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Abstract: Much attention has been paid to concentrating solar power technologies (CSP) in the last two decades. 
Among the CSP that have been developed so far are the parabolic trough, the parabolic dish, the Fresnel collectors and 

the solar tower. However, the most widely used of these technologies is the solar tower power plant (STPP). This review 
aims to summarize the state-of-the-art modeling approaches used to simulate the performances and the reliability of the 
STPP. The review includes the different analytical and numerical models used in literature to predict the thermal 

efficiency of these STPP. A general description and comparison of different CSP technologies are first provided. An 
overview of STPP technology, current status and a presentation of the major components including the heliostat field and 
the solar receiver are then highlighted. The different research works, developed on the modeling and simulation of the 

STPP performances and reliability, are also investigated in this review. In summary, this work presents a comprehensive 
review of the existing numerical and analytical models and could serve as a guideline to develop new models for future 

trends in solar tower power plants. 

1. INTRODUCTION 

Industrial development such as the increasing 

number of vehicles and the increase in domestic 

equipment led to a significant growth in energy 

demand. This growth in demand was mainly covered 

by the use of fossil energy sources [1-3]. Unfortunately, 

these energy sources are not only polluting but also 

suffer from the limited nature of their resources. 

Furthermore, the use of hydrocarbons emits a very 

important quantity of CO2 to the atmosphere.  

To address this concern, a new source of energy 

has to be found. Renewable energy sources are 

excellent alternatives. They are abundantly available 

and unlimited. The development and exploitation of 

renewable energy are then essential [4].  

There is at the world level an intensive activity to 

develop the renewable technology. To this end many 

projects and road maps have been devised [5-7]. 

Renewable energy sources are expected to become 

economically competitive as their costs already have 

fallen significantly compared with conventional energy 

sources in the medium term, especially if the massive 

subsidies to nuclear and fossil forms of energy are 

phased out [8]. 
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Renewable Energies Come in Seven Forms: 

- Geothermal Energy 

Geothermal is energy available as heat emitted 

from within the earth, usually in the form of hot water or 

steam. Geothermal heat has two sources: the original 

heat produced from the formation of the earth by 

gravitational collapse and the heat produced by the 

radioactive decay of various isotopes. Geothermal is 

another promising renewable energy resource. The 

potential is estimated at 460 GWh/year. 

- Wind Energy 

Wind is generated by atmospheric pressure 

differences, driven by solar power. Wind power is 

broken up into two main categories, onshore wind 

power and offshore wind power. The main difference 

between the onshore and offshore systems is the 

foundations. Wind energy has in recent years attracted 

a lot of attention worldwide and it is on its way to 

becoming a serious contender to conventional energy 

resources.  

- Hydropower Energy 

Hydropower is the extraction of energy from falling 

water (from a higher to a lower altitude) when it is 

made to pass through an energy conversion device, 

such as a water turbine or a water wheel. A water 

turbine converts the energy of water into mechanical 

energy, which in turn is often converted into electrical 

energy by means of a generator. 
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- Biomass Energy 

Biomass energy is a generic term applied to energy 

production from organic material broken down into two 

broad categories [9]: 

 Woody biomass. Forestry timbre, residues and 

co-products, other woody material including 

thining and cleaning from woodlands (known as 

forestry arisings), untreated wood products, 

energy crops such as willow, short rotation cop- 

pice (SRC), and miscanthus (elephant grass). 

 Non-woody biomass. Animal wastes, industrial 

and biodegradable municipal products from food 

processing and high-energy crops such as rape, 

sugarcane, and corn.  

- Ocean Energy  

The energy of the ocean can be used in three basic 

ways [10]: 

 Use the ocean’s waves (wave energy conver- 

sion); 

 Use the ocean high and low tides (tidal energy 

conversion); 

 Use temperature differences in the water (ocean 

thermal energy conversion). 

- Hydrogen Energy 

Hydrogen is the most abundant element on earth; 

however, less than 1% is present as molecular 

hydrogen gas H2; the overwhelming part is chemically 

bound as H2O in water and some is bound to liquid or 

gaseous hydrocarbons [8]. The ideal intermediary 

energy carrier should be storable, transportable, pollu- 

tion free, independent of primary resources, renewable, 

and applicable in many ways [8]. These properties may 

be met by hydrogen when produced electrolytically 

using solar radiation, and hence, such a combination is 

referred to as the solar-hydrogen process [11].  

- Solar Energy 

Solar energy is a source, which can be exploited in 

two main ways to generate power: direct conversion 

into electric energy using photovoltaic panels and by 

means of a thermodynamic cycle [12]. Photovoltaics 

(PV) are a form of solar power where sunlight is directly 

generated into electricity [13]. PV cells are commonly 

made from semiconducting materials including silicon, 

copper, and cadmium. Concentrated solar power (CSP) 

or concentrating solar power systems uses the sunlight 

to create high temperatures (generally between 400 °C 

and 1000 °C) that will be used to produce electricity or 

heat [14].  

Among the solar technologies under consideration, 

concentrating solar technologies (CSP) have the 

greatest potential for commercial electrical power gene- 

ration [15] and they have successfully demonstrated 

their capability of producing high-temperature steam to 

power the conventional Rankine cycle for electricity 

generation [4,16,17]. These technologies are based on 

collectors which concentrate sunlight to produce steam 

for driving electrical generators [18]. The main techno- 

logies used in CSP plants are the parabolic trough 

collectors, Fresnel mirrors, dishes and finally power 

towers [19, 20]. Of these technologies, the parabolic 

trough and the solar tower technologies have reached 

the commercial stage. 

There has been an increasing interest in solar tower 

technology over the last decade. In general, the 

previous research studies can be grouped into three 

different types. The first group focuses mainly on the 

modeling and simulation of solar tower power plants 

(STPP) performances [21-26]. In these studies, the 

main objective was to calculate the power output and 

the efficiency of the whole system (STPP). The second 

group, on the other hand, has concentrated their effort 

on the modeling and simulation STPP design and 

characteristics [27-35]. They have been interested in 

the development of only the principle components of 

STPP, such as heliostats and receivers. Finally, the 

third group was based in its research on the reliability 

of different parts of STPP [36-44].  

In this paper, a general review on the modeling and 

simulation of STPP reliability and performances, has 

been provided. The aim of this study is to summary and 

emphasize the different previous works and ideas in 

this field. In the present review, an outline and brief 

description, including fundamentals of the different 

concentrated solar power (CSP) technologies, are 

presented. A comparison between these different CSP 

technologies, taking into account the relative cost, the 

land occupancy, the capacity and the efficiency, is also 

provided. Then, detailed description of solar tower 

power plants (STPP), including the major STPP parts 

such as the collector and the receiver subsystems, is 

introduced. 

2. CONCENTRATING SOLAR POWER (CSP) 
TECHNOLOGIES 

Potential concentrated solar power (CSP) sites 

around the world are identified using the global distri- 
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bution of direct normal irradiance [45]. In the sunniest 

countries, the area of the planet with more solar 

radiation, called “Sun Belt” (North Africa, the Middle 

East, Mediterranean, California, Arizona, Nevada, New 

Mexico etc.) which have vast areas with particularly 

high solar radiation and well suited to large amounts of 

solar systems [46]. 

Solar thermal power plants with optical concentra- 

tion technologies are important candidates for providing 

the bulk solar electricity needed within the next few 

decades. Four concentrating solar power technologies 

are today represented at pilot and demonstration-scale 

[47-49]: parabolic trough collectors, linear Fresnel 

reflector systems, power towers or central receiver 

systems, and dish/engine systems. All the existing pilot 

plants mimic parabolic geometries with large mirror 

areas and work under real operating conditions. 

Central receiver systems are usually selected since 

they have better perspectives for scale-up. 

CSP plants concentrate direct solar radiation to heat 

a fluid (normally called the heat transfer fluid or HTF) 

and produce steam (or vapor of another working fluid). 

The working fluid runs an engine (steam turbine, Stirl- 

ing engine, etc.) connected to a generator, producing 

electricity. Four alternative configurations of the 

concentrators are shown in Figure 1.  

2.1. Parabolic Trough 

The parabolic trough system is by far the most 

commercially matured of the three technologies [50]. It 

focuses the sunlight on a glass-encapsulated tube 

running along the focal line of the collector. The tube 

carries heat absorbing liquid, usually oil, which in turn, 

heats water to generate steam [46, 51, 52]. 

2.2. Central Receiver 

In the central receiver system, an array of mirrors 

field focusses the sunlight on the central receiver 

mounted on a tower. To focus the sunlight on the 

central receiver at all times, each heliostat is mounted 

on the dual-axis sun tracker to seek position in the sky 

that is midway between the receiver and the sun. 

Compared to the parabolic trough, this technology 

produces higher concentration, and hence, higher 

temperature working medium, usually a salt. 

Consequently, it yields higher Carnot efficiency, and is 

well suited for utility scale power plants in tens or 

hundreds of megawatt capacity [51-54]. 

2.3. Parabolic Dish 

The parabolic dish tracks the sun to focus sunlight, 

which drives a Stirling heat engine-generator unit. This 

technology has applications in relatively small capacity 

 

Figure 1: Alternative thermal energy collection technologies [45]. 
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(tens of kW) due to the size of available engines and 

wind loads on the dish collectors. Because of their 

small size, it is more modular than other solar thermal 

power systems, and can be assembled in a few 

hundred kW to few MW capacities [18, 52, 55]. 

2.4. Fresnel Reflectors 

Solar thermal power plants with Fresnel reflectors 

are composed of flat or slightly curved Fresnel 

reflectors, receivers of the concentrated sun irradiation, 

cylindrical-parabolic reflector, steam turbine and 

generator of the electrical energy. During the day 

Fresnel reflectors are automatically directed toward the 

Sun and they reflect sun irradiation toward cylindrical-

parabolic reflector in whose focus there is a receiver in 

the shape of long tubes with running water. Under the 

influence of the reflected sun irradiation water in 

receiving tubes evaporates and under pressure runs 

into the steam turbine that starts generator of the 

electrical energy [56, 57].  

In addition to these four CSP technologies, a recent 

technology called concentrated solar thermo-electrics 

is described elsewhere. As well as with photovoltaic 

systems, direct conversion of solar energy into 

electricity can also be achieved with concentrated solar 

thermo-electric technology. 

2.5. Comparison of CSP Technologies 

A comparative study of the various CSP techno- 

logies discussed has been presented in Table 1. The 

different parameters on which we have based to 

compare the various CSP technologies are as flows:  

- Capital cost: the cost related to the develop- 

ment of the solar tower and parabolic dish is 

higher than the cost of parabolic trough and 

Fresnel reflectors. For example, the capital of 

solar tower and parabolic dish is estimated by 

more than 4000 Dollars / kW and less than this 

value for the other CSP technologies (parabolic 

trough and Fresnel reflector).  

- Land occupancy: The land used by parabolic 

trough is very large then that used by Fresnel 

reflectors and solar towers. A small area is used 

for parabolic dish. A numerical values, given by 

[46], indicated that the land surface required by 

solar tower and parabolic dish is between 8 and 

12 m2 for MWh/year and between 4 and 6 and 6 

and 8 m2 for MWh/year for Fresnel reflector and 

parabolic trough, respectively. 

- Capacity: the power generation capacities range 

for solar tower, parabolic trough and Fresnel 

reflectors is from 10 to 200 MW and lower 

capacities are generated by parabolic dish (from 

0.01 to 0.4 MW). 

- Efficiency: solar tower and parabolic dish 

present high efficiency; it is about 20-35% and 

25-30% for solar tower and parabolic dish 

respectively. In the other hand, low efficiencies 

are noted for Fresnel reflector (8-10%) and 

parabolic trough (15%).  

- Operations and maintenance cost: OM cost 

for parabolic dish is very high; it is estimated 

about 0.21 Dollars / kWhe. In the other hand, 

Fresnel reflector technology represents the 

lowest OM cost. However, it reaches 0.02 

Dollars / kWhe for parabolic trough and 0.034 

Dollars / kWhe for solar tower technologies.  

- Operating temperature range: the solar tower 

concentrator and parabolic dish concentrator 

work with high temperatures. The operating 

temperature in the solar tower is between 300 oC 

and 1000 oC and from 120 oC to 1500 oC for 

parabolic dish. Lower temperature used by the 

other CSP categories (parabolic trough and 

Fresnel reflectors); the operating temperature 

ranges for parabolic dish and Fresnel reflectors 

are respectively 20-400 oC and 50-300 oC [58].  

The Table 1 below summarizes the main advent- 

ages and disadvantages of the different CSP techno- 

logies.  

3. SOLAR TOWER POWER PLANT 

As shown in Figure 2, solar tower power plants use 

hundreds to thousands of large, sun-tracking flat 

heliostats (mirrors) to concentrate sunlight onto a 

receiver placed on top of a tall tower. The tower height 

would be proportional to the energy production of the 

plant [61]. Computer controlled heliostats track the sun 

and reflect the sunlight to the receiver. The complete 

group of heliostats is called the collector field. 

Depending on the configuration of the receiver, there 

are two main collector field lay outs. The collector field 

may surround the tower or it may be located only on 

one side of the tower. For a one-side lay out, the field 

lies north of the tower for a site located in the northern 

earth hemisphere; it lies south of the tower for a site 

located in the southern earth hemisphere. A power 

tower system needs preferably relatively flat terrain, 

with a slope of one to two percent at most [62]. 
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Three main central receiver designs, regarding the 

heat transfer fluid, have been studied until now: Solid 

particle receivers, gas receivers and liquid receivers. 

This last category (liquid receivers) is most used.  

In the liquid receiver, the collected solar radiation is 

converted to heat in a receiver fluid such as water/ 

steam, liquid sodium, or molten nitrate salt flowing 

through small receiver tubes. If water/steam is the 

receiver fluid, the steam may be sent directly to the 

turbine generator. If one of the other receiver fluids is 

used, the energy in the fluid must be transferred to 

water/steam by means of heat exchangers before 

being used to generate electricity in the turbine 

generator.  

Molten salt is the most used fluid not only as heat 

transfer fluid but also as storage fluid. Power tower 

systems would use molten salt primarily because of its 

superior heat-transfer and energy-storage capabilities. 

Molten salt is typically a mixture of sodium nitrate, 

potassium nitrate, calcium nitrate and/or lithium nitrate. 

Thermophysical properties of the most widely used 

molten salt mixtures are shown in Table 2. The molten 

Table 1: Comparison of CSP Technologies (Advantages and Disadvantages) 

System Advantages Disadvantages 

Central receiver  - Thermal storage capability enables high capacity 
factors 

- Relatively high efficiency 

- Usable as intermediate or near baseload  

- Utility familiarity with Ranking cycle power generation 

- Very large system required for good economy  

( 30-50 MWe) needed large capital investment 

- Low density collection field – large land area  

- Higher OM than photovoltaics 

Dish - Highest efficiency [59, 60] 

- Possible small modules (25 kW e)  

- Low capital investment  

- Possible Remote unattended sitting  

- Currently uneconomical storage capability (batteries)  

- Limited to peaking applications (utility)  

- Higher OM than photovoltaics 

Parabolic trough - Small modular system  

- Lowest concentrator system cost /collector area  

- Higher density collector field  

- Single axis tracking and lower operating temperature 
give lower efficiency than dish or central receiver  

- High thermal losses from interconnecting piping  

- Higher OM than photovoltaics  

Fresnel reflector - Lower specific costs as well as a simple structure and 
maintenance. 

- Single axis tracking and lower operating temperature 
give lower efficiency than dish or central receiver 

- Lower concentrations than parabolic trough collectors. 

 

 

Figure 2: Schematic of hypothetical molten-salt central receiver system with thermal storage. 
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salt can be stored at different temperatures in a storage 

tank for use on cloudy days or after the sun has set. 

Also, a power tower, using molten salt rather than 

another type of HTF, can operate at a much higher 

temperature range which can improve the efficiency of 

the steam turbine generator (e.g., from 37.6% to 40%). 

The marginal cost of collecting and storing this energy 

is less than the cost of increasing turbine size to match 

the peak thermal output. Determination of the optimum 

storage size to fulfill the energy dispatch requirements 

of a particular application is a part of the central 

receiver design process [63]. 

3.1. Collector Subsystem 

The collector subsystem for a solar central receiver 

has as its basic function the interception, redirection, 

and concentration of direct solar radiation to the 

receiver subsystem. The collector subsystem consists 

of a field of tracking mirrors, called heliostats, and a 

tracking control system to maintain continuous focus of 

the direct solar radiation on the receiver while energy is 

being collected. When energy is not being collected, 

the controls must prevent the reflected energy from 

damaging the receiver, tower, or other structures, or 

from creating an unsafe condition in the airspace 

around the plant [63].  

3.1.1. Collector Field Configuration 

Two field configurations have been developed [45, 

63]: north and surround. In a surround field confi- 

guration, heliostats are arranged around a centrally 

located tower. The tower is usually located to the south 

of center to optimize field efficiency. In a north field 

configuration (or for plants located in the southern 

hemisphere, a south field configuration), all heliostats 

are arranged on the north side of the tower. Repre- 

sentative collector fields which have been developed 

as a result of such trade studies are shown in Figure 3 

for surround and north-side fields, respectively. Selec- 

tion between a north or surround field configuration is a 

function of the receiver configuration. 

3.1.2. Collector field Performance 

The performance of the heliostat field is defined in 

terms of the optical efficiency, which is equal to the 

ratio of the net power intercepted by the receiver to the 

product of the direct insolation times the total mirror 

area. The optical efficiency includes the cosine effect, 

shadowing, blocking, mirror reflectivity, atmospheric 

transmission, and receiver spillage. The different 

optical loss factors are well explained by [26]. The net 

efficiency for producing electricity includes receiver 

efficiency and thermal-to-electric conversion efficiency. 

Table 2: Summary of Thermophysical Properties of the Most Popular Molten Salts [64, 65] 

Molten Salt  Composition (%) Melting Point (°C) Thermal Stability (°C) Heat Capacity (J/g K) Density (kg/L) 

NaNO3 - KNO3 60 %, 40%  221.4 588.51  1.498  1.7  

NaNO2 - NaNO3 - KNO3 40%, 7%, 53% 142.24 630.97 1.439 1.87 

Ca (NO3)2 - NaNO3 - KNO3 48%, 7%, 45% 130.61 554.39 1.272  1.89 

Li NO3 - NaNO3 - KNO3 20%, 28%, 52% 130.15 600.05 1.091 1.86 

 

 

Figure 3: North and surround heliostat field configurations [63]. 
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3.1.3. Heliostat Layout 

The local heliostat density at any point within the 

collector field is determined through a trade-off of cost 

and performance parameters influencing that portion of 

the field. This trade-off considers the cost of heliostats, 

land, and interconnecting wiring. Clearly as heliostats 

are packed closer together, blocking and shadowing 

penalties increase, but related costs for land and wiring 

decrease [66]. 

As a design option within the collector field, 

alternate heliostat arrangements are possible. The two 

arrangements receiving the most study to date are the 

“cornfield” and the radial stagger arrangements. In the 

cornfield arrangement, heliostats are laid out along 

straight lines with uniform rectangular spacing being 

maintained throughout the section. 

3.1.4. Wiring 

Collector field wiring represents a significant factor 

in the analysis of heliostat spacing. The two wiring 

networks involved are the alternating current power 

system and the control system wiring. In each case, 

direct buried cable is essential for any type of cost-

effective design. 

3.1.5. Shape 

The general outline (shape) of these fields 

represents a contour of constant cost per unit energy 

collected. In general, this reflects a tradeoff between 

poorer performance of close-in heliostats on the south, 

east, and west sides and higher performance north 

side heliostats. The north side heliostats, however, 

suffer from atmospheric losses because of the long 

path lengths for the reflected beams which reduce 

interception by the receiver [66]. 

The annual performance on the heliostat’s position 

relative to the tower depends on the optimal north and 

surround field designs shown in Figure 3. The 

observed shapes result from two effects. First, at a 

given radial distance, performance increases as the 

heliostat moves from south to north of the tower 

because the cosine effect is much better in the north 

part of the field. Second, the performance decreases in 

any direction as the radial distance of the heliostat 

increases. This decrease is caused by an increase in 

atmospheric attenuation and spillage losses.  

The density of heliostats, chosen to minimize block- 

ing, is greatest at the inner boundary and decreases 

with increasing radial distance from the tower. The 

average ratio of mirror area to land area is typically 

0.20 to 0.25. The shape of the heliostat field remains 

relatively constant over a wide range of power levels 

[67]. 

3.1.6. Heliostat Description 

The heliostat is the main element of the collector 

subsystem. A dictionary definition of a heliostat is “a 

mirror mounted on an axis moved by clockwork, by 

which a sunbeam is steadily reflected to one spot”. The 

heliostat itself is the least dependent central receiver 

system component on overall system considerations; 

that is, unique heliostat designs are not required for 

each type of receiver heat transport fluid, receiver 

configuration, or end use application of thermal energy. 

This independence permits design emphasis to be 

placed on mass production as a means of reducing the 

unit cost of the heliostat, recognizing that the collector 

system represents a major portion of the overall system 

cost. There are three main types of heliostats charac-

terized by the type of mirror module and/or structural 

arrangement. Glass/metal heliostats have silvered glass 

as the reflecting surface and a relatively stiff structure 

to support the mirrors and withstand wind loads. Mem- 

brane heliostats have a stressed membrane supporting 

a reflecting film. In a third option, the entire heliostat, 

either glass or membrane, may be enclosed in a pre- 

ssurized bubble. Heliostats enclosed by a bubble are 

subjected to virtually no wind loads, and thus can have 

a lighter (and potentially lower cost) support structure. 

However, if the heliostat is enclosed in a bubble, the 

energy must pass through the bubble material twice, 

and in so doing can be absorbed and scattered by the 

bubble material or by dirt on the bubble material. 

Stressed membrane heliostats offer the potential of 

lower cost through reduced material cost [67].  

3.2. Receiver Subsystem  

3.2.1. Olid Particle Receivers  

Initially, the solid particle receivers (SPRs) have 

been studied in the early 1980s in order to create a 

direct absorption central receiver which is able to 

interface with high temperature (> 900 oC) electric 

power and chemical production cycles [68-70]. SPRs 

have been used as a means to increase receiver outlet 

temperatures to over 1000 oC with inherent storage 

capabilities of the solid particles. Sand-like ceramic 

particles fall through a cavity receiver and are directly 

irradiated by concentrated sunlight. Once heated, the 

particles may be stored in an insulated tank and/or 

used to heat a secondary working fluid (e.g., steam, 

CO2, air) for the power cycle. Because the solar energy 

is directly absorbed in the sand-like working fluid, the 
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flux limitations associated with tubular central receivers 

(high stresses resulting from the containment of high 

temperature, high pressure fluids) are avoided [71, 72]. 

As presented by Ho et al. [73], there are three main 

types of SPRs: B & W fluidized bed HX, Solex-shell-

and-tube moving packed bed HX and VPE/solex-shell-

and-plate moving packed bed HX. The directly 

irradiated SPR is a very useful design due to its ability 

to safely absorb high solar irradiance fluxes. The heat 

transfer fluid in the directly irradiated SPR should 

consist of solid particles that do not agglomerate or 

fracture, have a high solar weighted absorptivity and 

good chemical stability at high temperature. To this 

end, different numerical and experimental studies have 

been provided in this context [74-76]. Mathematical 

formula representing the efficiency of solid particle 

receivers, developed in the previous cited references, 

is given as follows:  

 𝜂 =
𝑄𝑝𝑎𝑟𝑡

𝑄𝑖
=

∑ �̇�𝑖
𝑁
𝑖=1  𝑐𝑝 (𝑇𝑖,𝑓−𝑇𝑖,𝑜)

𝑄𝑖
     (A1) 

where �̇�𝑖 is the mass flow rate of particle stream, 𝑐𝑝 is 

the particle specific heat, 𝑇𝑖,𝑓 and 𝑇𝑖,𝑜 are the final and 

initial particle temperatures, 𝑄𝑝𝑎𝑟𝑡 is the power 

absorbed by the particles, and 𝑄𝑖 is the total power 

entering the receiver.  

3.2.2. Gas Receivers  

Volumetric Air Receivers 

Volumetric air receivers have been under develop- 

ment since the 1980s [77]. In the volumetric air re- 

ceiver, the concentrated solar radiation heats the 

material in the volume. At the same time, the working 

fluid passes through the volume and is heated up by 

forced convection, transforming the solar radiation into 

thermal energy. 

The highly porous structure of volumetric receivers 

may be metal or ceramic. Since ceramics are the most 

appropriate materials for achieving the highest air 

temperatures, this is the most suitable option when 

temperatures above 800 oC are necessary [78].  

The two basic applications of volumetric air rece- 

ivers are open-loop atmospheric receiver system for a 

Rankine cycle and closed-loop pressurized (windowed) 

receiver system for a Brayton Cycle [79, 80]. 

Small Particle Air Receivers  

In small particle air receiver designs, submicron 

carbon particles are suspended in air and heated by 

concentrated sunlight in a pressurized cavity air-

receiver. The energy is transferred to the pressurized 

air in the receiver for high-temperature Brayton cycles 

[81]. This heat-exchanger concept using solid–gas 

suspensions was first conceived in the1970s. Potential 

advantages include the following: solar radiation is 

absorbed throughout the gas volume due to the large 

cumulative surface area of the particles; higher incident 

fluxes with no solid absorber that can be damaged; 

particles are oxidized leaving a particle free outlet 

stream. Theoretical studies have shown that the 

receiver efficiency can reach up to 90 % depending on 

parameters such as particle size, particle concentra- 

tion, optical properties of the particles and window, 

mass flow rate, and temperature [81-83]. Experiments 

conducted with a 25 kWth small-particle receiver 

showed that air could be heated to 700 oC.  

Tubular Gas Receivers  

High-temperature solar thermal receivers have been 

proposed for air-Brayton cycles since the1970s, and 

prototypes have been developed and tested in recent 

years [84]. Early receiver designs were for parabolic 

dish receiver sand employed liquid-metal heat pipes to 

improve exchange heat from the solar irradiance to the 

gas. The internal heat-transfer coefficient in a liquid-

metal heat pipe is on the order of 30,000 W/m2 K 

compared to 300 W/m2 K for heat transfer to gases. 

Therefore, higher solar fluxes can be tolerated with 

heat pipes yielding more compact receivers, lower 

metal temperatures, and lower pressure drops. Dis- 

advantages include potentially higher receiver costs. 

Design specifications included an air-outlet tempera- 

ture of 815 oC with an air-inlet temperature of 565 oC, 

air mass flow rate of 0.24 kg/s, pressure drop of 2%, 

and thermal efficiencies up to 85% [84-86]. 

3.2.3. Liquid Receivers 

Falling-Film Receivers  

Falling-film receivers are characterized by gravity-

driven fluid motion in the receiver. The fluid typically 

flows down an inclined wall and can either be directly 

irradiated or indirectly heated through the wall. This 

approach reduces the pumping requirement in the 

receiver.  

Direct-exposure falling-film receiver designs: 

direct exposure falling-film receivers exploit absorption 

of the thermal energy directly by the receiver working 

fluid and reduce thermal resistance. Commonly, this 

approach has been referred to as a direct absorption 

receiver where the fluid is illuminated as it falls down 

an internal (cavity) or external wall. Blackened molten 
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nitrate salts (using suspended submicron particles) 

have been considered for these fluids so as to improve 

absorption in the liquid film. An optimum fluid layer 

opacity appears to exist for collection to maximize 

efficiency; optically thin layers of fluid do not 

adequately absorb direct illumination while opacities 

greater than the critical fluid layer thickness absorb 

near the surface resulting in greater emission. Addition 

of oxide dopants has been considered in molten salts 

to increase volumetric absorption in the transport fluid 

with reports of optical absorption properties with and 

without dopants reported in the literature [77, 87]. 

Indirect-exposure falling-film receiver designs: 

to avoid the weaknesses of direct-absorption techn- 

iques and the exposure of the receiver working fluid to 

the environment, indirect-exposure internal film 

receiver designs have been proposed wherein the 

liquid film is on an internal surface of an inclined cavity 

wall [88, 89]. In this approach, the front side of the wall 

is heated by concentrated flux. However, the backside 

of this wall is in contact with the molten salt film. 

Therefore, the mechanism of heat transfer will be 

created when the fluid (salt film) flows and brings with it 

heat from the irradiated surface (front side). Numerous 

potential advantages of the internal film receiver as 

compared to salt-in-tube and direct absorption 

receivers have been outlined [77, 90]. 

Tubular Liquid Receivers  

Tubular liquid central receiver systems have been 

studied since the 1970s and were first implemented in 

the1980s and 1990s in demonstration plants with Solar 

One and Solar Two [9, 91]. Conventional tubular 

receivers consist of an array of thin-walled tubes 

(stainless steel or alloyed) that are typically arranged to 

shuttle the working fluid (e.g., water/steam or molten 

salt) in multiple passes through incident concentrated 

sunlight [92]. The fluid is then transported to storage or 

to the power block. Two general receiver configurations 

occur: external and cavity. Prototypical designs for 

external and cavity receivers are illustrated in Figure 4. 

Cavity tubular liquid receiver: in a cavity receiver, 

the radiation reflected from the heliostats passes 

through an aperture into a box-like structure before 

impinging on the heat transfer surfaces; this box and 

aperture define the cavity. A receiver may be 

composed of more than one cavity, each facing a 

different sector of the heliostat field. However, recent 

studies of the cavity receiver concept indicate that the 

preferred configuration is a single cavity facing a north, 

in the northern hemisphere, heliostat field [93]. 

Tubular receiver designs are commonly comprised 

of several panels, which are in turn comprised of an 

array of tubes. Tubes in the same panel have fluid 

flows in the same direction and have approximately the 

same flux distribution. The use of numerous tubes 

effectively acts as a mechanism to enhance heat 

transfer, much like fins are used to increase surface 

area [77]. 

Other internal areas of the cavity, such as the roof 

and floor, do not normally serve as active heat 

absorbing surfaces. These areas must be effectively 

closed and insulated to minimize heat loss and to 

protect structure, headers, and interconnecting piping 

from incident flux. Although they are not exposed to 

high levels of direct flux, the inactive internal areas are 

exposed to radiation from the hot absorber panels. The 

inactive surfaces are typically uncooled and can reach 

temperatures exceeding those of the active panels. 

The active panel area and inactive internal surface 

area are each typically two to three times the area of 

the aperture. The aperture size and geometry are 

chosen to minimize the sum of thermal losses and 

spillage losses. A vertical aperture of square or 

rectangular shape is typical [93]. 

Temperatures of the heat transfer fluid exiting the 

receiver have been less than approximately 600 oC to 

date. At elevated temperatures of 650 – 750 oC, re-

radiation effects must be considered in order to select 

an open or an enclosed receiver design. Liquid sodium 

and fluoride-salt heat-transfer fluids have also been 

proposed as an alternative to molten nitrate salt to 

achieve higher temperatures and efficiencies [77, 94].  

 

Figure 4: Schematics of tubular (left) external and (right) 
cavity receivers. 

External tubular liquid receiver: external receivers 

have heat absorbing surfaces that are either flat, often 
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called a billboard, or convex toward the heliostat field 

[95]. For a large plant, an external receiver is typically a 

multipanel polyhedron that approximates a cylinder, 

with a surround heliostat field. The height to diameter 

ratio of a cylindrical receiver is generally in the range of 

1 to 2. Smaller plants with external receivers typically 

use a north field configuration with a billboard or a 

partial cylinder receiver (omitting most of the south-

facing panels) [63]. 

Estimated efficiencies for an external, tubular 

receiver employing a variety of working fluids (including 

high temperature HTFs such as LiCl/KCl and Na) 

indicate values in the 84–89% range appear achievable 

[16], with design point operation reaching above 90 % 

[16]. A final evaluation result of Solar Two’s receiver 

indicates similar values and has become a standard for 

comparison. Additional fluids must also be considered 

(such as the fluorides) in order to achieve reasonable 

working fluid melting points and higher thermal 

conductivities that will improve efficiency. The fluid type 

is a limiting factor in the receiver operating temperature 

that, in turn, drives receiver efficiency [77, 96]. 

Major Components of Tubular Receiver 

Absorber panels: absorber panels are fabricated in 

individual modules or subassemblies to facilitate 

handling during fabrication, shipment, and erection. It is 

desirable to have the modules designed to be 

completely interchangeable. Panel configuration for the 

molten salt receiver, illustrated in Figure 5, is basically 

very similar to that of a conventional utility boiler panel. 

Each module consists of the panel tubes, inlet and 

outlet headers, buckstays, support struts, strongbacks, 

and insulation and sheathing (added during erection). 

 

Figure 5: Typical receiver panel design [63]. 

Receiver structure: The main support structure for 

the receiver is required to carry the weight of the 

absorber panels, interconnecting piping and tanks, 

receiver heat transport fluid, and auxiliary items such 

as cranes or a cavity door. The structure must also 

withstand ice and wind loads and seismic effects. 

Seismic criteria provide the greatest uncertainty in the 

design and costing of the receiver structure. Standard 

structural steel columns, beams, and trusses are used. 

Heat transport media: Four fluids have received 

most of the consideration for use as heat transport 

media. These fluids include water/steam, oil, molten 

salt, and liquid sodium. Salt, sodium, and water are the 

principal receiver fluid candidates. Oil has a lower 

operating temperature range and is generally 

envisioned only as a potential storage fluid in central 

receiver systems. Concerning the physical properties of 

these transport fluids we note that sodium has very 

high thermal conductivity while salt has a larger energy 

density. The viscosity of sodium is lower than salts.  

Moreover, water/steam has a much lower freezing 

point than molten salt and liquid sodium and lacks 

some of the hazards associated with molten salt and 

liquid sodium. Water/steam is not a desirable storage 

medium; this configuration requires the exchange of 

thermal energy with a storage medium such as oil/rock. 

However, the use of oil as a heat transport fluid is 

limited to about 315 °C. The peak temperature 

limitation makes the oil unsuitable as a receiver 

medium for central receiver applications. 

Molten salt is a relatively inexpensive and nontoxic 

heat transport and exchange fluid. Molten salt has 

been shown to be reliable and safe as a heat transport 

medium when proper design considerations and 

adequate precautions are taken. Molten salt is a 

desirable medium as a receiver and storage fluid 

because it is stable up to temperatures of about 595°C 

and remains liquid down to temperatures near 245 °C. 

Sodium has excellent heat transfer properties 

allowing high-flux small receivers. It is, however, a 

more expensive, less dense medium and has a lower 

specific heat than molten salt. In general, the operation 

of liquid sodium systems is similar to molten salt 

systems. One major difference is the reactivity of 

sodium when in contact with air or water. 

Instrumentation and controls: The receiver 

control system has two primary functions: to maintain 

the receiver heat transport fluid outlet conditions at set 
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point values during normal operations, and to operate 

and protect the receiver during transient and 

emergency conditions such as start-up, shutdown, 

cloud passages, and equipment/component failure. 

Because of input power and flux distribution changes 

caused by diurnal and meteorological conditions, the 

control system must vary the receiver heat transport 

fluid flow rate to maintain outlet temperature and 

pressure at the desired set point. Sensors used in the 

receiver control system may include thermocouples, 

pressure transducers, flux transducers, flow meters, 

and fluid level indicators. Control systems typically 

operate on feedback output from sensors that measure 

receiver outlet conditions. However, the use of feed-

forward data (particularly flux levels) may be helpful. 

Receiver control is closely tied to heliostat field 

control during start-up and shutdown. Once the full 

heliostat field is focused on the receiver, control of 

receiver outlet conditions to accommodate varying 

levels of insolation is achieved primarily by adjustments 

to the receiver feed pump flow rate, and secondarily by 

adjustments to valves controlling parallel flow paths in 

the receiver. In a once-through receiver each panel 

requires a flow control valve, while for a multipass 

receiver each control zone requires its own control 

valve [16]. 

Absorber surface design: The active receiver 

absorber surface area is an important factor affecting 

receiver cost and receiver performance. With the 

exception of spillage losses, all other cost and 

performance criteria favor minimizing the active area. 

However, structural integrity requirements limit the 

maximum flux that a receiver absorber surface can 

withstand for a given lifetime [97, 98].  

4. MODELING OF SOLAR TOWER POWER PLANTS  

In general, three different methods are used by the 

researchers for the modeling of STPP performances 

and reliability: the analytical method, the numerical 

method and the artificial intelligence method (AI). To 

date, many groups of scholars have done much 

important work concerning the modeling and simulation 

of STPP using these different methods. The first group 

mainly focuses on the thermal losses analysis of the 

solar cavity receiver and many analytical models for the 

estimation of thermal losses were proposed [99-104]. 

Furthermore, many other scholars have also worked on 

the thermal losses calculation which are listed in [31, 

105-108]. The second group of research within the 

modeling of the STPP was mainly focused on the 

modular modeling of the whole system. In these 

studies, the main objective was to calculate the power 

output of the STPP using the energy balance [21-24, 

26-28, 31, 32, 109]. The third group concentrated on 

the use of various numerical methods and models in 

order to assess the reliability of the different com- 

ponents of STPP [39, 43, 66]. All these groups used 

traditional regressive models that can be solved either 

numerically or analytically. Some of the drawbacks are 

that they use a large number of parameters, empirical 

correlations for heat transfer and sometimes there is 

the possibility of no convergence [110]. To address this 

problematic, another research group turned to the use 

of the artificial intelligence (AI) techniques, such as 

artificial neural network method (ANN). This later 

(ANN) offers an alternative way to tackle complex and 

ill-defined problems [111]. ANN method has been used 

by several authors in the field of solar energy; for 

modeling and design of a solar steam generating plant, 

for the estimation of a parabolic-trough collector's 

intercept factor and local concentration ratio and for the 

modeling and performance prediction of solar water-

heating systems [19, 112-114], for prediction of solar 

irradiance [115, 116], for the modeling of the solar 

collectors [19, 117] and for the modeling of STPP 

receiver [118]. 

4.1. Modeling of the Heliostat  

Heliostats are the most important cost element of a 

solar power tower plant [26]. Since they constitute 

about 50% to the capital cost of the plant, it is important 

to reduce the cost of heliostats to as low as possible to 

improve the economic viability of power towers [119]. 

Therefore, reliable, performant and optimized heliostat 

design are the important factors to minimize this cost. 

To address this problematic, several research works 

have been done on heliostat systems. This research 

can be grouped into four main groups. 

The first group mainly focuses on the heliostat field 

layout optimization, such as [21, 22, 119-127]. The 

second group has investigated the wind load effect on 

heliostats [128, 132-135]. The third group of researchers 

has worked on the design and optical performance of 

the heliostat [136, 137]. Zang et al. [136] have 

optimized the heliostat structure in order to reduce the 

manufacturing cost. The last group discusses the 

heliostat reliability analysis [43, 44, 138, 139].  

4.2. Modeling of the Receiver  

Main thermodynamic formula and laws used for the 

energy analysis of the STPP are the conservation 
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equation of mass, the first law of thermodynamics and 

the equations of state [140]. The first law of Thermo- 

dynamics deals with conservation of energy in a 

process. In order to establish the, energy conservation 

equation we consider the schematics in Figure 6. 

The first law of thermodynamics for a control volume 

can be expressed as Eq. (A2): 
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E is the total energy which is the instantaneous total 

energy within the control volume. 

h is the specific enthalpy which is the sum of the 

specific internal energy and the product of pressure P 

versus specific volume, v. The SI unit is kJ/kg. 

KE  is the specific kinetic energy (energy per unit 
mass), is written as: 

2 2KE V , V is the velocity.  

PE  is the specific gravitational potential energy 
which is the multiplication of the acceleration of gravity 
g and the elevation z. 

PE gz
 

The subscripts in and ex stand, respectively, for the 

inlet and the outlet of the system. 

Ẇ is the shaft power which is the mechanical power 

produced or absorbed by the rotating shaft of the 

thermal machine. 

Q  is the thermal power which is the form of energy 

rate transferred to or from the machine due to a 

difference of temperatures between the machine and 

the surroundings, the higher temperature to the lower 

one. 

The effect of the incident heat flux on the receiver 

efficiency is reported in Figure 7. For small STPP 

capacities (under 2 MW) this efficiency is approved by 

the majority of authors [26].  

 

Figure 7: Effect of the incident heat flux on the receiver 

efficiency [26]. 

4.3. Modeling of the Power Cycle Subsystem  

The power cycle subsystem is, generally, represent- 

ed by Ranking, Brayton or combined cycle (Ranking 

and Brayton). The STPP with combined cycle, as 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Control volume for energy balance analysis. 
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shown in Figure 8, is called: hybrid solar-gas tower 

power plant (HSTPP).  

The efficiency of HSTPP is given by [62]:  

 𝜂𝐻𝑆𝑇𝑃𝑃 =
�̇�𝐵+ 𝜂𝑆𝑇𝑃𝑃 ×(�̇�𝐵 − �̇�𝐵)

�̇�𝐵
= 𝜂𝐵 + 𝜂𝑆𝑇𝑃𝑃 − 𝜂𝐵 × 𝜂𝑆𝑇𝑃𝑃 

          (A3) 

where,  

�̇�𝐵 is the power generated by the Brayton cycle, �̇�𝐵 

is the heat lost by the Brayton cycle, 𝜂𝑆𝑇𝑃𝑃 is the STPP 

efficiency and 𝜂𝐵 is the Brayton cycle efficiency.  

In Figure 9, the effect of the STPP efficiency on the 

HSTPP efficiency has been illustrated. In this figure it 

can be seen that the HSTPP efficiency increases with 

the increasing of the STPP efficiency. In literature, this 

result has been validated by several authors [62].  

The various works published on the modeling of 

different components of STPP have summarized in 

Table 3. The modeling method, the obtained results 

and the limitations of the used method are also 

presented in this table.  

5. CONCLUSION  

In this review, brief description and comparison, 

including fundamentals, of the different CSP techno- 

logies are provided. Though most of the installed CSP 

is of parabolic trough technology, the central receiver 

system (solar tower) technology is gaining ground and 

is under consideration worldwide for many projects. 

 

Figure 9: Effect of the STPP efficiency on the HSTPP 

efficiency [62]. 

In addition, a detailed description of the different 

types of solar power plants with central receiver system 

(solar tower power plants) is presented. It is concluded 

that about half of the research studies have been 

focused on solar receiver. On this topic, a high 

percentage of these studies has dealt with cavity and 

external receivers, while a lower percentage with 

volumetric receivers and we have found that there has 

 

Figure 8: Schematic of a hybrid solar-gas tower power plant. 
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Table 3: Summary of the Various Works Published on the Modeling of STPP  

Component References 
Method of 
Modeling 

Results Limitations 

Whole system [27] Analytical  Calculation of STPP output power using energy balance - 

[28] Analytical  Development of dynamic models for use in simulation and 
control of STPP 

- 

[31] Analytical The design of a global steady-state thermal model of a 
100 kWt STPP was developed 

The developed model 
is only applicable for 

the steady state 

[141] Analytical and 
numerical  

The authors have simulated models of performance, reliability, 
and cost taking into consideration the uncertainties in the 

performance model of a typical STPP example.  

The method used in 
this study (Latin 

hypercube sampling) 
is less accurate with 
small probabilities.  

[22] Analytical  In this study, the authors have given a theoretical framework 
for the energy and exergy analysis of the STPP using molten 
salt as the heat transfer fluid. Therefore, both the energy 

losses and exergy losses in each component and in the 
overall system are evaluated to identify the causes and 
locations of the thermodynamic imperfection. 

The authors have not 
taken into account all 
the parameters such 

as the mass flow of 
the HTF in each tube.  

[23] Analytical  1 MW Dahan solar thermal power tower plant is modeled from 
mathematical models for all of the working conditions using 

the modular modeling method. 

Modular modeling 
method needs a lot of 

calculation  

[24, 32] Analytical and 
numerical  

The authors have Simulated and analyzed the performances 
of central cavity receiver of STPP. They have found that the 

wind conditions can obviously affect the thermal losses and 
the value reaches its maximum when the wind blows from the 
side of the receiver. 

 

- 

 

[26] Analytical  The have developed a mathematical model in order to 
simulate the performances of STPP without storage. The 
developed model is accurate to simulate all thermal and 

thermodynamic parameters in STPP.  

The authors have not 
taken into account 
the storage system  

[62] Analytical, 
Numerical and AI  

The author has given a general and a deep study of the 
dependability of STPP using three different methods.  

- 

Receiver [99, 100] Analytical  Thermal losses analysis of the solar cavity receiver The resolution of the 
developed model 
needs an efficient 

numerical method 

[101] Numerical  The authors have presented a numerical method, based on 
finite differences, for the study of combined natural convection 

and radiation in a rectangular, two‐dimensional cavity 

containing a non‐participating (i.e. transparent) fluid. 

The authors have not 
taken into account 

the heat losses 
through all the walls 
of receiver.  

[102] Numerical and 
experimental  

Experimental investigation of natural convection heat loss 
from a model solar concentrator cavity receiver 

- 

[103] Analytical The authors have Investigated the approximate estimation of 
the natural convection heat loss from an actual geometry of 
the modified cavity receiver 

  

- 

[104] Analytical The authors have presented an experimental and numerical 
study of the steady state convective losses occurring from a 
downward facing cylindrical cavity receiver of length 0.5 m, 
internal diameter of 0.3 m and a wind skirt diameter of 0.5 m. 

It is found that the convective loss increases with mean 

receiver temperature and decreases with increase in receiver 
inclination. Nusselt number correlations are proposed for two 
receiver fluid inlet temperature ranges, 50 –75 °C and 100 –

300 °C, 

 

- 

 [39, 118] AI  The authors have analyzed the reliability and performances of 
STPP using artificial neural network method (ANN). This 

method has presented a good accuracy with the analytical 
results.  

 

- 
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(Table 3) contd…. 

Component References 
Method of 

Modeling 
Results Limitations 

Collector [19] AI The published document has given an overview on the 
different AI methods used for the optimization and modeling of 
solar collectors.  

 

- 

[115] AI The authors have estimated thermal performances of solar air 
collectors using artificial neural network method (ANN). The 
calculated values of thermal performances are compared to 

predicted values. Therefore, the comparison demonstrates the 
effectiveness of the proposed ANN. 

 

- 

[120] Numerical  The published paper deals with the optimization of heliostat 

field layout.  

It was found from the plotted results that the minimum radial 

spacing is a function of the distance from the tower measured 
in tower height, the location of the site, the operation time of 
the plant, and to some extent the position angle of the 

heliostats. 

The method should 
be applied for more 
number of units and 
for large heliostat field  

[121] Analytical  Mathematical formulation of a graphical method for a no-
blocking heliostat field layout.  

- 

[122] Numerical  Methodology for generation of heliostat field layout in central 
receiver systems based on yearly normalized energy surfaces.  

- 

[136] Numerical  The authors have developed a multi-objective thermo-

economic optimization for the design of heliostat field of STPP.  

Two objectives (specific energy cost versus investment cost) 

have been taken into account.  

The method is limited 
to two objectives only.  

[21] Numerical A software tool HFLD is developed for heliostat field layout 
design and performance calculation. The simulation results 

from HFLD approximately agree very well with the published 
heliostat field efficiency data from Spain PS10 

 

- 

[124] Numerical Development of an algorithm for optimizing the field layout, 
based on the performance function that includes heliostat 
characteristics, secondary optics, and chemical receiver–

reactor characteristics at representative time steps for 
evaluating the annual fuel production rates. 

 

- 

[125] Numerical The authors developed a code to generate a regular heliostat 
field, called campo.  

The code campo, based on the Matlab type cell data structure, 

is able to generate regular but flexible radial staggered layouts 
of heliostat fields. 

 

- 

[126] Numerical The authors have developed a model and a biomimetic 
pattern for heliostat field layout optimization.  

The model, described and validated herein, includes a 

detailed calculation of the annual average optical efficiency 
accounting for cosine losses, shading and blocking, aberration 
and atmospheric attenuation. 

 

- 

[127] Numerical Continuous heliostat field optimization is studied by the 
authors as an alternative to patterns. They have designed a 
general method (Hector) to support continuous field 

optimization. 

 

- 

Heliostat unit [64] Analytical The part-load behavior of a typical 30-MWe SEGS (solar 
electric generating systems) plant was studied using a 

detailed thermodynamic model. 

The model was also compared to the SOLERGY model, 
showing differences between the assumptions used in both 

models 

the model still lacks 
the capability to fully 

account for actual 
solar field conditions. 

[128] Experimental 
and analytical  

The author has investigated the wind load effect on heliostats. 
A comparison of data obtained from wind tunnel tests with 

analytical results is presented. Testing consisted of obtaining 
loads, moments, dynamic behavior (via servo accelerometers) 
and flow visualization for the entire range of operational and 

survival configurations. 

 

- 



A Review Study on the Modeling and Simulation of Solar Tower Power Plants Journal of Solar Energy Research Updates, 2020, Vol. 7      115 

(Table 3) contd…. 

Component References 
Method of 
Modeling 

Results Limitations 

 [129, 130] Experimental 
and analytical 

The authors have developed a design method to define wind 
loads on flat heliostat. The tests investigated primarily the 

mean forces, moments, and the possibility of measuring 
fluctuating forces in anticipation of reducing those forces. 

The effects of 
porosity in the 

collectors is not 
addressed. 

[119] Experimental 
and analytical 

It can be demonstrated from this study that the design-relevant 
wind load coefficients are not Reynolds number dependent. 
However, the inclination of the mirror plane in stow position, 

due to the deflection of the heliostat’s structure at high 
Reynolds number, leads to increased wind loads. 

 

- 

[132] Numerical  A finite element model is developed to calculate the wind-
induced displacement, the equivalent stress and the structural 
natural vibration frequency of the heliostat. The results show 
that, under fluctuating wind pressure, the maximum 

displacement of the structure occurred at corners of upper 
parts and the level of the maximum equivalent stress in the 
rotation axis is higher than that in other components of the 

heliostat. 

Long computing time 

[133] Numerical  The authors have proposed a numerical simulation method for 
wind loads fluctuations on heliostats and they have analyzed 

the dynamic response of the heliostat.  

For the simulated acceleration, the dominant frequency value 

of 3.16 Hz had the highest probability of occurrence compared 
with 3.18 Hz tested acceleration.  

Methods for wind-
load simulation or 

calculation should be 
explored to further 
improve the 

simulation accuracy. 

[134] Experimental 
and numerical 

An experimental and numerical modal analysis was performed 
on an 8 m2 T-shaped heliostat structure at different elevation 
angles. 

The agreement between experiments and simulations is good 
in all operating points investigated 

 

- 

[135] Numerical  An ANSYS Fluent CFD model of a single heliostat in some 
worst-case positions is produced using numerical simulations 
with the realizable k-ε model. 

It is shown that the coefficients are sensitive to the clearance 
gap. More specifically, there is a compromise between lift and 

drag, and a specific HCL is beneficial to minimize the hinge 
moment. 

Long computing time 

[137] Numerical  Design, optimization and optical performance study of tripod 
heliostat for solar power tower plant 

This type of heliostat 
still not realizable for 
large mirrors  

[138] Experimental 
and analytical  

Demonstration of the role of structural dynamic tests (also 
known as modal tests) to provide a characterization of the 
important dynamics of the heliostat structure as they relate to 
durability and optical accuracy.  

The use of structural dynamic tests to provide data to evaluate 

and improve the accuracy of computer-based design models.  

The selection of sensors and data-processing techniques that 

are appropriate for long-term monitoring of heliostat motions. 

  

- 

[139] Analytical  The author has analyzed the importance of various effects on 
heliostat drive unit life, including wind conditions, angles of 
attack, size, and endurance limits and how these affect 
predicted safety factors required in terms of fatigue damage 

 

- 

[43, 44] Analytical  The authors have developed a structural reliability model for 
heliostat unit in order to assess, under stochastic wind load, 
the reliability level of a given heliostat system design.  

- 

 

 

been a little interest in the particle receivers. To this 

end, the main components of cavity and external 

receivers are described.  

Based on an extensive bibliographical research, it 

can be concluded that there are two main methods to 

model and simulate the performances and reliability of 
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STPP: the analytical method and artificial neural 

network method (ANN). It has been found that the most 

research studies focused on the analytical approach. 

On the other hand, fewer scholars used the ANN 

method for the modeling and simulation of STPP. 

NOMENCLATURE 

𝑐𝑝 :  specific heat, J/kg K.  

KE  : specific kinetic energy, J/kg.  

�̇�𝑖 : the mass flow rate, kg/s.  

�̇�𝐵 : heat lost by the Brayton cycle, Watt.  

𝑄𝑖 : power entering the receiver, Watt.  

𝑄𝑝𝑎𝑟𝑡: power absorbed by the particles, Watt.  

PE  : specific gravitational potential energy, J/kg.  

𝑇𝑖,𝑓: final particle temperature, K.  

𝑇𝑖,𝑜 : initial particle temperature, K.  

V: velocity, m/s.  

Ẇ: shaft power, Watt.  

�̇�𝐵 : power generated by the Brayton cycle, Watt.  

𝜂𝑆𝑇𝑃𝑃 : STPP efficiency and,  

𝜂𝐵 : Brayton cycle efficiency,  

ABBREVIATIONS 

ANN = Artificial neural network 

AI = Artificial intelligence  

CFD = computational fluid dynamics 

CSP = Concentrating solar power technologies  

HSTPP = Hybrid solar-gas tower power plant  

HTF = Heat transfer fluid 

OM = Operations and maintenance  

PV = Photovoltaics  

SPRs = Solid particle receivers  

SRC = Short rotation coppice  

STPP = Solar tower power plant 
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