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Abstract - A novel system is proposed that can generate electricity and desalinate saltwater in the presence of a low 
temperature heat source. An experimental prototype has been designed, manufactured, assembled and tested. Experimental 
data has been analysed and a discussion of results has ensued. Results indicate that steady vacuum has been maintained for 
the test duration. With a steady supply of 50 Watts of heat energy over a two hour period, the system has yielded 90.36 
grams of fresh water and an open circuit voltage of 1.8 volts. 
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I. INTRODUCTION 
 
Water covers three-quarters of the earth’s surface 
with around 97% of this being saltwater in the 
oceans. Just 3% is fresh water and two-thirds of that 
is contained in frozen glaciers and icecaps or 
otherwise unavailable for our use. This means that 
about 1.1 billion people worldwide lack access to 
fresh water and about 2.7 billion find water scarce for 
at least one month of the year [1]. This lack of fresh 
water is a serious global concern, made worse by 
population growth, industrialization, contamination 
and climate change. 
 
Combined with preventative measures to address 
water shortage, desalination provides great 
opportunity for alleviating water scarcity. However, 
energy requirements and the high initial cost of 
traditional technologies pose a major challenge. 
There is a real need for more sustainable and energy 
efficient systems that are higher yielding and easier to 
maintain. Innovation and expanded research and 
development are key to boosting desalination 
technology and achieving higher efficiency devices at 
lower cost [2]. 
 
Numerous low-density population areas lack not only 
fresh water availability, but in most of the cases 
electrical grid connection [3]. Worldwide 1.3 billion 
people continue to live without access to electricity. 
This is equivalent to 18% of the global population 
and 22% of those living in developing countries [4]. 
Lack of access to efficient and clean electrical energy 
has significant socio-economic and environmental 
impacts, particularly in rural and remote regions 
where people are poor and quality of life is in most 
need of improvement. 
 
In industry, waste heat recovery and reuse has been 
gaining considerable attention over recent years. This 
is due in-part to the large quantities of thermal energy 
required for large scale water purification [5]. There  

 
is also a plentiful supply of waste heat from industrial 
processes where warm combustion gasses that cannot 
be converted efficiently into work are released to the 
atmosphere. Various studies have estimated that as 
much as 20% to 50% of industrial energy 
consumption is ultimately discharged as waste heat 
[6]. Desalination technologies that utilize waste heat 
are also attractive to many industries since saline 
effluent resulting from industrial processes is a 
common trade waste issue that businesses must 
manage [7]. 
 
II. PROPOSED SYSTEM AND XPERIMENTAL 
SETUP 
 
A CAD model cross-section of the proposed C-TED 
system is provided in Figure 1A. Two cartridge 
heaters embedded in the lower heat spreader act as 
the heat source and supply a representative low-grade 
heat flux to four 40 mm x 40 mm thermoelectric 
generators (TEG’s). The TEG’s convert a small 
portion of this heat to electrical energy for external 
use. The remaining heat passes through the upper 
heat spreader to boil a volume of saltwater 
maintained under constant vacuum pressure. The 
resulting fresh water vapour is condensed on a copper 
condenser coil which is cooled with a continuous 
supply of mains water. The condensate is collected 
below the coil section and can be drawn off through 
the drain tap upon release of the vacuum. 
 
Figure 1B details equipment used in the experimental 
setup. A data logger records temperatures at six 
locations within the vessel and eleven locations 
outside the vessel. Open circuit voltage of the TEG’s 
is also recorded. Pressure is visually monitored on a 
vacuum gauge and power delivery to the heaters is 
monitored and adjusted with a digital multimeter and 
power supply. 
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Figure 1A. Section view of main vessel assembly. 

 

 
Figure 1B. Experimental setup of C-TED system. 

 
III. EXPERIMENTAL PROCEDURE 
 

1. A mass of 500 grams of pre-boiled fresh water is 
introduced to the evaporator section through the 
adjacent screw-cap. 

2. Cold water from a mains outlet is circulated 
through the condenser coil and the flow rate is 
manually measured at the outlet hose. 

3. A vacuum pump is attached to the vacuum port 
and air is evacuated from the vessel. The ball 
valve is closed to create a seal at the minimum 
obtainable pressure of approximately -0.98 bar. 
The vessel is maintained at this pressure for the 
duration of the test. 

4. The data logging device is set to record and the 
power supply is set to provide 50 Watts of total 
power to the cartridge heaters. 

5. Thermocouple temperatures and TEG voltage is 
monitored on the data logger display. Cartridge 
heater voltage and current readings are 

monitored on the digital multimeter and 
maintained at 50 Watts. Vacuum readings are 
observed on the vacuum gauge and recorded 
manually. 

6. At the end of the test period, power supply to the 
heaters is switched off and data logger recording 
is stopped. The system is allowed to cool to 
ambient temperature before releasing the vacuum 
and drawing off water that has accumulated on 
the condenser side. The drained water is then 
weighed on laboratory scales. 

 
IV. THEORY 
 
A thermal resistance network diagram and heat flow 
diagram of the main vessel assembly are presented in 
Figures 2 and 3, respectively. 
 

 
Figure 2. Thermal resistance network of system. 

 

 
Figure 3. Heat flow diagram of system. 

 
V. RESULTS AND DISCUSSION 
 
Three tests were conducted over a four week period 
from 14th April to 5th May 2015. Table 1 provides a 
comparison of test conditions and fresh water output. 
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Table 1. Test conditions and fresh water output 
for first three tests. 

 
 
The first test yielded the highest fresh water output of 
90.36 grams at the end of the 120 minute test. A 
vacuum pressure of 6.62 kPa was achieved at the 
minimum working pressure of the pump. The second 
test lasted for 111 minutes and yielded 76.4 grams of 
fresh water after 24 hours of standby time in which 
the system was allowed to cool. This test has the 
lowest recorded vacuum pressure and a moderate 
volume flow rate of water through the condenser coil. 
Accurate thermocouple and TEG voltage data was 
recorded for the duration of this test thus it will be 
used as the basis for further analysis in this report. 
 
A third test was performed to obtain upper heat 
spreader surface temperature data. A total fresh water 
yield of 67.32 grams was recorded after 36 hours of 
standby time. The trend of decreasing fresh water 
output with volume flow rate through the condenser 
indicates that further testing and mathematical 
modelling should be done to determine the 
relationship between these two parameters. 
 
In earlier testing, the vessel pressure was observed to 
increase by approximately 2 kPa from the onset of 
boiling. This can be attributed to the release of non 
condensable gasses such as air and carbon dioxide. 
To minimize this occurrence the water was pre-boiled 
and allowed to cool. Referring to Figure 4, the vessel 
pressure has remained constant thus confirming that 
preboiling has removed NCG’s. 
 

 
Figure 4. Graph of vessel temperature and pressure data. 

 
Presented in Figure 5 is a graph of temperature and 
open circuit voltage data recorded during the same 
test. Steady-state operation is obtained approximately 
40 minutes into testing and the TEG’s provide a 

combined maximum open circuit voltage of 
approximately 1.8 volts during this time. 
 

 
Figure 5. Graph of TEG temperature and voltage data. 

 
There is a levelling off of the open circuit voltage 
approximately 10 minutes into the test. This is 
reflected in the same portion of the TEG temperature 
difference curve. The time at which this behaviour 
occurs coincides with onset of natural convection 
boiling. Open circuit voltage is then observed to 
increase as the water temperature rises above the 
saturation temperature. Both the evaporator water and 
vapour are superheated and remain at constant 
temperature for the remainder of the test. This 
behaviour could be explained by a rapid increase in 
heat flux as the water enters the nucleate boiling 
regime. Definitive comparison data for pool boiling at 
low sub-atmospheric pressures does not exist since 
the phenomenon is highly dependent on the boiling 
conditions [8]. For this reason it has not been 
determined if the amount of superheat is sufficient for 
nucleate boiling to occur. 
 
CONCLUSION 
 
A novel system has been presented that can generate 
electricity and produce fresh water in the presence of 
a low-grade heat source. Experimental results 
indicate the water has received a high rate of heat 
addition and boiling has occurred for the majority of 
the test. A relationship has been identified between 
condenser flow rate and fresh water output over three 
tests. The systems construction has minimized 
thermal inertia and heat loss to the outside 
environment. NCG release has been minimized and 
steady vacuum has been maintained for the duration 
of the test. These conditions are conducive to 
maximising TEG power generation and fresh water 
output for a given heat input. 
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