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ABSTRACT:  

Despite Earth's vast water coverage, accounting for 70% of its surface, the escalating global 

population exacerbates the need for freshwater, creating significant strain on limited freshwater 

reserves. Desalination offers a promising solution, converting saline water into clean water for 

various applications. Among the various desalination technologies, solar stills stand out for their 

sustainability, utilizing solar energy for the desalination process. Through studies of various designs, 

researchers have pioneered novel techniques for improved productivity. This research article 

provides a comprehensive examination of active and passive solar stills, delineating their respective 

advantages and considerations in the context of solar desalination. It comprehensively analyses 

advancements in these technologies, particularly focusing on their productivity and efficiency in 

freshwater production. The article presents a detailed comparative analysis of various solar still 

designs and explores the factors influencing their efficiency. Additionally, it discusses modifications 

and innovative design strategies aimed at maximizing productivity and efficiency. Furthermore, the 

review explores advancements in solar desalination techniques using novel, high-performance 

materials. This discussion sheds light on how such materials can contribute to enhanced solar still 

efficiency. Ultimately, the article aims to provide a comprehensive understanding of the factors, 

designs, materials, and methodologies crucial for optimizing solar still productivity. By achieving 

unparalleled efficiency, affordability, and environmental responsibility, the technology of solar still 

desalination becomes a beacon of hope for a future where accessible clean water is a reality for 

everyone. 

 

1. Introduction 

Water, vital for sustaining life, stands as a precious and 

indispensable resource essential for the survival of our 

planet. Earth's expansive 510 million square kilometers 

include 361 million square kilometers of oceans [1], yet 

only a small fraction, approximately 1%, of the Earth's 

water is readily available freshwater, primarily 

distributed across groundwater resources, lakes, rivers, 

and other minor sources. This freshwater is critical for 

activities such as drinking, cooking, and supporting 

agricultural and industrial processes. Challenges to 

water availability arise from factors like population 

growth, pollution, and climate change, leading to water 

scarcity in many regions and associated issues like 

waterborne diseases. India, with 18% of the global 

population, faces significant water stress, possessing 

only 4% of the world's water resources. A recent study 

by the NITI Aayog underscores the extent of water stress 

among Indians. Anticipating a future of diminishing 

freshwater resources due to the growing global 

population, projections by the International Energy 

Agency (IEA) indicate a 35% increase in primary energy 

demand by 2035, exacerbating the looming threat of 

water scarcity by 2040 if current consumption patterns 

persist [2]. 

To address the growing challenge of water scarcity, 

desalination, the process of separating dissolved salts 

and minerals from saline water, presents a vital solution 

for generating freshwater suitable for diverse 

applications. While conventional methods like reverse 

osmosis, electrodialysis, and membrane distillation offer 

substantial production, concerns about environmental 

impact and operational cost arise due to their reliance on 

non-renewable energy. Solar desalination presents a 

promising alternative, utilizing abundant solar energy to 

drive the natural processes of evaporation and 

condensation, effectively separating freshwater from 

saline water. This positions solar desalination as a prime 

candidate for sustainable and environmentally friendly 

desalination. Motivated by the need to ensure freshwater 
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access and conserve energy, solar desalination stands out 

as a compelling solution. Coastal regions with vast 

stretches of unusable saline water hold significant 

potential for freshwater production through desalination. 

Its sustainability and environmental friendliness, 

coupled with the elimination of fossil fuel dependence 

and greenhouse gas emissions, make solar desalination a 

valuable solution. Its suitability for remote locations, 

low-maintenance requirements, and long lifespan further 

contribute to its cost-effectiveness. Solar desalination 

emerges as a promising technology to bolster global 

water security by directly addressing water scarcity and 

providing a reliable source of freshwater for potable 

consumption, agricultural irrigation, and various 

industrial applications. 

 

2. Solar Still Desalination Technology 

A solar still is a specialized desalination device that 

utilizes solar energy to convert saline or brackish water 

into freshwater through the processes of evaporation and 

condensation.  

 
Figure 1: Schematic diagram of Conventional Solar 

Still. 

This technology harnesses the sun's heat to induce 

evaporation of water from a saline source, and then 

condenses the vapor to produce distilled freshwater. 

Solar stills typically consist of a transparent cover or 

surface that allows sunlight to penetrate and heat the 

saline water, promoting the evaporation process (as 

shown in Figure 1) and solar energy induces the 

evaporation of saline water within the basin. The 

resulting water vapor condenses on the inclined, cool top 

cover. This condensate is subsequently collected as 

purified freshwater, while the concentrated brine, rich in 

residual salts, remains in the basin. Solar stills offer a 

sustainable and energy-efficient method for producing 

freshwater, particularly in regions where access to 

conventional water sources is limited, and they play a 

crucial role in addressing water scarcity challenges. 

2.1  Classification of Solar Stills 

Solar desalination, a sustainable approach for freshwater 

production, encompasses both active and passive solar 

stills. Understanding the distinctive features and 

operational mechanisms of these two types of solar stills 

is crucial for optimizing freshwater production in 

diverse environmental contexts. The categorization of 

different types of solar stills is illustrated below in Figure 

2. 

 
Figure 2: Categorization of Solar Stills. 

 

Active Solar Stills: Active solar stills  enhance  energy 

input by incorporating supplementary components,  

including solar collectors or photovoltaic panels. These 

mechanisms actively enhance the heat transfer process, 

thereby accelerating the evaporation and condensation 

cycles. Active solar stills typically exhibit higher 

efficiency due to increased control over energy input. 

The integration of auxiliary power sources enables 

operation during suboptimal weather conditions, 

extending functionality. The addition of mechanical 

components increases the complexity of active solar 

stills, impacting maintenance requirements. Active solar 

stills rely on external power sources, potentially 

introducing vulnerability during power outages. 

Passive Solar Stills: Passive solar stills harness solar 

energy without external aids, relying on natural 

processes such as solar radiation, conduction, and 

convection for heat transfer. Passive solar stills are 

simpler in design, reducing the need for complex 

components and maintenance. These stills operate 

autonomously, minimizing dependence on external 

power sources and increasing reliability. Passive solar 

stills may exhibit lower efficiency due to the reliance on 

natural energy sources and limited control over heat 

input. Operation is contingent on favourable weather 
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conditions, potentially leading to reduced productivity 

during overcast days. 

Manokar, A. M et al., [3] compared the performance of 

an active inclined solar panel basin still integrated with 

a Flat Plate Collector (FPC) to a passive inclined solar 

panel basin still (Error! Reference source not found. 

shown in Figure 3). The active still achieved a 

significantly higher daily yield (7.9 kg) compared to the 

passive still (4.3 kg). However, it is important to 

acknowledge that the active still's construction and 

maintenance costs were also higher.  

 

 
Figure 3: Experimental configurations of the inclined 

solar panel basin still [3]. 

 

The selection of active versus passive solar stills hinges 

on  specific operational demands and  environmental 

conditions. Active stills provide  increased efficiency 

and operational flexibility,  while passive stills prioritize  

simplicity and  energy autonomy. These findings inform 

the  selection  and design  of solar desalination systems  

tailored to  diverse geographical and operational 

contexts. 

2.2  Factors Effecting Efficiency of Solar Still 

Efficiency reflects the ability to convert absorbed solar 

energy into usable freshwater. Evaporation and 

condensation are the core, interdependent processes 

driving freshwater production. Various factors 

significantly influence these processes' efficiency, 

including solar irradiance, still design, cover material, 

condensation surface area, insulation quality, and 

absorber material properties. A thorough understanding 

of these interacting parameters is critical to optimizing 

solar still performance. Numerous investigations have 

been conducted to explore the relationships between 

these factors and the yield of solar stills. 

Incident solar irradiance, quantified as the power 

received from the sun per unit area, is a critical factor 

influencing the performance of solar stills. Studies by 

Omar et al. [4] and Emad A. Almuhanna [5] indicate that 

heightened solar intensity enhances both productivity 

and efficiency, with peak efficiency observed during 

early afternoon when solar radiation is most intense. The 

type of solar still design also influences evaporation and 

condensation rates, with considerations such as 

orientation, location, and atmospheric conditions 

impacting the choice of design. 

Researchers have explored various solar still designs, 

including the single basin single sloped design tested by 

Muhammad Ali et al. [6], the pyramid and hemispherical 

designs compared by Arunkumar et al. [7], and the 

annual performance analysis of different designs 

conducted by Ibrahem Altarawneh et al. [8]. Notably, 

solar stills with optimal settings, such as the single slope 

design, have been identified as providing superior 

performance, yielding improvements in productivity by 

28%. Additionally, solar stills with an inclination angle 

aligned with the local latitude exhibit enhanced 

efficiency, as suggested by Kuldeep et al. [9]. 

The selection of the top cover material in a solar still is 

pivotal for permitting solar radiation and aiding 

condensation. G.N. Tiwari et al. [10] conducted research 

emphasizing the link between yield and the thermal 

conductivity of condensing cover materials. Copper, 

characterized by superior thermal conductivity, 

surpassed glass and plastic in performance. Different 

cover materials, such as PVC and glass, have been 

compared by H. A. Begum et al. [11], showcasing the 

impact of cover material on distilled water production. 

Similar studies by M.K. Phadatare et al. [12] and J. 

Andrew Jones et al. [13] emphasize the influence of 

cover materials on water temperature and freshwater 

yield. 

The inclination angle of a solar still is a critical factor 

affecting its productivity, with optimal angles 

maximizing solar radiation capture. Various studies, 

including those by Trad Abderachid et al. [14] and Bilal 

Figure 4: Various factors effecting efficiency of Solar Still. 
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A. Akash et al. [15], highlight the significance of 

selecting an appropriate tilt angle for optimal water 

production under specific conditions and latitudes. 

Insulation is another pivotal factor influencing 

pursuance of solar still. Studies by Muthu Manokar A et 

al. [16] demonstrate that insulation increases water 

temperature and yield. Researchers have employed 

materials like styrofoam, thermocol, and other insulators 

to minimize heat loss and enhance efficiency, as shown 

by Bilal et al. [15] and Sahoo et al. [17]. 

The absorber material in a solar still significantly 

influences solar absorption and, consequently, overall 

efficiency. Research by Chandrakant Sonawane et al. 

[18] utilizing computational fluid dynamics (CFD) 

investigates the influence of diverse absorber materials 

on the performance of a solar desalination unit. 

Additionally, studies on absorber coatings by A.E. 

Kabeel [16] and Hitesh Panchal et al. [19] highlight the 

potential for increased daily yield through innovative 

coating technologies. 

The productivity of a solar still, as noted by Suneja S and 

Tiwari [20], demonstrates an inverse relationship with 

water depth. Muthu Manokar et al. [16] further 

investigated the influence of different water depths on 

temperature and yield, highlighting the role of water 

depth in the storage effect within the basin. Additionally, 

the gap distance between the water surface and the top 

cover plays a significant role in distillate productivity, as 

highlighted by Ali. F. Muftah et al. [21] and Nazmul 

Islam Sarkar et al. [22]. Reductions in gap distance, such 

as the study by Ghoneyem [23], lead to increased daily 

productivity. 

Table 1: Variety of materials employed for 

augmenting the efficiency of Solar Stills. 

COMPON

ENTS 
MATERIAL REMARKS 

Absorber 

[24] Mild Steel - 

reached max. temp = 

45˚C @ 800 GHI. 

High risk of 

corrosion, 

Maintenance. 

[25] Black soil - 

reached max. temp = 

41˚C @ 570 GHI. 

Massive 

maintenance, 

Risk of 

contamination

. 

[26]Aluminium 

turnings - reached 

max. temp = 42˚C @ 

850 GHI. 

Corrosion, 

less durable. 

Absorber 

Coating 

[27]Reduced 

Graphene oxide 

modified Cobalt 

oxide nanoparticle 

coating, α = 0.89. 

Moderate 

absorptance. 

 

[28]Copper oxide 

nanoparticle coating, 

α = 0.91. 

Moderate 

absorptance. 

[29]High entropy 

AlCrNbSiTi - based 

selective solar 

absorber coating, α = 

0.92. 

Expensive, 

Challenging 

process. 

Insulation 

[15]Stainless steel 

basin insulated with 

Styro foam, k = 0.038 

W/m-K. 

Less durable. 

 

[30]Mild steel basin 

insulated with 25mm 

thermocol, k = 0.033 

W/m-K. 

Less durable. 

 

[31]Galvanised steel 

basin insulated with 

wooden box, k = 0.2 

W/m-K . 

Less durable. 

 

Top Cover 

[11]Poly Vinyl 

Chloride (plastic), 

Te% = 81%. 

Less 

transmittance. 

 

[12]Transparent 

glass, Te% = 85%. 

Moderate 

transmittance. 

[10] Copper, Te% = 

0.001%; k=195 W/m-

K. 

 

Less 

transmittance, 

high cost. 

Still Type 

[32]Single sloped 

solar still, η = 59.2%. 

Moderate 

efficiency. 

 

[33]Double sloped 

solar still, η = 60%. 

Moderate 

efficiency. 

 

[34]Stepped solar 

still, η = 76%. 

Good 

efficiency, 

High 

installation 

cost. 

 

In summary, a nuanced exploration of these factors and 

their intricate relationships is essential for advancing the 

understanding and optimization of solar still 
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technologies. these studies collectively advance the 

development of efficient and adaptable solar 

desalination systems, offering a potential solution to the 

critical global challenge of water needs. 

2.3 Challenges and Limitations of Solar Still 

Technology 

Solar Absorption: In conventional solar stills, the 

utilization of black absorber plates, boasting a solar 

absorption rate of approximately 85%-90%, proves 

insufficient for attaining elevated water evaporation 

rates. Solar energy reflection from the absorber plate and 

conductive/convective heat losses significantly limit 

overall solar still efficiency. 

Heat Transfer Rate: Traditional solar stills suffer from 

reduced heat transfer efficiency due to an air gap 

between the absorber plate and the water. This air layer 

acts as an insulator, hindering heat transfer and limiting 

overall performance. 

Heat Retention: The role of insulation walls in 

mitigating loss of heat and optimizing the thermal 

efficiency of solar stills is paramount. Researchers have 

explored diverse insulation materials, including wood, 

acrylic, steel, thermocol, ceramic, among others, to 

achieve effective insulation. The selection of insulation 

material necessitates a meticulous consideration of 

factors such as thermal conductivity, durability, and 

cost, aiming to achieve optimal performance and 

longevity for the solar still.  

 

3. Methodologies to Enhance the Productivity  

Solar Absorption 

Achieving enhanced solar absorption in solar stills is 

paramount for optimizing their performance and 

increasing freshwater production. Several formal 

strategies can be considered within the framework: 

Advanced Absorber Materials: Investigating and 

implementing novel absorber materials with high solar 

absorptance is fundamental. Materials such as metal 

oxides, carbon-based composites, and nanomaterials, 

including graphene and carbon nanotubes, have 

demonstrated superior absorption characteristics, 

effectively capturing and converting solar radiation into 

thermal energy. 

Selective Surface Coatings: Employing selective 

coatings on the absorber surface is a recognized method 

to enhance solar absorption. These coatings are designed 

to have high absorptance across the solar spectrum while 

minimizing emissivity. Common choices include 

selective paints or coatings with specific spectral 

properties tailored for optimal solar energy absorption. 

Textured or Nanostructured Surfaces: Introducing 

surface textures or nanostructures on the absorber can 

improve light trapping and absorption efficiency. This 

design strategy maximizes solar radiation absorption by 

increasing the effective surface area and minimizing 

reflectance. 

Innovative Absorber Designs: Exploring advanced 

absorber designs that maximize the exposure of the 

absorber surface to sunlight is crucial. This may involve 

incorporating features like fins, grooves, or other 

geometrical enhancements to optimize solar radiation 

absorption. 

Integration of External Reflectors: External reflectors 

strategically positioned around the solar still can redirect 

additional sunlight onto the absorber surface. This 

supplementary irradiance intensifies solar absorption, 

particularly during periods of suboptimal solar incidence 

angles. 

Utilization of Concentrated Solar Power (CSP) : 

Incorporating principles from Concentrated Solar 

Power, such as the use of mirrors or lenses to focus 

sunlight onto the absorber surface, can significantly 

boost solar absorption. This approach allows for the 

concentration of solar energy, thereby elevating 

absorber temperatures. 

Optimized Geometry and Orientation: Carefully 

considering the geometry and orientation of the solar 

still system can contribute to improved solar absorption. 

The optimal positioning of the absorber plate with 

respect to the incident solar radiation angle ensures 

maximum exposure and absorption efficiency. 

Regular Maintenance and Cleaning: Ensuring the 

cleanliness and maintenance of the absorber surface is 

essential. The removal of dust, dirt, or other 

contaminants that may accumulate on the absorber can 

prevent a reduction in solar absorptance over time. 

 By integrating these formal strategies into the 

design and operational considerations of solar stills, 

researchers can contribute to the development of more 

efficient systems with enhanced solar absorption 

capabilities. 

Heat Transfer 

Researchers have investigated numerous strategies and 

methodologies to augment heat transfer rates within 

solar still systems, thereby aiming to elevate overall 

efficiency and freshwater production. The following 
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formal considerations offer insights into key approaches 

for augmenting heat transfer in solar stills: 

Innovative Absorber Materials: Employing advanced 

absorber materials with enhanced thermal conductivity 

is a pivotal approach. Materials such as metal oxides, 

graphene, and carbon nanotubes have exhibited superior 

thermal properties, facilitating efficient heat absorption 

and transfer. 

Optimized Design and Configuration: Solar still design 

significantly impacts heat transfer rates. Absorber plate 

geometry, size, and orientation all influence solar 

radiation capture and subsequent heat transfer to the 

working fluid. 

Improved Surface Coatings: Applying selective coatings 

on the absorber surface can enhance solar absorptance 

while minimizing thermal emittance. Optimized 

coatings, such as those with high absorptance and low 

emittance characteristics, contribute to improved heat 

absorption and transfer efficiency. 

Integration of External Reflectors: External reflectors 

strategically positioned around the solar still can redirect 

additional sunlight onto the absorber surface, 

intensifying the heat input. This augmentation of solar 

radiation contributes to increased temperature 

differentials and, consequently, enhanced heat transfer 

rates. 

Advanced Heat Exchanger Systems: Incorporating 

efficient heat exchanger systems, such as fins or 

extended surfaces, amplifies the heat transfer area. The 

increased surface area enhances convective heat transfer 

between the absorber and the working fluid, leading to 

optimized overall heat transfer rates. 

Latent Heat Storage Solar Still (PCMs): Integrating 

PCMs in the solar still system allows for the storage and 

controlled release of latent heat. This phase transition 

process aids in maintaining higher temperatures during 

periods of reduced solar radiation, thereby bolstering 

continuous heat transfer. 

Optimal Working Fluid Selection: Working fluid 

selection significantly influences heat transfer in solar 

still systems. Selections that align with the desired 

temperature range and exhibit favourable 

thermophysical properties contribute to improved 

overall heat transfer efficiency. 

Controlled Condensation Techniques: Efficient 

management of the condensation process is essential. 

Techniques promoting drop-wise condensation, as 

opposed to film-wise condensation, can enhance heat 

transfer rates due to improved contact between the vapor 

and the condenser surface. 

 By integrating these considerations into the 

design and operation of solar still systems, researchers 

can contribute to the advancement of heat transfer 

mechanisms, ultimately leading to improved efficiency 

in freshwater production. 

Heat Retention 

In the pursuit of augmenting the heat retention 

mechanism in solar stills, several strategic approaches 

can be explored to optimize the overall thermal 

performance. The enhancement of heat retention is 

imperative for maximizing the efficiency of the 

desalination process. Below are key strategies that can 

be considered for bolstering the heat retention 

mechanism: 

Insulation Materials Selection: Careful consideration of 

insulation materials is paramount. Opting for high 

thermal resistance materials, such as aerogels or 

polyurethane foams, can minimize heat loss and enhance 

the overall insulation efficiency. 

Multi-Layered Insulation: Implementing multi-layered 

insulation systems can create additional barriers against 

heat dissipation. This approach involves incorporating 

multiple layers of insulating materials with varying 

thermal conductivities, creating a cumulative effect in 

reducing thermal losses. 

Reflective Coatings: Applying reflective coatings to the 

surfaces of the solar still can contribute to improved heat 

retention. Reflective materials, such as metallic films or 

paints with high reflectance, redirect radiative heat back 

into the system, preventing its escape. 

Encapsulation Techniques: Employing encapsulation 

methods, such as vacuum sealing the system or utilizing 

double-glazed covers, can create an enclosed 

environment that minimizes convective heat losses and 

augments the heat retention capacity. 

Phase Change Materials (PCMs): Integration of PCMs 

within the solar still structure can enhance heat retention 

during periods of reduced solar radiation. PCMs absorb 

and release latent heat as they undergo phase transitions, 

providing a reservoir of thermal energy that contributes 

to maintaining elevated temperatures. 

Selective Absorber Surfaces: Utilizing selective 

absorber surfaces with high absorptance and low 

emissivity characteristics can aid in retaining absorbed 

solar energy within the system. This approach minimizes 

radiative heat losses from the absorber surface. 
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Thermal Mass Incorporation: Integrating materials with 

high thermal mass, such as water containers or rocks, 

within the solar still structure can serve as heat sinks 

during periods of low solar availability, gradually 

releasing stored thermal energy to sustain the 

desalination process. 

Adjustable Covering Systems: Implementing adjustable 

covering systems, such as movable insulation panels or 

shutters, enables the modification of the system's 

exposure to external elements, optimizing heat retention 

based on prevailing environmental conditions. 

By judiciously combining these strategies, a 

comprehensive and effective heat retention mechanism 

can be established within the solar still, leading to 

heightened overall efficiency and sustained desalination 

performance. 

4. Advancements in Solar Still Desalination 

Technology 

In contemporary times, solar still desalination has 

witnessed significant advancements. Researchers are 

actively engaged in devising innovative designs to 

enhance efficiency, addressing the global demand for 

freshwater. The subsequent table (Error! Reference 

source not found.) offers a comprehensive overview of 

the recent progressions in solar still desalination 

technology. 

Table 2: Advancements in Solar Still designs 

promoting the yield. 

DESIGN DESCRIPTION 

Solar Still 

with Collector 

Srithar et al. [35] employed a 

parabolic dish collector (PDC) to 

concentrate solar energy on a triple-

basin solar still (TBSS) equipped 

with cover cooling. To enhance 

internal heat transfer, the basins 

incorporated fins containing either 

river sand or charcoal as energy 

storage media. Their findings 

revealed that the PDC-TBSS 

configuration with cover cooling 

achieved the highest distillate 

productivity, reaching 

approximately 16.94 kg/m² per day. 

Parabolic 

Concentrator-

Integrated 

Solar Still 

Arunkumar et al. [36] reported a 

daily freshwater yield of 6.4 L/m² 

from a combined CPC-CTSS-SSSS 

system, demonstrating the potential 

of integrating a compound 

parabolic concentrator-concentric 

tubular solar still (CPC-CTSS) with 

a single slope solar still (SSSS) for 

enhanced productivity. 

Air-assisted 

solar still 

Joy et al. [37] investigated on the 

Solar Still assisted with a hot air 

blower that augment system 

productivity. The findings indicated 

that introducing an air blower into 

solar still’s basin resulted in a daily 

yield of 5 litres per square meter. 

Reflector-

augmented 

solar still 

Khalifa and Ibrahim [38] 

investigated the impact of internal 

and external reflectors on a basin-

type solar still with a 1 m² basin 

area. They reported a maximum 

daily freshwater production of 6.08 

L/m²/day for the still without 

reflectors.  Incorporation of 

external reflectors increased 

productivity to 6.26 L/m²/day, 

while the combination of both 

internal and external reflectors 

achieved the highest yield of 6.70 

L/m²/day. 

Heat Pump-

Assisted Solar 

Still 

Halima et al. [39] theoretically 

investigated the integration of a 

heat pump within a solar still basin 

[39]. Their analysis revealed a 

significant enhancement in 

productivity, achieving a daily yield 

of 13.5 kg/m². 

Solar Still 

designed with 

PV in basin 

Manokar et al. [40] integrated a 

photovoltaic (PV) panel within the 

basin of a solar still for a dual 

purpose: solar radiation absorption 

and electricity generation. Their 

experiments revealed a maximum 

daily yield of 7.3 kg/m² for this 

novel solar still design. 

Advanced 

Absorber 

Designed 

Solar Still 

Hansen and Murugavel [41] 

evaluated the performance of a 

stepped solar still with three 

different absorber plate designs: 

flat, grooved, and fin-type. Their 

experiments revealed that the fin-

type absorber configuration 

achieved the highest daily distillate 

output of 5210 ml/m². 
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Solar Still 

integrated 

with different 

absorber 

materials 

Pal et al. [42] compared the 

performance of black cotton and 

jute wicks in a Double Slope Solar 

Still (DSSS) for freshwater 

production. Their experiments 

revealed that a black cotton wick 

achieved a superior daily yield of 

9012 ml/m², exceeding the yield of 

7040 ml/m² obtained with a jute 

wick, both at a water depth of 2 cm. 

Encapsulated 

Phase Change 

Material 

Concentric 

Tube Solar 

Still 

Arunkumar et al. [43] 

experimentally evaluated a 

Compound Parabolic Concentrator 

(CPC)-assisted Concentric Circular 

Tubular Solar Still (CCTSS) with 

and without phase change material 

(PCM). The CPC-CCTSS achieved 

a daily productivity of 5.779 L/m², 

while the configuration without 

PCM yielded 5.330 L/m²/day. 

Weir Type 

Solar Still 

comprising 

Phase 

Changing 

Material 

Dashtban and Tabrizi [44] reported 

a significant enhancement in 

productivity for a weir-type cascade 

stepped solar still integrated with a 

Paraffin Wax (PW) energy storage 

medium. The inclusion of PW 

increased daily freshwater 

production from 5.1 kg/m² to 6.7 

kg/m², representing a 31% 

improvement. Similarly, thermal 

efficiency rose from 47% to 64% 

with the incorporation of PW. 

Solar Still 

with fins 

Srivastava and Agraval [45] 

reported enhancement in 

productivity using a single-basin 

solar still with porous fin absorbers 

(7.5 kg/m²/day) compared to a 

conventional design (6.5 

kg/m²/day). 

Solar Still 

with Sponges 

as absorbers 

Ensafisoroor et al. [46] reported a 

daily productivity of 5.37 L/m² for 

a stepped solar still (SSSS) 

incorporating sponge cubes within 

the basin compared to 4.8 L/m² for 

the SSSS alone. This finding 

suggests that sponge cubes enhance 

evaporation heat transfer within the 

solar still. 

Solar Still 

with marbles, 

pebbles, black 

stones as 

Absorbers 

Shanmugan et al. [47] investigated 

the impact of various basin liner 

materials on solar still performance. 

Their experiments employed white 

marbles, pebbles, black stones, 

calcium stones, and iron scraps 

placed individually within the 

basin. Notably, calcium stones 

yielded the highest distillate 

production, reaching 5.78 

kg/m²/day. 

Inclined Still 

coupled with 

Pyramid Solar 

Still 

Kumar et al. [48] theoretically 

investigated a combined pyramid 

and inclined solar still with baffles, 

demonstrating that baffles in the 

inclined section increased the heat 

transfer area and consequently 

enhanced freshwater production. 

Their analysis considered eight 

basin water masses ranging from 20 

to 100 kg, with the highest 

productivity of 7.05 L/m² achieved 

at a water mass of 20 kg. 

 

5. Discussion 

This article provided a nuanced exploration of active and 

passive solar stills, elucidating their advantages and 

considerations. This study has recognized and examined 

the pivotal elements affecting the efficiency of solar 

stills, offering recommendations based on evidence for 

the most advantageous design options and material 

choices. This research prioritizes developing practical 

and affordable solar still technologies that are accessible 

and sustainable solutions for water-scarce, underserved 

communities. The emphasis on these crucial aspects 

guarantees that the technology developed is not only 

efficient but also easily applicable and adaptable to the 

distinct requirements of these communities. In summary, 

this research conducted an in-depth examination of the 

multitude of factors prompting the efficiency of solar 

stills, exploring diverse designs, and scrutinizing the 

behaviour of crucial components. Novel materials were 

investigated to enhance productivity. Additionally, the 

study included a concise literature survey encompassing 

various designs of solar still. 

6. Recommendations and Future Scope 

To improve solar still productivity and efficiency, 

researchers have explored a wide range of modifications, 

with extensive studies dedicated to each approach. 

http://www.jchr.org/
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Despite these advancements, there remains ample room 

for innovative exploration to develop a compact, 

affordable, and efficient solar still suitable for domestic 

installation, catering to the needs of nuclear families. 

The following recommendations provide valuable 

insights for further studies, rectifications, and 

modifications of solar stills: 

• While high productivity in solar desalination often 

demands extensive absorber area, integrating 

desalination units with waste heat sources, like 

engine exhaust or industrial processes, could 

optimize land use and potentially enhance 

efficiency. 

• The incorporation of unique materials capable of 

enhancing solar insolation interception, possibly 

through the utilization of nanoparticle materials, 

holds the potential to significantly improve 

productivity and efficiency. 

• The combination of external and internal reflectors, 

optimized for view factors, presents a promising 

strategy to increase productivity without 

necessitating larger still designs. 

• Efficient utilization of latent heat released during 

condensation can further accelerate the 

desalination process. 

• PCMs hold promise for enhancing desalination 

output during darkness and winter months. Their 

effectiveness hinges on the selection of materials 

with high latent heat storage capacity, potentially 

in combination with porous membrane technology. 

• Continuous exploration and conceptualization of 

absorber area designs, along with trials involving 

different fabricating materials, can unveil more 

efficient solar still configurations. 

• The selection of condenser materials and designs 

should prioritize encouraging drop-wise 

condensation over film-wise condensation to 

facilitate a better heat transfer rate. 

These recommendations provide a foundation for 

ongoing research, offering avenues for further 

exploration and refinement in the quest for more 

effective and practical solar desalination solutions. 
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