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Abstract: This paper presents the importance of 

concentrating solar power plant compare to other 

renewable energy sources like solar pv cells, wind power 

generation, ocean thermal energy etc. we discuss the basic 

concept an introduction of concentrating solar power plant  

their working and types of components used for 

concentrating the solar energy. Day by day the use of solar 

energy is increased all over world, so it is necessary to study 

about solar energy. Still to date solar PV cells type solar 

power plant used in solar energy but due to their lower 

efficiency (near about 14%-18%) use of concentrating solar 

plant is come into picture. In my project we discuss about 

its demand and advantages compared to other solar PV 

cells. In this paper design the solar thermal power plant 

with grid integration into the matlab-simulink software.  

 
I. INTRODUCTION 

Concentrating Solar Power (CSP) plants use mirrors to 

concentrate sunlight onto a receiver, which collects and 

transfers the solar energy to a heat transfer fluid that can be 

used to supply heat for end-use applications or to generate 

electricity through conventional steam turbines. Large CSP 

plants can be equipped with a heat storage system to allow 

for heat supply or electricity generation at night duration and 

cloudy conditions also. There are four CSP plant variants, 

namely:-  

1. Parabolic Trough, 

2. Fresnel Reflector, 
3. Solar Tower  

4. Solar Dish, 

Which differ depending on the design, configuration of 

mirrors and receivers, heat transfer fluid used and whether or 

not heat storage is involved? The first three types are used 

mostly for power plants in centralised electricity generation, 

with the parabolic trough system being the most 

commercially mature technology. Solar dishes are more 

suitable for distributed generation. 

 

II. IMPORTANT FACTORS CONSIDERED 
(1) Sunlight consists of direct and indirect (diff used) 

components. The direct component (i.e. DNI or Direct 

Normal Irradiance) represents up to 90% of the total sunlight 

during sunny days but is negligible on cloudy days. Direct 

sunlight can be concentrated using mirrors or other optical 

devices (e.g. lenses). CSP plants can provide cost-effective 

energy in regions with DNIs>2000 kWh/m2-yr, typically arid 

and semi-arid regions at latitudes between 15° and 40° North 

or South of the Equator. Note that equatorial regions are 

usually too cloudy. High DNIs can also be available at high  

 

altitudes where scattering is low. In the best regions 

(DNIs>2800 kWh/m2-yr), the CSP generation potential is 

100-130 GW h/km2-yr. This is roughly the same electricity 

generated annually by a 20 MW coal Fired power plant with 

a 75% capacity factor. 
(2) The capacity factor is the number of hours per year that 

the plant can produce electricity while dispatch ability is the 

ability of the plant to provide electricity on the operator’s 

demand. 

(3) The solar multiple is the ratio of the actual size of the 

solar field to the solar field size needed to feed the turbine at 

nominal design capacity with maximum solar irradiance 

(about 1 kW/m2). Calculation with thermal losses, plants 

with no storage have a solar multiple between 1.1-1.5 (up to 

2.0 for LFR) while plants with thermal storage may have 

solar multiples of 3-5. 
 

III. CONCENTRATING SOLAR POWER (CSP) PLANT 

In concentrating solar power (CSP) technology sun’s Direct 

Normal Irradiation (DNI) is concentrated to produce heat of 

temperature 400ºC to 1,000ºC [1]. This heat is used to 

produce electricity by conventional steam cycle, or combined 

cycle, or Stirling engine. Based on the process of collecting 

and concentrating solar radiation, the CSP can be categorized 

into four major technologies:- 

 Parabolic Trough, 

 Solar Tower or Central Receiver, 

 Parabolic Dish and  

 Linear Fresnel Reflector (LFR). 

i) Parabolic Trough:- This technology uses parabolic trough 

shaped mirrors to concentrate the incident DNI onto a 

receiver tube which is placed at the focal line of the trough. 

The basic elements of parabolic trough power station are:- 

a) Solar collector field, 

b) Conventional electricity generating unit (steam Rankine 

cycle or combined Cycle) and  

c) Thermal storage (optional) [1]. 

 
Figure-1: CSP Parabolic Trough Solar Collectors [23] 
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PT is the most mature CSP technology, accounting for more 

than 90% of the currently installed CSP capacity. As 

illustrated in Figure 3.1, it is based on parabolic mirrors that 

concentrate the sun’s rays on heat receivers (i.e. steel tubes) 
placed on the focal line. Receivers have a special coating to 

maximise energy absorption and minimise infrared re-

irradiation and work in an evacuated glass envelope to avoid 

convection heat losses. The solar heat is removed by a heat 

transfer fluid (e.g. synthetic oil, molten salt) flowing in the 

receiver tube and transferred to a steam generator to produce 

the super-heated steam that runs the turbine. Mirrors and 

receivers (i.e. the solar collectors) track the sun’s path along 

a single axis (usually East to West). An array of mirrors can 

be up to 100 metres long with a curved aperture of 5-6 

metres. Most PT plants currently in operation have capacities 

between 14-80 MW e, efficiencies of around 14-16% (i.e. the 
ratio of solar irradiance power to net electric output) and 

maximum operating temperatures of 390’C, which is limited 

by the degradation of synthetic oil used for heat transfer. The 

use of molten salt at 550’C for either heat transfer or storage 

purposes is under demonstration. High temperature molten 

salt may increase both plant efficiency (e.g. 15%-17%) and 

thermal storage capacity [23]. 

 

IV. ENERGY STORAGE CONCEPT:- 

The possibility of incorporating thermal storage systems into 

CSP plants allows increasing the energy efficiency of the 
system, correcting the deviations between energetic 

production and consumption, improving energy release of 

these types of plants and making the electric network 

integration easier. Deciding and defining the design and type 

of the thermal energy storage system is a hard task that has to 

consider many facts where the most important is the thermal 

capacity of the material used, which should be compatible 

with a cost-effective system design. Several additional 

factors and requirements need to be considered, and from the 

technical point of view, the most important are: high density 

in the storage material (storage capacity); good heat transfer 
between the HTF and the storage medium (efficiency); 

mechanical and chemical stability of the storage material 

(must support several charging/discharging cycles); 

compatibility between HTF, heat exchanger and/or storage 

medium (safety); complete reversibility and stability in a 

number of charging/discharging cycles (lifetime); low 

thermal losses; and easy of control. And, from the point of 

view of technology, the most important requirements are: 

operation strategy; adequate maximum load; appropriate 

nominal temperature and specific enthalpy drops in load; and 

integration into the power plant [24]. In what concerns the 

nature of the thermal storage process, there are active 
systems and passive systems. An active system is based on 

thermal transfer through forced convection in the storage 

material, while a passive system is based in solid materials 

through which the heat transfer fluid circulates in charging 

and discharging thermal cycles. Active systems are 

subdivided into direct and indirect systems. In direct systems, 

the heat transfer fluid is used also as storage media and on 

indirect systems a second storage medium is used for storing 

the heat. A classification of the storage concept is illustrated 

in Figure-4.1 
 

Storage 

Concept
 

 

Active Storage

 

 

Passive 

Storage
 

 

Direct System

 

 

Indirect 

System

  
Figure-2 Classification of thermal storage concept systems in 

CSP plants [24] 

 

V. MODELLING AND SIMULATION OF PV & CSP 

5.1 Modelling and Results of Solar-PV System:- 

 
Fig 3: Simulink model of a PV device 

 

Table 5.1: Parameters of the PV module at 250C, 1000 W/m2 

[6] 

Imp 2.88 A 

Vmp 17 V 

Pmp 49 W 

Isc 3.11 A 

Voc 21.8 V 

Rs 0.55 Ω 

Kv -72.5×10-3 V/K 

Ki 1.3×10-3 A/K 

Ns 36 

 

RESULTS 

After the simulation, we obtained the following results, 

Simulation Results of solar panel 
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Fig 4-I-V Characteristic 

 
Fig 5-P-V Characteristic 

 
Fig 6-Diiferent Radiation I-V Characteristic 

 

 
Fig 7-Diiferent Radiation P-V Characteristic 

 
Fig 8-Diiferent Temperature I-V Characteristic 

 
Fig 9-Diiferent Temperature P-V Characteristic 

 

5.2 Modelling and Results of CSP Plant:- 

For building this model Matlab tool called Simulink is used, 

being the general view of this model presented in Figure 5.9. 

 
Fig 10- Simulink model of the CSP plant with storage system 

Initially two equal mass flows are defined and they are 
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assumed to be constant values, namely m1 and m2. The mass 

flow m1 is the molten salts flow rate that goes out of the hot 

tank and passes through the steam generator for providing the 

steam in order to produce electrical power in the turbine and 
then continues flowing to the cold tank from the steam 

generator. The mass flow m2 is the molten salts flow rate that 

goes out of the cold tank into the tower receiver for warming 

up and then continues towards the hot tank. In order to design 

the heat transfer fluid mass flow, equation (1) is developed as 

a function of ̇ , considering the maximum energy at the tower 

receiver for obtaining this values, which means that mass is 

flowing at its maximum flow rate (variable mass flows are 

not considered on this model), as shown in equation (2):- 

𝑄𝑡𝑟 = 𝑚𝐶𝑝∆𝑇 ↔ 𝑚 = 𝑄𝑡𝑟 ÷ 𝐶𝑝 ∗
∆𝑇………………………….. (1) 
The dimensions of the storage tanks determine the autonomy 

of the CSP plant (to remark the importance of this fact) and 

the masses that control the cold and the hot tank are defined 

by Mc and Mh, respectively. It is admitted that each tank has 

the same dimensions, with 8 meters of diameter (d) and 4 

meters of height (htank) in a cylindrical shape. Therefore, the 

volume of each tank is calculated following equation (2):- 

𝑉𝑡𝑎𝑛𝑘 = 𝜋 ∗ 𝑟2 ∗ ℎ………………………… (2) 
In Figure 5.10is presented the detailed model of the tower 

receiver subsystem which provides the modelling based in 

this equation and is working with a block called switch that 

works as a condition “if” for defining when the mass flow m2 
is different from zero or is zero, i.e. when this mass flow is 

zero means that the outlet temperature of the tower receiver 

(Ttr,o) is equal to the inlet temperature of the tower receiver 

(Ttr,i). 

 
Fig 11 Receiver subsystem for outlet temperature modelling 

These equations applied to the hot tank modeling are defined 

with another subsystem in Simulink (Figure 5.11) which 

represents the math operations for obtaining Th,o and Th,o+. 

What is made initially is defining a Th,ini when the mass of 
the tank is zero and then the initial temperature is considered 

at the first hour, otherwise is taken the previous value of Th,o 

and then a next iteration will progress continuously in the 

next hour. 

 
Fig 12- Hot tank subsystem designed with Simulink 

 
Fig 13 Electric generation subsystem designed with Simulink 

 
Fig 14-Cold tank subsystem designed with Simulink 
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Parameter after Calculation:- 

Table 5.2 Solar Radiation Data 

Latitude 28.11 N 

Longitude 73.14 E 

Mirror reflectivity 

efficiency 

0.88 

Solar Multiple SM=2 

Stow angle & Deploy 

angle 

10 ˚& 170˚ 

Freeze protection 

temperature of HTF 

260 deg (Hitec 

solar salt ) 

Irradiation at design 900-1000 W/m2 

Collector type Solargenix SGX-1 

No. of modules per 

assembly 

12 

Angle between reflected 

sun rays and  

the vertical direction 

  

λs = 61.64˚  

HTF pump efficiency 0.85 

 

Collector Design Parameter:- 

Table 5.3 Collector Design parameters 

Structure  Recycled aluminium or 

steel struts and geo hubs 

Wind load design basis  ~33 m/s  

Aperture width  5.77m  

Focal length - - 

Length per collector module  12m  

Length per SCA  100-150m  

Geometric Concentration  82  

Reflector Glass mirror 

SCAs/loop  4 

Control system Acciona 

Aperture Area 470 m2/SCA  

Weight/m2  ~ 22 kg/m2  

Peak optical η  ~77 %  

 

Results:- 
The SAM 2.0 model results of CSP plant is shown in fig 

below:- 

 
Fig 15- Hourly energy and Inlet & cycle net electrical power 

 
Fig 16-Hourly Energy 
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Fig 17-Cycle Efficiency and Net Electrical power output 

 
Fig 18-DNI and Hourly Energy 

 
Fig 19- Every month energy 

VI. OPTIMISATION AND ANALYSIS OF PV AND CSP 

6.1 Comparison of PV and CSP:- 

Parameter PV Plant CSP Plant 

Hourly energy Less More 

DNI Less compare to 

CSP 

More compare to 

PV 

Efficiency Less (Approx. 14-

16%) 

More (Approx. 

18-24%) 

Electricity to 

grid 

Less More 

Energy Storage Battery Storage Thermal Storage 

Operation  Simple Little Complex 

compare to PV 

Capacity Less More 

Table 6.1 Comparison between PV and CSP 

 

6.2 Grid Integration of CSP 

When we connect the CSP plant with grid the integration of 
CSP with grid is shown as fig below:- 

 
Fig-6.1-Grid Integration with CSP Plant 

The output values of 3-phase supply like 3-VI measurement, 

current values are shown in output values. The different 

parameters of the grid like DC-AC conversion, L-C filter, 

Switching pulses, 3-phase supply, Maximum power tracking 

and grid lines are also integrated with the CSP Plant. The 

Results and output values of currents are shown in fig 

below:- 
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Fig 6.2- output values of current 

The results are shows that grid integration of CSP plant is 

successful and it is operated in normal conditions. There is no 

any fault or problems are occurred. So CSP plant performs 

much better operation compare to PV plant and it is easy to 

control it. 

 

VII. CONCLUSION 

In this paper a comprehensive methodology for designing 

parabolic trough solar power plants with thermal storage was 
developed. The methodology is based on the individual 

design of different components and subsequent integration of 

the components into the whole system. CSP technology tells 

that the best of those technology is the possibility to 

accumulate heat for the electrical production, allowing its use 

even when the sun in not shinning, during cloudy periods or 

night times when it has a storage system. There are two kinds 

of solar power plant: - PV and CSP. CSP has so many 

advantages over PV type solar power plant. 
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