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Abstract

The paper proposes the Matlab based model of aebtnating
Solar Power plant (CSP), rated of 40 MW. The madkfystem
considers the technology of parabolic through asltbis the
layout of a pilot project, to be realized in thaugoof Italy. As
that project contains also the thermal storage, itipait and
output temperature are well-defined. The conversionthe
electrical energy is obtained by a common fossél fpower
station. Then only the primary loop of the wholstsyn has been
considered for the proposed model. The model altoves/aluate
the thermal performance and the thermal eficieridhe primary
loop constituting a CSP.
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1. Introduction

The CQ emissions are considered responsible of the
climate changes for the Earth. As these emissiors ar
produced also by burning the fossil fuels to preduc
electrical energy, many countries in the world are

transforming their national electrical productioystems,
decreasing the electrical production deriving frémssil

fuels and increases that one deriving from Reneavabl
Energy Sources (RES). Among RES, solar technologies

are capturing large interest. Moreover, the giesgoer of

the Commission of the European Communities [1]

reports that half of the EU’s gas consumption weoinf
only three countries (Russia, Norway, Algesday the
oil and gas prices had nearly doubled in the EU otrer
past two years, with electricity prices foliog. Then,
the EU strategy for the energy is to reach the taofe

20% of produced energy by RES within 2020. This paper

focuses the attention on CSP because they arermcpan
increasing interest, especially if built with theal energy
storage [2]-[3]-[4]. Moreover, economic issues haeen
treated for CSP in order to verify which are thefipr the
breakeven and so on [5].

The CSPs can be categorized into three main
technologies, based on the process of collecting an

concentrating solar radiation [6]: a) Parabolic uglo, b)
Solar Tower for Central Receiver, c) Parabolic Dikh
exists also a forth technology (Linear Fresnel Rdig,
but it is less common than the previous ones.

The first one uses parabolic trough shaped mirrors t
concentrate the incident Direct Normal Irradiat{@NI)
onto a receiver tube which is placed at the foired bf
the trough. This is the most commercial technolagy f
CSPs because it is the most mature technologyhias t
technology is considered in the paper, an in depth
description is reported in the next section.

In Solar Tower technology the solar collector field
contains a radial arrangement of several sun tngcki
large mirrors that concentrate the solar energy tiné
receiver placed on the top of a central tower.

The third technology uses a parabolic dish-shapkdt so
concentrator that concentrates the sunlight omexeiver
placed at the focal point of the dish.

The paper is organized as follows: Section 2 repmrts
description of CSP under test, Section 3 presedms t
Matlab based model and Section 4 discusses thiksesu

2. Description of the CSP under test

This paper focuses the attention on the CSP based on
parabolic through. An Italian pilot project, basenl this
technology, has been realized by ENEL (Italy’s larges
power utility) and ENEA (Italian National agencyrfo
new technologies, Energy and sustainable economic
development) in the south of Italy, named Archimede
The CSP model proposed in this paper has utilized
Archimede as referecnce. The sub-section A preskats
components, while the sub-section B describesajeult
of the implemented model.

A. Components and operation of the CSP

The CSP under investigation is constituted by the

following main components:

e linear parabolic trough-shaped mirrors to focus
sun’s rays onto a receiver pipe running along the
focal line and containing a flowing fluid (Fig. 1),
named collectors;

e hydraulic circuit with molten salts that connects
the field of reflectors and the storage system,
including the control system for controlling the
temperature of the salts and the devices for
loading and unloading of the salts;

e pumping systems of the salts;



e storage system made of two tanks with a circular
section;

» electrical power station equipped with two steam
turbines (high and low pressure, respectively), a

molten salt steam generator, a condenser with an

appropriate cooling system (water or air) and the
feed water preheating system.
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Fig. 1. Reflectors with receiver pipe

The reflectors concentrates the sun’s rays on tbeiver
and the heated fluid is transported to the eneogyersion
system. During this step a part of the fluid canstmwed
for a successive use. Then the remaining partlizadito
produce electrical energy. The energy conversistesy is
similar to a common fossil fuel plant utilizing hetmal
steam Rankine cycle. Usually, a mineral oil is ulsetit is
expensive and highly flammable, then it can lead to
important problems if it leaks at the operating penature
(290-390°C). For these reasons, it has been caeside
fluid constituted by a mixture of salts, sodium and
potassium nitrate; this fluid is largely used ie fhdustry
because chemically stable until 600°C and without
corrosion problems. Moreover, the thermal stordtgeva
to store the solar energy which can be used whisnniot
present (by night, in presence of clouds and so™m} is
a very important task for each solar plant. In fdu
unpredictability of the energy production is theaim
disadvantage of solar plants, which are usuallyl usethe
detractors of the solar energy plants. The thertoabge
allows to decouple the collect of the thermal epdrgm
the electrical energy production, i.e. it is noeded to
produce and to use the electrical energy just wien
thermal energy is collected. In this way it is pblesto
have a more efficient operation of the electricaheyator
eliminating the stops due to cloudiness and maki

system more compatible with the demands of the

electricity grid. Fig. 2 reports a simplified schermf the

CSP. Three circuits are present:

1. primary loop, devoted to the harvesting, distribnti
and storage of the solar thermal energy;

2. secondary loop, where the thermal energy stored in
the hot tank is utilized into the steam generator;

3. thermal cycle, where the thermal energy is
transformed in the electrical one.
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Fig. 2 CSP under investigation
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Secondary loop

The operation principle of the CSP under investigais

the following.

When direct solar radiation is present, the therfhoad,
taken from the cold tank at the temperature of €90°
flows into the receivers and heats up until 550 Then,

it is pumped in the hot tank where it is stored. Tlbes
capacity of the molten salts into the primary dirda
adjusted with respect to the solar radiation ineortb
maintain constant the input temperature of thetaok.

As the molten salts have high temperature of
solidification (238°C), it is needed to maintain a
minimum flow capacity when the solar radiation st n
present or to provide heating systems of the pipes
order to avoid that the fluid temperature fallsdvelt.

When electrical energy is requested, the saltedtorto
the hot tank are pumped into the heat exchangegrevh
the steam at high pressure and temperature is geddu
Then, the molten salts are collected into the cadtAs
already said, the thermal cycle is similar to a own
fossil fuel power station. Two turbines for highdalow
pressure are present (Fig. 2), while the supertiesditam
has temperature of 525 °C and pressure of 120 bhanw
it expands through the high pressure turbine. The
electrical rated power of the CSP is 40MW, while th
efficiency of the thermal cycle is equal to 42.3%.
detailed representation of the thermal cycle i®rega in
Fig. 3a, while Fig. 3b represents the Temperature-
Entropy diagram. The numeration in the upper figure
allows to understand the successive steps of thd, fl
while the lower figure highlights the temperatusdue at
each corresponding step.

B. Layout of the collectors and characteristic
parameters

Fig. 4 reports the layout of the modeled CSP. it be
observed that the thermal power station (turbisesam
generator, condenser, tanks) is in central positibile

the solar field is constituted by 3 areas: 2 ofnthe
containing 33 Solar Collector Assembly (SCA) and th
third one containing 70 SCA. The SCA are parallel-
connected each other. Each SCA of each area is



constituted by 6 series-connected collectors anch ea variable referred to the city of Bari. It can beseas that

collector is 100m long and has a span of 5.76m. ;Thea the curve of Bari is always below the curve of Gela
SCA is 600m long while the distance between two €A
equal to 2 times the span of a collector. Tablepbnts the Table 1 — Parameters of the CSP
main parameters of the CSP. Number of the collectors 816
Area of each collector 3317.76m
; Total collector area 45*fon?
Distance between collectors 11.5m

Peak power of the solar field (with321 MWt
radiation of 900W/rhand efficiency of
the collector equal to 0.79)

Solar field area 90 ha
Temperature of the hot tank 550 °C

' Temperature of the cold tank 290 °C
Storage capacity 3000 MWh
Rated electrical power 40 MWe
Thermo-electrical efficiency in rated0.423

o electrical
3wy Produced energy for year 168 GWhlyear

Load factor (ratio between produced.48
energy and energy obtained if the CSP
/—\\/ s ' works in the rated conditions during the

. i whole year)

Mean collector efficiency for year 0.67
(depending on the annual direct
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Fig. 4. Layout of the CSP
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are useful for the energy production, the CSPzeaslionly 300 // \\ B
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the direct component. For this aim it is needekinow the 200 | -
DNI for the installation site. In this model we icter that
the CSP is plant up in Bari, a city of the Southltafy
different from the installation site of the ENEA’sofect. 0
The values of DNI for Bari are not available, but in
mediterranean countries the values of the DNI andas

to the values of the Global Horizontal Insolati@®H]), as
reported in Fig. 5; then GHI values are utilized fbis
paper. Fig. 6 reports a comparison between the @dltte
installation site of the ENEA's project (Gela) ahe same
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Fig. 6. Comparison between solar radiance of GedoBari.
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Fig. 7 Modeling steps of primary loop of Fig. 2

As the secondary loop and thermal cycle of Fig. 2
represent the standard operation of a common féssll
power station utilizihg a Rankine cycle, the model
proposed in this paper is limited to the only priynkop,
i.e. the thermodynamic system. Fig. 7 reports thpssfor
modeling the primary loop of Fig. 2. It can be mbthat
two sets of input data are necessary. The former on
regards the installation site: latitude, altituddimate
conditions, available surface, shadings and so Tdre
latter one is constituted by the geometric dimamsiof
each collector, number of collectors (depending tioa
desired electrical power), number of SCAs, typolady
fluid and so on. The first set of input data allotes
determine the DNI while the second one allows tfinde
the layout of the solar field. Finally, a matheroatimodel
of the thermodynamic system is obtained, considetfire
fluid starting from the cold tank and arriving toet hot
one, flowing through the receivers network. Thepatit
data of the model are the thermal efficiency, thermal
power and the final fluid temperature, i.e. the penature
of the fluid just when it is stored in the hot taftis last
one is evaluated as:

+ Qfluid

Gs mps
where T, is the final temperature, Tis the initial
temperature (i.e. the fluid temperature from thkel ¢ank),
Qnuia the thermal power of the fluid, s@he flow capacity
and g the specific heat of the molten salts. It can died
that Ty, decreases assGncreases: the larger the flow
capacity the shorter the time necessary to passugh the
receiver. @,q is calculated as:

TU = TI

Qiig =17 U giree LA

where A is the reflector surfaceyd the direct radiation
andn the global efficiency taking into account the kEss
the pointing system and so on.

4, Reaults

After modeling the thermodynamic system, some
simulations have been run in Matlab environmeraruter
to evaluate its thermal performance and efficief@y. this

aim several input variables have been considerefhct,
the thermal performance (i.e. the final temperatfrthe
molten salts, §) depends on the length of a single
collector, on its flow capacity and on the radiatiés the
SCA are equal each other, all the successive figanel
evaluations are referred to a single SCA.

Fig. 8 reportsTy = f(G,) for several values of
radiation. As it can be seen, for a fixed valueGpf Ty
has a positive correlation with the radiation, ithe
thermal performance increases lags. increases. Then
the correlation betweef, andG, is opposite respect to
the correlation betweeh;, andly;,c: -
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Fig. 8 Thermal performance of a single SCA respettie
flow capacity

Fig. 9 reports the final temperatufg = f (L), where
I; represents the length of a single SCA, for difiére
values of the flow capacit. It can be noted that, for
Gs =3kg/s, Ty increases linearly ad, increases,
whereas foiG, < 3 kg/s, the correlation betweehy and [
is yet positive but nonlinear. Fig. 9 has been iokth
consideringd gret = 350W/nt; similar figures are obtained
for different values of g e -

Fig. 10 represents the thermal efficiency of a lsing
SCA with respect to the length of the SCA. Obvigusl
the efficiency decreases &s increases because of the
losses along the pipe; nevertheless, for higharegabf
Gs (5-6 kg/s) the decrease is limited also for vemgl
SCA (600m). Instead, efficiency decreases quickly f
lower values of G asl; increases. Moreover, for the
smallest value of ¢ the relation is nonlinear. Also Fig.
10is obtained fotge: = 350W/nf and similar figures are
obtained for different values tfe .

Finally, Fig. 11 diagrams the thermal power
depending on the flow capacity of the molten sditisa
fixed value of §iect AlSO in this case, the relation is linear
for the higher values of {Sotherwise nonlinear.

The previous analyses highlight that the contrdahef
CSP is not trivial as the output parameters hayosite
correlations with respect to the input data, elgwf
capacity, length of the SCA, direct radiation. For
example, Fig. 10 suggest to use shortest SCA} mihot
possible if high electrical power is requested.

5. Conclusions

This paper has proposed a Matlab based model of the
primary loop of a CSP. The model is based on aC&#
located in South of Italy, but another installatgite has



been considered. In this paper the secondary lodptte

electrical energy production cycle have not

considered as they follow a standard common fdasil
power station. Respect to the only priamy loop, rtiuelel
has allowed to verify that a suitable range of floapacity
have to be imposed if a linear operation is desired
Anyway, the control aspects result very importanoider
to obatin an optimal efficiency of the CSP. Thisdiggy
of CSP is very interesting because the typical lerob of
solar plants (unpredictability of the energy prathug) are
overcome by means of a couple of tanks, the hotamae
the cold one. The hot tank represents the storagbeof
thermal energy to be used also when the radiasomot

present or is not sufficient.
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