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Abstract— Solar energy is one of the best renewable sources 

of energy. Solar power is not a new technology but the way 

of utilizing solar energy makes more attractive. Generally, 

four types of solar power generation technologies are 

operating, PTC, PTS, LFRS, PDS. On large scale, centralise 

tower consisting of heat transfer fluid such as, therminol 

VP-1 synthetic oil, dowthermA, etc, circulates within the 

system. In addition to this PCMs offer more flexibility in 

design, thermal storage possibility and are more 

advantageous to less stringent container requirements. This 

paper explains that how the solar radiations are concentrated 

to a solar power tower and generate power with different 

configurations. Also shows the maximum possible 

utilization of heat using various heat transfer fluids and 

Phase Change Materials. 
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I. INTRODUCTION 

It is well known that burning of fossil fuels creates a lot of 

pollution that causes greenhouse effect. So in order to keep a 

check on this, every country initiates to cut the carbon 

emission to make the use of renewable sources of energy to 

maximum extent. India is also on its way to contribute in 

reduction of 25-30% of carbon emission till 2025. 

According to central electrical authority report 2016, 61% of 

electricity in India is produced from coal and it may exhaust 

soon. Despite of using large amount of conventional energy 

sources India is still not able to fulfill the demand. So in 

order to make the demand meet with the supply it is 

necessary to find out some alternate source of energy. Solar 

energy is one of the most attractive sources of renewable 

energy. As per estimation, sun will continue to emit its 

energy for over 200 million years therefore it can be treated 

as renewable source of energy. India is blessed with plenty 

of sunshine throughout the year since it falls in the 

equatorial sun belt of the earth. The total amount of 

irradiation falling on the earth is divided into several parts. 

Some of the radiations are  

Reflected through the cloud and various other 

particles present in the atmosphere, whereas some part of 

solar radiation are absorbed through it and some are 

transmitted. Rest of the total solar radiation reaches the land 

and the ocean. As we know that the solar radiations falling 

on the earth are not evenly distributed and are less intense 

therefore there is a requirement of their proper usage and 

storage. 

That’s why to completely utilize the solar energy, 

concentrated solar power plants are well-thought-out as one 

of the best systems to produce the electricity by spending 

only on the initial installation cost. CSP uses mirrors to 

concentrate the solar radiations (solar energy) onto a 

receiver, containing HTF. A receiver transfers the solar 

energy to a HTF to produce heat and send it for further 

processing to produce electricity. Steam generation process 

is in solar power plants identical to the process of 

conventional gas, coal, or nuclear power plant except that in 

previous one there is zero harmful emission or waste i.e.; 

100% renewable. The only difference is that in the case of 

conventional power plant, the heat is acquired by burning of 

fossil fuel (coal or gas) and in case of CSP the heat is 

acquired by collecting it from a renewable source of energy 

that is the sun. HTF is the key to CSP success because it 

carries the heat from the sun, collected with the help of 

mirrors and receiver and transforms the heat into electricity 

with the help of power generating turbine. 

II. CSP TECHNOLOGIES 

Concentrating Solar Power (CSP) system is used for 

capturing solar radiation by using different concentrating 

mirrors focusing towards receiver. This solar radiation is 

used to heat a heat transfer fluid which is used to run a 

turbine or an engine for electricity generation. This is just as 

similar process as occurs in conventional power plant. The 

involvement of these basic processes in each type of CSP 

Technologies. This paper covered four different 

technologies of CSP.  

A. Parabolic Trough Collector (PTC):  

Fig 1 shows the parabolic trough system. PTC includes rows 

of trough designed mirrors that guides the solar radiations 

on to the receiver tube. The receiver tube holds heat transfer 

fluid which gets heated and produces steam. It is further 

used in the production of electricity.  

B. Power Tower Systems (PTS):  

Fig 2 shows Power Tower Systems. In this type of system 

central tower is used which contains thousands of mirrors as 

a receiver to reflect and concentrates solar radiation on to 

the in the middle point or top of a tower(having height 500-

550 ft).The heat gets generated inside the tower which in 

turn utilized to produce electricity. The top of the tower is 

termed as receiver and tracking mirrors as named as 

heliostats. Heat transfer fluids flows inside the pipes in the 

receiver that stores and transfers the heat energy for the 

power generation. The complete system is coupled with 

power generation unit. 

C. Linear Fresnel Reflector Systems (LFRS):  

Fig 3 shows Linear Fresnel systems. The principle of 

operation of linear Fresnel system is approximately same as 

parabolic trough systems. The only difference is I the shape 

of mirror. In this flat mirrors are used instead of the trough 

shaped mirror.  Array of flat mirrors is positioned side by 
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side.  The entire collector element tracks the solar energy 

and makes it to focus onto the receiver. This results in 

increase in the temperature of heat transfer fluid and thus 

steam is produced. This steam is further utilized to generate 

power. 

D. Parabolic Dish Systems (PDS):  

Fig 4 shows the parabolic dish system. In this type of system 

parabolic shaped mirrors are used to focus radiation onto the 

receiver. Parabolic dish reflectors are point focused and 

that’s why we get high concentration ratios. The fluid inside 

the receiver gets heated and is further used to run turbine. 

Most parabolic dish applications suggest using sterling 

engine technology due to its high potential efficiency. 

 
Fig. 1: Parabolic trough collector 

 
Fig. 2: Power tower 

1) Mirror 

2) Cold salt storage 

3) Tower and receiver 

4) Hot salt storage 

5) Heat exchanger 

6) Turbine 

7) Condenser 

8) Cold water storage 

 
Fig. 3: Linear fresnel system 

 
Fig. 4: Parabolic dish collector 

III. PHASE CHANGE MATERIAL AND HEAT TRANSFER FLUIDS 

As per govt. of India’s central electrical authority report 

2016, India produces 61% of electricity from coal which 

may depleted soon. But still India is unable to fulfill energy 

demand all over the country with non-renewable energy 

sources. So, they need some alternate sources of energy to 

bridging the gap between the demand and supply. 

Solar collectors are modeled in such a way that it 

can capture the maximum amount of solar radiation. In 

order to focus more heat energy in many cases the reflectors 

is used to concentrate the solar energy onto a receiver, such 

as in case of Concentrating Solar Power (CSP). A Heat 

Transfer Fluid is a liquid or gas, which is used to transmit 

heat from one part to other. Selecting the required heat 

transfer fluid is one of the major task in which the various 

multidimensional complicated feature like thermal stability, 

maximum temperature, viscosity, pump ability, specific 

heat, etc. must be considered. Selection of proper heat 

transfer fluid can optimize and improve the efficiency of the 

CSP plants. Moreover, the heat transfer fluid provides a 

possibility & thermal storage system. Since heat is a low-

grade energy its complete conversion into work is not 

possible. After conversion of solar radiation, thermal storage 

is a major problem, it is approximately impossible to store 

heat for a long time. This can be done through HTFs and 
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PCM Phase change materials can be used as thermal storage 

by knowing their behavioral changes. In a completely 

reversible chemical reaction, thermochemical systems have 

faith on the energy absorbed and released in breaking and 

reforming of the molecular bonds. In this case, the heat 

stored depends on the amount of storage material, the 

endothermic heat of reaction, and the rate of conversion. 

Latent heat energy storage systems are more eye-

catching due to its ability to provide high energy storage 

density at constant temperature corresponding to the phase 

transition temperature of Phase Change Material. Following 

form of Phase change can be observed: solid–solid, solid–

liquid, solid–gas, liquid–gas and vice versa. 

In case of solid–solid transitions, as the material is 

transformed from one solid structure to another   heat get 

stored. Since these transformations only require structure 

change therefore these transitions generally have small 

latent heat and negligible volume changes compared to 

solid–liquid transitions. Solid–solid PCMs gives more 

flexibility in design and are more beneficial to less inflexible 

container requirements [2]. Most promising materials are 

organic solid solution of pentaerythritol (m.p. 188 8C, latent 

heat of fusion 323 kJ/kg), Penta glycerine (m.p. 81 8C, 

latent heat of fusion 216 kJ/kg), Li2SO4 (m.p. 578, latent 

heat of fusion 214 kJ/kg) and KHF2 (m.p. 196 8C, latent 

heat of fusion 135 kJ/kg) [3,4] 

 
Fig. 5: Power conversion process in CSP 

There is higher latent heat of phase transition 

involved in solid-gas and liquid gas transition and a larger 

volume changes were observed due to which containment 

problems arises.  

These substantial changes in system’s volume 

make the system complex and become impractical [5.] 

Liquid–Gas Phase transformations have large latent heat in 

comparison to Solid–liquid. However, these transformations 

include only a minor change in volume. Solid–liquid 

transitions have verified to be economically attractive for 

use in thermal energy storage systems. PCMs themselves 

cannot be used as heat transfer medium therefore a separate 

heat transfer medium must me employed with heat 

exchanger in between to transfer energy from the source to 

the PCM and from PCM to the load. 

The storage capacity of LHTES devices is given by 

Q = ∫ mCpdT + mam∆hm + ∫ mCpdT
Tf

Tm

Tm

Ti

 

Q = m[Csp(Tm − Ti) + am∆hm + Clp(Tf − Tm)] 

 
Fig. 6: Phase conversion of water as HTF- Working fluid 

water/steam: => Evaporation phase (T=const) 

 
Fig. 7: Phase conversion solid to liquid-Phase change 

storage medium => Melting phase (T=const) 

Significant Advantage OF Phase Change Material 

is that the phase changes occur at constant temperature 

IV. GENERAL CLASSIFICATION OF PCM 

Phase change materials (PCM) are ‘‘Latent’’ heat storage 

materials. Thermal energy transfer takes place when a 

material changes from solid to liquid, or liquid to solid. i.e., 

when there is a change in state, or ‘‘Phase.’’ Initially, these 

solid–liquid PCMs perform like conventional storage 

materials, means there was rise in temperature as they 

absorb heat. Unlike conventional (sensible) storage 
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materials, significant Advantage OF PCM is that there are 

phase changes occur at constant temperature. They have the 

capacity to store 5–14 times more heat per unit volume than 

sensible storage materials such as water, rock or masonry. 

Many PCMs are known to melt with a heat of fusion in any 

required range. However, for their use as latent heat storage 

materials these materials must exhibit certain desirable 

thermodynamic, kinetic and chemical properties. Moreover, 

economic considerations and easy availability of these 

materials must be kept in mind. The PCM to be used in the 

design of thermal-storage systems should pass desirable 

thermos-physical, kinetics and chemical properties which 

are as follows [6, 7.] A number of studies have been 

presented using different types of PCMs for LHTES. Those 

PCMs generally known for thermal storage application 

include organic compounds, inorganic salts and their 

eutectics, as categorized in Fig 8, Fig 10, and Fig 11. 

 
Fig. 8: Classification of organic PCM 

Organic phase change material serves as a heat 

storage material due to many desirable properties. They 

include Paraffin (CnH2n+2), carbohydrate and lipid derived. 

They are chemically stable. These materials generally have 

self-nucleating properties. They have compatibility with 

conventional material of construction. Also, they have no 

segregation. They can be recycled and are safe. Organic 

Thermal Salt can be Aliphatic or Other Organics. Users 

rarely specify the use of Organic PCM. Latest can offer 

Organic PCM in low temperature range. Organic items are 

expensive and they have average Latent Heat per unit 

volume and low density. Most items in organic range are 

combustible in nature. They also have a wider range of 

Melting Point e.g.; Paraffin (RT20, RT26, R25 RT 30, 

RT27, RT32) as commercial compounds having melting 

point ranging from 22-31 0C for building applications. For 

power generation from solar power, Isomalt, prioninc acid 

adipic acid, dimethylol having melting range from 147-260 
0C[8] 

The Coconut oil (CO) is used as organic PCM in 

the tropical countries such as Indonesia. It may be 

considered as a good choice due to relatively large amount 

of its availability. It has been observed that the use of CO as 

the latent TES to control the room air temperature has been 

reported previously by Mettawee et al., in Sudan [9]. Figure 

1 show the comparison for the estimated amount of heat 

energy storing capability of CO and CaCl2.6H2O as 

medium in the latent TES system compared with those of 

water as medium in the sensible TES in the temperature 

range of 20-35ºC [10] 

 
Fig 9: Energy Storage variation with Temperature for Water, 

Coconut oil and CaCl2.6H2O [11] 

Property value 

Latent heat 145 kJ/kg 

Viscosity 1.9mm2/s 

Density 1.41g/cm3 

Sp. Heat capacity of solid 2.1kJ/kg K 

Specific heat capacity of liquid 2.4kJ/kg K 

Table 1: Property of  Parafinns [12] 

A. Inorganic PCM: 

Inorganic Thermal Salt are generally hydrated Salt based 

materials. Academicians generally misguide us into utilizing 

pure hydrated salts like Sodium Sulphate Decahydrate and 

so on. Hydrated salts have several hydrates and an 

anhydrous form that leads to stratification of material and 

loss of Latent Heat recovery with time. Hydrated salts also 

have a sub-cooling tendency. Previously manufacturers 

managed to add performance-enhancing agents in the old 

thermal salts. These additives do support in delaying the 

degradation of the thermal salt for say 100 cycles or 

thereabout. However, they do not mention the basic reasons 

due to which sub-cooling and degradation happens. Earlier 

researchers highlighted that it is advantageous to use impure 

grades of base material as it stimulates the nucleation and 

prevents sub-cooling. However, impurities also promoted 

nucleation of undesirable hydrates leading to stratification. 

Experts on crystallography have managed to identify the 

“Preferred Crystal Nucleation” method. It consists of a 

“Cold Finger” that nucleates and promotes the growth of 

desired crystals and “Detoxification” or “Selective 

Elimination” whereby any impurity that encourages the 

growth of undesirable crystals is detached. The current 

methods of Thermal Salt manufacturing are like the new 

generation “Combination Drugs”. 

 
Fig 10: Classification of In-organic PCM 

 

In-Organic  

Metallic   Salt 

Hydrate  
Ice  
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Inorganic phase change material includes salt 

hydrates (MnH2O). They have high volumetric latent heat 

storage capacity. They are easily available and have low 

cost. They have sharp melting point. Their thermal 

conductivity is quite high. They have high heat of fusion. 

They are non-flammable.MgCl2 6H2O, Hitec: KNO3–

NaNO2–NaNO3, HitecXL: 48%Ca(NO3)2–45%KNO3 

7%NaNO3, Mg(NO3) 2H2O, KNO3–NaNO2–NaNO3, 68% 

KNO3–32%LiNO3, KNO3–NaNO2–NaNO3, Isomalt, 

LiNO3–NaNO3, 40%KNO3–60%NaNO3, 54%KNO3–

46%NaNO3, NaNO3, KNO3/KCl, KNO3, KOH, 

MgCl2/KCl/NaCl, AlSi12, AlSi20, MgCl2,NaCl, LiF, KF 

having melting point range is 115-897 0C. Hitec salt is a 

mixture of wt 40% sodium nitrite (NaNO2), 53% potassium 

nitrate (KNO3) and 7% sodium nitrate. Tmelt is 142°C and 

Tmax. is 454–538°C. 

Its properties are comparable to solar salt, but it has 

low melting point. Working range at atmospheric pressure 

offers great advantages. i.e. operating at atmospheric 

pressure for temperature 150°C to 550°C. As mentioned in 

review paper of [13] the Solar Salt get replaced by Hitec salt 

because of its low freezing point. Further it is noticed that 

Hitec is thermally stable at temperatures up to 454 °C, and 

may be used at temperature up to 538 °C for a short period 

[14,15]  

B. Eutectic phase change materials 

Eutectic phase change materials include inorganic, 

inorganic-inorganic compounds. Eutectics have sharp 

melting point like pure substance. The volumetric storage 

density of eutectic phase change material is slightly above 

organic compounds. Extra water principle can be used to 

escape phase change degradation, involving dissolving the 

anhydrous salt during melting to result in a thickening of the 

liquid material so that it melts to a gel form. 

 
Fig 11: Classification of Eutectic PCM 

TYPES MATERIALS 

MELTIN

G 

TEMP ℃ 

APPLICATIO

NS 

Organic 

Paraffin (RT20, 

RT26, R25 RT 30, 

RT27, RT32) as 

commercial 

compounds 

22-31 
Building 

applications 

Fatty acid, 

commercial grade 

of acetamide 

55.1-82 Solar cooking 

Na2CO3. 2H2O 32-36 
Engine -cold 

start 

Graphite 

composite, 
52-55 

Lithium-ion 

battery 

Paraffin wax 

Isomalt, adipic 

acid, dimethylol, 

prioninc acid 

147-260 
Solar power 

generation 

Erythritol, NaOH 118-320 
Waste heat 

transportation 

Inorgani

cs 

MgCl2 6H2O, 

Hitec: KNO3–

NaNO2–NaNO3, 

HitecXL: 

48%Ca(NO3)2–

45%KNO3 

7%NaNO3, 

Mg(NO3) 2H2O, 

KNO3–NaNO2–

NaNO3, 68% 

KNO3–

32%LiNO3, 

KNO3–NaNO2–

NaNO3, Isomalt, 

LiNO3–NaNO3, 

40%KNO3–

60%NaNO3, 

54%KNO3–

46%NaNO3, 

NaNO3, 

KNO3/KCl, 

KNO3, KOH, 

MgCl2/KCl/NaCl, 

AlSi12, AlSi20, 

MgCl2,NaCl, LiF, 

KF 

115-897 
Solar power 

generation 

Salt hydrate 

(Climsel 

C23,ClimselC24,S

TL 27,S27,TH 

29,Climsel C32) 

as commercial 

PCM 

22-31 
Building 

application 

Calcium chloride 

hexahydrate, 

Glauber’s salt 

(sodium sulphate 

decahydrate) 

32-35 
Greenhouse 

heating 

Sodium phosphate 

dibasic 

dodecahydrate 

(Na2HPO4 _ 

12H2O), Sodium 

Sulfate 

Decahydrate 

(Na2SO4 _ 

10H2O), Calcium 

Chloride 

Hexahydride 

(CaCl2 _ 6H2O), 

Lithium Nitrate 

Trihydrate (Li–

NO3 _ 3H2O), 

Zinc Nitrate 

29-48 
Engine -cold 

start 
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Hexahydrate 

(Zn(NO3)2 

_6H2O) 

Na2SO4 _ 

10H2O, 

NaOH_H2O, 

NaOH, Ba(OH)2 

_8H2O, CaO 

_3H2O 

32-64  

Eutectic

s 

Inorganic 

eutectics, organic 

eutectics 

25-30 
Building 

application 

Table 2: Type of PCM material and their melting points 

with applications [17] 

V. DISCUSSION 

1) Optical solar concentrator could be made by glass or 

metal with reflective surfaces in a parabolic dish shape. 

The concentrator dish can be a reflective film backed by 

polycarbonate or carbon fibre composite material.  

2) The solar thermal boiler for collecting heat energy from 

concentrated sunlight heat or from a backup natural gas 

furnace fire and it will heat up water to high pressure, 

high temperature steam.  

3) The disk type micro turbine converts the heat of high 

pressure and temperature steam into kinetic energy.  

4) The wasted heat reuse and steam condensation is can be 

used for water heating or solar air conditioning 

applications to increase the entire system energy using 

efficiency.  

5) The AC generator converts the kinetic energy of the 

rotating turbine into AC current, which is grid-tied to 

the generating of the power grid.  

To fulfil the energy requirements in rural areas, 

CSPP can be viewed as an alternative source for power 

generation ranging 10kW up to 1-2MW production capacity. 

These installed CSPP uses several types of HTF.  

A. Air  

Air is a relatively uncommon HTF in large CSP plants. In 

the Jülich solar tower, air is heated up to about 700 ℃ at 

atmospheric pressure [18] and then the hot air is used to 

generate steam. The prime advantage of this technology is 

its cost-effectiveness and higher efficiency, because of the 

abundance and cost-free nature of the atmospheric air. In 

addition, since air has very low dynamic viscosity as 

compared to other liquid HTFs such as molten salts at or 

liquid metals same temperature limits, air has good flow 

properties inside the pipelines in a CSP system. Even though 

the thermal conductivity of air is low compared to that of 

molten-salts or liquid metals [19], the better flow property 

of air is an additional advantage for efficient heat transfer. 

B. Water /steam 

Water or steam both can be used as HTF and working in the 

latest and the world’s largest CSP plant – the Ivanpah solar 

power plant launched in February 2014. System leads to 

improved efficiency, and decreases the cost of electricity 

production Feldhoff et al.[20] showed that the levelized cost 

of energy (LCOE) was 11% cheaper in direct steam 

generation systems utilizing water or steam as the only fluid, 

in comparison to systems with oil based HTFs Viscosity of 

water/steam at different temperatures and pressures were 

reported as 2.0 to 10.5, 2.9 to 10_5 and 3.7 to 10.5 Pa s for 

steam at 300, 500 and 700 °C, respectively, all measured at 

40 atm. Thermal conductivity of water or steam is well – 

established  and it has a value of 0.051, 0.069 and 0.096 

W/mK at the above mentioned temperature and pressures of 

steam. 

VI. THERMAL OILS 

Mineral oil, silicone oil, and synthetic oils have been tested 

and used as HTFs in CSP applications All these three oils 

have almost the same thermal conductivity 0.1 W/(m K) and 

the costs are 0.3, 3 and 5 $ per kg for mineral, synthetic and 

silicone oils, respectively. These oils can be thermally stable 

only up to 400 °C and that is the reason they are not 

commonly used for high temperature and highly efficient 

solar thermal systems. Another issue with these thermal oils 

is that they are highly expensive [22]. Radco Industries Inc. 

has engineered Xceltherm 600 (paraffinic mineral oil) for 

use in CSP systems.  

VII. MOLTEN-SALTS 

The molten-salts make excellent HTFs mainly due to their 

thermal stability at high temperatures (generally > 500 °C). 

Molten salts also have properties comparable to water at 

high temperature including similar viscosity and low vapor 

pressure [23]. In Concentrating Solar Power Technologies 

solar insolation are used to heat up the HTFs which is used 

further for power conversion process. Generated steam is 

used to rotate the steam turbine blades and thus initiating the 

power production. Many researchers have shown in their 

studies how PCM is best for solar power applications. The 

Results from green peace and ESTIA scenario 2002–2020 

showed that 154 mt of CO2 emission could be avoided 

through the solar thermal power [16].  U.S. Energy 

Information Administration projected in their Annual 

Energy Outlook 2011 that total carbon dioxide CO2 

emission by coal, gas and liquid in 2020 would be 35198 

million tonnes. Hence, about 0.43% carbon dioxide 

emission could be controlled through the solar thermal 

power. The PCM for thermal energy storage could increase 

their contribution as the researchers showed the PCM 

application as efficiently capable for the solar thermal 

power. PCM can be used for variety of applications like 

building application’s, solar cooking, solar power 

generation, transport refrigeration consists of eutectic 

systems, waste heat transportation etc 

VIII. CONCLUSION 

Heat Transfer Fluid is a liquid or gas, which is used to 

transport heat from one part to other. Selection of heat 

transfer fluid is one of the major decision in which we 

consider the various multidimensional complicated features 

just like, maximum temperature, viscosity, thermal stability, 

specific heat, pump ability etc. By selecting appropriate 

HTF we optimize the performance and economy of any CSP 

plants. Moreover, the heat transfer fluid provides a 
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possibility & thermal storage system. Heat transfer fluid like 

hitec salt, dowtherm A are very stable compound and is used 

for power generation limited upto 700 °C. PCM has the 

capability to store about 3–4 times more heat per volume 

than is stored as sensible heat in the temperature increment 

of 20 ℃ . HTFs and PCM Phase change materials can be 

used as thermal storage. Organic, Inorganic, and eutectics 

types can be used for PCM material. For solar applications 

inorganic ionic salts are most widely available for use like 

MgCl2 6H2O, Hitec: KNO3–NaNO2–NaNO3, HitecXL: 

48%Ca(NO3)2–45%KNO3 7%NaNO3, Mg(NO3) 2H2O, 

KNO3–NaNO2–NaNO3, 68% KNO3–32%LiNO3, KNO3–

NaNO2–NaNO3. 
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