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Abstract 
Desalination is increasingly becoming a crucial method for providing fresh water globally. However, most of 
the desalination technologies are energy-intensive and driven by fossil fuels that are contributing to climate 
change and other environmental problems. In this vein, renewable energy and energy efficiency are promising 
pillars of sustainable energy production and consumption, and the recovery of waste heat helps to augment 
the energy efficiency of a system. Based on the temperature (T) of the heat source, waste heat can be classified 
into three categories: low temperature (T<100°C), medium temperature (100°CT<300°C) and high temp-
erature (T300°C). There is scarcity of review work on the integration of waste heat in desalination 
technologies. In this study, the progress in the utilisation of waste heat to drive thermal desalination processes 
has been investigated. It is found that 63% of waste heat streams are of low grade, which is still satisfactory 
for thermal desalination technologies that run on low-temperature heat sources. As of 2018, there was only 
one known thermal desalination plant driven by waste heat. Lack of data on waste heat, especially in 
developing countries, has been identified as a major challenge to the advancement of desalination technologies 
driven by this source of thermal energy. Other constraints are presented and discussed in this paper.  
 
Keywords: condensation; energy intensiveness; evaporation; thermodynamics 

 
 
 

  

Journal of Energy in Southern Africa 33(1): 68–84 

DOI: https://dx.doi.org/10.17159/2413-3051/2022/v33i1a8362 

Published by the University of Cape Town     ISSN: 2413-3051    https://journals.assaf.org.za/jesa 

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International Licence 

Sponsored by the Department of Science and Innovation 

* Corresponding author: Tel.: +44 (0)1274383943 

 

Volume 33 Number 1 

February 2022 

https://orcid.org/0000-0002-0404-3409
https://orcid.org/0000-0002-0200-4959
https://creativecommons.org/licenses/by-sa/4.0/


69    Journal of Energy in Southern Africa • Vol 33 No 1 • February 2022 

1. Introduction 

Anthropogenic activities are contributing to the 
pollution of freshwater resources, thereby reducing 
the quantity of available water that meets 
acceptable standards. Over 1.8 billion people 
globally use a source of drinking water which is 
contaminated with faecal matter (World Health 
Organisation, 2015), and 33 countries will be under 
extreme water stress by 2040 (World Resources 
Institute, 2015). One way of increasing the quantity 
of drinking water is through desalination – a 
process in which saline or brackish water is 
converted into potable water. Desalination is an 
important method of providing fresh water. 
Nevertheless, conventional desalination processes 
are energy-intensive (Kumar et al., 2012; Gude, 
2016) and most often the energy is obtained from 
the combustion of fossil fuels. This results in the 
emission of greenhouse gases into the atmosphere, 
thus leading to climate change and other environ-
mental problems. Moreover, energy production 
from fossil fuels and water consumption are 
inevitably linked, because water is required for the 
production of energy and energy, in turn, is needed 
for the treatment of water (Sparks et al., 2014). 
Consequently, it is essential to exploit sustainable 
sources of energy in the desalination process.  

Renewable energy and energy efficiency are 
promising pillars of sustainable energy production 
and consumption, and the recovery of waste heat 
helps to increase the energy efficiency of a system. 
The most commonly used renewable energy 
sources for desalination are solar, wind and 
geothermal (Sharon & Reddy, 2015). Significant 
research has been done on desalination processes 
driven by renewable energy sources, namely: (i) 
solar energy (Badran et al., 2005; Abdel-Rehim & 
Lasheen, 2007; Abdallah & Badran, 2008; Abdallah, 
Badran & Abu-Khader, 2008; Tanaka, 2009; Khalifa 
& Ibrahim, 2010; Dwivedi & Tiwari, 2010; 
Arunkumar et al., 2010; Tanaka, 2011; Singh et al., 
2013; Omara, Kabeel & Younes, 2013; Rajaseen-
ivasan, Raja & Srithar, 2014; Morad, El-Maghawry & 
Wasfy, 2015; Chaichan & Kazem, 2015; Matrawy, 
Alosaimy & Mahrous, 2015; Appadurai & Velmur-
ugan, 2015; Srithar et al., 2016) (ii) wind energy 
(Kiranoudis, Voros & Maroulis, 1997; Liu et al., 
2002; Miranda & Infield, 2003; Koklas & Papatha-
nassiou, 2006; Forstmeier et al., 2007; Dehmas et 
al., 2011; Cendoya, Toccaceli & Bat-taiotto, 2014) 
and (iii) geothermal energy (Mohamed & El-
Minshawy, 2009; Mahmoudi et al., 2010; Sarbatly & 
Chiam, 2013; Manenti et al., 2013; Loutatidou & 
Arafat, 2015; Bundschuh et al., 2015), with many 
review articles on this subject (García-Rodríguez, 
2002; Charcosset, 2009; Eltawil, Zhengming & Yuan 

2009; Gude, Nirmalakhandan & Deng, 2010; Shatat, 
Worall & Riffat, 2013; Li, Goswami & Stefanakos, 
2013; Ghaffour et al., 2015; Sharon & Reddy, 2015). 
It is also clear from literature that exploitation of 
waste heat in the desalination processes has also 
attracted research attention. Nonetheless, infor-
mation is scarce on the progress in the use of waste 
heat for thermal desalination. In this study, a 
detailed review of desalination pro-cesses driven 
by waste heat is presented, as well as the barriers 
limiting the integration of this source of heat in 
these processes.  

2. Desalination technologies 

2.1 Classification of desalination technologies 
Desalination technologies can generally be 
categorised into membrane and thermal types, as 
shown in Figure 1. The membrane type of desalin-
ation systems does not entail a phase change of 
water, and such desalination systems are reported 
in detail elsewhere (Charcosset, 2009; Subrami & 
Jacangelo, 2015). In thermal technologies, the water 
undergoes phase change. This study focuses on 
thermal technologies, and therefore only these 
types of systems will be reviewed.  

2.2 Thermal processes 
2.2.1 Multi-effect distillation 
A multi-effect distillation (MED) system consists of 
several vessels called effects, arranged in series, 
with decreasing pressure maintained in each 
subsequent vessel (American Water Works 
Association, 2011). An external heat source is used 
to increase the temperature of the feedwater in the 
first effect to bring about the evaporation process, 
subsequently generating water vapour, which then 
moves to the second effect and this process repeats 
itself such that the heat generated in one effect is 
used in the next effect, and so on (Al-Karaghouli & 
Kazmerski, 2013), as illustrated in Figure 2. 

2.2.2 Multi-stage flash 
A multi-stage flash (MSF) system comprises three 
major components, namely the brine heater, and 
the heat recovery and rejection units (Bandi, 
Uppaluri & Kumar, 2016), as depicted in Figure 3. 
The brine heater is used to increase the 
temperature of the feedwater, which then goes 
through a series of stages that are kept at 
successively lower temperatures and pressures. In 
each stage, some of the hot feedwater is allowed to 
flash, resulting in the generation of water vapour 
that condenses on the outer surface of the 
condenser and gets collected on a tray, while the 
rest of the feedwater flows to the subsequent stages 
(American Water Works Association, 2011). 
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Figure 1: Classification of desalination technologies  

(Sharon & Reddy, 2015; Kumar et al., 2015; Pugsley et al., 2016). 

Figure 2: Multi-effect distillation unit. 
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Figure 3: Multi-stage flash desalination system with two heat recovery and rejection units. 

Figure 4: Mechanical vapour compression unit.

2.2.3 Vapour compression  
The working principle of the vapour compression 
(VC) desalination technology is as follows: (i) an 
external heat source is used to increase the 
temperature of the feedwater; (ii) the heated 
feedwater is allowed to flash; (iii) the generated 
water vapour is compressed and used as heat input 
to the same stage where it was produced or to other 
stages (Sharon & Reddy, 2015). There are two types 
of VC systems, namely: thermal vapour com-
pression (TVC), and mechanical vapour compres-
sion (MVC), respectively employing high pressure 
steam and electricity for the vapour compression 
process (American Water Works Association, 
2011). A MVC unit is illustrated in Figure 4.  
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& Tadrist, 2001), as illustrated in Figure 5. 

Feedwater 
Brine 

discharge 

Distillate 

Feedwater 

Steam 

Condensate 

Brine Heater Heat recovery and 

rejection unit 1 

Feedwater 

Vapour 

Condenser 

Tray 

Heat recovery and 

rejection unit 2 



72    Journal of Energy in Southern Africa • Vol 33 No 1 • February 2022 

Figure 5: Schematic of a humidification-dehumidification system. 

Figure 6: Flow diagram for a freeze desalination system. 

2.2.5 Freeze desalination  
A basic freeze desalination (FD) system comprises 
a crystalliser, a separator and a melter, as shown in 
Figure 6. FD is a process in which seawater is cooled 
below its freezing point, leading to the formation of 
pure ice crystals in the crystalliser (Sharon & 
Reddy, 2015). The ice crystals are then separated 
from the brine in the separator. Thereafter, the ice 
crystals go into a melter, which melts them into 
freshwater. Although the FD desalination method 
has a low energy usage and a high concentrating 
factor, its use has been limited to laboratory and 
pilot studies due to the predominance of other 
conventional thermal and membrane technologies 
in the desalination industry (Williams et al., 2015).  

2.2.6 Adsorption desalination  
In an adsorption desalination (AD) unit (Figure 7), 
saline water is fed into an evaporator and vaporises 
and then flows to the adsorption bed (kept at a low 
temperature by circulation of cold water), where an 
adsorbent is used for adsorption of the vapour. The 
vapour is recovered in the desorption bed by circu-
lating hot water and then condensed in the conden- 

ser, giving freshwater (Sharon & Reddy, 2015). 

2.2.7 Solar stills 
A conventional solar still comprises a thin layer of 
saline water in a basin which is fitted in an insulated 
box with a transparent cover. Solar radiation is 
transmitted through the transparent cover and 
captured by the basin liner in the form of thermal 
energy, which in turn heats the water in the basin. 
As the temperature of the water increases, evap-
oration occurs and water vapour is produced. 
Convection currents are subsequently induced 
between the water surface and the transparent 
cover surface, since the air-vapour mixture has a 
higher temperature and a lower density at the 
water surface than the air-vapour mixture at the 
internal surface of the transparent cover. Due to 
this temperature and density difference, the air-
vapour mixture at the water surface rises and, as it 
comes into contact with the surface of the glass 
cover, vapour condenses. The distillate then flows 
along the lower side of the transparent cover and is 
subsequently collected in the freshwater tank 
(Elango, Gunasekaran & Sampathkumar, 2015). 
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2.2.8 Vacuum desalination  
In vacuum desalination (VD), seawater is made to 
evaporate at a lower temperature than usual by 
using a vacuum to decrease its boiling point (Tay, 
Low & Jeyaseelan, 1996). The main components of 
a VD system include an evaporator, a condenser, 
and a vacuum pump. The pump consumes electrical 
energy and can be eliminated by creating a vacuum 
naturally in the evaporator by allowing the water to 
fall under the force of gravity (Sharon & Reddy, 
2015), as illustrated in Figure 9. 

2.3 Energy requirements for driving thermal 
desalination processes 
Due to the energy-intensiveness of desalination 
processes, most desalination plants around the 
world are in regions where energy is abundantly 
available at low cost. It is estimated that only 1% of 
the total water obtained from desalination is 
derived from renewable energy sources (IRENA, 
2012). Table 1 gives the thermal and electrical 
energy requirements for thermal desalination 
processes.

 

Figure 7: The adsorption desalination process. 

Figure 8: Conventional solar still. 
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Figure 9: Schematic of a natural vacuum desalination system. 

Table 1: Thermal (Eth) and electrical (Eel) energy requirements for thermal desalination processes.  

Technology Eth 

(kWh/m3) 

Eel 

(kWh/m3) 

Reference 

MED  80.6 1.5 – 2.5 IRENA (2012) 

MSF  80.6 2.5 – 3.5 IRENA (2012) 

TVC  14.5 1.6-1.8 Al-Karaghouli & Kazmerski (2013) 

MVC - 9.5 – 17 Eltawil, Zhengming & Yuan (2009) 

HDH  120 3 Youssef, Al-Dadah & Mahmoud (2014) 

FD  - 11.9 Youssef, Al-Dadah & Mahmoud (2014) 

AD  - 1.38 Youssef, Al-Dadah & Mahmoud (2014) 

Natural VD  417 < 1 Gude et al. (2012) 

Solar stills  Solar passive Solar passive IRENA (2012) 

 
 The values given in Table 1 depict the general 
energy needs of thermal desalination processes. As 
can be observed from Table 1, natural VD has the 
highest thermal energy requirements, followed by 
HDH, MED, MSF and TVC. In terms of electrical 
energy requirements, FD and MVC have the highest 
requirements and natural VD has the lowest 
requirement. 

It has been claimed that, since the MSF process 
can be driven by waste heat or by-product heat, the 
cogeneration of heat, power and water in the same 
plant would represent an energy efficient and cost-
effective method of satisfying the water and energy 
needs of the Middle East and Northern Africa 
(IRENA, 2012). It is further reported that AD is an 
evolving desalination process which can be driven 
by low-grade heat sources (Alsaman, et al., 2016). 

The integration of waste heat into solar stills can 
also represent an effective means of providing 
additional heat to the system in order to enhance 
the rate of evaporation, leading to a higher yield of 
fresh water. 

3. Use of waste heat in thermal desalination 

3.1 Potential of waste heat 
Waste heat is the energy that is released to the 
environment when primary energy sources are 
converted to final energy, and it can be classified 
into three categories: low temperature (T<100 °C), 
medium temperature (100 °CT<300 °C) and high 
temperature (T300 °C) (Forman et al., 2016). 
Examples of waste heat sources include hot 
combustion gases released to the environment, hot 
products being discharged from industrial pro-
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cesses, and heat from the hot surfaces of equipment 
(United States Department of Energy, 2008). A 
study conducted on the global waste heat potential 
revealed that (i) 72% of global primary energy 
consumption is lost after conversion; (ii) 63% of 
waste heat streams are at temperatures below 
100 °C; and (iii) the electricity generation sector 
has the largest share of low temperature waste heat 
(Forman et al., 2016). This category of waste heat 
has the potential to drive low-temperature thermal 
processes such as AD, HDH, MED, VD and solar stills. 
Figure 10 shows the maximum value of the indus-
trial waste heat potential which has been reported 
for various countries. It can be observed that 
Canada has the highest waste heat potential at 2300 
PJ, followed by the United States of America with a 
waste maximum heat potential of 1583 PJ.  

It has been claimed that one of the most effective 
methods for minimising the costs associated with 
desalination is the integration of waste heat to 
desalination systems (Breschi, 1999). Studies have 

 been made of desalination technologies driven by 
waste heat sources – for instance, waste heat from 
power plants, generators, process industries, and 
exhaust gas of combustion engines, and these are 
reviewed in the following sections.  

3.2 Thermodynamic performance of 
desalination processes driven by waste heat 
Thermodynamics is defined as the study of energy, 
 its change from one form to another, and its 
relation to states of matter (ASHRAE, 2001). It 
involves the principles of the: a) transitivity of the 
equilibrium state of systems; b) conservation of 
energy in a system; c) quality of energy, and the 
maximum useful work in a process (exergy); and d) 
change in the entropy of a system (Okoroigwe & 
Madhlopa, 2016). These principles play a vital role 
in the analysis of desalination and other thermal 
processes. Thermodynamic analyses of thermal 
desalination units have been reviewed in previous 
work (Hamed et al., 1996; Tay, Low & Jeyaseelan,  
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1996; Kaushal & Varun, 2010; Sampathkumar et al., 
2010; Ranjan & Kaushik, 2013; Palenzuela et al., 
2014). 

Sodha, Kumar and Tiwari (1981) performed a 
numerical analysis on the performance of a solar 
still by introducing a flow of waste hot water from 
thermal power plants through the solar still, both at 
a constant rate and once daily. The waste hot water 
was available from Badarpur thermal power station 
waste heat temperature of 44 °C. Shih and Shih 
(2007) carried out a study to assess the feasibility 
of using waste heat from a sulphuric acid pro-
duction plant of 1000 tonnes per day capacity to 
drive desalination processes. They investigated 
numerically four different scenarios: (i) MED with 
plate heat exchangers (MED PHE); (ii) MED-TVC 
with heat recovery system (MED-TVC HRS); (iii) 
MSF with PHE and (iv) MSF with HRS. The results 
showed that 3400, 5680, 1150 and 1170 m3 of 
desalinated water can be produced daily by the 
MED PHE, MED-TVC with HRS, MSF PHE and MSF 
with HRS, respectively. Sommarva (2008) dis-
cussed various process configurations of MSF and 
MED desalination plants to optimise production 
and performance ratios by using waste heat from 
power plants. The waste heat sources included the 
steam condensate from the MSF and flue gas 
streams from combined cycle gas turbines. 

Sada and Jassim (2009) performed a numerical 
investigation by developing a model integrating a 
steam power plant with an MED system, making use 
of the waste heat from the power plant to drive the 
desalination process. Their results showed that the 
amount of distilled water produced was 41 667 to 
625 000 kgh-1 at waste heat temperatures ranging 
from 160 to 250 °C.  

Tanaka and Park (2010) conducted a theoretical 
investigation on the effect of integrating the waste 
heat from a portable electric generator into a solar 
still with wicks. Their numerical analysis revealed 
that 20 kg of distilled water could be produced in 
three, five and nine hours at waste gas flow rates of 
40, 20 and 10 m3 per hour respectively, and they 
stated that this amount of distillate corresponds to 
the experimental value of the maximum daily 
productivity of solar stills. The waste gas was at a 
temperature of 250 °C. Ammar et al. (2013) inves-
tigated theoretically the performance of a desalin-
ation system by using waste heat (at temperatures 
ranging from 47 to 109 °C) from a paper mill 
company located in a British coastal area. They 
conducted two case studies, one in which the waste 
heat was fed directly to a HDH system, another 
where a heat pump was used to upgrade the waste 
heat before being fed to an MED system. Their 
results showed that for the first scenario the 
maximum rate of water production was 2.258 kg/s. 
For the second scenario, the water production rates 

for 8, 9 and 10 MED stages were 6.54, 6.85 and 6.99 
kg/s respectively. 

Park et al. (2015) designed and built a multi-
effect diffusion basin type solar still, using waste 
heat from the exhaust gas of a portable electric 
generator as a back-up heat source. Their 
experimental results showed that the two-effect 
diffusion solar still could achieve a productivity 
between 17.1 and 19.6 kg/m2 per day at a waste 
heat temperature of 283 °C. 

Maheswari, Murugavel and Esakkimuthu (2015) 
carried out an experimental investigation on a 
thermal desalination system using the waste heat 
from the exhaust gas of an internal combustion 
engine. Their results showed that 3 L per hour of 
saline water could be desalinated by using the 
waste heat (at a temperature of 410 °C) from the 
exhaust gas of the internal combustion engine. 
Elminshawy, Siddiqui and Sultan (2015) performed 
an experimental investigation on a desalination 
system using solar energy and waste heat from flue 
gases of thermal power stations under the climatic 
conditions of Al-Qassim in Saudi Arabia. Their 
model was made up of evacuated tube solar 
collectors, a storage tank, an evaporator, a con-
denser, an air blower, and electric heaters. They 
found that the daily production of water, from 9 am 
to 5 pm, was approximately 50 litres, at a global 
solar radiation on a horizontal surface in the range 
of 15 to 29 MJ/m2 per day, with the useful waste 
heat ranging from 130 to 180 MJ/day.  

Park et al. (2016) performed experimental 
investigations on a solar still incorporating a waste 
heat supply under the climatic conditions of the 
Republic of Korea. The source of the waste heat was 
derived from the exhaust gas of an electric 
generator with an AC power rating of 5.6 KVA. Their 
results revealed that water production increases 
linearly with increasing heat input. Moreover, it 
was found that the productivity of this type of solar 
still can be up to 18.02 kg/m2 at a waste heat input 
of 22.37 MJ/day. The temperature of the exhaust 
gas ranged from 280 to 350 °C.  

Thu et al. (2016) conducted a theoretical 
analysis on an AD system driven by waste heat at a 
temperature of 85 °C. Results showed that potable 
water could be produced at a rate of 6.5 m3 per ton 
of silica gel (used as the adsorbent) per day. He et 
al. (2016) carried out a theoretical investigation on 
an HDH system driven by the exhaust gas from a 
furnace. The temperature of the exhaust gas was 
130 °C and the water production level ranged from 
12.5 to 70.8 kg per hour. 

He et al. (2017) conducted a theoretical 
investigation on an HDH system powered by 
exhaust gas at 110 °C. Their system consisted of 
four main components, namely, the direct contact 
humidifier, dehumidifier, the plate waste heat 



77    Journal of Energy in Southern Africa • Vol 33 No 1 • February 2022 

collector, and the recuperator. A maximum water 
productivity of 105.26 kgh-1 was obtained in their 
simulation. Chunhua et al. (2017) carried out a 
theoretical analysis on an MED system, with a 
production capacity of 10 000 m3 per day, using 
waste hot water from petrochemical industry at 
temperatures ranging from 90 to 98 °C. Their 
results showed that for every 1 °C increase in feed-
water temperature, the production of freshwater 
increased by approximately 438 m3 per day. Zhang 
et al. (2017) investigated theoretically and experi-
mentally the effects of using cooling water waste 
heat (at a temperature ranging from 71 to 85 °C), 
from a diesel generator to drive an MED system 
with a freshwater capacity of 60 tons per day.  

Khalilzadeh and Nezhad (2018) investigated 
theoretically an MED system in which the required 
steam is generated by using waste heat from a high-
capacity wind turbine. They found that in the areas 
with an average wind speed of 11 ms-1, the waste 
heat in a 7580 kW wind turbine is 231 kW at a 
temperature of 140 °C, resulting in a water pro-
duction level of 45.069 m3 per day. Table 2 gives a 

summary of the thermodynamic performance of the 
studies done on thermal desalination processes 
driven by waste heat. 

As can be observed from Table 2, most of the 
studies have been theoretical only while a few of 
them have been experimental only and some 
comprised both theoretical and experimental 
prongs. Experimental studies were predominantly 
carried out on solar stills, which are usually easy to 
construct on a small-scale and, as such, are feasible 
for such testing. Moreover, solar stills can be 
operated by using low-grade heat. The types of 
waste heat that were explored in previous studies 
on solar stills included waste hot water from 
thermal power plants and exhaust gas from 
generators. It is noted that there is wide variation in 
the distillate production levels among the different 
studies. This variation is attributed to the use of 
different designs and operating and environmental 
parameters in the various studies. Nevertheless, 
these findings provide useful insights about the 
potential of exploiting waste heat in the desal-
ination industry.

Table 2: Summary of the thermodynamic performance of thermal desalination systems  
driven by waste heat. 

Study Nature of 
study 

Source of waste heat Temp. of 
waste heat 
source (°C) 

Desalination 
technology type 

Water production 
level (kgh-1) 

Sodha, Kumar & 
Tiwari (1981) 

Theoretical Waste hot water 
from thermal power 

plants 

15–55 Solar still (single 
basin) 

Maximum: 0.11 – 0.31 

Tay, Low & 
Jeyaseelan 
(1996) 

Experimental Exhaust steam from a 
turbine 

62–73 VD 1.46 at a waste heat 
temperature of 73°C 
and using insulation. 

Kumar, Mani & 
Kumaraswamy 
(2005) 

Theoretical Waste hot water 
from a power station 

44 VD Maximum: 324 

Shih & Shih 
(2007) 

Theoretical Waste heat from a 
sulphuric acid 

production plant 

106 MSF with plate 
heat exchanger 

MSF with heat 
recovery system 

MED with plate 
heat exchanger 

MED-TVC with 
heat recovery 

system 

47 917 
 

48 750 

 
141 667 

 
236 667 

 

Sommarva 
(2008) 

Theoretical Heat from the brine 
heater condensate 

from the MSF plant; 
Flue gas streams 

from CCGT 

- 

 

MSF and MED The performance 
ratio and production 
are optimised for the 

MSF and MED process 
configurations. 

Sada & Jassim, 
(2009) 

Theoretical Exhaust gases from a 
power plant 

160–250 MED 41 667–625 000 
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Study Nature of 
study 

Source of waste heat Temp. of 
waste heat 
source (°C) 

Desalination 
technology type 

Water production 
level (kgh-1) 

Tanaka & Park 
(2010) 

Theoretical Exhaust gas from a 
portable electric 

generator 

250 Solar still with 
wicks 

2.22–6.67 

Ammar et al. 
(2013) 

Theoretical Air exhaust streams 
from a paper mill 

Waste hot water 
from a paper mill 

56–109 

47 

HDH 

MED with a hybrid 
absorption heat 
pump with (a) 8 

stages, (b) 9 stages 
and (c) 10 stages 

135.48 

(a) 392.4   

(b) 411 

(c) 419.4 

Park et al. 
(2015) 

Experimental Exhaust gas from a 
portable electric 

generator 

283 Multi-effect 
diffusion solar still 

with wicks 

0.71–0.82 

Maheswari, 
Murugavel & 
Esakkimuthu 
(2015) 

Experimental Exhaust gas of a 
diesel engine 

230–410 Distillation 

 

0.8–3.0 

Elminshawy, 
Siddiqui & 
Sultan (2015) 

Theoretical 
& 

experimental 

Exhaust gas from a 
combined cycle gas 

turbine 

190 Distillation 

 

2.08 

Park et al. 
(2016) 

Experimental Exhaust gas from a 
portable electric 

generator 

280–350 Multi-effect 
diffusion solar still 

with wicks 

0.75 

 

Thu et al. (2016) Theoretical - 85 AD 271 

He et al. (2016) Theoretical Exhaust gas of a 
furnace 

130 HDH coupled with 
plate heat 

exchangers 

12.5 (at mass flow 
rate ratio of seawater 

to dry air of 2.84) 
70.8 (at mass flow 

rate ratio of seawater 
to dry air of 1.28) 

He et al. (2017) Theoretical Exhaust gas 110 HDH 105.26 

Chunhua et al. 
(2017) 

Theoretical Waste hot water 
from petrochemical 

industry 

90–98 MED 416 667 

Zhang et al. 
(2017) 

Theoretical 
& 

experimental 

Cooling water waste 
heat from a diesel 

engine 

71–85 Low-temperature 
MED 

2500 

Khalilzadeh & 
Nezhad (2018) 

Theoretical Waste heat from a 
wind turbine 

140 MED 1878 

3.3 Economic performance 
The cost of water is an important factor in making 
decisions about investing in a given desalination 
project. Even if the technical performance of the 
desalination technology is satisfactory, its com-
petitiveness in the mix of water treatment 
technologies is predominantly influenced by the 
cost of the desalinated water. It is also known that 
the cost of energy in the desalination process 
influences the costs of operation and maintenance 
of the desalination plant (Kavvadias & Khamis, 

2014). Clearly, this indicates the economic benefit 
of using a cheap source of energy such as waste 
heat. It is therefore not surprising that some 
researchers have investigated the economic 
performance of desalination technologies driven by 
waste heat. Table 3 shows the economic assessment 
of thermal desalination systems driven by waste 
heat. It can be observed that most of the studies 
have focused on the thermodynamic aspect, paying 

little or no attention to the cost-effectiveness of the 

system and the environmental benefit that could be 



79    Journal of Energy in Southern Africa • Vol 33 No 1 • February 2022 

achieved by integrating waste heat into the system 

instead of the heat being purged into the 

atmosphere. Various costs of water were obtained 

in the studies, ranging from 0.91 USD/m3 of 

desalinated waster obtained from an MED system 

integrated with waste heat from a sulphuric acid 

production plant (Shih & Shih, 2007), to 14 USD/m3 

of desalinated water obtained from a thermal 

desalination unit coupled with solar collectors, 

electric heater, air blower, evaporator and conden-

ser, using waste heat from the exhaust gas of a 

combined cycle gas turbine (Elminshawy, Siddiqui 

& Sultan, 2015), to 16.676 USD/m3 of desalinated 

water generated by an MED system using waste heat 

from a wind turbine (Khalilzadeh & Nezhad, 2018).  

Table 3: Summary of economic performance of thermal desalination systems driven by waste heat. 

Study Nature of study Source of waste heat Desalination technology 
type 

Cost of water 
(USD/m3) 

Shih & Shih 
(2007) 

Theoretical Waste heat from a 
sulphuric acid 

production plant 

MED with plate heat 
exchanger 

MED-TVC with heat 
recovery system 

0.91 
 

1.74 

 

Elminshawy, 
Siddiqui & 
Sultan (2015) 

Theoretical & 
experimental 

Exhaust gas from a 
CCGT 

Distillation 

 

14 

Khalilzadeh & 
Nezhad (2018) 

Theoretical 

 

Waste heat from a 
wind turbine 

MED 16.676 

 

3.4 Environmental performance 
The exploitation of fossil fuels to drive desalination 
processes contributes to GHG emissions and 
climate change. According to the IPCC (2012), the 
median lifecycle emissions of fossil fuels varies 
from 0.469 to 1.001 kg CO2eq/kWh. With regards to 
the environmental benefit of using waste heat in 
thermal desalination systems, only one study 
quantified the reduction in the global warming 
potential that could be achieved by so doing. This 
study revealed that the global warming potential of 
natural gas- and coal-fired desalination could 
decrease by 65% and 90% respectively if an MED 
system coupled to a heat pump and driven by waste 
heat is used instead (Ammar et al., 2013). 

4. Discussion 

Many previous studies have investigated the 
thermodynamic performance of different thermal 
desalination technologies using waste heat. The 
most commonly used waste heat sources were 
found to be the waste gas or waste hot water from 
power stations. The temperatures of the waste heat 
sources investigated in previous studies ranged 
from 15 to 410 °C, with the majority of them higher 
than 50 °C. Although it is estimated that nearly 20–
50% of industrial energy consumption is eventually 
discharged as waste heat (United States Depart-
ment of Energy, 2008), it can be noted that there is 
only one known thermal desalination system which 
is actually being driven by waste heat: the MED pilot 
plant on Guishan Island, Guangdong, China, which is 
driven by the waste heat of a diesel engine (Zhang 

et al., 2017). This indicates a possible existence of 
some barriers to the integration of waste heat in 
thermal desalination systems and these limitations 
are discussed in this section.  

4.1 Lack of data on waste heat  
The development of a desalination technology 
involves designing and testing the system. 
Seemingly, advances in desalination systems are 
resulting in complex configurations that require 
appropriate computational tools for designing and 
performance appraisal. In this regard, simulation of 
desalination systems is gaining acceptance as a 
suitable tool. One of the most important input 
variables to such a design tool is energy. Thus, it is 
important to know the quantity and grade of the 
available waste heat in order to develop a suitable 
thermal desalination technology.  

It has been stated that waste heat is rarely 
measured and reported because it is a by-product 
and therefore not lucrative (Brueckner et al., 2014). 
Companies are also often ignorant about how waste 
heat can be utilised and to whom it can be sold, and 
this in turn creates additional research costs for 
them (Pehnt et al, 2011). This is particularly an 
issue in developing countries where there is often a 
lack of data on waste heat. As can be observed from 
Figure 10, the waste heat potential is commonly 
quantified in developed countries like USA, Canada, 
Japan and many European countries, but very 
rarely quantified in developing countries such as 
those in Latin America, Africa and Asia. The lack of 
information on waste heat is therefore a major 
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challenge to the development of waste heat-based 
desalination plants, particularly for developing 
countries, which often face the dual challenges of 
climate change and water shortage.  

4.2 Geographical barriers 
Heat exchangers play an important role in 
desalination systems driven by waste heat. In most 
of the relevant studies, the temperature of the heat 
source was less than 250 °C, which can be 
considered as low-grade heat. Therefore, as 
reported in literature, it is better to use heat pipes 
in the context of low-grade heat as they perform 
better than conventional heat exchangers, but one 
disadvantage is that they are also more expensive 
than conventional heat exchangers (Ammar et al., 
2012). Consequently, if there is no demand for heat 
in the region where waste heat production occurs, 
profitability is substantially lowered because 
additional long heat pipes are needed for heat 
transport to the desired location (Pehnt et al, 2011). 
This is particularly a hindrance for existing 
desalination plants as they are most often situated 
close to available water resources, such as the 
ocean, in order to minimise costs associated with 
pumping and transporting water. There might not 
always be existing waste heat sources near to these 
desalination plants and this can lead to an increase 
in costs due to additional heat pipes being required. 
Therefore, integration of waste heat in existing 
desalination plants might not be economically 
viable for both the waste heat generating company 
and the desalination plant, as the former would 
have to invest in heat transfer pipes and the latter 
might find it cheaper to use other energy sources 
readily available. Nonetheless, new desalination 
plants could be constructed near the generation 
points of waste heat streams depending on the 
availability of water resources and space. They can 
then make use of the waste heat and contribute to 
energy efficiency and reduce the harmful impact on 
the environment.  

4.3 Fluctuation in the reliability, supply and 
composition of waste heat  
The viability of waste heat recovery is dependent on 
the stream to which the waste heat will be 
transferred and on various parameters of the waste 
heat itself, such as the temperature, quantity of 
waste heat available, and composition of the waste 
heat stream (United States Department of Energy, 
2008). However, these factors keep varying. The 
fluctuations in the reliability and supply of waste 
heat occur due to changes in industrial production 
and gap between demand and supply (Lu, Price & 
Zhang, 2016). Consequently, it is not always 
feasible to use waste heat as an energy source in the 
desalination systems because water supply needs 

to be continuous, while the supply of energy from 
the waste heat source is not always constant. To 
overcome this challenge, desalination systems 
driven by waste heat could also include a back-up 
energy source. Unpredictability in demand and 
supply of waste heat can also be overcome by using 
thermal storage. In waste heat recovery systems, a 
water tank is most commonly used for thermal 
storage as it is economically feasible for large-scale 
applications and water can act as both the heat-
transfer medium and thermal storage medium due 
to its excellent thermal-physical properties (Xu, 
Wang & Yang, 2019). Thus, when there are 
fluctuations in the supply of waste heat, either a 
back-up energy source or thermal storage could be 
used to ensure a continuous desalination process 
for a reliable water supply. 

4.4 Lack of information on the cost-effectiveness 
and environmental benefit of desalination 
processes driven by waste heat  
As observed in Sections 3.3 and 3.4, few studies 
have examined the economic and environmental 
performance of thermal desalination systems 
driven by waste heat. Therefore, industries might 
not always be keen to invest in thermal desalination 
technologies driven by waste heat, as there will be 
an element of financial risk and, also, they might not 
have any incentive to use this waste heat because 
negligible data is available on the environmental 
benefits of using waste heat-based desalination 
technologies.  
 

5. Conclusion 

Progress in the integration of waste heat in thermal 
desalination processes has been reviewed. It was 
found that 63% of waste heat streams are of low 
grade that has the potential to drive low-
temperature thermal desalination processes. 
Findings also show that there is very limited 
progress in the development of thermal 
desalination plants that run on waste heat, which is 
ascribed to: a) the lack of sufficient data on waste 
heat, especially in developing countries; b) 
geographical barriers that lead to high costs assoc-
iated with heat recovery and transport; c) fluc-
tuation in the reliability, supply and composition of 
waste heat; and d) lack of information on the cost-
effectiveness and environmental benefit of waste 
heat driven thermal desalination processes. Con-
sequently, further research is required in the 
following areas:  

a) mapping the waste heat recovery potential 
in developing countries;  

b) techno-economic feasibility of thermal 
desalination plants close to the sources of 
waste heat; 
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c) the integration of an energy storage system 
for waste heat-driven thermal desalination 
processes; and  

d) environmental analysis of thermal desal-
ination units powered by waste heat.  
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