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Abstract

Access to potable water for the global population is gradually decreasing every day. Most human
diseases are attributed to the use of contaminated or impure water sources. The need for water
purification does not disrupt the ecosystem. Solar still is a water purification technology that produces
ultra-pure distilled water without any harmful impact on the environment. Solar still systems provide
sustainable solutions for fresh water production. There are various environmental and operational factors
that are necessary to optimize the design of the still. Researchers have evaluated different designs to
enhance the productivity of solar stills. The studies mentioned in this research paper demonstrated that
the integration of a solar still with an exterior or internal solar condenser resulted in an effective and
efficient productivity. This thorough inquiry seeks to show, depict and assess the condition of distinct
solar stills together with various concentrator setups.
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1. Introduction
Water is a critical resource for economic progress and well-being. However, the increasing need for fresh

water is a major concern, especially in emerging countries. The absence of safe drinking water is a
serious health problem, and pollution from population increase, industry, and urbanization results in
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water shortages in rural areas and agriculture. A total of 3.575 million people die annually from water-
related ailments, and most rural communities are uninformed of the hazards [1].

Solar stills provide distinct advantages for applications in distant places with limited access to fresh
water owing to their simplicity, minimum operational cost, maintenance needs and environmental
friendliness. Solar energy is clean and free, which reduces the use of fossil fuels and pollution. However,
solar stills have restricted production of distilled water compared to other desalination processes,
rendering them uneconomical. The normal production of conventional solar stills is between 2 to 5
liters/m2 per day. The principal desalination procedures, such as steam pressure distillation, reverse
osmosis, and electrolysis, require electricity as the input energy [2]. However, several countries have
been seriously affected by energy crises owing to their dependency on old energy sources, harming their
environment and economic advancement. Solar stills may provide a solution for delivering fresh water
to remote villages and small islands, solving the difficulties of water shortages, and providing clean
water for these places.

2. Solar Still System

Solar stills are classic water production methods that employ a box with a small container of
water at the bottom and slanted glass at the top. The sun's rays are absorbed by the black bottom side of
the pond, and the water condensed at the bottom of the glass cover plate. This boosts the temperature of
the glass, resulting in decreased output at maximum light. It is done using a closed system, where water
is the working fluid [3]. There is a substantial temporal lag between the sunshine curve and steady-state
yield curve, presumably owing to higher glass temperatures. The glass cover also condenses energy to
the surrounding environment, resulting in a limited total output and loss in efficiency. including the
implementation of a water layer on a glass plate, which serves to absorb a portion of thermal energy and
consequently lowers the temperature of the glass substrate. Nevertheless, the enhancement in yield was
not substantial, as a fraction of the incident solar radiation was reflected by the molecules formed within
the dynamic water film. An alternative method involves the application of a water heat exchanger, which
facilitates a rapid reduction in the temperature of the glass due to the process of condensation [4]. A
variety of factors influence the efficacy of solar still production, encompassing the intensity of solar
radiation, velocity of the wind, ambient temperature, differential temperature between the water and the
glass, exposed surface area, area of the absorber plate, temperature of the incoming water, glass overlap,
and the depth of the water. Although the output of solar stills remains constrained, they represent a viable
and sustainable approach for the generation of potable water [5].
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Figure 1. Diagram of a solar still with a single basin.

3. Conventional Solar Still with Condenser

The conventional solar still with a condenser is one of the simplest and most widespread
thermal desalination technologies, relying on the principle of evaporation and condensation using solar
energy. In this system, brackish or slightly brackish water inside the tank is heated by solar radiation,
causing it to evaporate. The water vapor then travels to the condensing surface (glass cover or condenser)
where it cools and turns into pure distilled water, which is collected in a dedicated channel. The presence
of the condenser improves heat transfer and enhances the condensation rate, positively impacting the
overall productivity of the still. This, combined with the simple design and low operating costs, makes
this type of still suitable for remote and arid regions [6].
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Figure 2. Schematic showing solar still with condenser.
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4. Types of Condensers Used in Solar Stills

Researchers have made considerable efforts to devise several types of solar stills to maximize the
daily pure water production. They determined that a solar still integrated with condensers exhibited much
greater efficiency than a still lacking a condenser. Condensers associated with solar stills can be
categorized into three types: integrated, exterior, and internal condensers. Table 1 presents a
straightforward comparison of various solar stills categorized according to their respective types of
condensers. They were evaluated based on location, daily yield, improvement rate (where productivity
enhancement surpasses that of traditional solar stills), efficiency, and experimental observations.

4.1 Integrated condensers

Feilizadeh et al. [7]. The researchers conducted an experimental investigation into the impact of
thermosiphon solar stills. Figure.3 depicts the experimental apparatus. Within the solar still tank, steam
readily condensed, and the resulting droplets were gathered internally. The study employed a V-shaped
condenser. In this research, the water-filled condenser and evaporator produced distillate yields up to
66% higher than alternative distillers. To regulate water evaporation and condenser temperature, water
was applied to the outer surface of the V-shaped condenser, which consequently enhanced the
condenser's efficiency.

Mohaisen et al. [8]. Combined a warm sink condenser with a solar still plan appeared in Figure 4. The
study proposes a detached single-slope solar distillation unit with an inbuilt condenser to move forward
condensation rate and efficiency Outside blades are utilized to upgrade condenser execution The
framework was tried in Mashhad city for seven continuous summer days, comparing it to a customary
sun-oriented still in Tehran The comes about appear balances increment distillate within the condenser
by 35% but as it were a 5 increment in by and large efficiency due to 8% diminish in distillate on the
glass cover The proposed still can increment every day generation by up to 92.3% and 86% separately.
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Figure 3. Diagrammatic representation of the solar Figure 4. Heat sink condenser solar still
still connected to the condenser and evacuated tubes.
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Abbas et al. [9]. This study aims to improve distilled water production in a modified solar still using
innovative technologies based on condenser-like absorber plates and glass covers. The effectiveness of
longitudinal stripped trough absorber plates and a W-shaped glass cover was analyzed under Iraqi
climatic conditions using experimental and numerical methods. Two identical solar stills with trough
absorber plates of one square meter were designed and constructed using local materials. Two absorber
plates were manufactured from stainless steel, one solid and the other cut. In addition, two glass covers
were constructed, one pyramid-shaped and the other W-shaped. The experimental and numerical results
indicated that the use of the cut absorber plates and modified glass cover resulted in a 20% increase in
distilled water production compared to a conventional glass cover and standard absorber plate, as
indicated in Figure 5.

Al-Hamadani et al. [10]. Created a novel solar still featuring a condenser aimed at enhancing distillate
productivity in CSS, as illustrated in Figure 6. A conventional solar still with a cooled condenser attached
to the back of the device to increase efficiency. The solar still was made of iron, resulting in efficient
heat loss and better peak performance compared to conventional stills.
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Figure 5. Diagram of a solar still with a condenser Figure 6. Diagrammatic representation of a
and phase change material (PCM). solar still with condenser.

4.2 Exterior condensers

Ahmed HM [11]. Evaluated how well a solar still connected condenser worked. The experimental steps
are shown in Figure 7. In this instance, three distinct solar still designs are compared. The two condensers
and one traditional solar still were connected from the back of the still. Performance was tested in all
three seasons. In the other still, the condenser was connected only to the upper side of the still, whereas
in the third still, it was connected to both the upper and lower sides of the still's back. The results
demonstrate that a condenser with the top and bottom sides facing the rear of the still produces 30%
more than a conventional still, and a condenser with the upper side facing the back of the still gives 15%
more. Additionally, one might do better in summer than in autumn or winter.

Samadony et al [12]. This article presents an experimental investigation of a modified stepped solar still
that has an exterior condenser in addition to internal and external reflectors. The still was equipped with
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a suction fan to extract water vapor. A comparison between the regular solar still and modified stepped
solar still was carried out. Stepped stills with a condenser and those with both reflectors and a condenser
were found to be approximately 66% and 165% more productive than the standard still, respectively, as
shown in Figure 8.
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water box Stepped still tank

Figure 7. solar still with a novel condenser. Figure 8. Schematic diagram of stepped solar
still with mirrors and condenser.

Omaraet al. [13]. The efficiency of the solar still was increased by adding a condenser and making some
improvements by adding high absorption materials and fins to increase the area. The enhanced solar still
produces 1.5 times greater than that of the conventional solar still, as illustrated in Figure 9. The
incorporation of nanomaterials into modified solar stills enhances distillate yield.

Rabhi et al. [14]. An experimental comparison was made between the performance of a solar still and a
finned solar still with an external condenser, as shown in Figure 10. A fan is used inside the still to
transfer hot steam to the condenser, thus regulating the temperature between the absorber and the glass
cover. Moreover, the fins raise the temperature of the absorber basin in the solar still, and the results
indicate that the finned basin integrated with the condenser results in greater water production than a
conventional still or a still equipped with only a finned absorber.
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Figure 9. Comparative analysis of simple Figure 10. Schematic of solar still with
solar still and modified solar still with condenser. pin fins absorber and external condenser.
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Kumar RA et al. [15]. Enhanced the efficacy of the conventional solar still by making Two solar
stills were modified to boost distillate productivity by 39.49% compared to CSS as shown in
Figurell. The new solar still had an agitation effect and exterior condensation using a shaft and DC
motor. The exhaust fan and external condenser facilitated the air movement and vapor condensation.
The redesigned still was also more affordable than the normal still, suggesting its potential for

enhanced distillation.
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Figure 11. Comparison of modified stills.

4.3 Internal condensers

Al-Jubouri et al. [16]. Created a solar still with an internal condenser with a new design, as shown in
Figure 12. The condenser was designed to have eight passages of copper tubes with a diameter of 10 mm
and length of 1.2 m. After adding the condenser, the wall cooling process increased and the condensation
area increased. The solar still with a new design with an internal condenser provides a higher daytime

efficiency than the CSS.

Kodesh et al. [17]. Constructed a solar desalination system simulation model, as seen in Figure 13, where
the solar collector was linked to the intended evaporation/condensation chamber. Every component in
this model was made of polymeric materials. The developed technique was perfect for solar desalination
since it was resistant to corrosion. Furthermore, it was found that the system's design produced more
than 11 kg/m2 of distillate each day while maintaining a 2 cm space between the condenser and

gvaporator surfaces.
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Figure 12. Cross-sectional view of

the still with condenser.
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Figurel3. Schematic diagram of solar still
connected with solar collector and condenser.

Table 1. Summary of various research studies on solar distillation devices.

Author Location
[Reference]
Feilizadeh. et al. [7] Iran
Mohaisen et al. [8]
Iran
Abbas et al. [9]
Iraq
Al-Hamadani et al.
[10] India
Ahmed HM [11]
Bahrain
Samadony et al [12]
Egypt
Omaraetal. [13]
Egypt

Optimization Type

1. Built-in Condenser

A V-shaped condenser

combined a heat sink
condenser with a solar still
design

Basin with absorber fins

Basin with fins

2. Exterior condensers
Connecting two condensers
in different states

stepped solar still that has
an exterior condenser in
addition to internal and
external reflectors

by integrating external
condensers, corrugated

157

Result

the water-filled condenser and
evaporator give a distillate yield of up
to 66% compared to other distillers

The results reveal that with the
presence of the condenser, the
productivity of the solar still increases
by more than 35%.

The integration of a condenser
significantly decreases heat loss,
resulting in a 73% enhancement in the
efficiency of the new design compared
to CSS.

The incorporation of a condenser
effectively reduces heat loss and
demonstrates superior performance
during the afternoon and nighttime
across all seasons when compared to
CSS

The results show that the condenser
produces 30% more than a
conventional distillation device.

Stepped stills with a condenser and
those with both reflectors and a
condenser are found to be roughly
66% and 165% more productive than
the standard still, respectively

The enhanced solar still produces 1.5
times greater distillate output
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absorber surfaces into the compared to the conventional solar
CSS design still
Rabhi et al. [14] N o The results show a fins absorber paired
Tunisia solar still with fins and an ' with a condenser produces better water

external condenser ' production than a typical still or a still
fitted solely with a fins absorber

Kumar RA et al. India exterior condensation The efficiency of the traditional solar
[15] still is improved by 39.49% compared
with the traditional solar still.

3.Internal condensers
Al-Jubourietal. [16] Iraq The results showed a significant
Internal condenser improvement in the production and
efficiency of the modified solar stills

Kudish et al [17] Germany By keeping the condenser and
Use of evaporator/condenser = evaporator surfaces 2 cm apart, the
chamber developed system produces more

distillate—roughly 11 kg/m? per day.

5. Conclusion

The above assessments indicate that condensers enhance the efficiency of solar distillers by

altering their design and method of addition; thus, the primary points are as follows:

1. The condenser in a solar still performs best in the afternoon, outperforming a conventional solar
still.

2. Changing the shape of the condenser to cylindrical, square, rectangular, or other configurations
can lead to different results.

3. The use of phase change materials increases the efficiency of distillation equipment and increases
production hours after sunset, as they retain large amounts of heat needed to heat the basin water.

4. Using a modified condenser design increases the output of the still at low cost for integrated,
external, and internal condensers.

5. The vapor formed inside the still may be directed to the condenser using a fan and external
devices; therefore, the volume inside the still grows, lowering the heat loss. In addition, this heat

might be dissipated inside the condenser, leading to a still outlet.
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6. Improved efficiency can be achieved by reducing the heat loss at the bottom and sides. Higher
water temperatures and an inner glass cover enhance the heat loss. The condenser maintains this

temperature difference inside the solar still, which improves the efficiency of the solar still.
Declaration of generative Al and Al-assisted technologies in the writing process
-None
Disclosures
The authors have no conflicts of interest to declare in relation to this report.
References:

[1] Sampathkumar, K., Arjunan, T.V., Pitchandi, P. and Senthilkumar, P., 2010. Active solar
distillation—A detailed review. Renewable and sustainable energy reviews, 14(6), pp.1503-1526.
https://doi.org/10.1016/j.rser.2010.01.023

[2] Benato, A. and Stoppato, A., 2019. Integrated thermal electricity storage system: energetic and cost
performance. Energy Conversion and Management, 197, p.111833.

https://doi.org/10.1016/j.enconman.2019.111833

[3] Shareef, A.S., Rashid, F.L. and Hassan, A.J., 2017. The experimental investigation of a flat plate
solar collector using water as a heat transfer agent. In Information and Computer Technology,
Modeling and Control: Proceedings of the International Scientific Conference Devoted to the 85th
Anniversary of Academician IV Prangishvili (pp. 107-117).

[4] Reddy, M.S., Chandra, D.N., Sehgal, H.K., Sabberwal, S.P., Bhargava, A.K. and Chandra, D.J.,
1983. Performance of a multiple-wick solar still with condenser. Applied Energy, 13(1), pp.15-21.

https://doi.org/10.1016/0306-2619(83)90031-4

[5] Sivakumar, V. and Sundaram, E.G., 2013. Improvement techniques of solar still efficiency: A
review. Renewable and Sustainable Energy Reviews, 28, pp.246-264.

https://doi.org/10.1016/j.rser.2013.07.037

[6] Kalogirou, S.A., 2005. Seawater desalination using renewable energy sources. Progress in Energy
and Combustion Science, 31(3), pp.242-281.

https://doi.org/10.1016/j.pecs.2005.03.001

[7] Feilizadeh M, Estahbanati MRK, Khorram M, Rahimpour MR. Experimental investigation of an
active thermosyphon solar still with enhanced condenser. Renew Energy. 2019; 143:328-334.

https://doi.org/10.1016/j.renene.2019.05.023

159


https://doi.org/10.1016/j.rser.2010.01.023
https://doi.org/10.1016/j.enconman.2019.111833
https://doi.org/10.1016/0306-2619(83)90031-4
https://doi.org/10.1016/j.rser.2013.07.037
https://doi.org/10.1016/j.pecs.2005.03.001
https://doi.org/10.1016/j.renene.2019.05.023

Kerbala Journal for Engineering Sciences/ VVol. 05, No. 04 (2025) ISSN: 2709-6718

[8] Mohaisen, H.S., Esfahani, J.A. and Ayani, M.B., 2021. Improvement in the performance and cost
of passive solar stills using a finned-wall/built-in condenser: An experimental study. Renewable
Energy, 168, pp.170-180.

https://doi.org/10.1016/j.renene.2020.11.153

[9] Shareef, Abbas S., Hayder J. Kurji, and Ahmed H. Hamzah. "Modifying performance of solar still,
by using slices absorber plate and new design of glass cover, experimental and numerical study."
Heliyon 10.1.(2024)

https://doi.org/10.1016/j.heliyon.2024.e24021

[10] Al-Hamadani, A.A. and Shukla, S.K., 2013. Performance of single slope solar still with solar
protected condenser. Distributed Generation & Alternative Energy Journal, 28(2), pp.6-28.

https://doi.org/10.1080/21563306.2013.10677548

[11] Ahmed HM. Seasonal performance evaluation of solar stills connected to passive external
condensers. Sci Res Essays. 2012;7(13):1444-1460.

https://doi.org/10.5897/SRE12.177

[12] El-Samadony YAF, Abdullah AS, Omara ZM. Experimental study of stepped solar still integrated
with reflectors and external condenser. Exp Heat Transf. 2015;28(4):392-404.

https://doi.org/10.1080/08916152.2014.992614

[13] Omara ZM, Kabeel AE, Essa FA. Effect of using nanofluids and providing vacuum on the yield of
corrugated wick solar still. Energy Convers Manag. 2015; 103:965-972.

https://doi.org/10.1016/j.enconman.2015.07.084

[14] Rabhi K, Nciri R, Nasri F, Ali C, Ben Bacha H. Experimental performance analysis of a modified
single-basin single-slope solar still with pin fins absorber and condenser. Desalination.
2017;416(April):86-93.

https://doi.org/10.1016/j.desal.2017.04.008

[15] Kumar RA, Esakkimuthu G, Murugavel KK. Performance enhancement of a single basin single
slope solar still using agitation effect and external condenser. Desalination. 2016; 399:198-202.

https://doi.org/10.1016/j.desal.2016.04.013

[16] Khalifa AJN, Al-Jubouri AS, Abed MK. Experimental study on modified simple solar stills.
Energy Convers Manag. 1999;40(17):1835-1847.

https://doi.org/10.1016/S0196-8904(99)00049-7

[17] Kudish Al, Evseev EG, Walter G, Priebe T. Simulation study on a solar desalination system
utilizing an evaporator/condenser chamber. Energy Convers Manag. 2003;44(10):1653-1670.

160


https://doi.org/10.1016/j.renene.2020.11.153
https://doi.org/10.1016/j.heliyon.2024.e24021
https://doi.org/10.1080/21563306.2013.10677548
https://doi.org/10.5897/SRE12.177
https://doi.org/10.1080/08916152.2014.992614
https://doi.org/10.1016/j.enconman.2015.07.084
https://doi.org/10.1016/j.desal.2017.04.008
https://doi.org/10.1016/j.desal.2016.04.013
https://doi.org/10.1016/S0196-8904(99)00049-7

Kerbala Journal for Engineering Sciences/ VVol. 05, No. 04 (2025) ISSN: 2709-6718

https://doi.org/10.1016/S0196-8904(02)00241-0

Alaie daa) o 1S e ddlida £ gif pa dpsadd) pulail) 3 3¢

Y A e ol Aske slia sobian aladiud ) & il (el s alaea (5 a8 a s da La o U )i ol sbae ) allall 1S J gaan g il ; deadIS)
ekl 85 Al e jla il ol 50 o) AEla 5 5Lk Whle i olsal) 450 A5 g8 cunalll) pulail) | il SUAIL slaal) A5 ) Aalal) a5
Aalidh asabai (0 il w8 ubaill Sl apanal Cppuanil 3y 5 i Adliah Dbty At Jal g i Ldall olaall LY dalxine Ysla ousalil) il

S5 Jad e Y 63 A0 S A el (G e all) ) Slea ad O o lal < jedal Aaadll el 8 eal Al 3 el
Azal je (sl &\_9.\‘ swﬂ\ ‘):\le‘\ sga.muﬁ\ ‘).._\ks.t.“ T’,)GA‘ :1.3;1.’\341\ Glalsl)

161


https://doi.org/10.1016/S0196-8904(02)00241-0

