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Abstract— This work describes optimization methodologies to maximize the efficiency of CSP plants. CSTs hold great potential for the
production of sustainable energy, provided that they are optimized with efficient optimization methods that lead to minimum cost with an
acceptable energy capture efficiency. In order to identify the precise areas of a CSP plant where optimisation techniques could be applied
to maximise power generation, this study aims to perform a comprehensive examination of the existing literature and industry, boost
plant efficiency, and lower production costs overall. The review mainly approaches the essential points including design of solar
collectors, thermal energy storage, heat transfer fluids, solar tracking systems, and operational control. The aim is the identification of
more efficient and productive energy generating mechanisms. Moreover, the challenges and opportunities related to the application of
optimisation techniques to Control Concentrated Solar Power (CSP) plants are presented, as well as potential future research and
development directions. This paper will contribute to the efforts of ongoing activities aimed at increasing the performance, sustainability
of CSP plants through the incorporation of up-to-date literature, and highlighting potential areas of advancements.

Index Terms- Concentrated Solar Power Systems, Techonological Innovations, Optimization Techniques, Renewable Energy
Generation.

Additionally, dish reflectors are used in dish/stirling systems

I. INTRODUCTION to direct sunlight onto a receiver, which warms a Stirling

The production of electricity has been the practice of €nginé to produce power. Fresnel reflectors have been

converting some form of energy into an electric current for described as flat mirrors in striped or honeycom polyester con

decades. For quite some time, fossil fuels have been guration for sunlight concentration in a linear receiver for

predominant in energy production. But since they are rare heat transfer wheresolar chimneys are characterized by a tall

alternative technologies have been developed. Use of fossil ~ Chimney surrounded by greenhouse to create anupdra that

fuels gives rise to increased carbon dioxide (CO2) levels, that rives turbines for energy usage [5]. Each CSP

which has an adverse effect on the climate and promotes technologies has its own benefits, and applications and
natural disasters [1]. It became therefore essential to consider  résulting in various solar technology [6].

alternative technologies allowing to; on the one hand, to

adapt more easily to the new regulations against Il. LITERATURE REVIEW OF DIFFERENT CSP
environmental pollution and, on the other hand, to reduce TECHNOLOGIES
CO2 emissions. These fall under the category of renewable Because it can capture solar radiation and produce

technologies. This form of energy is unlimited, as suggested  electricity on a MW scale, one solar technology that can be
by its name. There are the different types of renewable utilised as a sustainable energy source is concentrated solar
energies which is determined on sources of energy used, for ~ power (CSP). This literature review aims to give a general
example, water (hydro), Solar Photovoltaic (PV), Wind, overview of different Concentrated Solar Power (CSP)
among the others [2]. Often referred to as solar thermal technologies, including their principles of operation,
energy, concentrated solar power (CSP) is one type of energy ~ advancements, assessments of CSP system efficiency, and
that. economic and environmental considerations. Abbas, R. and
A collection of devices created especially to harness solar ~ Valdes M. This present investigation deals with Facilities in
radiation to generate electricity is known as Concentrated  the design and optimization of solar collectors Optimization
Solar Power (CSP) technology [3]. A popular solar collector, ~ of a solar collector is the most probable one of the key factors
the parabolic trough directs sunlight into a receiver tube that  to achieve an efficient performance from the perspective of
is filled with a heat transfer fluid using mirrors. An array of  thermal output. Correction of optical performance and
mirrors is used to focus typical sunlight onto the receiver on  adaptability to different latitudes. 507 compare a new linear
top of a tower in solar power tower systems, which are amore  Fresnel collector to conventional parabolic trough collectors
common design. In turn, the high temperatures are [7].
concentrated in a steam generator, which creates steam that A linear Fresnel reflector (LFR) system's hourly and daily
powers a turbine generator to produce electricity [4]. performance is examined by E. Bellos and E. Mathioulakis.
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With water serving as the working fluid and heated to about
100°C, an LFR system with an inverted flat plate receiver (36
m2 collecting aperture area and 1 m3 storage tank) in Athens,
Greece, is effective enough to capture solar energy, providing
8.4 kW of useful heat and 260 MJ of heat per day. This
research represents valuable lessons for the assessment and
the optimization of the integrated solar concentrating
systems, especially the linear Fresnel reflector technology.
[8]

Saif Al Hamad and Suhil Kiwan The study's main
objective is to maximise the CSP system's optical efficacy in
the mountainous region by examining geometric features
such the tower's height (HT), heliostats field length (Amin),
and mountainous tilt angle. Using Planta Solar 10 (PS10)
heliostat field criteria and numerical simulation in MATLAB
and PSO to optimise spiral heliostat field distributions, a test
case analysis was conducted on a sample CT system based on
the Sierra Sun Tower in California, USA. They demonstrate
how the distance between the tower and the heliostat field
directly affects land use, heliostat numbers, and the optical
effectiveness of the system. Not only do spiral distributions
of cornfields perform better than parallel ones, but they also
require more area, validating the energy generation potential
of hillside CSP systems on sloping lands [9].

Bouya M., Ghazouani M. Evaluation and improvement of
a fossil fuel energy system with solar assistance for heating a
bitumen storage tank while reducing heat loss. Energy and
mass balance equations are considered to model the system
components, including the small parabolic trough collectors
of the system, storage tanks for the cold and warm fluids, and
the fossil fuel heater which heats the bitumen. To evaluate the
thermo-physical characteristics and heat transfer coefficients
for awhole year, hourly recorded sun irradiation, wind speed,
and temperature data from Rabat, Morocco are used. Genetic
Algorithm and proposed resolution algorithms are applied to
maximize rates of replacing fossil fuel and to minimize
energy production cost with three double-objective functions.
A complete study is presented in this paper detailing the
potential improvements in hybrid solar-fossil fuel energy
systems aimed for bitumen storage energy efficiency and
cost. [10]

In order to validate a mathematical model of dish/stirling
system design, modelling, and optimisation, Nazemi S. and
Boroushaki M. compare it with experimental data of a system
that is similar. Given that calculations reveal significant hot
heat losses in the cavity receiver and Stirling engine, the
suggested model will be highly helpful for designing and
optimising the dish/stirling combination. An optimization
method named as Particle Swarm Optimization (PSO)
removes losses of pressure drops, conduction, and radiation,
which will improve an efficient system. Taking economics
into account in manufacturing the solar dish/Stirling system
will increase efficiency and feasibility, hence we recommend
using the results in practical designs and prototypes and
experiment to confirm and refine the system performance

[11].

Desai investigated a process utilising a novel configuration
for two solar collector fields: a traditional parabolic trough
collector (PTC) field with a heat transfer fluid and a linear
Fresnel reector (LFR) field that directly generates steam. This
part includes with the introductory chapter containing
principles of design, brief characteristics of the power plant,
information obtained in the process of commissioning and
operating the plant, and initial data [12]. At that time the
facility is operational, and is aligned to the grid. Preliminary
results indicate that performance was bad for the two
collector fields survaying the heliostats, misadjustment of the
tracking, a circuit loop over-disbalance in the PCT collector
field and the inappropriate geometry of the LFR field receiver
contributed to the underperformance.

Kumar Abhishek worked on the well-known project
named as the Concentrated Solar Power plant. The Plant
itself contains all kinds of state-of-the-art and creative
technology. In that sense, in the present study we analyze the
construction and design of a parabolic reflector of 60 m2,
built in situ [13]. The reflector is constructed on a low mass
space frame and designed to optimize the solar thermal
output. The solar-thermal technology is discussed in this
work, where a brief introduction and operations analysis are
given. The project is specifically planned to be an off-grid,
isolated power plant with the goal of co-generating heat and
electricity for Brahmakumaris and the World Renewal
Spiritual Trust (Wrst). The existing state of power generation
and the potential for solar energy are highlighted.

In this paper optimization practices that are expected to
increase efficiency, performance and cost-efficiency of CSP
are analyzed. Several types of CSP technology are considered
for energy conversion: parabolic trough, central tower,
dish/Stirling system and Fresnel reflector. The importance of
efficiencies of solar collectors, thermal stores, heat transfer
fluids, and solar tracking systems for achieving optimal
power Yyield and maximum operational efficiency is
emphasized. It also emphasises the use of software tools such
as MATLAB and the System Advisor Model (SAM) to
model and evaluate the performance of CSP systems. To
assist readers better understand how to generate renewable
energy while reducing global pollution, it also includes
illustrations. Based on this evaluation, the paper suggests
potential optimisations for CSP systems to switch to a more
environmentally friendly energy source.

I1. OPTIMIZATION METHODOLOGIES FOR
CONCENTRATED SOLAR POWER (CSP) PLANTS

Enhancing the effectiveness, dependability, and economic
viability of Concentrated Solar Power (CSP) facilities is
crucial for enabling humanity to transition to a civilisation
reliant on renewable and reversible energy.

A summary of some methods to increase the performance
and efficiency of CSP plants is presented.
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Optimized Plant Layout and Configuration:

Enhancing the effectiveness and performance of CSP
systems requires an ideal architectural and design
arrangement [16]. A well-designed design minimizes
shading, blocking, and optic loss to improve solar collimation
on the receiver as well as to increase the power plants import
through a higher efficiency of the plant.

In this regard, the key enabling factors and methods to
optimise the layouting of CSP plants are addressed here.

1. Terrain and Topography Considerations
Mirror Placement
Field Density and Spacing
Receiver Location and Orientation
Receiver Height and Tilt Angle
Integration with Thermal Energy Storage (TES)
Optical Performance Analysis

ook wn

7.

Optimal Site Selection:

How to choose site for the CSP power plant It is very
important for CSP power plant project developers or EPC
contractors to decide to choose a site for CSP project.

Selection of CSP site numerous elements influence the
location choice of CSP, these include: natural conditions (e.g.
solar), requirements associated with power generation
support services, infrastructure availability (water resources,
land use, telecommunications etc.) and social factors.

CSP plants are only allowed during site pre-selection
phases if DNI is higher than 1800 (or 5.5) kW h/m2/year
(day) [17].

The considerations below are potential things to weigh
when selecting an appropriate site.

1. Describe the typical daily radiation levels of the sun,

both direct and global.

2. Average annual energy production.

3. Calculate transmission losses under

conditions.
4. Compare each tested option's Net Transmitted Energy.

expected

Economic Optimization of CSP Electricity:

Strategies for Achieving Optimal Costs:

The levelized cost of electricity, or LCOE, is typically used
to analyse the support levels of solar thermal generating
plants. Additionally, it heavily depends on the inputs and
presumptions. This is the philosophy for determining the
LCOE [18].

LCOE = Cref.Ciny +CogM —Cenv
Qel,Net

M

Where:

Cinv: The entire cost of the investment ($).

Coam: Costs of operations and maintenance per year
Cenv: Environmental cost according to CO2 rejected
Ceinet :Net power electric production (kWh).

_ Kg(Kg+D)N
crf = (Kq+1)N—-1 @
Where:

kq : Rate of Annaul discount (%).
N : System depreciation operating time (years).

Optimal Selection of Reflector:

A lot of important factors should be considered in the
power comparisons of selecting point focus or line focus
collectors of a CSP plant Table 1 lists the solar thermal
collectors [15]. The concentration factor is directly related to
the operating temperature. Point-focus concentrators produce
solar thermal energy of high quality [19]. Applications
needing high-grade thermal energy on a wide scale can
benefit from the heliostat field collector, while smaller-scale
applications can benefit from the parabolic dish collector.

Table 1. Sun thermal collectors that are both concentrating and non-concentrating.

o . Technological | Tracking Operating Land Average eff|0|_er}cy
Type of collector | Concentration Faturii svster temperature requirement solar to electricity
ratio y Y (C) d (%)
Paraholic trough 40-80 High One-axis | 350-450 High 14-16
collector
Linear Fresnel 20-50 Medium One-axis 200-350 Medium 8-10
reflector
Heliostat field 500-1200 Medium | Two-axis | 500-1000 High 12-18
collector
Parabolic dish 800-5000 Low Two-axis | 500-1200 Low 20-30
collector

Optimal Selection of Receiver:

The receiver in a CSP plant is key for a good energy
transfer, durability and reliability, heat transfer and
economics. Ina CSP plan, the receivers are usually connected
in series and also doubles as an economizer and super-heater.

With this design you achieve the best possible thermal to
optical performance when harvesting concentrated solar
light. The temperature of the heat transfer fluid increases
while flowing sequentially through the receivers. This is akin
to the economizer in a conventional thermal power plant
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application, where waste/exit heat from the main cycle heats
up the inlet water. The series connection also allows further
heating of the fluid as a super heating [20]. This raises the
temperature of the liquid so that it efficiently runs the turbine
and produces electricity. These characteristics optimize the
conversion of solar radiation into electrical power in
series-strings of receivers and by extension in CSP plant
energy yield.

Receiver connecting with series solution could have the
following seven improvements for the concentrating solar
power (CSP) plant:

1. Optimized energy conversion efficiency.

2. Steady and reliable performance.

Optimized Solar Resource Utilization.
Enhanced Grid Stability

Consistent Energy Output

Enhanced system adaptability
Enhanced thermal efficiency

R Nl

7.

Heat Transfer Fluid:

Heat transfer fluid for CSP system types including air,
water, molten salts, glycol, glycerol, and synthetic oil are
well documented [21]. This fluid is an efficient heat transfer
medium. Table 2 lists various heat transfer fluids and their
pros and cons. Water is a good heat transfer medium for
concentrated solar power even if it is cheap cost, non-toxic,
and low viscosity with high heat capacity [28].

Table 2. Advantages and Limitation of Various Heat Transfer Fluid Groups.

Fluidgroup Advantages Limitation
> Oxidation rates are lower than of mineral | e Greater upfront procurement costs compared to
. oils; mineral oils.

Synthetic . . )

fluids > High operating temperatures e FElevated vapour pressures necessitate more
» Good volumetric heat capabilities (like expensive storage containers, especially during

mineral oils) elevated temperatures.
> e)_((?ellent th_ermal stablllt)_/ _ « The priciest fluid group
- . > Silicone oils are chemically inert and . . .

Silicone oils resistant o high viscosities and vapour pressures
> Low Flammability o Lowvolumetricheatcapacities
» High Thermal Stability
> high heat capacity and can store thermal | e High freezing points may require additional

Moltensalts energy efficiently equipment
» High Heat Transfer Efficiency o High viscosities increase pumping costs
» Economic Benefits
> Abundant. e Restrictions on the design of materials to deal
» High Specific Heat Capacity with corrosion.

Water > Thermal conductivity e Vapour pressures over 100°C result in more
» Low viscosities expenses for storing.
> Very low cost e Pressure-related exposure extenuation strategies
> Non-toxic and environmentally friendly (or a more limited operating temperature range)

Solar Tracking

Sun following to enhanced productivity and efficiency of
concentrated solar power (CSP) plants and supports a
long-term sustainable way of natural resources utilisation.

Tracking systems on two axis turn, on one horizontal axis
they tilt. Dual-axis trackers generate more electric energy per
year than single-axis trackers, primarily due to changes in
seasonal sun ray angle [22].

Table 3. Axis rotation-based comparison of the Solar Tracking System.

Properties Single-Axis

Dual-Axis

Number of Axis It is limited to only one axis

It is limited to having only two axes

Complexity Less complex

High complexity

Tracking accuracy | o iner types of trackers

It offers the least accuracy compared to

It offers high accuracy compared to the single-axis

Cost Cheap to implement

More expensive to implement
Than a single but less expensive than a hybrid

13
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A parabolic dish type CSP (concentrated solar power)
IV. CONCENTRATING SOLAR POWER PLANT generation facility uses a solar parabolic dish to precisely
R0 wWater focus sunlight on a receiver so that intense sunlight is
converted into heat. This heat is used to heat a working fluid,
then being stored in buffer stream storage for further use. The
purpose of Pump 1 is to move this steam to the Low-Pressure
Poc (LP) and High-Pressure (HP) turbines, where it generates
4 mechanical energy that powers the generator to produce
_ & electricity. After its flow through the turbines the steam is
. & 4 cooled in the condensor, and there collected in the hotwell. In
&= dissipating the excess heat in the condenser, the cooling
" tower is essential. At the same time, raw water stored in the
Mot el underground tank is purified in the water treatment plant so
- as to satisfy demanded quality requirements. Pump 2 serves
to feed this treated water to cooling system and Pump 3 to
circulate it to in the power plant [14]. Furthermore, dissolved
Coang gases are effectively removed from the feedwater by the
deaerator to help avoid corrosion and increase system

o efficiency.
un Tan At night or when the weather is overcast, the heated molten
salt is pumped back to the cold tank, passing through the heat
Figure 1: Layout for solar parabolic dish power plant exchanger. This operation gives the oil circuit the possibility
to recover heat energy and produce steam and work cyclically

[15].

Raw Water

% R |
@ ng
.

na
vy

V. TECHNICAL SPECIFICATIONS FOR THE SIMULATION
Table 4. Key simulation inputs for India One CSP Plant, Rajasthan [19]

Sr. No Project Detail
1 Project India One Solar Thermal Power Plant
2 Location and country Brahma Kumaris Shantivan Campus, Abu Rajasthan (India)
3 Lat/Long Location 26° 42' 9.36"North 77° 51' 13.64" East
4 Focusing Point Focus
5 Technology 60 SQM parabolic reflector disc
6 Turbine Capacity 1.2 Mw
7 Steam Pressure 38 to 42 Bar
8 Heat Transfer Fluid Type Water
9 Cooling Method Air
10 Solar Field obtain Temperature 450 to 650 °C
11 Storage Type Thermal storage
12 Static focus concentration Ratio 350:1
13 Tracking Two-axis
14 Annual solar to electric efficiency | 16-20
15 Peak solar-to-electric efficiency 22-26
16 Power Cycle Steam Rankine
17 solar electricity generation 1.2 MW
18 Application Solar power generation, cooking, water heating.
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VI. SIMULATION OF RESULTS AND DISCUSSION

The electrical energy generated by the CSP plant
considered is strongly related to the solar resource of the
selected region and to the thermal storage size. During the
analysis, a number of characteristics are monitored and
analysed, including the working fluid temperature and the
performance involving sun radiation. The power generation
versus the total received solar radiation in the proposed CSP
power plant is plotted in Fig.6.4. The proposed CSP power
plant is situated at latitude 26° 42' 9.36"North & 77° 51'
13.64" East and founded on Brahma Kumaris Shanti van
Campus, Abu (Rajasthan) (India).

This includes simulation tools in MATLAB that can model
and simulate power generation, enabling the performance
and influence of the system to be studied in details. The
System Advisor Model (SAM) software is used in studies. It
is developed by the National Renewable Energy Laboratory
(NREL) with funding from the U.S. Department of Energy.

1000

800

600

400

Solar radiation (W/m2)

200

8 9 10 11 12 13 14

Time (Hours)

15 16 17 18

Figure 2: changes in solar radiation throughout time

Figure 2 shows the change in sun radiation from 8:00 to
18:00 hours. In mid-morning, the radiation level increases
and at about 11:00-12:00 hours reaches its maximum level at
about 920 W/m2 and later decreases in the afternoon lowering
near to zero in the evening. This daily cycle replicates the
normal sunlight/daylight cycle.

10 12 14
Time (Hours)

Figure 3: Variation of temperature with time

16 18

The variation of the temperature from 8h00 to 18h00 is
illustrated in Figure 3. The temperature tends to increase in
the morning until it's at around 600 °C in late morning, where
it remains almost constant until the early afternoon. It
gradually decreases throughout the evening then falls to near
zero tallies.

Hourly steam generation is shown in Figure 6.3 from hour
8 to 18 h. The steam yield rises continuously in the morning,
with peaks at around 11:00-12:00 h, declining slowly in the
evening. Average steam generation per day is 2563 kg of
steam.

4800
4200
3600
3000
2400
1800
1200

Steam production(Kg/Hour)

600

8 9 10 11 12 13 14 15 16 17 18 19
Time (Hours)

Fig. 4: Production of Steam (Kg/Hour)

Figure 4 shows the CSP system's net power output during
the day. Just before noon, power generation rises sharply in
the morning to roughly 1050 kW, and then it progressively
falls again in the afternoon. This is consistent with how solar
energy varies throughout the day. As previously mentioned in
Figure 4, if daily generation exceeds the threshold, it can be
managed by either increasing the water flow rate or utilising
other safety systems that can function in high-pressure,
high-temperature reactor core circumstances.

1200

=
(=]
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800

600

400
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200

o

Time (Hours)

Figure 4: Typical net power output profile of CSP
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VII. CONCLUSION

As the worldwide demand of renewable energy sources is
growing rapidly, the efficiency of CSP technology must be
improved. Solutions for optimization of CSP plants comprise
of high level novel system designs and optimum scheduling
of operational parameters. These optimization strategies help
Concentrated Solar Power (CSP) plants to maximize energy
yield, minimize operating costs and contribute to the stability
of the grid, and thereby advance the technology to rank
among the cleanest and most sustainable renewable energy
sources. In this paper, state of the art CSP plant optimization
methodologies are analyzed and applied to the concept of the
plant, its practical application and influence over the
performance of the system is discussed. In this article, we
review and compare optimization methods for sustainable
and more efficient solar energy use, namely Concentrated
Solar Power (CSP) plant optimization. The findings highlight
CSP as a stable, clean energy source that can provide reliable
power in high-DNI regions, making a significant contribution
to global renewable energy targets.
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