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Preface 

 
Here I am presenting you my master thesis work which I was working for 4 months. Here I wanted to 

do a research about a simple cooling system, its efficiency and how much energy can be saved and 

utilized by this method. As we all know renewable energy is the future. This helped me in knowing how 

advanced we are. We have or we can create a sustainable Energy system. A lot of research and 

development is been made in the field of solar and wind energy systems. I would like to do a comparison 

of an ordinary cooling system with the solar cooling system.  

I cannot say that I was so master minded to do this thesis without anyone’s help. I would really like to 

congratulate and thank them for helping me and supporting me in this thesis.  

Firstly, I would like to thank my Professor Fredric Ottermo. He was my lecturer for the course renewable 

energy course. During this course as we had to do a project in renewable system. During that project I 

came across the topic solar powered air conditioning system. As I explained the system, everyone was 

interested about the innovative technology so as he. Later on he recommended to continue this as a thesis 

project and helped me out in the initial stages gathering ideas and information. I would really thank him 

a lot.  

Secondly, I would like to thank My instructor Professors Mei Gong. She helped me in giving advices in 

the methods of writing a report. Also gave me the needed materials for references. This was helpful for 

me. She was ready to help me when ever needed.  

Thirdly, My colleagues and friends for their support. During discussions regarding the thesis work with 

them, they were more curious about the system. Their doubts, it helped me in referring into more detail 

and bringing this work into perfection.   

This might also be considered as an awareness about some technologies that can help in changing our 

living style. I hope my work will be interesting.  

 

 

 

 

Munzer Mohamed Ibrahim  
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Summary 

 

Now a days, the society thinks about clean and sustainable energy sources. Many countries in the world 

use non-renewable energy sources for the generation of electricity. This produces carbon emission and 

more over there is going to be a scarcity in fossil energy. In many European countries, when the oil price 

hiked, they started in thinking of non-fossil energy sources. And this led to focus on renewable energy. 

Countries mainly focused on wind and solar energy sources. Many innovations have been made in this 

field.  

Countries like Germany, in the year 2016, 29.5% of the total energy is been produced by renewable 

energy sources. Around 40% of energy source in Sweden is by hydro power. Sweden had 12 nuclear 

power stations and almost 6 of them is been shut down.  

Here in my thesis I would like to introduce a system for air conditioning using solar energy. I would be 

using the solar thermal water heating system and integrating it with a simple chiller. By this I would like 

to introduce a three in one system. Water heating, air condition and also space heating. In my thesis I 

will explain the working principle of the system, detailed description of each parts used in this system 

and calculations to find out the efficiency of the systems. Some of the calculations and equations are 

which I learned in different subject throughout my master’s program.  

My main objective is to introduce this innovative method in air conditioning system. That is the reason 

there is a detailed description of the working model of the system. I would like to compare the efficiency 

of this system with a normal air conditioning system. I would like to show what will be the energy that 

I will be able to save using this technology. If looking for generating electricity using the solar PV, how 

the installation cost is reduced can be explained. By this method we can say that a little contribution to 

the sustainable energy can be done. Now a days we find alternative solutions for generating power. As I 

expect these small innovations might help us in reducing the usage of fossil energies.   
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Sammanfattning 

 

 
 

Nu en dag tänker samhället på rena och hållbara energikällor. Många länder i världen använder icke 

förnybara energikällor för elproduktion. Detta ger koldioxidutsläpp och mer där kommer det att bli en 

brist på fossil energi. I många europeiska länder, när oljepriset höjde sig, började de att tänka på icke 

fossila energikällor. Och detta ledde till att fokusera på förnybar energi. Länder som huvudsakligen 

fokuserar på vind- och solenergikällor. Många innovationer har gjorts på detta område. 

Länder som Tyskland, år 2016, har 29,5% av den totala energin producerats av förnybara energikällor. 

Ungefär 40% av energikällan i Sverige är med vattenkraft. Sverige hade 12 kärnkraftverk och nästan 6 

av dem har stängts av. 

Här i min avhandling vill jag presentera ett system för luftkonditionering med solenergi. Jag skulle 

använda solvärmesystemet och integrera det med en enkel kylare. Genom detta vill jag presentera ett tre 

i ett system. Vattenuppvärmning, luftkonditionering och även uppvärmning av rum. I min avhandling 

kommer jag att förklara systemets arbetsprincip, detaljerad beskrivning av varje del som används i detta 

system och beräkningar för att ta reda på systemets effektivitet. Några av beräkningarna och 

ekvationerna är vilka jag lärde mig i olika ämnen genom hela mastersprogrammet. 

Mitt huvudmål är att introducera denna innovativa metod i luftkonditioneringssystemet. Det är 

anledningen till att det finns en detaljerad beskrivning av systemets arbetsmodell. Jag skulle vilja jämföra 

effektiviteten i detta system med ett normalt luftkonditioneringssystem. Jag skulle vilja visa vad som 

kommer att vara den energi som jag kommer att kunna spara med hjälp av denna teknik. Om man letar 

efter att generera el med solcellspolv kan man förklara hur installationskostnaden reduceras. Med denna 

metod kan vi säga att ett litet bidrag till den hållbara energin kan göras. Nu en dag hittar vi alternativa 

lösningar för att generera kraft. Som jag förväntar mig att dessa små innovationer kan hjälpa oss att 

minska användningen av fossila energier. 
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1. Introduction 

Energy consumption in the world is growing day by day. Increase in living standard and industrialization 

are the major cause for this increase in energy consumption. Though global warming is also a reason 

that cannot be neglected for this cause. In order to increase the availability of the energy, we might need 

to find new alternative solutions for extracting energy. One of the significant ways is to use renewable 

energy. 

Science is developing to have a green energy system which can cause less pollution. This brings up the 

idea of renewable energy systems. The main area of interest in renewable sector is solar and wind energy 

systems. So, we have more developments in the field of solar and wind now a days. Even to install a 

solar power system and wind power system is becoming cheaper.    

In many of the countries in the equatorial region a significant amount of energy is being consumed for 

the cooling systems in a house or in a building. In USA 40 % of the generated power is used for the air 

conditioning system for buildings. It is 32% in Egypt by domestic sectors.  

 

1.1 Solar Energy 
So, to improve the power efficiency, solar air conditioning system seems to be an alternative solution. 

During summer we know, the solar energy is abundant. So here I would like to explain how solar energy 

is used for an air conditioning system. First, it is better to have a brief idea about solar energy. As the 

name suggests it is the energy that is been obtained from the sun. The energy radiated by the sun is a 

result of thermonuclear fusion, in which hydrogen is transformed to helium. This involves mass loss, 

which is converted to energy.  

Let’s understand how the solar energy is measured. Normally the solar energy measured in terms of 

Solar irradiance. Solar irradiance (SI) is the power per unit area received from the Sun in the form 

of electromagnetic radiation in the wavelength range of the measuring instrument. The solar 

irradiance integrated over time is called solar irradiation. Solar irradiance outside the earth’s atmosphere 

is 1370 W/m2, is measured on a surface perpendicular to the direction of the radiation when earth is at 

its mean distance from the sun. This value is known as solar constant. Only a part of it reaches the surface 

of the earth. Some of it reflects back and some are absorbed by water vapor, ozone and carbon di oxide 

in the atmosphere. The maximum solar radiation reaching the surface is 1000 W/m2. 

Solar radiation that comes to the earth’s surface consist of wavelengths ranging from ultraviolet to 

infrared. A significant part of the solar energy lies under infrared range. For the best utilization of solar 

rays, we should be able to absorb all the wavelengths. For this to happen, the material and the surface 

we choose must have high absorptance and low emittance as their property. 
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1.2 Solar Radiation 
Solar radiation is generally classified into two categories. One is the direct radiation and the other one is 

the diffused radiation. The direct beam of light reaching to the surface without any reflection is known 

as the Direct Radiation. Whereas the reflected sunlight from the cloud or other objects is known as the 

indirect or Diffused Radiation. The sum of direct and diffused radiation is known as the Global 

Radiation [1]. 

Now let us know what are the factors that affect the utilization of solar energy. The main factors are the 

supply of radiation, location, reduction of the radiation in the atmosphere, reflection and absorption in 

the clouds and also the angle at which the object is placed to absorb the solar energy with respect to the 

ground. The amount of radiation received is also largely influenced even by the local weather. 

Sometimes the direct radiation might be reflected or even absorbed by the clouds. Due to this, on those 

occasions we can have a very feeble direct radiation. 

1.3 Solar powered cooling system 
In this paper, solar energy is used for an air conditioning system.  As mentioned earlier, for a high 

demand energy and improved sustainability, solar air conditioning system seems to be an alternative 

solution. During summer the solar energy is abundant. 

Here the system is a three in one system. Solar flat plate collectors, water storage tank and a chiller are 

used. Here in this system, a hot water storage system, cooling system and a space heating system are 

possible to obtain.  

In this project, some calculations regarding the efficiency in different temperatures, how much energy 

consumption can be reduced by this system. Even a comparison with the normal air conditioning systems 

and with the photovoltaic (P.V) systems. Some thermodynamic calculations are used for checking the 

energy that can be saved. As well as some electrical calculations too. A wide range of material details 

which will be more suitable will be analyzed.  

Renewable Energy system is the future. These renewable energy sources help in achieving sustainable 

clean energy with less carbon emission. So, the main aim is to reduce the use of non-renewable energy 

sources. This can be either by an alternative renewable energy sources for electricity generation. For 

example, in Sweden, the main source of electricity was nuclear power. Now, around 40% of the 

electricity generated is through hydro power which is a renewable energy system. Or else another way 

is by using other alternatives solutions such as solar water heating systems, where the usage of electricity 

can be reduced. In Vojens Denmark, there is world’s largest thermal heat storage pit. This is used for 

district heating. In this thesis, solar powered air conditioning system also reduces the use of electricity 

and being more sustainable. This also contributes in helping to reduce the use of non-renewable energy 

sources.  
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2. System Design and Working Model  

Water-based solar energy system is a very popular method mainly in Europe. After the oil crisis during 

1970s, there has been an intensive research in this field and as a result wide range of technologies are 

available today. In this solar powered air conditioning system, it provides hot water, space heating and 

air cooling. It is a 3 in 1 system.  

2.1 Working of the System. 
The solar heat is collected by the flat plate collector. It heats up the water that is passing through the Flat 

plate collector. This heated water can be used for the house hold purposes. A portion of this water is 

transferred to the air conditioning system. 

It has two compartments (refer section 2.3). In the first compartment the portion of the heated water 

flows through the heat exchanger in the first compartment. The chiller pulls out the hot air from the 

outside and passes through the heat exchanger. At the same time the air is being pulled in to the second 

compartment also. There will be a desiccant wheel which is connect to both the compartment. The half 

portion of the desiccant wheel will absorb the moisture content from the air in the second compartment 

and passes the air through an evaporator. This cool air is the passed into the rooms of the house. When 

the desiccant wheel rotates and the moisture absorbed part reaches the first compartment, the moisture 

is absorbed by the hot air in the first compartment. This air is then pushed out of the compartment to out 

of the house. Fig.1 shows the model of a solar powered air conditioning system.  

 

Figure 1. Working Model of Solar Powered Air Conditioning System [2]. 
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As shown in the figure 1, the solar collector gains heat energy from sunlight and is transferred to the 

water passing through it. The required water for the collector in order to absorb heat energy is pumped 

using a small water pump. This water is then stored in a large storage tank. A portion of this heated water 

is then pumped again to the heat exchanger connected to the air conditioner. Here in the heat exchanger 

the exhaust air then gains heat energy by passing the exhaust air through the heat exchanger. Thus, the 

water in the heat exchanger get cooled and again sent back. This cycle continues.  

For a better understanding of the system, let us now divide the system into 2 main parts. They are  

(i) Solar Thermal Energy system.  

(ii) Solar air-cooling system. 

Let us discuss in detail about each system.  

2.2 Solar Thermal Energy Systems.  
Solar thermal energy system is one of the important techniques that is commonly used. As reported, in 

early 214 BC, Archimedes used a Concave mirror to boil the water. This is one of the cost-effective uses 

of solar energy. Here, in this project, we will be using Thermal Water heating System  

Normally, there are mainly 2 purposes for heating water. One is for the swimming pools. Water 

temperature of exposed areas in central European region is normally between 16OC-19OC during the 

pool season. A temperature rise of few degrees will be enough for comfort. Here, for such low heat 

demand, a simple absorber is used. These absorbers will transfer solar radiation into necessary heat for 

the pool water. There will be a pump moving the pool water through the absorber and after heating the 

water returns to the pool.  

For domestic water heating purposes, this technique can’t be used. This is because there will be losses 

in the absorber due to convection, rain and snow. Here, in this thesis, a normal solar thermal water 

heating system is used. Only a fraction of the heated water from this system will be used for the air-

cooling system.  

In a domestic water heating system, normally we use collectors which have much less losses at a higher 

water temperature. There are 2 different types of collectors. Flat plate collectors, evacuated flat plate 

collectors and tube collectors. This will be integrated with a water storage system. In some areas, where 

we won’t be having the water freezing, or we can say frost-free regions, the water flows directly to the 

collector. This system is known as single-circuit system. In regions where water freezing is possible, we 

use a completely different system. The water will be kept inside a storage tank. The second quantity of 

water will be there, where it is mixed with anti-freeze agents. This water is used as the working fluid. 

There will be a heat exchanger between the solar cycle and the storage tank. This will transfer heat to 

the water in the storage tank. This is called double-circuit system.  

We use an electric pump to move the water between the collector and the storage tank. A small direct 

current (DC) motor pump can be used. The required electrical energy can be provided by a small P.V 

cell. The main advantage of using an electric pump is the collector and the storage pump can be installed 

independently. Moreover, in this situation the height difference between the collector and the storage 
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tank won’t be a problem. While designing such a system, we should keep in mind that the pipe length 

should be as short as possible. This is to reduce the heat losses in the pipe. Then we use two temperature 

sensors to monitor the temperatures in the collector and the storage tank. When the temperature in the 

collector is more than the temperature in the tank by a certain threshold, the pump starts, and the water 

circulates through the solar cycle. When the temperature is less than the threshold value, the pump stops 

working. This threshold value is been set manually by us. Fig.2. Shows a small schematic diagram of 

Solar thermal energy system.  

 

Figure 2. Schematic Diagram of Solar Thermal Energy System [3]. 

As in the figure 2, there are two water cycles. The first one is between the heat exchanger and the solar 

collector and this cycle is known as the solar cycle. The second one is the storage tank and the heat 

exchanger. the water in the first cycle is been pumped to the collector panel through a pump. This water 

will be mixed with an anti-freeze agent in order to avoid the water freezing during winter. There will be 

a heat sensor connected to the tank. Then the water in the collector panel gains heat energy from the 

sunlight.  This water is then passed through the heat exchanger. Then the water in the tank is pumped 

around the heat exchanger and thus the heat energy is transferred from the solar cycle to the water in the 

storage tank. 

2.2.1 Solar Flat Plate Collectors. 

We can say this is a special kind of heat exchanger that transfers solar radiant energy into heat. This is 

fluid-to fluid. Exchange with high heat transfer rates. In collectors the energy is transferred from a distant 

source to a fluid. Flat-plate collectors can be designed for application requiring moderate temperature 
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up to 1000C above ambient temperature. They use both direct and diffused solar radiation, they do not 

require any sunlight tracking, and the maintenance is very less compared to concentrated collectors.  

A flat-plate collector consists of three parts. They are 

• Transparent Cover 

• Collector House  

• Absorber 

The absorber is inside the collector house. This absorber converts the sunlight into heat energy and this 

heat energy is transferred to the water that passes through tubes. The collector housing will be highly 

insulated from all the sides in order to maintain minimum heat losses. Still there will be some losses 

mainly due to convection and radiation. The losses mainly depend on the difference in temperature 

between the ambient air and the absorber. The transparent cover basically a pane of glass is over the 

collector covering it. This prevents most of the convectional losses and reduces heat radiations from the 

absorber to the surroundings. The similar method as greenhouse effect. Fig.3 shows a diagram of a flat-

plate collector. 

 

Figure 3. Flat-Plate Collector [4]. 

 

If the temperature difference ∆T is equal to 0, we can say that we will be having a very high efficiency. 

So, we can say that the collector efficiency is inversely proportional to the temperature difference ∆T. 

(refer Chapter 3 for more details) 
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2.2.2 Solar Thermal Storage System. 

The heated water from the solar collectors are been preserved in a storage tank. This is also a method of 

energy storage. The main objective of this storage tank is to supply desired heat, when there is low 

irradiance. 

The thermal storage systems are basically of two types. They are: - 

(i) Short term Storage Systems (Daily Cycle) 

(ii) Long term Storage Systems (Inter-seasonal system) 

Long term storage system is normally used to compensate the seasonal fluctuations. So, for this it 

requires larger volume for storage. The long-term storage system can be further classified on the basis 

of temperature ranges. 

(i) Low temperature storage below 1000C. 

(ii) Medium temperature storage between 1000C – 5000C. 

(iii) High temperature storage system above 5000C.  

The storage system is also classified on the basis of types of heat storage.  

(i) Sensible Heat storage  

(ii) Latent heat storage (due to change in physical stage) 

(iii) Thermo-chemical energy storage 

For a domestic hot water storage tanks, to find out the exact dimensions of water storage tank we take 

annual usage data. The size normally depends on the hot water demand, solar fraction, collector 

performance, collector orientation, pipes, also solar irradiation. Let’s make a rough estimate. According 

to the survey, for central European climates, the storage tank volume should be 1.5-2 times the daily 

demand, 50% of stand by volume and a preheating volume of 20 liters per meter square of collector 

surface is also to be taken into account. For a normal family of 4-6 persons, they require around 300-500 

litters. For a long-term storage system, around 1000m3 or above volume is considered for such a family. 

That might last for more than 3-6 months. For a short-term storage system, 300 liters will be enough for 

a daily cycle [5]. 

2.3 Solar Air-Cooling System.  
In this cooling system, the technology is desiccant air conditioning that dehumidifies the inlet air stream 

to remove moisture from air. The desiccant wheel is regenerated using thermal heat an indirect 

evaporative cooler then reduces the temperature of air. The system is unique because it is using a closed 

loop regeneration where the heat that would otherwise waste is used for regenerating a second desiccant 

wheel, increasing thermal efficiency. Figure.4 below shows the model of the chiller used. 
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Figure 4. Solar Air conditioning system [6]. 

As seen in the figure 4, this chiller is separated as two compartments. In compartment 1, we have a heat 

exchanger. The required heat for the heat exchanger is received from the solar thermal water heating 

system mentioned above. This works similar to a car radiator. It draws the air out and passes through the 

heat exchanger. The main part in this chiller is the desiccant wheel. In compartment 2, the outside air is 

pulled inside and then passed through the desiccant wheel this wheel will be rotating. Normally it will 

have around 10-30 rotations per hour. The desiccant part in compartment 2, pulls the moisture content 

in the air which is pulled inside. This process is called dehumidification. After dehumidifying the air, 

then it is passed through an indirect evaporative cooler where the dehumidified air is further cooled 

down. This cooled air is then passed inside the room. Later on the air from the room is again drawn 

inside to the compartment 1. This is passed through the heat exchanger and increases the temperature of 

the air. This then is passed through the desiccant wheel in compartment 1. The desiccant wheel part in 

compartment 1 will be having the moisture content which was absorbed from the compartment 2. This 

moisture is then dried off from the compartment 1 by passing the hot air from the same compartment 

and then the air is pulled out to the surroundings. 

2.3.1 Desiccant Wheel. 

Before getting into more detail about desiccant wheel, it is better to have a basic idea about what a 

thermal wheel is. Thermal wheel is a type of energy recovery heat exchanger positioned within the 

supply and exhaust air stream of an air handling system in order to recover the heat energy. It is also 

known as rotary heat exchanger or rotary air-to-air enthalpy wheel recovery wheel.  
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Thermal wheel is a circular honey comb matrix of heat absorbing material, that slowly rotates between 

the supply air stream and exhaust air stream of an air handling system. As the wheel rotates, in the first 

half of the rotation, the heat energy is picked up from the exhaust airstream and then in the second half 

of the rotation, this heat is given to the supply air stream. In this way, the heat energy is been transferred. 

The material commonly used for the matrix aluminium, plastic or synthetic fiber. Figure 5 below shows 

a thermal wheel of Ljungström Air Preheater designed by a Swedish engineer Fredrik Ljungström(1875-

1964). 

 

Figure 5. Ljungström Air Preheater [7]. 

The desiccant wheel is very similar to a thermal wheel. But the only difference there will be a coating 

applied for the dehumidification of the air stream. The material commonly used in a desiccant wheel is 

silica gel. Figure 6 shows a simple model of a desiccant wheel dehumidifier. As seen in the figure, the 

desiccant wheel adsorbs the moisture content in the air stream in the first half of the rotation and then is 

given out in the second half of the rotation.  

The rotation speed of the wheel will be low (approximately 1 rotation per minute). The water vapor 

absorbed form the passing air stream undergoes phase change from vapor to an adsorbed quasi-liquid 

form. Since the air stream is dehumidified, the indirect evaporative cooling system present in the chiller 

needs to provide sensible cooling. This will increase the coefficient of performance (COP) and the 

capacity of the cooling system.  
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Figure 6. Desiccant Wheel Model [8].  

There are both solid and liquid desiccants. The hygroscopic nature of the sorbent surface lowers the 

vapor saturation pressure of the water surface. When the desiccant surface vapor pressure is lower than 

the partial pressure of the water in the air, the sorption of the water will take place from air to the 

desiccant wheel. This continues till the desiccant is saturated. Then in the next half rotation, desiccant 

can be dried of by applying heat to raise the vapor pressure above the surrounding air’s vapor partial 

pressure.  

2.3.2 Evaporative Coolers. 

We all have heard about evaporation at some point of our studies. What exactly is evaporation. It is the 

process of a liquid substance transferring to its gaseous state by using an external energy for the molecule 

for excitation. This external energy is normally the heat energy. The heat energy is absorbed by the liquid 

molecules which breaks the bond between the water molecules and released to the air in the form of 

water vapor (gaseous state of water). Now, evaporative cooling is the phenomena when the air stream is 

passed through the water stream, water vapor is added into the air stream by evaporation which helps in 

reducing the air temperature. The energy is normally taken from the air stream for the evaporation 

process. This result in reducing the air temperature. There are basically two types of evaporative cooling. 

• Direct evaporative cooling (DEC) 

• Indirect evaporative cooling (IEC) 
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Figure 7. Indirect and Direct evaporative Cooling methods [9]. 

    Direct Evaporative Cooling  

In this method, warm air is passed through a wet moist pad. From this moist pad, the heat energy from 

the air is released and the water molecule in the moist pad get evaporated to the air stream. This way the 

air stream is cooled by adding moisture to the air. This cooled air is then passed to the area which requires 

cooling with the help of a blower. Figure 7 shows simple diagram of how a direct evaporative cooler 

works.  

  

 
Figure 8. Simple diagrammatic explanation of a Direct Evaporative Cooling [10].  
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As shown in the figure 8, the fan is used for the air stream to pass through the moist pad. The red air 

colored air stream shows the hot air, and the blue colored air stream represents the cooled air. The tap 

represents the medium of water to soak the moist pads.  

  Indirect Evaporative Cooling  

In this method of cooling, normally a sensible heat exchanger is been used as the medium for cooling. 

This sensible heat exchanger consists of two alternative panels allowing the wet air streams and dry air 

streams through their respective panels. A water supply is given and allowed to drip the water through 

the allocated wet air stream panels. Then the air is passed through the wet air stream panels. The heat 

energy from this air is released resulting to evaporation of the water vapor. This air is cooled with added 

moisture. After this process the warm air stream is then passed through the dry air stream panels. Of the 

heat exchanger. The dry air is then cooled by the virtue of interaction with wet air stream panel surface. 

This cooled air without adding the moisture is then pulled into the area where cooling is required. Figure 

8 shows a schematic diagram of an indirect evaporative cooling [11]. 

 

Figure 9. Simple diagrammatic explanation of a Indirect Evaporative Cooling [10].  

In the figure 9, outdoor air is passed through the dry air stream panel. This conditioned air is then drawn 

to the room by a supply fan. There is a secondary air stream passing through the wet air stream panel of 

the sensible heat exchanger. The secondary air is cooled by the process of evaporation. A pump is placed 

in a small reservoir for the water to drip through the wet air stream panel.  
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Figure 10. Inner view of Indirect Evaporative Cooler [12].  

There are recent studies going on by integrating both direct and indirect evaporative cooling systems. 

These systems are known as Indirect direct evaporative cooling system (IDEC). In this system, the air is 

first cooled by the indirect evaporative cooling method. Then this cooled air stream is further cooled by 

passing through a direct evaporative cooler.  

2.3.3 Heat Exchanger  

Heat exchanger are devices designed to transfer heat between two or more fluids. These fluids are 

generally liquids, vapors or gases. The heat transferring process are generally of 3 types. They are gas-

to-gas, liquid-to-gas, liquid-to-liquid. This heat transfer happens through a solid separator which helps 

in preventing the mixing of fluids. The fundamental principle behind the heat exchangers are zeroth law 

and second law of thermodynamics. The heat exchanger in the proposed system has a liquid-to-gas 

transferring process. This is an indirect type of heat exchanger.  

There are basically two types of mechanism in the heat exchanger they are: - 

•         Single Phase heat transfer heat exchangers 

•         Two phase heat transfer heat exchangers  

In a single-phase heat transfer heat exchanger, there will not be any phase change among the fluids. That 

means the state of matter of both warmer fluid and colder fluid remains the same. Only the heat transfer 

from the warmer fluid to the colder fluid takes place.  

In the two-phase heat transfer heat exchangers, the fluid will undergo phase change. This phase change 

might happen either in any one fluid or in both the fluids. The design of such heat exchangers is very 

complex. This kind of heat exchanger designs are used in boiler, condensers and evaporator. 

Based on design characteristics, there are different types of heat exchangers available. They are: - 

• Shell and Tube Exchangers  

• Double Pipe Heat Exchanger 

• Plate Heat Exchangers 

• Condenser, Evaporator and Boilers. 
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3.  Storage Tank and Collector Calculations 
In this section, the calculations regarding the storage tanks and the flat plate collector is discussed.  

  3.1 Flat plate collectors 
Here in this section, the efficiency calculations and the collector area calculations are explained. To do 

these calculations some terms are to be noted below: -  

     η0 = optimal efficiency or conversion factor 

     ηk = Total collector Efficiency 

     E = solar irradiance 

    Ak= Collector Efficiency  

     a1 = first order coefficient losses  

     a2 = Second order coefficient losses  

The values for a1, a2 and η0 varies according to the manufacturers of the flat plate collectors. These values 

are given by the manufacturers of flat plate collector. 

Table 1. Optical Efficiency η0 and loss coefficient a1 and a2 with absorber area as reference [5]. 

 

Name Type 𝜼0 a1 in W/ (m2 K) a2 in W/(m2K2) 

Paradigma Solar 500 Flat Plate Collector 0.805 3.79 0.009 

Solahart OYSTER Ko Flat Plate Collector 0.803 2.49 0.0230 

Sonnenkraft SK 500 Flat Plate Collector 0.800 3.02 0.0013 

Solahart M Flat Plate Collector 0.746 4.16 0.0084 

Wagner Euro C18 Flat Plate Collector 0.789 3.69 0.007 

 

In Table.1, there are some list of manufacturers of flat plate collectors and the respective values of a1, a2 

and η0 are also given in the table.  

3.1.1 Collector Efficiency 

    To calculate the collector efficiency,  

           ηk = Collector output / Collector input 

the collector input is  

       Collector input =𝐄 ∗ 𝑨𝒌 .…………………………… (1) 
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  Collector output is   

           𝑸𝒌𝒏 =   (𝛈𝟎 ∗ 𝐄 ∗ 𝑨𝒌) – 𝑸𝒗 ……………………… (2) 

Where Qv is the losses due to convection and radiation. Qv is determined by the equation  

            𝑸𝒗  =  (𝒂𝟏 ∗ 𝑨𝒌 ∗ ∆𝐓)  +  (𝒂𝟐 ∗ 𝑨𝒌 ∗ ∆𝐓𝟐)……... (3) 

     ∆T is the temperature difference between the required temperature and the ambient temperature                              

            ∆𝐓 = 𝑻𝒓 – 𝑻𝒂…………………………………… (4) 

Where Tr is required temperature and Ta is the ambient temperature 

From the equations (1), (2), (3) and (4) the collector efficiency becomes  

           𝛈𝒌 =
 𝑸𝒌𝒏 

𝐄∗𝑨𝒌

 =
(𝛈𝟎∗𝐄∗𝑨𝒌)– (𝒂𝟏∗𝑨𝒌∗∆𝐓)− (𝒂𝟐∗𝑨𝒌∗∆𝐓𝟐) 

𝐄∗𝑨𝒌

 

which becomes  

           𝛈𝒌  =  𝛈𝟎 – 
(𝒂𝟏∗∆𝐓) + (𝒂𝟐∗∆𝐓𝟐)

𝐄
 ……………………. (5) 

from this, it is possible to conclude that the efficiency of the collector will increase when the ∆𝐓 

decreases. When ∆𝐓 is 0, the efficiency ηk will be equal to η0 [5,13].  

The global irradiance is easy to find out from the software PVGIS [14].  

For example, the global irradiance in Halmstad, Sweden, for one year is given below.  

Table 2. Global irradiance for a year in Halmstad, Sweden [14]. 

 

Hh: Irradiation on horizontal plane (Wh/m2/day) 
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Hopt: Irradiation on optimally inclined plane (Wh/m2/day) 

H(90): Irradiation on plane at angle: 90deg. (Wh/m2/day) 

Iopt: Optimal inclination (deg.) 

T24h: 24-hour average of temperature (°C) 

NDD: Number of heating degree-days (-) 

 

3.1.2 Collector area calculation 

To determine the area of the collector, the power generated per meter square is to be found out first. To 

calculate the power, the equation is  

          𝑷 = 𝑨𝒌 ∗ [((𝛈
𝟎

 ∗ 𝑬) − (𝒂𝟏 ∗ ∆𝐓)) − (𝒂𝟐 ∗ ∆𝑻𝟐)]…………….… (6)  

To find the power per meter square, substitute the Ak with 1. Now to find out the annual power output 

of the collector, equation (6) is to be integrated.  

         𝑷𝒂𝒏𝒏𝒖𝒂𝒍 =  ∫ 𝑨𝒌 ∗ [((𝛈𝟎 ∗ 𝑬) − (𝒂𝟏 ∗ ∆𝐓)) − (𝒂𝟐 ∗ ∆𝑻𝟐)]𝐝𝐭…… (7) 

With this, the annual power output of the collector per meter square is calculated. This helps in 

determining the collector area required according to the total power needed [15]. 

3.2 Storage Tanks 
The main point that is to be kept in mind while choosing the actual storage tank is whether a daily cycle 

or a seasonal storage tank is required. If the storage tank is for a domestic daily cycle purpose, a very 

large tank is not required. For a family with a 4 person, 300 to 600 liters must be sufficient. The daily 

cycle is mostly used in the countries between the tropical belts. In countries between the tropical belts, 

the temperature during winter will not be going below the freezing point of water. So, a seasonal storage 

is not necessary. The solar thermal system in such regions will not be so complicated and a single circuit 

system is enough. Whereas regions where the temperature during winter goes below freezing point of 

water, seasonal storage will be required. In these regions the solar thermal system becomes much 

complicated. In these regions double circuit system is required. 

One important aspect to keep in mind is the storage tanks come in standard sizes. So, it’s always 

recommended to pick up a size closer to the required amount. It is always better to choose bigger than 

the required size.    

According to a company (Sunmaxx Solar http://www.sunmaxxsolar.com/) based on United states of 

America, they have recommended  the size of the storage tank that should be. The tank size is mentioned 

in gallons per square feet of the collector area. The calculations are as mentioned below. 

• 40 liters per m2 (for high-temp loads in northern climates with flat plates) 
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• 60 liters per m2 (for medium-temp loads and typical loads with flat plates) 

• 79 liters per m2 (high-temp loads with evacuated tubes and low-temp loads with flat plates) 

• 98 liters per m2 (for medium loads for evacuated tubes) 

• 118 liters per m2 (for low-temp loads) 

• 162+ liters per m2 (sometimes this ratio makes sense, but must be carefully analyzed for proper 

payback calculation) 

3.2.1 Storage tank losses  

The storage tank will always have heat losses due to transition through the insulation. A good insulation 

will have a thickness of 100mm for a heat conductivity of λ =0.04 W/(mK). Lower the heat conductivity, 

higher the insulation. There are some materials with very low heat conductivity. For example, a super 

insulated glass fiber vacuum insulation reaches up to λ =0.005 W/(mK).  

The heat storage capacity of a tank is given by the equation  

      𝑸 = (𝒎 ∗ 𝒄 ∗ ∆𝑻)………………………… (8) 

Where ∆T is the temperature difference between the storage tank temperature and the ambient 

temperature.  

       ∆𝑻 = 𝑻𝒔 − 𝑻𝒂…………………………… (9) 

𝑻𝒔 is the storage tank temperature and 𝑻𝒂 is the ambient temperature.  

Heat loss in the tank is calculated by the equation  

      𝑸𝒍𝒐𝒔𝒔𝒆𝒔 = 𝑼 ∗ 𝑨 ∗ (𝑻𝒊𝒏 − 𝑻𝒐𝒖𝒕)………… (10) 

Here A = the surface area of the storage tank  

         U = the heat transfer coefficient 

         𝑻𝒊𝒏 = inside temperature 

         𝑻𝒐𝒖𝒕= outside temperature  

The value of U is calculated by the equation  

     
𝟏

𝑼
=

𝟏

𝜶𝟏
+

𝟏

𝜶𝟐
+ ∑

𝒔

𝝀
 ……………….... (11) 

Here 𝜶𝟏 is the heat transfer coefficient between the wall of the tank to the insulation, 𝜶𝟐 is the heat 

transfer coefficient between the insulation to the surface, s it the thickness of the insulation and λ is the 

heat conductivity.  
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4.  Energy and Thermodynamic Calculation 

Here the energy calculation is done on the chiller side. As explained earlier in the section 3.2.2 and 3.2.3, 

there are indirect evaporative cooler and a heat exchanger. The energy transfer calculations for both 

indirect evaporative cooler and the heat exchanger is done in this section.  

For more detailed study it is better to know about psychometry. It is a science of air and water vapor 

mainly dealing with the properties of moist air. A very good understanding of psychometry helps in 

understanding the designing of the heating, ventilation and air conditioning systems. This study deals 

with heating, cooling, and humidification processes. This helps in understanding the comfortable 

building occupants, building insulations, roofing properties, fire resistance of the building materials, etc. 

[16]. 

 

Figure 9. Psychrometric Chart [17]. 

Figure 9 above shows the psychometric chart. The x axis of the chart represents the dry bulb temperature 

(normal temperature), y axis in the right side of the picture shows the humidity ratio. the inclined dotted 

green lines are enthalpy. The inclined green lines are the wet bulb temperature. The bulb of the wet bulb 

thermometer is covered with a wick that is saturated with water. When the wick is subjected to an air 
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flow, the water gets evaporated from the wick. The temperature read at the wet bulb thermometer at this 

point is known as the wet bulb temperature. When the relative humidity is high, the difference between 

the wet bulb and dry bulb temperature decreases. At 100% relative humidity dry bulb temperature (air 

temperature) and wet bulb temperature is the same. The curved red lines from left to right are the relative 

humidity.  

So, for a simple explanation of the chart, moving towards the right along the x axis becomes sensible 

heating. Whereas moving towards the left along the x axis becomes sensible cooling. If moving 

perpendicularly above along they axis becomes humidification and moving perpendicularly down along 

the x axis becomes dehumidification.  

4.1 Indirect Evaporative Cooler 
The indirect evaporative cooler is a type of sensible heat exchanger as discussed in the section 3.2.2. 

There will be two different plates. A dry plate and a wet plate. So, for two different plates there are two 

different air streams. Also, let us divide the system into 2 for a better analysis.  

• Through the wet plates  

• Through the dry plates.  

Through the wet plates 

For a better understanding, the temperature is assumed to be 20℃, and the humidity is assumed to 

be increased by 40% within the evaporative cooling. 

The saturated pressure at 20℃ = 2.3kpa. 

So, the saturated pressure at 20℃ and 40% humidity becomes = 0.4*2.3kpa = 0.9kpa 

To find out the volume of the water content, the equation is,  

      𝑷 ∗ 𝑽 = 𝒎 ∗ 𝑹 ∗ 𝑻…………………………. (12) 

Where V = volume of the substance 

            P = the pressure = 0.9kpa 

            m = mass = 1 kg 

            Rwater vapor = the ideal gas constant of water is 461.5 J/kg. K 

            T = the temperature = 297 K 

From this the it becomes 𝑽 =
𝑹∗𝑻

𝑷
 ……………. (13) 
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 By substituting the values, V becomes 152 m3/kg. The density of water becomes 1/V = 0.0066 

kg/m3.  

The enthalpy hfg =2453*103 J/kg. (this value is taken from the steam table) 

Now to find out the density of the air, the same equation (12) is used.  

Here the values of P =101.3kpa.  

                              T = 297 K 

                              Rair = 287.05 J/kg. K 

Therefore, the density of Air = 1.19kg/m3.  

Now, the energy at the wet plate is given by the equation.  

     𝒆𝟏 =
𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝒐𝒇 𝒘𝒂𝒕𝒆𝒓 𝒗𝒂𝒑𝒐𝒓

𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝒐𝒇 𝒂𝒊𝒓 
∗ 𝒉𝒇𝒈……. (14) 

By substituting the values e1 becomes 12.6*103 J/kg of air. 

Through Dry plates 

to calculate the energy of the air stream passing through the dry plates, it is understood that the air is 

first passing through a desiccant wheel absorbing the moisture content. So, the air stream passing 

through the dry plate is the outside air. So, the energy equation becomes. 

        𝒆𝟐 = 𝒎 ∗ 𝒄 ∗ ∆𝑻 ………………… (15) 

     Where m is the mass flow rate, and this is considered as 1 for time being.  

                 C is the specific heat capacity = 1.005 kJ/kg. K 

                 ∆T is the temperature difference = 40℃-20℃ = 20K 

∆T = Toutside - Trequired, Toutside is considered as 40℃ and Trequired is the required cooling temperature 

that is 20℃. 

Therefore, by substituting these values e2 becomes 20.1*103 J/kg.  

So, to conclude, e2 is the energy per kilogram cooled air and e1 is the energy per kilogram of 

humidified air. So, the energy e1 should be multiplied by a factor f, in order to achieve the energy e2.  

That is,       f=e2/e1.  
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With this it is understood that the mass flow rate of e1 should be also f times more than the mass flow 

rate of e2.  

4.2 Desiccant Wheel 
For determining the size of the desiccant wheel, the power required for drying out the desiccant wheel 

and the power required for absorbing the moisture into the desiccant wheel is to be known. For a better 

understanding, let’s consider an example: - 

Ambient Air temperature 40℃ with 80% humidity. For a normally cooled air at 20℃, 40% of humidity 

will be a standard. 

As calculated in the section 4.3, the V at 20℃ with 40% humidity = 152 m3/kg. 

From equation (12), 𝑷𝟏 =
𝑹∗𝑻

𝑽
………. (16), 

Where in this example, V = 152 m3/kg (volume of air at 20℃ with 40% humidity), 

                                      R = 461.5 J/kgK, 

                                      T = 40℃ =317K. 

By substituting these values, P becomes 0.962  

Saturated pressure P2 at 40℃ = 7.38 kpa.  

Therefore, from P1/P2 we get the percentage of humidity after the air passing through the desiccant wheel 

at 40℃  

            P1/P2 = 0.962/7.38 = 0.13 (13%). 

As initially assumed, the relative humidity at 40℃ is 80% and after passing through the desiccant wheel, 

for the same temperature, it becomes 13%. Therefore, the amount of relative humidity, that is to be 

absorbed should be 67%.  

Now with 80% relative humidity at 40℃, from equation (13), 𝑽𝟏 =
𝑹∗𝑻

𝑷
 = 24.8 m3/kg. 

    Where R = 461.5 J/kgK, T = 317K and the pressure at 40℃ with 80% humidity = 0.8*7.38 = 5.9kpa. 

               The density 𝛒𝟏 = 1/V1 = 0.040 kg/m3. 

Now with 13% relative humidity at 40℃, from the same equation (13) 𝑽𝟐 =
𝑹∗𝑻

𝑷
 = 152.4 m3/kg. 

   Where, R = 461.5 J/kgK, T = 317K and pressure at 40℃ with 13% humidity = 0.13*7.38 = 5.9kpa. 

               The density 𝛒𝟐 = 1/V2 = 0.0066 kg/m3. 

Therefore, the energy required to remove 67% relative humidity  
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             𝒆𝟑 =
𝛒𝟏−𝛒𝟐

𝛒𝒂𝒊𝒓
………………… (17) 

𝛒𝒂𝒊𝒓 is 1.23 kg/m3 

Which is the energy required to absorb the moisture into the desiccant wheel e3 = 66 J/kg air. 

The coefficient of performance (COP) of a normal desiccant wheel at 40℃ is 0.4 [18]. 

Therefore, the energy required to drain the desiccant wheel is e3/COP = 66/0.4 = 165 J/kg air. 

 

4.3 Heat Exchanger 
To design as heat exchanger basically there are some criteria to be known. They are: -  

• Identify the inlet and outlet temperatures required, heat loads and also the mass flow rate.  

• The construction type of the heat exchanger.  

• Determine the log mean temperature of the heat exchanger and the heat power.  

• Heat transfer coefficients of the hot side and the cold side.  

• Overall heat transfer coefficients.  

For an easy understanding an example of how the calculations are done for the designing of a heat 

exchanger, consider a 1,2 shell and tube construction type heat exchanger.  

As per the reference [11], the dehumidification efficiency increases with the increase in the regenerative 

temperature and thermal efficiency or the humidification efficiency decreases with increase in 

temperature.  

So, the desired hot air temperature for the liquid in the heat exchanger is better to be between 50-65℃. 

The inlet air temperature is the cool air which is normally between 18-22℃. 

The hot water coming to the heat exchanger is the water heated by the solar thermal system. The 

temperature of hot inlet water is 65-90℃. 

Now there are two types of flows in a heat exchanger. Co-current flow and the counter flow.  

In this heat exchanger the Co-current flow is the hot water flow. And the Counter flow is the air passing 

through it. Therefore, the heat energy equation becomes: - 

    𝑸 = 𝒎𝒉 ∗ 𝒄𝒉 ∗ (𝑻𝒉𝒊 − 𝑻𝒉𝒐) = (𝒎𝒄 ∗ 𝒄𝒄 ∗ (𝑻𝒄𝒐 − 𝑻𝒄𝒊)……… (18) 

Where Q is the heat energy 

            𝒎𝒉 is the mass flow rate of hot water 

            𝒄𝒉  specific heat capacity of the hot water  

            𝑻𝒉𝒊 inlet water temperature (in this case between 90℃) 

            𝑻𝒉𝒐 the outlet temperature (can be determined from equation 18) 

            𝒎𝒄 is the mass flow rate of air passing through 
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            𝒄𝒄   is the specific heat capacity of the air  

            𝑻𝒄𝒐 is the air outlet temperature (in this case between 65℃) 

            𝑻𝒄𝒊  is the air inlet temperature (in this case between 20℃) 

Here the heat energy in the hot water is considered to be equal to the heat received by the water to the 

air. This is an ideal condition. Now, to calculate the required area of the surface of the heat exchanger, 

the equation 

          𝑸 = 𝑼 ∗ 𝑨 ∗ ∆𝑻𝑳…………….. (19) 

Where U is the overall heat transfer coefficient 

            A is the area 

            ∆𝑻𝑳 is the logarithmic mean temperature value.  

         ∆𝑻𝑳 =
∆𝑻𝟐−∆𝑻𝟏

𝒍𝒏
∆𝑻𝟐

∆𝑻𝟏
⁄

………….. (20) 

The area parallel flow and the counter current flow is calculated separately because the ∆𝑻𝑳 value for 

both parallel flow and counter current flow is different. This is because the ∆𝑻𝟐 𝒂𝒏𝒅 ∆𝑻𝟏 values are 

different for co-current flow and counter current flow.  

First let’s check for the parallel flow.  

               ∆𝑻𝟐 = 𝑻𝒉𝒊 − 𝑻𝒄𝒊….. (21) 

               ∆𝑻𝟏 =  𝑻𝒉𝒐 − 𝑻𝒄𝒐… (22) 

Now for counter current flow. 

               ∆𝑻𝟐 = 𝑻𝒉𝒊 − 𝑻𝒄𝒐…. (23) 

               ∆𝑻𝟏 =  𝑻𝒉𝒐 − 𝑻𝒄𝒊… (24) 

By equations (19), (20), (21), (22), (23) and (24) the area of the co current flow and counter flow of the 

heat exchanger can be determined. 
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5.  Discussion 

Vapor compression system is the most commonly used system worldwide. In a normal vapor 

compression system, the major power input needed is for the vapor compressor. This uses the electric 

power to increase the pressure on the gaseous refrigerants. The resulting hot air is condensed using a 

heat exchanger. This process utilizes a larger electric power. Where as in an indirect evaporative cooling 

system, it basically requires electric power for the fans to pull the outside air. This requires very less 

electric power. 

From the above chapters 2, 3 and 4, a detailed understanding about the working of the system and basic 

calculations regarding the chiller system is also given. This is an innovative system where researches are 

still carried out. The overall aim of this system is to reduce the energy consumption with a better 

performance which in turn donate its share in achieving a sustainability in energy. To know how the 

proposed system can be better than the existing systems for air conditioning, some comparisons can be 

done.   

 5.1 Comparison with Normal Systems. 
As in thesis work, an alternative solution for a vapor compressor cooling system is been suggested. Since 

many research and development is going on in the field of desiccant wheel, and evaporative coolers, an 

approximate knowledge of how this system can be useful in terms of energy saving.  

For a better understanding, two manufacturers and their products are compared. Keep in mind that the 

cooling capacity of a 24m2 room is between 5-6kW. The first manufacturer is Armcor Air solutions. 

They are basically indirect evaporative cooling (IEC) system manufacturers. One of their products is 

taken here as an example. INDEC6000P3 is considered here for the comparison. The cooling capacity 

of this model is 75kW, the total input power required is 11.3kW (2.82kW*4), total air intake is around 

8.1m3/sec and the coefficient of performance is 6.64 [19].   

Now incorporating a desiccant wheel system with an indirect evaporative cooling system, the efficiency 

can be increased more. In areas with air temperature more than 25℃, that is areas with high humidity, 

the efficiency of an indirect evaporative cooling system is less. But by integrating it with a desiccant 

wheel system, this dehumidifies the air and thus helps in a better performance of the system. Let’s try to 

integrate the above-mentioned IEC as the proposed system in this thesis. As per the calculations 

regarding the section 4.2, the energy to absorb the moisture in the air to the desiccant wheel is 66J/kgair. 

Therefore, for a mass flow rate of 8.1m3/sec (same as INDEC6000P3), the energy will be 535W. the 

energy required to dry out the moisture from the desiccant wheel is 165J/kgair. Therefore, the power 

required by the heat exchanger is 1.33kW. by this it is understood that the power required by the IEC for 

cooling capacity 75kW can be reduced to 9.4kW. So, the coefficient of performance can be 

approximately improved to 7.9.  

The second manufacturer that is considered here is Samsung. AG070KSVANH/EU is taken here for the 

comparison. The cooling capacity is 65kW, total input power 26kW and coefficient of performance is 

2.50 [20]. the table 3 shows the comparison of these systems.  
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Table 3. comparison of a vapor compression system with an indirect evaporative system [19,20]  

  

Samsung Model  

 

Armcor Air solution 

Integration of 

Armcore IEC with 

proposed Air-

cooling system.  

Power Supply 380/3ph 415/3ph 415/3ph 

Cooling Capacity 65kW 75kw 75kw 

Power Input 26kw 2.82kw*4 9.4kW 

Coefficient of Performance 2.50 6.64 7.9 

From the table 3, it is understood that by using a desiccant wheel system, the performance can be 

improved by reducing the power consumption.   

5.2 Powering the System Using a Solar Photo Voltaic (P.V) 
The energy source is most commonly non-renewable sources, like petroleum products, coal, etc. These 

non-renewable energy source release carbon dioxides which in turn result in global warming, Sulphur 

dioxide, nitrogen dioxides etc. which pollutes the atmospheric air. Due to these issues, many countries 

in the world are focusing on developing and promoting renewable energy sources. There are large scale 

energy productions based on renewable energy systems like hydro power, wind power, and concentrated 

solar power. Apart from this, renewable energy systems also focus on small scale energy generations. 

The most commonly used renewable energy system is solar Photo Voltaic (PV) systems. These systems 

can be installed for the energy generation for a house of even for a building.  

For more sustainability, a solar PV system can also be installed for supplying the power input for the 

chiller system. For a normal Solar PV, a 2metre*1metre panel can produce 250 watts. Therefore, a 10m2 

panel is required for 1kW power [21]. From the table 3, if solar PV is used to power up the air 

conditioning systems, for the Samsung model 104m2 area of solar panel is required. For the Armcore air 

solutions model, 45m2 area for solar panel is required. For the last system, which is integrated IEC system 

along with the desiccant wheel, 37.6m2 area is required. This data shows that the cost of installation of 

the solar PV can also be reduced because lesser area of solar panel is required for powering up the 

system.  

  In Sweden, the average solar radiation is considered as 1000kWh/m2 per year. The average efficiency 

of a solar PV varies according to the type of PV systems used. There are PV panels with PV cells on 

both the sides of the panel. The side which faces the sunlight absorbs direct radiation, whereas the other 

surface absorbs the diffused radiations. The average efficiency of these systems is much higher compared 

to the average efficiency of the PV panels with PV cells only on one surface. The average efficiency of 

a PV panel with PV cells on one side is considered to be around 18%.  

5.3 Other Research Fields  
The proposed solar powered air conditioning system is an innovative new design in which research and 

development is been carried out. Commonwealth Scientific Research Organization (CSIRO), an 

independent Australian Federal Government agency has designed such a system. They have redesigned 
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the system by adding one more desiccant wheel into the system. They call it as a two-stage desiccant air 

conditioning system, which can be used for larger applications [22, 23, 24]. The two-stage desiccant air 

conditioning system is been prototyped in Stockland Wendouree, Australia. Concentrated solar power 

applications like Parabolic Trough, Dish Stirling etc. is been used for supplying power to the air 

conditioning system.  

Many developments in the evaporative cooling sections is also been carried out. A new system, 

integrating both Indirect and direct evaporative cooling system, named As Indirect Direct Evaporative 

Cooling (IDEC) is also been developed. In this cooling system, the air is cooled first by indirect 

evaporative cooling and then further cooled by the direct evaporative cooling. By this, a higher 

performance and better cooling can achieve.  

Research and development are also carried out in the field of desiccant wheels. Materials that has more 

moisture absorption capacities like Molecular Sieve give much better performance than the commonly 

used silica gel [25]. 

Evaporative Air conditioning systems require much lesser running cost compared to the vapor 

compression air conditioning systems. It can reduce electricity bills, easy to install Solar PVs to power 

up such air conditioning systems. These developments in the field of air conditioning system will 

overcome the existing vapor compression air conditioning system.  
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6.  Conclusions 
As discussed, energy consumption is mostly done for air conditioning by most of the countries in the 

world. Vapor compression cooling systems are commonly used systems not only for air conditioning but 

also for refrigeration purposes. For a PV system to be installed to power up a system with vapor 

compression cooling, the installation cost is very high and requires battery backup. Refrigerants that are 

hazardous to environment is involved in vapor compression system. Whereas in a normal absorption air 

conditioning system, the power consumption is very low compared to a vapor compression cooling 

system So, if considering of installing a P.V system, the installation cost will be cheaper.  

The coefficient of performance of an indirect evaporative cooling system (IEC) is much higher than the 

normal vapor compression systems. As in chapter 5, an example of two different companies where one 

manufacturing a vapor compression air cooling system and another manufacturing an indirect 

evaporative cooling system is mentioned. From the very same example it is understood that the 

coefficient of performance of an IEC system is higher.  

The basic idea of air conditioning is to remove heat and moisture from air making the atmosphere more 

comfortable for the occupants. A desiccant wheel helps in reducing the moisture from the air before it is 

been cooled using an IEC system. This in turn helps in increasing the efficiency of such systems. Regions 

where humidity content is higher, IEC efficiency normally comes down. An integration of desiccant 

wheel with an IEC will really contribute in increasing the efficiency of an IEC in such regions.  

Regions where solar PV are able to work with maximum efficiency, that is region receiving more solar 

irradiance, introducing the proposed air conditioning system will be very suitable. Installation cost of 

solar PV will be very less. The energy consumption can be reduced and moreover these systems are 

ecofriendly. Though the initial cost of installing an Indirect evaporative cooling system will be high, but 

for a long run this will be more cost saving. It will help in contributing a cleaner and stable ecosystem 

in the future. 
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