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Abstract: As a clean and efficient power generation technology, solar thermal complementary combined cycle
power generation (ISCC) system is concerned widely. By taking the ISCC system containing three-pressure reheat
combined cycle and trough solar field as the research object, and based on the conventional trough ISCC system
(using solar energy to replace the high pressure evaporator (system 1)), two new trough ISCC system are presented,
namely using solar heat collection field to replace the high and medium pressure evaporators simultaneously (system
2), and using solar heat collection field to replace the high, immediate and low pressure evaporators simultaneously
(system 3). Moreover, the dynamic performances of the above three ISCC systems are analyzed under the operation
condition of typical day. The results show that, with proper operation strategy presented above, the three systems
can not only realize safe and stable operation, but also reduce the impact of solar energy varies on the ISCC system
output power. Under the operation condition of typical day, the second type of ISCC system (system 2) has better
thermal performance.

Key words: ISCC system; integration scheme; dynamic performance; power generation

TR, WAMEL RN BT R MTs 9 o, RAVERRSEm, R B — €k
PRHEI S A SR FE T A6 P H 2 P2 5, O, AT RO OR B BE AR B S IR UK S TR L AL
FHERERBOARTH IR B A M, RFHREM R I I E AN HL (ISCC) & 4E, AMUAT LA OEH A
AR —MEO R AT L BRI R, IRTECE RS HAIR, G TSR S P LA R,
ARG R ST SR E K, H H 20 42 90 4FAX Luz [ Br A RHREZL 2 1 Pk iR
5 b RIS B30 T R A RS RS ARVRIRAEIR H ISCC R FLER GRS, [ A AN B 5K A 3 X
VERN—FBONEE KR EHEARIEFERR B  ISCC REGMIERTT R UL RGN RESE T T RTT T

Y %5 B H3: 20220630 MLKE & HER: 20221007
F—1EHE N xige (1981, H, THN, FEHFIT NS S RN XHA, fm0929@163.com.



150

*A% e

2023 4

J V2 HF5E . Ashraf 25 NN ISCC RGEISERT &
AT THEFE, SRR TRE 1ISCC Rguki,
K PH B8 5 Bk A 115 A WL AL () 48 J SR AL TE 2 TR 28 R 2
Ab B VERER AT - Duan 5 NBSIGHAE 4 17 1 1) 1ISCC &
GUBATRFMEHEAT T 0 M1, FEX IR IR B R AR AR AL
i, ISCC REGMIAIIHERERAT TR, S5 REKH
ISCC RG{EAL T FIZATH, W ZEREHIACR IR
Wi B TR Ee L. M RO 5 TR G 6
Atk KBHE S S HO6 ISCC RGUsiTHERERIY
W, JEHELLAL T REEME1TS 40 Philip 25 A4
# T ISCC RAMBETHHBAYL, I LA AR
RAEMGETHERIFR, 458 KWPF— ISCC RSt
EARFPZITHRIERS T, HastmlanEsE
Bl NHERISRIF KPBHAETE ISCC RS+ Timk A,
Zhang S5 NS T PR IR X — MBS, FH BAVEAS
ANFZEAY 1ISCC R MRS -

BRI SCHR O A% ISCC ARG T KEH
WFE, A2 T RENERSER AT RS

P -G‘
70 FF b

K

JiTl, KT ISCC RGNS BATHIMFAA AL A
SCLARE OO BH e 45 i = BB A R A LA A 5
W%, {EAEGE ISCC R E ISCC #5; 1
CK PH R IR 2 e ZE R AR AR %) 1)
Fehih b, T 2 FOBEER TR ISCC R4 2
K BH Be 2 7437 [R] B BUAR iy R 28 R #s Fl TR 728 K
PEIEERL T ) ISCC R4 3 CRPHAEHE I [T
BRSSP AR 2R R BRI T 2. LAk v,
P H AT PR K P AR AR Ab X 1ISCC is 4T Femi flia 47
Hilg, FEXF 3 4N ISCC RGMATESMHERE DT, WK
FAFERTT RN ISCC RGBS .

11X ISCC RFEEMAE

i ISCC ARG R, NIRRT %
FARGNASEREA T AR . ALK FRRE
BRI R RIR S TEIANLA T TR R, $RH T 3
T %, FFCA IR BT E SR M. 3 b
i ISCC ARGty WA 1—K 3 .

Juuuugu
IROAVAVAVAY

4 2 65

# i 4

LR

A
&l
= B PR

|

|

Lo L
hES AR -
PTG L (it Y b
(= W)
e
a) 240l
Qo
S U U U U U U
sx 00000
[
— 2 B 1
fi6 I ¥ £ T ks
ng i B

-

1L

M

pEE

o
T TR 2h A

T

o R 5 K
i Tt
i

EISKE

b) R 2

http://rlfd.tpri.com.cn

s s UL




1] X 5 RIS TS ISCC 7 S e AL At 151
p—— 000U
ﬁ(uffjé\ﬁ %‘!Iiﬂ;hz ”/%{{‘?;1 G ) U U [ U U U

L]
4
e
\

| FE 7 40

1 I v, FHE
rey ] s

T

=¢’
——
=

PNRLT

-
T 2 KR

ik

1B JE 25 K 3R

) & 43

B 13 & ISCC RREMAE
Fig.1 Schematic diagram of three trough ISCC system integration schemes

K la) &gt 1 MRS REONES. £ 5
WK AP LA R £ AR A2 A JE AR A (1 v i 2 i
ORFHAETT I, M 28 & ORI 45 K — B2
WA R R A, BN AR AZRIR, 5 &f
IR Z A A, B K BH RE 3 e
PRBAIZRIT, R IXPIR L AR AT &
— AT AT

K 1b) R4t 2 MR R &R SR ETEA
WU IR B B A SR AR A A et s 28 5 2 AN v T 2%
Ko BRFHRERT N, FHGMRIBCRFRRE A B %
PNHIKFER AR 1, Rl or v g B i H 25 7K0m
MM ZIT, (R R & A A 10T 2l =
BENHKZER A 2, Kl or i I B 1 457K
EWMZRIT MKFR RS LA k4 2
AR SE. PRERSHORNLER, 25
JRELIEA .

B 1) A% 3 MR RE RS L MASZ 2 A
R, ER SREEANAFNER. P, K
IR Ay 3 ALHAT . 2K FARE RTINS, S
WRSOR B BE S5 B AR Z8 k4 1, TJE FREA
HKZ KA 2, BIGIRAMKZARS 3. FHIMAE
3 MK KA TR F P R RS
KIS ANZEITG [0 RIS A AR SOR
PHAE. WIKZERES 1. 2. 3 AR SE. .
REAR S NRRICEE, S 5E8ME.

2 RGEE
FE BB RGP, RIS YOE

http://rlfd.tpri.com.cn

AT AL,
2.1 EMBER

EMISIE RO PHRERS, HatEAL I R IR
Shylo-21],

oT
Qo -Q - Q3 = Cabs : aibs (1)

AF: Qu NEMEIRFHIARPHAEE, W; Qu NERE
5 BRI, W; Qo NSl &
BRSO, W; Cas NEREFEE, JIC;
Tans NERE TIERERE, °C; t MBI, s.

S HGH RN E, MR F A GRS
18, 93PN

oT,

CHTFlN 'THTFlN +Q3 _CHTFOUT .THTFOUT = CHTF a';TF (2)
A Curan NSRRI N ENGSH ) HF TR,
J(°C 8); Currout N-FHGHI H ARSI AR
Z, JI(°C 8); Cure NEERE WAL I TG P,
JC; Turan NF M NEE RIS FIME, C;
Turrout NS HGH I H SN 1R, Co
2.2 Ik A 2SR EY

TH 7K 28 K a5 A2 B #0037 5 B A 1 IR 48 Al 1 OC
Bt. MK RS, SRS KIS, %
B EAL R I K 2 R A 1 & B i B

CoiIIN 'ToiIIN _CoiIOUT 'ToiIOUT =

3)

— oT.
AK; - (Toire = Toimerar) + Coitnre OalltHTF
A Coinn T FIH LN I 7K 75 2 25 I 1 # A it

., J(°C 8); Coitour AT FAGHITL H T 7K 25 A3 119
AWM, J(C s); Coimre NHIKFE K 28 W EAE 1)




152 kAL &

2023 4

FRIHALE, ICs Taran AMHIKZ K &N L
i, Cs Thrrout NTHIZKZE & A8 IR, Cs Toilmetal
MK B SR ERERE, C; Tomre NHIKZE
REEPEAA SRR E, C; ko N FRIHFEE
P EE 3 R B, WIM2 -C); AL TR & R 20 S
O AN BE R AR, m2.

MKZE R & & BERR IR ES, &
HERINGENRNSK, SRERFEITIEA:

aTo imetal
Coilmetal ——cinetal. — Aikl (Toilmetal - Toilmetal) -

ot
Azkz (roilmetal - Twater)

A Coimeat NTHIZK 28K &5 & JBE BERVE, JIC
Tuwater MK ZE RGN KIREE, Cs ko NMIZKZEK
a4 B REAN 45 /K Z [R] FH RHL WI(m? -C); A,
DT K ZE A T g /K RV BE 22 18] (R R TIAR, m2,

THIKZE R AR NP AR 287 Gsteam T H12U(5)12E
(RIS

Gsteam(Hssteam — stater) _ Azkz (Toilmetal _Twater) _

3.6 1000
~H,)-G OMass

#5 — (Hauater = Htore) ——
3.6 ot
s Goteam MK ZE R 5 W AE U Z8VE, th;
Gwater NTHIZKZE KA N HIZEKE, t/hs Hwater /97
IKZER AN G IKIGAE, kIKGs Hswater AVEFIZKES
1B, KI/KG: Hssteam AMIMIZEITEEL, KIKG: Hstore /9
KR A KRR, KIKG: Mass JYTHIZKZE K
A AR KE, kg.
23 ESHER
TR L2 3 ARy, BEANER TR
JEAMLHS 23U A AT e xG6) Aa(7) K45
Pe out = TP in (6)
Xt peow WESHH AZESES, MPa; pein
JESHNAZESES, MPa; mRESHLE M,
Tciout = (Tciouti _Tciin)ncs +Tc7in (7)

ﬁqﬂ: Tc_outy‘jjj—i/—:h*n'ilj Dé/—:@ﬁlgy C; Tc_outij"jffﬁ
RS T AN DB RUREE, Cs Tein AESML
ANBESIREE, Cr ones ARSI RRCR
JEANL PR E ), 5 A RIER
VEN R B — RS, AR Ay
Cair in .Tair in 'Gair in +103 .Vfuel .Gfuel =
n eren 2 (8)
C -G

c_gas c_gas 'Tc_gas
A Cair_in NIREEEN OSSR, JI(kg 5);
Ce gas RGeS LE AR, JI(kg s); Tair _in N

(4)

" ©

swater

http://rlfd.tpri.com.cn

R BN SURSE, Cs Te gas NRBEE H DS,
BEE, Cs Garin N EANO TS AERE, Kkols;
Ge gas NIRFEZ H WA TRETE, Kols; Gre N
BN OB R R, kols; Ve ARELR A E,
kJ/kg.
2.4 MSETHEE

R TR AR AAE BT 2R F FIg AT, MU EeAL
HH R AT 4% 2 (9) T .

Tgas_outs +273.15 — ( anS_OUt )% (9)
Tgas in +273.15 Pgas_in

e Toasous AFRARZEAF T #R0EF H HHH ViR
JE, C; Tgas in MRIE PN HMSIRE, Cs Poas_in
NBRE PN AT, MPa; pgas_ouw AR E T
HIORASE S, MPa; k Za 84840,
Tgas_out = (Tgas_outs _Tgas_in)ﬂs +Tgas_in (10)

s Toas o AP ETHH HSEBRMESIRSE, Co
2.5 [RTBIMR NI FIRE

JEAEFR AR S TR OKFIZERD 2 [HAF e
POTRRBA I AES AEES . I, =Y
BTN, B R BEEAAHE, A D 34
N IREAT R

T, WREGEEE SRR EE, RE
PR PR W BRI Z&TR,  BJd T i P2,

C:H_gasIN 'TH_gasIN - CH_gasOUT 'TH_gasOUT -
ATy e (11)
CH_metal Hét = A3k3 (TH_metaI _TH_steam)

HH s Chgasin AT FES AN A &R,
JI(°C 8); Ch_gasout Ait FEE H VA TR LR,
J(C 8); Ch meta NITHBEBEMNE, IC;
TH_gasin AT IR N THHASIIREE, Cs Th_gasout N
I ERH THASIRE, Cs Th_mew NS 28
BRI, Cs Th steam NI TGS H RIS, Cs
As N IR G R E A ZER BRI, m?; ks it
WA SR EMZIR R A RE, WI(m?-C).
o RS T 2R TR

1 000
Ky (T, -T .
AS 3( H _steam H_steam) 36
GH_steam (H Hsteam _out - H Hsteam_in ) = (12)
aT, steam
CHisteam Ha_tt

KHF: GH_steam NITHARA D ZR R E, th;
it IR G I 25V NEE, JICs Histeam out AT
i’t@%%ﬁ Di‘?/ﬁi@{ﬁy kJ/kg, HHsteam_in y‘jﬁﬁ:@%%)\m




%1

X 5 RN R T ISCC RGahASTERERT 7T 153

ZAIRIA M, KIIKG: T steam J9I FAEE A i A7 1) 200
g, C.
2.6 KPABEA BRI FIREY

ISCC Z & KBHAE Y & FL D 22 ml el =X (13) 3
Tt E R,

W, =W, (13)
m; - Quuv + Q,,

s Ws Y RFHAE R FLTIZE, MW; Whet 4 ISCC 5
GUAKHEIIE, MW; Quuv N KRR IS AE,
kJ/kgs Qsol I JEAE A 45 7K IR AL PRI FH fig FA4=, KW
me A RIS ITHFER, kals.

3 =

HIR 3 ISCC RGUEMIT A, SRttt
SRR, ERAT N LS-2. 34 ISCC &
gt NEEIBITSHIE 1

% 11SCC AE it mEEEBITSH
Tab.1 Main parameters of the ISCC systems at design point

T H A
WRRIET th R C 114.6
TRPEIR K BT 2 IMW 257.3
FERRIEEIC 567.2
FARME/(th?) 2717
F 2R SI/MPa 9.7
IR C 565.7
FIERRE/I(thY) 324.7
FRFEITE SIIMPa 2.2
JERAEIR R FL I 2 IMW 145.9
VTR A W4 S HGmIR/ C 290.0
ERERH O T R/ C 390.0
eI ARM? 117 750.0

BRI AR BB, Vi A — e B
290 CHkamh, AN TC R iEfr . BRI
SN, et b i) Rl NSRS AR ACR
FHAE, BER ShvIEE At Tl IR, Tk 54
IKBEATHRA, PRl iR [ B S I E8 N AT I3
o HEERGHHMRES] 320 Cla Gt
TR KA T A /KR EE (300 °C), WAy FAh
BEANPAEMGE P AE AT . RS I D SR A%
F7J5 SRR N R334 H A e v 0 A e R
feftte BEE RFHAERIRRSINAY, SIS I 0330k
T2 390 °C, M5 KRG B E AR
i, ERIRS SR, ERG RS MistT i
FErh, ERIZISAT RO E B A LR AR
IBATRL,  RORPH ELAAR S 9R . (DN SERF AR
eI, @& KRR ARG N SR R R, e

http://rlfd.tpri.com.cn

PR BEAERFLE 390 CAL . UHGHA MBI
PR LR R 390 CHY, HiAR T aa K 2 K A
FHOE N [ 2 R PR AR, [ ES AR AR A i R
AR FT5Jo K28 K 25 N 2 7K B, (15K
AR AN IR 7KAG I 58 B I s A 2895 [R1d
N B S5 G 7K 28 A% Y 1) 5 B TR A = RO B AR
A, SRR s T R, B SEGK R KA
HE ALK EAAR, T ERIETH K 28 K 48 N F= 2R
FZREAL . YRG0 SRl 2R e,
AN RS TR RE R I =
1 EARSRHRENEOSHHRE

BT ERNE, TR ERES AR
A, Xt 34N 1SCC RGufE AR N IIBhAS T RE
FERHEE M. B2 NRYE 1. RS 2. £#% 3 fEdLAY
RIBITTOUF, MAERGEN T HH =R E RS
O S PORE RSO HE 2 /R, A
DNI [P 284k, TR i 20 2 R 5,
LS DNI R FA—. T S
WERIEYT, AR O SRR AT (REE
390 CAVA, HZ 19:35 &£ 4, DNI K, HE#Ix
5, RGO SRR EARIE . mE 2 &
AR, 3R PRGNS TEA L RIZ T
A AR, R4 1EMRIZITE 02:35 £ H1FLE, &
9 2 [NAERBUE AT [E IZ T & 00:34, R4 3 ks
IT AR, NIBiTE 23:28. XEHT RS 1+ R
B 1 NHKZERSS, TEMKZE A 5 1 3
TR R, PRI RGN 1) SRR =,
RFAEADE O SHOIR4ERFE 390 'C, FWKRS
PommE, (EEAGE M ER L, 1 HhGEH D1
HERFEAAS, R FR B (8] A4 Geks #gh i 5
POmiE S, BOTIRFFRK RS ATIN A 2, &
4t 3 HPMMRIEZE R I H B S R, Lk
TEEP G EAR D, RIS AT I TR R

— K PH 4R 0 o R

— RN TR
1200 —ERBH O SR AIRE S1000 1450

& 1000 800 4360
2
= soof ~
= 600 = 270 ©
= 600 £ =
= i) Juiz)
= 400, 118075
= 400 =
fm
= 200l 200 490
<“_<

0 \ \ 0 Jo

09:10 12:39 16:08 19:35 23:04 02:35

A
a) & 401




154 kAL R

2023 4

12007 7%,.\%%51 “rﬂﬂn‘x 41000 400
'E 1000}
5 1800
z
= soof ~-300
o 1600 = o
i 2 =
= 600f =4 i
e s00® | ®
= 400} £ oo
g o 1200
¥
0 . . 0 J100
09:10 12:15  15:20 1825  21:30 00:34

1450
E
£ 1360
g
fj 1270 ©
& £ o=
® {180 FE
= S
?; {90
7
0 . 0 Jo
09:10 12:01  14:52  17:43  20:37 23:28
I %1
¢) R43
E 23N AFEPEAFHOSHHEEFRELTHK

Fig.2 Variations of oil temperature and flow rate at the
collector outlet in the three systems
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