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POTENTIAL USES OF A PROTOTYPE LINEAR FRESNEL CONCERATION
SYSTEM

1. Abstract

This study analyzes the energy potential of a lik@asnel solar (LFS) system based on
a case study of the equipment mounted in the ditysan Carlos, Salta province,
Argentina. The average thermal power and thernsdds from the absorber and field
pipes to the environment were calculated by haking into account the hourly direct
normal irradiance (DNI) obtained by Liu-Jordan noethbased on global horizontal
irradiation (GHI) measurements. This paper shovesamount of thermal energy that
the LFS under study is able to generate for prasesach as hard water desalination,
electric power generation, and drying of vegetablé® results of the calculations show
that the linear Fresnel system is capable of priogusteam with thermal energy in the
range of 460 - 1200 M) which means an annual production of 243,.GNs for the
power block, it is possible to obtain an annualegation of 1.5 GW§ depending on
operating conditions of the steam engine (288 rpginme at 6 bar). The production of
desalinated water reaches the range of 98 - 1l 2lepending on whether the steam is
previously used for power electric generation dr no

Keywords: Linear Fresnel; thermal power; desalination; pogeseration.
2. Introduction

Linear solar concentration is a viable and costative technology with a promising
future. If the working fluid is water, steam can tieectly generated in the absorber
without costly intermediate heat exchangers. Tlaeeetwo types commonly developed
by industry: parabolic trough (PTC) and Linear Reds(LFC). Both have been
extensively studied and characterized, with speotarest on large-scale systems for
on-grid electricity generation (Hachicha et al.180Elsafi, 2015; Serrano — Aguilera et
al., 2017; Qui Yu et al., 2017; Cagnoli et al., 0TIsekouras et al., 2018). On the other
hand, studies on small-scale concentrating systemiich provide heat outputs in the
range of 150 — 300 °C are scarce. These systems fp@missory applications in
combined heat and power generation (Heimsath et28l10) water desalination
(Borunda et al., 2016), heating/cooling of buildin@hou et al., 2017; Bermejo et al.,
2010), advanced absorption air cooling using SGlax cycle (Velazquez et al., 2010),
domestic water heating (Mokhtar et al., 2016; Swdtat al., 2010) steam generation for
mining, and also in textile, paper and chemicalstdes, timber, food, and agriculture
(Barbon et al., 2018; Zhu and Chen, 2018). Thetgretential of this technology was
highlighted by Rawlins and Ashcroft (2013) who potda growth of small-scale
systems for industrial processes of about 2.5 @lpband 4.6 (in Latin America and
Africa), from now to 2050. The large variety of pise applications of small systems is
promissory, but further research is needed in aeharacterize their thermodynamic
and energy behavior.
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The utilization of energy of all thermodynamic aglrelies heavily on the efficiency of
their parts. Generally, the purpose is to optinttze components of a given thermo-
energetic installation so that, overall, the usitian of energy takes place in optimal
conditions. It is also possible to optimize tihermal performance of a system, like a
solar plant, by calibrating the working temperatarel pressure (Lin et al., 2013). One
of the most important design parameters for a campalar plant (CSP) iglesign
irradiance, which is the direct normal irradiance (DNI) atialihthe plant produces the
nominal electric power. Due to the daily and seabwariation in radiation, determining
appropriate design irradiance is extremely impdrtlow design irradiance results in
excessive unutilized energy, and high design iatack results in low capacity factor of
the plant (Desai et al., 2014). The net energy loapaf being transformed into useful or
usable energy is influenced by thermodynamic, machl or strategic parameters,
according to the use of the available thermal gnerg

This study analyzes the energy potential of a lirfe@snel solar (LFS) system for
different strategies for uses of thermal energytaioed in the steam based on a case
study of the equipment mounted in the city of Sarl@s, Salta province, Argentina
(Saravia et al., 2014; Hongn et al., 2015). Tharend other similar technology in
Argentina neither in South America. Furthermores #quipment was built with 100
percent of local materials whose are easy to obtaithe region. This represents an
advantage to decide which technology to use foarsobncentration and thermal
generation.

First, this work presents the solar gain in theoghison system and then the successive
energetic transformations within a Rankine typesetb system for four variants: i)
direct steam feed to a condenser; ii) power geioeraiii) hard water desalination and
Iv) both process together, power generation andlu@gion. Each stage is studied from
an analytical, theoretical, and experimental pespe, on the basis ofn situ
measurements and computational simulations (Hor2§4,7; Hongn et al., 2015;
Dellicompagni et al., 2015 — 2016 — 2018). The gndlow and the energy losses are
analyzed from the solar gain in the absorber tocirdenser inlet. The aim of this
analysis is to determine the energy available fifer@nt applications, such as fruit and
vegetable kilns, greenhouses, vegetable oil exbracivater desalination, etc.

3. Thethermodynamic cycle

The LFS system installed in the city of San CanSaravia et al., 2014) uses the
conventional Rankine cycle with water steam ashtb&t-transfer fluid (HTF). This is
the most widely used type of cycle in solar conaiin plants (Desai et al., 2014),
though other configurations also exist, such askthlena cycle, used in solar plants as
background cycle (Mittelman and Epstein, 2010).
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a- Water pump

b- Water feed pipe

c- Mirrors array

d- Absorber

e- Main steam line

f- Heat storage

g- Power block

h- Outlet for desalination

i- Condenser

j- Condensate return

k- Air turbine for drier

l- Auxiliary services supply

m- Electric supply for trackers
n- Control cab
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Figure 1. Scheme of the installation and circulation of fluids.

Figure 1 shows the current configuration of theshe pilot plant of San Carlos. It has
a positive displacement pump (a), which pressutizesvater coming from the tank (o)
to the inlet of the absorber (d). Then heat gaith evaporation of the HTF take place.
When is possible, the water steam is used for thkestorage (f), power generation (g),
or desalination (h). It means that the steam cauleite to several consumers.

The residual steam is used to preheat the air freenvironment that will be injected
into the dryer chamber by means of a turbine (kjs Thermal exchange takes place in
the condenser (i). After that, the condensate mp®d into the tank through the return
pipe (j). In addition, the equipment has a contabinet (n) for power supply to
auxiliary circuits (I) and step-by-step motors {q) solar tracking. This LFS combines
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with another passive solar collection system (Condbal., 2009), which makes the

drying process more versatile. This is a passive thiat uses solar gain to heat the
environmental air. Both air, the heated by steandeoser as well as passive system,
are mixed in the main duct before the fan-turbifleis passive solar collector is used
when the Fresnel System is no operating.

Table 1 presents some parameters of the LFS utly éHongn, 2017; Flores Larsen
and Hongn, 2014).

Table 1. Specifications of the absorber and reflector field.

Parameters Dimensions
Number of tubes 5
Total length of the absorber 30m
Inner diameter of the head pipg, d 26.6 mm
Outer diameter of the head pipg, d 33.4 mm
Area of absorber pipes A 3.05 nt
Mirror level height of the absorber, H 6.96 m
Thermal conductivity of the collector pipes 64 W in'
Collection area, Ac 172 m2
Area per row of mirrors, A 21.5 m2

4. Incident thermal power and thermal losses

The city of San Carlos is located in a favorabkaaior harnessing solar energy (Lat. -
25.88; Long. -65.33). Grossi Gallegos et al. (201@Ylied the solar resource in this city
through the Solarimetric network (G. Gallegos & Iitig, 2007; Raichijk et al., 2008),
by calculating the average global daily irradiatigitvh/nf). They also analyzed the
probability of occurrence of consecutive cloudy slajhe study concluded that global
horizontal irradiation (GHI) reaches maximum valwés$.5 kWh/nf (23.4 MJ/M) in
November and December, and minimum values of appately 3.5 kWh/m (12.6
MJ/n?) in June. Measurements carried out in the placersvihe LFS is located
indicated that the daily average global horizonteddiation (DAGHI) reaches 28.7
MJ/n? in summer (Figure 2).

= 3C* i Py i [}
T 25

2 20" i

s i o

= 15 ¥ an

2 10

(@)

1 2 3 4 5 6 7 8 9 10 11 12
Months

¢ Terrestrial data 2009 Terrestrial data 201(» Terrestrial data 2011
Figure 2. Global horizontal irradiation terrestrial data measured in San Carlos.

Unfortunately, there are no measurements of dimecinal irradiation (DNI) for San
Carlos. However, it is possible to obtain DNI anifude components of solar
irradiation from estimation models such as the tybiang model (Yang et al., 2001)
and Liu-Jordan (Duffie—-Beckman, 2005). Yang modalcalates direct and diffuse
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components taking into account terrestrial measeangsnof temperature, humidity, and
turbidity. If turbidity is unavailable, the Angstrds technique is commonly used
(Angstrém, 1961). Liu-Jordan model considers thiéydaverage of GHI measured in
the location.

To determine the incident thermal pov@er for the case without blocking or shading,
equation 1 could be applied (Altamirano, 2014).

Qi = X3 DNI; - A; 1)

However, this equation does not quantify the reahgbecause certain factors further
reduce the amount of irradiance that reaches therbbr. The average hourly thermal
power (W) absorbed by the HTF is calculated agvadl (Hongn, 2017 - 2018):

Qa = Q —AQi, 2)
where:
Qi =DNI-Fe-(t-a) - X%, A~ p;-cosb; - f; - F 3)
AQia = Uy - Aups * (Tpipe — Tambient) (4)
where:
Uy = 0.357 - (Tpipe — Tambient) > 84*W/mK (5)

Equation 5 for global heat loss was determined loyreB Larsen et al. (2012) in
laboratory tests. These measurements were perfoomed-resnel model of absorber at
a real geometrical scale, but with a length ofrh.4nd an insulating coveryJe is the
average temperature of the absorber pipes anglkis the ambient temperature of the
place where the tests were carried out. Equatigivés global heat loss values between
3 and 6 W/rfK, in line with Singh et al. (2010a, 2010b), Kha®99), and Negi et al.
(1989), who determined that the power curve matbabuted to the dominance of
radiation losses, which increases significantlyhwiémperature. The geometry and
materials of the absorber reported by Flores La(2012) are more similar to those
reported by Singh et al (2010a, 2010b). Other sgidi absorbers with non-evacuated
tubes gave values of 2.0 W/mK (Haberle et al., 20025 W/mK (Feuermann et al.,
1991), and 1.0 W/mK (Facéo et al., 2011). It is em@nt to note that there are
significant differences between the mentioned di®st such as the number of tubes,
the geometry, the infrared emittance due to thectiek paintings, the use of CPC
cavities, etc., and these differences explain @mations in the values of the overall
heat loss coefficients.

The coefficient fis the illuminated fraction of the absorber (efféet). In addition, the
cosine effect (cay) (Morin et al., 2012), the cleanliness factog)(Fhe reflectivity of
reflectors (), the intercept factor of receiver;(Fthe transmissivity of the receiver
cover (), and the absorptivity of the absorber tulb®scpntribute to energy losses. All

5



150 the values of these factors were calculated by Ha@§17) in hourly terms for all
151  characteristic days of the year.

152  Several authors (Carvalho et al., 2007; Mertin©&Wagner and Zhu, 2012; Baniasad
153  Askari and Ameri, 2018) consider the transversaidience angle modifier (IAM) K
154  (for varying angled;;) and the longitudinal IAM K(for varying angleb;), obtained by
155  simulation using radiation tracking programs. Hoemthere is no IAM calculation for
156  the current case study yet, and this is the readgnlAM factors were not considered
157  in equation 3.

158  The hourly energy calculation is performed for tearacteristic Julian day of every
159  month, taking into account the DNI values obtaimgdLiu-Jordan method based on
160 daily average GHI (Figure 3). Operating time isuassd to be from 10 a.m. to 5 p.m.
161 because a DNI of at least 400 W/ia considered necessary to generate steam with the
162  equipment in a thermal regime.
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8 9 10 11 12 13 14 15 16 17 18 1 7 8 91011121314151617181920
164 Hour Hour
165 Figure 3. Hourly DNI values for the most representative months.

166  Thermal losses from the pipes are also considerethé energy calculation. The main
167 steam-line of the LFS has insulated and non-insdlaections, and their respective
168 thermal losses toward the environment are givenefyations 6 and 7 (Duffie—

169  Beckman, 2005).

: 2mL (T¢—T
170 AQ_; = (Te-Te) (6)
4 1 1 1 1
T ) ) e
21L (T¢-Te)
4 1 1

1

dihconv kw 1n(‘31_0) "do(ha+hy)
i

171 AQl—n = [ ] (7)

172 Where Ik, kis and kyc are the thermal conductivity coefficients of thdfetient
173  materials that compose the steam line (Bergmanl)28thich are galvanized steel,
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glass wool, and PVE respectively; dand ¢ are the inner and outer diameters of the
galvanized steel pipe that carries the HTF, whileabd ) are the inner and outer
diameters of the PVCcover, T and T are the steam and environment temperatures,
respectively; L is the length of the insulated pgrenon-insulated section;dj, is the
convection coefficient for the steam circulatinghin the galvanized-steel pipe; i

the convection coefficient of the external air dnds the coefficient of radiation to the
environment and its value is determined by equadi¢buffie—-Beckman, 2005) where
T, is the temperature of the external surface of tbe-insulated section, calculated
through successive iteration.

h, = 8'0-'(Tzo-l"I‘Ze)'(’I‘o-l"I‘e) (8)

In order to simplify the calculation, outer diantetd the whole non-insulated sections
is assumed as the nominal of the installation @®&2 mm).

Both the steam temperature and the steam fractigm tthroughout the installation due
to the heat transfer to the outer environment. fhieemal leap of steam in each section
of the installation is analytically determined byans of the mass and energy balances
(equations 9 and 10) (Mc Adams, 1954) for a modehsas the one shown in Figure 4,
where the variables reach a stationary state.

P16y, x1) = Pi6o+66) T (Pg(6,+60) — Pi(ay+56)) (o + 6%) 9)
fio (hogog, ) — Paoyxp) — Q1 =0 (10)
fly |9 TQI fl, |6
— X0 — X1
Ox
Po - P1
b 56 .

Figure 4. Seam pipe model for variablesin stationary state.
Where:

» flisthe steam flux in kg/s.

* xis the steam fraction.

* 0 is the steam temperature, in C.

« pis the steam/water mixture density, in kd/m

* his the specific enthalpy of the steam/water mixtim J/kg.
» &x is the variation in steam fraction.

» 086 is the variation in steam temperature.

The sub-indices “0” and “1” correspond to the miitand final state of the variables,
respectively.
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The expressions for calculating temperature vamafbd) and steam fractio(ox)
derive from the equations of mass and energy baléeguations 11 and 12).

(pgl)GOSX + [(%)90 + (%)90 XO] 66 =0 (11)

oh
(~hg),, %+ [(a—;)eo +

Heat lossQ, is given by equations 6 and 7, for insulated and-insulated pipes,
resulting in a system of first-order equations, kefpg is the water density contained in
the steamp, = pg — p;, Wherep, is the density of the steam phabg;=h, — hy,
whereh, is the enthalpy of the liquid phase, dnds the enthalpy of the steam phase,
with all the state variables and their derivatipasticularized for the value of the initial
temperaturd,. Final temperature and final title, respectivel] be equal to:

(52),, %o 50 = 1/, 12]

X1 = Xq + 60X (14)

The steam temperature is measured at the begimiinge main line, as shown in
Figure 5. A K-type sensor was used and the datare@sded using a twelve-channel
DigiSense datalogger. This temperature is takeheasnitial value for the calculation of
the decrease in steam temperature along the steam |

T i £ N ] E
< g o i

Steam lini

; e
Y W ) Y =

Figure 5. K-type sensor for temperaturé meawremenf and main steam line.
5. Thermal energy availablefor processes

The thermal energy calculation is based on theydaierage DNI for each hour and
equation 2 gives the thermal energy absorbed byiife Q,. Then, equations 6 and 7
give thermal losses of field pipes, which have éosbibtracted from), to obtain the
average hourly thermal power available (BaniasakbAsand Ameri, 2018) (equation
15) to feed different processes such as electrivepogeneration, hard water
desalination, and vegetable drying. The averagendlesnergy (in MJ) is calculated for
each hour (3600 s) taking into account the avetlagienal power available in the steam
as a constant. A working pressure of 6 bar is ctamed for all processes.

Qj = Qa - Zj AQl—i - Zj AQl—n (15)



233  The thermal power of the steam, for each hour,hmavd in Figure 6. A range of
234  variation from 4 kW, to 49 kW, is observed. Low values are reported at first fiadr
235  sun as well as last hours. Maximum thermal powéresare situated in a range of 15
236 kWi, and 49 kW, in the solar midday. This range corresponds to determined by

237 Hongn (2017) through his model developed in Pythataining a maximum thermal
238  power of 43.5 kW..
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©
2 30 -
o
220 -
£
l_
0 i
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240 Figure 6. Hourly thermal power of the steam for each characteristic day.

241  The thermal efficiency of the absorber, for steawdpction, is defined by equation 16
242  and its hourly variation, for characteristic daygach month, is shown in Figure 7.

243

(16)
31%
28%
& Q@‘ & Q@*
& & &
) %04 Q@o
244 010:00 @11:00 m12:00 m13:00 m14:00 m15:00 m16:00 @17:00

245 Figure 7. Hourly variation for thermal efficiency of steam generation at the absorber.

246 The results of thermal power and thermal efficienbyained in the present study are
247  closely comparable with results of other authongl aven with the results obtained by
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Hongn (2017) for the same Fresnel System. The cosgmaof main parameters is
shown in Table 2.

Table 2. Comparison of results for real cases and the actual case study.

Author Location Field mirror ~ Thermal Power Thermal efficiency Temperature

(m?) (KW (%) of steam (°C)
Linetal., 2013 Shanghai 14.4 - 37-45 90 - 150
Bermejo et al., 2010 Sevilla 352 60 — 180 16 -24 018
Hongn, 2017 San Carlos 172 43.5 20-45 160 -170
Actual study San Carlos 172 15 - 49 15-33 1600- 18

5.1.  Direct injection of steamin the dryer

The generated steam is used to pre-heat the airtire environment to introduce it into
the drying chamber. Thermal transference takeseplaz means of the steam-air
condenser type. Figure 8 shows the values of thleemergy available in each section
of the steam line where the different steam conssiiae connected.

140(
1200
1000 3 M I |

n

Daily average thermal energy
(MJ)
(*2]
o
o

0 - L L -
D X\ 5 5 5 5
FHEE PSS S
& BN T & o © &
< — <
OlIncident solar energy E Available for distillation
m Available for electric generation EUsed in the dryer

Figure 8. Incident solar thermal energy, energy available for desalination, energy
available for power generation, and energy used in the dryer.

As shown in Figure 8, relatively low values are etved in February, due to the
climatic conditions of cloudiness and precipitatitypical characteristics of the valleys
in the province of Salta. The working temperatgrebtained by regulating the pressure
with the control valves. Figure 9 shows how thestéemperature decreases due to the
thermal losses of the pipes. For months of highptsature, the average relative
decrease is -0.61 °C/m, and slightly higher for therof low temperature, -0.67 °C/m.
Both curves correspond to the thermal state ofyiséem at 14 p.m.
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Figure 9. Decrease in the steam temper atur e throughout the installation, from end of
absorber to condenser inlet. Left: January. Right: June.
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5.2.  Electric power generation

Electric power generation occurs before the steams gnto the condenser. Electric
power, in KWR, is calculated by equation 17. Then, the residtedm is used in the

condenser and this steam releases its thermalyeaaypre-heats the environment air
for the drying process.

EE = 3600 - (Ny - Ner - Ngr)/ (3.6 kWh, /M) (17)

Ny andng, are the mechanical efficiency of the transmissiod electric efficiency of
the tree-phase generator, respectively. Effectieehanical power developed by the
steam engine (Y was determined by experimental measurements avitirque-meter
built for this purpose (Figure 10).

team engir
Steam engi Scale
Brake pad Lever arn
Reservoi ) :
_ - Oil conductiot
Brake leve B i A E :
é L ” Hydraulic pum;
gi a w ST

Figure 10. Torque-meter for measurements of effective mechanical power.

Measurements are performed in an indirect way, byually activating the brake until
the revolution regime becomes permanent. At thietpa reading of the brake force is
taken on the scales located at the end of the.|&ffsctive power in Watts is equal to:

N, = 0,69869 -F-n 18]

11
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Where brake force F is measured in pounds (scali®sand speed regime in rpm. The
effective power of the steam engine is obtaineddftierent working pressures (Figure
11).

< 1000 | | |
= ©1-3bar o
= 8000 03 -6 bar
g] 06 - 10 bar y =31,932x-6794,
2 6000 ©
S o o
o (0]
2 4000 oo
3
Q I
£ 2000 o g y =12,009x-2441,4
w = 660 /D/ [ i )
=2,0676x-187,6
0 e 7 oolla—t0 -
0 50 100 150 200 250 300 350 400 450 500

Rotation speed n (rpm)
Figure 11. Effective mechanical power developed by the steam engine, as a function of
rpm and for different admission pressures. For a regime of 288 rpm and a working
pressure of 6 bar, the steam engine gener ates an effective mechanical power of 2.4 kW.

Figure 12 shows the available thermal energy faatieation and drying processes,
when steam is used to generate electrical enemgyelative terms, the mechanical
energy developed by the steam engine is smalltlEsds due to the top mechanical
power engine for a speed of 288 rpm. This powereges if the rpm regime increases
or if the intake steam pressure increases, asisdegure 11.

1400
1200
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P

=
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) .

= Q & X N 3 < ) & & & & &

= & & © g & S O & NS NS N NS

8 & Ty Y ¢ & &S
< S S F
OlIncident solar energy mE Available for electric generation

B Generated mechanical energy = Available for distillation
EUsed in the dryer

Figure 12. Incident solar thermal energy, energy available for desalination, energy
available for power generation and energy used in the dryer, when steamis used to
generate electrical energy.

The temperature of the steam decreases througheunstallation at a rate of -3.04
°C/m in summer and -3.13 °C/m in winter (Figure.13)
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Figure 13. Temperature of steam through the pipe. Left: January. Right: June.

The thermal losses from engine head, together théhexpansion work, produce a 40-
50 °C decrease in the steam temperature. This thefecrease is common in this type
of low power thermal machines. It is observed thattemperature of the exhaust steam
is around 100 °C, containing enough energy to h@iepto desalination and drying
processes.

5.3. Desalination of hard water

The amount of distillate depends on the technolbgy is used as well as the available
thermal energy of the steam. In this case, a rstdtie distiller is connected to the main
steam line, between the power block and the comueand its gain output ratio (GOR)

is equal to 2.7 (Diaz 2017; Franco and Saravia4L9quation 19 gives the amount of
distillate in kg.

= —2-GOR (19)
2.3f—g’

myy

E, is the thermal energy from the steam source, wbaghbe complemented by direct
solar gain (evacuated tubes) or electric resisgnifenecessary. It is important to
consider that not all of the thermal energy canubed in the desalination process,
because the residual steam has to contain enougtgyerior the drying process.

Therefore, the steam flow has to be regulated gbrtbt all the thermal energy will be

transferred to the water of the tank. This faotassidered by the k-factor in equation
19, which is assumed as k=0.4. Desalinated watatyation is summarized in Figure
14 with average daily values (it means, for chamgtic days), when no mechanical
energy (or electric power) is generated.
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Figure 14. Production of desalinated water; monthly average per day.

Figure 15 shows the thermal energy involved inpiteeesses. Production of desalinated
water causes an important decrease in the therneigy available for the drying
process.
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Figure 15. Incident solar thermal energy, energy available for desalination, energy
available for power generation and energy used in the dryer, when steamis used for a
desalination process.

5.4. Desalination of hard water and electric power generation

The steam is used for both processes, desalinafidrard water and electric power
generation. Firstly, electric power is generated e residual steam of this process is
used in the distiller. The power block generatessiame amount of electric energy, but
the production of desalinated water decreasesagrsim Figure 16.
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Figure 16. Production of desalinated water; monthly average per day while e ectric
energy is generated.

Now, the available thermal energy for the dryinggass is lower than that for the other
processes (Figure 17).
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Figure 17. Incident solar thermal energy, energy available for desalination, energy
available for power generation and energy used in the dryer, when steamis used for
electric power generation and water desalination.

6. CONCLUSIONS

The present study performed the energy analysith@fLFS concentration system
mounted in the city of San Carlos, Salta providagentina. The study was performed
for the characteristic days of each month, withoseced absorber, and an operating
time from 10 a.m. to 5 p.m. was assumed. The catioul of the energy absorbed by the
HTF considers the measured values of the soladiatian which reaches the mirror
field, as well as the temperature of the steam igeee by the equipment at the absorber
outlet and working pressure.

Four scenarios for utilization of the steam werastdered: direct steam injection into
the condenser, electric power generation, desalinatater production and, finally,
power generation and desalination together.

It was determined that the LFS generates steamanitaily average thermal energy of
around 460-1200 MJ at the absorber outlet, accgrdiinthe month and the solar
irradiation available. It means 243 GJ accumulgedyear. The availability of thermal
energy for desalination processes ranges betweeMIgin winter, with electric power
generation) and 10 GJ (in summer, without elegtower generation). Lower values are
obtained during the months of low solar irradiatiés a result, it would be convenient
to take these values into account when implementithgr desalination technology,
since low values of thermal energy would demandigeeof auxiliary systems to supply
this energy lost in desalination processes. Theistagje distiller proposed here is able
to produce from 98 to 112 hof pure water per year. Practically the same arnofin
energy at the absorber outlet is available fortategeneration. A valve for steam
deviation is mounted for this process before thealileation process, so the thermal
energy available for desalination is lower becatisses exhaust steam from the steam
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engine. The power block can supply 5.2 GJ (1.5 G#imually, for a 288 rpm regime

and working pressure of 6 bar. However, the elestpply varies with the electric load

or consumption, and it affects the working presstemperature, thermal energy of the
steam, and residual energy for the following preces

The steam temperature analysis reveals that #asssary to improve the insulation of

the pipes, particularly in sections where the valage located. It is also observed that
the thermal energy contained in the steam coulddeel for greater power generation,

but for this goal a steam engine with higher penfamce is necessary. A more accurate
estimate of the energy use could be obtained by rand better measurements in the
different pieces of equipment. This involves the o$ transducers and data loggers to
measure pressures and temperatures instantan@owslgh process, as well as the use
of a central computer for the real-time recordifighmse parameters. As future work,

the authors - and the work team of the Fresnekaystf San Carlos - are developing a
system for measuring and recording of temperatypressures and steam flow, with the
aim of controlling such parameters by acting disech the valves and the regulation of

feed water flow.

Funding: This work was funded by MINCYT (Science and Tecloggl Ministry of
Argentina) through the PFIP 2009 project and byRlesearch Council of the National
University of Salta through the project 2019/1.
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Highlights
* The energy analysis of the LFS concentration system mounted in the
city of San Carlos, Salta province, Argentinawas performed.

 Therma losses at the absorber cavity as well as field pipes were
determined.

» Availablethermal energy for different applications was determined.

* |t was determined that the LFS generates steam with a daily average
thermal energy of around 460-1200 MJ at the absorber outlet.



Nomenclature

Aabs Absorber external area fn

A, Area of each mirror (A

d; Inner diameter of field pipe (m)

D; Inner diameter of PVEcover (m)

DNI Direct normal irradiance (W/h

do Outer diameter of field pipe (m)

Do Outer diameter of field P\VCcover (m)

E, Thermal energy from the steam source (MJ)

EE Electric power (kWb

F Brake force (Ip

Fe Cleanliness factor (dimensionless)

f; llluminated fraction of the absorber (dimensi@sle

F; Intercept factor of receiver (dimensionless)

flo Steam flux (kg/s)

GOR Gain output ratio (dimensionless)

h, Convection coefficient of the external air (WK

heonv Convective coefficient of steam inside the pipgra’K)

h, Steam specific enthalpy at section O for contadlizne (J/kg)
h, Steam specific enthalpy at section 1 for contadine (J/kg)
h Linear coefficient of radiation to the environméw/mK)

k Portion of E used for desalination (dimensionless)

Kais Conductive coefficient of isolation (W/mK)

Kpvc Conductive coefficient of PVCcover (W/mK)

Ky Conductive coefficient of pipe wall (W/mK)

L Field pipe length (m)

m,, Amount of distillate (kg/day)

n Speed regime of steam engine (rpm)

Ny Effective mechanical power developed by the steagine (W)
Q. Average hourly thermal power (W)

Qi Incident thermal power (W)

Q,- Total heat loss at each point of the installaf\)

Q Heat loss to environment through field pipes (W)

Te Environmental temperature (K)

T; Steam temperature (K)

T, Temperature of external surface of the non-irniedlaection (K)
Toipe External temperature of pipes (K)

Uy, Heat loss coefficient (W/Kf

Xo Steam fraction at section 0 for control volumer{ensionless)

X4 Steam fraction at section 1 for control volumer(ensionless)



Greek symbols

Absorptivity of pipes surface (dimensionless)

Variation in steam temperature (K)

Variation in steam fraction (dimensionless)

Thermal losses from the absorber to environméaft (

Thermal losses toward environment by insulatpe (W)

Thermal losses toward environment by non-insdlaipes (W)
Emissivity of external surface of the non-insethpipes (dimensionless)
Efficiency of electric generator (dimensionless)

Thermal efficiency of the absorber (dimensionless)

Efficiency of mechanical transmission of powerddd@dimensionless)
Steam temperature at section 0 for control vol{K)e

Steam temperature at section 1 for control vol{iK)e

Incidence angle (°)

Steam density at section 1 for control volume rfiy/

Gas phase density (kgim

Reflectance of each mirror (dimensionless)

Liquid phase density (kg/th

Stefan-Boltzmann constant (5.670373 £ Y@/s’K?)

Transmittance of glass cover (dimensionless)



