
 

1. Introduction 

Needless to say, there is no life without fresh water. It is not only 

the water we drink, water is part of everything we do. Yet, it is 

increasingly becoming scary. Already, around 2/3rd of the total 

population faces water scarcity at least once a month. Islands 

and coastal areas, in particular areas, are at the forefront of cli-

matic change due to global warming [1]. Therefore, in those 

places, droughts happen more frequently, and freshwater 

sources are drying up, resulting in critical day-zero situations 

(people have to stand in cue for the daily quota of water) in ma-
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Abstract 

The availability of freshwater is a significant challenge in today's world, especially in arid and coastal regions. As a solu-
tion, purifying existing open water reservoirs or saline water could help bridge the gap between demand and supply. Solar 
distillation presents a promising method, requiring low initial investment and leaving no harmful environmental impact. 
However, limited yield due to the traditional design of a solar system is still a problem. Therefore, in the present study, the 
traditional design of the solar still, i.e. single slope solar still or conventional solar still (CSS) is modified with jute wick 
(MSS) at an inclination angle of 30º. The length-to-width ratio was kept at 3:1 to avoid shadows at the corners. The studies 
were conducted to assess how jute fibre as a wick, wind speed and solar intensity affected the CSS’s distillate production. 
The total yield was found to be 2.69 and 3.208 kg/m2 per day for CSS and MSS, respectively. Additionally, daily thermal 
efficiency was analysed to check the feasibility and practicability of the systems. It was evident that incorporating jute 
wick improves the thermal efficiency of CSS by 26.6%. These findings recommend MSS as a promising and economically 
viable solution for enhancing solar still performance. 
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Nomenclature 

Age ‒ area of glass exposed, m2 

IS(t) ‒ solar intensity, W/m2 

Lvap ‒ latent heat of vaporisation, J/kg  

ṁp – hourly distillate yield, kg/h 

Tw – temperature of water, K 

 

Greek symbols 

ηd(t) – daily thermal efficiency of the system 

 

Subscripts and Superscripts 

ge – glass exposed 

vap – vaporisation  

w – water 

 

Abbreviations and Acronyms 

CSS – conventional solar still 

MSS – modified solar still 

SEM – scanning electron microscopy 

 

 

jor cities of both developed and developing nations. So, the pop-

ulation depends on fresh waterfalls from nearby water sources, 

i.e. canals and groundwater. However, extensive use of these re-

sources results in ecological unbalance. Generally, near coastal 

areas, the availability of fresh water is limited; moreover, their 

populations depend on nearby sources, i.e. transportation of 

fresh water, and ocean water if found purified [2]. The trans-

ported water is not economical and feasible in the long term. So, 

they need a place solution to combat the current scenario. Ac-

cording to the World Health Organization (WHO), the palatabil-

ity of drinking water has been standardized in the form of total 

dissolved solids (TDS) [3]. Ocean water contains high TDS of 

more than 35 ppb (parts per billion). In this context, the TDS 

value of less than 300 ppm is highly considered for drinking wa-

ter, while those between 300−600 ppm can be used for drinking 

water. However, a TDS value above 600 ppm is not considered 

for drinking purposes [4]. 

Various techniques such as nanofiltration [5], electrocoagu-

lation [6], electro-oxidation [7], and reverse osmosis [8] are 

available to treat ocean water. However, due to sophisticated 

mechanisms and certain drawbacks, such as more energy con-

sumption, these methods are limited to being used in nearby 

coastal areas [9]. Hence, an alternative low-cost technique 

named solar distillation can be used to treat saline water in 

nearby oceans. Solar distillation is a technique used to treat sa-

line water or impure water with the help of solar radiation. It 

works on the principle of evaporation and condensation. During 

the process, the saline water is poured into the watershed, and 

sunlight that passes through the transparent covers and reaches 

the watershed water surface heats the water. The absorbed heat 

causes the water molecules to gain energy and transition from 

liquid to vapour through evaporation. During the process, the 

impurities, such as salts, bacteria, and other contaminants, are 

left behind in the wick. The vapour accumulates on the inner 

surface of the transparent cover due to temperature differences. 

This condensed water is collected in a separate container at the 

lowest point of the still. The evaporation and condensation pro-

cess continues in a continuous cycle under available sunlight 

[10]. Wicks are materials with a high water-absorbing tendency 

due to capillary action such as sponges, cotton, jute fibre, khes 

cloth, polyester cloth, terry cloth, and so on [11]. The introduc-

tion of wick results in a higher evaporation rate, which increases 

the overall distillate of the solar still compared to the conven-

tional one. Moreover, inclined wicks have better distillate output 

compared to horizontal wicks [12]. Literature [13] suggests the 

inclination of the wick should be equal to the latitude of the lo-

cation to collect maximum solar radiation throughout the day. In 

order to store maximum solar radiation throughout the day, 

some special collectors with a roughened surface (such as  

W-contoured, taper-contoured and reverse taper-contoured tur-

bulators) [14] can be used and for maintaining the energy in 

transferring medium, micro-channel [15], mini-channel [16], 

and heat pipe [17] or exchanger can be employed [17]. For in-

stance, Munisamy et al. [18] experimented by inclining the tilted 

wick solar still at 30ºC. Terry cloth, jute cloth, polyester, and fur 

fabric cloth were used as the wick material. The maximum dis-

tillate was obtained for the fur fabric followed by jute, terry 

cloth, and polyester fabric. The author found that fur fabric cloth 

has high water absorbency while low capillary rise compared to 

jute cloth. Furthermore, Hansen et al. [19] tested the porosity, 

absorbency, capillary rise, and heat transfer coefficient of vari-

ous wick materials for the distillate enhancement of the inclined 

solar still. The results revealed that the porosity of the wick ma-

terial is an important area of assessment. The high porosity of 

the wick material has more voids that enable water vapour to 

move easily toward the condensing surface. In addition, [20] has 

tested the various parameters affecting the distillate yield of 

wick-type solar still, i.e. climatic, operational, and design pa-

rameters. Janarthanan et al. [21,22] have theoretically and ex-

perimentally tested the effect of floating tilted wick solar stills. 

Mahdi et al. [23] used charcoal pieces to reduce the thermal in-

ertia of watershed-type solar still. The reduction in thermal iner-

tia provided by the wet wick extends the contact time of water-

shed water with the wick to enhance the evaporation rate [24]. 

Furthermore, Fayaz et al. [25] experimentally tested the effect 

of inclination and flow rate over the wick. The author found an 

angle of 30º as the best for the latitude of the location and the 

optimum flow rate value was 0.20 g/(m2s). The flow rate of the 

watershed water was based on experimental testing and the wick 

should remain completely wet during the experimentation. Modi 

et al. [26] reported a significant improvement in the distillate 

yield of 23.71% by modifying conventional solar still (CSS) 

with jute wick.  

A concise summary of results regarding the wick-based dis-

tillation is shown in Table 1. The literature review on the distil-

late yield of stills suggests that the inclination of the wick and 

materials used for the wick are the factors that influence the dis-

tillate yield. However, limited study has been conducted on the 

effect of the tilted wick inner part of the watershed. This creates  
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a research gap in understanding the impact of the wick’s tilt angle 

on the distillation process. Exploring the influence of the wick’s 

inclination within the watershed is a crucial factor for several rea-

sons. The tilt angle can affect the flow dynamic of heat transfer 

within the still. The combined effect of the low-cost jute wick 

material and its inclination has not been extensively studied. So, 

to fill this gap a low-cost jute fibre was used as a wick material 

of the watershed inner part to enhance the distillate yield of the 

solar still. The findings were not limited to the fact that a higher 

number of fins have always shown better performance than ar-

rangements with lower number of fins.  

A review of existing literature highlights that both the incli-

nation of the wick and the material used significantly influence 

the distillate yield in solar stills. However, there is a noticeable 

lack of comprehensive research focusing on the use of jute ma-

terial as a wick under a location latitude inclination. This gap 

limits our understanding of how the wick’s tilt angle impacts the 

efficiency of the distillation process. The inclination angle plays 

a critical role in influencing heat transfer dynamics within the 

still. Despite the potential of low-cost jute material, its combined 

effect with varying inclinations on the performance of solar stills 

remains underexplored. To address this gap, this study utilizes 

an affordable jute fibre as the wick material and investigates its 

inclination within the basin to enhance distillate yield, offering 

a novel approach to improving solar still performance. Addition-

ally, thermal and economic analyses were performed for better 

understanding. 

 

2. Materials and methods  

2.1. Fabrication of setup  

The jute cloth was purchased domestically from a local shop. 

Raw image of the jute fiber and its microscopic images at 132× 

and 230× magnification are shown in Fig. 1. Upon closer exam-

ination through scanning electron microscopy (SEM) analysis, 

the jute fiber revealed a unique surface morphology character-

ized by its inherent roughness and fibrous structure. These fea-

tures play a critical role in enhancing capillary action and im-

proving water retention, both of which are crucial for the effi-

cient functioning of the solar still. The porosity of the jute fibers, 

although visually identifiable from the SEM images, directly 

contributes to their water absorption capability. This property 

facilitates prolonged water retention within the wick, ensuring 

steady evaporation rates over time. In this study, a tilted wick 

inner part of the watershed solar still was constructed using 

stainless steel grade 304. The aspect area of the still, made of 

24-gauge sheet, was 1.8 m × 0.59 m × 0.8 m. The upper part of 

the still was covered with 5 mm toughened glass sheet with a 

transmissivity of 90%. The glass was adjusted at an angle of 45o 

so that maximum radiation could be accumulated during the day. 

The low-cost jute fiber is used as a wick for the experimental 

study. A galvanized iron (GI) sheet that was 30° slanted under 

the location’s latitude supported the inclined wick, Fig. 2(B). 

Prior to experimentation under the environmental conditions, 

the setup was tested with external radiation panels, Fig. 2(A). 

 

Table 1. Summary of distillate yield from solar stills with wick. 

Solar still type Wick material Inclination or height Observation Reference 

Individual watershed  khes cloth 30⁰ 

Maximum distillate yield: 
• CSS – 2.894 kg/m2/day 
• MSS with tilted wick and flat plate collector – 

3.997 kg/m2/day 

[13] 

Double slope multi wick 
black cotton cloth, 

jute cloth 
10,13, 16, 19, 22, 25, 

28,31, 34, 37 cm 

Maximum productivity for 2 cm water depth: 
• reference still – 3020 l/day 
• black cotton cloth – 9012 l/day 
• jute wick – 7040 l/day 

[27] 

Inclined individual slope jute wick 20⁰, 30⁰ 

Distillate enhancement compared to CSS: 
• jute wick with solar still – 62% 
• parabolic concentrator solar tracker + wick 

type solar still's efficiency – 276% 

[28] 

Individual slope  khes cloth 0, 15, 30, and 45⁰ 

Maximum distillate yield: 
• 0⁰ – 3.1 kg/m2/day 
• 15⁰ – 3.51 kg/m2/day 
• 30⁰ – 3.60 kg/m2/day 
• 45⁰ – 3.41 kg/m2/day 

[28] 

Individual slope 
V-shaped floating jute 

cloth wick 
24⁰ 

Winter: 
• daily productivity – 3.23 kg/m2 

Summer: 
• daily productivity – 6.2 kg/m2 

[29] 

Individual slope  jute cloth 13⁰ 
• Maximum daily yield in April – 4.57 kg/m2 
• Overall efficiency in the month of April – 46% [30] 

Inclined individual slope  
jute cloth, terry cloth, 
polyester cloth, and 

fur fabric 
30⁰ 

Productivity: 
• fur fabric cloth as wick – 3.63 l/day. 
• jute as wick – 3.39 l/day. 
• polyester cloth as wick - 2.56 l/day. 
• terry cloth as a wick – 2.85 l/day 

[18] 
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2.2. Experiment procedure 

The experiments were performed under the environmental con-

ditions of Chandigarh University of Mohali, Punjab for the lati-

tude of 30.7712° N, 76.5783° E. The experiments were carried 

out for 3 days in March 2020 and the best day results were dis-

closed in this study. The details on experimental setup are shown 

in Fig. 3. The solar still was oriented towards the South to obtain 

the maximum solar radiation throughout the day. Five K-type 

thermocouples were used to measure the temperature of differ-

ent components of the still. The thermocouples were attached to 

a data logger which recorded the temperature data of the com-

ponents during experiment time. Each day, the experiment was 

performed for the available period of solar intensity, i.e. for ap-

proximately10 hours, from 9:00 am to 7:00 pm, maintaining the 

level of the basin water at 3 cm. The distillate output from the 

setup was measured each hour using a weighing pan. The solar 

intensity was measured using a solarimeter, while an anemome-

ter was used to measure the wind velocity during the day. The 

experiments were performed for two cases, viz.: (1) conven-

tional solar still (CSS) and (2) modified solar still (MSS). The 

case of the modified solar still was the conventional solar still 

modified with a tilted jute wick. The experimentation on CSS 

was performed on 13 March 2020 while for MSS the experimen-

tation was performed on 15 March 2020. Table 2 shows the 

range and accuracy of the instruments used during experimenta-

tion. 

2.3. Thermal performance 

Thermal efficiency is the ratio of output to input energy of the 

system. The output energy is defined as the energy required to 

evaporate the basin water and input energy is expressed in solar 

intensity. Moreover, thermal efficiency serves as a modest 

Table 2. Details of used instruments during experimentation.  

Instruments Range Accuracy 

Solarimeter 0−1500 W/m2 ±1 W/m2 

K-type thermocouples ±200oC ±0.1 m/s 

Anemometer 0−30 m/s ±0.1⁰C 

Weighing pan 0−5 kg ±0.001 g 

Data logger − − 

 

 

Fig. 1. Image of (a) jute fibre, and its SEM images: (b) at 132× magnification, (c) at 230× magnification. 

 

Fig. 2. Images of (A) experimental setup with external radiation panel and (B) wick adjusting stand. 
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measure to assess a distiller's capacity to harness the solar radi-

ation available within its area. As such, it stands as a benchmark 

for comparing the thermal effectiveness between MSS and CSS.  

The system’s daily thermal efficiency varies with time and 

depends on the hourly distillate yield (�̇�𝑝), solar intensity (IS(t)), 

latent heat of vaporization (𝐿𝑣𝑎𝑝), and the area of glass exposed 

(Age) to incident solar radiation. It can be calculated using the 

equation 

 𝜂𝑑(𝑡) = 
∑ �̇�𝑝𝐿𝑣𝑎𝑝

3600 ∑ IS(𝑡)𝐴𝑔𝑒
. (1) 

Additionally, the 𝐿𝑣𝑎𝑝 can be determined from the equation 

[3132]  

 𝐿𝑣𝑎𝑝  =  3.1615×106 (1 − 7.616×10−4 𝑇𝑤), (2) 

where Tw stands for the temperature of water. 

3. Results and discussion  

The effect of jute fibre as a wick on the distillate yield of the 

individual watershed slope solar still was investigated under ac-

tual climatic conditions. In the present study, the distillate yield 

of the modified solar still is evaluated. Moreover, the results of 

distillate yield obtained from MSS were compared with those ob-

tained from CSS. 

3.1. Variation of solar intensity and wind velocity 

The solar intensity and wind velocity during the experimental 

days are shown in Fig. 4, respectively. The average radiations 

falling on the surface are approximately similar in the trend for 

the experimental days. Besides this, the wind velocity fluctuates 

throughout the experiment duration time for both days. The 

maximum solar intensity of approximately 1000 W/m2 and 

980 W/m2 was estimated at 12:00 pm − 1:00 pm for CSS and 

MSS, respectively. After 1:00 pm the solar intensity decreases 

to 220 W/m2 at 6:00 pm – 7:00 pm. Similarly, the wind velocity 

fluctuates throughout the day. It was low during the day, and 

increased during the off-shine hours, the wind velocity increased 

and was found to be maximum during the late hours of testing. 

3.2. Variation of the component’s temperature and 

productivity of the conventional solar still  

The temperatures of CSS and MSS components are shown in 

Fig. 5. In the case of CSS, the glass and watershed water is di-

rectly exposed to solar radiation, while in the case of MSS the 

 

Fig. 4. Variation of solar intensity and wind velocity. 

 

 

Fig. 3. Components of experimental setup. 



Negi A., Ranakoti L., Bhandari P., Aggarwal S., Verma R.P., Bist A.S., et al. 
 

174 
 

glass and inclined jute wick are directly subjected to solar radi-

ation. The watershed water of the MSS is not subjected to direct 

solar radiation due to the placement of the wick above the wa-

tershed. In the case of CSS, the glass and watershed temperature 

increases with increased solar radiation until 1:00 pm, after that 

the energy stored in the form of latent heat of the watershed wa-

ter further elevates the temperature of water for the next hour. 

However, due to the direct incident radiation on the glass and 

the increased evaporation rate of the watershed water, the glass 

temperature surged but remained lower than the watershed tem-

perature. This may be due to the wind velocity and heat loss to 

the surroundings. 

3.3. Distillate yield of the CSS and MSS 

The temperatures of CSS and MSS components are the distillate 

yield and accumulated yield of the CSS and MSS, shown in 

Fig. 6. The distillate yield strictly depends on the difference be-

tween watershed water and glass temperature in the case of CSS. 

However, in the MSS, the tilted wick temperature plays a vital 

role. It is directly proportional to the daily distillate yield ob-

tained with MSS, which is 19.2% higher compared to CSS. The 

jute fibre as a wick has high capillary rise, which increases the 

surface area thermal inertia resulting in an increase in the evap-

oration rate. In the case of CSS, the maximum distillate yield of 

402.3 g/m2 was obtained between 1:00 and 2:00 p.m. during the 

maximum temperature difference between water and glass. Simi-

larly, the maximum distillate output of MSS was achieved be-

tween 1:00 and 2:00 p.m. and was 468 g/m2. Furthermore, the 

temperature of the wick played an important role in increasing the 

evaporation rate. Also, the cumulative yield of 2.69 kg/m2/day 

and 3.208 kg/m2/day was achieved for CSS and MSS, respec-

tively.  

 

3.4. Thermal performance of the CSS and MSS 

Thermal performance is a vital parameter in evaluating the per-

formance of the solar still. Therefore, it is utmost important to 

compare the daily thermal efficiency of the CSS and MSS. Fig-

ure 7 portrays the comparison in the daily thermal efficiency of 

the respected models. It can be clearly seen that, while introduc-

ing wick to CSS, it has higher surface area, and consequently 

a higher distillate yield that has severely influenced the daily ef-

ficiency of the system. Figure 7 shows comparative energy effi-

ciency for both respective models. Higher daily efficiency of 

41.29% was reported for MSS, while for CSS it was 32.61%. 

4. Conclusions  

The experimental investigation was performed by modifying the 

conventional solar still (CSS) with and without jute fibre wick 

at the latitude of the location. The experiments were performed 

on the actual environmental conditions. The following conclu-

sions were made on the basis of experiments. 

 

Fig. 5. Temperature variations of CSS and MSS components. 

 
Fig. 7. Daily thermal efficiency of CSS and MSS. 

 

Fig. 6. Hourly and cumulative distillate yield of CSS and MSS. 
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 The evaporation rate of the solar still is proportional to the 

solar intensity during the day. 

 Jute fibre as a wick has significant benefits such as good 

capillary rise, low cost, and ease of availability. 

 Yearly maintenance of watershed surface and glass can be 

helpful to increase the overall distillate yield of the still. 

 The daily distillate yield obtained from MSS was 19.2% 

higher when compared to CSS. 

 Properties such as capillary action, porosity, and wettabil-

ity of the wicks should be an important assessment area 

and should be considered for future work. 

 Investigating the effects of chemical or thermal treatments 

on jute fibre properties (e.g., hydrophilicity, durability) 

could further enhance its performance. 

 Treating jute fibre with hydrophilic coatings or anti-bacte-

rial agents can improve its longevity and performance in 

solar stills operating in diverse environmental conditions. 

 A comprehensive environmental and economic life-cycle 

assessment of jute fibre-based systems is recommended to 

validate their sustainability and long-term viability. 
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