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ABSTRACT. 

There is recognizable development in the exploitation of solar energy in such countries for power 

generation from single solar panels for residential to multiple panels for industrial and grid 

application. Another success in the exploitation of solar energy is in the solar water heaters 

industry. The use of solar heaters in meeting both domestic and industrial water heating demands 

replaces the use of convectional energy sources like fossil fuels, charcoal, fire wood.  

Solar water heaters (SWH) use radiation from the sun to heat solar collectors and then transfer 

the heat to water. The current technology of SWH is the thermo syphon principle where the flow 

of the heating fluid is defined by the difference in the fluid density presented by the temperature 

difference of the fluid. This technology is widely used and applied in flat plate collectors.  

However, G.L Morrison notes that these collectors are generally associated with high heat losses 

of up to 20% and low efficiencies. On the other hand, the typical SWH requires mounting a 

complex heavy panel and system onto the roof and if the radiation intensity is high for a long 

period of time, boiling normally occurs. This system also heavily depends on the sun’s radiation 

to heat water which means it turns out to be ineffective in the wet or cold season when the solar 

radiation and intensity are low.  

This research therefore was on developing a sustainable water heating system that addresses the 

above the challenges whereby the system uses a refrigerant fluid instead of water for heat 

transfer hence making it light weight and less dependent on solar radiation to heat water. 

Therefore this study was carried out to design the different system components of the 

thermodynamics water heating system, fabricate and assemble the system, test the performance 

of the thermodynamics water heating system and perform an economic analysis of the system 

leading to a reduced dependency on fossil fuels for water heating by the use of ambient 

temperatures around the panels to heat the water and it is in line with the thirteenth goal of the 

UN SDGs.  

The system is designed for a domestic household of 6 members. According to United Nations, 

the amount of water recommended for drinking, washing, cooking and maintaining proper 

hygiene is a minimum of fifty litres per person per day. Therefore, for a family of 6 members, an 



average of 300 litres of water would be needed. However, not all the 300litres will require 

heating, so assuming that only a fifteenth (1/15) of this needs heating then we shall need heating 

of about 20litres of water. 

Testing of the prototype for the system performance was carried out both during day and night 

and revealed that the prototype heats water with efficiency of 83.64% during day and efficiency 

of 83.3% during night. With the initial investment of 675,000 Ug shillings, the economic analysis of 

the project was carried out using Net Present Value (NPV) method, and the project was evaluated to 

have the NPV of 1,929,677 Ug shillings and the benefit – cost ratio is 2.83. This therefore, implies 

that the project is viable since the value was positive and greater than one. 

 

 

 

 

 

 

  



Table of Contents 
DECLARATION ............................................................................................................................................... 2 

APPROVAL ..................................................................................................................................................... 3 

ACKNOWLEDGEMENT ................................................................................................................................... 4 

1.0 INTRODUCTION ..................................................................................................................................... 10 

1.1 Background ....................................................................................................................................... 10 

1.2 Problem statement. .......................................................................................................................... 11 

1.3 Objectives.......................................................................................................................................... 11 

1.3.1 Main objective ........................................................................................................................... 11 

1.3.2 Specific objective ....................................................................................................................... 11 

1.4 JUSTIFICATION .................................................................................................................................. 12 

1.5 SCOPE OF THE STUDY ........................................................................................................................ 12 

1.6 CONCEPTUAL DIAGRAM ...................................................................... Error! Bookmark not defined. 

2.0 LITERATURE REVIEW ............................................................................................................................. 14 

2.1 SOLAR EXPLOITATION IN THE WORLD. ............................................................................................. 14 

2.2 SOLAR WATER HEATING SYSTEMS. ................................................................................................... 14 

2.2.1 Types of Solar Water Heating systems ...................................................................................... 14 

2.3.1 Unglazed collectors .................................................................................................................... 16 

2.3.2 Transpired solar air collectors .................................................................................................... 16 

2.3.3 Flat-plate solar air collectors ...................................................................................................... 17 

2.3.4 Evacuated tube solar collectors ................................................................................................. 18 

2.3.5 Concentrating solar system ....................................................................................................... 18 

2.4 Challenges of using the different solar thermal technologies .......................................................... 19 

2.4.1 Grid infrastructure ..................................................................................................................... 19 

2.4.2 Inefficiency ................................................................................................................................. 19 

2.4.3 Oversupply ................................................................................................................................. 20 

2.5 ADVANTAGES OF THERMODYNAMIC SYSTEM OVER THE SOLAR SYSTEM: ...................................... 20 

2.5.1 TRADITIONAL SOLAR PANEL....................................................................................................... 20 

2.6 WORKING PRINCIPLE OF A THERMODYNAMIC WATER HEATING SYSTEM ...................................... 21 

2.7 DESIGN CONSIDERATIONS OF THE THERMODYNAMIC WATER HEATING SYSTEM .......................... 22 

2.8 REFRIGERANTS .................................................................................................................................. 22 

2.8.1 Refrigerant selection criteria. .................................................................................................... 23 

2.8.2 Designation of refrigerants ........................................................................................................ 25 



2.9 The economic analysis ...................................................................................................................... 27 

2.9.1 Cost-benefit analysis .................................................................................................................. 27 

2.9.2 Calculate the Net Present Value ................................................................................................ 28 

3.0 Methodology ......................................................................................................................................... 30 

3.1 Methodology 1: design of different components of the thermodynamics water heating system .. 30 

3.1.1 Design consideration.................................................................................................................. 30 

3.1.2 The evaporator ........................................................................................................................... 34 

3.1.3 Choice of Refrigerant .................................................................... Error! Bookmark not defined. 

3.1.4 Factors that determine choice of a refrigerant............................. Error! Bookmark not defined. 

3.2 Methodology 2: fabricate and assemble the system. ....................................................................... 36 

3.2.1 Material selection ...................................................................................................................... 36 

3.2.2 Fabrication ................................................................................................................................. 36 

3.2.3 Assembling ................................................................................................................................. 36 

3.3 Methodology 3: To test the performance of the constructed prototype ........................................ 37 

3.4 Methodology 4: To perform an economic analysis of the system.................................................... 52 

4.0 EXPECTED RESULTS, PROPOSED BUDGET AND WORK PLAN ................................................................ 39 

4.1 EXPECTED RESULTS. ............................................................................. Error! Bookmark not defined. 

4.2 PROPOSED WORK PLAN ....................................................................... Error! Bookmark not defined. 

4.3 PROPOSED BUDGET ............................................................................. Error! Bookmark not defined. 

 

 

  



LIST OF TABLES 

Table 1 show the types of compressors ..................................................................................................... 33 

Table 2 showing the different sizes of compressors ...................................... Error! Bookmark not defined. 

Table 3 .Showing the compressor minimum RPM of different compressor sizes ........ Error! Bookmark not 

defined. 

Table 4 Showing the different materials and there properties .................................................................. 36 

Table 5 showing the proposed work plan ...................................................... Error! Bookmark not defined. 

Table 6 showing the proposed budget .......................................................... Error! Bookmark not defined. 

 

LIST OF FIGURES 

Figure 1.Showing the conceptual diagram of the thermodynamic water heating system Error! Bookmark 

not defined. 

Figure 2 showing the internal parts of a thermodynamic water heating system ........ Error! Bookmark not 

defined. 

Figure 3 showing the types of solar water heating systems ....................................................................... 15 

Figure 4 showing flat plate solar air collectors ........................................................................................... 18 

Figure 5 showing the different types of refrigerants .................................................................................. 26 

 

  

 

  

file:///C:/Users/Ambrose/Desktop/DISCOVERY/DESIGN%20AND%20FABRICATION%20OF%20AN%20IMPROVED%20WATER%20HEATING%20SYSTEM.docx%23_Toc30774567

