of fog to near-surface emissions.  512 

The second aspect is the chemistry of the water coming off a large fog collector. The chemical 513 

composition of that water is also influenced by gases and aerosol particles that have deposited 514 

on the collection surface and are washed off by the fog water. Particularly during the onset of 515 

fog events, this may lead to enhanced concentrations of compounds (“first flush”). 516 

Schemenauer and Cereceda (1992a, b) reported on the quality of both the incoming fog water 517 

and the water from the fog collectors at the El Tofo site in Chile and in Ashinhaib in the 518 

Dhofar Mountains in Oman, respectively. They found that both sources of water met the 519 

World Health Organization (WHO) drinking water standards for ions and for 23 heavy 520 

metals. Eckardt and Schemenauer (1998) found that ion concentrations measured in fog water 521 

collected in the Namib Desert near Gobabeb were well within the WHO limits. An 522 

unpublished 2008 study by the Bavarian Water Ministry (Hruschka, pers. comm.), from a fog 523 

collection project in Eritrea, showed that water from fog collectors that had passed through a 524 

pipeline to water faucets at schools, also met WHO standards. Acceptable fog water quality 525 

was also reported for South Africa (Olivier and van Heerden 2002). However, Sträter et al. 526 

(2010) report that enhanced concentrations of some ions and metals were found at a coastal 527 

site in Chile. They hypothesize that power plant and industrial plant emissions on the west 528 

coast of South America exhibit an influence on the chemical composition of fog water. 529 

Overall, the composition of fog water will in most cases be drinking water safe. Whenever 530 

there is potential of fog water contamination, the water quality must be checked before human 531 

consumption as for any type of water supply.  532 

The third aspect is the potential alteration of fog water composition during storage in tanks. 533 

As this is an issue generally important in any drinking water storage, we consider it out of 534 

scope of our analysis.  535 

6.3 Economic Aspects 536 

Fog collection projects are undertaken only in areas with very little rainfall on an annual or 537 

seasonal basis, favorable climatic conditions, and a scarcity of other competing fresh-water 538 

sources. The beneficiaries of many projects are poor people. The projects are typically 539 

initiated after donation of money and personal time (section 5). Over the years, the 540 

operational costs need to be compared to the costs of other sources for freshwater supply.  541 
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One of the experiences in development aid is that financial participation of the recipients 542 

enhances people´s motivation to maintain the respective infrastructure. The population of the 543 

villages in Peru that operated a fog collection project ranged between 100 and 200 people. 544 

The community with the lowest number of inhabitants showed the highest level of 545 

independence. It seems that individual persons feel more responsible for the project in a small 546 

community. On the other hand, the work load is very high especially during construction of 547 

the reservoir. Therefore the community should consist ideally of a minimum of 80 people, 548 

which means about 20 - 30 adults.  549 

There is a specific advantage to fog collection projects, i.e. they do not only provide water but 550 

also money. Therefore, people could regard their participation rather as an investment and 551 

themselves not only as a group of neighbors trying to improve their living conditions, but as a 552 

group of investors starting their own business. In the outskirts of Lima, for example, in the so-553 

called young villages, people practice that concept. They elect their village “junta” (Spanish 554 

for “board”) and representatives, and meet weekly or monthly to discuss and organize village 555 

affairs. Another example is the potable water committee in Chungungo, Chile, which was 556 

formed by the villagers to manage the fog water supply there in the 1990s (Schemenauer and 557 

Cereceda, 1994b). 558 

The cost of water per m3 is difficult to calculate, much less agree on, as many assumptions are 559 

involved about what costs to include and the amortization periods for expenses. Cereceda et 560 

al. (1992) concluded for Chile that the fog water could be produced for about 1 USD per m3 561 

and delivered to homes in a distant village for about another USD per m3. In the projects near 562 

Lima, once the fog collector and the corresponding infrastructure was set up, the elected water 563 

committee started selling the water within the community at a lower price, i.e. 2.50 – 3.00 564 

USD per m3, than that paid for the delivery by water trucks. Part of the money is saved for 565 

future maintenance of the collectors. In some cases it can be useful to pay one or two people 566 

for routine repairs and the distribution of the water, just like in any other company.  567 

7. Perspectives 568 

It has been shown that the collection of fog water as a fresh-water resource is a feasible 569 

technology in various regions of the world. Fog water may be a valuable source of fresh water 570 

for afforestation, gardening, and also as a drinking water source for human consumption.  571 

It is mostly a poor population for which a fog collection project provides the largest 572 

advantages. Often these people live in very traditional ways. Once the idea of collecting fog 573 

water as a fresh-water resource has been positively evaluated, a project is started. Initial funds 574 

and expertise typically originate from outside. A careful operation of LFCs provides 575 

numerous villages in many countries with large amounts of fresh water. Motivation, 576 

education, training, and involvement of the local people are key success factors. It has proven 577 

useful to create novel structures such as water committees to manage a project. Under 578 

optimum conditions, the operational costs are covered by selling the collected water to the 579 

beneficiaries for prices that are lower than those of alternative sources of fresh water. This 580 

concept works well for relatively small units. Problems in individual projects often arise after 581 

the operation of a collection system has been handed over to the local people or authorities. 582 
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Poor maintenance can lead to malfunction of the collectors and eventually to the end of fog 583 

collection. It seems that these projects did not have a plan for successful and sustainable 584 

management.  585 

Consideration should be given to a much greater role by governments. In some cases it may 586 

be preferable to forward project responsibility to local government control rather than directly 587 

to the community. Advantages may be greater resources on longer scales of time and distance, 588 

and continuity contributing to sustainability. Disadvantages can include lack of motivation. 589 

Unlike developing countries, developed countries have little difficulty covering their basic 590 

needs in terms of water supply. But even though human consumption is usually guaranteed 591 

(not without some restrictions in certain places and seasons) there are other uses that are 592 

directly affected by the scarcity and / or erratic time and spatial distribution of rainfall. In this 593 

context, water produced by fog-water collection systems might be a complementary source of 594 

water. This is the case of forest activities (such as reforestation projects), water tanks with 595 

water availability to be used in fighting forest fires, and even ensuring a regular drinking 596 

water supply, strategically located in mountain areas, for the use by monasteries (Nepal, 597 

Ethiopia), hikers (Chile) or for the different species of animals that live there. Such activities, 598 

often led by forest rangers and scientists, are gaining momentum in Southern Europe, 599 

particularly Spain, and on some subtropical East Atlantic islands and in NW Africa. 600 

Ecological factors should be considered. Fog collectors are passive structures. The projects 601 

require no on-going energy inputs and could dock on to carbon sequestration projects in 602 

connection with reforestation. Environmental education programs and ecological parks may 603 

benefit from the concept of fog collection. Companies or governmental bodies could show 604 

their ecological responsibility by working with this technology. In such cases, money is often 605 

not the greatest obstacle in setting up a project.  606 

Finally, the exchange of information, education of experts and all other actors in potential and 607 

ongoing fog-collection projects is critical. This analysis is intended to contribute to this 608 

process. 609 
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Figure Captions 802 

Figure 1: Map with locations marked that were successful, are successful, or bear the potential for 803 

being successful in collecting fog for the production of fresh water in arid or seasonally arid regions. 804 

The potential must have been proven by an evaluation project. 805 

Figure 2: Image of the 18 m2 flat-panel fog collector located at Mount Machos (Valencia 806 

region, Spain), together with the water tanks. 807 

Figure 3: Three mesh types for fog collection. The Raschel mesh (35 % shading, left panel, 808 

www.marienberg.cl) has been successfully applied for many years in 35 countries on 5 809 

continents. It is used double layered in Standard Fog Collectors (SFC) and Large Fog 810 

Collectors (LFC) (only one layer is shown here). The middle panel shows a robust material 811 

with a stainless mesh, co-knitted with poly material (http://www.meshconcepts.co.za) that has 812 

been employed in South Africa. The right panel shows a newly proposed design of a three-813 

dimensional net structure (1 cm thickness) of poly material (http://www.itv-denkendorf.de). 814 

Note that no overall comparison of mesh collection rates and technical performance has been 815 

conducted yet. The edge lengths of mesh sections shown are 6.5 cm.  816 

Figure 4: Flow diagram of a typical fog collection project. Numbered tags are used to discuss 817 

processes and discussions in section 5 818 

 819 

820 
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Figure 2: Image of the 18 m2 flat-panel fog collector located at Mount Machos (Valencia 831 

region, Spain), together with the water tanks. 832 
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Figure 4: Flow diagram of a typical fog collection project. Numbered tags are used to discuss 846 

processes and discussions in section 5 847 
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