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1.0 Introduction 

 

Desalination is the process of removing dissolved salts from seawater or brackish water, to produce 

fresh water. Desalting technologies can be used for many applications the primary being in the 

production of potable water from saline water for domestic or municipal purposes. The use of 

desalination and desalination technologies for industrial applications is growing, especially in the 

oil & gas industries as they always need large quantities of pure water for boilers or process 

requirements. 

Desalination of water requires a lot of energy. This is because salt dissolves very easily in water, 

forming strong chemical bonds which are difficult to break. Thermal distillation and membrane 

separation are the two basic technologies which are used for breaking the bonds in saltwater.  

 

Thermal distillation process involves heat. Boiling water turns it into vapor—leaving the salt 

behind—that is collected and condensed back into water by cooling it down. In the membrane 

driven process seawater is forced through a semi-permeable membrane that separates salt from 

water. The most common type of membrane separation is reverse osmosis.  

The current state of the art desalination technologies are categorized into i) membrane and ii) phase 

change thermal processes, which are also considered to be major desalination processes as shown in 

Figure 1. 

 

 

 

 

 
 
 
 
 
 

 

 

 

Figure 1: Classification of water desalination technologies. 
[2] 

 

The major processes require energy as input for seawater under standard atmospheric temperature 

and pressure conditions. The energy input for membrane technologies reflect the pressure energy 

required to pump water molecules through a size/charge selective membrane and is expressed as 

kWh/m3 of product water, while the energy input for thermal processes reflect a combination of the 
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heat required to break the bonds between the water molecules (expressed as kJ/m3) and the energy 

required to pump the seawater through the process (expressed as kWh/m3).  

Energy is the largest single expense for desalination plants, accounting for as much as half of the 

costs to make drinking water available from the sea. The high energy requirements for desalination 

raise concern about emissions, when conventional fossil fuels are used. The emissions can be 

mitigated by incorporating renewable energy sources as primary heat/power sources and fossil fuel 

sources as backup/standby resources. 

Solar desalination can either be the direct system type where the solar energy is used to produce 

distillate directly in the solar collector, or the indirect system (Thermal desalination technologies) 

where solar energy is used to generate the heat required for desalination and also to generate 

electricity. 

 

2.0  Desalination using Solar renewable energy source 
 

The use of solar energy in thermal desalination processes is one of the most promising applications 

of the renewable energies as characterized by free availability from nature and insignificant 

operation costs. Solar renewable energy resource is quite promising for desalination of sea and 

brackish water without laying emphasis on other energy sources. There are two main ways of 

generating thermal energy from the sun namely photo voltaic and concentrating solar thermal (CST) 

technologies.  

Solar thermal technology concentrates the solar radiation to generate heat which can be used for 

cogeneration. The heat energy is used to run a heat engine, which turns a generator to produce 

electricity and can also directly provide the necessary heat to run a desalination unit. The working 

fluid that is heated by the concentrated sunlight can be a liquid or a gas. Photovoltaic technologies 

on the other hand, directly convert the sun’s light into electricity, which needs batteries for storage. 

Heat storage is a far easier and efficient method, which makes solar thermal technologies attractive 

for large-scale energy production.  

 

Figure 2, below in general illustrates various possibilities of coupling RES and state of the art 

desalination methods based on energy input requirements. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Major renewable energy sources and desalination methods 
[R01] 
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Multi-stage flash evaporation (MSF) and multiple-effect distillation (MED) processes regarded as 

state of the art solar thermal technologies consist of a set of stages at successively decreasing 

temperature and pressure. The main energy requirement for both the processes is thermal energy. 

Electrical energy is used for running auxiliary services as pumps, dossifiers and vacuum ejectors. 

 

 

For the phase change MSF and MED processes energy requirement in the form of thermal as well 

as electrical energy can make up between 50-70% of the total operating costs. It would be 

appropriate that such large-scale thermal desalination plants are co-located with power stations or 

industries with thermal process energy waste, using solar energy as primary source and backed by 

fossil fuel resources to account for periods where solar energy is inadequate. 

Energy storage technologies  

Energy storage can reduce the time or rate mismatch between energy supply and energy demand, 

thereby playing a vital role in energy conservation. It improves the performance of energy systems 

by smoothing and increases reliability. 

Classification of various energy storage systems is shown in Fig.2. [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

Thermal energy storage systems 

Thermal energy storage systems store available heat by different means in an insulated 

repository for later use. Thermal storage systems are deployed to overcome the mismatch 

between demand and supply of thermal energy and thus they are important for the integration 

of renewable energy sources. 
 

The basic principle involved in the operation of concentrated solar thermal systems is the 

concentration of solar irradiation via parabolic mirrors thereby producing heat on a receiver element 

(400 – 1000°C) as illustrated in Figure 4. High temperature heat can be converted to power in 

conventional power cycles, including optional thermal storage and hybridization with other fuels. 

The solar collector field area is determined on the basis of solar multiple (SM), defined as the ratio 

of total reflective aperture area with storage to the total required aperture area without storage. The 

SM for concentrated solar thermal plants with storage will be higher than those without storage, 
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thereby improving the availability of the plant. Typically the SM for plants with storage lay around 

2. 
 

 

 

 

 

 

 

 
 

 

 
 
 
 
 
 
Figure 3: Principle of a concentrating solar collector (left) and concentrating solar 

thermal power station for co-generation of electricity and process steam 
[R04] 

 

Higher solar multiples, implying larger collector field size are not always practical since 

significant amounts of thermal energy need to be dumped during periods when excessive solar 

irradiation is available, so the collector field size has to be chosen accordingly based on the 

meteorological details of project location and operational requirements of the project. 

 

During sun-shine period a fraction of the concentrated heat energy is used to directly run the 

thermal co-generation power plant which provides electricity and also process heat necessary 

to run the desalination unit, while the other fractional part is used for storage, being used 

during non-sun-shine hours. The heat transfer fluid (HTF) commonly referred to as Therminol 

V.P-I / Dowtherm A is re-circulated between the collector field and power block to transfer the 

thermal energy to molten salts in the storage system and also to heat up the feed entering steam 

generator. Fossil fuels / natural gas shall provide the necessary thermal energy when solar 

irradiation is inadequate, i.e. supplements the solar energy resource. The thermal energy 

storage material is a binary salt made up of 60% NaNO3 and 40% KNO3 

 

Concentrated solar thermal plants and their integration to thermal energy 

storage systems: 
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The primary objective of effectively using the tapped solar energy can be addressed by storing 

it by appropriate means. This objective can be fulfilled by coupling the concentrating solar 

power plants (CSP) and the thermal energy storage system (TES), as heat storage is one of the 

most distinguishing features of CSP with respect to other renewable energy technologies 

unlike wind power or photo voltaics. 
 
The key feature of CSP plants is that they can also be coupled with conventional fuels (hybrid 

operation) allowing them to provide firm power capacity on demand. One disadvantage of 

CSP technology is that thermal energy generation is subject to daily fluctuations in solar 

irradiation. Incorporation of thermal energy storage (TES) systems can effectively mitigate the 

effect of these fluctuations. The CSP system is more efficient when TES system is envisaged 

as daytime fluctuations in solar intensity can be compensated through regular supply of 

thermal energy from already stored energy. In essence, the TES system acts like a battery for 

the CSP plant. Andasol 1, 2 and 3 in Spain are only few commercial CSP plants with TES 

systems installed. 

 

State of the art CSP technologies: 
 

The four major types of CSP technologies viz. Point focusing and line focusing collector 

systems as shown in Figure 5,below are parabolic troughs (top left), linear Fresnel (bottom 

left) central receiver solar tower also known as power towers (top right) and dish- Stirling 

engine systems (bottom right), all of which can be integrated with TES. To concentrate 

sunlight, mostly curved or flat glass mirrors are used because of their high reflectivity. 

Inclusion of TES in a CSP plant means increased size of the solar field and thereby increased 

capital costs, nevertheless annual capacity factor is improved and accordingly higher return on 

Investment (ROI) can be expected. 
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Figure 4: Schematic diagram of linear and point concentrating solar collectors 
[R04] 

 
 
  
The various concentrated solar thermal power configurations and comparison of their 

characteristic features are summarized in Table 2. Parabolic trough technology a proven 

commercial configuration has been chosen for the present co-generation study whose 

concentration ratios (C) are of the order 100 and maximum temperature achievable is 

~500-550
0
C. 

 
 

2.5 – TES systems classification and characteristics: 
 

a. Active storage systems: When the storage medium is a fluid and is able to flow 

between the storage tanks, then the system is referred as active type system. If the 

storage medium which is a fluid is also used as the heat transfer fluid, then the system 

is called direct-active system. If the heat transfer fluid and storage fluid are separate 

then the system is called indirect active type system. In this case an additional heat 

exchanger for fluid is required. 

 
b. Passive storage systems: When the storage medium is solid, the heat transfer fluid 

passes through the storage material only for exchanging heat as charging or 

discharging. Then the system is called a passive type storage system. 

 

The characteristic feature of TES systems is that they possess high operating efficiencies when 

compared to mechanical or chemical storage systems as the only losses that would incur are to 

the ambient through the insulation. The present study focuses on the necessity of integrating a 

TES system with the solar collector field. Figure 6, below gives overview of various 

considerations at each level that need to be borne in mind when TES system integration is 

foreseen. 
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Figure 5: Thermal energy storage considerations at each level of operation 
[R05] 

 
 

 

2.6 – Functions of integrated TES systems: 
 

Integration of TES system performs the following functions: 
 

a) Buffering: Compensates for the solar insolation fluctuations during non-favorable i.e. 

cloudy conditions and reduces turbine startup losses. 
 

b) Meeting peak power demands even when there is no sufficient direct solar insolation 

available. 
 

c) Improved annual capacity factor, in comparison when no TES system is envisaged. 
 

d) No/minimal wastage of useful high temperature solar energy. 
 

e) Spinning reserve for short time compensation of any failures or outages within the 

electricity grid. 
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f) Sale of energy at high price during peak demand periods, while storing energy during 

minimal requirements. 

 

2.7 – Working principle and storage medium in TES systems: 
 

A TES basically consists of three sections, i.e. the storage medium, heat transfer mechanism 

and containment system. The storage medium stores the thermal energy either in the form of 

sensible heat, latent heat of fusion or vaporization, or in the form of reversible chemical 

reactions. At present, sensible heat materials in the form of synthetic oil and molten salt 

(binary salt made up of 60% NaNO3 and 40% KNO3) are predominantly used as storage 

materials in large-scale CSP systems, while systems utilizing latent heat, thermochemical, and 

other sensible heat materials are in development stages. The heat transfer mechanism serves 

the purpose to supply / extract heat to / from the storage medium. The containment system 

holds the storage medium as well as the energy transfer equipment and insulates the system 

from the surroundings. 

 

Sensible heat storage: In this method a liquid or a solid is heated without changing its phase. 

The amount of energy stored depends on the temperature change of the material.  

Where ‘m’ is the mass of storage material and ‘Cp’ the specific heat at constant pressure of 

storage material. ‘T1’ and ‘T2’ represent the lower and upper temperature levels between 

which the storage material operates. 

 

Latent heat storage: In this method a material undergoes a phase change during heating. 

When heat is applied to the material it changes its phase by storing the heat as latent heat of 

evaporation.  

 

Thermochemical storage: Energy can be stored in chemical compounds as they absorb or 

release energy during a chemical reaction. It involves a reversible reaction and the products of 

the reaction can also be stored. 

 

Owing to the experiences gained over the years, two tank indirect molten salt system as shown 

in Figure.7 are regarded as current state of the art thermal energy storage systems. Molten salts 

are known for having good heat transfer properties so as to be to be used for thermal storage. 

Alkali nitrates and sodium nitrite are good choice due to their low melting point and excellent 

heat capacity 
[R06]

. Storage systems which can store both hot and cold salts in one storage 
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tank with regard to temperature gradient are referred as thermocline systems and are still in 

development stages. The thermocline systems are capable of increasing the storage 

temperatures above 450
0
 C and thereby the Rankine cycle efficiency over 40%. 

  
 

 

 

 

The heat transfer fluid (synthetic oil/Therminol VP-1), a mixture of 73.5% di-phenyl oxide and 

26.5% di-phenyl referred to as HTF now onwards is made to run through the absorber tubes of 

the Solar Collector Assembly (SCA), where it is heated to 400
0
C, carries the thermal energy 

directly to the steam generator to generate superheated vapor that subsequently enters into H.P 

Turbine, and also into the storage system where the thermal energy is exchanged in between 

cold and hot molten salt storage tanks. In order to prevent the molten salt from freezing, 

heaters are installed in the cold tank to keep the temperature above 230
0
 C (dependent on the 

salt's composition). Tables 3 and 4 respectively illustrate experiences gained using collector 

configurations and the potential sensible heat storage options at various CSP plants in 

operation.   

 
 

However, developing phase change materials for heat storage is of significant future 

importance for the effective usage of TES due to the fact that most of the energy transfers to 

the steam cycle of a power plant occurs at constant temperature during the evaporation phase 

from water to steam as shown in Figure 8, below. Using synthetic oil heat transfer fluid and 

sensible heat storage is on one side limited by the upper allowable temperature of the HTF and 

on the other side by the required steam conditions of the power plant. The selection of storage 

material and type of storage (sensible heat, latent heat or thermochemical) are based on 

considerations such as the required temperature and energy transfer rates for the power block, 

potential temperatures and rates of energy transfer from the solar field. The important features 

that aid in the storage material selection are energy density, charge and discharge rates, cyclic 

life, compatibility between the storage medium and the heat transfer fluid and last but not the 

least cost and availability. 


