B 2 WL KFK 2R “FRTESE” HIER

AR AR H AR 1996 4 6 X
H{E — = > v
[CR 553 RS (28 %) 2 I LA (8] 2023 % 12 H
R AE BAL : . e o R ps . \
ATERO ) urses | R it AL AT T
5]
Faak | AR, BHFRE, 3K 3 R, SRW LM, AREE (EXRFE 1 0-5i s 270,
ok
g
BHIF-FHIF R -3 83 3 5, 5 R 1 5R-170 £, A REE (EHF R -100
=
(1) Nie J, Yu M, Zhu P, et al. Technical strategy for reapplying coatings on solar
tower receiver tubes using concentrated flux. Applied Thermal Engineering, 2025,
258 (SCl top, 3 ZRi3C-50 i)
(2) Nie J, Zhu P, Chen W, et al. Aging characteristic of solar coating and their
cost-effectiveness. Solar Energy, 2022, 248: 183-195 (SCI top, 3 25i3¢-50 15)
PIRTIE S (3) Xiao G, Nie J, Xu H, et al. Performance analysis of a solar power tower plant
G, 270 integrated with trough collectors. Applied Thermal Engineering, 2022: 118853 (SCI
—_ | top, WL —{E, 32903050 )
Pridlksst (4) AR, B 255 BT LA, 1 00, BB GRS .(2022) H5 AR A& Ytk
RGBT 5 ) % HL(05),41-47.d0i:10.19666/j.r1fd.202110190. (IH N — 2
T AR, 5 2R 3C-20 1)
(5) EZbrfE EERFEAN GBIT 41307-2022 353 ABH AEH K HLIH IR A A0
Jik QEFURAR BHEA I B S bR HE-100 550D
NA T
g
ISETIE 270
BVt AHARR IR CITKMK BB “ R 7 Seati/g GRAT)) (HiKEE (2022) 114
) B QiR EESE Y EH. R FR% G0, SiniaE.
ENAWE ERFENEASE. B WEAE, ANRBEHENFE.
AN ;%ﬁ
2 g i) 2024.11.21
PAEESHERENRS, eSS, UFHEBAMA GBI MEREE.
1LAHK%, HEANTHENE: O&k  OAEL:
RS FTRERE: OFS S
Frpipgy | ZERNERTHIEISG. Difa OARE

(HRIDD B

3 mRAEME: OFE OAFEE.

=S
pal
~
k X
X
=
=
B
itk




R AL P N
EE*;“%IJTL J\J\AAL;%- ( BI_‘I )

HAb AR HR E

AT H AR

ik
<r
il
E

i RIETHHAAETEL, ARV EHE -

pai




(SCI-Expanded ) L(,&L“Jj* iy

LR F (Web of Science) ] (Science Citation Index Expanded (SCI-EXPANDED))
BOREE, TRV (SCI-EXPANDED) W%, (R&MHE: 20244 1 A 14 HD

&k 1%

BRI Technical strategy for reapplying coatings on solar tower receiver tubes using concentrated flux
HE# Nie, J(Nie, Jing);Yu, M(Yu, Miao);Zhu, PW(Zhu, Peiwang);Xiao, G(Xiao, Gang);

SRR REA: APPLIED THERMAL ENGINEERING #:258 SRR 1124680
DOI:10.1016/j.applthermaleng.2024.124680 HiARAE:JAN 12025

A#E:W0S:001344301200001

SCRRZER: Article

Hiht:

[Nie, Jing] Zhejiang Univ Water Resources & Elect Power, Sch Mech & Automot Engn, Hangzhou
310018, Peoples R China.

[Zhu, Peiwang; Xiao, Gang] Zhejiang Univ, State Key Lab Clean Energy Utilizat, 38 Zheda Rd, Hangzhou
310027, Peoples R China.

[Yu, Miao] Xizi Clean Energy Equipment Mfg Co Ltd, Hangzhou 310027, Peoples R China.

SRR bk

Xiao, G (corresponding author), Zhejiang Univ, State Key Lab Clean Energy Utilizat, 38 Zheda Rd.,
Hangzhou 310027, Peoples R China.

LT B HhE: xiaogangtianmen@zju.edu.cn
IDS 5:K5MOU

ISSN:1359-4311

eISSN:1873-5606

¥E:
I U ERRERKE CALIS EIRES| Y.
2. U ERY#R S R BIFIEA ZBR R A

\\
S\
R B wm'm%




(SCI-Expanded) WCGRIE Y

2K (Web of Science) ] {Science Citation Index Expanded (SCI-EXPANDED))
¥, TRWSH (SCI-EXPANDED) ik, (RY&RHE: 202344 A 11 H)

W1k 2%k

#7M8:Performance analysis of a solar power tower plant integrated with trough collectors

2 : Xiao, G(Xiao, Gang);Nie, J(Nie, Jing);Xu, HR(Xu, Haoran);Zhang, CL(Zhang, Chunlin).Zhu,
PW(Zhu, Peiwang);

SR A4 APPLIED THERMAL ENGINEERING #5:214 3C#R:118853
DOI:10.1016/j.applthermaleng.2022.118853 HiAREE:SEP 2022

A5 :W0S:000823303000007

SRR Article

Huhk:

[Xiao, Gang; Nie, Jing; Xu, Haoran; Zhu, Peiwang] Zhejiang Univ, State Key Lab Clean Energy Utilizat,
38 Zheda Rd, Hangzhou 310027, Peoples R China.

[Zhang, Chunlin] Cent Southern China Elect Power Design Inst Co LTD, China Power Engn Consulting
Grp, Wuhan 430071, Peoples R China.

JERAER Hht:

Zhu, PW (corresponding author), Zhejiang Univ, State Key Lab Clean Energy Utilizat, 38 Zheda Rd,
Hangzhou 310027, Peoples R China.

HLF B4Rk zhupw@zju.edu.cn

IDS 5:2U6YG

ISSN:1359-4311

eISSN:1873-5606

B2 % 2k

#R: Aging characteristic of solar coating and their cost-effectiveness

#E# :Nie, J(Nie, Jing);Zhu, PW(Zhu, Peiwang);Chen, W(Chen, Wei);Xu, HR(Xu, Haoran);Xiao, G(Xiao,
Gang);

SR FEA:SOLAR ENERGY #5:248 J{:183-195 DOI:10.1016/j.s0lener.2022.11.015 HfR4FE:DEC
2022

B :W0S:000950303000001

SCRRHKAY: Article

Huhk:

[Nie, Jing; Zhu, Peiwang; Xu, Haoran; Xiao, Gang] Zhejiang Univ, State Key Lab Clean Energy Utilizat,
38 Zheda Rd, Hangzhou 310027, Peoples R China.

[Nie, Jing; Zhu, Peiwang; Xu, Haoran; Xiao, Gang] Zhejiang Univ, Key Lab Clean Energy & Carbon
Neutral Zhejiang, Jiaxing Inst, 966 Xiuyuan Rd, Jiaxing 314031, Peoples R China.

[Chen, Wei] Xizi Clean Energy Equipment Mfg Co Ltd, Hangzhou 310027, Peoples R China.

WRAEH b

Xiao, G (corresponding author), Zhejiang Univ, State Key Lab Clean Energy Utilizat, 38 Zheda Rd,
Hangzhou 310027, Peoples R China.

HLF itk xiaogangtianmen@zju.edu.cn

DS §:9Y2PP

ISSN:0038-092X

eISSN:1471-1257

W
1 U ERRGRKE CALIS TS RE.
2. U ERRGRISBBIRIEA R R NHIA.

vﬂ@,

ﬁn.‘

f'r?) JT ! l‘—.’.“j

Sl




Mechike . 2022 51 (05) EFETERGETKE @

EERA RARRITNENR

skEW  EEE R
1 R EEL Tl B brgt iR iR

WISH HEE S
2N TAF RS R E =

REE: CPOEENAEERORERWHINT, SIS,

0 e RAET
¥ SR, 24 EFR{EHT,

S PR ANEER L. e, 150

TORE(E, ot AAEE

LASE, FHRIFIMATLABK{S 100 MWISFHES
LR IR 04058, HISEN260 miEEEE K180 mETIEE2.520 50,
THEEAEHIERTE, LR E AR ES,
RUER: HiEnG FMLRRE B E BEL MATLABIRM, e

BEEE: IFTAHEHEE(LR20E060001)~~;
DOI: 10.19666/j.rlfd.202110190
o\ TEHRIOE

TE: By

ARS: TMEIS

TEE: 517

W@ 4147 mEc 7 i 1133K

AHRETSSTRGERNS, SREN eRENETIEAT, BES:

L

. BERANARLN. Bl
Bk, B, iRHistEmans
et ERIAFI50.65%, t
RS SIEIIAEIRI L2 35ER2 22, (A REENTENSRIgSRR, B

2024-11-21 11:01

oyf, s [BY | PAmR | kSz2 )]
TiesEm | BFepe

WEAER [ 0% /30K ]

By
RVRErEE
HERTRHO) -
EE-50) Gl
LR 1 RAR
A Fs [ fea R Be £
K&
BAEHRR BRI B mﬁﬂ} iﬁ@: ;
HHEEE 01 = H:ﬁ B, S £ 202110019 TR
v el s
RAMRILETE i i%%%&
RIVABEE =

O 2¥t/aHLwE

s [feESE) @B

BR 1052055081
eFadiE)
2021/10/8

BRE &)

LRIBER

RENTR
Al

SZEDGNE

&



— EA—FEARBT (EdirS f ASCHBBURE AT

WL KFENFERATI % HFXF6r (2020 kO

e T4 ISSN 5
1 LW Fx 0257-5876
2 OV E Ak 0439-755X
3 EAE SO 0453-2902
4 Ha BT 5 0459-1909
5 At 0511-4683
6 T 9% 0577-9154
s Fil4 ISSN &
222 e EBE A E 1002-0098
223 g 9FE s 1002-011X
224 MAREESESY TR 1002-0837
225 R TR AR 1002-1027
226 BT RN 1002-1329
227 WA - BRI IR 1002-2104
228 IR 1002-3364




12:07

SOLAR ENERGY

2022F HATI D X R FARAR
20224128218 &%

SOLAR ENERGY

ISSN: 0038-092X

Review: &

TRERA2EX Top

ENERGY & FUELS 5B 504 3 X

2023 F RIS XRFHRR
2023612827 A KT

APPLIED THERMAL ENGINEERING

ISSN: 1359-4311

Review: &

THERA 2 K Top

ENERGY & FUELS BEESIAEL 2 X

ENGINEERING, MECHANICAL T#2: #l#
2K

MECHANICS ;3% 1 X

THERMODYNAMICS #1751 K



na
ﬁﬁﬂﬂ#ﬁﬂk#ﬁ&ﬂﬁlf&%ﬁﬁﬂ*J#iPE%JE#ﬁ
(%2 11827081) HI&IH.




ICS 27.160
CCS F 12

e NS 3R M ] 5K b dE

GB/T 41307—2022

3% 30 K BH BE # % B8 i IR P =8 4 U 77 7

Test method for receiver of solar power tower plant

2022-03-09 &% 2022-10-01 356
5 1l 5 B R,
65 b o Ak 4 0 % B 2



GB/T 41307—2022

1

ol H~ w Do

o NN o

10
11
12
13

RIBFNGE L weeeeees

PP
S T o0 I LT P
JELBIE G +o vvevemnn seneesee et et et e e e et s e e et e e e e e st ses tee e ae s se tes e et e ees
o P PO
T T o L PR
T T ok LT LT P
T S L on LT T P PO
TR A TG TE IRy + oo weevewne seneeneeseeut st ees teeee ht et ee te e ettt e e e e s se ee e et s ee aee te

f R HE A e e

TEEMU FB L «oe eveeseessenaonstesonnsesuessresosuntretsonnsonssss senoss et sonsssvossonsosenesnstioonssesass sessossesson
B A CEERME) R U 28 T I 5 A TG 57K T wovverveememm eeeesee e st e e ettt s e e

B B CRRHE)  BEASRALR ] veeveeee

Bt C CAURME) TR B AR IR0 ST TG 2L vvvvrevereesnesnesnt eetes ettt e e ettt s e e e

B D CHRHED R RER] oeeeeeosvvee

2 HL LR veeveoeneeneee ettt e e ettt e ee e et e ee te e he s se teeeehe s se tes e ae st s ae ae aee

&5

© N Oy R R WD D=

DO = = s
SCIEERI-NEN NS NN S) EE U



GB/T 41307—2022
B
L

i

AR GB/T 1.1—2020¢ R 4L T4/ S0

ASCPE i E S A 2R

55 1 AR E b A ST 18 235 K R RS R LD ) r) R
THTE ARSI R L N T BERS SR A o AR SCPF 8 A HLA AS R HH UM & M 52T
A 55 ot

AR SCAF o 4 K FH BB e A AR MEAL BER 22 5142 (SAC/TC 565) 9 H .

AR SO R B A v ] AR TR A B AT A B W] TR BN B A P B O AT PR W LB Tl AL
I THOR G TS BT b [ BE U DA 1A AR vl 1 a3 0 5 e A BR 22 ) L v SR 7 U5 BH BB M) 4%
(ST AN W LNITIN S = ZR N S

A TR E N VFEN L NV SRR R RS R VB PR R SRR AR R R



@NKitarsu

www.cnki.net

SCEREAPD TS

B - wE v AEEIRR v HIRE v HEICNK v @ & = 2n @ wx. (1re=]

HoikFe . 2022 51 (05) EEZHEEREERR

20&@.0%%

S P By ES Ty

AW BEEE BT YUSE' BRP EE
1hERH TEAAERPRERTRARAS 2N TS RE SN AERERE

RE: ImsbrRveiBEi e EtRE, TRETHRMNEE, 2XMesRIENEELN. B, Bbar b ANERMERRES, Rekidess, BE6RANAEED. BH
THoERRE, SENRREESBRY EREN, BFERIHEERFASEANEE, MERRRrATEsSaEdEFymaANFSEEx. Hit, BEHIESEESNE
RO, HAIEMATLABERAER100 MWISIEES AR RS T FREIREAR. SREY: ESEREFSNBRT, BERSRARFIIFHERT|5065%,

THEERSERNERTE, PEHER AR BRSNS HE S,
XER): 1BEES; ARBRR Bl 8550 1B MATLABRE, Yoo
EREM: W AHESES(LR20E060001)~~;

DOI: 10.19666/j.rlfd.202110190

gig: iERhens

BRE: SO
%S TM615

g | B mvsms | (@ carr | A poFRs an AvgEnaE | B S AR R
&




Applied Thermal Engineering 258 (2025) 124680

Contents lists available at ScienceDirect

Applied Thermal Engineering

ELSEVIER journal homepage: www.alsevier.com/locate/apthermeng

Research Paper )

A . . . tar
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ARTICLE INFO ABSTRACT
Keywords: Reapplying the coating is erucial to restore optimal receiver performance. However, the heat treatment must be
SPT plant conducted onsite since the receiver cannot be removed from the tower. This study explored effective strategies
R':“'“"f"" for maximizing the coating's performance after reapplication. The impact of different aimpoint strategies on the
élh'::;?:::lﬁ:::tm receiver's surface temperature was analyzed using the heliostat field and the three-dimensional receiver model.

LCOE Experimental tests were conducted using a solar lamp to study temperaiure variation curves of coatings on
different tube panels under various aiming strategies, and absorptance was then measured. The optimal recoating
strategy was determined through a comprehensive analysis of the system's power generation and its Levelized
Cost of Energy across iis entire lifecycle. The “image size priority” strategy led to significant temperature vari-
ations ameng tube panels and within each panel. In contrast, the “segmented target flux” strategy effectively
minimizes temperature differences, ensuring that over 91.25 % of the receiver tube panel reached temperatures
above 550 “C. Comparatively, under the “image size priority” and “segmented target flux” strategies, the coat-
ing's absorptance at the molten zalt inlet panel is lower by 1.84 % and 0.10 %, respectively, compared to the
standard sample. The effectiveness of the “segmented target flux™ strategy becomes more pronounced with
shorter recoating intervals, The research contributes to enhancing the maintenance performance of the coating
and the operational efficiency of the receiver.

thermal performance, revealing that receivers employing non-selective
absorptive coatings achieve superior thermal efficiency. However, se-
lective absorptive coatings with low emissivity are essential for
enhancing the performance of cavity receivers. Black spinel oxides, such
as Cr-Mn spinel, exhibit high absorptivity and are extensively used as
coatings for tower solar receivers [5]. Tulchinsky etal. [6] synthesized a
novel coating material, Cup q4Tig 4aMng gqFep 200y, for solar thermal
applications through a thermal reaction involving sol-gel titanium di-
oxide precursors and copper-manganese spinel. Wang et al. [7] proposed
a method to locally integrate spectrally selective coatings in the Nega-
tive Thermal-Flix Regions (NTRs) of tower receivers. The results
demonstrate that spectrally selective coatings locally integrated with
NTRs effectively adjust the radiation characteristics of NTRs, thereby
reducing radiative heat losses.

Pyromark is an erganosilicon coating widely used as a commercial
coating on the surface of tower receivers. Ambrosini et al. (5] investi-
gated the influence of the application process on the performance of
Pyromark coatings after aging. They found that coating thickness,

1. Introduction

Solar receivers, integral to solar power tower (SFT) plants, are
responsible for capturing solar energy reflected by heliostats [1]. The
efficacy of receiver surface coatings directly impacts énergy absorption
and radiation losses, thus crucially influencing thermal efficiency. Over
time, the operation of receivers leads to a gradual decline in the optical
performance of the coatings. The absorptance of the coating decreases
sharply to 92 % after approximately 600 days and further declines to
90.74 % by the third year [2). This reduction in absorptance results in a
6.3 % decrease in system efficiency by the third year. Consequently, the
reapplication of solar coatings becomes essential to maintain the effi-
ciency and durability of solar receiver materials.

Wen et al. [3] investigated the impact of the concentration ratio on
coating absorptance, recommending high-absorptance coatings for
tower receivers with concentration ratios between 500 and 1000. Lopez-
Herraiz et al. [4] simulated the effects of various coatings on receiver

* Corresponding author.
E-muail address: xia

gianmen@zjuedu.cn (G. Xiao)
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ARTICLEINFO ABSTRACT

Keywords: Pyromark 2500 high-temperature coatings are widely used on the surface of solar power tower (SPT) receivers.
SPT plant However, the optical properties of these coatings decrease with increasing working time. Experimental condi-
Coating o tions for aging tests, such as aging temperature and temperature change, were obtained using a three-
Characteristic di 1 model. The isoth 1 perature was 630 “C for constant high-temperature aging test. The
ﬁé‘g temperature variation rate was 20 “C/min and 330 “C/min for slow- and extreme-temperature-variation aging

tests, respectively. The absorptance of the coating on Inconel 625 decreased by 0.18 %, 1.49 %, and 1.09 % after
2800 h at constant-high-temperature, after 2000 cycles under slow-temperature-variation, and after 100 cycles
under extreme-temperature-variation, respectively. Moreover, the aged coating was characterized via scanning
electron microscopy and energy dispersive spectroscopy. An innovative on-site test method for determining the
absorptivity by mining operational data is proposed in this study. The absorptivity is 92.44 % and 90.74 % after
580 days and 1117 days of operation, respectively, obtained from the test data and the simulation results of the
Solar Two receiver. The electricity loss due to coating absorptivity attenuation was 244476 MWh over three
years without reapplication. Furthermore, the optimal reapplication interval ranged from 2 to 3 years, which is

determined by the levelized cost of energy (LCOE).

1. Introduction

Concentrating solar power (CSP) technology can achieve continuous
and stable power output by coupling with a cost-effective heat storage
system (Conrov et al., 2020). The solar receiver is the key solar thermal
conversion device of the CSP plants to receive the concentrated solar
flux reflected from the mirrors (Wang et al., 2021). The high-
temperature coating on the collector surface is the key technology that
determines the efficiency of the receiver. Black spinels such as Cr-Mn-
spinel have a high absorptance and are widely used in coatings for
SPT receivers (Meifiner et al., 2019). Pyromark is a silicone-based
coating widely used for solar absorber coatings. Martinez et al. (2020)
studied the Pyromark treatment process and found the durability of the
coating could be improved by controlling the curing and vitrification
process of the coating. The best treatment was curing at 125 °C for 2 h,
followed by vitrification at 250 °C for 1 h. Coventry et al. (2017) applied
Pyromark 2500 coatings of different thicknesses to substrates and found
thinner coatings to be as good as or better than thicker ones.

However, the performance of high-temperature coatings is prone to
optical performance degradation, cracking, and peeling with increasing

time. Experiments at high temperature showed that higher aging tem-
perature leads to worse coating performance. Ambrosini et al. (2016)
aged Pyromark 2500 at 600 “C, 700 °C and 800 “C for 480 h and found
the absorptance of the coating was nearly constant at 600 °C, slightly
decreased at 700 “C and decreased the most at 800 °C. X-ray diffraction
(XRD) testing of the coatings at the three test temperatures showed the
pattern at 600 °C was similar to the initial Pyromark coating even after
480 h, and secondary phases appeared at 700 °C and 800 “C. Hosseini
etal. (2022) found that the optical properties of Pyromark coatings were
stable after aging at 800 “C for 3000 h and continued to decrease at
900 °C. Rubin et al. (2019) sprayed Pyromark 2500 on Haynes 230 and
annealed it at 800 “C. The XRD analysis and scanning electron micro-
scopy (SEM) showed that the lack of significant particle growth was
possibly due to the Jahn-Teller distortion of copper (II) ceramics,
lowering the energy of the nanoparticle at elevated temperatures. Noc
et al. (2019) analyzed the coatings after a long-term exposure under
limited isothermal conditions and found that the forming of a protective
layer on the substrate surface was the main degradation factor.

Some researchers have also studied the coating aging characteriza-
tion under different energy flux and thermal cycling rates. Boubault
et al. (2012) developed solar accelerated aging facilities (SAAF) and

* Corresponding author at: State Key Laboratory of Clean Energy Utilization, Zhejiang University, 38 Zheda Road, Hangzhou 310027, China.

E-mail address: xiaogangtianmen@zju.eduen (G. Xiao).
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ARTICLE INFO ABSTRACT

Keywords:

SPT plant

Coupled trough collectors
Area ratio

Thermodynamic performances
LCOE

The heliostat field efficiency is essential for solar power tower (SPT) plants. However, the heliostat field effi-
ciency decreases rapidly with increasing capacity of the SPT plants, limiting the development of large-scale SPT
plants. This study developed a system that couples trough collectors with an individual SPT plant, including a
mid-temperature tank and solar-aided feedwater heating system. The suggested concentrating area ratio of he-
liostats to parabolic-trough mirrors ranges from 2.1 to 2.4, Both the area ratio and mid-temperature tank capacity

were optimized by considering the levelized cost of electricity (LCOE). The optical efficiency and electricity
generation values of the 100-MW integrated system were higher than those of an individual SPT plant (3.19%
and 5.92%, respectively). Electricity generation increased significantly with decreasing latitude, and the LCOE
decreased slowly with the increasing capacity. This study contributes to the large-scale use of SPT plants.

1. Introduction

Developing solar power technologies is a key solution to eliminating
the global economy’s dependence on fossil fuels [1]. CSP technologies
can couple with a large-scale and low-cost heat storage system to ach-
ieve continuous and stable power output [2]. CSP is predicted to
contribute approximately 11%-12% to global electricity production by
2050 [3]. CSP plants include solar parabolic dishes (SPD), parabolic-
trough collectors (PTC), solar power towers (SPT), and linear Fresnel
reflectors (LFR) based on the concentrating modes [4]. M.H. Ahmadi
et al. [5] compared various solar thermal power plants and discovered
that PTC is more efficient than LFR. P. lodice et al. [6] discovered the
optimal vaporization temperatures of a direct steam PTC system based
on the increase in two screw expanders from around 186 °C to 245 °C
with increasing solar radiation. Further, P. Iodice et al. |7 discovered
that Scheffler solar receivers can perform better than PTC. SPT plants
can attain a concentration ratio of 200-1000, resulting in a higher
operating temperature and efficiency 2. D.S. Reddy et al. [ 9] presented
a review of stationary point focus solar concentrators and discovered
that SPT is more preferred than SPD. O. Achkari et al. [10) reported that
large-scale SPT plants with thermal energy storage (TES) systems are
more cost-effective than PTC plants due to the significant reduction in
the levelized cost of electricity (LCOE).

@zju.edu.en (P. Zhu).

hitps://dol.org/10,1016/j.applthermaleng. 2022118853

The CSP can also couple with other systems in addition to stand-
alone applications. EM.A. Mokheimer et al. [11] developed an inte-
grated solar-tower gas-turbine-cogeneration power plant. This plant
reduced the levelized electricity cost by 50%-60% compared with the
stand-alone SPT plant. L. Elmorsy et al. [12] developed a novel natural
gas-fired integrated solar combined-cycle power plant that uses direct
steam LFR, and the system’s exergetic efficiency reached up to 59.8%. A.
E. Elmohlawy et al. [12] developed a system that uses a PTC solar field to
generate part of the high-pressure steam in tandem with the evaporator.
The results showed that the net solar-to-electricity efficiency ranged
annually from 44.74% to 48.24%. G. Franchini et al. [14] discovered
that the integrated solar combined cycles (ISCC) coupled with a solar
tower achieve the highest annual solar-to-electric efficiency of 21.8%,
which was higher than that of PTCs. H. Liu et al. [15] compared the
performance of ISCCs using different solar concentration technologies
such as PTC, LFR, and SPT. They discovered that the parabolic trough
and tower coal-fired generation (PTCG) performed best. The PTCG's off
design performance was investigated, and the maximum solar energy
was increased by 28.5%, 20.0%, and 14.3% under three different loads
of 100%, 75%, and 50% [16]. Y. Lietal. [17] proposed a new ISCC, in
which PTCs with DSG technology and nonconcentrating solar collectors
are simultaneously integrated into the combined system. Moreover, this
new system's LCOE was predicted to be 20% lower than that of an ISCC-
DSG system. S. Peng et al. [158] studied a solar-hybrid coal-fired power
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Study on optical efficiency of tower slot coupling solar thermal power
generation system

ZHANG Chunlin!, ZHOU Zhiwei?, CHEN Xin', ZHU Peiwang', XIAO Gang?, NIE Jing?
(1. Central Southern China Electric Power Design Institute, Wuhan 430071, China;
2. Smate-level Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: Solar thermal power generation technology is an important way of efficient utilization of solar energy
due to its stable energy output and can be used for peak regulation of power grid. Solar tower power generation with
high collection and storage temperature has high power generation efficiency and great development potential.
However, due to the influence of cosine efficiency, the optical efficiency of the heliostat field will decrease when
the capacity exceeds a certain limit. On the contrary, the field efficiency of the trough collector is not affected by
cosine efficiency and is independent of capacity. Therefore, a method of coupling tower and trough collector is
proposed to improve the efficiency. MATLAB software 1s used to simulate and study the optical efficiency of the
100 MW tower slot coupling solar thermal power generation system. The results show that, the average annual
optical efficiency of the coupling system can reach 50.65% under the condition of constant total heat collection,
which is 3.04 percentage points higher than that of single tower system. When the tower height is 260 m, the optical
efficiency of the coupling system is 2.52 percentage points higher than that of 180 m, and the ratio of heliostat field
area to parabolic trough collector area decreases from 2.35 to 2.22. According to the tower slot coupling system
with different latitudes and capacities, the variation regulation of the optical efficiency of the heliostat field is
analyzed, and the application range of the tower slot coupling system is proposed, which is expected to provide
reference for the design of new solar thermal power generation system.

Key words: tower slot coupling; solar thermal power generation system; heliostat field; tower; trough; MATLAB
software; optical efficiency
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