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ABSTRACT 

 

 

In the present research, work modification was done in solar still to enhance the distillate 

output. To check the performance of solar still, the initial experiments were done with 

different insulation thicknesses having 3cm, 6cm, and 10cm. Also, fins, evacuated tubes, 

energy storage materials, and a novel designed zig-zag shape air-cooled were attached 

with solar still to investigate its performance and compared with conventional solar still 

(CSS). The experimental work was done in the climatic condition of Gandhinagar 

(23.2156° N, 72.6369° E), Gujarat, India, from October 2018 to May 2021 at 

Gandhinagar. During experimental work, the different parameters like ambient 

temperature (Ta), basin water temperature (Tw), inner glass cover temperature (Tgi), solar 

intensity (I), and distillate output were measured for conventional solar still (CSS) and 

modified solar still (MSS). It was found that solar still having insulation thickness up to 

6cm, increases the distillate productivity by 80% and asymptotically afterward. The 

experimental study noted that attachments of fins with solar still give 24.19% of higher 

distillate output than a conventional one. There is not much variation in distillate output 

was found between solar still with vertical and inclined fins. In a solar still to achieve the 

higher distillate output, it is necessary to maintain the difference of temperature between 

basin water and inner glass cover. Six evacuated tubes and a novel zig-zag shape air-

cooled condenser were attached with MSS. The performance was compared with CSS. 

Experimental results show that evacuated tubes preheat the water inside the basin of solar 

still and increase its evaporative heat capacity; the excess vapor generated inside the solar 

still was moved towards the condenser where it condenses. 

 

The achieved maximum values of water temperature (Tw) and inner glass cover 

temperature (Tgi) for MSS and CSS 69.21°C & 63.75°C and 54.93°C & 54.37°C, 

respectively. The energy storage materials like a black glass ball, black gravel, and white 

stoned were added with MSS to increase its nocturnal productivity. The distillate output 

obtained for MSS and CSS were 3.920 l/m
2
 and 2.2260 l/m

2
. The MSS gives 73.45% 

higher efficiency than CSS. The energy and exergy efficiency obtained for CSS and MSS 



xi 
 

were 25.08% & 43.29% and 4.99% & 12.55% respectively. In the view of environmental 

assessment, the MSS showed the best CO2 mitigation of 0.40 t/year based on the exergy 

approach. The MSS with energy storage materials is effective from an exergo-economic 

and carbon credit point of view. 
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CHAPTER 1 

Introduction 

 

1.1 Introduction 

This chapter aims to discuss the importance of water, its global demand, and its various 

applications. This chapter focuses on available freshwater sources and the global water 

crisis. The enormous worldwide demand for drinking water, limited sources of freshwater, 

and need for Desalination motivate this research work. This chapter also comprises the need 

for desalination and its different techniques. It also shows the process of the earth's 

hydrological cycle and a brief description of the solar still. At last, we present the objectives 

of our research work and the organization of the thesis.  

 

1.2 Importance of water 

To survive life, water is an essential factor, and it is connected with our various daily 

activities. Life without water is not possible. Water is of particular importance to every 

living thing in the world. It has a different role in our body, as shown in figure 1.1, and 

covers 60% of the human body. It is an essential nutrient and behaves a vital role in the 

human body [1]. Our body can survive many days without food, but it can't function without 

water for a few days. Water maintains our body's temperature and works as a lubricant for 

joints and muscles. Even If our body loses 2-3% of water content, that causes the problem of 

dehydration. According to WHO guidelines, every person should drink 4-5 liters of water 

daily. 
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FIGURE 1.1 Schematic of the importance of water in the human body [1] 

Further, it is not used only for drinking but for different daily activities like bathing, 

cooking, cleaning, washing, and many more. Around 9-10 liters of water was used for daily 

activities [2]. Water could be used in different sectors like agriculture, domestic and 

industrial. India is an agricultural country, so a significant portion of the water is used for 

agriculture. 70% of water can be used in agriculture, 22% in industries, and 8% for 

household applications from the available water supply. According to the (U.N. 2020) report 

on world global water demand, 4600 cubic meters of water are utilized annually for human 

uses. 

Additionally, water can be used in the industrial sector for every step of processes and 

production of products we can use for our routine purpose. Therefore we see not only for a 

human purpose, but also animals, plants, and many other applications of agriculture, 

industrial, domestic, etc., require water.  

 

1.3 Water- Its demand and global crisis 

1.3.1 World water demand 

Today 1 billion people in the world have no access to safe drinking water, which will 

increase by 1.8 billion by the end of 2025 [2]. America has 16% of the global population and 
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has the highest available freshwater sources, 45% [3]. In Africa, the community is the same 

as America, but the available freshwater sources are only 10% which is the lowest compared 

to all countries in the world [4]. India has 17% of the world's population, and the majority of 

people live in village areas and depend on agricultural business [5]. Compared to the 

community of India, the available sources of freshwater are very limited. By the end of 

2030, 40% of the Indian population will not have safe drinking water. The world water 

demand up to 2030 is shown in figure 1.2. It shows that the demand for water in the world 

from 1980 to 2030 will double [5]. Due to the water crisis, 6% of India’s GDP will be lost 

by 2030 [6]. Many countries in the world suffer from freshwater. Some of the top countries 

are very poor in freshwater sources like Bahrain, Jordan, Kuwait, Libyan Arab Jamahiriya, 

Maldives, Malta, Qatar, Saudi Arabia, United Arab Emirates, and Yemen. The water 

demand has increased by 600% in the last 100 years [7]. The annual increment demand rate 

of water is 1.8%. Presently, the total demand for water for all uses is 4600 km
3
 per year. It 

will also reach up to 2050 it will increase 20 to 30 % up to 5500 to 6000 km
3
 per year. The 

demand for the industrial and domestic sectors will grow faster than agricultural, but the 

farm demand will remain larger. The world's population up to 2050 will be 9.4 to 10.2 

billion people, which is around a 32% increment in population. A higher increase in 

population shows the adamant demand for water in the future [8]. 

 

FIGURE 1.2 Projected world water demand [8] 
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1.3.2 Global crisis of water 

The available freshwater source is around 2.5- 3% on the earth. The majority of it was found 

in glaciers and groundwater. Only 0.9% is accessible through rivers and lakes to humans and 

animals [9]. Figure 1.3 shows the graphical distribution of water on the earth. The 

distribution of available pure water sources in the world is very uneven. In South Africa, 

there is only 450mm of rainfall annually, which is a very scare compared to its global 

population. The available water resources can fulfil the requirement of 80 million people 

only, where its total population is around 1.3 billion [10]. Also, many South African 

countries like Ethiopia, Congo, and Papua New Guinea have higher pure water sources, but 

it is costly due to economic problems. A country like Brazil and the U.S. has a higher 

available freshwater supply than its population. In Brazil, every citizen consumes 190 l of 

water in a day. In contrast, in the U.S., every person uses water three times compared to 

Brazil is 550 l/day, also in China, the available supply of freshwater is 1/3
rd

 of Brazil, where 

people use water 90 l/day [11]  

 

FIGURE 1.3 Water distributions on the earth [9] 

 

The available surface water sources in India are excellent. But due to the higher population 

and geographical area, it suffers from the scarcity of the water problem. The total population 
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in India is 138 crore which is 17% of the world population, where the available freshwater 

supply is only 4% [2]. Due to rain and snowfall in India, the available water is around 4000 

billion cubic meters (BCM). The available water from the surface and groundwater source is 

1869 cubic km water can be estimated. India is blessed with a variety of climate changes. 

Due to monsoon in three months, the valuable quantity of surface water from rain is only 

690 BCM [4]. After that, the freshwater crisis is already in different country regions due to 

the higher population.  

In India, most rain falls in the monsoon season from June to September in different country 

regions. The Indian atmosphere is strongly affected by the Himalayas and the Thar Desert. A 

cold wind coming from central Asian Kantabatic towards India is prevented by the 

Himalayas and the Hindu Kush mountain in Pakistan, which keeps the significant areas of 

the country warmer. Also, the Thar Desert attracts moisture-laden south-west summer 

monsoon winds, which affect the majority of rain in India. But in some regions of the 

county, due to north-east monsoon rainfall between October to November. India is fortunate 

with many rivers, which became a lifeline for cities, towns, and villages. Twelve major 

rivers of India have a total catchment area of more than 20000 sq. kms for each river. The 

Indus, Ganga, Brahmaputra, Meghana is the longest river, having the highest catchment area 

[4]. These rivers come from the Himalayas and flow water throughout the year. The 

Himalayas is also known as "The Roof of the World," the highest glaciers on the earth. 

Asia's Ten largest rivers originate from there, which give life to billions of people. 

Environmental change significantly impacts water resources because the earth's horological 

cycle and atmosphere are intimately connected. The increasing pollution and temperature 

have a higher effect on rainfall and melting of glaciers, which result in a higher flood in 

monsoon season, and sometimes the season goes very dry. Urbanization and higher cutting 

of trees play an essential role in water scarcity. By increasing industrialization globally, the 

people are attracted towards the city areas, which leads to deforestation. It is estimated that 

around 2050, 2/3
rd

 of the world population will live in the city area [6].   

In the world majority of developing countries the available water in the rivers, lakes are 

polluted. The government is not taking a serious step to reduce pollution in the water. The 

reasons behind polluting the water are industrial waste, sewage, wastewater, oil pollution, 
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dumping, etc. Due to these many reasons, people cannot get sufficient fresh water for 

drinking in many world regions. The groundwater sources are 30% of the available supply. 

Still, it is not directly usable for drinking purposes because, in that water, there are many 

high levels of arsenic and nitrate ions, which cause many health problems [12].  

According to the report of WHO 2019, clean and healthy water is an essential requirement 

for humans because it is impossible to live without water. So to fulfil the requirement of 

pure water in the world, it is necessary to convert the available salty water on the earth to 

pure water. Desalination does the easiest and most economical way to solve the problem of 

saline water turning into clean water.   

 

1.4 Need of desalination 

Water is the priority for man, animals, plants, trees to live on the earth. The ocean covers a 

significant portion of water on the earth, but it is not directly used for drinking due to its 

high salinity level. In section 1.3, we discussed the demand and global crisis of water. Only 

3% of freshwater sources are available; a significant portion is a groundwater. The 

remaining is in the lakes and rivers as surface water [8]. Also, the underground is not 

directly usable because many harmful minerals are present there. Due to increasing 

population, industrial pollution, and globalization are the main factors that affect the scarcity 

of fresh water in the world. Seven million die yearly due to a water-related problem globally, 

and 80% of sickness in the human body occurs due to unsafe water. Many diseases like 

diarrhea, tracheotomy, intestinal worms, hepatitis, etc., occur due to contaminated water. So, 

seawater is the best alternate option to resolve this water scarcity problem and fulfil the 

world's clean water demand. In seawater, the salinity is around 1000 ppm to 3000 ppm, 

which is not reliable for drinking; additionally, an average 500 ppm salinity level is required 

for drinking water, which is called good quality water for drinking purposes [10]. The best 

method to reduce the salinity and to remove the impurities from the salty /brackish water is 

known as Desalination. By the Desalination technique, only salt and contamination can be 

removed. Today's Desalination has become a very sustainable solution in the world to 

prevent the problem of water scarcity. It is an excellent technique to convert impure water 
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into pure form; also, worldwide, due to this technique, the issue of water shortage can be 

overcome.  

 

1.5 Steps to resolve the problem of a water crisis  

Freshwater scarcity is a massive problem globally; the available freshwater sources are 

minimal and cannot fulfil the demand of people. So, to overcome the problem of water 

scarcity in the world, the following steps/ methodologies are suggested:  

i. Invent new water conservation technologies in those areas where groundwater is 

drying up, and rainfall is uncertain.  

ii. To improve the latest technologies for recycling wastewater.  

iii. An extensive water network system fulfils the demand for urban and rural areas for 

drinking and agriculture.  

iv. Strict policy to prevent the water from being polluted due to industrial waste, 

sewage, wastewater, garbage, etc., and a program for awareness of water 

conservation.  

v. To build rain harvesting and water catchment areas. 

vi. To improve the dual water supply technology, pure water from a desalination plant 

can be used for drinking, while the rest water can be used for other than household 

purposes.  

vii. To develop energy-efficient desalination plants which convert the brackish or salty 

water into pure water.  

 

1.6 Desalination- History and its different techniques  

 

1.6.1 History of desalination 

Desalination is the technique by which excess salts and impurities can be removed from the 

seawater. It reduces the salinity of water below 500 ppm, which the World Health 

Organization suggests for drinking purposes. The salinity level of seawater is around 35000 

ppm, while most water available on earth possesses salinity up to 19000 ppm. Excess salt in 
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the water may create many problems in the human body, such as high blood pressure and 

affecting the kidneys, heart, and brain. So to maintain the salinity level in the water, 

desalination is required and removes the problem of water scarcity. For many reasons of the 

world due to the water crisis, people have adopted the alternate option of recycling water, 

water imports, and Desalination to remove the problem of water scarcity [13]. 

 

Desalination has been used for centuries, but it has gained much importance over the last 

few years. Between 300 BC to 200 AD, the reference of desalination usage was found. In 

320 BC, Alexander boiled the seawater and used a sponge built from a vessel to absorb the 

vapour to collect the pure drinking water. In the 15
th

 century, during the journey of Brazil, 

water was desalinated by Jean de Lery, also in 1627, Sir Francis Bacon got desalinated water 

by filtering the sand [14]. Developments in steam generation during the mid-17
th

 century 

give a huge permit to use evaporation and condensation of Desalination, which becomes the 

most common method to purify the water up to the 19
th

 century. In 1952 U.S. congress 

passed "The Saline Water Act" to give straight support to Desalination. In 1961 the first 

desalination plant was built in Freeport, Texas, in the United States, with a capacity of 1 

million gallons per day [12]. Around 1965 in Canada, the patent of membrane technology 

for Desalination was found, which gave vast expansion to the industry for Desalination of 

water. Around 2013, more than 17000 desalination plants were built in over 150 countries of 

the world with a capacity of 80 × 10
6 

/day, which provides water to 300 million people. Now 

in the world, Saudi Arabia has the world's largest desalination plant in a capacity of 1036000 

m
3
/day. Also, the countries like Kuwait and Qatar fulfil their 100% demand for clean water 

using desalination techniques [14]. Day by day, innovation increases the daily capacity of 

these desalination plants; hence in 2015, the distillate productivity reached around 97×10
6 

/day [17]. With the increasing population and problem of water scarcity worldwide, it is 

expected to increase the capacity of desalination plants up to 192×10
6 

/day by 2050 [11]. 

 

1.6.2 Desalination technologies 

Desalination is a globally accepted best method to remove the salts from water to generate 

process water, ultra-pure or potable water sequentially. There are many different methods of 

Desalination, but basically, it is divided into two categories: thermal processes and 
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membrane processes [15]. To produce freshwater using both these techniques requires 

energy/power to operate. Both thermal and membrane technology are subcategorized in 

different categories, shown in Table 1.1.  

 
TABLE 1.1 Different techniques of desalination [19] 

Thermal Processes Membrane Processes 

Multi-stage flash (MSF) Ultra Filtration 

Multiple effect distillation (MED) Electrodialysis (E.D.)  

Vapour compression (V.C.)  

Reverse osmosis (R.O.)  Freezing 

Solar Distillation 

 

1.6.2.1 Thermal processes 

The thermal process uses different thermal energy sources like fossil fuel, nuclear energy, 

renewable energy sources, wind energy, etc., used for desalination. This technology is used 

in those areas where the salinity level of water is very high, and the cost of energy is very 

low [16]. 

  

i. Multi-stage flash desalination (MSF) 

This method is generally used to desalinate the seawater in a power plant. In this method, 

saltwater is heated between 90℃ to 120℃ in the brine heater. In the MSF process, the water 

is pumped to each low-pressure chamber of the plant, where it is evaporated and produces a 

water vapour at the entering temperature of each chamber. The water vapour passes through 

each chamber stage with low pressure and condenses outside with a heat exchanger attached, 

which gives distilled water.  
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ii. Multiple effect distillation (MED) 

This process has become more famous since the late 1950s and early 1960s [17]. The MED 

process continues with different elements or stages called effect and works on evaporation 

and condensation at lower atmospheric temperatures. In this process, a number of 

evaporators are connected, which produce water at lower pressure. Water heat in the 

evaporator at lower temperature and pressure decreases, which pass to the next effect. Here 

the water vapour of the first vessel (effect) becomes a heating medium for the second vessel; 

this process is done continuously so on. Due to a higher number of effects, better 

performance could be achieved. MED units can be classified according to the tubing of the 

heat exchanger as horizontal, vertical, or vertical stacked tube bundles [17]. 

 

iii. Vapour compression (VC) 

This process of water desalination is used in small and lower capacity units. Generally, the 

distillate water can be achieved 20-2000 m
3
/day in this process. So this process is used in 

resorts of tourist places, industries, and excavation sites [18]. 

In this process, the heat requirement is produced by compressing the vapour, which is called 

a vapour compression process. A compressor driven by an electric motor creates a vacuum 

inside the evaporation chamber, which evaporates the water at the required feed water 

temperature. The vapour generated is compressed until it reaches the required temperature 

and evaporates the second portion of the water supply. This generated high-pressure vapour 

is pumped to the other side of a shell containing saltwater. It condenses on the outer side; it 

gives heat to salty water inside a tube that produces an additional quantity of water vapour 

compressed again. The cycle is repeated so on to produce distillate water.  

 

iv. Freezing 

This process is possible only when the temperature of saline water is lower than its freezing 

point. Hence excess heat can be removed. Freezing is considered a distillation process for a 

long duration, yet it is not used in any practical ways [19]. The reason behind this is that the 

minimum energy requirements for freezing are lower than for evaporation; at 100 °C, the 

latent heat of fusion of water is 6.01 kJ/mole while its latent heat of vaporization is 40.66 
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kJ/mole [19]. Phase changing of a liquid to solid is done in this process. Producing 

freshwater using this technique requires separating the ice crystal from brine, cleaning the 

ice crystal by removing sticky salt on its surfaces, and melting ice. It is categorized into two 

parts: direct freezing and indirect freezing. In the direct freezing process, saline water is in 

direct contact with refrigerant, and indirect process, direct heat exchange between saline 

water and refrigerant is not possible [20]. 

 

1.6.2.2 Membrane processes 

In a membrane or single-phase process, electricity is required to operate the pump and ionize 

salt integrated with water. An excellent micron hole membrane is used in this process, which 

allows water to pass on it and purify/desalinate. Due to its flexibility, low specific energy 

consumption, and lower environmental effect [21]. 

 

i. Ultra filtration 

This is the best technique to purify the hard water for final purification before the Reverse 

osmosis (RO) process. It removes the biological, organic, and particulate contaminants from 

water before entering R.O. Due to its fine pore structure; the system gives good quality 

water than the existing conventional technique. This technology is widely used in Gulf 

countries due to its tough atmosphere; they designed the U.F. system with a capacity of 

40000 m
3
/day [2]. 

 

ii. Electrodialysis (E.D.)  

In the Electrodialysis process with voltage, a higher force is applied to extract the salt 

contents from water, which pass through the ion-exchange membrane and give the 

freshwater. In this configuration, two poles are used, one positive and another negative pole. 

By applying the voltage force, contaminated water is passed between these poles. Due to ion 

exchange, negative and positive pole ions are exchanged with positive and negative pole 

ions. When water is passed outside these poles during this chemical process, the salt 

contaminants are removed, and pure distilled water can be achieved. Commercially this 

technique was used in the 1960s before ten years of the R.O. system [21]. 
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iii. Reverse osmosis (R.O.)  

Reverse osmosis is the leading technology in the distillation process worldwide which has 

61% of the global share, while MSF and MED have 26% & 8%, respectively [21]. R.O. 

process is a membrane filtration method in which by applying higher pressure water move 

around semi-permeable membrane from lowers to higher matter concentration. With the 

help of a pump, higher pressure is applied to seawater to pass through the membrane to 

produce desalinated water. The membrane is made from a unique polymer material that 

moves the water particle and prevents the salt particle.  

  

1.7 Earth hydrological cycle  

In the earth's hydrological cycle, water is essential for rainfall. Naturally, with the help of 

solar energy, salty water is converted into freshwater by heating from different sources of 

water like oceans, rivers, lakes, etc. [22]. Fig. 1.4 shows the schematic diagram of the earth's 

hydrological cycle. In these various sources, water is used repeatedly through the water 

cycle. Water is heated due to solar heating from the earth's surface and turns into vapour, 

which is not visible and disappears into the air; this process is called evaporation. This water 

vapour moved into the atmosphere due to wind and reached a higher altitude where it could 

not remain as a vapour for a long time and converted into tiny droplets and falls in the form 

of rain on the earth. This process is also known as condensation. Solar still works on the 

same principle of evaporation and condensation as of earth's hydrological cycle.  

 

FIGURE.1.4 Earth’s Hydrological cycle [22] 
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1.8 Solar still- Brief description 

Solar still is a simple device to distillate the saline or brackish water into potable water. It 

works on the principle of physics evaporation and condensation. Solar still can be classified 

as active solar still and passive solar still and Passive [23]. In Active solar still, sunlight, 

electricity, and some other moving parts are required to operate it. Although, in Passive still, 

no extra energy or moving parts is required to operate. Passive solar still is a strictly 

renewable device, which does not require any non-renewable energy to work. Also, it is a 

pollution-free device used in remote areas where the supply of water is not possible.  

Figure 1.5 shows the schematic diagram of a simple solar still. In a solar still, the bottom 

surface is a basin area where impure or saline water is poured into, absorbing more solar 

radiation painted with black paint. The top surface is covered with a transparent glass cover 

to transmit solar radiation. When the solar radiation is passed through the glass cover, it is 

absorbed by the absorber surface and heats the water inside the basin. When the heat is 

transferred, water inside basin is evaporated and moved towards the glass cover due to the 

temperature difference between water and inner surface of the glass cover. Vapour generated 

inside the solar is still fixed on the glass cover's inner surface and condensed due to its cool 

surface. This condensed water is slide down due to slanting of the glass cover and collected 

into a distillate trough. In this way, the distillate water is collected from impure water with 

the help of solar still. In a solar still, insulating materials are used in the bottom and side 

surfaces to reduce the bottom and side losses. Top losses are there, but they cannot be 

minimized [24].   

 

FIGURE 1.5 Schematic of simple solar still [24] 
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1.9 The motivation for research work  

 

After considering the following significant points, it is necessary to do this research work to 

reduce the water shortage problem.  

 

i. A significant portion of the earth is covered with saline water; only 3% of freshwater 

sources are available in groundwater, surface water, glaciers, etc. Due to increasing 

pollution, globalization, and many factors, people cannot depend on it for a long 

time.  

ii. Averagely 4-5 litre of daily water is required for a person only for drinking purposes. 

In the world, 1 billion people do not get pure drinking water; this figure will reach 

1.8 billion up to the end of 2050. Due to contaminated water, many diseases occur in 

the human body. Yearly 7 million people worldwide die, and 80% of the problem in 

the human body is generated due to impure water (WHO 2011).  

iii. Gulf countries, which are very reached in oil sources, can overcome the water 

shortage by exchanging oil.  

iv. To overcome the shortage of freshwater, it is necessary to desalinate the saline water 

of the oceans using desalination technology. Desalination with solar still is a simple, 

feasible, and low-cost technique. Also, its operation and maintenance are very easy 

to compare to other methods.  

v. Today the world is moving on the renewable side because the non-renewable sources 

are decreasing daily. Also, non-renewable sources create pollution and are not 

helpful in remote areas where the problem of electricity and transportation.  

vi. A solar still is a non-polluting device that works with the help of solar energy only, 

and it does not require any extra energy to operate. It can be helpful in areas where 

there is a shortage of electricity.  

vii. Gujarat has a good advantage of solar intensity. In the Gandhinagar region Gujarat, 

the annual average solar intensity is 5.75 kWh/m
2
/day, which becomes 7.57 

kWh/m
2
/day in May month of summer where the temperature becomes very high [5]. 
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1.10 Objectives of research work 

The objectives of the present research work are: 

i. Determine the optimum thickness of basin insulation to reduce heat loss from the 

bottom of the solar still. 

ii. Design and fabricate the three solar stills with different attachments of fins and test 

them to determine the best configuration. 

iii. Design air-cooled condenser and attached with the best modification compared with 

conventional solar still. 

iv. Integrate different energy storage materials, evacuated tubes, fins, and zig-zag shape 

air-cooled condenser with solar still and compare its performance with conventional 

solar still. 

v. To carry out life cycle cost analysis. 

 

1.11 Organization of thesis 

This thesis is divided into six chapters and supporting appendices.  

i. In chapter 1, the discussion is made on the importance and demand of freshwater in the 

world, the global water crisis, and need of desalination. It also comprises the history of 

desalination and different techniques of desalination. Brief descriptions of a solar still, 

motivation of research work, and research objectives are also discussed. 

ii. Chapter 2 shows literature review on various researchers work to enhance the distillate 

output of solar still with glass cover, different insulation thickness, absorbing materials, 

attachment of fins, integration of evacuated tubes and condenser, etc. 

iii. In chapter 3, the methodology of research work, experimental data extraction method 

and its organization chart is shown. 

iv. Chapter 4 shows the experimental setup & work done during the entire research period 

with different insulation thickness, attachment of fins, evacuated tubes, zig-zag shape 

air-cooled condenser, and energy storage materials with solar still.  

v. In chapter 5, a discussion is made on results of experimental work of solar still with 

insulation thickness, fins, evacuated tubes, and condenser. In that, experimental results 

were compared with conventional solar still. It also compares the obtained result with 
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previous researcher’s work and shows the benefits and performance of solar still with 

life cycle cost analysis of the system.  

vi. In chapter 6, the conclusion of overall research work, optimum experimental results for 

distillate output and future scope of work is discussed. 

 

 

1.12 Summary 

Water is basic requirement for all living beings on the earth. Life is not possible without 

water. On the earth the available sources of freshwater are very limited. Due to unsafe or 

impure water many diseases occurs on human body. In many areas of the world peoples 

suffer due to impure water. The sources of the freshwater are not equally distributed. The 

method to convert the salty water into pure water is known as desalination. Solar still is 

device which converts the salty water into pure water with the help of solar energy. Solar 

still is simple, low cost and non-polluting device to get the distilled water. It is also useful in 

remote areas, where the problem of electricity occurs. The total daily distillate output of 

solar still remains lower. So it is necessary to enhance the distillate output of solar still by 

different modifications on solar still.  
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CHAPTER 2 

Literature Review 

 

 
 

2.1 Introduction 

In a conventional solar still, the distillate output remains very low, so to enhance the 

distillate output of solar still many researchers have used different techniques like; changes 

in the design of solar still, used flat plate collector, attached evacuated tubes, fins, energy 

storage materials, etc. within solar still. This chapter aims to discover research gaps from the 

past and present use of glass cover, insulation thickness, evacuated tubes, fins, absorbing 

materials, and condenser within solar still by different researchers. 

 

2.2 Researchers work on glass cover with solar still 

In a solar still, the top surface is covered using a glass cover. Glass cover allows the solar 

radiation to pass through it, absorbed by the basin surface. The basin water evaporates, and 

vapour moves towards the glass cover condense. The distillate productivity of solar still is 

affected by a temperature difference between evaporation and condensation. Sometimes, 

heat is lost to the atmosphere from the glass surfaces due to high-temperature differences, 

decreasing solar still productivity. So to enhance the distillate productivity, this difference of 

temperature can be enhanced by using different techniques like high fans, condensers, 

absorbing materials, reflectors, cooling of the glass cover. In this section, a discussion is 

made on other techniques used by researchers to cool the glass cover in solar still: 
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Janarthanan et al. [25] theoretically and experimentally found that water flowing on the 

glass cover decreases the glass cover's temperature of a solar still, as shown in the result of 

fig.2.1. Also, it reduces the loss of heat, which gives better performance in solar still 

distillate productivity. Also, they found the optimum speed of water flowing on glass cover 

as 1.5 m/s.  

 

FIGURE.2.1 Hourly variations in temperature of glass cover [25] 

 

Hiroshi Tanaka [26] theoretically optimized the effect of internal, external reflectors, and 

glass cover inclination on the performance of solar still, as shown in fig.2. He optimized the 

inclination of glass cover 10° in summer and 50° in remaining seasons. They observed that 

by integrating internal and external reflectors with solar still and 50° of glass, cover 

inclination gives 67% of higher distillate productivity could be achieved. 

 

FIGURE 2.2 Schematic diagrams of experimental setup [26]  
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El-Sebaii [27] studied the performance of solar still with different parameters like wind 

speed, a mass of water, and the temperature of glass cover. The author found that higher 

distillate output could be achieved when the temperature of the inner and outer glass cover 

was equal to the critical depth of water. Also, wind speed has a higher impact on the 

performance of solar still.  

 

El-Samadony and Kabeel [28] theoretically studied the effect of different glass cover 

parameters on the performance of stepped solar still. They found that glass cover with film 

cooling increases the productivity of solar still by 8.2% (Fig.2.3). Also, it was found that 

lower film cooling thickness and higher volumetric flow rate increase the performance of 

solar still. They also found that the wind speed has a negligible effect on the performance of 

solar still with film cooling. 

 

 

FIGURE.2.3 Hourly variations in the productivity of solar still [28] 

 

Alvarado et al. [29] numerically studied the effect of heat and mass transfer on the glass 

cover of solar still. They studied the impact by considering the tilt angle and aspect ratio. It 

was found that with minimum aspect ratio and higher tilt angle, heat and mass transfer rate 

was increased up to 41%. 

Morad et al. [30] had checked the performance of double slope solar still integrated with flat 

plate collector and glass cover cooling. In this experiment glass cover shape is triangular, 
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which cooled by sprinkling the water on the glass cover surface with a 5min on/off period. 

From experimental results (fig.2.4),  it was found that double slope solar still with 3mm 

glass cover thickness at 1cm depth of water gives the higher distillate productivity in a day. 

 

 

FIGURE 2.4 Experimental result of solar still with flash cooling for different thicknesses at 1cm brine 

depth [30] 

 

El-Samadony et al. [31] found the effect of glass cover inclination and shape factor on the 

performance of stepped solar still theoretically. It has been theoretically found that 

increasing the inclination angle beyond 35° still gives higher productivity. It was due to the 

decrease in radiation shape factor between saline water and glass cover. 

 

Sharshir et al. [32] used nanofluids and glass cover cooling methods to improve the 

performance of solar still. In this experimental work, the glass cover was cooled by the water 

filming method with the help of a water tank. Also, they found that water with a flow rate of 

4kg/h gave the maximum efficiency. By cooling a glass cover, its temperature can be lower 

up to 19℃ as compared to conventional still. As shown in fig.2.5, the experimental result 

shows that applying glass cover cooling enhances the distillate productivity of solar still 

compared with conventional solar still. It automatically cleans the dust particles from the 

glass surface, which increases the efficiency of still. 
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FIGURE 2.5 Hourly productivity between conventional still with and without cooling [32] 

 

Omara et al. [33] reviewed a different technique to cool the glass cover of solar still. They 

found that the temperature difference between condensing and evaporating areas could be 

maintained by water sprinkling and fans and by increasing the condensing area inside the 

basins. It was found that cooling the glass with different techniques reduces its temperature, 

which increases its efficiency by 20%.  

 

Kabeel and Abdelgaied [34] constructed and tested a modified pyramid with cooling of glass 

cover and graphite to enhance the productivity and increase the condensation rate of vapour 

generated inside the basin. To cool the glass cover, they have used a water film cooling 

method on the glass surface with a water flow rate of 3.5 l/min. From the experimental result 

shown in fig. 2.6, it was found that the glass cover cooling technique in modified solar still 

gives higher distillate output than conventional solar still. 
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FIGURE 2.6 Hourly variation of distillate productivity [34] 

 

Abu-Arabi et al. [35] used a cooling water system operated by photovoltaic panels to 

maintain the temperature of the glass cover, as shown in fig.2.7. This system was used to 

achieve higher evaporation and condensation flow rate. It was found that cooling the glass 

cover could achieve 3 to 3.5% higher efficiency. Also, with a mass flow rate of 0.0001 to 0.1 

kg/s better performance in distillate productivity could be obtained. 

 

FIGURE 2.7 Schematic diagram of solar still with cooling system [35] 
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P.N. Nirmala [36] made a comparative study on a flat plate solar water heater with a single 

and double glass cover with different water mass flow rates. In the experimental result 

(fig.2.8), it was found that the double glass cover collector gave higher thermal efficiency 

than the single glass cover due to higher heat gain by water. Also, the water temperature was 

found higher for a double glass cover flat plate solar water heater. 

 

 

FIGURE 2.8 Hourly variations in thermal efficiency of solar still [36]  

 

Nayshevsky et al. [37] made a coating on solar glass cover using nano-textured 

fluoropolymer material to reduce the soiling effect. The coating was done on a glass cover 

considering with different water contact angles of 149°, 106°, 87°, 63°, and 51°. They found 

that the hydrophobic material work reduced the soiling effect and loss of energy during 

reflections. Using this coating material, the 42% soiling rate could be decreased than 

hydrophilic glass. 

 

Shoeibi et al. [38] used a thermo-electric cooling method to cool the top glass cover of solar 

still and used a helical coil to heat the water inside the basin of solar still. From experimental 

results (fig.2.9), it is found that glass cover temperature can be reduced up to 7° compared to 

conventional solar still. Also, due to this effect, the double 2.32-time productivity and 76.4% 

higher efficiency can be achieved compared to conventional solar still. 
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FIGURE 2.9 Hourly variations in productivity between two stills [38] 

 

Tiwari et al. [39] experimentally studied the effect of photovoltaic thermal -compound 

parabolic concentrator (PVT-CPC) with conical shape condensing glass cover. The 

experiment was done by changing the angle of condensing cover from 15° to 75°. The result 

(fig.2.10) found that in conical shape cover, the temperature difference between the water 

and condensing cover remained higher at 75° and gave the maximum yield. Also, it provides 

a 200.4% higher distillate output than a passive system. 

 

FIGURE 2.10 Hourly variations in distillate yield at different inclination [39] 
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In below table 2.1 some critical review about glass cover with solar still is shown 

 

TABLE 2.1 Summary of researchers work on glass cover with solar still 

Sr 

no. 
Author (s) Work done Outcome 

1. 
Hiroshi Tanaka 

[26] 

Checked the performance of 

solar still with reflectors and 

glass cover inclination. 

Author found that by 

integrating reflector and 

inclination of glass cover by 

50°, 67% of higher distillate 

productivity could be obtained. 

2. El-Sebaii [27] 

Checked the performance of 

solar still with different 

parameters like wind speed, a 

mass of water, and the 

temperature of glass cover. 

Author found that with lower 

depth of water higher distillate 

output could be achieved. 

Wind speed may also effect on 

performance of solar still. 

3. 
Morad et al. 

[30] 

Experimented with double 

slope solar still using FPC. 

They found that double slope 

solar still with 3mm glass 

cover thickness at 1cm depth 

of water gives the higher 

distillate productivity in a day 

4. 
Sharshir et al. 

[32] 

Experiment was conducted 

using nano materials and glass 

cover cooling techniques. 

Authors found that applying 

glass cover cooling techniques 

reduces the heat losses in solar 

still. Nano materials also 

improve the performance of 

solar still. 

5. 
Abu-Arabi et 

al. [35] 

Experiment was conducted 

using PV panel and FPC with 

solar still. 

Cooling the glass cover by PV 

panel the temperature of the 

glass cover could be 

maintained lower. It gives 3 to 

3.5% of higher efficiency. 

6. 
Tiwari et 

al. [39] 

Experiment was conducted 

using compound parabolic 

concentrator (CPC) and 

varying angle of glass cover. 

CPC increases the distillate 

productivity of 200.4% than 

conventional solar still. 
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2.3 Researchers work on insulation thickness with solar still 

In a solar still, the heat losses occur from the bottom and side surfaces, which decrease the 

performance of solar still, hence lower distillate output, could be obtained. Loss can be 

reduced with proper insulation thickness at a solar still basin surface. Also, the optimum 

thickness of insulation gives better results in distillate output and increases its productivity.  

The work done on insulation thickness with solar still is very limited. In this section, a 

discussion is made on insulation thickness with solar still by different researchers. 

Dhiman [40] had done a mathematical analysis to determine the optimum insulation 

thickness in conventional solar still. The objective of the research work was to reduce the 

heat losses and total cost of distillate output. It was found that proper insulation at the 

bottom of solar still increases the distillate output and reduces the heat losses. 

Khalifa and Hamood [41] have experimented with different insulation thicknesses in the 

range of 30mm to 100 mm to reduce the bottom heat losses in solar still. From the 

experimental result, as shown in fig 2.11, it was found that increasing the thickness of 

insulation in the basin increases the day and night distillate productivity of solar still. 

 

 

FIGURE 2.11 Experimental results with different insulation thicknesses [41] 
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Kumar et al. [42] experimented with single slope solar still using different insulation 

materials like carbon impregnated foam (CIF) with bubble wrap (BW) sawdust and 

compared its performance with without insulation solar still. Experimental results (fig. 2.12) 

found that solar still with CIF & BW insulation materials gives the best performance 

compared to other insulation materials. Also, solar still with insulation material gave 38.7% 

higher distillate output than conventional solar still. 

 

 

FIGURE 2.12 Experimental result of solar still with different insulation materials [42]  

 

Manokar et al. [43] checked the performance of pyramid shape solar still with and without 

insulation material compared to conventional solar still. They have used 4mm of insulation 

thickness material in a basin during experimental work. They found that solar still with 

insulation material gives 19.46% higher distillate output than conventional solar still. 

Nian et al.  [44] done an experiment with pyramid shape solar still with and without using 

phase-change material (PCM). The objective work was to maintain the higher temperature of 

basin water for a long period, which increased the distillate output of solar still. From 

experimental result as shown in fig. 2.13 it was found that pyramid-shaped solar still with 

PCM gave 42.8% higher distillate productivity than without it. 
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FIGURE 2.13 Experimental results between two solar still [44] 

 

In below table 2.2 review on solar still with insulation thickness is shown. 

 

TABLE 2.2 Summary of researchers work on insulation thickness with solar still 

Sr 

no. 
Author (s) Work done Outcome 

1. Dhiman [40] 

Mathematical analysis was 

done to find out the optimum 

insulation thickness. 

It was found that proper 

insulation at the bottom of 

solar still increases the 

distillate output and reduces 

the heat losses 

2. 
Khalifa and 

Hamood [41] 

Experiment was conducted 

with different insulation 

thicknesses. 

Authors found that increasing 

the thickness of insulation in 

the basin increases the day and 

night distillate productivity of 

solar still 

3. 
Kumar et 

al. [42 

Experimented was conducted  

using different insulation 

materials like carbon 

impregnated foam (CIF) with 

bubble wrap (BW) sawdust 

It was found that solar still 

with insulation material gave 

38.7% higher distillate output 

than conventional solar still. 
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4. 
Manokar et al. 

[43] 

Checked the performance of 

pyramid shape solar still with 

and without insulation material 

They found that solar still with 

insulation material gives 

19.46% higher distillate output 

than conventional solar still. 

5. 
Nian et 

al.  [44] 

Experimented on pyramid 

shape solar still with and 

without using phase-change 

material (PCM). 

It was found that pyramid-

shaped solar still with PCM 

gave 42.8% higher distillate 

productivity than without it. 

 

 
 
 
 

2.4 Researchers work on absorbing materials with solar still 

To increase the productivity of solar still, many researchers have used different types of 

absorbing/heat storage materials and nanomaterials with a basin of solar still. 

Absorbing/heat storage materials store the heat during the daytime and release it into the 

night, so the distillate productivity during the night can be enhanced. Different types of 

nanomaterials with heat storage materials or alone can increase the productivity of solar still.  

In this section, a discussion is made on how many researchers have used different absorbing 

and nanomaterials in various ways to improve the distillate productivity of solar still as 

below: 

Sakthivel and Shanmugasundaram [45] used a black granite gravel material as an absorber in 

solar still to experiment, as shown in fig.2.14. Black granite is found very low-cost material; 

it performs the function of both heat absorbers and insulators. Various parameters of glass 

temperature, basin temperature, and heat losses were measured. Heat storage material inside 

solar still gave 17% more productivity than conventional solar still. 
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FIGURE 2.14 Schematic of experimental setup [45] 

 

Nithyanandam et al. [46] designed and fabricated a solar still using a blue metal stone 

absorbing material to check its performance on solar still. They have experimented by 

comparing three different sizes of metal stone as 6mm, 12mm, and 20mm. Various 

parameters like basin water temperature, glass cover temperature, distillate productivity, 

efficiency, and bottom-to-side losses were measured. The experimental result shows that 12 

mm size of metal stone gives higher productivity and efficiency than other sizes of material 

(fig. 2.15) due to latent heat storage capacity after sunshine hours. 

 

 

 

 

 

 

 

 

FIGURE 2.15 Comparison of results for different sizes of metal stone [46] 
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Navinkumar et al. [47] did a theoretical analysis on triangular pyramid solar still with baffles 

to check the performance of solar still. Research was done using different depths of water 

mass for 20kg to 100kg. With an increase in the mass of water above 20kg, productivity was 

decreased. From the result (Fig.2.16), it was concluded that solar still with baffles increase 

the daily productivity of solar still by increasing the mass of water from 20kg to 100kg in 

day and night time. 

 

 

FIGURE 2.16 Hourly variation in productivity of solar still with different water mass [47] 

 
 

Shanmugan et al. [48] used phase-change materials (PCMs) and nanomaterials with different 

solar stills like cotton wick type and fined with cotton wick types. They experimented with 

considering PCM, nanomaterials, and without it. Fins with cotton wick type still using 

PCMs and nanomaterials gave the highest distillate productivity of 9.36 (Kg/m
2
/hr), which 

was the highest performance compared to other kinds of solar still (Fig. 2.17). 
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FIGURE 2.17 Comparison of results with different stills [48] 

 

Narayana and Raju [49] experimentally investigated the performance of solar still using a 

sponge with a cube shape and tetrahedral shape. They used the same volume of cube and 

tetrahedral sponge. From experimental results (fig.2.18), it was found that tetrahedral sponge 

gave 25% more distillate than cube type up to the volume of 216 cm
3
. The experimental 

result shows that with the large size of the sponge shape, the value of capillary force became 

very high to reduce the distillate productivity.  

 

FIGURE 2.18 Variance in distillate with a change of volume [49] 
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Xu et al.  [50] fabricated a janus absorber material by electrospinning for a constant and 

efficient solar desalination process. The new fabricated materials have good advantages of 

steam generation and absorption of solar radiation. They obtained 72% higher efficiency and 

stable water output of 1.3 kg m
–2

 h
–1

 for 16 days continuously in their experimental work. 

 

Sathyamurthy and El‐Agouz [51] had experimented on solar using energy storage material 

and convex shape lens on the glass to increase the hourly yield of solar still (fig.2.19). 

Experimental results found that the addition of bluestone as energy storage material gave 

12% higher distillate than solar still with convex glass when the solar insolation remains 

lower. 

 

FIGURE 2.19 (a) Experimental set up (b) Glass cover with lens [51] 

 

Arunkumar et al. [52] reviewed different energy-efficient materials, including direct solar 

steam generation materials, energy exchange materials, energy storage materials, and other 

sensible storage materials, to check the performance of solar distillation units. An absorbing 

/ heat storage materials have found better heat transfer capacity and increased the distillate 

productivity of solar still. 

 

Yousef et al. [53] experimentally compared the performance of solar still by comparing 

three different cases: Case1. Conventional solar still, Case2. Solar still with hollow 

cylindrical fin and Case3. Solar still with steel wool mesh. From experimental results 
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(fig.2.20), it has been found that solar still with steel wire mesh gives higher productivity 

(25%) than fins (16%) and conventional still. Steel wool mesh was a very impressive 

material as an absorber than fins to increase distillate productivity. 

 

FIGURE 2.20 Hourly accumulated productivity for three different cases [53] 

 

Bansal et al.  [54] reviewed different absorbing materials on the performance of solar still. 

They used Colored Dyes, rubber matt, ink, black gravel, mica plates, charcoal, Aluminum 

sheets, sponge cubes, cement, jute cloth, cow dunk, paraffin wax, Metallic Wiry Sponge, 

Black Volcanic Rock, Marble pieces, sandstones, sodium acetate, potassium dichromate and 

Magnesium Sulphate Hepta Hydrate for review. The author concludes that solar still with 

different absorbing materials improved the performance of solar still. 

 

Dubey and Mishra [55] experimented to increase the efficiency of modified double slope 

single basin solar still (fig. 2.21) using a ferrite ring magnet on the glass surface and black 

cotton cloth material. To improve the absorbing capacity and reduce the surface tension of 

water, these materials were used. Double slope single basin solar still with ferrite ring 

magnet and black cotton cloth gives higher heat transfer coefficient, exergy efficiency, 

distillate productivity than conventional solar still. 
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FIGURE 2.21 Modified double slope single basin solar still [55] 

 

El-said et al. [56] used a steel wire mesh as heat-absorbing, transforming and storing 

medium in tubular type solar still. The wire mesh's vibration effect was given to enhance the 

vaporization rate. Experimental results in fig.2.22 show that Solar still with wire mesh 

(TMSS) gives 4.2 l/m
2
 daily distillate output, which was 34% higher than without wire mesh 

solar still (TCSS). Also, the daily water production cost of modified still is 14.39% lower 

than conventional solar still. 

 

FIGURE 2.22 Comparison of experimental results between TCSS and TMSS [56] 
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Bansal et al. [54] reviewed different absorbing materials in solar still to see their 

performance effects. It has been found that the use of energy-absorbing materials stored heat 

during sunshine hours and released during off-sunshine hours. They also found different 

cost-effective absorber materials like Sodium Acetate (CH3COONa), Potassium Dichromate 

(K2Cr2O7), and Magnesium Sulphate Hepta Hydrate (MgSO4 7H2O). They evaluated that 

these materials give higher performance conventional type solar still. It could be found from 

fig.2.23 that the addition of absorbing materials increases the water temperature inside the 

basin of solar still. 

 

 

FIGURE 2.23 Comparison of hourly variations in basin temperature with and without PCM [56] 

 
 

Saravanan et al. [57] experimentally investigate the performance of double slope solar still 

using kanchey marble as an absorber material. Experimental work found that absorber 

material can absorb and transfer heat and release latent heat during off sunshine hours. 

Absorbing materials gave higher water, absorber, and evaporative temperature and 16.32% 

higher distillate productivity than conventional solar still (fig. 2.24). 
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FIGURE 2.24 Comparison in distillate yield between with and without marbles [57] 

 

Bisht et al. [58] used a wick material and solar pond to increase the day/night productivity of 

solar still (fig.2.25). Medium floating wick and solar ponds improved the evaporation rate 

and heat storage. The experimental result shows that the addition of wick and solar pond 

gave 53.5% higher distillate productivity than conventional solar still. 

 

 

FIGURE 2.25 Experimental set up [58] 
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In below table 2.3 some critical review on solar still with different absorbing material is 

shown. 

 

TABLE 2.3 Summary of researchers work on absorbing materials with solar still 

Sr 

no. 
Author (s) Work done Outcome 

1. 

Sakthivel and 

Shanmugasundaram 

[45] 

Used a black granite 

gravel material as 

absorber in solar still 

It was found that black granite 

gravel is very low-cost material; it 

performs the function of both heat 

absorbers and insulators.  

2. 
Nithyanandam et 

al. [46] 

Experimented with three 

different sizes of metal 

stone as 6 mm, 12 mm, 

and 20 mm. 

It was found that 12 mm size of 

metal stone gives higher 

productivity and efficiency than 

other sizes of material 

3. 
Navinkumar et al. 

[47] 

Experimented using 

baffles in pyramid type 

solar still 

Solar still with baffles increase the 

daily productivity of SS by 

increasing the mass of water from 

20 kg to 100 kg in day & night time. 

4. 
Narayana and Raju 

[49] 

Experimented using 

sponge with a cube shape 

and tetrahedral shape 

It was found that large size of the 

sponge shape, the value of capillary 

force became very high to reduce 

the distillate productivity. 

5. 
Sathyamurthy and 

El‐Agouz [51] 

Experimented on solar 

still with ESM material 

and convex shape lens on 

the glass cover 

It found that the addition of 

bluestone as energy storage material 

gave 12% higher distillate than solar 

still with convex glass 

6. 
Dubey and Mishra 

[55] 

Experimented with ferrite 

ring magnet on the glass 

surface and black cotton 

cloth material. 

Author found that ferrite ring 

magnet and black cotton cloth gives 

higher heat transfer coefficient, 

exergy efficiency, distillate 

productivity thanCSS 

7. 
Saravanan et al. 

[57] 

Experimented on double 

slope solar still with 

kanchey marble 

It was found that kanchey marble  

as absorbing material gave higher 

water, absorber, and evaporative 

temperature and 16.32% higher 

distillate productivity than CSS. 
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2.5 Researchers work on the attachment of fins with solar still 

To enhance the productivity of solar still, it is essential to increase the evaporative heat 

transfer coefficient of saline water. Fins with a basin of solar still increase the heat transfer 

area of solar still; hence higher evaporative coefficient could be obtained, which gives 

higher distillate productivity. In this section, the discussion is made on how different 

researchers have used various types of fins to increase the distillate productivity of solar still. 

 

Ayuthaya et al. [59] used a flat plat fin to increase the productivity of ethanol solar still. 

They got a good result in both theoretical and experimental work. Experimental results 

(fig.2.26) found that attachment of fins gives a daily efficiency of 32.7%; also, the 15.7% 

higher daily productivity could be achieved compared to conventional solar still. Attachment 

of fin reduces the preheating time for evaporation because the extended surface in fins 

receives more solar radiation and increases the basin temperature. 

 

FIGURE 2.26 Hourly yield variations with an attachment of fins [59] 

 
 

Xiangtao et al. [60] checked the performance of parabolic trough collectors (fig. 2.27) using 

different pin fin arrays Monte Carlo ray-tracing (MCRT) and finite volume method (FVM). 

They analyzed the performance with 1, 5, and 9 number of pin fin inside the collector. They 
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got a 12% higher heat transfer rate with 5 number of pin fins because, with a higher number 

of fins, a pressure drop is increased, which lowered the collector's performance. 

 

 

FIGURE 2.27 Schematic of PTC with absorber tube [60] 

 
 
 

Cuce et al.  [61] checked the effectiveness of cylindrical fins with different concavity levels. 

They found that increasing the concavity level of fins from 0.5 to 10 decreased the heat 

transfer rate. This was happened due to the low conduction rate along the axis, which 

reduced the effectiveness of fins. Around 27% of convection and radiations heat loss 

occurred with this effect. 

 

Bhattacharyya et al.  [62] checked the fins performance in solar air heater for paddy drying 

application. They also studied the optimum parameters like the number of fins, thickness, 

material, and height of the fins. They found that fins had 0.05 m height, and 80 numbers of 

fins gave the best performance in distillate output of solar still (fig.2.28). Also, the fins with 

aluminum material have good thermal conductivity.  
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FIGURE 2.28 Variations in outlet temperature with number of fins [62] 

 

Moungar et al. [63] theoretical and experimental checked the efficiency of immersed fins 

with double slope solar still. Performance was done by considering fins height, fin numbers, 

the distance between the fins. The experimental result in fig.2.29 showed that a higher 

number of fins increase the heat transfer area inside the fins and its efficiency. Also, it was 

found that the fin height up to 5cm increased the distillate output, and the distance between 

the fins did not have much impact on still productivity. 

 

 

FIGURE 2.29 Variations in productivity by the number of fins [63] 
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Yousef et al. [64] conducted an experiment to compare solar still's performance with phase 

changing material (PCM) and fins with conventional solar still. The photograph of the 

experimental setup is shown in fig. 2.30. They found that solar still with PCM and fins gave 

17% higher distillate output than conventional solar still. They have used hollow circular 

type fins in experimental work. Also, the performance of solar still with PCM and fins was 

better than solar still with PCM only. 

 

FIGURE 2.30 Variation in solidification rate for different cases of fins [64] 

 

Maji and Choubey [65] reviewed the different types of fins like rectangular, square, annular, 

cylindrical, and tapered shapes to check the performance in heat transfer rate. They also 

optimized the performance of fins on its design and reduced the weight. Authors found that 

fins are used in different applications to increase the heat transfer rate from automobiles to 

the computer industry. Porous fins gave better heat transfer than solid fins for the same 

dimension; also, perforated fins provide higher efficiency due to their excellent contact 

surfaces than solid fins. 

Shmroukh and Ookawara [66] used copper material fins with reflectors in the acrylic 

material transparent stepped type solar still. From experimental result fig.2.31, it could be 

found that the distillate output obtained for stepped and conventional solar still were 1270 

ml/m
2
/h

2
 and 630 ml/m

2
/h

2
, respectively. They got 129% more efficiency in stepped type 
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solar still than conventional solar still; their result is 64% higher in efficiency than the 

literature result.  

 

FIGURE 2.31 Comparison of experimental results [66] 

 

Bataineh and Abu [67] Abbas did an experimental study to check the performance of solar 

still with fins, without fins, and combine fins and reflectors. The schematic of solar still with 

fins and reflector is shown in fig.2.32. The experimental result (fig.2.33) found that still with 

combined reflectors and fins gives the highest distillate output compared to others. In April 

month of the year, due to the higher altitude angle, the shadow effect becomes significantly 

lower and still gives the higher distillate output. 

 

FIGURE 2.32 A schematic of solar still with fins and reflector [67] 
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FIGURE 2.33 Experimental results for various conditions in solar still [67] 

 

Mehta et al.  [68] used different shapes of fins like triangular, rectangular, Y-shaped with 

different intervals to increase the heat transfer rate in a latent heat storage unit. This 

experimental work aimed to reduce absorber material's charging/ discharging cycle time 

inside the solar still. Fins were attached with different intervals in this experiment from the 

upper side to the lower portion. An experimental result in fig.2.34 showed that rectangular 

fins at 120° angle attached with the lower half portion of the unit reduce the 58.3% in total 

timing of cycle compared to a conventional system. 

 

FIGURE 2.34 Comparison of cycle timing for different cases [68]  
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Qiu et al.  [69] theoretically analyzed the performance of heat transfer characteristics of the 

fin with solar radiation, height, and diameter of fins. In theoretical analysis, it was found that 

at a solar intensity of 800 W/m
2
, the fin exposed area temperature is above atmospheric 

temperature. Increasing fin height decreases its temperature due to heat loss to the 

atmosphere. Also, it was found that increasing or decreasing convective heat transfer 

coefficient on inner surface and diameter of tube adversely affect fin performance. 

 

Wang et al. [70] investigated a fin-like receiver's combined optical and thermal performance 

and two other cylindrical receivers. It found the effects of solar radiation, configuration 

parameters, and solar flux. Experimental results (fig.2.35) found that a fin-like receiver has 

higher efficiency than a cylindrical receiver. Due to the large exposed area, the radiative and 

higher convective losses were higher. The fin-like receiver efficiency varied with sun 

temperature. 

 

 

FIGURE 2.35 Variations in efficiency between three receivers [70]  

 

Zhao et al.  [71] experimentally studied the performance of pin fin tube (tube -2) and smooth 

tube (tube-0) with PTC. Energy, exergy, and different thermal characteristic were measured. 

During experimental work, it was found those pin-fin absorber tubes had higher 

effectiveness and collector efficiency than a smooth tube with an airflow rate of 93 Nm
3
/h 
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(fig. 2.36). The pin-fins absorber's collector efficiency was varied, giving higher exergy 

efficiency than the smooth tube absorber. 

 

FIGURE 2.36 Variation in efficiency between different tubes [71]  

 

Kabeel et al. [72] used hollow circular copper material fins and phase change material to 

improve the productivity of pyramid shape conventional solar still. The attachment of fins 

with solar still gave 12°C to 13°C higher basin water temperature than conventional one. 

From experimental results (fig.2.37), it was found that fins gave 43% higher distillate 

productivity than conventional solar still. Also, including PCM with fins gave 101% higher 

distillate productivity than pyramid-type solar still. 

 

FIGURE 2.37 Hourly distillate productivity between two still [72] 
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In below table 2.4 some critical review on solar still with attachment of fins is shown. 

 
TABLE 2.4 Summary of researchers work on the attachment of fins with solar still 

Sr 

no. 
Author (s) Work done Outcome 

1. 
Ayuthaya et al. 

[59] 

Experimented with flat 

plate type fins in basin of 

solar still. 

It was found that attachment of fin 

reduces the preheating time for 

evaporation because the extended 

surface in fins receives more solar 

radiation and increases the basin 

temperature. 

2. Cuce et al.  [61] 

Experiment was conducted 

with cylindrical fins with 

different concavity levels. 

By increasing the concavity level of 

fins from 0.5 to 10 decreased the heat 

transfer rate and lowers the 

efficiency of solar still. 

3. 
Moungar et al. 

[63] 

Experiment conducted with 

different configuration 

parameters of fins. 

Higher number of fins increases the 

heat transfer area inside the fins and 

its efficiency. Distance between the 

fins did not have much impact on 

still productivity. 

4. 
Yousef et al. 

[64] 

Experiment was conducted 

with fins and PCMs. 

Authors found that solar still with 

PCM and fins gave 17% higher 

distillate output than conventional 

solar still 

5. 
Shmroukh and 

Ookawara [66] 

Experimented with fins and 

reflectors in stepped type 

solar still. 

Attachment of copper material fins 

with reflectors gave 64% more 

efficiency that CSS. 

6. Mehta et al.  [68] 

Experimented with 

different shape of fins like 

triangular, rectangular, Y-

shaped. 

It was found that rectangular fins at 

120° angle attached with the lower 

half portion of the unit reduce the 

58.3% in total timing of cycle 

compared to a conventional system. 

7. Qiu et al.  [69] 

Analyzed the performance 

of heat transfer 

characteristics of the fin 

with solar radiation, height, 

and diameter of fins 

It was found that increasing fin 

height decreases its temperature due 

to heat loss to the atmosphere. Also, 

by increasing or decreasing diameter 

of tube adversely affect fin 

performance. 
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2.6 Researchers work on the integration of evacuated tubes with solar still 

To enhance the distillate output of solar still, various researchers have used evacuated tubes 

within solar still. Due to the tubular and self-tracking design of the evacuated tube absorbs 

the global radiation in a full day. In an evacuated tube, one inner and another outer tube were 

overlapped to each other. The outer tube remains transparent, which allows the solar 

radiation to pass on it. The vacuum generated between the spaces of two tubes increases the 

temperature of basin water and gives higher distillate output.  

This section shows the discussion on the use of evacuated tubes within solar still by different 

researchers: 

Kumar and Yadav [73] incorporated an evacuated tube collector and heat exchanger to dry 

the air in a solar water heating system, as shown in fig.2.38. In this experiment, water was 

used as a heating medium. Evacuated tubes gave the higher performance to dry the air. They 

gave the higher water temperature around 59.7℃, and 69.5% of more efficiency could be 

obtained compared to conventional solar still. 

 

 

FIGURE 2.38 Experimental setup with evacuated tubes [73] 
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Behnam and Shafii [74] examined the performance of a solar desalination system using 

evacuated tubes collectors (ETC) and heat pipe (HP). In this work, ten evacuated tubes were 

used and placed at an angle of 35° horizontal. They found that evacuated tube collectors 

absorbed more solar heat and transferred it into the heat pipe. To increase the heat transfer 

rate between ETC and HP oil, water and aluminum foils were used by researchers. It could 

be seen from fig. 2.39 that oil as heat transfer fluid gave the higher performance than other 

two; also the presented system gives 65% daily efficiency. 

 

 

FIGURE 2.39 (a) Variation in productivity, (b) Variations in temperature for different fluids between 

ETC and HP [74] 

 

Shafii et al.  [75] modified a solar still with attachments of evacuated tube collectors (ETC). 

The modified system eliminates the requirement of a separate basin to increase the 

temperature of the water. It was also found that ETC at an optimum inclination angle of 35° 

gave the highest distillate output (fig. 2.40).  Also, it was noticed that ETC with 80% of 

filled water with stainless steel wool material gave its best performance in distillate output. 

. 
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FIGURE 2.40 ETC Inclination angle effect in distillate output [75] 

 

 

Singh [76] compared the performance of solar still based on energy-exergy matrices 

between solar still attached with evacuated tubes (ETC), solar still integrated with FPC, and 

solar still connected with PTC. The schematic diagram of solar still with ETC is shown in 

fig.2.41. Experimental results found that solar still with ETC gave the best performance in 

energy payback time, exergy generation, energy production, and life cycle conversion 

efficiency compared to other solar still. 

 

 

FIGURE 2.41 Schematic of solar still with ETC [76] 
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Patel et al.  [77] integrated an evacuated tube (ETC) with stepped solar still in the solar salt 

work area to get the distilled water (fig. 2.42). The evacuated tube recovered the 20% feed 

water of 35000 ppm and charged it to the still unit. Average 7 l/day distillate water can be 

achieved through this system, which has an efficiency of 28.39%. Due to evacuated tubes, 

39% of higher water and glass temperature difference can be achieved than conventional 

solar still. 

 

FIGURE 2.42 Experimental set up [77] 

 

Natividade et al. [78] conducted an experimental analysis with evacuated tubes solar 

collector (ETC) using parabolic trough collector (PTC). From experimental results 

(fig.2.43), it was found that ETC with PTC increases the energy rate throughout the day and 

gives 33% higher efficiency than conventional solar still. 

 

FIGURE 2.43 Experimental results (a) with ETC+PTC, (b) without ETC+PTC [78] 
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Jowzi et al. [79] theoretically and experimentally studied the effect of bypass tubes on the 

performance of evacuated tube solar collectors (ETC). A bypass tube was used to connect 

ETC and the storage tank to reduce the stagnant region. They found that by increasing the 

diameter of the bypass tube, the mass of fluid inside the system grew, which reduced the 

system's efficiency. The result (fig.2.44) found that at 10mm diameter of the by-pass tube 

gave the optimum result. 

 

 

FIGURE 2.44 Variations in absorbed energy of ETC for different diameter of bypass tube [79] 

 
 

Sharshir et al.  [80] experimented with conventional pyramid type solar still and modified 

pyramid solar still attached with evacuated tubes and nanomaterial (fig. 2.45). Copper oxide 

(CuO) and carbon black (CB) were used as a nanomaterial in the experimental work. The 

experimental result found that modified pyramid solar still gave 54.48% higher distillate 

productivity than conventional one pyramid solar still. 
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FIGURE 2.45 Schematic diagram of experimental setup [80] 

 

Abbaspour et al. [81] used an evacuated tube collector to improve the performance of the 

natural vacuum desalination system. In this system, a vacuum pump was used to create a 

vacuum in the evaporation area and maintain a barometric water level in a column during a 

full day. The result (fig. 2.46) found that the system gave the highest distillate output of 

8.065 kg/m
2
 in a day with lower vacuum pressure. 

 

FIGURE 2.46 Daily yields with different vacuum [81] 

Dawood et al. [82] modified the solar still with different attachments of PTC, ETC, and 

serpentine type HE (shown in fig.2.47) and checked its performance with conventional type 
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solar still. Authors found that modified solar still gave 34% higher distillate output than 

conventional solar still. Also, by economic analysis, it was found that the cost per litre for 

distilled water for conventional and modified solar still were 0.02 and 0.0157 USD, 

respectively. 

 

FIGURE 2.47 Experimental set up photograph [82] 

 

Xia and Chen [83] checked the thermal performance of evacuated tube collectors (ETC) 

using a mini-compound parabolic collector (CPC), as shown in fig.2.48. They found that 

mini- CPC ETC effectively reflects escaping sunlight to the absorber plate compared to a 

flat receiver. It increases the 27℃ higher temperature and 67.4% higher efficiency than 

without CPC. Mini- CPC gives a higher overall heat transfer coefficient value due to lower 

diffusion without CPC evacuated tube. 

 
FIGURE 2.48 Schematic of Mini- CPC reflectors [83] 
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Kumar et al. [84] found the effect of using number of evacuated tube collectors (ETC) on 

the performance of single basin solar still. From experimental result as shown in fig. 2.49, it 

was found that by increasing the number of ETC, the distillate productivity can be increased 

due to more addition of heat to the basin. It was also observed that the efficiency is 

decreased with a higher fluid flow mass rate. With a higher number of ETC, the carbon 

credit and environmental cost increased. 

 

FIGURE 2.49 Variations in distillate output with number of ETCs [84] 

Dubey et al. [85] did an enviro-energy-exergy analysis of solar still having ten evacuated 

tubes in force mode. The schematic of the experimental setup is shown in fig. 2.50. The 

energy and exergy efficiency obtained from solar still was 33.8% and 4.9%, respectively. It 

was found that the present system gave a good performance in distillate output, emission 

reduction, and low-cost operating system. 

 

FIGURE 2.50 Schematic of experimental set up [85] 
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Sing and Samsher [86] checked the performance of solar still attached with thermosiphon 

evacuated tube collector (ETC). They found that solar still with thermosiphon ETC gave a 

better performance in distillate and economic points of view than conventional solar still. 

Also, to operate it, no other extra power is required. 

 

Shoeibi et al. [87] designed a solar still with attachments of evacuated tube collector (ETC) 

and external condenser as shown in fig.2.51. To increase the temperature of basin water and 

enhance the condensation rate ETC and condenser were used. The experimental result found 

that the newly developed system gave 2.13 times higher distillation productivity than 

conventional solar still. 

s 

FIGURE 2.51 Schematic of experimental set up [87] 

 

 

 

In below table 2.5 some critical review on solar still with evacuated tubes is shown. 

TABLE 2.5 Summary of researchers work on the integration of evacuated tubes with solar still 

Sr 

no. 
Author (s) Work done Outcome 

1. 
Behnam and Shafii 

[74] 

Experimented in solar still 

using ETC and HP. 

ETC increased the heat transfer 

rate inside the solar still and gave 

65% of more efficiency. 
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2. Singh [76] 
Experimented in solar still 

with ETC and FPC 

It was found that solar still with 

ETC gave better performance in 

energy payback time, exergy 

generation, energy production, and 

life cycle conversion efficiency 

compared to other solar still. 

3. Patel et al.  [77] 
Experimented in stepped 

type solar still using ETC. 

Due to evacuated tubes, 39% of 

higher water and glass temperature 

difference can be achieved than 

conventional solar still. 

4. 
Natividade et al. 

[78] 

Experimented with ETC 

and PTC within solar still. 

It was found that ETC with PTC 

increases the energy rate 

throughout the day and gives 33% 

higher efficiency than conventional 

solar still. 

5. Sharshir et al.  [80] 

Experimented with ETC 

and nano materials (CuO 

& CB). 

ETC with nano materials increases 

the heat transfer rate of water and 

improve the performance of SS. 

6. Xia and Chen [83] 
Experiment conducted 

with ETC and CPC. 

It was found that mini- CPC ETC 

effectively reflects escaping 

sunlight to the absorber plate 

compared to a flat receiver. It gives 

27℃ higher temperature and 

67.4% higher efficiency than 

without CPC. 

7. Dubey et al. [85] 

Enviro-energy-exergy 

analysis was done in solar 

still with ten evacuated 

tubes in force mode. 

It was found that the present 

system gave a good performance in 

distillate output, emission 

reduction, and low-cost operating 

system. 

8. Shoeibi et al. [87] 

Designed a solar still with 

attachments of evacuated 

tube collector (ETC) and 

external condenser 

To increase the temperature of 

basin water and enhance the 

condensation rate ETC and 

condenser were used. They 

achieved 2.13 times higher 

distillate output than CSS. 
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2.7 Researchers work on the integration of condenser with solar still 

The distillate output remains lower in conventional solar due to the top and bottom heat 

losses. With proper insulation in the basin of a solar still, the bottom heat losses can be 

reduced, but for top heat losses, many researchers have used different techniques like water 

sprinkling, fan, condenser, reflectors were attached with solar still [118]. Attachment of 

condenser with solar still maintains the temperature difference between basin water and 

glass cover. It also reduces the heat losses; hence the distillate productivity can be 

increased [117].  In this section, a discussion is made on the use of condenser within solar 

still by different researchers.  

 

Toosi et al. [88] experimented with stepped-type solar still attached with an external 

condenser (fig.2.52). They compared the performance of modified solar still with 

conventional type solar still. Authors found that the condenser maintained the lower 

temperature inside the solar still and increased the condensation rate, giving 104% higher 

distillate productivity than conventional solar still.  

 

FIGURE 2.52 Schematic of experimental set up [88] 

 

Rahmani et al. [89] checked the thermal behavior of external condensers with conventional 

solar still. They found that the condenser attachment always does not show a positive effect. 

It gave a positive result in moderate weather conditions. During the cold season, excessive 
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heat loss occurs from the outer surface of the solar still, and similar conditions were found in 

summer.  

 

Mohaisen et al.  [90] compared the performance of solar still with attached condensers using 

fins and without fins. The schematic of the experimental setup is shown in fig 2.53. Authors 

found that fins with the condenser wall gave 8% of higher distillate output than without use 

of fins. The modified system was worked efficiently and also less costly. Also, it showed 

92.3% of higher distillate output than conventional solar still. 

 

  

FIGURE 2.53 Schematic of experimental set up [90] 

 
 

Patel et al.  [91] used an external cooling coil-type condenser with double slope solar still, as 

shown in fig. 2.54. They found that the external condenser decreased the pressure inside the 

basin, which enhanced the evaporation rate of water. Double slope solar still with external 

condenser gave 20.3% higher distillate output than conventional one. It also provided a 

better result in energy payback period and cost analysis. 
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FIGURE 2.54 Schematic of double slope solar still with external condenser [91] 

 

Rabhi k et al. [92] checked the performance of solar still with the attachment of pin-type fins 

and condenser on the backside, as shown in fig 2.55. Fins increased the heat transfer area of 

basin water, and the condenser maintained the vapour pressure inside solar still to enhance 

the performance.  

 

 

FIGURE 2.55 Schematic of experimental set up [92] 

 

Kabeel A.E. et al. [93] checked the effect of solar still with external condenser and 

nanomaterials. They have used aluminum oxide (Al2O3) and cuprous oxide (Cu2O) as 

nanomaterials and experiment on solar still with and without operating fans. To lower the 

pressure of vapour inside solar still, fans were used. From experimental results as shown in 
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fig. 2.56, it was found that solar still with nanomaterials and condenser gives higher distillate 

output than conventional solar still. 

  

 
FIGURE 2.56 Comparison of experimental results [93] 

Omara Z.M et al. [94] modified a solar still with attachment of condenser, reflectors, 

nanomaterials, and corrugated type absorber surface. They compared the experimental 

results with conventional solar still. Experimental results (fig. 2.57) found that modified 

solar still gives 1.5 times higher distillate productivity than conventional one. 

  

FIGURE 2.57 Experimental results between CSS and MSS [94] 

Hamadani and Shukla [95] developed a new design of solar still attached with external 

condenser and modifications in basin as shown in fig.2.58. The condenser was prepared 
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from iron sheet material and attached to the back upper and lower side of the solar still. The 

newly developed solar still with condenser reduced the heat losses and increased the 

production rate of solar still in day and night.  

 

FIGURE 2.58 Solar still with condenser [95] 

 

Ahmed [96] conducted an experiment comparing three solar stills, and among them, two had 

condensers, and the third was conventional solar still. condenser attached top and bottom 

backside of solar still, the top backside and without condenser as shown in fig. 2.59. From 

experimental results, it was found that solar still with a condenser on top and bottom side 

gives the highest 30% distillate output than conventional still.  

 

FIGURE 2.59 Experimental photograph of solar still with condenser [96] 

 

Fath and Elsherbiny [97] experimentally and theoretically checked the effect of a condenser 

with solar still. Figure 2.60 shows the schematic diagram of solar still with the attachment of 

a passive condenser. They observed that with the attachment of condenser with solar still 
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heat generated after three different modes of diffusion, purging, and natural circulation. By 

attaching solar still with a condenser, higher distillate productivity could be achieved. 

 

FIGURE 2.60 Schematic of solar still with condenser [97] 

 

 

In below table 2.6 some critical review on solar still with attachment of condenser is shown. 

 
TABLE 2.6 Summary of researchers work on the integration of condenser with solar still 

Sr 

no. 
Author (s) Work done Outcome 

1. Toosi et al. [88] 

Experimented in stepped-

type solar still with 

external condenser. 

Authors found that the condenser 

maintained the lower temperature 

inside the solar still and increased 

the condensation rate.  

2. 
Mohaisen et 

al.  [90] 

Experimented in solar still 

with condenser and fins. 

Attachments of fins and condenser 

with SS give 8% higher distillate 

output. 

3. Patel et al.  [91] 

Experimented in double 

slope solar still with 

external cooling coil. 

They found that the external 

condenser decreased the pressure 

inside the basin, which enhanced 

the evaporation rate of water and 

give 20.3% higher distillate output. 

4. Omara Z.M et al.  

Experimented with 

condenser, nano materials, 

and reflectors within SS 

Author found that new 

modification in solar still gave 

better performance than CSS. 
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5. Ahmed [96] 

Experimented in solar still 

with attachment of 

condenser in back upper 

and lower side of the still. 

It was found that solar still with a 

condenser on top and bottom side 

gives the highest 30% distillate 

output than CSS. 

 
 

2.8 Research gaps  

i. Higher water temperature leads to higher distillate output and increases the bottom 

heat loss; hence proper insulation is required at the bottom and sides. 

ii. Solar still with modifications at the basin (corrugated surface, V type surface) also 

unattended by researchers.  

iii. Integration of condenser with modifications at the basin of solar still also unattended 

by researchers. 

iv. Solar still with the attachment of different types of fins and PCM with modifications 

at basin and condenser is unattended by researchers. 

v. Researchers still unattended the attachment of evacuated tubes with the attachment of 

different types of fins with modifications at basin and condenser. 

 

2.9 Novelty of the present work 

i. Experiment conducted with varying insulation thickness and optimum insulation 

thickness was found to reduce bottom heat losses. 

ii. Experiment conducted with attachment of vertical and inclined fins and its 

performance was checked with conventional solar still. 

iii. Designed a low cost zig-zag shape air cooled condenser, which maintain the 

temperature between basin water and inner glass cover and reduces the top heat 

losses from the glass cover. 

iv. Solar still was modified  with attachment of fins, evacuated tubes, zig-zag shape air 

cooled condenser and energy storage materials like black colour glass ball, black 

gravels and white marbles and its performance was compared with conventional 

solar still. 
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v. Life cycle cost analysis, Energy-exergy analysis, Exergo-economic and Exergo-

environmental analysis were done for modified solar still and conventional solar still. 

 

2.10 Summary 

The distillate output of solar still remains the very low. Researchers have used a different 

techniques like; use of flat plate collector, insulating materials, fins, evacuated tubes, energy 

storage materials within solar still. They done experiment with modifying the basin of solar 

still, design parameters of solar still, used a double slope type solar still to increase the 

distillate output of solar still.  After experimental work, they obtained the better results in 

distillate output and night productivity in solar still. Authors found that, the performance of 

solar still could be improved with different modifications.  
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CHAPTER 3 

Identification of Problem and Methodology 

 
 

3.1 Identification of problem 

It was clear from the introduction that water is an essential requirement for all living beings 

on the earth; a major area of the earth has salty water and is not directly useful for drinking 

and other requirements. It was also cleared from the different data of WHO that a major 

portion is covered with the water in the human body. Due to unsafe water, many diseases 

occurred.  

Due to salty and unhealthy water, many diseases occur in the human body, which is not 

acceptable for different requirements. The following shows the disadvantages of using salty 

water in various applications: 

i. Salty and unhealthy water creates many diseases in the human body. Higher 

salinity in water creates diseases related to kidneys, born, and joints. 

ii. In agricultural work, the demand for freshwater remains higher, so the 

agricultural products cannot grow more due to impure and salty water. 

iii. For industrial purposes, the demand for freshwater is high. 

iv. The animals birds on the earth majorly use seawater, lakes, etc., for drinking 

purposes. 

v. Also, in many routine household purposes, the demand for clean water is 

high. 

According to the report of UN 2000; people in many countries of the world suffer from pure 

drinking water. The sources of freshwater were distributed unevenly. The requirement for 
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fresh water in many regions of the world is more compared to its availability. Also, from 

different available freshwater sources, it is not possible to directly use it for drinking and 

other routine applications. Hence it is necessary to convert salty water into pure drinkable 

form to fulfill the demand for fresh drinking water. In Section 1.6.2, the discussion was 

made on different techniques of desalination. It was found that solar desalination is simple 

and economically feasible compared to other desalination techniques. Also, no other 

electronic device and mechanism are required to operate it. It is helpful in remote areas 

where people suffer from drinking water. The device that works on the solar desalination 

method is known as a solar still, a non-polluting device. The major disadvantage of using 

solar still is its lower distillate output. 

To enhance the distillate output of solar still, researchers have used different 

techniques and modified the solar still with its design and configuration parameters. From 

the literature review, sections 2.2 to 2.7, it was found that many researchers have used 

different techniques like; double basin solar still, stepped type solar still, pyramid type solar 

still, solar still with different absorbing materials, solar still with flat plate collectors, 

nanomaterials, evacuated tubes, condenser, etc. to improve the performance and distillate 

output of solar still. 

 

3.2 Objectives and scope of research work 

After reviewing the different research work by researchers and from the define 

research gaps the following objectives of research work are defined. 

 

Objectives of the work 

i. Determine the optimum thickness of basin insulation to reduce heat loss from the 

bottom of the solar still. 

ii. Design and fabricate the three solar stills with different attachments of fins and test 

them to determine the best configuration. 

iii. Design air-cooled condenser and attached with the best modification and compared 

with conventional solar still. 
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iv. Integrate different energy storage materials, evacuated tubes, fins and zig zag shape 

air cooled condenser with solar still and compared its performance with 

conventional solar still. 

v. To carry out life cycle cost analysis. 

 

Scope of the research work 
 

i. To prepare a modified solar still with attachments of fins, evacuated tubes, energy 

storage materials and zig-zag shape air cooled condenser. 

ii. To compare a performance of conventional solar still with modified solar still 

(Solar still integrated with energy storage materials, fins, evacuated tubes and zig 

zag shape air cooled condenser). 

iii. To do an life cycle cost analysis using energy-exergy, exergo-economic and 

exergo-environmental analysis 

 

3.3 Methodology of research work 

 The objective of the present research work is to improve the distillate output of 

single slope single basin solar still with different attachments like fins, insulation material, 

evacuated tubes, zig-zag shape air-cooled condenser, energy storage materials, etc. 

In this research work to achieve the different objectives, the experiment was conducted as 

per the following methodologies: 

i. To reduce heat loss from a bottom surface of a solar still, the experiment was 

conducted with three solar still using 3cm, 6 cm, and 10 cm of insulation thickness. 

In experimental work, a comparison was made between the different thicknesses of 

insulation, and optimum thickness was found.  

ii. Three solar still were designed and fabricated with different attachments of fins. This 

experimental work made a comparison between i) simple conventional solar still, ii) 

Solar still with vertical fins, and iii) Solar still with inclined fins. The experiment was 

conducted in atmospheric conditions on Gandhinagar, Gujarat. 
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iii. Experiments have been conducted on single basin solar still with zig-zag shape air-

cooled condenser. The zig-zag shape air-cooled condenser was used here. A 

condenser was used in experimental work to maintain the temperature difference 

between the basin and glass cover. Also, a comparison was made with conventional 

solar still. The experimental readings were taken for three to four month 

continuously. 

iv. Experiments have been conducted with modified solar (solar still with fins, 

absorbing materials, zig-zag shape air-cooled condenser, and evacuated tubes). In 

this experimental work, copper pipes were used as fins and as absorbing materials; 

marble stone, granite gravel, black color glass ball were used. The fins and absorbing 

materials were used to improve the productivity of solar still. 

v. In this research work, life cycle cost analysis was carried out to check the 

performance of modified solar still compared to conventional one.  

 

Experimental data extraction 

 

In methodology section, different experimental work on solar still with insulation thickness, 

fins, evacuated tubes, zig-zag shape air cooled condenser and energy storage materials is 

discussed. In all experimental work different parameters like ambient temperature (Ta), basin 

water temperature (Tw), inner glass cover temperature (Tgi), condenser temperature (Tcond.) 

and solar intensity (I) were measured. All experimental data were collected from morning 

7:00 a.m to next day morning 6:00 a.m for 24 hours during all working days. All 

temperature data were measured using k-type thermocouples and solar intensity was 

measured by solarimeter. Experimental data for all working days were collected and stored 

by ARDUINO based data logger. In ARDUINO data logger experimental reading were 

collected in every fifteen minutes, from that each hour data were defined. The day by day 

distillate output was collected and measured using measuring jar. During each experimental 

work, the experimental data were taken for three to four months, from that monthly average 

reading were considered and best optimum reading was find out for the distillate output of 

solar still.  

 

Here, in below figure 3.1, the organizational chart of each experimental work is shown. 
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FIGURE 3.1 Organization chart of experimental work 
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3.4 Summary 

The demand of fresh water remains very high for different purpose, so it is necessary to 

convert the salty water into pure water. Solar still is a device which converts the salty water 

into pure water. The experiment in solar still was conducted with different insulation 

thickness, attachment of vertical and inclined fins, evacuated tubes, zig-zag shape air cooled 

condenser and different energy storage materials. The comparison in experimental work was 

done between modified solar still and conventional solar still. Also its life cost analysis and 

energy-exergy efficiency analysis were done. 
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CHAPTER 4 

Experimental Setup and Discussion 

 

This chapter deals with an experimental setup prepared by different modifications on single 

basin single slope solar still with varying thicknesses of insulation, attachment of fins, zig-

zag shape air-cooled condenser, evacuated tubes, energy storage materials, etc. The chapter 

also describes measuring instruments, parameters, and experimental methods used in the 

present thesis. 

 

4.1 Essential components of solar still 

A solar still is a device that converts saline water into potable water by applying solar 

energy. A brief discussion about solar still is described in section 1.8. Here figure 4.1 shows 

the schematic diagram of simple conventional solar still. 

The different components of solar still are described as follows: 

i. Basin area: Saline water is stored inside the basin area. It is painted with black color 

to absorb the maximum solar radiation. Basin area of solar still can be prepared using 

galvanized iron or any other suitable material to increase the performance of solar 

still. Total area of the basin should be 0.5 to 1 m
2
. 

ii. Glass cover: Glass cover allows the solar radiation to move towards the basin area. 

An optimum glass cover thickness passes more solar radiation inside the basin and 

evaporates the water. A transparent glass cover is used in solar still, which can give 
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the solar radiation to the basin water. The performance of glass cover as glazing is 

higher compared to others.  

iii. Insulation: In solar still maximum heat losses occurs from the bottom of the solar 

still. A proper insulation material in the basin of solar still reduces the heat losses and 

increases the distillate output of solar still. A low thermal conductivity insulation 

material absorbs more heat energy and reduces heat loss. In solar still, insulation 

material with proper thickness gives the optimum performance on distillate output of 

solar still. 

iv. Supporting structure: A solar still was made from wooden material to reduce heat 

losses. A process to manufacture a solar still from wooden material is very easy to 

compare to galvanized iron (GI) material. A supporting four beam is also prepared 

from wooden material. A thermocol sheet was used outside the wooden box to 

reduce heat dissipation. 

v. Distillate trough: Condensate water from the top of the glass is collected in the 

distillate trough due to the slanting of the glass cover. Distillate trough is placed 

outside in front of lower depth of solar still to collect the distillate water. The 

maximum capacity of the distillate trough to collect the water is 0 to 1 liter. A plastic 

material measuring jar is used to collect the distillate water.  

 

 

FIGURE 4.1 Basic components of solar still [24] 
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4.2 Experimental setup of solar stills with different insulation thicknesses 

In solar still, insulation material with proper thickness increases the distillate productivity 

[98]. The presented experiment was conducted in three different solar still with 3cm, 6cm, 

and 10cm thickness of insulation in the month of October-November 2018 and April-May 

2019 during clear sky days. Three single basin single slope solar still of 1m × 1m were 

manufactured from wooden material to conduct the experiment work. Compared to 

galvanized iron, the wooden material the heat losses are lower; it also works as outside 

insulation in the solar still. Figures 4.2 and 4.3 show the schematic and actual view of the 

experimental setup installed at the terrace of my home Plot no. 1650/1, Sector 2D, 

Gandhinagar, Gujarat, India. All three types of solar still glass cover was inclined at 23º 

(23.2156° N, 72.6369° E) latitude of Gandhinagar city, Gujarat, India. A 4mm thickness of 

transparent glass cover was used to absorb more solar radiation, which passes the solar 

radiation to the basin water [99]. A basin area of solar still was filled with highly saline 

water. Inside the basin area, the water level was maintained constant of 0.03 m constant 

using a solenoid valve in all three solar still.  

The least depth inside the basin gives the higher distillate productivity [100]. All three solar 

still water was supplied from an overhead tank of 1000 liter. It was regulated by different 

valves V1, V2, V3, and V4 for all three solar stills. Valve V1 controls the water level in all 

three valves V2, V3, and V4. A distillate trough was placed on the front side of all three 

solar stills to collect the distilled water from the solar still. To measure different temperature 

parameters like; inner glass cover (Tgi), basin water (Tw), and atmosphere (Ta), a total of 

seven k-type thermocouples were located in three different solar still. Among that, six 

thermocouples measure the basin and glass temperature of three different solar still, and one 

thermocouple measures the atmospheric temperature. All temperature readings during the 

experimental day were recorded and collected by ARDUINO based data logger. In Table 4.1 

& 4.2 instruments used during experimental work, its accuracy and error are shown. Table 

4.3 shows the various dimensions of single slope single basin solar still. 
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FIGURE 4.2 Schematic diagram of experimental setup with different insulation thickness 

 

 

FIGURE 4.3 Experimental setup with different insulation thickness 
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TABLE 4.1 Instruments used during experimental work 

Sr. 

No. 
Instrument Model number Range 

1. K-type thermocouple DS18B20 -55°C to +125°C 

2. ARDUINO data logger ARDUINO Uno R3 7- 2 cm to 400 cm 

3. Solarimeter Tenmars TM-207 0-1400 W/m
2
 

4. Measuring Jar - 0-1000 ml 

5. Solenoid valve DC -24V -10°C to +121°C 

 

TABLE 4.2 Errors and accuracy of different measuring instruments 

Sr. 

No. 
Instrument Accuracy Range %  Error 

1 Thermocouple ±0.1°C -55°C to +125°C 0.1 

2 Solarimeter ±1W/m
2
 0-1400 W/m

2
 1 

3 Measuring Jar 

 

±10 ml 0-1000 ml 0.001 

 

TABLE 4.3 Dimensions of single basin single slope solar still 

Sr. Parameter Value 

1. Basin  area of solar still  1 m × 1 m 

2. The outside area of solar still  1.05 m × 1.05 m 

3. Glass cover inclination angle  23° 

4. Lower depth of solar still 0.30 m 

 5. Higher depth of solar still  0.45 m 

6. Thickness of insulation   0.03 m , 0.06 m  0.1 m 

7. Glass cover thickness 0.004 m 

8. Transmissivity of the glass cover 0.9 
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4.2.1 Components used during experimental work for solar still with different 

insulation thicknesses 

 The components used in this experiment are mentioned below: 

i. Solar still 

It is a simple device which converts saline water into potable water. The different 

components of solar still are mentioned in section 4.1. All three solar stills were 

prepared, having the same area of 1 m × 1 m. 

ii. Solarimeter 

It was used to measure the intensity of solar radiation falling on solar still. It was 

placed on the glass cover surface or can directly collect the solar intensity in W/m
2
. It 

was also connected to the data logger with wire attached. It shows the intensity value 

for every hour inside the laptop. Fig. 4.4 shows the pictorial view of the solarimeter. 

The specification of the solarimeter is shown in table 4.2.  

 

FIGURE 4.4 Solarimeter 

 

iii. Solenoid valve 

To control the level of water inside the basin of solar still and maintain the 

constant water depth, a solenoid controlling valve was used in all three solar still. 

A higher depth of water inside solar still decreases the performance of solar still. 

In Fig. 4.5 solenoid valve is shown. 
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FIGURE 4.5 Solenoid valve 

iv. Thermocouple 

The main objective of using thermocouples was to measure the temperature of basin 

water, glass cover, and atmospheric. A total of seven thermocouples were fixed at 

different locations of three solar still. In this experimental work, K-type 

thermocouples were used due to their good corrosion resistance and wide 

temperature range property [101]. Fig. 4.6 shows the K-type thermocouple, which 

measures temperature. 

 

FIGURE 4.6 K- Type Thermocouple wire 
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v. ARDUINO data logger 

In solar still, during experimental work, an ARDUINO-based data logger was used to 

store the temperature value measured by a thermocouple (Fig. 4.7). Figure 4.8 shows 

the line diagram of ARDUINO data logger circuit. Inside that one, ARDUINO board 

was used, and programmed was made inside it with programming language. 

Appendix A shows the detailed programming about the ARDUINO data logger. To 

prepare an ARDUNIO circuit, an ARDUINO board was used, shown in fig. 4.9. A 

male and female jumper cable was used to join the circuit with the ARDUINO board. 

Figure 4.10 & 4.11 shows the breadboard & jumper cable used for the ARDUINO 

data logger. One LCD (figure 4.12) was attached to the ARDUINO data logger, 

which directly shows the temperature value of different parameters. 

 

 

FIGURE 4.7 Datalogger 

 

FIGURE 4.8 Line diagram of ARDUINO data logger 
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FIGURE 4.9 ARDUINO Board 

 

  

FIGURE 4.10 Breadboard FIGURE 4.11 Jumper Cable 

 

FIGURE 4.12 LCD Display to show readings 
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The specifications and features of different parts of the ARDUINO data logger is mentioned 

in table 4.4 

 

TABLE 4.4 Specification and feature of different parts of ARDUINO data logger 

Sr. Name of Part Specification    Nos. 

1. Arduino Board ARDUINO Uno R3 7-12 V 1 

2. Breadboard 400 tie points 1 

3. Jumper Cable 2.54mm 1P-1P Male to Female 40PCS 

4. Jumper Cable 2.54mm 1P-1P Female to Female 40PCS 

5. Resistor Box 1/4 W 150Pcs Assorted Value Pack 1 

6. Micro SD Card 32 GB 1 

7. 
Arduino Uno Transparent 

Case 
ABS Transparent plastic material 1 

8. I2C RTC+EEPROM Board 27mm ×28mm ×8.4mm 1 

9. 
LCD Display with I2C 

Interface 

16 ×2 1 

 

vi. Measuring jar 

In solar still, during experimental work, the distilled water separately for all three solar 

still were collected using a measuring jar with a capacity of 1 liter to collect in a single 

time. A total of three measuring jars of plastic material were used to collect the 

distilled water from the solar still. In figure 4.13, the picture of the measuring jar is 

shown. 

 

FIGURE 4.13 Measuring Jar 
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4.2.2 Experimental procedure for solar still with different insulation thickness 

The experiments were performed during October-November 2018 and April-May 2019. 

Four-month readings were taken in place of my home Plot no. 1650/1, Sector 2D, 

Gandhinagar, Gujarat, India. All instruments like thermocouples, ARDUINO data logger, 

anemometer, and solarimeter were used for experimental work. Solarimeter is put on the 

surface of solar still to measure solar intensity. The experimental readings were taken for 24 

hours (From Morning 7:00 a.m to the next day, Morning of 6:00 a.m.) for three single basin 

single-slope solar still have different insulation thicknesses of 3cm, 6cm, and 10cm.  

In this experimental work, the below parameters were measured every hour on all days: 

 Inner Glass cover temperature (Tgi) 

 Basin water temperature (Tw) 

 Atmospheric temperature (Ta) 

 Solar intensity (I) 

 Hourly Distillate output (l/m
2
) 

During the experimental work, the parameters mentioned above were measured every hour 

during day and night with the help of the ARDUINO data logger. K-type thermocouples 

were fixed with an ARDUINO data logger to measure the temperature value. Also, to 

measure the solar intensity for every hour, the solarimeter was used. The distilled water 

obtained from all three solar still was collected in a distillate trough. 

In the calculation of experimental results, the total distillate output and insolation for any 

one day have been considered by calculation summing up all the 24 hours average values of 

that day. In each month, the number of clear sky days was recorded. Here total distillate 

output and isolation have been calculated by multiplying their corresponding daily distillate 

values to the number of clear sky days in that month. At last, the total distillate output of 

four months for a different thickness was summarized by the corresponding monthly value 

of every month. The total average reading of every season was calculated by the average 

performance of two months. According to that final average optimum reading was 

considered. 
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4.3 Experimental setup of solar stills with attachment of fins 

The distillate output of solar stills could be increased by increasing the surface area of the 

absorber (base of still) and the rate of heat transfer between saline water and absorber [102]. 

Attachment of fins within the basin of solar still decreased the preheating time required for 

evaporating basin water and increased the heat transfer area; hence, solar still productivity 

could be increased [103]. The experiment was conducted from September 2019 to 

November 2019 at my home, Plot no. 1650/1, Sector 2D, Gandhinagar, Gujarat, India. The 

present experiment was conducted with attachments of vertical fins and inclined fins with 

solar still. Its performance was compared with conventional solar still. In this experimental 

work, three solar still were prepared: 1. Conventional solar still (CSS), 2. Solar still with 

vertical fins (SSWVF) and 3. Solar still with inclined fins (SSWIF).  Fig. 4.14 and 4.15 

show the schematic and actual view of the experimental setup placed at the terrace of my 

home Gandhinagar. The entire three solar still were manufactured from wooden material of 

the same size 1 m × 1 m. In this experimental work, a copper material waste wind chime 

pipes were used as fins. Fig. 4.16 shows the pictorial view of a wind chime used as fins in 

solar still. 

The dimensions of fins were 0.4 mm diameter, 2 cm height, and a total no. of 13 fins were 

placed inside the basin. The attachment of vertical fins inside the solar still generated the 

shadow inside the basin area. It decreased the performance of solar still, so this difficulty 

was overcome by the attachment of inclined fins inside the solar still. During experimental 

work, different parameters like basin water temperature (Tw), inner glass cover temperature 

(Tgi), and atmospheric temperature (Ta) were measured for all three solar stills. K-type 

thermocouples (fig. 4.6) were used to measure these different temperature parameters. All 

temperature readings were recorded in the ARDUINO data logger (fig. 4.7) and stored inside 

the laptop. To measure the solar intensity solarimeter was used (fig. 4.4). The distilled water 

from all three types of solar still was collected in a separate measuring jar (fig.4.13) placed 

on the front side of each solar still. The accuracy of different instruments used during the 

experimental work is mentioned in Table 4.2. Also, the dimensions of different solar 

components are still mentioned in Table 4.3. 
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FIGURE 4.14 Schematic of experimental set up (a) conventional solar still (b) solar still with 

vertical fins (c) solar still with inclined fins 

 

FIGURE 4.15 Actual view of experimental set up of three solar still (a) conventional solar still 

(b) solar still with vertical fins and (c) solar still with inclined fins 
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4.3.1 Components used during experimental work in solar still with different 

attachment of fins 

 The components used in this experimental work are discussed below: 

i. Solar still:   Discussed in section 4.2.1 (i) 

ii. Fins: In this experimental work, waste wind chimes copper material pipes were used 

as fins. The dimensions of fins were 0.4 mm diameter, 2 cm height, and a total no. of 

13 fins were used. Fins were placed in vertical and inclined positions in two different 

stills. Attachments of vertical fins with solar still increased the shadow area inside 

solar still, which reduces the performance of solar still; hence inclined fins were 

used. Both vertical and inclined fins used in experimental work have the same copper 

material and the same size. Fins used in solar still are shown in figure 4.16. In Table 

4.5 thermo-physical values for copper pipes are shown. 

 

TABLE 4.5 Thermo-physical values of solar still attached with copper material fins [126] 

Sr. Property Unit Value 

1. Density g/cm
3
 8.96 

2. Hardness HV 110 

3. Electrical resistivity Ωm 16.78 

4. Thermal conductivity W/mK 401 

5. Melting point °C 1085 

 

iii. Thermocouple: Discussed in section 4.2.1 (iv) 

iv. Solarimeter: Discussed in section 4.2.1 (ii) 

v. ARDUINO Data logger: Discussed in section 4.2.1 (vi) 

vi. Measuring jar: Discussed in section 4.2.1 (vii) 

vii. Solenoid valve: Discussed in section 4.2.1 (iii) 
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FIGURE 4.16 Waste wind chime pipe as fins 

4.3.2 Experimental procedure solar stills with the attachment of fins 

The experiment was conducted from September 2019 to November 2019 at the location of 

Gandhinagar city. In this experimental work, three solar still were used i) conventional solar 

still, ii) solar still with vertical fins, and iii) solar still with inclined fins. In all three solar 

still, 4mm thickness of glass cover was used and placed inclined at 23º according to 

Gandhinagar's latitude (23.2156° N, 72.6369° E). All three solar still were filled with 0.03 m 

depth of saline water. A water tank of 1000 liter capacity was used to supply the water to all 

three solar still. The water level was regulated with the help of valves V1, V2, and V3. The 

depth of water could be maintained constant using a solenoid valve. To measure the 

temperature at different locations of a solar still, K-type thermocouples were used.  

The following parameters were measured during the experimental work: 

 Temperature of basin water (Tw) 

 Intensity of solar radiation (I) 

 Temperature if inner glass cover (Tgi) 

 Ambient temperature (Ta) 

 Hourly distillate output (l/m
2
) 
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The experimental readings were taken from Morning 7:00 a.m to evening 6:00 p.m and 

evening 6:00 p.m to next day morning 7:00 a.m (24 hours) during three months (September 

2019 to November 2019) for all experimental days.  

In the calculation of experimental results, the total distillate output and insolation for any 

one day have been considered by calculation summing up all the 24 hours average values of 

that day. In each month, the number of clear sky days was recorded. Here total distillate 

output and isolation have been calculated by multiplying their corresponding daily distillate 

values to the number of clear sky days in that month. At last, the total distillate output of 

three months for a different thickness is summarized by the corresponding monthly value of 

every month. The total average reading of every season is calculated by the average 

performance of two months. According to that, final average optimum readings are 

considered. 

 

4.4 Experimental setup of solar stills with zig-zag shape air cooled 

condenser (SSWZACC) 

The higher temperature difference between basin water and inner glass cover effect on the 

productivity of conventional solar still. Due to the evaporation and condensation process 

inside the solar still, this effect is considered. Hence, it is necessary to maintain the 

temperature difference between water and glass cover, which reduces the loss of heat 

exporting to the atmosphere [104]. This difficulty is overcome by different techniques like 

cooling the glass cover, addition of fans, reflectors, and attachment of condenser. Among all 

these methods, the condenser gives better performance [105]. 

In this experimental work, two solar still were used. One was conventional solar, and the 

second was modified with a zig-zag-shaped air-cooled condenser attachment. Figure 4.17 

and fig.4.18 shows the schematic and actual view of the experimental setup. A zig-zag-

shaped air-cooled condenser was attached to the backside of the solar still. The experiment 

was conducted from September 2020 to November 2020 at my home, Gandhinagar, Gujarat, 

India. In this experimental work, a novel, a zigzag-shaped air-cooled condenser, was 

designed from galvanized iron (GI) material. During the experimental work, the inner glass 

cover temperature, basin water temperature (Tw), condenser temperature (Tc), ambient 
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temperature (Ta), and solar intensity (I) were measured. An ARDUINO-based data logger 

was used to measure and store the reading of different parameters. Eight thermocouples 

were attached to the ARDUINO data logger to measure the temperature at different 

intervals. Using a Micro SD card attached with a data logger, experimental reading at a 

particular time interval could be stored for all experimental days. A solarimeter measured 

the solar intensity during the daytime for all days. A water tank of 1000 liter capacity was 

used to store and constant supply of water to the basin of a solar still, which was regulated 

by valves V1, V2, and V3 in both solar still. The distillate water was collected in two 

different distillate troughs put in front of two solar still and bottom of zig-zag shaped air 

cooled condenser. The condensed water from the condenser was stored separately here. 

 

 

FIGURE 4.17 Schematic diagram of experimental set up (a) conventional solar still (b) solar still 

with zig-zag shape air cooled condenser (SSWZACC) 
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             FIGURE 4.18 Actual view of Experimental set up (a) conventional solar still (b) solar still 

with zig-zag shape air cooled condenser 

 

 

4.4.1 Components used during experimental work for solar stills with zig-zag shape air   

cooled condenser  

i. Solar still 

In this experimental work, two solar still were used. One conventional and other 

modified solar still. In the modified solar still, a zigzag-shaped air-cooled condenser 

was attached to the backside of the still. The description about solar still is discussed 

in section 4.1. Figure 4.19 and 4.20 shows the side and perspective view of solar 

still with zig-zag shape air-cooled condenser. 
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FIGURE 4.19 Side view of solar still with condenser 

 

 

FIGURE 4.20 Perspective view of solar still with condenser 

 

ii. Zig-Zag shape air cooled condenser 

To maintain the temperature difference between water and glass cover, a zig-zag 

shape air-cooled condenser was used. In this experimental work, a novel shape zig-

zag air-cooled condenser was prepared from galvanized iron material having 

dimensions of 80 cm (l) × 20 cm (b) ×50 cm (h). The thermo-physical property of 

galvanized iron material is shown in table 4.6. The excess vapour from the still basin 

was moved towards the condenser, where it condenses. On the bottom side of the 

condenser, a pipe was attached. The distillate water was collected to the distillate 

trough. Figure 4.21 and 4.22 shows the different views of zig-zag shape air-cooled 

condenser. 
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FIGURE 4.21 Side view zig-zag shape air cooled condenser 

                        

             FIGURE 4.22 Perspective view of zig-zag shape air cooled condenser 

 
TABLE 4.6 Thermo-physical values of galvanized iron material [127] 

Sr. Property Unit Value 

1. Thermal conductivity W/mK 65 

2. Specific Heat Capacity J/kgK 465 

3. Density kg/m
3
 7833 

4. Modulus of Elasticity  Gpa 200 

5. Poisson’s ratio - 0.29 

6. Electrical resistivity Ohm-cm 0.0000170 

 

iii. Thermocouple 

Discussed in section 4.2.1 (iv) 

iv. Solarimeter 

Discussed in section 4.2.1 (ii) 
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4.4.2 Experimental procedure of solar still with zig-zag shape air cooled condenser 

In this experimental work, two solar still were used. One is conventional, and the other is 

solar still attached with a zig-zag shape air-cooled condenser. The experiments were 

performed in all clear sky days from September 2020 to November 2020. Both the solar still 

was manufactured from wooden material. The top surface of both solar still was covered 

with a 4mm glass cover, which was placed inclined at 23º to the latitude of Gandhinagar 

city. In the conventional solar still, heat is lost due to the higher temperature difference 

between water and glass cover, which decreases the distillate productivity of solar still. This 

temperature difference could be maintained with the attachment of a zig-zag shape air-

cooled condenser. The zig-zag shape air-cooled condenser was manufactured from 

galvanized iron material. Both the solar still is filled with saline water having the same depth 

of water 0.03 m. In both solar still galvanized iron material sheet is used as an absorber, 

painted black to absorb more solar radiation. The distillate water was collected in a distillate 

trough placed in front of the solar still. The condensed water from the condenser was also 

collected to the distillate trough through the pipe attached to the bottom of the condenser 

area. Here a comparison was made between conventional solar still and solar still with zig-

zag shape air-cooled condenser. 

The experimental readings were taken from Morning 7:00 a.m to the next morning 6:00 a.m 

(24 hours) for three months. In experimental reading temperature of basin water (Tw), inner 

glass cover temperature (Tgi), ambient temperature (Ta), solar intensity (I), and air-cooled 

condenser temperature (Tc) were measured in all experimental days. 

In the calculation of experimental results, the total distillate output and insolation for any 

one day have been considered by calculation summing up all the 24 hours average values of 

that day. In each month, the number of clear sky days is recorded. Here total distillate output 

and isolation have been calculated by multiplying their corresponding daily distillate values 

to the number of clear sky days in that month. At last, the total distillate output of three 

months for a different thickness is summarized by the corresponding monthly value of every 

month. The total average reading of every season was calculated by the average performance 

of two months. According to that, the final average optimum reading is considered. 
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4.5 Experimental setup of solar stills with zig-zag shape air cooled 

condenser, evacuated tubes, fins, and energy storage materials 

In conventional solar, the distillate productivity remains lower due to the loss of heat 

exhausted to the atmosphere. To enhance productivity, different modifications were done on 

it. The experiments were done with the attachment of fins, evacuated tubes, condenser, and 

energy storage materials with single basin single slope solar still and compared with 

conventional solar still. The solar still with an air-cooled condenser gives higher 

performance than conventional solar still. To get more distillate output and increase the 

performance of solar still, vacuum tubes were used here. The evacuated tubes preheat the 

water inside the basin of a solar still, and due to the difference of temperature in basin water, 

the water circulates naturally to vacuum tubes [106]. With the attachment of evacuated 

tubes, the heat loss could be reduced, which increases the evaporative heat transfer 

coefficient of basin water [107]. Heat storage materials and fins were used here to increase 

the heat storage capacity and more surface area of the basin. Black color glass balls, black 

gravels, and white stones were used as heat storage materials. The experiment was 

conducted from March 2021 to May 2021 at my home, Plot no. 1650/1, Sector 2D 

Gandhinagar Gujarat, India.  

This experimental work made a comparison between conventional solar still (CSS) and 

modified solar still (MSS). The modified was prepared with fins, evacuated tubes, a zig-zag 

air-cooled condenser, and energy storage materials. The schematic and real view of the 

experimental setup is shown in fig. 4.23 and 4.24.  Both CSS and MSS were manufactured 

from wooden material in this experimental work. The effective basin area of both solar still 

was 1 m × 1 m. The solar basin area was still prepared from galvanized iron sheet and 

painted with black color to absorb more solar radiation. The experimental setup was entirely 

air-tight to reduce heat loss. A 4mm glass cover was used for both the still and placed at 23º 

inclined at latitude (23.2156° N, 72.6369° E) of Gandhinagar city. The glass cover in both 

CSS and MSS were fixed with silicone rubber sealed to reduce vapour leakage.  
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FIGURE 4.23 Schematic view of (a) CSS (b) MSS 

 

FIGURE 4.24 Experimental Set up (a) CSS (b) MSS 
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In this experimental work, six numbers of double-walled hard borosilicate glass tubes with 

1.6 mm thickness, the inner diameter of 0.047 m, the outer diameter of 0.058 m, and the 

length of 1.5 m were used. In evacuated tubes, two tubes are used, one outer tube and the 

other inner tubes. The outer tube remains transparent to allow the solar radiation towards the 

inner tube. The inner tube was coated with a special coating material. An aluminum nickel 

alloys compound (Al-Ni/Al) is used as a coating material to receive the maximum solar 

radiation absorption (>93%) and minimum emittance (<6%). Evacuated tubes were inclined 

at 45º from horizontal and supported with a structure of iron material. The six tubes were 

fixed to the lower side using a rubber bush. Due to density differences, the water from the 

basin to evacuated tubes is transferred in evacuated tubes. The water circulation inside the 

evacuated tube is shown in fig.4.25. The water inside the evacuated tubes heated, became 

dense, and moved towards the basin water. Due to temperature difference, cold water moved 

downside, which works repeatedly. At the bottom of each evacuated tube, a cap is provided, 

which minimizes the direct contact of the tube with the ground floor; hence the failure of 

tubes can be avoided. The flow of water inside the tubes was affected by solar radiation, the 

temperature of the water, and still configuration. The experimental setup was kept in the 

North-South direction to receive the maximum solar radiation during the experimental work. 

The experimental setup specification for MSS and thermo-physical values for evacuated 

tubes are mentioned in Table 4.7. & 4.8.  In this experimental work, six thermocouples were 

used to measure temperature at different locations.  

 

FIGURE 4.25 Thermo-syphon arrangements in the evacuated tube 
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TABLE 4.7 Specifications of the experimental setup 

Sr. Parameter Value 

1. Basin area of solar still 1 m × 1 m 

2. Solar still outer area 1.05 m × 1.05 m 

3. Glass cover inclination 23º 

4. Air-cooled condenser 80 cm (l)× 20 cm (b) ×50 cm (h) 

5. Evacuated tube length (l) 1.5 m 

6. Evacuated tube inner diameter (di) 0.047 m 

7. Evacuated tube outer diameter (do) 0.058 m 

8. Evacuated tube glass thickness 0.0016 m 

  

TABLE 4.8 Thermo-physical values of passive solar still attached with vacuum tubes [108] 

Parameter Value 

αb 0.36 

αg 0.05 

αw 0.34 

FR 0.831 

Mw 30 kg 

εeff 0.82 

Li 0.05 m 

Ki 0.57 W/mK 

hw 250 W/m
2
K 

Δt 3600 s 

Cw 4190 J/KgK 

σ 5.67 × 10
-8

 W/m
2
K 

(ατ)c 0.8 

ULC 2.44 W/m
2
K 

h2 5.7 + 3.8 V, V = 3 m/s 

L 2.25 × 10
5
 J/Kg 
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4.5.1 Components used during experimental work in solar stills with air-cooled 

condenser, fins, evacuated tubes and energy storage materials 

The components used in the present experimental work are discussed below: 

i. Solar still:  As mentioned in section 4.1  

ii. Evacuated tubes: 

The different view of evacuated tubes used in experimental work is shown in figure 

4.26.  In evacuated tubes, two concentric tubes are used, of which one is the inner 

tube, and the other is the outer tube. Both tubes are concentric to each other and 

made of borosilicate glass material. The outer tube remains transparent to absorb 

more solar radiation, which inner tube is coated with a special coating material to 

enhance the evaporative heat transfer coefficient of water. The real view of the 

evacuated tube is shown in fig.4.27. The vacuum is generated in space between the 

two tubes to get the higher water temperature and lower heat loss. The solar radiation 

is passed from the transparent (outer tube) to the vacuum between the tubes. The 

coated tube receives heat energy. This heat energy is transferred to the water inside 

the tube, and it becomes warm. Due to the temperature difference, this higher water 

temperature moves towards the basin water. It passes the cold water inside the tubes. 

The advantages of using evacuated tubes are that it receives both direct and diffuse 

radiation. Also, it is fixed at one side, so no tracking is required to obtain the solar 

radiation [108].  

      

FIGURE 4.26 Different views of evacuated tube used in experimental work 
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FIGURE 4.27 Photograph of evacuated tube 

iii. Absorbing materials 

Heat storage materials increase the heat storage capacity of basin water in solar still, 

which increases the heat transfer coefficient of basin water. Hence, higher distillate 

productivity can be achieved. The absorbing material stores the heat during the 

sunshine hours and releases it during the night period to achieve higher nocturnal 

productivity. The different types of stones, wax, paraffin, nanomaterial, rubber, etc., 

are used as heat storage material. In this experimental work, black glass ball, marble 

stone, black granite stone, etc., were used as absorbing material. Figure 4.28 shows 

the pictorial views of different energy storage materials were utilized during 

experimental work.  

         

FIGURE 4.28 Energy storage materials 

 

 

iv.  Air cooled condenser:  As discussed in section 4.4.1 (ii) 

v.  ARDUINO Data logger : As discussed in section 4.4.1 (iv) 

vi.  Thermocouple: As discussed in section 4.2.1 (iv) 

   

Black granite Black colour glass ball Marble stones 
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vii.  Solarimeter: As discussed in section 4.2.1 (ii) 

viii.  Anemometer: As discussed in section 4.2.1 (v) 

ix.  Distillate trough: As discussed in section 4.2.1 (vii) 

 

4.5.2 Experimental procedures of CSS and MSS 

This experimental work was conducted using a single basin still with different attachments 

of fins; zig-zag shape air-cooled condenser, evacuated tubes, and energy storage material. 

The modified solar still (MSS) performance was compared with conventional solar still 

(CSS). As energy storage material, black color glass balls, black gravels, and white marble 

stones were used. The objective behind using absorbing material was to increase the heat 

storage capacity of solar still. Here, both conventional and modified solar still was filled 

with saline water with a constant water depth of 0.03 m. The water was supplied from the 

water storage tank to CSS and MSS. The water inside the basin of solar still receives the 

solar radiation and gets evaporated. Six evacuated tubes were attached with MSS to preheat 

the basin water. The fins attached with the basin of MSS increase the heat transfer area of 

solar still. Due to evacuated tubes, fins, and heat storage materials, the heat transfer 

coefficient of basin water increased, generating more heat inside the still. From the 

generated heat inside the solar, some portion of heat moves the upper side and fixes on the 

glass cover's inner surface, where it condenses. The remaining heat moves towards the 

condenser area. 

The condenser's large zig-zag shape surface area gives extra space to reduce the vapour. Due 

to atmospheric air contact with the external surface of zig-zag shape air cooled condenser 

condenses the vapour inside it and provides distillate water. The energy storage material 

inside the basin of MSS stores the energy during the daytime and releases it during the 

nighttime. The distillate water was collected separately for daytime and night time during 

the experimental work in both CSS and MSS. The total distillate productivity summarizes 

the performance of solar still from Morning 7:00 a.m to next day morning 6:00 a.m (24 hrs). 

The solar intensity during the daytime was also checked with a solarimeter. The different 

parameters like basin water temperature (Tw), inner glass cover temperature (Tgi), ambient 
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temperature (Ta), condenser temperature (Tcond.), solar intensity (I), and distillate output 

(l/m
2
) were measured every hour for 24 hours of all days of experimentation. 

 

4.6 Uncertainty analysis 

The objective behind uncertainty analysis was to check the error and calibration of 

instruments used during experimental work, environmental conditions, and procedure of 

experiment reading. The different instruments used during measurements their maximum 

range of parameters and errors are shown in Table 4.9. & Table 4.10. 

 

 Shows the measured uncertainty parameters value before experimentation for solar still. The 

detailed calculation about uncertainty analysis is shown in Appendix B 

 
TABLE 4.9 Errors of different instruments used in measurements 

Sr. No. Device name Parameter Unit Range % Error 

01 Thermocouple Temperature °C --55°C to 

+125°C 

0.1 

02 Solarimeter Intensity 

measurement 

W/m
2
 0-1400 1 

03 Measure tap 
Solar still 

dimensions 
M 

1 

1 

0.02 

0.001 

 

TABLE 4.10 Uncertainty analysis value for solar still 

Sr. No. Parameters Symbol % of Uncertainty 

1 Solar Still area A 0.1414 

2 Solar still flow area AF 5.0 

3 Temperature difference T  7.02 

4 Output M 7.02 

5 Radiation I 2.5 

6 Efficiency   7.02 
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4.7 Summary 

In this chapter the experimental setup with different modifications in solar still is shown. To 

reduce the bottom heat losses in solar still, an experiment was conducted using different 

insulation thickness like 3cm, 6cm, and 10cm during October 2018 to May 2019. Higher 

heat transfer area inside solar still increase the heat transfer coefficient of water, hence an 

experiment was conducted with attachment of vertical and inclined fins with solar still and 

its comparison was done with conventional solar still during September 2019 to November 

2019. Higher basin water temperature and lower glass cover temperature increases the 

distillate output of solar still and lower the top heat losses from the glass cover, hence a total 

six evacuated tubes and zig-zag shape air cooled condenser were attached with the solar still 

and its performance was done with conventional solar still. In solar still during day time 

solar intensity remains high, which increases the ambient temperature, hence higher basin 

water temperature could be obtained during day time. In night time, due to lower 

atmospheric temperature and absence of solar intensity the night distillate productivity 

remains very low. So to enhance the nocturnal distillate output, the experiment was 

conducted with different energy storage materials like black color glass ball, black gravels 

during March 2021 to May 2021. During experimental work the different temperature 

parameters like ambient temperature (Ta), basin water temperature (Tw), inner glass cover 

temperature (Tgi), condenser temperature (Tcond.) and solar intensity (I) were found. All 

temperature data were measured and collected with ARDUINO base data logger and solar 

intensity was measured with solarimeter. 
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CHAPTER 5 

Experimental Results and Discussion 

 

This chapter deals with performance enhancement of single basin single slope solar still 

based on experimental results. In this chapter, a discussion is made on different research 

work done on single basin single slope solar still to increase the distillate output, which 

includes the effect of varying insulation thickness, single basin single slope solar still with 

vertical and inclined fins, single basin single slope solar still attached with a zig-zag shaped 

air-cooled condenser, single basin single slope solar still with a zig-zag shaped air-cooled 

condenser, evacuated tubes fins and different energy storage materials. To check the 

performance of conventional solar, the different research work was carried out during    

October 2018 to May 2021 from morning 7:00 a.m to next day morning 6:00 a.m in clear 

sky days. The experimental results of different cases were compared with a practical reading 

of conventional solar still. To compare experimental readings, winter and summer season 

days were considered. The different parameters like basin water temperature (Tw), inner 

glass cover temperature (Tgi), condenser temperature (Tcond.), ambient temperature (Ta), solar 

intensity (I), hourly distillate output (l/m
2
), and cumulative distillate output (l/m

2
) were 

measured.  

 

5.1 Experimental results and discussion of single basin single slope solar     

still with varying insulation thickness. 

In conventional solar still, the distillate productivity is lower due to heat lost in the side and 

bottom surface of solar still. The proper insulation material is required to decrease the heat 

lost from the bottom and side surfaces, which minimizes heat loss and increases solar 

efficiency. Proper insulation material is required to resist the high temperature and have 
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sufficient strength so it does not compress due to the weight of basin water [41]. To check 

the effect of insulation thickness on the performance of single basin single slope solar, 

different values of insulation thickness like 3cm, 6cm, and 10cm were taken during 

experimental work. The object behind doing experimental work with different insulation 

thicknesses was to find out the optimum value of insulation thickness for the basin of a solar 

still. Hence, the bottom heat losses could be minimized. The experiment was conducted in 

October-November 2018 and April-May 2019 to check the performance of both the winter 

and summer seasons. This was because, in the summer and winter seasons, the value of solar 

intensity differs and affect on the performance of solar still. Here Table 5.1 to 5.3 shows the 

value of the experimental parameter for basin water temperature (Tw), inner glass cover 

temperature (Tgi), ambient temperature (Ta), solar intensity (I), hourly distillate output (l/m
2
), 

and cumulative distillate output (l/m
2
) were measured for solar still having different 

insulation thickness. Also in Table 5.4 the average monthly distillate output is shown. To 

achieve the better performance of insulation thickness on solar still, all three solar still 

having were filled with saline water with a constant depth of 0.03 m. The glass cover 

thickness for all three solar still was taken as 4mm. Different insulation thicknesses of 3cm, 

6cm, and 10cm were compared to measure different parameters like water temperature, 

inner glass cover temperature, ambient temperature, distillate output, etc.  
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TABLE 5.1. Measured parameters for 3cm insulation thickness (Day: 11/05/2019) 

Time    

(Hr) 

Ta          

(ºC) 

Tw       

(ºC) 

Tgi      

(ºC) 

I(t)    

(W/m
2
) 

Hourly   

Distillate   

Output (l/m
2
) 

Cumulative 

Distillate  

Output (l/m
2
) 

07:00 14 14 14 40 0 0 

08:00 15 18.5 15.2 70 0.004 0.005 

09:00 17 23.8 16.5 180 0.009 0.013 

10:00 19 28.3 20.5 340 0.042 0.052 

11:00 22 32 27.6 540 0.09 0.152 

12:00 24 36.6 30.2 750 0.19 0.361 

13:00 23 41.6 33.5 630 0.23 0.591 

14:00 22 46.5 36.4 510 0.21 0.791 

15:00 21 41 35.6 380 0.1 0.956 

16:00 20 35 28.6 190 0.085 1.056 

17:00 20 29.3 23.5 120 0.07 1.121 

18:00 19 26.2 19.4 0 0.04 1.153 

19:00 18 22.3 16.5 0 0.025 1.173 

20:00 17 20.4 15.8 0 0.018 1.188 

21:00 17 19.9 14.6 0 0.015 1.2 

22:00 16 19.5 14 0 0.012 1.208 

23:00 15 19.1 13.5 0 0.011 1.214 

00:00 15 18.9 12.8 0 0.008 1.218 

01:00 14 17.8 12.2 0 0.004 1.22 

02:00 13 17.6 11.8 0 0.002 1.222 

03:00 12 17 11.2 0 0 1.224 

04:00 11 16.5 11 0 0 1.224 

05:00 11 16 11 0 0 1.224 

06:00 10 15.6 11 45 0 1.224 
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TABLE 5.2 Measured parameters for 6cm insulation thickness (Day: 11/05/2019) 

Time    

(Hr) 

Ta   

(ºC) 

Tw      

(ºC) 

Tgi    

(ºC) 

I(t)    

(W/m
2
) 

Hourly   

Distillate   

Output (l/m
2
) 

Cumulative 

Distillate  

Output (l/m
2
) 

07:00 14 15.2 16.1 40 0 0 

08:00 15 17.2 19.2 70 0.008 0.009 

09:00 17 21.5 23.3 180 0.016 0.025 

10:00 19 30.7 32.8 340 0.058 0.082 

11:00 22 38.3 39.5 540 0.14 0.2 

12:00 24 43.5 41.5 750 0.26 0.45 

13:00 23 48.5 46.4 630 0.269 0.75 

14:00 22 52.6 49.4 510 0.26 0.82 

15:00 21 58.6 45.3 380 0.22 1.155 

16:00 20 54.5 37.2 190 0.16 1.301 

17:00 20 48.3 31.4 120 0.13 1.452 

18:00 19 43.2 27.3 0 0.058 1.499 

19:00 18 39.8 23.3 0 0.038 1.501 

20:00 17 35.3 22.5 0 0.027 1.522 

21:00 17 33.2 21.4 0 0.022 1.531 

22:00 16 29.2 20.5 0 0.019 1.542 

23:00 15 27.1 19.1 0 0.018 1.555 

00:00 15 26.4 18.2 0 0.009 1.569 

01:00 14 25.3 18 0 0.01 1.577 

02:00 13 24.6 17.3 0 0.009 1.582 

03:00 12 23.1 16.5 0 0.008 1.589 

04:00 11 22.5 15.6 0 0.006 1.612 

05:00 11 21.6 15.1 0 0.009 1.619 

06:00 10 20.1 14.9 45 0.008 1.622 
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TABLE 5.3 Measured parameters for 10cm insulation thickness (Day: 11/05/2019) 

Time    

(Hr) 

Ta   

(ºC) 

Tw      

(ºC) 

Tgi     

(ºC) 

I(t)    

(W/m
2
) 

Hourly   

Distillate   

Output (l/m
2
) 

Cumulative 

Distillate  

Output (l/m
2
) 

07:00 14 14.7 15.6 40 0 0 

08:00 15 16.3 17.2 70 0.007 0.007 

09:00 17 20.4 21.4 180 0.0015 0.024 

10:00 19 29.3 30.8 340 0.055 0.08 

11:00 22 37.4 38.3 540 0.13 0.191 

12:00 24 42.1 40.5 750 0.25 0.439 

13:00 23 46.5 45.3 630 0.257 0.691 

14:00 22 50.2 47.2 510 0.24 0.75 

15:00 21 56.4 44.9 380 0.23 1.125 

16:00 20 52.3 35.6 190 0.15 1.289 

17:00 20 45.2 29.1 120 0.12 1.425 

18:00 19 41.2 25.8 0 0.057 1.466 

19:00 18 36.3 21.4 0 0.036 1.488 

20:00 17 33.2 20.5 0 0.026 1.492 

21:00 17 31.7 19.2 0 0.02 1.51 

22:00 16 27.2 18.4 0 0.017 1.525 

23:00 15 25.4 17.2 0 0.015 1.535 

00:00 15 23.4 16.5 0 0.008 1.549 

01:00 14 22.5 16.1 0 0.009 1.555 

02:00 13 21.6 15.2 0 0.008 1.562 

03:00 12 20.4 14.3 0 0.007 1.579 

04:00 11 20.2 13.2 0 0.006 1.588 

05:00 11 19.5 12.8 0 0.005 1.591 

06:00 10 18.9 12.5 45 0.002 1.624 
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TABLE 5.4 Monthly average distillate output for solar still with different insulation thickness during 

October- November -2018 & April-May – 2019. 

Sr. 
Month of the 

year 

Average Solar 

intensity 

(W/m
2
) 

Average Monthly Distillate Output 

(l/m
2
) 

3cm 6cm 10cm 

1. October-18 640 23.1 27.9 28.4 

2. November-18 610 22.4 26.8 27.1 

3. April-19 710 25.4 29.2 30.8 

4. May-19 730 27.3 31.9 32.3 

 

5.1.1 Hourly variations of ambient temperature (Ta) with solar intensity (I) 

Solar intensity (I) and atmospheric temperature (Ta) are important parameters for solar 

distillate productivity. The variations in these parameters affect the performance of solar 

still. Higher ambient temperature and solar intensity increase the value of basin water 

temperature (Tw); hence, higher distillate productivity could be achieved. Figure 5.1 shows 

hourly variations of ambient temperature with solar intensity. The figure shows that ambient 

temperature varies with solar intensity, reaches a maximum, and then decreases. Also, with 

the maximum value of solar intensity, a higher ambient temperature could be achieved. 

During the morning and evening period, atmospheric temperature shows lower due to lower 

solar intensity. At noon 12:00 p.m maximum value of solar intensity (750 W/m
2
) was also 

achieved at the same time the ambient temperature shows a maximum of 24°C. The lower 

atmospheric temperature and solar intensity decrease the distillate productivity of solar still. 

Nocturnal distillate productivity of solar still remains lower due to the absence of solar 

intensity. 
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FIGURE 5.1 Hourly variation of ambient temperature (Ta) with solar intensity (I) (Day: 11/05/2019) 

 

5.1.2 Hourly variations in water temperature (Tw) with ambient temperature (Ta) for 

three solar still having insulation thickness of 3 cm, 6 cm, and 10 cm 

Here in figure 5.2, hourly variations of basin water temperature (Tw) for different solar still 

for different insulation thickness of 3cm, 6cm, and 10cm is shown. Basin water temperature 

was varied with atmospheric temperature from morning to evening. From the figure, it was 

found that during the morning and evening hour’s the value of basin water temperature (Tw) 

remains lower due to lower atmospheric temperature; the value of Tw reached the maximum 

at 03:00 p.m; due to the maximum value of atmospheric temperature. The obtained 

maximum value of basin water temperature solar still having insulation thickness of 3cm, 

6cm, and 10cm were 41°C, 58.6°C, 56.4°C, respectively. Solar still having 6cm insulation 

thicknesses shows the maximum value of Tw than 3cm and 10cm. The basin water 

temperature for solar still with insulation thickness of 6cm and 10cm are nearby each other. 

It was observed that increasing the thickness of insulation in the basin of solar still gives a 

higher value of water temperature by decreasing the bottom heat loss. 
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FIGURE 5.2 Hourly variations in basin water temperature (Tw) with ambient temperature (Ta) for three 

solar still (Day: 11/05/2019) 

 

 

5.1.3 Hourly variations in inner glass cover temperature (Tgi) with ambient 

temperature (Ta) for three solar still having insulation thickness of 3cm, 6cm, and     

10cm 

In figure 5.3, hourly variations of inner glass cover temperature (Tgi) with atmospheric 

temperature for three different solar still having insulation thickness of 3cm, 6cm, and 10cm 

is shown. The obtained maximum values of inner glass cover temperature for 3cm, 6cm, and 

10cm were 36.4°C, 49.4°C, 47.2°C, respectively. For solar still with 6cm insulation 

thickness, the maximum value of inner glass cover temperature was obtained compared to 

3cm and 10cm. The higher value of inner glass cover temperature lowers the distillate 

productivity of solar still. Increasing insulation thickness in the basin of solar still shows the 

higher value of basin water and inner glass cover temperature in solar still. Also, it was 

found that solar still with 6cm of insulation thickness shows the highest value of basin water 

and inner glass cover temperature than 3cm and 10cm of insulation thickness. 
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FIGURE 5.3 Hourly variations in inner glass cover temperature (Tgi) with ambient temperature (Ta) for 

three solar still (Day: 11/05/2019) 

 

5.1.4 Comparison of hourly distillate output between three solar still having insulation 

thickness of 3cm, 6cm, and 10cm. 

In figure 5.4, an hourly distillate output in solar still for 3cm, 6cm, and 10cm insulation 

thickness is shown. From figure 5.4, it was found that during the noon period, maximum 

hourly distillate output was achieved in all three solar still due to higher solar intensity and 

atmospheric temperature. The maximum hourly distillate output achieved in three solar still 

with insulation thickness of 3cm, 6cm and 10cm were 0.230 l/m
2
, 0.269 l/m

2
, 0.257 l/m

2
, 

respectively. It was observed that solar still having insulation thickness of 6cm shows 

maximum hourly distillate output compared to two other solar stills because of higher water 

temperature. From figure 5.4, it was revealed that during off sunshine hours, distillate output 

was achieved in all three solar still due insulation material with the basin of a solar still, 

which stored the heat during day time and maintained the higher basin water temperature 

during night time.  
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FIGURE 5.4 Comparison of hourly distillate output between three solar still (Day: 11/05/2019) 

 

 

5.1.5 Comparison of cumulative distillate output between three solar still having 

insulation thickness of 3cm, 6cm, and 10cm. 

Figure 5.5 shows the total cumulative distillate output between solar still with insulation 

thickness of 3cm, 6cm, and 10cm. The maximum distillate output obtained for three solar 

still with insulation thickness of 3cm, 6cm and 10cm were 1.224 l/m
2
, 1.622 l/m

2
, 1.624 

l/m
2
, respectively. Insulation thickness with the solar still increases the day and night 

distillate productivity and gives higher distillate output compared to conventional solar still. 

Also, it was found that insulation thickness still gave better results in distillate output of 

solar still up to certain limit after that it shows asymptotic effect [41]. From figure 5.5, it was 

revealed that with increasing the thickness of basin insulation, higher distillate output and 

basin water temperature were achieved during day and night time. It was observed that the 

perfect thickness of insulation increases the distillate output by 32.67%. Due to continuous 

production of distillate output during night hours & higher basin water temperature in solar 

still increases the total distillate productivity in solar still.  
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FIGURE 5.5 Comparison of cumulative distillate output between three solar still (Day: 11/05/2019) 
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still. So to reduce this shadow area inside the still, the experiment was done with inclined 

fins, and its performance was checked with vertical fins solar still also.  

The experiment was conducted from September 2019 to November 2019. In experimental 

work, three solar still of the same size having 1m × 1m area of the basin was prepared from 

wooden material. In three solar still, one is conventional solar still, and in the other two, 

solar still vertical fins and inclined fins were attached at the absorber surface. In Table 5.5, 

5.6, and 5.7, the measured parameters for conventional solar still, solar still with vertical 

fins, and solar still with inclined fins are shown. Also in Table 5.8 the monthly average 

distillate output for solar still fins is shown. 

During the experimental work, different parameters like Ambient temperature (Ta ºC), Sola 

intensity (I, W/m
2
), Water Temperature (Tw, ºC), Inner glass cover temperature (Tgi, ºC), 

Wind speed (v, m/s), etc. were measured for three different solar stills. To achieve better 

performance in the entire three solar stills, a constant depth of water of 0.03 was maintained. 
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TABLE 5.5 Measured parameters for conventional solar still    (Day: 15/09/2019) 

Time 
Ta 

 (ºC) 

Tw  

(°C)  

Tgi 

 (°C)  

I  

(W/m
2 

) 

Hourly distillate 

output,  

(l/m
2
) 

Cumulative 

distillate output,  

(l/m
2
) 

7:00 23 22 22 40 0.000 0.000 

8:00 24 23 23 90 0.025 0.025 

9:00 24 24 24 150 0.040 0.065 

10:00 26 29 28 390 0.055 0.120 

11:00 29 39 37 540 0.070 0.190 

12:00 31 50 47 720 0.080 0.270 

13:00 30 60 56 700 0.140 0.410 

14:00 28 52 50 620 0.325 0.735 

15:00 26 45 42 520 0.385 1.120 

16:00 24 38 36 410 0.280 1.400 

17:00 23 32 30 320 0.195 1.595 

18:00 21 22 21 110 0.105 1.700 

19:00 20 21 20 0 0.070 1.770 

20:00 20 20 19 0 0.055 1.825 

21:00 20 20 19 0 0.030 1.855 

22:00 21 20 19 0 0.025 1.880 

23:00 21 21 20 0 0.015 1.895 

00:00 21 21 20 0 0.012 1.907 

1:00 21 21 20 0 0.008 1.915 

2:00 21 21 20 0 0.007 1.922 

3:00 21 21 20 0 0.006 1.928 

4:00 22 21 20 0 0.005 1.933 

5:00 22 22 21 0 0.004 1.937 

6:00 23 22 21 50 0.003 1.940 
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TABLE 5.6 Measured parameters for solar still with vertical fins  (Day: 15/09/2019) 

Time 

(hour) 

Ta 

 (ºC) 

Tw  

(°C)  

Tgi 

 (°C)  

I  

(W/m
2 

) 

Hourly distillate 

output,  

 (l/m
2
) 

Cumulative 

distillate output,  

 (l/m
2
) 

7:00 23 23 21 40 0.000 0.000 

8:00 24 23 22 90 0.030 0.030 

9:00 24 25 23 150 0.045 0.075 

10:00 26 30 29 390 0.080 0.155 

11:00 29 45 42 540 0.085 0.240 

12:00 31 56 53 720 0.095 0.335 

13:00 30 60 57 700 0.195 0.530 

14:00 28 66 64 620 0.362 0.892 

15:00 26 54 52 520 0.440 1.332 

16:00 24 43 41 410 0.413 1.745 

17:00 23 33 30 320 0.240 1.985 

18:00 21 23 22 110 0.125 2.110 

19:00 20 22 20 0 0.088 2.198 

20:00 20 21 20 0 0.050 2.248 

21:00 20 20 20 0 0.045 2.293 

22:00 21 20 19 0 0.040 2.333 

23:00 21 20 19 0 0.030 2.363 

00:00 21 21 19 0 0.025 2.388 

1:00 21 21 19 0 0.015 2.403 

2:00 21 21 20 0 0.010 2.413 

3:00 21 21 20 0 0.009 2.422 

4:00 22 21 20 0 0.007 2.429 

5:00 22 22 21 0 0.006 2.435 

6:00 23 23 21 50 0.005 2.440 
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TABLE 5.7 Measured parameters for solar still with inclined fins (Day: 15/09/2019) 

Time 
Ta 

 (ºC) 

Tw  

(°C)  

Tgi 

 (°C)  

I  

(W/m
2 

) 

Hourly distillate 

output,  

 m  (l/m
2
) 

Cumulative 

distillate output,  

 m  (l/m
2
) 

7:00 23 23 21 40 0.000 0.000 

8:00 24 23 23 90 0.030 0.030 

9:00 24 25 23 150 0.050 0.080 

10:00 26 32 31 390 0.085 0.165 

11:00 29 44 42 540 0.090 0.255 

12:00 31 55 53 720 0.105 0.360 

13:00 30 62 61 700 0.210 0.570 

14:00 28 68 66 620 0.365 0.935 

15:00 26 54 56 520 0.450 1.385 

16:00 24 43 46 410 0.420 1.805 

17:00 23 32 31 320 0.245 2.050 

18:00 21 24 22 110 0.130 2.180 

19:00 20 22 21 0 0.090 2.270 

20:00 20 21 20 0 0.055 2.325 

21:00 20 20 20 0 0.048 2.373 

22:00 21 20 20 0 0.040 2.413 

23:00 21 20 20 0 0.030 2.443 

00:00 21 21 20 0 0.027 2.470 

1:00 21 21 20 0 0.020 2.490 

2:00 21 21 20 0 0.015 2.505 

3:00 21 21 20 0 0.012 2.517 

4:00 22 21 20 0 0.009 2.526 

5:00 22 22 20 0 0.008 2.534 

6:00 23 23 20 50 0.006 2.540 
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TABLE 5.8 Monthly average distillate output for solar still with fins during September - November-2019 

Sr. 
Month of the 

year 

Average Solar 

intensity  

(W/m
2
) 

Average Monthly Distillate Output 

(l/m
2
) 

CSS SSWVF SSWIF 

1. September-19 670 55 68 69.2 

2. October-19 650 53.4 67.2 68.1 

3. November-19 620 51.2 61.4 62.2 

 

 

5.2.1 Hourly variation of ambient temperature with solar radiation 

In figure 5.6, the hourly variation between atmospheric temperature and solar intensity is 

shown. The atmospheric temperature and solar intensity are very effective parameters to 

increase the distillate output of solar still. With higher values of solar intensity and 

atmospheric temperature, the basin water temperature could be achieved, which enhances 

the distillate output of solar still. So atmospheric temperature and solar intensity were 

considered as very important parameters for distillate output of solar still. From figure 5.6, it 

was found that during morning time, the atmospheric temperature becomes lower due to 

lower solar intensity; it increases up to 12:00 p.m and becomes maximum around it. The 

maximum value of solar intensity and ambient temperature was 720 (W/m
2
) and 31°C. Now 

in the afternoon time, the ambient temperature decreases due to a decrement in solar 

intensity. Due to the higher value of solar intensity and atmospheric temperature, a higher 

basin water temperature could be achieved. At night time, due to zero solar intensity, the 

ambient temperature has less effect on the performance of solar still. 
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FIGURE 5.6 Hourly variation of ambient temperature Ta (ºC) with a solar intensity I (w/m
2
) (Day: 

15/09/2019) 

 

 

5.2.2 Hourly variations of basin water, inner glass cover temperature, and solar 

intensity for conventional solar still and solar still with vertical and inclined fins 

In figure 5.7, hourly variations of water temperature, inner glass cover temperature, and 

solar intensity for conventional still, still with vertical fins and still with inclined fins, are 

shown. It can be seen from figure 5.7 that water temperature and inner glass cover 

temperature is increasing with ambient temperature and reach maximum at around 2:00 

p.m., then after it decreases with ambient temperature due to lower solar intensity. Hence it 

was clear that solar intensity has a considerable effect on the variation of temperature. Now 

here, the water temperature for still with vertical fins and inclined fins remains higher 

compared to conventional solar still. The obtained value of water temperatures for 

conventional solar still, solar still with vertical fins, and solar still with inclined fins were   

68ºC, 66ºC, and 60ºC, respectively. Solar still with inclined fins give 2ºC more water 

temperature than vertical fins solar still. The obtained value of inner glass cover 
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temperatures for conventional solar still, solar still with vertical fins, and solar still with 

inclined fins were 66ºC, 64ºC, and 56ºC, respectively. The vertical fin solar still got the 

highest inner glass cover temperature compared to the other two solar still. It could be found 

from experimental data that there is not much variation in water temperature and inner glass 

cover temperature between solar still with vertical fins and solar still inclined fins. The 

higher water temperature leads to higher distillate output. So comparatively, solar still with 

the attachment of fins gave higher distillate output than conventional solar still. 

 

FIGURE 5.7 Hourly Variations of various temperatures for conventional solar still and solar still with 

vertical and inclined fins (Day: 15/09/2019) 

 
 

5.2.3 Hourly variations of hourly distillate output between conventional solar still, solar 

still with vertical fins, and solar still with inclined fins 

In figure 5.8, hourly variations of distillate output between various solar still are shown. In 

figure 5.7, we have seen that solar still with the attachment of fins has higher water 

temperature compared to conventional solar still. Higher water temperature leads to a higher 

evaporative heat transfer coefficient in solar still, which leads to higher distillate output. 
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From this figure 5.8, it has been found that the maximum hourly distillate output obtained at 

2:00 p.m for conventional solar still, solar still with vertical fins, and solar still with inclined 

fins were  410 l/m
2
, 470 l/m

2
, 485 l/m

2
, respectively. Due to higher ambient temperature and 

maximum solar intensity at 2:00 p.m, maximum basin water could be achieved. In the 

afternoon time, the hourly distillate output decreases due to lower ambient temperature and 

solar intensity. Fins increase the absorber area inside solar still, and heat transfer coefficient; 

hence higher distillate output could be achieved. Solar still with fins gave higher hourly 

distillate output compared to conventional solar still. There is not much variation is found in 

distillate output between vertical fins solar still and inclined fins solar still. The inclined fin 

solar still and vertical fin gave 26% and 24% higher hourly distillate output compared to 

conventional solar still. There is not much variation in distillate productivity was found 

between inclined fins and vertical fins solar still. 

 

 

FIGURE 5.8 Hourly Variations of distillate output between conventional still, still with vertical fins and 

still with inclined fins   (Day: 15/09/2019) 
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5.2.4 Comparison of cumulative distillate output between conventional solar still, solar 

still with vertical fins, and solar still with inclined fins 

In figure 5.9 comparison of cumulative distillate output is shown between conventional solar 

still, solar still with vertical fins, and solar still with inclined fins. From figure 5.9, it has 

been found that in the morning time, the distillate output is very lower and increases in the 

afternoon time. This happens due to lower ambient temperature and solar intensity. 

Attachments of waste wind chrome fins of copper material with solar still gave a better 

performance in distillate output of solar still. The total distillate outputs obtained for 

conventional still, still with vertical fins and still with inclined fins, are 1.91 l/m
2
, 2.35 l/m

2
, 

and 2.50 l/m
2
, respectively. The higher hourly distillate output gave the higher cumulative 

output in solar still. Solar still with inclined fins gave maximum distillate output compared 

to vertical fin solar still and conventional solar still. The distillate productivity of inclined fin 

solar still and vertical fins solar still remains 26.77% and 24.19% higher compared to 

conventional solar still.  

 

FIGURE 5.9 Comparison of cumulative distillate output between conventional still, still with vertical fins 

and still with inclined fins (Day: 15/09/2019) 
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5.3 Experimental results and discussion of single basin single slope solar 

still with the attachment of zig-zag shape air cooled condenser 

(SSWZACC) 

The productivity of solar still is affected by heat losses. In the conventional solar still, heat 

losses occur from the bottom and top surfaces of solar still. Using proper insulating 

materials, the bottom and side losses could be reduced. To reduce heat losses from the top of 

the glass cover, researchers have used different techniques like water sprinkling, external 

fans, reflectors, condensers, etc. It is necessary to reduce the glass cover temperature of solar 

still. Higher the difference of water and glass covers temperature increases the heat losses 

[112]. Researchers have found that with the attachment of a condenser, more space is 

available to condense the vapour; hence the loss of heat could be reduced [113]. In this 

experimental work, a zig-zag-shaped air-cooled condenser was attached with solar still to 

maintain the difference of temperature between water and glass cover. Here a zig-zag-

shaped air-cooled condenser was manufactured from galvanized iron (GI) material. The idea 

behind using a zig-zag shape was to give more extra space to condense the vapour generated 

inside solar still. The vapour generated after evaporating the water, some of them move 

towards the glass cover and remain moves on condenser area. The outer surface of the 

condenser was directly in contact with the atmospheric air, which condenses the vapour, and 

distilled water could also be obtained from the condenser outlet pipe. During experimental 

work, a comparison was made between conventional solar still and sola still with zig-zag 

shaped air cooled condenser. Table 5.9 & 5.12 shows the measured parameters for 

conventional still and solar still with zig-zag shaped air-cooled condenser for particular 

experimental days. In Table 5.13 the monthly average distillate output during Septmber –

November 2020 is shown. During the measurements, the different temperature values like 

ambient temperature (Ta ºC), water temperature (Tw ºC), condenser temperature (Tcond. ºC), 

inner glass cover temperature (Tgi ºC), solar intensity (I W/m
2
), and wind speed were 

measured. Here average three-month readings were taken during experimental work, from 

those optimum readings was found. 
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TABLE 5.9 Measured parameters for conventional solar still        (Day: 12/09/2020) 

Time  

(hr) 

Atmosphere 

Temperature, 

Ta (°C) 

Basin Water 

Temperature 

Tw (°C) 

Inner Glass 

Cover 

Temperature  

Tgi (°C) 

Solar 

Intensity  

I (W/m
2
) 

Hourly Distillate 

Output   

(l/m
2
) 

Cumulative 

Distillate  Output  

(l/m
2
) 

7:00 26.3 34.3 39.3 110 0.000 0.000 

8:00 29.5 37.2 44.5 230 0.022 0.022 

9:00 33.4 46.3 51.3 420 0.035 0.057 

10:00 36.7 56.5 51.8 560 0.050 0.107 

11:00 40.3 59.2 52.2 680 0.075 0.182 

12:00 42 61.7 55.2 860 0.080 0.262 

13:00 46.3 66.2 58.2 890 0.140 0.402 

14:00 46.2 70.1 59.3 750 0.235 0.637 

15:00 44 68.6 57.2 620 0.346 0.983 

16:00 43.5 65.6 54.1 460 0.315 1.298 

17:00 42 60.1 52.1 310 0.175 1.473 

18:00 37.6 57.2 50.4 150 0.095 1.568 

19:00 34.8 55.2 48.1 40 0.045 1.613 

20:00 33.5 54.3 47.2 0 0.035 1.648 

21:00 32.3 53.2 46.1 0 0.030 1.678 

22:00 31.3 52.1 44.3 0 0.020 1.698 

23:00 30.3 50.9 42.1 0 0.015 1.713 

0:00 29.2 48.2 41.1 0 0.010 1.723 

1:00 28.7 46. 40.5 0 0.009 1.732 

2:00 28.2 45.1 39 0 0.007 1.739 

3:00 27.8 44.2 38.1 0 0.006 1.745 

4:00 27 42.2 37.5 0 0.005 1.750 

5:00 26.4 41.9 36.1 0 0.000 1.750 

6:00 26.3 39.3 36.1 45 0.000 1.750 
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TABLE 5.10 Measured parameters for solar still with zig-zag shape air cooled condenser (SSWZACC)       (Day: 12/09/2020) 

Time  

(hr) 

Atmosphere 

Temperature 

Ta (°C) 

Basin Water 

Temperature 

Tw (°C) 

Inner Glass 

Cover 

Temperature 

Tgi (°C) 

Condenser 

Temp. 

Tcond. (°C) 

Solar 

Intensity 

I (W/m
2
) 

Hourly 

Distillate 

Output   

(l/m
2
) 

Cumulative 

Distillate  

Output  

(l/m
2
) 

7:00 26.3 28.8 26.4 26.1 110 0.000 0.000 

8:00 29.5 29.1 30.1 29.9 230 0.020 0.020 

9:00 33.5 30.4 34.9 35.6 420 0.035 0.055 

10:00 36.7 34.2 39.4 39 560 0.040 0.095 

11:00 40.4 40.6 42.7 41.4 680 0.055 0.150 

12:00 42 46.7 45.4 41.6 860 0.082 0.232 

13:00 46.3 54.5 53.6 43.4 890 0.145 0.377 

14:00 46.2 59 53.4 43.4 750 0.265 0.642 

15:00 44 61.3 54 41.1 620 0.355 0.997 

16:00 43.5 58.4 55.7 41 460 0.310 1.307 

17:00 42 56.1 50.2 39.8 310 0.185 1.492 

18:00 37.6 45.4 43.2 36.1 150 0.160 1.652 

19:00 34.8 48.4 39 33.7 40 0.105 1.757 

20:00 33.5 47.4 36.1 32.8 0 0.092 1.849 

21:00 32.4 46.4 34.3 31.5 0 0.080 1.929 

22:00 31.4 43.8 32.7 30.7 0 0.065 1.994 

23:00 30.4 41.3 30.8 29.8 0 0.045 2.039 

0:00 29.3 39.3 29.2 27.5 0 0.040 2.079 

1:00 28.7 37.4 28.5 27 0 0.035 2.114 

2:00 28.2 35.9 27.7 27.5 0 0.025 2.139 

3:00 27.8 34.4 27.3 27.3 0 0.018 2.157 

4:00 27 32 26.6 26.7 0 0.015 2.172 

5:00 26.4 31 26 26.1 0 0.010 2.182 

6:00 26.4 29 25.8 26.1 45 0.008 2.190 
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TABLE 5.11 Measured parameters for conventional solar still    (Day: 14/09/2020) 

Time  

(hr) 

Atmosphere 

Temperature 

Ta (°C) 

Basin Water 

Temperature 

Tw (°C) 

Inner Glass 

Cover 

Temperature 

Tgi (°C) 

Solar 

Intensity 

I (W/m
2
) 

Hourly 

Distillate 

Output   

(l/m
2
) 

Cumulative 

Distillate  

output  

(l/m
2
) 

7:00 27.3 36.3 39.1 130 0.000 0.000 

8:00 30.1 38.2 44.2 270 0.025 0.025 

9:00 35.9 47.5 50.1 480 0.040 0.065 

10:00 38.1 56.9 51.1 590 0.055 0.120 

11:00 40.1 60.1 52.1 720 0.070 0.190 

12:00 39.2 61.8 54.8 960 0.080 0.270 

13:00 40 65.2 57.1 920 0.150 0.420 

14:00 41 69.6 59.2 790 0.240 0.660 

15:00 41.1 68.5 56.2 680 0.350 1.010 

16:00 39.2 64.9 55.1 510 0.315 1.325 

17:00 38.3 61.8 53.1 390 0.179 1.504 

18:00 36.2 57.8 51.4 220 0.095 1.599 

19:00 33.2 55.2 49.2 60 0.045 1.644 

20:00 32.3 54.8 48.2 0 0.035 1.679 

21:00 31.2 53.4 47.1 0 0.030 1.709 

22:00 30.6 51.6 46.2 0 0.020 1.729 

23:00 30.1 50.4 44.1 0 0.015 1.744 

0:00 29 48.5 42.1 0 0.010 1.754 

1:00 28.7 48 40.3 0 0.008 1.762 

2:00 28.4 45.8 39.2 0 0.007 1.769 

3:00 27.2 44.7 38.1 0 0.006 1.775 

4:00 26.2 43.1 37.5 0 0.005 1.780 

5:00 26.3 41.8 37.3 0 0.000 1.780 

6:00 26.7 39 36.9 45 0.000 1.780 
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TABLE 5.12 Measured parameters for solar still with zig-zag shape air cooled condenser (SSWZACC)       (Day: 14/09/2020) 

Time  

(hr) 

Atmosphere 

Temperature 

Ta (°C) 

Basin Water 

Temperature 

Tw (°C) 

Inner Glass 

Cover 

Temperature 

Tgi (°C) 

Condenser 

Temp. 

Tcond. (°C) 

Solar 

Intensity 

I (W/m
2
) 

Hourly Distillate 

Output   

(l/m
2
) 

Cumulative 

Distillate  

output  

(l/m
2
) 

7:00 27.3 29.1 27.3 27.2 130 0.000 0.000 

8:00 30.1 29.4 31.2 31.2 270 0.020 0.020 

9:00 35.9 30.8 35.4 37.6 480 0.035 0.055 

10:00 38.1 35.3 41.2 39.1 590 0.040 0.095 

11:00 40.1 41.2 45.5 42.9 720 0.060 0.155 

12:00 39.2 52 49.2 40.1 960 0.085 0.240 

13:00 40 55.6 50.7 40.5 920 0.140 0.380 

14:00 41 57.6 53.6 41 790 0.266 0.646 

15:00 41.1 59.2 54.2 40.5 680 0.355 1.001 

16:00 39.2 58.4 52.6 39.4 510 0.310 1.311 

17:00 38.3 55.5 49 37.2 390 0.185 1.496 

18:00 36.2 53 43.2 36.2 220 0.160 1.656 

19:00 33.2 47 39.2 32.8 60 0.105 1.761 

20:00 32.3 45.1 37.1 31.5 0 0.095 1.856 

21:00 31.2 42.2 34.9 30.8 0 0.080 1.936 

22:00 30.6 40.2 34 30.3 0 0.065 2.001 

23:00 30.1 38.2 32 30.1 0 0.050 2.051 

0:00 29 36.4 30.1 29.1 0 0.045 2.096 

1:00 28.7 35.1 29.4 28.4 0 0.030 2.126 

2:00 28.4 33.4 28.9 28.1 0 0.025 2.151 

3:00 27.2 32.1 27.4 27 0 0.020 2.171 

4:00 26.2 31.2 26.3 26.5 0 0.015 2.186 

5:00 26.3 30.1 26.5 26.6 0 0.010 2.196 

6:00 26.7 29.2 26.7 26.8 45 0.009 2.205 
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TABLE 5.13 Monthly average distillate output for CSS and SSWACC during September-November 

2020 

Sr. 
Month of the 

year 

Average Solar 

intensity 

(W/m
2
) 

Average Monthly Distillate Output 

(l/m
2
) 

CSS SSWZACC 

1. September-20 680 53.4 66.2 

2. October-20 660 52.5 65.7 

3. November-20 630 51.2 64.4 

 

5.3.1 Hourly variation of solar intensity with ambient temperature 

Solar intensity and atmospheric temperature are very important geometrical parameters in 

respect of solar still productivity. The higher solar intensity and ambient temperature lead to 

higher distillate output. In figure 5.10, hourly variations of atmospheric temperature and 

solar intensity are shown. Atmospheric temperature increases with solar intensity and 

reaches a maximum around 01:00 p.m; after that, it decreases due to lower solar intensity. 

Here a maximum value of the solar intensity of 960 W/m
2
 could be achieved at 12:00 p.m. 

In the afternoon time, both these parameters decrease. After 20:00 p.m, the solar intensity 

value shows zero; hence it lowers the atmospheric temperature. Lower values of atmospheric 

temperature and solar intensity decrease the productivity of solar still. 

 

 

FIGURE 5.10 Hourly variation of solar intensity with ambient temperature (Day: 14/09/2020) 
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5.3.2 Hourly variation of basin water temperature with ambient temperature 

Higher basin water temperature leads to a higher evaporation rate inside the solar still, which 

increases the efficiency of solar still. Here in figure 5.11, a variation of basin water 

temperature with atmospheric temperature between conventional solar still (CSS) and solar 

still with zig-zag shape air-cooled condenser (SSWZACC) is shown. It can be seen that 

water temperature increases with atmospheric temperature in both solar stills. The maximum 

values of basin water temperature obtained at 15:00 p.m for conventional solar still and solar 

still with zig-zag shape air-cooled condenser were 69.6 °C and 59.2 °C, respectively.  

The basin water temperature values for conventional solar still remain higher compared to 

solar still with zig-zag shape air-cooled condenser. The values of water temperature for 

conventional solar still remain continuously higher from morning 07:00 a.m to next day 

morning 06:00 a.m. The reason behind lower water temperature for solar still with zig-zag 

shape air-cooled condenser is due to attachment of zig-zag condenser. It maintains the 

difference of temperature between water and glass covers; hence the heat loss could be 

reduced, and higher distillate productivity could be achieved.  

 

 

FIGURE 5.11 Hourly variation of water temperature with ambient temperature (Day: 14/09/2020) 

 

0

10

20

30

40

50

60

70

80

7
:0

0

8
:0

0

9
:0

0

1
0

:0
0

1
1
:0

0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

0
:0

0

1
:0

0

2
:0

0

3
:0

0

4
:0

0

5
:0

0

6
:0

0

T
em

p
er

a
tu

re
 (

ºC
) 

Time (hr) 
Ambient Temperature  (Ta)

Basin water Temp. (Tw) for SSWZACC

Basin water Temp. (Tw) for CSS



5. Experimental Results and Discussion 

129 

 

5.3.3 Hourly variation of inner glass cover temperature with ambient temperature 

The higher value of inner glass cover temperature leads to higher heat losses, which reduces 

the distillate productivity and efficiency of solar still. In figure 5.12, hourly variation of 

inner glass cover temperature for conventional solar still and solar still with condenser is 

shown. It could be found that inner glass cover temperature remains higher for conventional 

solar still compared to SSWZACC. Inner glass cover temperature for solar still with zig-zag 

shape air-cooled condenser remains same as atmospheric temperature up to morning 09:00 

a.m and after 01:00 a.m. The obtained maximum value of inner glass cover temperature for 

conventional solar still and solar still with zig-zag shape air-cooled condenser were 59.2°C, 

54.2°C, respectively. Compared to SSWZACC, the conventional solar still gave higher 

water and inner glass cover temperature. 

 

FIGURE 5.12 Hourly variation of inner glass cover temperature with ambient temperature              

(Day: 14/09/2020) 

 

Here solar still with zig-zag shape air-cooled condenser gives the lower temperature of glass 
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condenser. Due to this, the temperature difference between water and glass cover could be 

reduced; hence higher distillate output could be achieved. 

 

5.3.4 Hourly variations of different temperatures with solar intensity in solar still with 

zig-zag shape air cooled condenser 

In figure 5.13, hourly variation of different temperatures like basin water temperature, inner 

glass cover temperature, condenser temperature with ambient temperature, and solar 

intensity for solar still with zig-zag shape air-cooled condenser is shown. Water temperature, 

inner glass cover temperature, and condenser temperature increase with ambient temperature 

and decrease with it. The obtained maximum value of water temperature (Tw), inner glass 

cover temperature (Tgi), and condenser temperature (Tcond.) was 59.2°C, 54.2°C, 40.5°C, 

respectively.  

 

FIGURE 5.13 Hourly Variation of Temperature with Solar intensity for solar still with zig-zag shape 

air-cooled condenser   (Day: 14/09/2020) 
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condenser temperature line; hence the higher nocturnal productivity could be obtained. From 

the above results, it could be said that the attachment of condenser shows a remarkable 

positive effect on the temperature of solar still with zig-zag shape air-cooled condenser. 

 

5.3.5 Comparison of hourly distillate output between conventional solar still and solar 

still with zig-zag shape air cooled condenser 

In figure 5.14, the hourly variation of distillate output between conventional solar still and 

solar still with zig-zag shape air-cooled condenser is shown. Distillate output is also affected 

by water temperature, inner glass cover temperature, ambient temperature, and solar 

intensity. The higher water temperature and lower inner glass cover temperature lead to 

higher distillate output of solar still. The distillate output increases from morning 7:00 a.m; 

reaches a maximum at 15:00 p.m and then after it decreases. The maximum hourly distillate 

obtained for conventional solar still and solar still with zig-zag shape air-cooled condenser at 

15:00 p.m was 0.350 l/m
2
, 0.355 l/m

2
, respectively. Up to noontime, there is not much 

variation was found in distillate between two solar still, but after 17:00 p.m, the higher 

difference was found in distillate output between two solar still.  

In the conventional solar still, the vapour generated due to the higher basin temperature of 

the water was lost because of higher inner glass cover temperature. So in conventional solar 

still, the distillate output during nighttime remains lower. During night time the distillate of 

solar still with zig-zag shape air-cooled condenser showed higher compared to conventional 

solar still. This was possible due to the attachment of a zig-zag shape air-cooled condenser. 

In solar still with zig-zag shape air-cooled condenser, the vapour generated due to higher 

evaporation rate of basin water moves towards the condenser area. Due to the zig-zag shape 

of the air-cooled condenser, more space could be available to condense the vapour; also, the 

outer surface of the condenser was direct with atmospheric air, which condenses the vapour 

and gives a higher distillate output. With the attachment of a zig-zag shape air-cooled 

condenser, higher nocturnal productivity could be obtained compared to conventional solar 

still. 
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FIGURE 5.14 Hourly variation of distillate output between two solar stills (Day: 14/09/2020) 

 

 

5.3.6 Comparison of cumulative distillate output between conventional solar still and 

solar still with zig-zag shape air cooled condenser 

Figure 5.15 shows a comparison of cumulative distillate output between conventional solar 

still and solar still with zig-zag shape air-cooled condenser. From figure 5.15, it could be 

found that during morning hours, the distillate output of both solar still remains the same. 

There was not much variation was found between that. But in afternoon time, it shows much 

difference in distillate output between them. The distillate output between two solar still was 

continuously varied with time. The total distillate productivity for conventional solar still 

and solar still with zig-zag shape air-cooled condenser was 1.780 l/m
2
, 2.205 l/m

2
, 

respectively. In the nighttime, the distillate output of solar still with zig-zag shape air-cooled 

condenser remains higher compared to conventional solar still due to the attachment of 

condenser, which condenses the excess air generated from the basin of solar still; hence the 

vapour which was stored inside the condenser condensed during night time and higher 

nocturnal productivity could be achieved.  
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FIGURE 5.15 Hourly variation of cumulative distillate output between two solar still (Day: 14/09/2020) 
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energy storage materials. Experiment was conducted during March-2021 to May-2021 for 

three months. During experimental work, six numbers of evacuated tubes and as energy 

storage materials, black color glass ball, black gravels, and white marble stones were used. 

Here zig-zag shape air-cooled condenser maintains the difference of temperature between 

basin water and glass cover, where evacuated tubes preheat the water inside the basin of 

solar still. The energy storage materials store the heat during day time and release during the 

night period, so its effect on the performance of night time distillate output of modified solar 

still. During the experimental work, a comparison was made between different parameters of 

conventional solar still and modified solar still.   

Here Table 5.14 & 5.15 shows the value of the measured parameter for conventional still 

and modified solar still (solar still with attachments of fins, zig-zag shape air-cooled 

condenser, evacuated tubes, and energy storage materials) for particular experimental days. 

In Table 5.16 the monthly average distillate output for CSS and MSS is shown. During 

measurements, the values of the different parameters like ambient temperature (Ta), basin 

water temperature (Tw), condenser temperature (Tcond), inner glass cover temperature (Tgi), 

solar intensity (I), and wind speed were measured. Here average three-month readings were 

taken during experimental work; from that, optimum readings were found. 
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TABLE 5.14 Measured parameters for conventional solar still    (Day: 16/05/2021)  

Time 

Atmosphere 

Temp ºC      

(T
a
) 

Solar 

Intensity       

I  

(W/m
2 

) 

Basin water 

Temp.ºC      

(Tw) 

Inner Glass 

Cover Temp. ºC 

(Tgi) 

Hourly distillate 

output (l/m
2
) 

Cumulative 

distillate output 

(l/m
2
) 

7:00  20.7 80  22.5 19 0.000  0.000  

8:00  23.2  200  22.3  23  0.030  0.030  

9:00  25.6  420  23.9  28.2  0.045  0.075  

10:00  30.3  560  28.8  34.3  0.065  0.140  

11:00  32.4  700  37.2  38.7  0.080  0.220  

12:00  35.3  780  46.6  43.5  0.087  0.307  

13:00  36.6  830  55  48.3  0.180  0.487  

14:00  40.8  720  60.5  55.3  0.360  0.847  

15:00  40.8  640  63.7  54.3  0.415  1.262  

16:00  40.2  540  62.9  55.9  0.390  1.652  

17:00  38  410  59  50.6  0.230  1.882  

18:00  36  230  51.6  43.5  0.125  2.007  

19:00  32.5  110  46  37.3  0.075  2.082  

20:00  31.4  0  42.1  33.2  0.040  2.122  

21:00  29.8  0  38.5  30.5  0.035  2.157  

22:00  29.1  0  35.6  29.3  0.028  2.185  

23:00  28.4  0  33.6  27.6  0.020  2.205  

0:00  27.1  0  31.5  26.1  0.015  2.220  

1:00  26.2  0  30.3  24.5  0.010  2.230  

2:00  25.3  0  29.1  23.4  0.008  2.238  

3:00  24.5  0  28  22.9  0.007  2.245  

4:00  23.6  0  26.2  21.5  0.006  2.251  

5:00  22.5  0  25.2  21.1  0.005  2.256  

6:00  21.4  50  24.7  20.9  0.004  2.260  
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TABLE 5.15 Measured parameters for modified solar still     (Day: 16/05/2021) 

Time 

Atmosphere 

Temp ºC    

(Ta) 

Solar 

Intensity    

I  

(W/m
2 

) 

Basin water 

Temp.ºC       

(Tw) 

Inner Glass 

Cover Temp. ºC 

(Tgi) 

Condenser 

Temp. ºC 

(Tcond) 

Hourly 

distillate 

output (l/m
2
) 

Cumulative 

distillate output 

(l/m
2
) 

7:00 20.7 80 23.8 19.5 19.7 0.000 0.000 

8:00 23.2 200 24.6 22.7 24.7 0.070 0.070 

9:00 25.6 420 27.8 26.6 27.1 0.085 0.155 

10:00 30.3 560 33.9 32.6 33.3 0.094 0.249 

11:00 32.4 700 42.9 37.8 37 0.150 0.399 

12:00 35.3 780 53.3 42.6 38.8 0.270 0.669 

13:00 36.6 830 60.9 47.7 46.3 0.380 1.049 

14:00 40.8 720 66.2 55.1 54.7 0.520 1.569 

15:00 40.8 640 69.2 54.9 56.5 0.560 2.129 

16:00 40.2 540 67.2 55.4 57.2 0.510 2.639 

17:00 38 410 63.3 50.8 50.8 0.365 3.004 

18:00 36 230 57.6 45 44.2 0.225 3.229 

19:00 32 110 51 39.5 39.3 0.120 3.349 

20:00 31.4 0 45.9 35.1 35.3 0.090 3.439 

21:00 29.8 0 41.1 32.8 32.1 0.085 3.524 

22:00 29.1 0 38.6 31.4 30.6 0.080 3.604 

23:00 28.4 0 36.1 29.1 29.7 0.076 3.680 

0:00 27.1 0 34.4 28 28.2 0.060 3.740 

1:00 26.2 0 32.3 26.5 27.1 0.050 3.790 

2:00 25.3 0 30.8 25.1 25.2 0.045 3.835 

3:00 24.5 0 29.2 24.1 24.1 0.030 3.865 

4:00 23.6 0 28 23.5 23.8 0.025 3.890 

5:00 22.5 0 26.4 23.1 22.4 0.020 3.910 

6:00 21.4 50 25.1 22.1 21.2 0.010 3.920 
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TABLE 5.16 Monthly average distillate output for CSS and MSS during March-May 2020. 

Sr. 
Month of 

the year 

Average Solar 

intensity 

(W/m
2
) 

Average Monthly Distillate 

Output (l/m
2
) 

CSS MSS 

1. March-21 680 48.3 90.3 

2. April-21 710 58.4 110.3 

3. May-21 730 67.8 117.6 

 

 

5.4.1 Hourly variation of ambient temperature (Ta) with solar intensity (I) 

Atmospheric temperature and solar intensity have a higher impact on the performance of 

solar still. With the higher value of solar intensity and ambient temperature, the higher 

performance in distillate output of solar still could be achieved. In figure 5.16, the hourly 

variation of atmospheric temperature with solar intensity is shown. From the below figure, it 

can be seen that atmospheric temperature varied with solar intensity. In the morning time, 

the atmospheric temperature remains lower, but it increases after 11:00 a.m and reaches the 

maximum at 15:00 p.m, then after it decreases. Solar intensity becomes maximum at 13:00 

p.m, then after it starts to decrease. In the afternoon time due to lower solar intensity, the 

atmospheric temperature remains lower. From the figure, it is found that during the night 

time in the absence of solar intensity, the value of atmospheric temperature remains lower. 

During experimental work, the maximum obtained value of atmospheric temperature (Ta) 

and solar intensity (I) is 40.8°C and 830 W/m
2
,
 
respectively. The higher values of solar 

intensity and atmospheric temperature have a better impact on the performance of solar still. 
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FIGURE 5.16 Hourly variations of ambient temperature with solar intensity (Day: 16/05/2021) 

 

 

5.4.2 Hourly variation of water temperature (Tw) with ambient temperature (Ta) 

Higher water temperature leads to a higher evaporation rate of basin water, which increases 

the distillate output of solar still. In experimental work, to achieve the higher water 

temperature, an evacuated tube were attached with modified solar still, and measurements 

were compared with conventional solar still. In figure 5.17, an hourly variation of water 

temperature with ambient temperature is shown for both solar still (Conventional and 

modified solar still). It can be found that water temperature varied with atmospheric 

temperature. With higher atmospheric temperature, the water temperature increases, and 

with lower atmospheric temperature, it decreases. At 15:00 p.m, both atmospheric and water 

temperature reach their maximum value. The maximum value of water temperature for 

conventional and modified solar still at 15:00 p.m remains 63.7°C and 69.2°C, respectively. 

The maximum value of atmospheric temperature remains 40.8°C at 15:00 p.m. In the 

afternoon, due to lower atmospheric temperature and solar intensity, the water temperature is 

going to be decreased. During night time its value shows a minimum. Here is modified solar 

still around 6°C higher water temperature could be achieved compared to conventional solar 

still. This condition was happened due to the attachment of evacuated tubes with modified 

solar still, which preheats the water inside the basin of solar still. 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

0

100

200

300

400

500

600

700

800

900

7
:0

0

8
:0

0

9
:0

0

1
0
:0

0

1
1
:0

0

1
2
:0

0

1
3
:0

0

1
4
:0

0

1
5
:0

0

1
6
:0

0

1
7
:0

0

1
8
:0

0

1
9
:0

0

2
0
:0

0

2
1
:0

0

2
2
:0

0

2
3
:0

0

0
:0

0

1
:0

0

2
:0

0

3
:0

0

4
:0

0

5
:0

0

6
:0

0

A
m

b
ie

n
t 

T
em

p
. 

(º
C

) 

S
o
la

r 
 I

n
te

n
si

ty
 (

W
/m

2
) 

Time (hr) 
Solar Intensity (I)
Ambient Temp. (Ta)



5. Experimental Results and Discussion 

139 

 

 

FIGURE 5.17 Hourly variations in water temperature of conventional solar still and modified solar still 

(Day: 16/05/2021) 

 

5.4.3 Hourly variation of inner glass cover temperature with ambient temperature 

Lower inner glass cover temperature leads to reduce heat loss in the solar still, which affects 

the performance of solar still. The lower difference of temperature between water and glass 

cover increases the productivity of solar still. In figure 5.18, the hourly variation of inner 

glass cover temperature for conventional solar still and modified solar still is shown. The 

inner glass cover temperature also varied with ambient temperature. In the morning and 

evening time, the inner glass cover temperature for both stills remains lower due to lower 

atmospheric temperature. The maximum value of inner glass cover temperature at 15:00 p.m 

for conventional and modified solar still was 54.3°C and 54.9°C, respectively. It can be seen 

from the figure that there is not much variation is found in inner glass cover temperature 

between conventional solar still and modified solar still. In previous figure 5.17, it was 

shown that for modified solar still, the water temperature remains 6°C higher than 

conventional solar still, but here the inner glass cover temperature for both the solar still 

remains the same. Also, during the nighttime, the inner glass cover temperature reaches near 

or lower to atmospheric temperature. This condition was happened due to the attachment of 

a zig-zag shape air-cooled condenser with modified solar still. 
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FIGURE 5.18 Hourly variations in Inner glass cover temperature of conventional solar still and 

modified solar still (Day: 16/05/2021) 
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shape air-cooled condenser maintained the difference of temperature between water and 

glass cover and increased the distillate output of solar still. 
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solar still remain higher than ambient temperature. Also, compared to all other temperatures, 

the value of water temperature remains higher. Also, there is not much variation was found 

in temperature between inner glass cover temperature and condenser temperature. In night 

hours, the inner glass cover and condenser temperature are lined with atmospheric 

temperature. The effect of higher water temperature and lower inner glass cover temperature 

in modified solar still was happened due to the attachment of evacuated tubes and zig-zag 

shape air-cooled condenser. It maintains the difference of temperature between water and 

glass cover. So here, the effect of temperature in modified solar still was considered 

compared to conventional solar still. 

 

 

FIGURE 5.19 Hourly variations of different temperatures of modified solar still with ambient 

temperature (Day: 16/05/2021) 
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happened in the evening hours. From 11:00 a.m to 18:00 p.m higher difference in distillate 

output was found between two solar still. The highest hourly distillate obtained at 15:00 p.m 

for conventional and modified solar still was 0.415 l/m
2
 and 0.560 l/m

2
, respectively. At this 

time, the highest atmospheric temperature and water temperature could be achieved in both 

solar still. Compared to conventional solar still, the modified solar still gave higher distillate 

output in the daytime. In the modified solar still, the distillate output in nighttime remains 

higher than conventional solar still. The reason behind higher distillate output in modified 

solar still was the attachment of zig-zag shape air-cooled condenser and evacuated tubes. 

The evacuated tube preheats the water inside the basin solar still, which increases the 

evaporation rate; hence higher distillate could be achieved. The zig-zag shape air-cooled 

condenser maintains the difference of temperature between basin water and glass cover. The 

vapour generated inside the still due to evaporation of water was condensed inside the 

condenser area, and distillate output could also be achieved from that. Here in experimental 

work, as energy storage materials, black color glass balls, black gravels, and white marble 

stones were added, which stores the energy during day time and releases it during the night 

period, so it increases the heat transfer capacity of basin water. This way, energy storage 

material increases the nocturnal productivity of solar still.  

 

FIGURE 5.20 Comparison of hourly distillate output between conventional solar still and modified solar 

still (Day: 16/05/2021) 
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5.4.6 Hourly variation of cumulative distillate output with time CSS and MSS 

In figure 5.21, a comparison in cumulative distillate output between conventional and 

modified solar still is shown. It can be seen from the figure that the graph of distillate is 

continuously increasing with time. After 11:00 a.m, the slope of distillate output between 

conventional and modified still much varied with time, and it shows maximum after 15:00 

p.m. The total distillate productivity obtained for conventional and modified solar still was 

2.260 l/m
2
 and 3.920 l/m

2
,
 
respectively. With the attachment of fins, zig-zag shape air-cooled 

condenser, evacuated tubes, and energy storage materials in modified solar still the higher 

distillate could be achieved compared to conventional solar still. The modified solar still 

gave a total of 73.45% of higher distillate productivity than conventional solar still. Also, 

during the nighttime, the modified solar still gives 70% of higher nocturnal productivity than 

conventional solar still. 

 

FIGURE 5.21 Comparison of cumulative distillate output between conventional solar still and modified 

solar still (Day: 16/05/2021) 
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distilled water is very important to understand its economic feasibility. The annual cost of 

water production and life of solar still are very important parameters to be considered for 

economic analysis. Also energy- exergy parameters have a higher impact on the distillate 

output of solar still. A higher value of energy and exergy efficiency increases the 

productivity of solar still. Energy-exergy and exergo-economic-environmental analysis were 

done after the experimental work [116].  

The energy-exergy efficiency analysis is one of the important parameters to check the 

performance of solar still. It also helps to find out its economic performance. The different 

economic and cost-effective parameters were found during the analysis. 

 

5.5.1 Energy-Exergy efficiency analysis 

Performance of any solar still could be found with the help of energy-exergy analysis. It also 

helps to find out the economic performance of solar still. A detailed energy-exergy analysis 

for CSS and MSS is shown in Appendix C. The different thermal parameters like Pbw, Pig, 

he,bw-ig,  hc,bw-ig, L, Exe,bw, Exc,bw-ig were calculated during the analysis [116 -119 ]. The total 

heat lost from basin of solar still to atmosphere (qtba) is also calculated [128]. 

 

In Table 5.17, the calculated value for different parameters for energy-exergy analysis is 

shown. 

TABLE 5.17 Measured parameters of Energy-Exergy analysis for CSS and MSS 

Sr. Parameter Unit CSS MSS 

1. Partial pressure of basin water vapour 

(Pbw) 

N/m
2
 8956.2 12048.85 

2. Partial pressure of inner glass surface 

(Pig) 

N/m
2
 5982.8 7280.75 

3. Evaporative heat transfer coefficient 

( he,bw-ig) 

W/m
2
 K 13.28 17.84 

4. 
Convective heat transfer coefficient   

( hc,bw-ig) 

W/m
2
 K 1.949 2.208 

5. Exergy for evaporation ( Exe,bw-ig) Joule 23.66 59.49 

6. Exergy for convection  ( Exc,bw-ig) Joule 3.52 7.36 
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7. 
Heat loss from basin to atmosphere 

(qtba)  

(W/m
2
) 14.99 19.54 

8. Latent heat of vaporization (L) kJ/kg 2501.6 2336.3 

9. Exergy Efficiency (ƞexe) % 4.99 12.55 

10 Energy Efficiency (ƞenergy) % 25.08 43.29 

 

i. Fractional exergy variations for evaporation (Fe,bw-ig)                     

In figure 5.22, the evaporative exergy variation for CSS and MSS is shown. The exergy 

evaporation value for CSS and MSS remains between 0.72% to 0.89%. This was happened 

due to the higher value of basin water temperature, which increases the evaporative heat 

transfer coefficient of water. From the figure, it was found that the fractional exergy 

efficiency value for MSS remains maximum during peak hours and shows higher till 

evening. This was also possible due to the addition of different energy storage materials, 

which have higher heat storage & release capacity during day & night time. Here the higher 

performance in exergy efficiency could be achieved in MSS than CSS. 

 

 

FIGURE 5.22 Variations of fractional exergy for evaporation 
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ii. Fractional exergy variations for convection (Fc,bw-ig )                     

In figure 5.23, the fractional variation in convective exergy for CSS and MSS is shown. The 

fractional exergy efficiency value remains lower from morning to evening for MSS than 

CSS. It decreased from 0.11 % at 7:00 a.m morning to 0.05% at peak solar radiation time. In 

table 5.17, the different calculated parameters for evaporation and convection are shown. 

Due to the higher value of exergy convection and convective heat transfer coefficient, the 

fraction exergy for convection remains lower in MSS. Also, the latent heat of vaporization 

(L) remains lower in the case of MSS compared to CSS. Different energy storage material 

inside MSS generates lower convective energy, which gives a lower convective heat transfer 

coefficient value. Lower convective exergy efficiency enhances the distillate productivity of 

MSS compared to CSS. 

 

 

FIGURE 5.23 Variations of fractional exergy for convection 

 

iii. Comparison of full-day energy efficiency 

In table 5.17, a value of energy efficiency (ƞenergy) for CSS and MSS is shown. Energy 

efficiency (ƞenergy) for both CSS and MSS were determined from experiment data value. The 

value for energy efficiency of CSS and MSS were 25.08% and 43.29%, respectively. The 

full-day energy efficiency of MSS remains 72.60% higher than CSS. The obtained value of 
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efficiency (ƞenergy) during present work remains higher than experimental work by other 

research work [118]. The reason behind this is the higher distillate output & exergy value of 

MSS. Energy storage materials increase the heat storage capacity of basin water, which 

increases the evaporative heat transfer coefficient; hence higher distillate output could be 

achieved. In the morning time, the distillate output of both CSS & MSS remains the same, 

but in the afternoon period and during nighttime, the MSS gives maximum distillate output 

compared to CSS.  

 

iv. Comparison of full-day exergy efficiency 

A value of exergy efficiency (ƞexe) between CSS and MSS is shown in table 5.17. The ƞexe 

for CSS and MSS were 4.99% and 12.55%, respectively. In the morning period, due to the 

lower evaporation rate of water, the exergy for both CSS and MSS remains the same. In the 

afternoon period, the MSS shows a higher value in exergy generation compared to CSS due 

to the addition of heat storage materials. Heat storage materials increase the evaporation rate 

of water; hence higher exergy efficiency could be achieved. The ESM used during 

experimental work gives better performance in exergy and energy efficiency than other 

researchers' work [120-122].  

 

5.5.2 Exergo-Economic & Exergo-Environmental analysis of conventional and 

modified solar still 

i. Economic analysis of CSS and MSS 

The manufacturing cost of any solar still is very important from an economic point of view. 

The different parameters like cost of materials, equipment used for manufacturing of solar 

still, the cost of distilled water production, and annual performance of solar still are very 

important parameters to be considered for economic analysis. A detailed exergo-economic & 

exergo-environmental analysis for CSS and MSS is shown in Appendix D. Table 5.18 shows 

the cost analysis of modified and conventional solar still. In economic analysis, total 

manufacturing cost, cost of distilled water per liter, and primary annual charge (PAC) for 

modified and conventional solar still were found [123]. The results obtained in economic 

analysis are in agreement with other researcher work [116]. 
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TABLE 5.18 Cost analysis of MSS and CSS 

Sr. Component 
CSS 

(Rs.) 

MSS 

(Rs.) 

1. Absorber surface area of M.S Plate  2400/- 2400/- 

2. Plywood  and Insulating Material  1725/- 1725/- 

3. Glass cover (Transparent) 675/- 675/- 

4. Paint of Black color 525/- 525/- 

5. Distilled water collector 112/- 112/- 

6. Sealant 188/- 188/- 

7. Evacuated tubes (6 nos.) - 3900/- 

8. Fins - 250/- 

9. Condenser - 525/- 

10. Total cost 5625/- 10,200/- 

11. Primary Annual Charge (PAC) 725.25/- 1312.5 

12. Full day distillate  (L/m
2
) 2.26 3.92 

13. Yearly distilled water generation (L/m
2
)  678 1176 

14. Cost of Water/L (Rs.) 0.97 1.12 

 

ii. Environmental analysis of CSS and MSS 

In environmental analysis, the value of exergy generation and carbon credit production 

(CCP) were found for both CSS and MSS. Generation of exergy and CCP are very important 

parameters from an environmental point of view. In Table 5.19, the different parameters of 

environmental analysis for CSS and MSS are shown. The results obtained in environmental 

analysis are in agreement with other researcher work [116]. Exergy value is very important 

to check the performance of solar still and to minimize the losses of solar still. A carbon 

credit is also one of the important factors for the generation of carbon dioxide (CO2) [124-

125]. It is a very important parameter for the environmental aspect. Hence carbon credit 

generation in the year was found for both CSS and MSS 
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TABLE 5.19 Environmental analysis of MSS and CSS 

Sr. Parameters CSS MSS 

1. Yearly total life of SS In years 10 10 

2. Yearly distillate yield (L/m
2
) 678 1176 

3. PAC (Rs.) 725.25/- 1312.5/- 

4. Exout, (W) 10.22 20.16 

5. Rex (W/Rs.) 0.014 0.015 

6. ϕex, CO2 (t CO2/year) 0.20 0.40 

7. CCP  (USD/year) 2.9 5.8 

 

 

5.6 Commercial viability of solar still 

Solar still is a device, which converts the saline water into clean water. It works with use of 

solar energy. From the literature section, we found that distillate output of the solar still 

remains very low; also it does not fulfill the daily demand of water for one person only. 

Many researchers have worked on to increase the distillate output of solar still. From our 

research work we found that, the maximum distillate output for CSS and MSS were 2.260 

l/m
2
 and 3.920 l/m

2
, respectively. Also during rainy seasons the distillate output with solar 

still is not possible. In cloudy weather and off-sunshine hours the distillate output of solar 

still remains very low. To achieve the higher distillate it should be work only in clear sky 

days. For commercial purpose it not possible to use solar still only in clear sky days for all 

seasons, because in many areas of the world, the atmospheric conditions are not same.  

 

5.7 Summary 

In this experimental work done on single basin single slope solar still with different 

insulation thickness, fins, zig-zag shaped air-cooled condenser, evacuated tubes fins and 

different energy storage materials is presented. The experiment on solar still for different 

modifications was carried out during September 2018 to May 2021 from morning 7:00 a.m 

to next day morning 6:00 a.m in clear sky days. The different parameters like basin water 

temperature (Tw), inner glass cover temperature (Tgi), condenser temperature (Tcond.), 

ambient temperature (Ta), solar intensity (I), hourly distillate output (l/m
2
), and cumulative 
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distillate output are measured (l/m
2
). Solar still with different insulation thickness reduces 

the bottom heat losses and increases the total productivity of solar still. The distillate output 

obtained for insulation thickness of 3cm, 6cm, and 10cm were 1.224 l/m
2
, 1.622 l/m

2
 and 

1.624 l/m
2

, respectively. Solar still with fins increases the heat transfer area of basin and 

gives higher basin water temperature. The distillate output obtained for CSS, SSWVF, and 

SSVIF were 1.91 l/m
2
, 2.35 l/m

2
 and 2.50 l/m

2
, respectively. In conventional solar still, heat 

losses from top of the glass cover are more, which lowers the efficiency of solar still. To 

reduce the heat losses of glass cover a zig-zag shape condenser was attached with solar still 

and experiment was compared with conventional solar still, which gives distillate output of 

2.220 l/m
2
 and 1.780 l/m

2
 for solar still with condenser and without condenser. At last 

experiment was conducted in solar still with attachment of evacuated tubes, fins, zig-zag 

shape air cooled condenser and different energy storage materials. The new modified solar 

still gave higher day and night distillate output than conventional solar still. The distillate 

output obtained for CSS and MSS were 2.260 l/m
2 

and 3.920 l/m
2
, respectively. The MSS 

generates the maximum value in evaporation of exergy in the afternoon but shows lower 

convection of exergy during that period than CSS. The energy and exergy efficiency 

obtained for CSS and MSS were 25.08% & 43.29% and 4.99% & 12.55%, respectively. 

Meanwhile, the exergy efficiency (ƞexe) of CSS and SSWESM were 4.99 % and 12.55 %, 

respectively.  Also the SSWESM gives 72.6% more daily efficiency (ƞ) than CSS. In the 

view of environmental assessment, the CO2 mitigation for CSS and MSS were 0.2t/year and 

0.40 t/year, respectively, based on the exergy approach. The additions of energy storage 

materials with MSS are effective from an exergo-economic and carbon credit point of view. 
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CHAPTER 6 

Conclusion & Future scope 

 

6.1 Conclusion 

An experimental study found that the distillate productivity of conventional solar still 

remains lower compared to modified solar still. The maximum basin water temperature 

achieved for solar still with insulation thickness of 3cm, 6cm, and 10 cm were 46.5°C, 

58.6°C, and 56.4°C, respectively. The distillate output for solar still with insulation 

thickness of 3cm, 6cm, and 10 cm were 1.224 l/m
2
, 1.622 l/m

2
, and 1.624 l/m

2
,
 
respectively. 

It was found that solar still having insulation thickness up to 6cm increases the distillate 

productivity up to 80% and asymptotically afterward. SSWVF and SSWIF show higher 

basin water temperature than CSS. The basin water temperature achieved for CSS, SSWVF 

and SSWIF were 60°C, 66°C, and 68°C. The distillate output obtained for CSS, SSWVF, 

and SSVIF were 1.91 l/m
2
, 2.35 l/m

2
 and 2.50 l/m

2
, respectively. SSWIF and SSWVF give 

26.77% and 24.19% more distillate output than conventional ones. There is no significant 

variation in distillate output was found between SSWIF and SSWVF. Attachment of 

condenser with solar still maintains the temperature difference between basin water and 

inner glass cover. The basin water temperature and inner glass cover temperature obtained 

for conventional solar still and solar still zig-zag shape air-cooled condenser were 70.1°C & 

59.3°C and 61.3°C & 54°C, respectively. The attachment of condenser with solar still 

maintains the lower inner glass cover temperature inside the solar still. The distillate output 

obtained for solar still with zig-zag shape air-cooled condenser (SSWZACC) and 

conventional solar still (CSS) were 2.220 l/m
2
 and 1.780 l/m

2
, respectively. The attachment 

of the zig-zag shape air-cooled condenser with solar still gives 23.59% more distillate 
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output than conventional solar. Solar still with attachments of evacuated tubes, zig-zag 

shape air-cooled condenser increases the temperature of basin water and maintains the lower 

inner glass cover temperature compared to conventional solar still. The maximum basin 

water and inner glass cover temperature obtained for CSS and MSS were 63.7°C & 55.9°C 

and 69.2°C & 54.9°C ,respectively. The distillate output obtained for CSS and MSS were 

2.260 l/m
2 

and 3.920 l/m
2
, respectively. Also, in modified solar still higher daily efficiency 

could be achieved compared to conventional solar still. Different energy storage materials 

like a black color glass ball, black gravels, and white stone with MSS give better 

performance during the night than without it. An energy storage material stores the energy 

during the daytime and releases it during night hours; hence, higher nocturnal productivity 

could be achieved in MSS than CSS. The MSS generates the maximum value in evaporation 

of exergy in the afternoon but shows lower convection of exergy during that period than 

CSS. The fractional evaporation exergy shows higher in MSS due to the higher basin water 

temperature. The energy and exergy efficiency obtained for CSS and MSS were 25.08% & 

43.29% and 4.99% & 12.55%, respectively. In MSS, with the attachment of evacuated 

tubes, zig-zag shape air-cooled condenser, the cost of produced water per liter remains 

15.46% higher than conventional solar still. In the view of environmental assessment, the 

CO2 mitigation for CSS and MSS were 0.2t/year and 0.40 t/year, respectively, based on the 

exergy approach. The additions of energy storage materials with MSS are effective from an 

exergo-economic and carbon credit point of view. 

 

6.2 Future scope 

i. Experimental analysis of the modifications in solar still has been conducted in the 

present thesis. This work can be extended by carrying out the thermal analysis and 

compared with the experimental work. 

 

ii. Fins have been used in solar still to decrease the preheating time of water and 

increase the surface area of water. Nano-materials could also use in the water in solar 

still with fins to increase the temperature of the water and hence, distillate output. 
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iii. A combination of sensible and latent heat storage materials could also enhance the 

yield in the solar still. A good comparison is also possible with conventional solar 

still. 

 

iv. Statistical analysis is possible for the reliability of the experimental observations.  

 

v. Transient errors can be calculated. 
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Appendix-A 

 

APPENDIX – A 

 

ARDUINO Data logger programming  

 

#include <SD.h> 

#include <LiquidCrystal.h> 

#include <OneWire.h> 

#include <DallasTemperature.h> 

#include "Sodaq_DS3231.h" 

 

char weekDay[][4] = {"Sun", "Mon", "Tue", "Wed", "Thu", "Fri", "Sat" }; 

uint32_t old_ts, tick_ts; 

 

LiquidCrystal lcd(9, 8, 5, 4, 3, 2); // Initialize the LCD and    tell it which pins 

 

#define ONE_WIRE_BUS 7    // Data wire is plugged into port on the Arduino 

#define precision 12          // OneWire precision Dallas Sensor 

#define rows 2                    // Define the rows in display LCD 

#define columns 16            // Define the columns in display LCD 

int licznik = 0;                // Counter of Dallas sensors 

 

OneWire oneWire(ONE_WIRE_BUS); 

 

DallasTemperature sensors(&oneWire); // Pass our oneWire reference to Dallas 

Temperature. 
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#include "Sodaq_DS3231.h" 

 

char weekDay[][4] = {"Sun", "Mon", "Tue", "Wed", "Thu", "Fri", "Sat" }; 

uint32_t old_ts, tick_ts; 

 

LiquidCrystal lcd(9, 8, 5, 4, 3, 2); // Initialize the LCD and    tell it which pins 

 

#define ONE_WIRE_BUS 7    // Data wire is plugged into port on the Arduino 

#define precision 12          // OneWire precision Dallas Sensor 

#define rows 2                    // Define the rows in display LCD 

#define columns 16            // Define the columns in display LCD 

int licznik = 0;                // Counter of Dallas sensors 

 

OneWire oneWire(ONE_WIRE_BUS); 

 

DallasTemperature sensors(&oneWire); // Pass our oneWire reference to Dallas 

Temperature. 

 

File myFile; 

 

bool isSDCard = false; 

 

DeviceAddress s[8] = { 

    {0x28, 0xF0, 0xCD, 0x1D, 0x21, 0x19, 0x01, 0x38}, 

    {0x28, 0x9E, 0xF3, 0x79, 0x97, 0x09, 0x03, 0x6D}, 

    {0x28, 0x3E, 0x14, 0x17, 0x1C, 0x19, 0x01, 0xCC}, 

    {0x28, 0xD9, 0x37, 0xE0, 0x20, 0x19, 0x01, 0x44}, 

    {0x28, 0x85, 0x36, 0x0F, 0x21, 0x19, 0x01, 0xA2}, 

    {0x28, 0x95, 0x80, 0x79, 0x97, 0x09, 0x03, 0xB6}, 
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    {0x28, 0x4D, 0x85, 0x07, 0x1C, 0x19, 0x01, 0x4F}, 

    {0x28, 0x73, 0x28, 0x79, 0x97, 0x09, 0x03, 0x20}, 

}; 

 

void setup() { 

    lcd.begin(columns, rows);        //Tell the LCD that it is a Columns x Rows LCD 

    lcd.noCursor();                            //Disable cursor on LCD 

    lcd.clear();                                  //Clear Screen on LCD 

    lcd.print("Initializing"); 

    Serial.begin(9600);                    //Start serial port 

 

    rtc.begin(); 

 

    sensors.begin(); 

 

    for (int i = 0; i < 8; i++) 

    { 

        sensors.setResolution(s[i], precision); 

    } 

 

    if (!SD.begin(10)) { 

        Serial.println("initialization failed!"); 

        lcd.setCursor(15, 1); 

        lcd.print("N"); 

    } else { 

        Serial.println("initialization done!"); 

        isSDCard = true; 

        lcd.setCursor(15, 1); 
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        lcd.print("A"); 

    } 

} 

 

void loop() { 

    DateTime now = rtc.now(); //get the current date-time 

    uint32_t ts = now.getEpoch(); 

    if (old_ts == 0 || old_ts != ts) { 

        old_ts = ts; 

        Serial.print(now.year(), DEC); 

        Serial.print('/'); 

        Serial.print(now.month(), DEC); 

        Serial.print('/'); 

        Serial.print(now.date(), DEC); 

        Serial.print(' '); 

        Serial.print(now.hour(), DEC); 

        Serial.print(':'); 

        Serial.print(now.minute(), DEC); 

        Serial.print(':'); 

        Serial.print(now.second(), DEC); 

        Serial.print(' '); 

        Serial.print(weekDay[now.dayOfWeek()]); 

        Serial.print(" | "); 

        Serial.print(ts); 

        Serial.print(" - "); 

        Serial.print(tick_ts); 

        Serial.print(" = "); 

        Serial.print((ts - tick_ts)); 
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        Serial.println(); 

    } 

    sensors.requestTemperatures(); 

    for (int i = 0; i < 8; i++) 

    { 

        printTemperature(s[i]); 

        if (i == 7) Serial.println(""); 

    } 

    if ((tick_ts == 0) || ((ts - tick_ts) >= 900)) { 

        tick_ts = ts; 

        Serial.println("=============="); 

        if (isSDCard) { 

            for (int i = 0; i < 8; i++) 

            { 

                save_temperature(s[i]); 

            } 

        } 

        Serial.println("=============="); 

    } 

    licznik = licznik % 8; 

    printAddressToDisplay(licznik); 

    delay(2000); 

    licznik++ ; 

} 

 

void printAddressToDisplay(int licznik) 

{ 

    for (uint8_t i = 0; i < 8; i++) 
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    { 

        // zero pad the address if necessary 

        if (s[licznik][i] < 16) lcd.print("0"); 

        lcd.setCursor(i * 2, 0); 

        lcd.print(s[licznik][i], HEX); 

    } 

    lcd.setCursor(0, 1); 

    lcd.print("T: "); 

    lcd.print(sensors.getTempC(s[licznik]), DEC); 

    lcd.setCursor(13, 1); 

    lcd.write((char)223); 

    lcd.print("C"); 

    lcd.setCursor(15, 1); 

    if (isSDCard) { 

        lcd.print("A"); 

    } else { 

        lcd.print("W"); 

    } 

} 

 

void printTemperature(DeviceAddress deviceAddress) 

{ 

    Serial.print(deviceAddress[7], HEX); 

    Serial.print(" - "); 

    float tempC = sensors.getTempC(deviceAddress); 

    Serial.print(tempC); 

    Serial.print("°"); 

    Serial.print("C | "); 
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} 

 

char buf[10]; 

 

void save_temperature(DeviceAddress deviceAddress) { 

        if(!isSDCard){ 

            delay(200); 

            if (SD.begin(10)) { 

                Serial.println("initialization done!"); 

                isSDCard = true; 

                lcd.setCursor(15, 1); 

                lcd.print("A"); 

            } 

        } 

    String s = String(deviceAddress[7], HEX); 

    myFile = SD.open(s + ".csv", FILE_WRITE); 

    DateTime now = rtc.now(); 

    myFile.print(now.year()); 

    myFile.print("-"); 

    myFile.print(now.month()); 

    myFile.print("-"); 

    myFile.print(now.date()); 

    myFile.print(" "); 

    myFile.print(now.hour()); 

    myFile.print(":"); 

    myFile.print(now.minute()); 

    myFile.print(":"); 

    myFile.print(now.second()); 
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    myFile.print(","); 

    float tempC = sensors.getTempC(deviceAddress); 

    myFile.println(tempC); //read registers and save temperature on deg C 

    myFile.close(); 

    Serial.println(s + " is written"); 

    lcd.setCursor(15, 1); 

    lcd.print("W"); 

} 
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Appendix – B 

 

Uncertainty Analysis 

 

1. Introduction 

The objective behind uncertainty analysis is to check the error and calibration of 

instruments used for experimental work, environmental conditions, and procedure of 

experiment reading. During the experimental work, some errors are generated. Measuring 

instruments least count and experimental methods generate error and inaccuracy in the 

measuring parameters. To reduce the error of measuring instruments and accurate reading, 

the calibration of probes and instruments is necessary. The total error generated by 

instruments is the difference between the measured value of instruments and the actual 

value. It is very difficult to remove the total error of the instruments. The best way to 

minimize the total error of instruments is "Uncertainty Analysis." In Uncertainty analysis, 

the range of value can be achieved near to true value.  

 

1.1 Uncertainty analysis 

The different instruments used during measurements their maximum range of parameters 

and error are shown in Table B1.  

TABLE B1 Errors of different instruments used in measurements 

Sr. 

No. 

Device name Parameter Symbol Range % Error 

1. Thermocouple Temperature T -55°C to 

+125°C 

0.1 

2. Solarimeter 
Intensity 

measurement 

I 0-1400 W/m
2
 1 

3. Measure tap 
Solar still 

dimensions 

L 

W 

D 

0-1000 ml 0.001 
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1.1.1 Uncertainty calculation 

In uncertainty calculation, the different parameters like a solar still, solar still flow area,  

temperature difference, distillate output, efficiency are calculated. 

 

 Solar Still area 

A L W 
 

1
A

W
L


 


 

1
A

L
W


 


 

   

1
2 2 2 1

2 2 2 31 0.001 1 0.001 1.414 10
A A

A L W
L W

  
                               

1 1 1A L W    
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1

A

A

 
  

 

 

 Solar still flow area. 

FA D W 
 

0.02FA
D

W


 


 

1FA
L

D


 


 

   

1
2 2 2 1

2 2 2 31 0.001 0.02 0.001 1 10F F
F

A A
A D W

D W
  

                             
 

0.02 1 0.02FA D W    

 
31.0 10
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A
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 Temperature Difference 
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 Output 

evh T
m

L


  

I. It depends on temperature difference only.  

II. The uncertainty in the out will be 7.02% 

 

 Radiation 

Measurement error in Radiation (I) is 0.025. so it's 2.5%.

 
 

 Efficiency 
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2 2
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0.306

1400 1

evh T

I I A

  
    

    

 

 
2 2

2000 300
428.57

1400 1
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428.57
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1.2 Uncertainty result 

After calculation, the different parameters of the obtained uncertainty value are shown in 

Table B2. 

 

TABLE B2 Uncertainty analysis value 

Sr. No. Result Symbol % Uncertainty 

1 Solar Still area A 0.1414 

2 Solar still flow area AF 5.0 

3 Temperature difference T  7.02 

4 Output M 7.02 

5 Radiation I 2.5 

6 Efficiency   7.02 
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𝑛𝐷 =
 𝑚𝐷 × 𝐿

 𝐴𝑔 × 𝐼𝑡
 

Appendix-C 

Energy-Exergy Efficiency Analysis 

 

 

1. Energy efficiency analysis 

The daily energy efficiency for CSS and MSS were measured after the experimental work. 

To find out the energy efficiency of both CSS and MSS, equation (1) was used [116].  

  

                                                     (1) 

 

In above equation, 

mD  =  Total freshwater yield during the day (kg),  

L = latent heat of evaporation (J/kg),  

Ag = Glass cover surface area (m
2
),  

It = Total solar radiation (W/m
2
) 

To find out the latent heat of evaporation, equation (2) was used [116]. 

L = 3.1615 × 10
6 

× [1- (7.616×10
-4

×  )]                                                  (2) 

                         Here, Tw= Average temperature of basin water in °C 

 

 

2. Exergy efficiency analysis 

 

Exergy efficiency is the most important parameter of the system; it computes the system's 

effectiveness relevant to its performance. To calculate the exergy value, it is necessary to 

consider the system's evaporative and convective heat transfer coefficient. Exergy efficiency 

was found using equation no. (3) [116]. 

(3) 𝜂𝑒𝑥𝑒𝑟 =  
𝐸𝑥𝑜𝑢𝑡
𝐸𝑥𝑖𝑛𝑝
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𝐸𝑥𝑒, 𝑏𝑤𝑖𝑔 = ℎ𝑒‚𝑏𝑤𝑖𝑔 × 𝐴𝑏𝑤 ×  𝑇𝑏𝑤 − 𝑇𝑖𝑔 ×  1 −
𝑇𝑎
𝑇𝑏𝑤

   

ℎ 𝑒‚𝑏𝑤𝑖𝑔 = 16.273 × 10 3 × ℎ𝑐‚𝑏𝑤𝑖𝑔 × [
𝑃𝑏𝑤;𝑃𝑖𝑔

𝑇𝑏𝑤;𝑇𝑖𝑔
]                                       

𝑃𝑏𝑤 = exp 25.317 −
5144

𝑇𝑏𝑠:273
) 

𝑃𝑖𝑔 = exp 25.317 −
5144

𝑇𝑖𝑔:273
) 

ℎ𝑐‚𝑏𝑤𝑖𝑔 = 0.884 {(T
bw

- T
ig
) + 

 𝑃𝑏𝑤;𝑃𝑖𝑔  𝑇𝑏𝑤:273.15 

268900;𝑃𝑏𝑤
 }⅓

 
 

Where, 

Exout= Exergy output value, It is equal to evaporation of exergy between basin water   

            and inner glass cover (Exe,bw-ig)  

Exinp = Exergy input value; the exergy input value equals absorbed solar radiation.     

            Exsun. 

 

 To calculate the evaporative exergy value (Exe,bw-ig), equation  (4) can be used [119]. 

 

     (4) 

 

In the above equation, 

 he,bw-ig  =  Evaporative heat transfer coefficient (W/m
2
 K), which was found using equation 

(5). 

 

    (5) 

 

To find out the value of Pbw (partial pressure of water vapour) and Pig (partial pressure of 

inner glass surface), equations (6 &7) were used [120,121]. 

 

 

                   (6) 

 

                             (7) 

 

 

In equation (5) convective heat transfer coefficient (hc,bw-ig) between water basin and glass 

cover (W/m
2
 K), it can be calculated using equation no. (8) [122] 

 

 (8) 

           

 



Appendix-C 

185 

 

𝐹𝑒‚𝑏𝑤𝑖𝑔 
=  

𝐸𝑥𝑒‚𝑏𝑤𝑖𝑔 
𝐸𝑥𝑡𝑖

 

𝐹𝑐‚𝑏𝑤𝑖𝑔 =  
𝐸𝑥𝑐‚𝑏𝑤𝑖𝑔

𝐸𝑥𝑡𝑖
 

𝐸𝑥𝑡𝑖 = ℎ𝑡 × 𝐴𝑔 ×  𝑇𝑏𝑤 − 𝑇𝑖𝑔  1 −
𝑇𝑎
𝑇𝑏𝑤 

) 

 Exergy input value = Exsun (exergy input value is equal to absorbed solar radiation) could 

be found using equation (9) [119]. 

 

Exsun 

(9) 

                                             

 

 The value of fractional exergy for evaporation (Fe,bw-ig)and convection (Fc,bw-ig)were 

calculated using equations (10 & 11) [119].   

 

 

                    (10) 

 

                                     (11) 

 

 

Where Exti shows the total heat transfer, which was found using the following equation 

no. (12) [121] 

 

                          (12) 

 

 

In above equation, ht shows the total heat transfer coefficient for basin water and glass cover 

surface (W/m
2
 K), which was found using equation (13). 

 

                                  ht = he,bw-ig + hc,bw-ig                                                                   (13) 

 

Heat is lost from the water in the basin to the outer atmosphere through the insulation on the 

bottom and sides of the basin and modes of heat loss are conduction, evaporation and 

radiation. Therefore, the heat loss equation for the bottom is written as, 

qtba = htba (Tb- Ta)                                                                   (14) 

  = 𝐴𝑏𝑤 × 𝐼𝑡 ×  1 −
4

3
 ×   

𝑇𝑎:273.15

𝑇𝑠
  +

1

3
  
𝑇𝑎:273.15

𝑇𝑠
  

4
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     Where, htba = heat loss coefficient from basin liner to the atmosphere, it is found by using    

      Following equation: 

                               htba = [ Li/Ki + (1/ hba)] 
-1                                                                                                

(15) 

       Here, Li = Thickness of insulation (m) 

    Ki = Thermal conductivity of insulation (W/m°C) 

    hba = Total heat transfer coefficient from bottom of the basin to atmosphere. 

 

In table C1 the measured parameters of energy-exergy analysis for CSS and MSS are 

shown. 

 

TABLE C1 Measured parameters of Energy-Exergy analysis for CSS and MSS 

Sr. Parameter Unit CSS MSS 

1. Partial pressure of basin water vapour 

(Pbw) 

N/m
2
 8956.2 12048.85 

2. Partial pressure of inner glass surface 

(Pig) 

N/m
2
 5982.8 7280.75 

3. Evaporative heat transfer coefficient     

( he,bw-ig) 

W/m
2
 K 13.28 17.84 

4. 
Convective heat transfer coefficient      

( hc,bw-ig) 

W/m
2
 K 1.949 2.208 

5. Exergy for evaporation ( Exe,bw-ig) Joule 23.66 59.49 

6. Exergy for convection  ( Exc,bw-ig) Joule 3.52 7.36 

7. Heat loss from basin to atmosphere 

(qtba)  

(W/m
2
) 14.99 19.54 

8. Latent heat of vaporization (L) kJ/kg 2501.6 2336.3 

9. Ex  gy E  ici  cy  ƞexe) % 4.99 12.55 

10. E   gy E  ici  cy  ƞenergy) % 25.08 43.29 

 

 

 



Appendix-D 

187 

 

Appendix-D 

Exergo-Economic and Exergo-Environmental analysis 

 

 

1. Exergo-Economic and Exergo-Environmental analysis 

 

1.1 Exergo-Economic analysis 

This section shows the economic analysis for CSS and MSS. The obtained total distillate for 

CSS and MSS were 2.26 l/m
2
 and 3.92 l/m

2
 in the day, respectively. The experiment was 

done in climatic conditions of Gandhinagar, Gujarat, India (More than 300 sunny days 

throughout the year). Here to determine the total water cost per liter for CSS and MSS Eq. 

(1) to (8) used [123]. By Eq. (1), the PAC for SS was found; also to determine CRA, Eq. (2) 

was used. The YSV could be found by Eq. (3).  

                 PAC= C (CRA)                                                                                       (1) 

 

 

                                                                            (2) 

 

                YSV= (SFA) × SC                                                                                 (3) 

 

In the above equations, C = Capital cost of SS, i = rate of interest, l = life of the SS. Here for 

calculation, the rate of interest was considered as 0.05% [116].  To determine Salvage cost 

(SC) and Sinking fund Aspect (SFA) Eq. (4) & (5) were used. 

 

SC= 0.2 × C                                                                                                     (4) 

 

                                               (5) 

 

The value of YUC, OAC, and CPL were determined using Eq. (6) to (8) 

𝐶𝑅𝐴

𝑆𝐹𝐴 =  
𝑖

 𝑖 + 1 𝑙 − 1
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                    YUC=0.15× (PAC)                                                                                            (6) 

 

       OAC=PAC+YUC-YSV                                                                                        (7) 

 

                            (8) 

 

Here, M shows the mean yearly distillate.  

 

In Table D1, the total manufacturing cost, PAC, and liter per water cost for CSS and MSS 

are shown. The total cost for CSS and MSS was 75 and 136 USD/m
2
. The distillate yield for 

CSS and MSS was 2.26 and 3.92 L/m
2
.day, whereas the cost of water per liter was 0.013 and 

0.015 USD/L.   

 

The total payback period for modified solar still was calculated using the following data 

[124]: 

 Capital cost of MSS= 136 USD 

 Basic price of water in market = 0.26 USD/L 

 Distillate yield of MSS= 3.92 L/day 

 Price of water produced per day = 1.02 

 

Total payback period = 
             

           
                                                                      (9) 

 

         = 
   

     
=           

 

 

 

 

 

𝐶𝑃𝐿 =  
𝑂𝐴𝐶

𝑀
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 TABLE D1 Cost analysis of  CSS and MSS 

Sr. Instrument CSS 

(USD ֆ/m
2
) 

MSS 

(USD ֆ/m
2
) 

1. Absorber surface area of M.S Plate  32 32 

2. Insulating Material and Plywood 23 23 

3. Transparent Glass cover 9 9 

4. Paint of Black color 7 7 

5. Distilled water collector 1.5 1.5 

6. Sealant 2.5 2.5 

7. Evacuated tubes (6 nos.) - 55 

8. Fins - 3 

9. Condenser - 3 

10. Total cost 75 136 

11. Primary Annual Charge (PAC) 9.67 17.5 

12. Full day distillate  (L/m
2
) 2.26 3.92 

13. Yearly distilled water generation (L/m
2
)  678 1176 

14. Cost of Water/L (USD ֆ) 0.013 0.015 

 

 

1.2 Exergo-Environmental analysis 

An economic analysis was carried out to enhance the performance of solar still exergy. To 

check the system's economic performance, the optimum cost value was found. The exergo-

economic analysis aimed to check the exergy loss of the system because the solar radiations 

are fluctuating, and it's not available constant throughout the days. The exergo-economic 

analysis parameters (Rex) are shown in Table D2. The Rex could be found by Eq. (10) [116] 

 

        (10) 

Here, Exout = output exergy 

 

𝑅𝑒𝑥 =  
𝐸𝑥𝑜𝑢𝑡
𝑃𝐴𝐶
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TABLE D2. Environmental analysis of MSS and CSS 

Sr. Parameters CSS MSS 

1. Yearly total life of SS In years 10 10 

2. Yearly distillate yield (L/m
2
) 678 1176 

3. PAC (In USD) 9.67 17.5 

4. Exout, (W) 10.22 20.16 

5. Rex  (W/USD) 1.056 1.152 

6. ϕex, CO2 (t CO2/year) 0.20 0.40 

7. CCP  (USD/year) 2.9 5.8 

 

The exergy output values for CSS and MSS were 10.22 W and 20.16 W, respectively. From 

table D2, it can be found that the exergy-economic parameter value for MSS is higher than 

CSS because of the addition of fins and evacuated tubes within it. So the MSS gives the 

better performance to generate the exergy output. 

For environmental prospects, carbon emissions into the environment from solar still were 

done in exergo-environmental analysis. In calculation, the cost of carbon emission was 

considered 2 kg/kWh. The CO2 production mitigation/year was calculated using the 

following equation [125]: 

  

                                                                           (11) 

Here,        2  = exergo-environemmtal value,   

                  Exout = exergy output and  

                   l = Life of solar still. 

𝜙𝑒𝑥 𝑐𝑜2
=  

 𝐸𝑥𝑜𝑢𝑡 × 𝑙 × 2

1000
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The CCP by the entire system was calculated by using Eq. (12). In that the average price of 

carbon (ZCO2) was considered as 14.5 USD [125].  

   (12) 

 

From table D2, it could be found that the exergo-environmental value for CSS and MSS are 

0.20 t CO2/year and 0.40 t CO2/year. This value remains higher in MSS because of the 

higher value of exergy output, which enhances the exergo-environmental value in MSS. 

With concern to the exergo-environmental, the MSS and CSS are economical and reduce the 

emission of CO2. The value obtained for carbon credit production (CCP) production for CSS 

and MSS were 2.9 USD and 5.8 USD, respectively. 

𝐶𝐶𝑃 =  𝜙𝑒𝑥 𝑐𝑜2 × 𝑍𝑐𝑜2                    
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Appendix-E 

Water quality analysis 

 

 

1. Introduction 

It is was found that the solar water desalination being economical, green in nature, zero 

maintenance requirements and with no consumption of electricity is gaining popularity 

for small scale water demands. There is not much data found which shows the quality of 

water. So it becomes a necessary to find out the improvement in the quality of water 

obtained from the solar still as compared to saline water. In water quality analysis the 

physical and chemical properties of sea water was examined. 

 

1.1 Procedure of sample preparation and water quality examination 

Basically in sample preparation procedure, sea water collected and stored in different 

containers. For seawater samples is collected in cleaned polythene container, which was 

completely air tight. The different physical and chemical properties like pH, turbidity, 

chloride content, TDS and electrical conductivity (EC) were examined for sea water in 

testing laboratory. The different properties of water were recorded for the pre and post 

distillation by physical examination of the samples. pH is recorded on an electronic 

digital meter having a least count of 0.01. The instrument was standardized with the 

buffer of 7 and 9 pH before the test. Turbidity was measured by turbidity meter tube. 

Total chloride content was analyzed by the standard procedure as prescribed by ASTM 

D511-09 method. The methods and instrument used for water quality analysis is 

mentioned in Table E1. In Table E2 the physical and chemical test examination value for 

sea water is shown. 
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Table E1. Methods and Instruments used to find out physical and chemical properties of sea water 

samples. 

Sr. Property Methods 

1. pH pH meter 

2. Turbidity Turbidity meter tube 

3. Chloride Argentometric method 

4. TDS TDS meter 

5. 
Electrical conductivity 

(EC) 

Electrical conductivity meter 

 

 
Table E2.  Physical and chemical parameters for synthetic water and sea water samples 

Sr. Parameters Unit 
BIS 

standard 

Sea water 

Before After 

1. pH - 7-8 7.55 6.85 

2. Turbidity NTU 05 301 0.42 

3. Chloride ppm 200 8245 13 

4. TDS ppm 500 19885 42 

5. EC µS/cm - 28.5×10
3
 51 

 

 

1.2 Observation 

In Table E1 and E2 the method and technique to check physical and chemical properties 

of sea water and it’s after test examination values with BIS standard is compared.  From 
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the data it was found that obtained value for sea water is in good agreement with BIS 

standard. Also there is remarkable improvement was found in all physical and chemical 

property sea water. From the test report data of sea water, it can be said that the modified 

solar still can be used in the remote areas as an option of green alternative to clean the 

water in remote areas where there is problem of electricity. 

 

 


