
38 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 5/1(67), 2022

ALTERNATIVE AND RENEWABLE ENERGY SOURCES

UDC 620.91 
DOI: 10.15587/2706-5448.2022.267560 
Article type «Reports on Research Projects»

A REVIEW STUDY ON SOLAR 
TOWER USING DIFFERENT HEAT 
TRANSFER  FLUID

The object of research is distinguishing the different heat transfer fluids (HTF) in concentrating solar 
power  (CSP). CSP technologies are gaining more attention these years due to the fact that the world is facing 
significant problems, especially concerning environmental issues and the increasing electricity demand. The world 
countries are currently committed to mitigating climate change and limiting greenhouse gas emissions to keep the 
global temperature rising below 2 °C. As a result, renewable energy sources are required for power generation. One 
of the most widely used technologies is the solar tower, where mirrors reflect solar radiation into a central receiver 
on top of a tower that contains a working fluid known as heat transfer fluid. The HTF is one of the most impor-
tant components in solar power tower plants used to transfer and store thermal energy to generate electricity. This 
study focuses on the HTF used in solar power towers and how it can affect the efficiency of the plant. The HTF 
discussed in this study are air, water/steam, molten salts, liquid sodium, and supercritical CO2. Among the review 
of HTFs in the solar tower system, the result of the research shows that the Air can reach the highest temperature 
while liquid sodium achieves the highest overall plant efficiency.
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1.  Introduction

One of the key concerns nowadays is reducing the en­
vironmental effects of the power production industry using 
traditional energy supplies. Furthermore, fossil fuel sources are 
depleting as the world’s economy and population continue to 
rise. As a result, it is critical to make use of renewable energy 
sources, particularly solar energy [1–3]. In 2014, according to 
the international energy agency (IEA), solar thermal plants  

will provide about 11  % of the world’s electricity demand 
in 2050  [4] as cited in  [5–8]. As shown in Fig.  1, different 
location of direct solar irradiation which are useable for the 
concentrated solar power and had a  global total installed 
capacity of 6,451 MW in 2019  [9].

Thus, the object of study is distinguishing the different heat 
transfer fluids (HTF) in concentrating solar power (CSP).

This article aims to review a study on solar towers in dif- 
ferent locations using different heat transfer fluids.

 
Fig. 1. Solar energy capacity worldwide [9]
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2.  Research methodology

2.1.  Concept of Solar Tower. A solar power tower plant 
uses hundreds to thousands of sun-tracing mirrors (Fig. 2) 
to reflect the solar radiation to the receiver on top of 
a  tower. The height of the tower depends on the plant 
energy output [10]. The incident energy is then transferred 
to a heat transfer fluid (HTF) from the receiver tube walls. 
The steam generating subsystem, which consists of heat 
exchangers, transmits the thermal energy from the heated 
HTF to the water. Water is heated from a subcooled liquid  
to superheated steam, then fed into a steam turbine to 
generate power  [11].

 
Fig. 2. Field of mirrors focusing solar radiation on the central receiver 

atop the tower of a solar tower power plant [12]

The solar receiver on top of the tower act as a solar 
radiation absorber  [13]. Authors of  [11] stated that there 
are two types of receivers existing in solar tower plants, 
External and cavity receivers, Tubular receivers (usually 
formed by vertical pipes meeting the concentrated solar 
flux from the heliostats) working both with gas or liquid 
are the most common type of CSP receiver due to their 
simple fabrication, where incident energy is received and 
transferred through tubes to HTF  [11, 13].

According to authors of  [14], the cavity receiver is used 
in early commercial Solar Tower Power (STP) plants, and 
such receivers generally lead to lower radiation and con­
vection thermal loss. The kind of receiver depends on the 
kind of heat transfer fluid and the power cycle (Rankine or 
Brayton) employed in the system  [15], in addition to that 
authors of  [13] stated that the heliostat field depends on 
the receiver type or vice-versa. In addition, the receiver ef­
ficiency increases with the heliostat efficiency (Fig. 3) [4, 16].

The receiver efficiency hth is defined as the ratio of the 
average power absorbed by the working fluid Qabs to the 
average power incident on the receiver Qinc  [10].

ηth
abs

inc

Q

Q
= . 	 (1)

The absorbed power (shown in Fig.  4) can be calcula­
ted from equation:

Q mc T Tabc p out htf in htf= −( ) , , , 	 (2)

where ṁ is the mass flow of HTF in kg/s; cp is the average 
specific heat between HTF inlet and outlet temperature  
in J/kg·K [10].
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Fig. 3. Thermal efficiency of the receiver vs heliostat efficiency [4, 16]
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Fig. 4. Schematics of tubular receivers: a – external; b – cavity [11]

2.2.  Power Cycle Subsystem. According to authors of [13] 
the power cycles as shown in Fig. 5 will be able to operate 
at greater operating temperatures with the next generation 
of high-temperature receivers, resulting in higher-efficiency 
power blocks.

This is projected to result in increased overall plant effi­
ciency and cost savings. Generally, the power cycle subsystem 
can be Rankin, Bryton, and combined Rankin-Bryton cycle. 
Authors of  [14] studied a single reheat steam Rankine cycle 
with Molten Salt (MS) and water/steam as HTF. The power 
cycle efficiency was 39  % with a turbine inlet temperature 
of 540  °C. Authors of  [11] stated that the sCO2 Brayton 
cycle could be used at temperatures higher than those that 
a Rankine cycle can handle. In addition to that sCO2 Brayton 
cycle uses smaller turbo machinery and may achieve high 
efficiency with straightforward cycle configurations due to 
the higher density of sCO2, and it could potentially achieve 
50  % efficiency if the turbine inlet temperatures were to 
be raised to 700  °C. Authors of  [17] studied a hybrid solar 
power tower system with a pressurized air receiver and various 
multi-stage recuperative Brayton cycles. The result showed 
an increase in thermal efficiency. Authors of  [16] analyzed 
the first and second low efficiency of solar tower combined 
cycle using supercritical CO2. The result shows that the 
energy and exergy efficiency of the power cycle was 44.46 % 
and 56.72  %, respectively. Additionally, authors of  [4, 17]  
examined solar tower-assisted combined power plants to pro­
duce power, but the latter included producing hydrogen via 
electrolysis with a power cycle exergy efficiency of 52.74 %.
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2.3.  Heat Transfer Fluid. Heat transfer fluids (HTF) play 
a critical role in collecting energy from the solar field and 
transporting it to the power plant [18]. According to authors 
of  [10], the efficiency of solar tower systems is directly af­
fected by the heat transfer fluids employed in solar receivers. 
Because the CSP uses a lot of HTF to run, it’s critical to 
keep the HTF cost as low as possible while still maximizing 
performance. Apart from employing HTF as a heat transfer 
medium from the receiver to the steam generator, hot HTF can 
also be stored in insulated tanks for power generation during 
periods when there is no sunlight  [18] (as shown in Fig.  6).

Heat
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viscosity
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point
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Freezing

point

Thermal
Stability
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Fig. 6. Characteristics of the ideal HTFs [19]

New HTFs are being tested to use in solar towers besides 
conventional ones. Water is one of the fluids used as HTF 
due to its excellent thermophysical properties, availability, 
and environmental safety. However, when a high operating 
temperature is needed, it is preferred to use other HTFs 
that have a higher working temperature.

3.  Research results and discussion

An increasing effort is being made to develop new 
types of HTFs in solar power tower plants to achieve 

the maximum possible efficiency. This section 
discusses the HTF used in a solar tower, 
from conventional fluids to more innova- 
tive types.

3.1.  Water/Steam. Water has good physical 
properties to be used as a heat transfer medium 
due to its high specific heat (4185  J/kg∙K),  
availability, low viscosity, non-toxicity, and 
low cost  [19]. If the receiver fluid is wa­
ter/steam, the steam can be supplied straight 
to the steam turbine (direct steam produc­
tion/generation)  [20]. Let’s suppose one of 
the other receiver fluids is used. In that case, 
the fluid’s thermal energy must first be con­
verted to water/steam via heat exchangers 
before being used to generate electricity in 
the turbine generator  [5].

However, there is some issue related to using water as 
HTF as its corrosive nature and working temperature limits. 
Besides that, it can’t be used when the sun goes down and  
on cloudy days, all of that results in less usage of water 
through the solar tower.

3.2.  Air. Another HTF that can be used in solar power 
towers is air, air can be heated to a temperature as high as 
1000 °C, and the hot air is used to generate steam that drives 
a turbine-generator to produce power. Air has a number of 
advantages, including the fact that it is non-corrosive and 
resistant to freezing and boiling. Furthermore, air is basically 
free, costless, non-polluting, and has no higher operational 
temperature limit  [19]. In addition to that air doesn’t need 
previous preheating, and the thermodynamic cycle is more 
efficient  [20]. However, the air has low heat capacity and 
low thermal conductivity, which can be a  disadvantage for 
using it. Equations of air thermophysical properties are found 
in equations (3) to (6), where Ts is the air static tempera­
ture in Kelvin, density (ρ) in Kg/m3, specific heat (Cp)  
in J/Kg·K dynamic viscosity (µ) in Kg/m·s, thermal con­
ductivity (K) in W/m·K  [21].
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Authors of  [21] examined the thermal performance of 
solar towers that use air as an HTF in a volumetric air 
receiver in the MENA region; their results showed that 
at the receiver level, the HTF could reach 1080  °C which 
can ensure good performance of the power plant. Authors 
of  [20] investigated the thermal energy storage (TES) sys­
tem (honeycomb ceramic thermal energy storage) in a solar 
power plant that used air as HTF.

3.3.  Molten Salts. Molten salts are one of the HTF 
used in solar power tower plants, not only to transfer the  

Fig. 5. Working model of Solar Tower (ST) power plant [11, 12]
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thermal energy to the power cycle but also to store the 
energy and use it at night or on cloudy days to increase 
the efficiency of the plant. Sodium nitrate, potassium nitrate, 
calcium nitrate, and/or lithium nitrate are the most common 
components of molten salt  [5]. A tabular receiver is the 
type of receiver used when molten salt is the HTF  [22]. 
The molten is heated by reflected solar radiation from a he­
liostat field from 290  °C to 565  °C before entering the hot 
thermal storage tank. To generate steam, heated salts are 
fed from the storage system to the power cycle to gene­
rate electricity  [22]. Equations (7) to (10) determine the 
thermophysical properties of molten salt (60  % NaNO3, 
40  % KNO3)  [23, 24].

K T= + ⋅ ⋅ °−0 443 1 9 10 4. . C;	 (7)

ρ = − ⋅ °2090 0 636. T C;	 (8)

.C Tp = + ⋅ °1443 0 172 C;	 (9)

µ = − ⋅ ° +
+ ⋅ ⋅ ° − ⋅ ⋅ °− −

22 714 0 120

2 281 10 1 474 104 2 7 3

. .

. .

T

T T

C

C C,	 (10)

where T is the bulk temperature; density (ρ) in Kg/m3; spe­
cific heat (Cp) in J/Kg·°C; dynamic viscosity (µ) in Kg/m·s; 
thermal conductivity (K) in W/m·°C.

Several researchers have studied the effect of using 
molten salts in solar power tower plants. For instance, 
authors of  [25] examined the use of supercritical CO2 
Brayton cycle with solar salts (60:40 wt % sodium nitrate: 
potassium nitrate, single-component nitrate salts, and other 
salts) at 600–650  °C. Authors of  [26] using the SAM 
software, examined the performance of three solar power 
tower plants in different locations in Algeria to find the 
most suitable location for the power plant working with 
molten salt  (60  % NaNO3, 40  % KNO3) or what is known 
as solar salt in an external receiver. Authors of [27] studied 
the effect of different parameters including incident solar 
flux, inlet viscosity of molten salts, tube wall thickness, 
emissivity, and wind speed, and their influence on the 
system performance. Authors of  [28] studied an integrated 
solar tower-based energy system with thermal energy stor­
age to produce electricity and freshwater by desalination 
with a power output of 18.15 and 1.65 MW for residential 
demand and freshwater production, respectively.

3.4.  Liquid Sodium. Liquid sodium has a higher operat­
ing temperature than molten salts hence, a more efficient 
power cycle. In addition, it has a high thermal conductivity, 
making sodium receivers best suited to high-temperature 
applications  [11]. However, there is some issue related 
to using sodium as an HTF, including its reactivity with 
water and air  [21, 29], and its cost, as it’s considered 
relatively expensive, especially if it’s used in the storage 
system [30]. Properties of liquid sodium are found from (11)  
to (14) equations  [22].
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ln . . ln . .µ = ( ) = − − ( ) +T T T6 4406 0 395 556 835 	 (14)

Authors of [23, 31] compared the performance of liquid 
sodium, molten salt, and Hitec (7 % NaNO3, 53  % KNO3, 
40  % NaNO2). Their results showed that sodium offers 
higher overall efficiency due to its higher heat transfer 
coefficient and thermal conductivity (Fig.  7).

 
Fig. 7. Heat transfer coefficient with different heat transfer fluids [22]

Authors of [30] compared the efficiency of solar power 
towers using liquid sodium and KCl-MgCl2 as HTF their 
results showed that using liquid sodium offers higher tem­
peratures up to 750 °C and higher overall plant efficiency 
of up to 25  %.

3.5.  Supercritical CO2. Supercritical CO2 has proven 
to be an excellent HTF due to its non-corrosive nature, 
non-flammability, non-toxicity, and non-explosive nature. 
In addition to that, it is readily available, inexpensive, and 
stable at high temperatures  [19]. Carbon dioxide acts as 
a supercritical fluid above its critical temperature 31.1  °C 
and critical pressure (7.38  MPa). It adopts intermediate 
properties between liquid and gas. Supercritical CO2 can be 
utilized as the solar collector’s HTF and the power cycle’s 
operating fluid. As a result, no heat exchanger is required, 
resulting in more efficient and less complex power units, 
and because of its thermodynamic features, supercritical 
CO2 in a Brayton cycle may operate at higher temperatures 
than steam and has the potential to be more efficient  [32]. 
Authors of [4] studied the efficiency of a power tower plant 
using supercritical CO2 as a heat transfer fluid in a cavity 
receiver with a receiver efficiency of 72.5 %. Author of  [33] 
compared the supercritical steam cycle and supercritical 
CO2 cycle in a solar power tower with a direct and in­
direct steam/supercritical CO2 receiver. The result shows 
that using CO2 will perform better at greater temperatures.

3.6.  Comparison between (HTFs). Table  1 and Fig.  8 
compare the reviewed HTFs based on recent research.

Choosing the best HTF is a key parameter to ensure the 
efficient performance of the solar tower. Among the reviewed 
HTF, water which is mostly used in earlier power plants, offers 
an excellent thermophysical property, however, there are some 
difficulties associated with it. Most importantly, it can’t be used 
as a storage medium to ensure the plant’s continued operation. 
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Molten salts are one of the most used HTF today due to 
their excellent properties in addition to using them as a storage 
medium; however, compared with liquid sodium based on the 
reviewed studies, the latter shows better results and higher 
temperature and efficiency. Using air have great potential as 
HTF for power tower and generating electricity. It also delivers 
high efficiency when compared to other fluids. Supercritical 
CO2 has been well considered as HTF due to its low critical 
temperature and pressure and its safe operation compared with 
liquid sodium. With more development, new HTF are being 
tested for the solar power plant to maximize the thermal effi­
ciency of the receiver and achieve higher overall plant efficiency.

In the future, the development of a mathematical model 
and optimization of the solar tower power plants with dif­
ferent HTF for different locations will be investigated. To 
explore the suitable HTF for the solar tower power plant 
for the limitation of weather conditions.

4.  Conclusions

In the course of the research, it is shown that choosing 
the best HTF is a key parameter to ensure the efficient 
performance of the solar tower plant. In order to choose the 
appropriate fluid for the solar power plant, several factors 
must be taken into account. These include the receiver type, 
storage system, and whether the fluid will be fed directly 
or indirectly to the power cycle.

In the course of the research, it is obtained that water, 
mostly used in earlier power plants, offers good thermophysical 
properties and high receiver efficiency of up to 89 %; however, 
some difficulties are associated with it. Most importantly, it 
can’t be used as a storage medium. Molten salts are one of 
the most used HTF today due to their excellent properties 
and the fact that it can be used as a storage medium that 
offers higher overall plant efficiency. Although molten salt 

can reach high temperatures, it must be 
maintained above 290  °C. Otherwise, it 
starts to solidify. Therefore, it is necessary 
to avoid cold climate areas. On the other 
hand, liquid sodium with high thermal 
conductivity and heat transfer coefficient 
can offer higher receiver and plant ef­
ficiency; nevertheless, it should be well 
handled to ensure safe operation. Using 
air have great potential as HTF for power 
tower due to the elevated temperature. It 
can reach up to 1090  °C in areas with 
a high direct normal irradiance and long 
sunshine hours; however, its low thermal 
conductivity and heat capacity could be 
challenging. Supercritical CO2 has been 
recently well considered as HTF and could 
potentially reach high temperatures up 
to 1000  °C. 

Furthermore, it can serve as a working fluid circulat­
ing in the receiver and power cycle, thus reducing plant 
costs. With more development, new HTF are being tested 
for solar power plants to maximize the receiver’s thermal 
efficiency and achieve higher overall plant efficiency.
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