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Abstract:

A thermal and economic analysis of Concentrated Solar Power plants is conducted considering a range of
plant capacities from 50 to 800 MWth of field thermal output and the following technologies: parabolic trough
collectors (PTC), linear Fresnel collectors with direct steam generation (LFC-DSG), central receiver system
using molten nitrate salts (CRS-MNS) and central receiver system with direct steam generation (CRS-DSG).
The analysis focuses on the environmental conditions of selected locations of Chile: Crucero and Pozo
Almonte. The study considers a parametric analysis and optimization of the storage and power block sizes,
for different plant scales, in terms of the levelized cost of energy (LCOE). The annual production of the plants
are calculated by using the Transient System Simulation program (TRNSYS), which uses a new component
library developed for that purpose. The results obtained show good agreement with other software packages
as well as with actual data from currently operating CSP plants. Parametric analysis and optimization routine
conducted show that the high level of irradiation available in Chile provides a significant reduction in the
LCOE for commercial plants, comparing to the current plant installed in South Spain and California
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1. Introduction

During the last decade, Concentrated Solar PowsPJ@lant have demonstrated its capabilities as
a secure and clean energy source, which make® ibbthe promising technologies for mitigating
the climate changes [1]. After the initial develaggm in the 90's, i.e., construction of the SEGS
(354 MW) and Solar One (10 MW) plants in USA, theFCindustry has experienced a considerable
growth since 2007, achieving a cumulative capagit®.3 GW at the end of 2013 [2—4]. In this
period, new technologies have reached commercialrityaand new concepts have emerged, such
as direct steam generation, innovative cycles hardrtal storage integration, among other advances
[5-7].

The main CSP technologies [8,9] are parabolic thinocollectors (PTC), linear Fresnel collectors
(LFC) and central receiver system (CRS), the ladleo known as solar towers. Currently, PTC
technology with synthetic oil as heat transferdluepresents over 90% of the installed capacity,
where more than half of that is located in Spaid,[l0]. Most of those plants integrate a thermal
energy storage (TES) system, composed by an inditectank of molten nitrate salts (MNS).
Because of the relatively high deployment of trehimlogy, PTC with TES is considered as market
dominant and fully mature with respect to CSP @d8t10,11]. Central Receiver Systems [10,12]
have received increased attention during the gastyears, since the higher operating temperatures
allow reaching higher thermal-to-electricity corsien efficiencies. In this context, two main
operating schemes have emerged for this techn¢igyirst using MNS as heat transfer fluid and



heat storage medium, like the Gemasolar (2011, W\0- 15h TES) and Crescent Dunes (2014,
110 MW — 10h TES) plants located in Spain and US&pectively. The other scheme is the
process denominated direct steam generation (DS@B16], through which steam can be
produced directly in the receiver. Examples of teahnology are the plants PS10 (2007, 11 MW)
and PS20 (2009, 20 MW) in Spain, both generatirigrated steam, while the Sierra Sun Tower
(2009, 5 MW) and Ivanpah Solar Electric Generatdtgtion (2013, 377 MW), in USA, generate
superheated steam [2,17]. Despite the fact that B&8Greduce costs and thermal losses associated
to heat exchangers, currently there is no suitabletion of TES available for DSG receivers. The
exception is the steam accumulator employed in R8IDPS20 plants, which supply 50 min of
plant operation at the rated plant capacity [1#@atively acting more as a transient damper than as
a proper TES. This low capacity for storage, limitke application of the technology and
significantly lowers the plant capacity factor imses of transient cloudy skies.

Regarding Liner Fresnel Collectors, until 2010, jaarly-commercial demonstrations LFC were
operating [2,16]. However, two LFC commercial ptaibegan to operate since 2010: a 30 MW
plant built by Novatec Solar in Spain and a 125 &t built in India by AREVA solar — both
plants use DSG configuration and none of them [ Jystem [2].

The potential locations for installing CSP techigyds in South America are located in the Atacama
Desert in Chile, the northwest region of Argentamal the S&o Francisco river basin in the northeast
region of Brazil, as observed in Fig. 1, where tieshold of annual radiation is established as
2000 kWh/ni of Direct Normal Irradiation (DNI). The Atacama &t in northern Chile has one of
the highest solar resources in the world, with mmual DNI above 3000 kWh/m? [18]. In addition,
this region shows plains, flat and unused terrandg it is close to several mining facilities, which
represent the highest electricity demand in thentgu
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Fig. 1. Annual Direct Solar Irradiation in Southmierica[19].

Despite the potential of solar energy in Chile #&meladvances shown by the technology, currently
there are no CSP plants in operation in the couhtopvever, there are two CSP projects currently
under construction in Chile, both considering calnteceiver technologies..

Previous research has assessed the potential f6r &@d CRS in Chile [20-22], focusing on
sustainability and economic issues without presgnta comparison between the available
technologies.. However, previous studies have abegtablished the competitiveness of CSP or the
most suitable technology for the region. Assestiegpoerformance of CSP technologies in selected
locations of northern Chile would allow to determithe most suitable technology, according to
meteorological conditions and latitude, among otrefables. Based on that, this work presents an
energy and economic analysis of the main CSP téobies, considering the environmental
conditions of some selected locations. To illustridie capabilities of the developed methodology,



two locations of Chile are selected, Crucero andoPAlmonte, both with outstanding levels of

solar irradiation. The analysis considers transsémulations of several plant configurations sush a
PTC, LFC with DSG, CRS with MNS receiver and a ORih DSG receiver. Those simulations

were carried out using TRNSYS software [23], paerfimg parametric analysis and optimization of
the TES and power block size for different plarpamties in terms of the levelized cost of energy
(LCOE).

2. Methodology

The annual performance for each plant configuraisodetermined by a simulation model, which
considers an hourly resolution meteorological dasab For that purpose, the Transient System
Simulation Program (TRNSYS) [23] was selected duést modularity and open-source structure,
which facilitates the addition of new mathematinaddels (Types) — e.g., steam accumulators or
Phase Change Material (PCM) storage systems [11A#jough, TRNSYS has currently more
than three hundred operational Types, — includorgesfor CSP applications i.e. STEC library [25]
and TESS libraries [26] — there are no availdhipes for some components of the CSP plants
analyzed herein. Therefore, it was necessary tol lBunew TRNSYS library for proper CSP plant
simulations. To do so, the open access mathematicalels [27-30], developed by the U.S
National Renewable Energy Laboratory (NREL) for S8ystem Advisor Model (SAM) software
was compiled as an add-on library compatible wRNBYS software.

Mathematical models included in SAM are availaldeFartran source codes, and are compatible
with TRNSYS code standards, since SAM uses the TRINS6 as a solver engine. It is worth
mention that a new water thermodynamics propestigsoutine was developed in order to compile
those source codes. Hence, in an attempt to exgph@n@RNSYS fluid database, a new subroutine
was implemented using the CoolProp library [31ffegware code, which includes one hundred and
fourteen pure and pseudo-pure fluids as well a$y fihcompressible liquids. Although
computational time for simulating DSG technologiesreases significantly due to the use of
equation of state for the thermodynamic properties, results of the simulation are considerably
more accurate.

Once the new library was built, the Type’s proforfoaeach plant component were created, and
then the simulation of each plant technology waglémented in the TRNSYS Simulation Studio
environment. As the convergence of the simulatemesreached, the levelized cost of electricity is
calculated using the annual electricity productoma economic assumptions (described in section
3), as well as the evaluation of the overall anchponents efficiencies (i.e. field, receiver and
power block).

Mathematical models of a direct/indirect two tarkSI'system have already been implemented for
the PTC and CRS-MNS technologies in the SAM co@&s2B]. In contrast, DSG technologies do
not have this capability implemented. Neverthelestheoretical TES system model [32] is used to
simulate the thermal behavior of the LFC and CR#gl with DSG technology. This approach has
been considered in previous studies for PTC tedyyo|33] and for CRS-DSG technology [17].
For the present work, a value of 0.9 is considdoedhe charging/discharge utilization factors —
meaning that 10% of the thermal energy is lostrduthe charge and the same amount during the
discharge process — whereas the storage loss fadtonluated as a function of the fraction of the
absorbed energy sent to storage and the chargiobatige utilization factors, as demonstrated by
[32].

For the optimization of the CRS heliostat fielde thELSOL3 code [34], developed by the Sandia
National Laboratories, was used. The DELSOL is Widsed, e.g., design of the PS-10 and PS-20
commercial power towers in Spain [17]. In addittorDELSOL, the PTGEN application described
in [27] is used to manage the information aboutatéwh flux incoming to the tower receiver,
within the several DELSOL executions. This is thene approach used by SAM software. Hence,
the DELSOL code optimizes the heliostat field arrepwwver and receiver dimension considering
some design, financial and cost parameters. Afteraptimization process, the code generates a



field efficiency matrix and a solar flux distribati map on the receiver as a function of the solar
position.

The new TRNSYS simulation models were validateattayparing to original SAM hourly results
as well as by comparing to actual data from culyemperating systems [35]. The PTC plant was
simulated in the TRNSYS environment and in SAM gsihe Andasol-1 plant data as shown in
[35]. Regarding the CRS plant with the MNS receivewas simulated considering the Gemasolar
plant data as described in [36]. Due to the eadges of the DSG technology, limited data are
available. Therefore, the CRS plant with the DS@eieer was simulated considering the
characteristics described in [17], while the LFGteyn is simulated using the Novatec Boiler
concept [37,38]. These four systems were usedlidata the new TRNSYS library are considered
as reference configurations.

As mentioned in the last section, the referencatplaonfigurations were simulated considering the
meteorological conditions of two selected locatiamsChile. The main characteristics of those
locations are summarized in Table 1.

Table 1. Main characteristics of the selected tmess in South America

Site Crucero/Cl PozoAlmonte/CL
Latitude (°) -22.24 -20.26
Longitude (°) -69.51 -69.77
Altitude (m) 1146 1030
Design point DNI (irradiance, W/h 1027 937
Annual DNI (irradiation, kWh/rflyear) 3411 3048
Solar datbase sour¢ [39] [39]

The design point of the direct normal irradianc&[Dfor each location is defined as the irradiance
equivalent to the 90% of the cumulative distribotitunction (CDF), considering the nonzero
values of DNI weighted by the cosine of the incidangle. This means that in 90% of the
insolation time, a value of DNI lower than the dgspoint should reach the collector mirror.

Since the cost reduction by increasing the plare ¢i.e., economy of scale) is a present trend
[17,40], five solar field sizes were considered dach plant technology. For the sake of simplicity
and for facilitating the comparison of the techmyods, the thermal output of the field is used as a
size indicator of the plant. Therefore, the sizesssadered herein are 50, 100, 200, 400, 800 MWth.
Naturally, each technology and location will giviser to different solar field aperture areas,

accordingly to the environmental conditions.

The use of TES systems increases the producti@ieatricity, for which it requires larger solar
fields in order to supply the extra thermal enei@ye stored, allowing a reduction on the value of
LCOE and increases plant’s capacity factor. For taasons, PTC and CRS-MNS plants commonly
use large TES systems [2,17,41] with capacitiessomea in hours of storage. Next generation of
DSG plants will probably incorporate improved TESigns in order to increase the capacity factor
and dispatchability to the grid. Therefore, a pastaim analysis of the power block and TES sizes
was performed to assess the effects of these twables on the LCOE, for a given thermal output
size of the solar field. This analysis indicates tifferent combinations of power block and TES
size that minimize the LCOE of the plant. For thigpose, the location of Crucero and a field
thermal power of 400MWth were considered.

Finally, the LCOE of each configuration was optiedzn terms of the TES and power block size,
allowing to determine the minimal LCOE value forckaechnology, location and thermal energy
output of the solar field. For this task, the Gené&ptimization Program (GENOPT) was used,
which can be easily coupled with TRNSYS. Since pheblem consists of a multi-dimensional
optimization with continuous variables, the GPS lenpentation of the Hooke-Jeeves algorithm
with multiple starting point was adopted, as recanded by [42].

3. Plants configuration

Figure 2 shows the simplified scheme of the foung@oplants analyzed in this work. For PTC and
CRS-MNS plants, the simulations considered a stahnieo-tank indirect and direct configuration,



respectively. Also, conventional Rankine cycleseverodeled according to the information about
internal components detailed in [27,28]. Both DS@ngs were simulated by operating in
recirculation mode with a steam separator betwherbbiler and superheating section. Regarding
the LFC plant, the solar field was considered sptiv boiler and superheater sections. The DSG
receiver of the CRS is considered divided intodrpuperheater and reheater sections.
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Fig. 2. Schematic diagrams of: (a) PTC indireco#t@nk MNS storage; (b) CRS direct two-tank MNS
storage; (c) DSG LFC with a theoretical TES; anil@RS with DSG

It is worth noting that only the CRS-DSG commonhggent a reheat stage in the Rankine cycle.
Detailed information about the configuration of lkegaower cycle used in the simulations of DSG

power plants can be found in [29] for LFC-DSG a8d][for CRS-DSG. Because the concept of the
TES for a DSG system is still under developmeng thodel adopted in the simulations is

theoretical. Therefore the specific configuratioh that system was not considered for the
optimization process.

It is also important to note that all of the refese power plants have a fossil backup system, which
can operate in different modes. In addition, fag thalidation routines, the use of fossil heater is

considered according to the available informationifoth reference plants. However, for the sake
of simplicity, this work considers solar-only scana, since the degree of hybridization commonly

depends on the local policy and not on technicatlies. .

3.1. Reference systems configuration

As mentioned above, the operating data from Andag8b] and Gemasolar [36] projects are used
as the reference configurations for the PTC and-®RS power plants, respectively. Due to the
small amount of information available regarding Dp@jects, the systems analyzed in [17,29,30]
were assumed as the reference configurations 0€RS-DSG and LFC-DSG plants, respectively.
Table 2 shows the main parameters of the aforeomdi configurations.

3.2. Parametric analysis and optimization

The parametric analysis and the optimization precamsidered the reference configurations as
base cases. However, some parameters have beagedharenable the direct comparison between
the different technologies, which are listed in [€aB. In addition, all of the configurations were
simulated considering a dry cooling system (since Atacame Desert in northern Chile is
characterized by lack of water), while the moltafissmixture is considered as 60% NaNO3/40%
KNO3.



Table 2. Main parameters of the configurationhs teference plants.

PTC CRS-MNS CRS-DSG LFC-DSG
Location Granada/Spain Seville/Spain Seville/Spain  Dagget/USA
Collector/Receiver EuroTrough ET150/Solel Sener Sener Novatec Boiler
Heliostat/Tower height UVA3 Schott PTR70 (10.9x10.9m)/ 140m  (10.9x10.9m)/ 170m
Field aperture area (in 510120 305401 543437 360547
Solarmultiple (-) 1.7¢€ 2. 1.1 1.65
HTF Design Temp. (°C) 393 565 575/500 (RH) 500
Cycle gross output (MW) 55 19.9 111.15 49.998
Rated cycle efficiency (-) 0.381 0.412 0.43 0.3941
Cycle pressure (bar) 100 100 100/40 (RH) 20
Full load hours of TES (h) 7.5 15 0 0
Table 3. Main parameters adopted in the parametrid optimization analysis.
PTC CRSMNS CRS-DSG LFC-DSG
Field HTF Therminol VF-1 MNS Water/Stear Water/Stear
TES media MNS MNS - -
HTF Design Temp. (°C) 393 565 550/500 (RH) 500
Rated cycle efficiency-) 0.381 0.41z 0.41: 0.394:
Cycle pressure (be 10C 10C 160/40 (RH 90

The LFC solar field has different geometries andfqenances for the boiler and superheater
sections, where each loop has twelve modules inbtiler section and six in the superheater
section. For the PTC and LFC technologies, thel fagberture area is calculated based on the
specified field thermal output, and the loop cosi@r efficiency was estimated at the design
condition and DNI point. Therefore, each locatioegents different values of the aperture area.
Finally, for CRS systems the surrounding helioB&ddl design is performed by the DELSOL code.

3.3. Economics

For the evaluation of the LCOE, the definition aidapby [43,44] was used. In addition, an interest
rate of 8% and an inflation rate of 4.5% were asslinThe plant availability was defined as 96%
and the project lifetime was established in 25 ge&inally, no subsidies were considered since
such incentives do not exist in Chile. Regardirggdbst of the system, the assumptions presented in
Table 4 were adopted for the economic evaluatidre Values used in this work are based in those
presented by [16,17,45-48]. It is worth mentionihgt the cost of PCM TES was adopted for the
DSG technologies, this value is based on [17,4€] r@present the expected cost in the long term
for the industry.

Table 4. Economic parameters considered for the gignts.

PTC CRS-MNS CRS-DSG LFC-DSG

Direct cos

Site improvements (US$An 15 15 15 15
Solar fielc (US$/n?) 27C 18C 18C 18C
Heat Transfer Fluid (US$/ 80 0 0 35
TES (US$/kWh,) 30 30 50 50
Fossil backup (US$/kWe) 0 0 0 0
Power blockcers.r (US$/kWe) 850 1200 1200 850
Reference power blockeser (MWe) 55 115 115 55
Balance of plantesrr (US$/kWe) 105 350 0 0
Fixed tower coSGower (Mio US$) - 3 3 -
Tower scaling factopyower (-) - 0.0113 0.0113 -
Receiver reference costecr (Mio US$) - 110 80 -
Receiver reference are®uer (M) - 1571 1571 -
Receiver scaling factoye. (-) - 0.7 0.7 -
Contingency (as % total equipment cost) 7 7 7 7
Indirect Cost

Land cost (US$/acre) 10000 10000 10000 10000
EPC and owner cost (as % of Direct cost) 11 11 11 11

Sale tax (%) 0 0 0 0



Operation and maintenance

O&M fixed (US$/kWe-year of a nameplate power) 65 65 65 35
O&M variable (US$/MWh of the annual electrical outp 3 3 3 3
Estimated gross to net conversion factor (%) 90 587. 87 95

The cost values for the tower and receiver werkedaccording to the equations described in [37],
Ctower = Ctower,f eXp[/Ytower (htower - hrec /2 + hh /2)] ' (1)

Crec = Crec,ref (Aec / Aec,ref )Xrec , (2)

where the scaling fact(ﬁpa used in (1) and (2) is shown in Table 4. The \@ésh,,..,h..andh, are

the heights of the tower, receiver and heliostagpectively, and_ is the actual area of the
receiver. These four quantities are calculatedneyDELSOL3 code. To consider the economy of
scale regarding the power block and balance oftgtamall technologies, the following equation
was used [17],

CPBBP = CePB,BF’PF’B,ref (PPB/ PPB,ref )XPB,BP (3)

wherer., is the actual power block power and the value of 0. adopted for the power block and
balance of plant scaling factfy...-), as suggested by [50].

4. Results and discussion

4.1. Reference configurations

As mentioned before, the new TRNSYS library was validdtgdwo independent methods: by
comparing to the results obtained by SAM, and to actpetaiing data of plants that are currently
in operation, or data reported in previous studies. TabpreSents a summary of the results
obtained in the validation process, where the annuall@dtieity generation, capacity factor, plant
efficiency, heliostat number and the total land areawhbosen as figures of merit. The comparison
between SAM and TRNSYS results shows deviations lowert&¥, while the deviation between
TRNSYS results and the reference data are about 4%hwsconsidered a good approximation
given the small amount of information available.

Table 5. Comparison of results between SAM andSM8\simulations and the reference data.

PTC CRS-MNS LFC CRS-DSG
Figure of Merits SAM TRNS. [35] SAM TRNS. [51] SAM TRNS. SAM TRNS. [17]
Annual net energy E (GWh) 174t 1722 179.1 107.« 108.c 110.0 115.3 1155 164.1 164.8 164.7
Capacity factor (%) 40.c 39.7 415 70.4 71.C 740 277 277 187 194
Plant efficiency (%) 17.£ 17z - 17.2 17.7 - 119 120 147 148 149
Heliostat number (-) - - 265C 265( 2650 - - 4639 4639 4574
Total land area (acres) 477.C 476.6 476.€ 438.2 438.2 457.0 133.6 133.6 808.0 808.0

In addition, hourly comparisons between SAM and TRNS¥$ults were performed, obtaining
good agreement between both simulation models. In eoddetermine the quality of fit, the root
mean square error (RMSE) for the base case simulasoralculated according to the following
equation,

RMSE= %76(\/Z(ESAM - ETRNSY5)2 (4)

where Eg,,, and E sy are the instantaneous net electricity generation obtaine8Aby and

TRNSYS programs, respectively. All the simulations perganshowed good agreement with
respect to the results obtained by SAM, with RMSE rangioign 0.172 to 2.7 MWe.

4.2. Effect of location conditions



The four reference configurations were simulated corisigieghe meteorological database of each
of the selected locations in order to assess their irduem the CSP plants performance. The
annual net electricity production of each technology wasnalized by their respective reference

system net annual electricity production, as obsemdelg. 3. It can be seen that the higher solar
resource available at locations in Chile results in amease of at least 30% of the net annual
energy production for all technologies. Moreover,tf@ CSP and CRS-DSG this increase is about
60%. This result means that for similar commercial pla@tsilean locations have a significant

potential to achieve lower LCOE values than those achibyettie actual CSP plants installed in
Spain and USA.
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Fig. 3. Summary of the relative annual net eletlyias a function of the location, for the fouchieologies.

4.3. Parametric Analysis

The LCOE is one of the main design criteria for the tpraent and later deployment of

renewable energy projects. Therefore, it is importaninerstand the behavior of this criterion in
terms of the main design parameters of a CSP plantighiscomplished carrying out a parametric
analysis of the cycle gross power output and TES(8izeours). Figure 4 shows a contour plot of
the LCOE in terms of these two parameters for all feahmologies, considering the meteorological
data from Crucero/CL and a thermal power of 400 MWtthénsolar field.
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Fig. 4. Levelized cost of energy for different poiMock and TES sizes for a 400 MWth field in @ratCL.

This location is selected because of its high levels ¢drsoradiation and annual electricity
production, as observed in Table 1 and Fig. 3. Regauitiie thermal power defined, this value was
selected because it represents a probable scenatleefaext generation of thermal receivers [17].
It can be noted that each technology achieves the mini@&H at different conditions. For
instance, the minimal LCOE for the PTC technology oc¢arsa gross power of 50.9 MWe and
14.1 h of TES, with a value of 139.3 US$/MWh, while thenimal value for the CRS-MSN is



143.9 US$/MWh, which occurs for a gross power aB8#We and 15 h of TES. Regarding the
LFC-DSG technology, the minimal value of LCOE is 128.38MWh, achieved with a gross
power of 104.2 MWe and without TES. Finally, the CRS-D@Ghnology presents a minimal
LCOE of 182.1 US$/MWh, when the plant configuratiomlmut 120 MWe of gross power output
and considers a TES of 2 h.

Two main tendencies are observed from Fig. 4, one isthieause of MNS TES induce that the

minimal LCOE is achieved at low values of cycle’s powetput and higher size of the TES, which

benefits the operation of the turbine at its rated conditi@n the other hand, the assumptions
considered for the PCM TES used in the DSG technddgiuces that the minimal LCOE occurs

at larger values of cycle’s power output and loweuegalof the TES hours. This situation relies on
that MNS technologies are a commercial and cost-eftigtrage system, while the PCM is still

under development and represents a high cost andfiessné storage medium.

4.4. LCOE optimization

The previous section presented an analysis of the LCO&dmrimg several combinations of power
output and TES size for the particular case of Cruc€tg.(This section presents results of the
LCOE's optimization process, with respect to these twimbtes, for all the plant configuration and
for the two selected locations. Figure 5 shows the minim&E@s a function of the field thermal
power for each technology, grouped by location. Aseokel, the central receiver system is
characterized by a large potential for reducing the LC@)e to economies of scale at higher plant
capacities. On the other hand, this reduction is redrictethe linear focus technologies, since the
system’s costs and thermal losses significantly incre@bdavger aperture areas. Therefore, LCOE
values of the PTC and LFC are almost constant for freddmal power higher than 200 MWth.
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Fig. 5. Minimal LCOE as a function of the fiela&cthal power, for the four technologies and two tamas,
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The linear focus technologies (PTC and LFC, respectiahjeve LCOE values of 143 and 135
US$/MWh, for a solar field of 200 MWth located in Crucetdowever, duplicating the field

thermal output the reduction achieved accounts only foid36&6, respectively. At this location, the
CRS with MNS achieves the same LCOE than the PTC planta #00 MWth of field thermal

output. On the other hand, CRS-DSG does not presemtmgpeatitive value against the other
technologies, due to its lower electricity production compacedhe CRS—-MNS system. The
electricity cost of the plants simulated in Pozo Almonte aasimilar behavior than those in

(=]



Crucero. However, because of the lower levels of DN, LCOE for plants in Pozo Almonte are
slightly higher than those previously showed for Cracer

The cycle gross power that minimizes the LCOE is degiateFig. 6. It can be noted that the
optimal cycle power presents a linear relationship with fieldnthé power. Moreover, DSG
technologies require almost twice of the power block sidéch is also observed in Fig. 4. Based
on the results presented so far, it can be concludsdhe slope of the optimal power block size is
a function of the TES size.

° (a) Crucero/CL

= 250 :

& —o—pTC

T 2007 | —o5— crs-MNS

4 150k —~A— LFC-DSG

2 —O— CRS-DSG

@ 100

<

eh 50

2

& 0 L L L

Q 0 200 400 600 800
(b) Pozo Almonte/CL

50t

Cycle gross power (MWe)

0 200 400 600 800
Field thermal power (MWth)

Fig. 6. Cycle gross power output that minimizesltEOE as a function of the field thermal power tf@
four technologies and two locations, (a) Crucetr), Pozo Almonte.

Regarding the TES size, the optimal value is almossé#mee (15 h) for the PTC and CRS-MNS
technologies, regardless the location, where the optialaewaries between 11 to 13 hours. For
the DSG power plants, a similar behaviour is obserattdpugh the optimal sizes of the TES are
significantly lower. About the optimal TES are arounar®d 0.3 hours, for these two systems,
respectively.

5. Conclusions

This work presented an evaluation of CSP plants pedocm in selected locations of Chile in
terms of the LCOE. The study was carried out usinge&@ MRNSYS library, built using the
mathematical models developed by NREL and the CoolPrepniodynamic library. The adopted
approach helps the proper assessment of novel cormagtstegration alternatives, since it uses
the well-kwon modular structure of the TRNSYS. Moreoule validation shows that the new
library has a small deviation compared with the originaM3Aresult as well as with data retrieved
from the literature. Regarding the potential for CSP plantise selected locations, the high level of
irradiation available in Chile can provide a significant reducof at least 30% in the LCOE of
those plants. Finally, the optimization analysis shown @aliean locations present an outstanding
potential for the deployment of CSP projects, wherelitiear technologies and the CRS-MNS
present values of LCOE below of 150 US$/MWh, for Hottations considered.
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