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Abstract

The integration and optimization of Concentrated Solar Power-Photovoltaic
(CSP-PV) hybrid systems have become a focal point in the field of solar
energy research and development. The fusion of the strengths from both forms
of power generation in the CSP-PV hybrid system offers the potential to
deliver affordable and manageable solar energy solutions. However, the key

parameters of the CSP plant can vary in different situations. Taking these 2024
variations into account is crucial for optimizing the overall performance of
the CSP-PV hybrid system and ensuring its adaptability to different scenarios. Keywords

Therefore, there is a need for a method that can optimize all the main
parameters of the CSP and the hybrid system at the same time. The maximum
acquired energy from the CSP is 7 kWh with meeting the objective of
Levelized Cost of Energy (LCOE). In this paper utilized the Flower

Concentrated Solar Power-
Photovoltaic

AFP-PSO optimization

Pollination Algorithm (FPA). method to globally optimize the CSP-PV
Hybrid System. The experimental results prove the effectiveness of this
method.

Thermal energy storage

Levelized Cost of Energy
(LCOE)
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1 Introduction

Solar energy is an abundant and renewable energy source [1]. The installed capacity of solar energy has been
growing sharply in recent years [2]. In the commercial application of solar energy, two basic categories of
technology are prominently utilized, namely, PV technology and CSP technology. PV technology has experienced
substantial commercialization and cost reduction. However, it is subject to major influence from Global Horizontal
Irradiance (GHI). On the other hand, the thermal storage component of CSP technology allows for greater
operational flexibility depending on the level of Direct Normal Irradiance (DNI). However, because of its small-
scale manufacture, this technology is more expensive [3]. Therefore, the hybridization of a PV system and a CSP
system is regarded as an important solution to the aforementioned dilemma [4]. Some works optimize the
proportional relationship just by considering the installation scale of the two kinds of technologies. However, as a
complex system, the parameters of a single CSP system also need to change based on different application
scenarios. Moreover, previous studies have indicated that the Levelized Cost of Energy (LCOE) for CSP systems
is significantly influenced by crucial system characteristics like as the solar multiple, the duration of storage hours
at maximum capacity, turbine output, and other related aspects. Therefore, a method with the ability to optimize all
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these parameters in different levels of the CSP-PV hybrid system is urgently needed. Tripoli, Libya (32°52 N,
13°11 E) is selected as the area of study, and weather data are from the Libyan Centre for Solar Energy Research
and Studies. The best tilt angle for solar panels is 35° in Tripoli [5]. Simulation of a hybrid PV-CSP system was
ccarried out J.A. Aguilar-Jimenez et al. [ 1] with thermal energy storage applied to isolated microgrids and analyzed
the techno-economic feasibility of this system. The study demonstrates that a hybrid PV-CSP system with thermal
energy storage can be economically viable in isolated microgrids with a high share of renewable sources. The study
found that such a system can achieve high renewable energy integration rates and improve the energy independence
of isolated microgrids [1]. Provided Rongrong Zhai et al [6] with the modeling and simulation of the CSP and PV
systems, optimization of the power generation system, and techno-economic analysis of the proposed hybrid power
plant [2]. The authors compared different optimization methods and showed that the proposed method can achieve
an optimal design with high efficiency and lower cost. The Design of the hybrid power plant integrated a tightly
coordinated management strategy to overcome some of the inherent weaknesses of renewable energy resources.
The authors also suggested that this optimal design method can be used in the preliminary design of other power
stations [6]. In terms of numerical results, the study provides the annual power generation of the PV system (309036
MW) and CSP system (66659 MW). It also details the annual utilization hours of both systems, which are 3201 h
and 2222 h, respectively. However, it does not provide detailed numerical data on the comparative analysis of
different methods. The structure and energy flow of the autonomous microgrid is presented in Fig. 1. The solid
lines (Power line) represent the flow of electrical power, while the dashed (Communication and control line) and
dotted (Communication line) lines represent data and control signals that the EMS uses to control the system.
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Fig. 1 Microgrid Hybrid PV-CSP.

In this paper, we propose a novel method based on the FPA to address this challenge. Each pollen
represents a design scheme for the hybrid system, and as the pollen, we can achieve a group of optimized
parameters for the system. The experimental results, based on the real demand curve, demonstrate the
effectiveness of this method.

2 Details and modelling of a hybrid CSP-PV system
2.1 Solar energy resources

Solar energy resources refer to the energy harnessed from the sun’s rays and converted into usable
power for various applications, such as powering homes, businesses, utilities, and more. As solar energy
resources have garnered significant attention in recent years [7]. In this study, we focus on both the PV
and CSP systems, even though the most important weather factors for each are different. While it
depends on the specific requirements and technology of the solar energy system being used. where
regarded as DNI is more suitable for CSP systems due to its higher concentration of sunlight. Whereas
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GHI is more commonly used in PV systems as it represents the total amount of sunlight available [8].
Fig. 2 shows the photovoltaic power potential in Libya, According to GLOBAL SOLAR ATLAS.
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Fig. 2 Solar resource maps of Libya [9].

2.2 Modelling of PV system

PV is the most popular renewable energy source for converting solar energy into electricity. The model
equation for the PV system’s output power is reported and presented in Equation. The equation is given
by [10].
PPV(t)z PPV ratede(t) 0
1000-[ 1+ at(TC - TSTC) |

Herein, Ppy () represents the generated power output from the PV system in watts, G, refers to the
hourly solar irradiance data in W/m? [11], with 1000 W/m? denoting the Earth’s surface-rated radiation.
Ppyraea corresponds to the rated power of the PV system in watts. Tsrcstands for the cell temperature at
Standard Test Condition (STC), while a;represents the temperature coefficient of the panels, set at —3.7
x 1073 (1/°C) [11]. Furthermore, Tcsignifies the cell temperature in degrees.

NOCT -20

Te=Tamp + Gy * 50— 2)

Tamy signifies the ambient temperature (°C), utilizing time series data. The selected Nominal
Operation Cell Temperature (NOCT) for this study is 45°C, based on the specifications of the PV
module provided by the manufacturer. The irradiance on the cell surface is set at 800 W/m?.

2.3 Modelling of CSP system

The solar tower power generation system is primarily composed of several key components: the
heliostat field, the solar tower absorber, a steam turbine, a generator, and a Thermal Energy Storage
(TES) system. The heliostat field is comprised of numerous heliostats, each tasked with reflecting
sunlight towards the absorber located on the solar tower. The input energy of this subsystem Qsolar can
be calculated as follows [12].

2.3.1 Heliostat field model

The heliostat field model can be mathematically expressed as in Eq. (3).

Qsolar = Af -DNI (3)
Here, DNI stands for the annual direct normal irradiance of the Project Site, and Af denotes the

effective area of heliostats. The formula used to calculate the instantaneous energy Q., incident on the
receiver’s surface is as follows [13].
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Qrev = Qsolar 1 field (4)
where
N feld = Mnfa *Mrom “eos “Metm * Mare * sk Mt * Nspi (5)

Here, 74 represents the heliostat field availability (Instantaneous), #.0m is the specular reflectance
of the mirror, 7., represents the cosine efficiency, . represents the mirror cleanliness, 7., represents
the atmospheric attenuation efficiency, 7, represents the shadow efficiency, 7 represents the blocking
efficiency, and 7y, represents the spill efficiency. The formula for calculating the average annual
efficiency is given by the following equation [13].

365 (24
> I DNI(1) 7100 (1)
day=14

365 (24
Z J. DNI (1)dt
day=1J)

2.3.2 Receiver model

(6)

77ﬁeld,annual =

The reflected sunlight gets absorbed as thermal energy within the absorber. Energy losses during this
process, encompassing optical losses Qioss,opr, cOnvective heat losses Qioss,cov, and radiation heat losses
Qloss,rad» are computed in a subsequent manner.

erf = Qreceiver - Qloss,opt - Qloss,conv - Qloss,md (7)

The following method can be used to figure out how much heat the heat transfer fluid (HTF) inside
the receiver received in.

OHTF =myry '(hom —h; ) (8)
Here, murr signifies the mass flow rate of the HTF, while 4;, and 4., represent the specific enthalpy

of the HTF at the receiver inlet and outlet, respectively.
2.3.3 TES System

The TES system plays a crucial role within the entire system since it maintains equilibrium and
coordinates the distribution of input and output energy at the same time [14]. The following is an
equation of the mass balance that may be found in this section [ 14]:

m . =m; + (mload _munload) : tint (9)

Here, the symbols have the following meanings: m; signifies the mass in the hot tank at the current
moment i, while m;+; represents the mass in the hot tank at the subsequent moment i+1 (the next
moment). Additionally, mi.a corresponds to the incoming mass of molten salt into the hot tank, and
Munload Stands for the outgoing mass of molten salt from the hot tank. The symbol #n denotes the
computational time unit.

2.3.4 Power block system

The power block system is an essential component of the whole system, and its performance has a direct
impact on the plant's system output and revenue. The steam turbine is the most important component
of this subsystem, and the primary reason for this is due to the one-of-a-kind qualities that solar thermal
power plants possess. There are certain scenarios in which the steam turbine may not work at the
circumstances specified in the design. Particularly, fluctuations in temperature and pressure can lead to
variations in the mass of the steam turbine. The following formula may be used to compute the
conversion relationship for each of the many scenarios [15]:

(10)

where m and m; represents the bulk flows of steam under off-design and design conditions,
correspondingly. Py and P, are the pressures of the inlet and outlet steams under the design condition,

26



Progress in Energy and Environment ”
Volume 27 (2024) 23-31

respectively. Po1 and P, are the pressures of the inlet and outlet steams under off-design condition,
respectively. To and Ty; are the inlet steam temperatures under the design and off-design conditions,
respectively.

The end output of the plant, which is often talked about in terms of capacity factor, is closely linked
to how well this subsystem works. The capacity factor Cf can achieve according to the following
formula [16].

P

C — act 11
4 8760- P, (b

nom
where P, and P, denote the real and nominal output of the entire system over the course of a full
year.

2.3 Diesel Generator Model

In the context of Renewable Energy Sources (RES), power generation depends on the availability of
renewable resources. When these resources are unavailable, the energy demand cannot be met. To tackle
this issue, a distributed generator (DG) is employed as a supplementary backup within the microgrid.
The DG’s characteristics are delineated by its fuel consumption (FC), which is defined by the following
formula [10]:

FC) = AgPy, (t)+ BsP,, (1) (12)

gen gen
In this context, Pge, represents the power generated by the DG in kilowatts (kW), while Py..(7) represents
the rated power of the DG, also in kilowatts (kW). The coefficients A¢ and B¢ stand for the fuel
consumption coefficients. Common values for these coefficients are 4¢ = 0.24 and B = 0.084,
respectively.

2.4 Inverter Model

An inverter serves to convert DC electricity into AC electricity. The size of the inverter is determined
based on accommodating the maximum anticipated AC loads, including potential surges during initial
appliance startup. The DC-AC inverter, which connects electrical loads to the grid-independent
microgrid, is characterized by its efficiency. Specifically, the inverter efficiency #in is noted as 95.

l)inv,out (t)ZI:PCSP(Z)+PPV (t):|x77inv (13)
3. Experimental simulation and performance

The case study is blessed with different climatological conditions in four seasons as high temperature
and solar irradiance and the analysis of collected data is a vital task for presenting the comparison and
changing during the year. The collected climatology data for the study site have been demonstrated in
Fig. (3) for ambient temperature and Direct Normal Irradiance DNI, respectively.

North Africa's dry, hot climate and abundant sunshine give Libya a high GHI. In the southern region,
where the Sahara Desert is located, the GHI is relatively higher compared to the northern coastal areas.
The area receives intense sunlight throughout the year, and the DNI is often high, especially in the
desert regions. This indicates that Libya is an ideal location for solar power projects that require direct
sunlight, such as solar thermal power plants, which operate more efficiently under these conditions.

Additionally, the annual obtained comparison output energy from the CSP is shown in Fig. 3 along
with the status of other integrated sources. The maximum acquired energy from the CSP is
incrementally changing based on the solar irradiance in the considered month. The beginning and the
end months of the year as placed in winter are showing high production of energy with more than 7
kWh, while the minimum produced energy with almost 4 kWh. The other sources like battery, thermal
and DG are considered with their status during the year in order to meet the demand. Based on the
proposed hybrid system with the integration of CSP-PV that is demonstrated in Fig. 3. In Fig. 4
represents the monthly energy production and consumption for a hybrid power system over a year. Each
colour corresponds to a different energy source or aspect of energy management. While the output
power of the CSP-PV is acquired and plotted in Fig. 5. From the figure, it is clearly seen that the annual
output peak is at 15 kWh while the minimum is at 2 kW.
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Fig. 3 Geographical data, (a) Ambient temperature and (b) Direct Normal Irradiance DNI.
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According to the assertions made by Basim Belgasim and other researchers, it is posited that CSP
technology holds promise as a significant contributor to sustainable energy generation in the foreseeable
future [17]. This is especially applicable to areas characterised by abundant Direct Normal Irradiance
(DNI), such as the North African region. Nevertheless, it is important to acknowledge that there exist
some technological and economic obstacles that want attention in order to enhance the competitiveness
of CSP in comparison to alternative forms of renewable energy [17].

Additionally, the obtained output power from the integrated PV is plotted in Fig. 6 with a peak of
3.7kW.

Fig. 7 shows a convergence curve that compares the performance of two algorithms: the Flower
Pollination Algorithm (FPA) and the Particle Swarm Optimization (PSO). These algorithms are used to
find optimal solutions to problems by iterating through possible solutions. The obtained results
demonstrate that the FPA outperforms the PSO, as depicted in the figure above, by reducing energy
consumption within the hybrid system. This efficiency contributes to an economically advantageous
operation of various system components in conjunction with the Energy Management System (EMS).
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4. Conclusion

The design and optimization of Concentrated Solar Power-Photovoltaic (CSP-PV) hybrid systems are
important topics in the field of solar energy. In this study, we present a method for the optimal sizing
of an autonomous microgrid comprising CSP/PV/DG components, based on a recently introduced
metaheuristic algorithm called Flower Pollination Optimization (FPO). The microgrid sizing aims to
fully meet the energy demand of an AC residential load. The climatic conditions in Libya, where the
analysis was conducted, are excellent for the deployment of CSP-PV plants.

Our findings indicate that the FPO method demonstrates the ability to attain a global optimum with
relatively simple computational requirements and achieves fast computational convergence when
compared to benchmarked algorithms. Nevertheless, the utilization of the proposed algorithm can
address some of the technical challenges that hinder microgrid projects. Furthermore, it can serve as a
valuable tool to support off-grid rural electrification projects.
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