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a b s t r a c t
Solar stills are a simple and renewable system for producing potable water from impure sources. 
However, the efficiency of solar stills is limited by their low productivity. Researchers have sug-
gested various methods for improving the efficiency of solar stills, including the addition of natural 
fibers to the basin water. In this study, dried Strychnos potatorum seeds and dried gooseberry stems 
were added to the basin water to investigate their effect on productivity. The fibers were found to 
increase the surface area of the evaporating surface, which increases the rate of evaporation and 
overall productivity of the system. The dried Strychnos potatorum seeds and dried gooseberry stems 
have suitable porosity and solar absorption capacity, which further contribute to their effectiveness 
in enhancing the productivity of the solar still. The cumulative yield of the conventional solar still 
was found to be 1,053 mL/d, while the addition of Strychnos potatorum and gooseberry stem resulted 
in distillate outputs of 1,632 and 1,494 mL/d, respectively, corresponding to increases of 55% and 
42%. Economic analysis indicated the feasibility of the process, making it a promising solution for 
sustainable and affordable water production. The observed increases in productivity could contrib-
ute to the widespread adoption of solar stills as a low-cost and sustainable method for producing 
potable water. These results demonstrate the potential of incorporating natural fibers into solar 
stills to improve performance and support the transition to sustainable water sources.

Keywords:  Solar still; Natural fiber; Wick material; Solar distillation; Productivity enhancement; 
Solar desalination

1. Introduction

Water is an essential resource for life on earth, but unfor-
tunately, water scarcity is becoming a growing concern 
worldwide. Water scarcity is a situation where the water 
demand exceeds the available supply of water. According to 
the United Nations, approximately 2.2 billion people world-
wide lack access to safe drinking water, and this number 
is projected to increase due to climate change, population 
growth, and urbanization [1]. Water scarcity can severely 
affect human health, food security, and the environment [2]. 

In areas where water is scarce, people are often forced to 
drink contaminated water, spreading waterborne diseases 
such as cholera and typhoid [3]. Additionally, water scarcity 
can lead to malnutrition and starvation as crops fail due to 
a lack of water. Water scarcity also significantly impacts the 
environment, leading to the destruction of ecosystems, loss 
of biodiversity, and soil erosion. Desalination is an effective 
solution to overcome water scarcity as it allows the use of 
seawater, which accounts for 97.5% of the world’s water 
resources [4]. This technology has become increasingly 
important in arid regions, where freshwater resources are 
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limited and water demand is high. Desalination can pro-
vide a reliable source of freshwater, reducing the reliance 
on freshwater resources, which are often overused, lead-
ing to depletion [5,6]. Reverse osmosis (RO) is currently 
the most widely used desalination technology, accounting 
for approximately 60% of the world’s desalination capac-
ity. RO has several advantages over other desalination 
methods, such as low energy consumption and operating 
costs. Additionally, RO can produce high-quality fresh-
water, making it suitable for various applications, such as 
drinking, irrigation, and industrial uses. Desalination has 
several drawbacks to address to make it a sustainable solu-
tion to water scarcity. One of the main drawbacks is the 
high energy consumption required for desalination, which 
can be costly and contribute to greenhouse gas emissions. 
Additionally, desalination plants can harm marine life by 
discharging brine back into the ocean, leading to increased 
salinity and altered ecosystems. The disposal of brine 
also poses a significant challenge as it contains high con-
centrations of salt and other minerals.

Solar stills address the drawback of high energy con-
sumption by conventional desalination technologies, using 
inexhaustible, clean, and free solar energy to generate heat 
and desalinate seawater [7,8]. Solar energy is a renewable 
energy source abundant in arid regions, making solar stills 
a sustainable solution to water scarcity. It is a simple device 
that uses solar energy to desalinate seawater [9]. It consists of 
a basin filled with seawater and covered with a transparent 
material, such as glass or plastic. The seawater is heated by 
the sun, causing it to evaporate. The water vapor condenses 
on the underside of the transparent material, forming fresh-
water droplets that flow down into a collection channel. 
Solar stills are relatively simple and easy to maintain, mak-
ing them suitable for remote locations with limited access to 
technical expertise. Another advantage of solar stills is that 
they produce high-quality freshwater, making them suitable 
for various applications, such as drinking and irrigation. 
Solar stills also have minimal brine, reducing the impact on 
marine life and ecosystems.

Solar stills have several advantages over current desali-
nation technologies and have the potential to provide a 
sustainable solution to water scarcity. However, despite 
their benefits, solar stills have yet to be widely commer-
cialized. The major drawbacks of solar stills are their low 
productivity, land use requirements, and vulnerability to 
fouling [10–12]. Firstly, solar stills have lower productivity 
than other desalination technologies, such as reverse osmo-
sis. The low productivity is due to the limitations of solar 
energy, which depends on weather conditions and the time 
of day. Solar stills require larger land areas to produce the 
same amount of freshwater as other desalination technolo-
gies, making them less cost-effective. Secondly, solar stills 
need a large land area to accommodate the large number 
of stills required to produce the necessary amount of fresh-
water. This can be a limiting factor in urban areas where 
land is expensive or unavailable. Moreover, the large land 
area requirements can negatively impact the environment, 
including habitat destruction and soil erosion.

Due to the burgeoning interest in this renewable energy 
system and its commercial viability, coupled with the 
pressing global need to address water scarcity issues, the 

solar still is receiving significant attention from researchers 
worldwide. Consequently, a myriad of studies is currently 
being conducted, marking an energetic drive towards creat-
ing innovative, green solutions to address the global issue. 
Various researchers inferred that the productivity of the 
solar still can be enhanced by increasing the evaporation 
rate of the feedwater. Many studies showed that the usage 
of energy storage material has significantly increased the 
productivity of solar still due to increase in evaporation 
rate [13–16]. An inclined wick solar still increases evapora-
tion rate and condensation efficiency, leading to potentially 
higher water output due to enhanced heat absorption and 
minimized heat loss. Commonly used wick materials in solar 
stills include cotton, synthetic fibers (such as polyester or 
nylon), and cellulose-based materials (like paper or wood). 
These materials are chosen for their absorbent properties, 
capillary action, and availability [17–20]. Recent advance-
ments in solar desalination research underscore the trans-
formative role of porous absorber layers. Multiple studies 
have consistently highlighted its efficacy in augmenting 
system performance across various configurations [38–40]. 
Researchers have also explored the use of multiple wick 
solar stills, which employ more than one wick for enhanced 
water evaporation and condensation. Common materials uti-
lized in multiple wick solar stills include cotton, jute cloth, 
charcoal cloth and wool fibres [21–23].

In this research study, the effectiveness of incorporating 
natural fibers, specifically dried Strychnos potatorum seeds 
and dried gooseberry stems, into solar stills to improve 
their efficiency and productivity. The observed increase 
in productivity, as high as 55%, highlights the potential of 
this technique for wider adoption in water-scarce regions 
and for emergency relief situations. Moreover, the economic 
analysis shows that the process is feasible, further support-
ing its potential as a viable solution for sustainable water 
production. The use of these natural fibres in solar stills is 
a novel approach that has not been extensively explored, 
and this study provides valuable insights into the benefits 
of this technique. The results of this research have signifi-
cant implications for addressing the global water crisis, and 
could contribute to the transition towards sustainable and 
affordable water sources. This work represents a significant 
contribution to the field of solar stills and water produc-
tion, and provides a foundation for future research on this  
promising approach.

2. Materials and methods

2.1. Characterization of the fibre

In this section, the theoretical models employed to 
characterize the natural fibres are presented. The perfor-
mance of these fibres is evaluated based on their porosity, 
capillary rise and water absorbency. Theoretical models are 
employed to quantify these properties and the suitability 
of these natural fibres for solar distillation applications is  
discussed.

2.1.1. Porosity

Porosity (ε) represents the void fraction within a 
fibrous material and is crucial in determining the wicking 
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performance of the fibres. The porosity can be calculated 
by comparing the bulk volume (Vb) and solid volume (Vs) 
of the material, as given by the following Eq. (1) [24]:

� �
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V
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The porosity of Strychnos potatorum and gooseberry 
stem are estimated to be 34% and 47%, respectively. The lat-
ter has a better porosity due to the presence of hydrophilic 
components like cellulose and hemicellulose.

2.1.2. Capillary rise

Capillary rise (h) is a key property that influences the 
water transport ability of the fibres in a solar still. Jurin’s 
Law is utilized to estimate the capillary rise, as shown in 
Eq. (2) [25]:
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where σ is the surface tension of the liquid (N/m), θ is the 
contact angle between the liquid and the fibre surface (°), 
ρ is the density of the liquid (kg/m3), g is the gravitational 
acceleration (9.81 m/s2), and r is the radius of the capillary 
(m). The capillary rise of Strychnos potatorum and gooseberry 
stem are 8.2 and 12.4 mm/h, respectively.

2.1.3. Water absorbency

Water absorbency rate (Wrate) is an essential charac-
teristic for assessing the speed at which fibres attain their 
maximum water-holding capacity. It can be evaluated by 
measuring the time taken for the fibres to reach their maxi-
mum absorbency which can be determined using the weight 
difference between the wet (Ww) and dry (Wd) samples, 
as described by Eq. (3) [26]:
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The water absorbency rate of Strychnos potatorum and 
gooseberry stem are 6s and 4s, respectively.

2.2. Solar still system description

In this study, we aimed to design and construct a highly 
efficient solar thermal water heating system using read-
ily available materials. The basin material was carefully 
selected to be made of wood due to its low thermal con-
ductivity of 0.12 W/m·K. The rationale behind this choice 
was to minimize heat loss to the surroundings and thereby 
improve the overall efficiency of the system. To further 
enhance the insulation properties of the basin, glass wool 
was used as an insulating material at the bottom so that heat 
is not lost to the ground surface through conduction. With 
a thermal conductivity of 0.0343 W/m·K, the glass wool sig-
nificantly reduced heat transfer through the bottom of the 
basin. To ensure efficient transfer of heat to the water, alu-
minium sheets were placed on the inner side walls of the 
basin. The aluminum sheets placed on the inner side walls 
of the basin not only absorb solar radiation and transfer heat 
to the water, but they also reflect the solar radiation that is 
reflected from the surface of the water back towards the 
water. This feature of the aluminum sheets further improves 
the efficiency of the system by ensuring that more of the 
solar radiation is absorbed by the water, rather than being 
lost to the surrounding environment. At the bottom of the 
basin, a galvanized sheet metal painted black was placed 
as the absorber plate to maximize solar radiation absorp-
tion. The galvanized sheet metal was chosen due to its good 
water corrosion resistance, ensuring the system’s longevity. 
Finally, silicon sealants were used to seal the system and 
avoid vapor leakage. It is crucial to seal the system prop-
erly to prevent energy loss due to vaporization and ensure 
the system’s efficient operation. The schematic diagram of 
the experimental setup is as shown in Fig. 1. The condens-
ing cover of the solar still was selected to be made of glass 
due to its excellent transparency and ability to transmit 
solar radiation [27]. Additionally, glass is easily available 
and has the added benefit of reflecting re-emitted radiation, 
further improving the system’s efficiency. To optimize the 

 
Fig. 1. Schematic diagram of the solar still set-up.
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angle of the condensing cover for the specific geographic 
location of the system, the inclination angle was set to be 
equal to the latitude angle of 13° [28]. This angle was care-
fully selected to ensure that the system received the maxi-
mum amount of solar radiation possible, thus improving its  
overall performance.

2.3. Uncertainty analysis

Experimental uncertainty is a critical aspect of any sci-
entific research as it is essential to accurately evaluate and 
quantify the precision and accuracy of the measurements 
and results obtained. The uncertainty provides valuable 
insight into the reliability and validity of the experimental 
data and helps to assess the degree of confidence that can 
be placed in the findings. Uncertainty is defined as the mea-
sure of the range of values within which the true value of 
the measured quantity is expected to lie. In the context of a 
solar still system, the uncertainty is the measure of the pre-
cision and accuracy of the measurements obtained from the 
various instruments employed in the experiment. The vari-
ous instruments employed in this research work are solarim-
eter, anemometer, thermocouple, and measuring flask. The 
solarimeter is used to measure the solar radiation, while 
the anemometer measures the wind speed. The thermocou-
ple is used to measure the temperature, and the measur-
ing flask is used to measure the volume of water.

The proportion of an instrument’s minimum discern-
ible value to its lowest observable output measurement is a 
prevalent method for characterizing the instrument’s uncer-
tainty [29]. The assorted uncertainties linked to the mea-
suring devices are detailed in Table 1. Owing to the various 
uncertainties inherent in these instruments, the subsequent 
equation has been employed to approximate the uncer-
tainty in the solar still’s distillate production [30]:
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where Ux signifies the uncertainty associated with the solar 
still’s yield, while Un denotes the uncertainty pertaining to 
the measuring instruments.

2.4. Experimental procedure

The present study analysis of the effect of organic 
absorbents on the productivity of solar still and the results 
are compared with the conventional solar still to evaluate 
the performance. The tests were carried out in the months 

of June, July and August, 2022 at Rajalakshmi Engineering 
College, Chennai, India (latitude and longitude of 13.0009°N 
and 80.1194°E). The solar still was positioned towards the 
south direction to capture maximum solar radiation. The 
experiments were carried out for a duration of 10 h starting 
at 0800 h in the morning and ending at 1800h in the evening. 
The freshwater yield of the conventional solar still is mea-
sured and then the effect of adding the organic absorbents 
such as Strychnos potatorum and gooseberry stem is anal-
ysed. The various operating conditions such as solar radi-
ation intensity, wind velocity, ambient temperature, basin, 
water and glass cover temperatures are measured. The mea-
surement stability was affirmed by repeating each separate 
test cases many days on a similar meteorological condition 
so as to ensure that the effect of adding these absorbents 
alone is analysed. The photograph of the experimental 
setup is shown in Fig. 2.

The solar radiation gets transmitted through the trans-
parent glass cover and reaches the side walls of the basin 
and the water surface. The absorber plate kept at the bottom 
absorbs heat and transmits it to the water through convec-
tion. The water then evaporates and condenses on the inner 
side of the glass cover. The inclination angle of the condens-
ing cover facilitates the collection of distilled potable water 
on to a separate collecting channel. In case of the solar still 
with absorbents, the evaporation rate of the water surface is 
enhanced by increasing its surface area with the aid of the 
absorbents which acts as an organic wick material due to 
its porous structure. The absorbents are added to the basin 
water to ensure that the top surface of water is covered 
with them to enhance the surface area and evaporation rate.

In evaluating the performance of the solar distillation 
system, the efficiency (ηd) was ascertained using Eq. (5) [34]:
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wm h
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where mw denotes the daily distillate yield, hfg, is the latent 
heat of vaporization, A symbolizes the base area of the still, 
and I(t) is representative of the mean incident solar radia-
tion over the specified duration.

3. Results and discussion

3.1. Variation of solar radiation intensity

The performance of solar stills is inextricably linked 
to the variation in solar radiation intensity throughout the 
day. The conversion of brackish water into potable water 
is primarily driven by the energy harnessed from the sun. 

Table 1
Instrument uncertainties

Instrument Accuracy Least count Range Uncertainty (%)

Thermocouple ±0.1°C 0.1°C 0°C–100°C 0.7
Pyranometer ±10 W/m2 1 W/m2 0–2,500 W/m2 2.7
Anemometer ±0.1 m/s 0.1 m/s 0–32 m/s 2.4
Measuring jar ±5 mL 1 mL 0–500 mL 1.6
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Consequently, the impact of solar radiation intensity on the 
efficiency of solar stills is vital for optimizing their design 
and operation. The efficiency of a solar still is determined 
by the effectiveness of the energy transfer from solar radia-
tion to the saline water within the still. This transfer occurs 
through several mechanisms, including direct absorption by 
the water, reflection, and transmission through the glazing 
material. Throughout the day, the intensity of solar radia-
tion undergoes fluctuations, as shown in Fig. 3. Early in the 
morning, around 0800h, the radiation intensity is relatively 
low, measuring approximately 310 W/m2. As the day pro-
gresses, this intensity escalate, eventually peaking at about 
920 W/m2 by 1300 h. Subsequently, the intensity undergoes 
a gradual decline, settling around 400 W/m2 by 1800 h. As 
the solar radiation intensity increases, the rate of evapora-
tion rises, leading to enhanced production of freshwater 

vapor. This vapor then condenses on the cooler glazing sur-
face, eventually trickling down into a collection reservoir 
as potable water. However, as the solar radiation intensity 
diminishes towards the evening, the temperature gradient 
decreases, thereby reducing the rate of evaporation and, 
subsequently, the freshwater yield.

3.2. Transient temperature variations

The measured variations of temperature at different 
positions in a solar still, such as basin, feedwater, inner 
glass cover, and the surrounding, is presented in Figs. 4 
and 5. The glass, water, absorber, and ambient tempera-
tures were recorded for each configuration at various time 
points, starting at 0800 h and concluding at 1800 h. The 
temperature trends for all three configurations show a 

 
Fig. 2. Photograph of the experimental set-up.

 

Fig. 3. Solar radiation intensity for the experimental time period.
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similar pattern: an increase during the morning hours, a 
peak around midday, and a subsequent decrease towards 
the evening. This pattern can be attributed to the diurnal 
variation of solar radiation, which reaches its maximum 

intensity around noon, and the greenhouse effect created 
by the glass cover, which traps the long-wave radiation 
emitted by the water, basin, and wick materials. The hourly 
variation of ambient temperature was measured for three 

 
Fig. 4. Transient temperature variations of glass cover, basin water and absorber of all the configurations.

 
Fig. 5. Hourly variation of ambient temperature.
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configurations of solar still: without wick, with Strychnos 
potatorum wick, and with gooseberry stem wick. The tem-
perature ranged from 28°C to 37°C throughout the day, with 
the highest temperature being observed in the afternoon. 
Comparing the configurations, we observe that solar stills 
with wick materials generally exhibit higher glass, water, 
and absorber temperatures than the still without wick 
material. The peak temperatures of the solar still without 
wick material reached 48°C (glass), 65°C (water), and 66°C 
(basin), while the still with Strychnos potatorum wick mate-
rial reached 54°C (glass), 66°C (water), and 68°C (basin), and 
the still with gooseberry wick material reached 52°C (glass), 
64°C (water), and 67°C (basin). This outcome is likely due 
to the improved heat transfer and evaporation rates facil-
itated by the presence of wick materials. The wick mate-
rials, by spreading the water over a larger surface area, 
enhance the overall heat transfer from solar radiation to the 
water, promoting faster evaporation. Furthermore, the wick 
materials can absorb solar radiation, further contributing 
to the heating of the water. This result suggests that both 
wick materials are equally effective at enhancing the heat 
transfer and evaporation processes within the solar stills.

3.3. Hourly distillate output

In this section, we discuss the variation of hourly dis-
tillate output for three solar still configurations—without 
wick, with Strychnos potatorum wick, and with gooseberry 
stem wick—over the course of a day. Distillate output is 
a critical measure of the performance of solar stills, as it 
reflects their efficiency in converting solar energy into fresh-
water through the process of evaporation and condensation. 
The distillate output for all configurations exhibits a bell-
shaped trend, with the peak outputs occurring around solar 
noon. This pattern can be attributed to the diurnal variation 

of solar radiation, which results in the highest evaporation 
rates around midday. The conventional solar still reached 
a maximum output of 145 mL at 13:00, while the still with 
Strychnos wick and gooseberry wick configurations exhib-
ited peak outputs of 182 and 172 mL, respectively, at 13:00 
as shown in Fig. 6. These higher outputs in the Strychnos 
and gooseberry configurations can be ascribed to the wick 
materials’ ability to promote heat transfer and evaporation, 
as evidenced by our previous temperature analysis. The 
former configuration consistently outperformed the latter, 
albeit with only slight differences in distillate output. This 
observation suggests that the Strychnos plant fibers may 
have a slight advantage over the gooseberry stem fibers 
in terms of water production efficiency.

3.4. Daily productivity

The daily distillate output of the solar stills, comparing 
the performance of the still without wick material to those 
with Strychnos potatorum and gooseberry stem wick mate-
rials is presented in this section. It can be observed from 
Fig. 7 that the still with no wick material produced a daily 
distillate output of 1,053 mL, while the stills with Strychnos 
potatorum and gooseberry stem wick materials generated 
outputs of 1,632 and 1,494 mL, respectively. The increased 
distillate output in the stills with wick materials can be 
attributed to the enhanced heat transfer and evaporation 
rates facilitated by the wicks. The variation of cumulative 
yield of all the wick configurations is also presented in 
Fig. 8. As discussed earlier, the wick materials spread the 
water over a larger surface area and absorb solar radiation, 
promoting faster evaporation and increased water produc-
tion. These materials act as a thermal barrier, minimizing 
heat loss from the water surface, and allowing for higher 
evaporation rates and increased water production. The 

Fig. 6. Variation of hourly yield for various wick configurations.
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floating nature of the wick materials also aids in maintain-
ing a thin water layer on the wick surface, which further 
promotes faster evaporation. Comparing the percentage 
increase in output, the still with Strychnos potatorum wick 

material displayed a significant improvement of approx-
imately 55%, while the still with gooseberry stem wick 
material showed a substantial increase of around 42%.

Table 2 depicts the comparison of the present work 
with recent relevant works based on daily output and cost 
per litre of freshwater produced.

4. Enviro-economic analysis

In this section, we undertake a multifaceted analysis 
of the solar still setup featuring natural fiber wick mate-
rials, focusing on three key dimensions. First, we conduct 
an economic analysis to determine the cost per liter of dis-
tilled water produced by the system. Next, we examine the 
exergo-economic factor, evaluating the balance between 
energy efficiency and economic viability. Lastly, we assess 
the enviro-economic factor, investigating the environmen-
tal impact of the system in conjunction with its financial 
performance. This comprehensive approach provides a 
thorough understanding of the system’s feasibility, sus-
tainability, and potential contribution to both economic 
and environmental goals.

0 200 400 600 800 1000 1200 1400 1600 1800

Conventional

Strychnos Potatorum

Gooseberry stem

1053

1632

1494

Daily Productivity (ml/day)

Fig. 7. Daily productivity of solar still with and without wick 
material.

 
Fig. 8. Cumulative yield of solar still with and without wick materials.

Table 2
Summary of comparison of the present work with other recent works

Type of still Productivity 
enhancement (%)

Cost per liter 
(INR/L)

References

Solar still with gooseberry stem 55 1.44 Present study
Solar still with Strychnos potatorum 42 1.30
Single basin double slope solar still with black cotton wick 75.11 1.95 [35]
Single basin solar still with barrel wick and phase change 
material with CuO nanoparticles

154 1.78 [36]

Solar still with pond fibers 29.67 1.30 [25]
Convex tubular SS with jute wick over convex absorber 92.5 1.02 [37]
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4.1. Economic analysis

A key economic parameter for this study is the unit cost 
of distilled water produced, which accounts for various 
factors such as the compound interest rate, fixed costs, as 
well as operation and maintenance expenses throughout 
the system’s anticipated operational period. To conduct 
a comprehensive cost assessment, we assume 300 work-
ing d/y, accommodating potential fluctuations due to cli-
matic variations or unforeseen circumstances during the 
system’s active years.

Cost per litre of the distilled water produced is given 
by Eq. (6):

CPL EAC
=
my

 (6)

where EAC is the equivalent annual cost and is estimated 
using Eqs. (7)–(10):
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The annual rate of interest in India varies from 5% 
to 8% and the life expectancy of the solar still made of 

galvanized iron is considered in the range of 10–30 y [31]. 
The cost comparison of the present study with other related 
works is presented in Table 3.

4.2. Exergo-economic factor

The exergo-economic factor is a vital metric for research-
ers, as it enables the optimization of system performance 
while balancing cost considerations. This factor is calcu-
lated by examining the relationship between exergy out-
put and annual payment [32]. Exergy output is preferred 
over energy in this context, as the solar radiation, a freely 
available resource with varying availability throughout the 
year is the primary source of energy input for a solar still. 
The exergo-economic factor (EXE) is given by Eq. (14):

EXE
EX
EAC

out=  (14)

4.3. Enviro-economic factor

The enviro-economic analysis section focuses on quan-
tifying the cost savings achieved through the reduction of 
CO2 emissions in the solar still setup with natural fiber wick 
materials. This factor, known as the enviro-economic fac-
tor (ΦEXout, CO2), is calculated based on the international 
price of CO2, currently estimated at $14.5/ton [33].

The enviro-economic factor is given by Eq. (15):

� �EX CO CO EX COout, out,2 2 2� ��  (15)

where, ΦCO2 denotes the international price of CO2, while 
ΦEXout, CO2 represents the enviro-economic factor. For ideal 
plants, CO2 emissions amount to 0.98 kg/kWh; however, 
considering system losses, this value increases to 2 kg/kWh.

The environmental factor (jEXout, CO2) is computed 
using the Eq. (15):
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where jEXout, CO2 refers to the environmental factor, and 
N represents the working period expressed in years. By 
incorporating the enviro-economic analysis into our study, 
we can comprehensively assess the solar still set-up’s envi-
ronmental and financial benefits, highlighting its potential 

Table 3
Enviro-economic analysis of conventional and modified solar still

Particulars Conventional  
solar still

Solar still with  
gooseberry stem

Solar still with 
Strychnos potatorum

Daily efficiency 31.5% 36.7% 38.4%
Equivalent annual cost (EAC), INR 527.50 644.30 636.48
Yearly yield (L/y) 315.90 448.20 489.60
Cost per liter (CPL), INR 1.67 1.44 1.30
Exergo-economic factor, W/INR 1.16 1.39 1.48
Enviro-economic factor, ton-CO2/y 0.46 0.64 0.69
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for sustainable water purification and cost-effective CO2 
emission reduction.

5. Conclusions

In conclusion, this study highlights the significance 
of incorporating wick materials, namely Strychnos potato-
rum and gooseberry stem, in solar still designs to enhance 
their performance in freshwater production. The findings 
indicate that the presence of wick materials improves heat 
transfer and evaporation rates, resulting in higher tempera-
tures and increased distillate output. Both wick configu-
rations exhibit promising results, with Strychnos potatorum 
showing a slight advantage in water production efficiency. 
The salient results of the present study are presented below.

• The presence of wick materials facilitated improved 
heat transfer and evaporation rates. The wicks spread 
the water over a larger surface area, enhancing overall 
heat transfer from solar radiation to the water. This, in 
turn, led to higher temperatures of the basin water in 
the solar stills.

• The wick materials’ ability to promote heat transfer and 
evaporation processes combined with the thermal bar-
rier effect of the wicks, minimized heat loss from the 
water surface, resulted in higher evaporation rates and 
improved water production efficiency. The maximum 
hourly distillate of 145 mL was observed for the con-
ventional solar while the still with Strychnos wick and 
gooseberry wick configurations exhibited peak outputs 
of 182 and 172 mL, respectively.

• The still with Strychnos potatorum wick material demon-
strated a significant increase in the daily productivity 
of approximately 55%, while the still with gooseberry 
stem wick material showed a substantial improvement 
of around 42%. This enhancement can be attributed to 
the floating nature of the wick materials, which aided 
in maintaining a thin water layer on the wick surface 
and promoting faster evaporation.

• Among the three solar still configurations studied, the 
setup with Strychnos potatorum emerged as the most 
efficient at 38.4%, outperforming the gooseberry stem 
variant (36.7%) and the conventional setup (31.5%). 
This heightened efficiency is attributed to its superior 
yield. Over the day, efficiencies progressively increased, 
culminating in these values by sunset.

• The cost per liter of freshwater produced with goose-
berry stem wick material was 1.39 rupees, while with 
Strychnos potatorum wick material it was 1.48 rupees. 
This cost reduction can be attributed to the higher dis-
tillate outputs achieved with wick materials, indicating 
a more efficient utilization of resources and supporting 
the economic viability of incorporating wick materials in 
solar stills.

Symbols

ε — Porosity, %
Vb — Bulk volume, m3

Vs — Solid volume, m3

h — Capillary rise, m/h

σ — Surface tension of the liquid, N/m
hd — Daily efficiency of solar still, %
θ —  Contact angle between the liquid and the 

fibre surface, °
ρ — Density of the liquid, kg/m3

g — Gravitational acceleration, m/s2

r — Radius of the capillary, m
Wrate — Water absorbency rate, s
Ww —  Final weight of the material after absorb-

ing water, kg
Wd —  Initial weight of the material before 

absorbing water, kg
Ux — Uncertainty, %
Un —  Uncertainty pertaining to the measuring 

instruments, %
A — Base area of the solar still, m2

hfg — Latent heat of vaporization, J/kg
mw — Distillate yield, kg/m2

I — Solar radiation intensity, W/m2

CPL — Cost per litre, INR
EAC — Equivalent annual cost, INR
mw — Daily distillate yield, L
hd — Efficiency of solar still, %
hfg — Latent heat of vaporization, J/kg
PCM — Phase change material
A — Base area of the still, m2

I(t) —  Mean incident solar radiation over the 
specified duration, W/m2

FAC — Fixed annual cost, INR
AMC — Annual maintenance cost, INR
ASV — Annual salvage value, INR
CC — Capital cost, INR
CRF — Capital recovery factor
SV — Salvage value
SFF — Sinking fund factor
i — Interest rate, %
n — Number of years
EXE — Exergo-economic factor, W/INR
EXout — Exergy output
ΦEXout — CO2 enviro-economic factor
ΦCO2 — International price of CO2
jEXout — CO2 environmental factor
N — Working period years
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