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Abstract

This paper anayses the dew collection performance of two polyethylene (PE) foils in a semi-arid
region (Southern Spain). The dew collecting devices consisted of two commercia passive radiative
dew condensers (RDCs) of 1 m? tilted to 30°. They were fitted with two different high-emissivity
PE foils: a white hydrophilic foil (WSF) recommended as standard for dew recovery comparisons
by the International Organization for Dew Utilization (OPUR), and a low-cost black PE foil (BF)
widely used for mulching in horticulture. Dew yield, foil surface temperature and meteorological
variables (air temperature, relative humidity, downward long wave radiation and wind speed) were
recorded hourly during a 1-year period from May-2009 to May-2010. The spectral emissivity of the
foils was determined.in laboratory in the range 2.5-25 um and the radiance-weighed values were
calculated over different intervals, indicating that BF emitted more than WSF, especidly in the
range 2.5-7 um: Dew yield was well correlated with the air relative humidity and foil net radiation
in both fails and was hardly detected when the relative humidity was lower than 75% or the wind
speed higher than 1.5 m s*. WSF was more sensitive to dew formation due to its hydrophilic
properties, registering more dewy nights (175) than BF (163) while the annual cumulative dew
yield for BF was higher (20.76 mm) than for WSF (17.36 mm) due to the higher emissivity and
emitted radiance of BF. These results suggested that increasing the surface emissivity over the
whole IR spectrum could be more effective for improving RDC yield performances than increasing

the surface hydrophilic properties. On a practical point of view, BF could be considered as a
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suitable material for large scale RDCs, as in our study it presented several advantages over the

reference material, such as higher dew collection performance, longer lifespan and much lower cost.

Keywords. Water condensers, water harvesting, dew collection, infra-red emissivity, dew

applications.

1. Introduction

Dew is atmospheric humidity that is transformed into liquid water by passive radiative cooling
(Monteith, 1957; Beysens, 1995; Agam and Berliner, 2006). Under natural conditions, this potential
water source can be widely used by plants and animalsin dry environments and can supply enough
moisture to microorganisms for survival (Steinberger et al., 1989; Kidron et al., 2002). Dew
collection by means of manufactured structures could serve as a welcome supplementary source of
water when other sources, such as rain and groundwater are very scarce. Besides, dew could be
used as potable water for human consumption in regions where the water accessibility and supply
becomes difficult (Muselli et al., 2006a; Lekouch et a., 2010), such as semiarid and arid
geographical settings and small islands in developing countries (Beysens et al., 2007; Sharan,
20074).

The essential role of dew as awater source in arid environments, ecosystems and agrosystems
largely explains the increasing interest among scientists and engineersin studying the dew
formation phenomenon. The presence/absence of dew can be readily detected by means of wethess
sensors (Richards, 2009). The quantification of dew yield on different types of surface can be
carried out by means of awide range of methods, such as absorbent material or cloth plates
(Kidron, 2000), microlysimeters (Jacobs et al., 2002), micrometeorological techniques such as the
Bowen ratio energy balance or the eddy-covariance technique (Vermeulen et a., 1997; Moro et al.,
2007), and dew-specific collectors, called passive ‘radiative dew condensers’ (RDCs, Beysens et

a., 2005).
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Among al these methods, RDCs are likely the most suitable techniques to be used at engineering
applications, as they allow to assess the performance of different types of foils and supporting
structures (shape, tilt, etc.). The International Organization for Dew Utilization (OPUR,;
http://www.opur.fr/) has widely standardised the characterization of dew collection by establishing
the methodol ogy, instrumentation and data obtained from in-field experimental test studies. This
organization recommends the use of a standard material which is made of a special white low-
density polyethylene (PE) fail, with 5% volume of TiO, microspheres (diameter 0.19 um) and 2%
volume of BaSO, microspheres (diameter 0.8 um) embedded in it. This material provides
hydrophilic properties that low the nucleation barrier at the onset of the condensation process
together with ahigh emissivity in the near infrared (7-14 um); two important features that favour
dew formation. More information on this material can be found in Nilsson et al. (1994). From here
on, this specially designed white foil is named WSF (White Standard Foil).

Severa recent investigations aimed to assess the potential for dew harvesting using the standard foil
have been reported. Muselli et al. (2002) tested a30 m? RDC near Ajaccio (Corsica, France),
measuring 214 dewy nights over an observation period of 478 days, with an average of 0.12 mm per
dewy night and a maximum daily yield of 0.38 mm. In a posterior study at the same site (Muselli et
al., 2006a), similar dew yield were obtained (average of 0.13 mm per dewy day). Jacob et al. (2008)
compared two types of RDCs fitted with WSF, one being a 1 m? insulated planar dew condenser set
at a 30° angle from horizontal, and the other presenting an inverted-pyramid shape. Recently,
Muselli-et al:(2009) studied the dew yield at the Dalmatian Coast with two 1 m? RDCs fitted with
WSF, concluding that it could be worthwhile to rehabilitate the numerous deserted rain collectors
(impluviums) existing in the region for the objective of dew harvesting.

The standard WSF is currently rather expensive (8% m™) sinceit is generally manufactured for
research purposes. A trend to use low-cost collector foils with similar performances would be
feasible for large scale dew recovery systems, where water can be harvested for domestic and rural
activities at the individual farm or village scale. Some rural development projects, especially in

India (Sharan, 2007a), tried to promote rain and dew recollection over large areas, by covering the
3
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soil of gentle-slop terrain with PE foils. In such large scale systems, the covering material should be
of low cost, resistant to weathering, tensile and friction forces, and easily available to farmers of
developing countries. A suitable choice might be the installation of black PE foilsthat are widely
used in agriculture as soil mulching for weed control, as such films respond to the above criteria.
However, the potential for dew recovery of such filmsis not known, and need to be assessed before
recommending them for dew harvesting.

The main objectives of this study were (1) to compare the properties and dew recovery
performances of alow-cost black PE foil with respect to the standard white PE fail, (2) to analyze
the physical factors driving dew formation to contribute to a better knowledge of the dew formation
process in semi-arid regions and (3) to assess the potential of dew recovery in a semi-arid region of
South Spain, where techniques of dew harvesting could help in mitigating the impact of extreme

drought events.

2. Materialsand M ethods

2.1. Siteand dew water condensers

The experimental siteislocated at the Agricultural Experimental Station of the Technical
University of Cartagena, south-eastern Spain (37°41'20" N, 0°57'03"W). This areais characterized
by a Mediterranean semiarid climate with warm, dry summers and mild winters. Average annual
temperatureis 17.5°C, reaching maximum temperatures of 38 °C in summer and minimum
temperatures of 0 °C in winter. Annual rainfall averages 320 mm, with high seasonal and inter-
annual variability. Most precipitation occurs during the fall and winter months, but inter-annual
droughts are also common. Average reference evapotranspiration, calculated by the Penman-
Monteith method (Allen et al., 1998), is about 1,250 mm year™.

Two RDCs were set up following the OPUR international standard procedure (Fig. 1). They
consisted of 1 m? insulated flat pans tilted 30° to horizontal to ensure a good compromise between

radiative energy loss and water recovery by gravity (Beysens et al., 2003). The water condensing on
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the surface at night was collected under gravity flow by a gutter and run to a container where it was
stored and weighed. Both containers were provided with a siphon system for auto-emptying when
full. One of the RDCs was dressed with the white standard foil (WSF), previously described,
whereas the other was fitted with a 0.15 mm thick black low-density PE foil (in the following, BF),
typically used as soil mulching in agriculture. Thisisalow-cost PE foil (0.8 $ m?) which is made
of 97.5% of low density PE, 2.5% of black of carbon and contains some antioxidant and thermal

stabilizer additives.

Figure 1.View of the two RDCs with the black PE foil (BF) and the white standard foil (WSF) fitted

to the 30° tilted flat pans.

2.2. IR optical propertiesand emitted radiance of the foils

A spectrophotometer (FT-IR Bruker Vertex 70) was used for determining the spectral distribution
(every 10 nm) of the absorptivity (= emissivity) and transmissivity of the foils for the mid IR
spectrum (2.5 to 25 um), under wet and dry conditions. Wet conditions were obtained by spraying
water during five minutes on the foil samples. An average spectral curve, representing the mean of
five repetitions, was calculated for each foil and surface status.

For a given wavelength 4, the emitted radiance (W, energy lost by radiation to the sky) was deduced
from the Plank’ s law:

e @

5
2 g C2 |21
ATy

where C; = 3.74.10° and C, = 1.44.10* are constants, 1 is the wavel ength, ¢ is the measured
emissivity of each foil configuration in each 10 nm wavelength interval and 7; (K) is the surface
temperature. The calculations of 7 were performed with 7t = 278 K, which could be considered as a

representative value of the foil temperature for dewy nightsin the study area
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W and ¢ values were integrated over the following wavelength intervals: 2.5-7um, 7-14 um and 14-
25 um. The range 7-14 um was of special interest as it corresponds to the atmospheric window, the
range considered in previous studies with the standard foil (e.g. Nilsson et a. 1994). The va ues of
the emissivity weighed by the emitted radiance for both foils and under dry and wet conditions were

calculated (Eq. 3) for al spectrum ranges as:

g_ZVVi (3)

where g and W, are the emissivity and the emitted radiance, respectively, at wavelength 4; .

2.3. Climate and dew measur ements

During the observation period (May-2009 to May-2010) an automated meteorological station
located at the vicinity of the RDCs provided the meteorological data required for the study. The
following variables were continuously recorded at 2 m above ground: air temperature (73) and
relative humidity (RH) (VaisalaHMP45C probe), wind speed (Uy) (Vector Instruments A100R
anemometer) and downward atmospheric radiation (L,) (Kipp & Zonen CGR 3 pyrgeometer).
Rainfall (P) was measured by means of atipping bucket gauge (Y oung 52203). Additional data of
air temperature, relative humidity and wind speed were also collected close to the foils. Two
infrared radiometers (Campbell Scientific SI —111) located 30 cm over the foil supplied the foil
surface temperature, 7t Dew point (74ey) Was calculated from 7, and RH. The net radiation (Rp)
during the night was calculated as R, = La—Ls with L; = ¢* o T¢*, £* being the radiance weighed
emissivity of the foil (see section Results).

For each RDC, dew was collected at night from 20:00 to 8:00. The dew ran along an inclined gutter
and passed through a plastic pipe into the container where dew was weighed by means of two high
precision balances (COBOS, D-3000-CBJ; precision = 0.1 g). A wiper was used daily at dawn to
scrape the extra water that remained on the foils. This quantity was added to the amount recovered
in the collecting tanks to give the potential dew recovery. Previous analyses of dew collection on

the foils indicated the scraped fraction represented about 15 and 20% of the total yield for the WSF
6
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and the BF respectively, a slightly lower value than the one reported by Musdlli et al. (2002). In the
following, the analysis concerns the potential dew recovery, which represents better the intensity of
the condensation process. No damage due to scraping was noted on the foils during the
measurements period. Eventually, dew yield was calculated as the difference between the maximum
and the minimum weight of water recorded during the night.

Dew yield datawere statistically analysed by means of the statistical software package Statgraphics
Plus (v.5.1), which performs analysis via a variance technique (ANOV A) to detect any significant
differences between the dew yield of both WSF and BF. Tukey's range test at a 95% confidence
level was calculated for comparison between dew yield data. Data from days corresponding to
rainfall events at night were discarded from the data analysis because of the imprecisionin
measuring dew amount.

All sensors above described were scanned at 10-s interval and averaged hourly whereas the two
precision balances were scanned at hourly interval. All data were recorded by a datalogger (CR1000

Campbell). The sensors and balances were periodically calibrated.

3. Resultsand discussion

3.1. Spectrometry and radiance analysis.

Figure 2 presents the spectral distribution of the foil emissivity in the range 2.5-25 um for WSF
(Fig. 2a) and BF (Fig. 2b), under dry and wet conditions. The curves were quite similar over the
considered spectrum, with the exception of the region from 2.5 to 7 um, where the emissivity of
WSF was significantly lower than that of BF.

The emissivity under wet conditions was slightly higher than in dry conditions for both foils. The
averaged emissivity of WSF increased 1.93% and 0.72% in the 2.5-25 um range and the 7-14 um
range, respectively. The corresponding increases for BF were 0.26% and 0.60%. This result
indicates that dew formation raised slightly the surface emissivity, the effect being more marked for

WSF.
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Wheresas ¢ of both foils was found to be very similar in the range 7-14 um, there were significant
differencesin the lower wavelength interval (2.5-7 um) that affected to some extent the emitted

radiance, W (Fig. 3ab).

Figure 2. Distribution of the foil emissivity (&) for () WSF and (b) BF, under dry and wet

conditions in the 2.5-25 um range. Vertical bars delimit the 7-14 um region (atmospheric window).

Figure 3. Distribution of emitted radiance (W; W m™) in the 2.5-25 um range according to the
Planck’s law assuming a surface temperature of 278 K for () WSF.and (b) BF under dry and wet

conditions. Vertical bars delimit the 7-14 um region (atmospheric window).

Integrating W over the three sub-ranges supplied useful information on the relative contribution of
each sub-range to the total emitted radiance (W) in the 2.5-25 um range for the two foils under dry
and wet conditions (Table 1). In all cases, the 7-14 um region accounts approximately for 50% of
Wiet, Whereas the lower region and the upper region contributed to 7% and 43%, respectively. Under
dry conditions, W;o; was higher for BF (267.3 Wm) than for WSF (262.0 Wm), that isa
difference of 5.3 Wm? which has to be ascribed mainly to the difference of ¥ in the lower sub-
range (19.4 vs 15.4Wm™). The trend was similar under wet conditions, but the differences were
somewhat smaller: Wiy = 268.5 and 265 Wm for BF and WSF respectively, a difference of 3.5
Wm? which was mainly due to the difference observed in the lower sub-range (19.4 vs 16.1 Wm),
asfor the dry foils. The presence of water on the foil surfaces slightly increased W in al sub-ranges,
the increase being greater for WSF (+5 Wm™) than for BF (+1.2 Wm).

Water also increased the values of &*, the emissivity weighed by the emitted radiance for both foils
(Table 1). Among foails, the values of &* were very similar for the middle and upper sub-ranges, but
presented differences in the lower sub-range. Under dry conditions, £* in the 2.5-7 um interval was

equal to 0.825 and 0.995 for WSF and BF respectively. Under wet conditions, the difference was
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somewhat smaller (0.850 and 0.996 respectively). Considering the whole spectrum range, BF
presented the highest values of &* under dry (0.985 vs 0.971 for WSF) as well aswet (0.990 vs
0.980 for WSF) conditions. Therefore, it could be recommended to use the radiance-weighed
emissivity &* for the calculation and simulation of the emitted radiance from dew collecting
surfaces.

Summarizing, both foils presented similar values of 7, ¢ and ¢* for A > 7 um, but with significant
differences in the range 2.5-7 um. Accordingly, it can be concluded that BF presents a higher
emissive power than WSF, due to the higher emissivity of BF in the range 2.5-7 um, although the
lower emissivity of the WSF in the lower spectral range allow to reflect sunlight and also acquire a
role of passive air conditioning if it is applied on roofs. Besides, the higher reflectance of WSF in
the short-wave (solar spectrum) provides lower surface temperature during the day than BF,

resulting in WSF reaching more rapidly the dew-point temperature than BF (Sharan et al., 2007b).

Table 1. Integrated values of emitted radiance (W; W m™), emissivity (&) and radiance-weighted
emissivity (&*) inthe 2.5-7 um, 7-14 mm, 14-25 um and the entire mid-infrared (MIR) ranges

under dry and wet conditions.

3.2. Foils performance.

During the 1-year experimental period, the number of dewy nights amounted to 175 and 163 for
WSF and BF respectively (Table 2). Accounting for the lack of data due to sensor failure for 27
days of the observation period, the frequency of dew was 52% and 48% for WSF and BF
respectively. Rainfall events (50 days) were unevenly distributed throughout the experimental

period, amounting to atotal of 490 mm.

Table 2. Number of dewy, rainfall and sensor failure nights and total monthly dew yield for the

WSF and BF condensers during the observation period.
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Our results showed that dew yield was season-dependent. Three periods differing markedly in dew
yield could be distinguished. Thefirst one ranged from May-09 to July-09, the second one covered
the summer months and the third corresponded to the period October-09 to May-10 (Table 2). The
lowest monthly dew yield was observed in September, for both WSF (0.57 mm, 6 dewy nights) and
BF (0.69 mm, 4 dewy nights), whereas the highest yield occurred in October (values of 3.18 mm
and 3.83 mm for WSF and BF, respectively). The latter could be attributed to (i) strong radiative
cooling at night due to the prevalence of clear sky conditions (only 2 rainfall events in October
against 10 in September), (ii) high atmospheric humidity resulting from the high soil evaporation
rate after heavy rainfalls (276 mm) on late September (Fig. 4) and (iii) low wind speed during the
night. These conditions resulted in that the difference between dew-point and foil temperature
reached its highest valuesin October.

Cumulated dew yield over the observation period was 17.36 and 20.76 mm for WSF and BF
respectively (Fig. 4). The results from the statistical analysisindicated that significant differences
on dew yield were found between both foils, being the BF approximately 15% more efficient in
recovering dew than WSF. The better performance of BF could be ascribed to its higher emissivity
and emitted radiance (Table 1). This finding was confirmed with the nightly value of minimum foil

temperature, which was on average 0.43 °C lower for BF than for WSF.

Figure 4. Cumulated dew yield of WSF and BF condensers during the observation period. Bars

represent rainfall events (mm).

The dew yield histogram by classes of 0.05 mm (Fig. 5) suggested that the higher number of dewy
events with low yield (less than 0.05 mm) for WSF were due to its hydrophilic surface properties.
This characteristic allowed WSF to recover water from small events of dew (less than 0.10 mm)
whereas the BF was less effective in this aspect. Conversely, BF was more efficient in the upper

classes due to its higher emissivity. These respective advantages of WSF and BF appear to be of the
10
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same magnitude in the dew yield range 0.05- 0.10 mm, where dew yield frequency for the two foils
was identical (Fig. 5). These results make clear the influence of the dew yield potential in the
experimental location on the comparison of yield performance between both fails, i.e. if the
experiment had been carried out in another region characterised by smaller dew yield events (less
than 0.10 mm), the hydrophilic properties of the WSF had probably allowed the WSF to collect
more water than the BF. However, under the south-eastern Spain semi-arid conditions the BF has

clearly better yield performance than the WSF.

Figure 5. Dew yield frequency histogram of WSF (white bars) and BF (black bars) during the

observation period.

In our study, the maximum dew yield recorded during adewy night was 0.314 mm in December-09
for WSF and 0.316 mm in October-09 for BF. These values corresponded to the period from
October-09 to December-09 when clear sky, low wind speed, and high values of atmospheric
humidity were prevailing. Conversely, the lowest dew yield values for both foils were found during
the driest months, i.e. July and August 2009 (Table 3). On annual scale, mean values were 0.105

mm d™* and 0.128 mm d* for WSF and BF, respectively (Table 3).

Table 3. Monthly and annual maximum, average, and standard deviation of dew yield for the WSF

and BF condensers during the observation period.

3.3. Correlation with meteorological variables
The observed night dew yield, ¥ (mm night®), was first related to the dew point-to-air difference AT
= Toew— Ta (Fig. 6), that is, with the relative humidity, RH. The experimental data werefit to the

following linear relationship to get an estimate of Y, Yy, from the knowledge of AT.

Y = a; (AT — a2) 3
11
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where a; (in mm °C™?) is the dew yield sensitivity to A7 and a. the threshold value of AT below
which condensation was not observed (Note that the threshold value of RH would be ~75%, Fig. 6).
There were no significant differences in the parameter values between the two foils (ag = 0.049 +
0.0056 mm °C™* and a, = -4.2 °C + 0.26 for WSF, & = 0.051 + 0.0059 mm °C™* and a, = -4.6°C +
0.29 for BF). The dew yield sensitivity was in between the values found by Muselli et a. (2006b)
and Muselli et a. (2009). Overal, the predictive performance of Eqg. 3, characterised by standard
statistical parameters (see Table 4) could not be considered as satisfactory. The experimental data
presented considerable scatter over the whole range of AT, indicating that A7 aone was a poor

descriptor of dew yield.

Figure 6. Correlation of dew yield ¥ (mm night*) with A= T,.,, —T, (°C, lower scale) and relative

humidity RH (%, upper scale) for WSF (white symbols) and BF (black symbols).

To refine the correlation analysis, the residuals of Eq. (3) (r = Y — Yes) Were calculated and related
to other climatic variables, revealing that the residuals were mainly dependent on the nightly net

radiation, for both WSF and BF (Fig. 7).

Fig. 7. Relationship between the residuals (») of Eq. (3) and the mean nightly net radiation (R, for

WSF (white symbols) and BF (black symbols).

Subsequently, Eq. (3) was multiplied by afunction of Ry, g (Ry), to account for this dependence.
After testing various types of function, a decreasing hyperbolic function was found to supply the
best fit (lowest root mean square error between observed and estimated values). The proposed

empirical model to predict Y from T, Tgenw and R, Was:

12
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Yest = (4T) 0(Rq) = (By(4T +b,)) (1+ 22) (4)

with b, = 0.126 and 0.129, b, = 3.9 and 4.1 and b; = 19.21 and 18.93 W m® respectively for WSF
and BF. The addition of R, as supplementary predictive variable improved considerably the

predictive performance with respect to Eq. (3) (Fig. 8; Table 4).

Fig. 8. Comparison between observed (Y) and estimated (Yes) Night dew yield, using Eq. (4) (WSF:

white symbols, BF: black symbols). The dashed line isthe 1:1 relationship.

Table 4. Values of (i) fitted parameters and (ii) statistical parameters characterizing the predictive

performance for Egs. 3 and 4

Using wind speed at 2m (U>) as additiona variableto AT and R,, improved only marginally the
predictive performance (results not shown). The distribution of dew yield vs. wind speed (Fig. 9)

indicated that most of the events of dew occurred when U, was lower than 1 m s

Figure 9. Correlation of dew yield with wind speed U, and wind speed frequency classes for WSF
(white symbols) and BF (black symbols). Wind frequency has been only plotted for the range where

dew formation occurs (0 to 2 m s™).

3.4. Potential dew yield
If Toew = Ta EQ. (4) theoretically provides the maximum attainable yield Yimax under our study
conditions (Fig. 10):

18.93

Yomax = 0.49 (1+ 19'21)

Rn

13
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respectively for WSF and BF. Asit could be deduced from the values of b3 (19.21 for WSF and
18.83 for BF), no condensation would occur for nightly mean values of R, higher than —20 W m™.
The curves indicated afast increase in dew recovery potential in the range -20 to -40 W m2. For R,
=-100 W m', value that could be considered as the maximum radiative cooling power for a
condenser (Monteith, 1957; Sharan et a., 2007c), the maximum potential yield would be 0.40 and
0.43 mm night™* for WSF and BF respectively, confirming the slightly higher potential for dew

recovery observed with BF.

Fig. 10. Maximum dew yield as a function of foil net radiation as predicted from Eq. 5 for WSF

(white symbols) and BF (black symbols).

4. Conclusion

RDCs have been demonstrated to serve as a complementary source of drinking water, mainly in
developing countries, rural areas or small.islands, where free-access to water and energy is
expensive. In these regions they are ahead of other techniques such as distillation or desalination, or
deep underground water extraction, al of which require alarge amount of energy and a massive
infrastructure to operate.

Our study under south-eastern Spain semi-arid conditions demonstrated that the potential for dew
yield of alow-cost black PE foil (BF) was dlightly higher than that of the OPUR-standard foil
(WSF), although the BF does not present the hydrophilic properties of the latter. This disadvantage
of BF resulted in less dewy days observed, but was more than compensated on the quantitative
aspect - i.e. the amount of annual recollected water - by the higher emissivity and radiative cooling
power of BF in the lower range (2.5-7 um) of the mid IR spectrum. It should be pointed out that the
hydrophilic properties of WSF might predominate over the higher emissive power of BF in regions

characterised by small dew yield events.
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Our results suggested that (i) the knowledge of the emissivity in the whole IR spectrum is necessary
to correctly assess the performance of the foil and (ii) ensuring a high emissivity over the whole IR
spectrum appeared more effective for increasing RDC yield than improving surface hydrophilic
properties. On apractical point of view, BF could be considered as a suitable material for large-
scale RDCs, asin our study, it presented several advantages over the standard reference fail, i.e.
higher dew collection performance, longer lifespan and much lower cost. Dealing with the ast two
aspects, it must be pointed out that if the WSF were manufactured in large quantities and anti-UV
treated, its cost might be reduced and its lifespan extended.

With respect to yield performances, we showed that RDCs installed in'semi-arid coastal sites
similar to our study site (Southern Spain) could recollect approximately 20 mm per year. Thisvalue
was somewhat higher than those observed in previous studiesin other Mediterranean coastal zones
situated more at North, such as Corsica or the Croatian Coast (Muselli et al., 2002; Beysenset al.,
2007; Musdlli et al., 2009), but lower than those reported for arid countries such as the Negev,
Israel (Kidron 1999). It should be stressed that the highest values of daily dew yield were observed
mainly during periods following heavy rainfalls, due to high soil evaporation and high nocturna
atmospheric humidity. Therefore, it islikely that the amount of recollected dew would depend in
part on the importance, frequency and time occurrence of rainfall events that affect the humidity
content of the air at the vicinity of the condenser. This was confirmed by our correlation analysis
between nightly yield and atmospheric variables, where the predominant predictive variables were
found to be the relative humidity and the net radiation of the foil.

An empirical relationship between yield and the two mentioned predictive variables was proposed
that explained about two-thirds of the total variance, and could be used to estimate daily dew yield
with reasonable accuracy. From this relationship, it was derived that the potential yield could be,
expressed as afunction of R, and could reach up to a maximum of 0.40 mm night™* under strong
radiative cooling (R, ~ - 100 W m).

Finally, it hasto be stressed that the foil net radiation is required to predict dew yield with a

reasonable accuracy, implying that the temperature of the foil surface should be either measured or
15
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estimated by means of amodel describing the energy balance of the surface (Finch et al., 2002).
Such a model would be of paramount interest (i) for assessing the performances of RDCs in
different locations and climates and (ii) in the design of optimal RDC structure, shape and

orientation.
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Figure 1.View of the two raditive dew condensers with the black PE foil (BF) and the white

standard foil (WSF) fitted to the 30° tilted flat pans.
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Figure 2. Distribution of the foil emissivity (&) for (a) WSF and (b) BF, under dry and wet

conditions in the 2.5-25 um range. Vertical bars delimit the 7-14 um region (atmospheric window).
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Table 1

Foil Condition | Parameters 25-7pm | 7-14pm | 14-25um | Total MIR
. 0.833 0.976 0.990 0.876
ory g* 0.825 0.971 0,990 0.971
WSE w 15.4 131.3 1153 262.0
. 0.854 0.983 0.998 0.893
Wet g* 0.850 0.980 0.998 0.980
w 16.1. 132.6 116.3 265.0
¢ 0.996 0.976 0.998 0.992
bry g 0.995 0.972 0.998 0.985
BF w 195 1315 116.3 267.3
¢ 0.998 0.982 0.999 0.995
et g 0.996 0.980 0.999 0.990
W 195 1325 116.5 268.5

Table 1. Integrated values of emitted radiance (W; W m™), emissivity (&) and radiance-weighted

emissivity (&*) inthe 2:5-7 um, 7-14 mm, 14 -25 um and the entire mid-infrared (MIR) ranges

under dry and wet conditions.



http://ees.elsevier.com/hydrol/download.aspx?id=419333&guid=ff02f2a1-31fd-4aab-8051-c20bbd6442ce&scheme=1

Table 2

Number of days Total dew yield
Year | Month (mm)
Dew on WSF | Dewon gF | Ranfall | Sensor | yyee | gp
events failure
My 22 22 3 0 2.47 2.43
Jn 20 19 0 0 1.79 2.29
JI* 15 15 0 15 1.06 1.29
= Ag* 10 10 0 12 0.51 0.77
< Sp 6 4 10 0 0.57 0.69
Oc 20 19 2 0 3.18 3.83
Nv 17 15 2 0 1.84 1.99
Dc 13 11 7 0 1.39 1.71
Ja 13 11 7 0 1.12 1.53
= Fb 10 9 9 0 0.87 0.99
< Mr 15 15 7 0 1.30 1.62
Ap 14 13 3 0 1.26 1.62
Annual 175 163 50 27 17.36 20.76

*: Months affected by the sensor failure

Table 2. Number of dewy, rainfall and sensor failure nights and total monthly dew yield for the

WSF and BF condensers during the observation period.
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Table 3

Month Dew on WSF Dew on BF
Maximum | Average  Std. Dev. Maximum | Average Std. Dev.
M | 0.210 0.112 0.060 0.201 0.110 0.051
Jn | 0.226 0.094 0.070 0.246 0.120 0.062
JI | 0.163 0.070 0.042 0.155 0.086 0.049
o A [0.119 0.050 0.031 0.141 0.077 0.028
I S ]0.161 0.143 0.020 0.198 0.174 0.022
O |0.237 0.167 0.051 0.316 0.201 0.061
N | 0.274 0.123 0.081 0.270 0.133 0.079
D |0.314 0.127 0.089 0.307 0.155 0.091
Ja | 0.172 0.107 0.051 0.238 0.139 0.070
S F 10.213 0.096 0.070 0.215 0.111 0.058
I M | 0.205 0.086 0.066 0.231 0.108 0.069
A |0.233 0.092 0.059 0.250 0.124 0.072
Annual | 0.314 0.105 0.031 0.316 0.128 0.035

Std. Dev.: Standard Deviation

Table 3. Monthly and annual maximum, average, and standard deviation of dew yield for the WSF

and BF condensers during the observation period.
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Table 4

(1) EQ. 3: Yest = a1((To-Ta)+az) WSF BF

a1 (mm night™* °c™) 0.049 + 0.005 0.051 + 0.006
a (Ch -4.2 +0.260 -4.6 +0.297
R? 0.33 0.32

RMSE (mm night™) 0.043 0.045

MBE (mm night™) 0.003 0.003

(i) EQ. 4: Yest = ba((Tq-Ta)+b2) (1+ba/Ry)

b, (mm night™* °C™) 0.126 + 0.011 0.129+0.011
bo (C™h 3.9+0.128 4.1+0.137
bs (W m™) 19,21+ 0.94 18.93+0.88
R? 0.63 0.65

RMSE (mm night™) 0.035 0.035

MBE (mm night™) 0.002 0.002

performance for Egs. 3 and 4

Table 4. Values of (i) fitted parameters and (ii) statistical parameters characterizing the predictive
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Research highlights

We compare the performance of two polyethylene foil materials for dew harvesting.
Dew was well correlated with the air relative humidity and foil net radiation.

Black foil (BF) was more productive.

Surface emissivity and hydrophylic properties are two key parameters.

Our empirical relationship explained about two-thirds of the total variance of dew.
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