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ABSTRACT: The coupling of solar energy and high parameter
coal-fired units is an effective way to improve the efficiency of
solar power generation, reduce unit carbon emissions, and
increase unit investment in solar thermal power generation.
Through the sorting and analysis of the current coupling mode
between solar energy and coal-fired units, this article proposes
a deep coupling mode between solar energy and coal-fired
units, which uses a solar thermal system to heat the feedwater
from the outlet of the high-pressure heater, vaporizes the
feedwater, and then enters the boiler superheater for further
heating before entering the high-pressure cylinder of the steam
turbine. The exhaust steam from the high-pressure cylinder of
the steam turbine first enters the solar thermal system for
heating, and then enters the boiler reheater for further heating
before entering the intermediate pressure cylinder of the steam
turbine. By adopting this coupling mode, the boiler can
eliminate the economizer and water-cooled wall, and necessary
technical modifications need to be made to the powder
production system, including the use of hot flue gas powder
production, the addition of smoke powder heaters, and the
elimination of the boiler’s primary air system. Through energy
efficiency analysis of the deep coupling mode, the results show
that when the solar thermal system is deeply coupled with a
670 MW ultra supercritical unit, the thermoelectric efficiency
can reach 47.31%. The economic analysis of this coupling
mode shows that the investment payback period of the
coal-fired unit coupled solar thermal system is 4~8a at
different grid prices. By modifying the powder production
system and adding a smoke powder heater, the exhaust
temperature of the boiler can be maintained without increasing,
which provids a good technical basis for further increasing the
thermal and electrical efficiency of light energy by raising the
feedwater temperature.

KEY WORDS: solar power; photothermal system; coal-fired
power generation; coupling system; flour milling system
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Fig. 1 Schematic diagram of steam thermal cycle
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Fig. 2 Mode 1: regenerative coupling
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Fig. 3 Mode 2: alternative main steam system
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Fig.4 Mode 3: alternative reheat steam system
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Fig.5 Mode 4: parallel coupled system
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Fig. 6 The changes of saturated water enthalpy and

vapor enthalpy with temperature
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Fig. 8 Schematic diagram of
smoke powder heating system
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Table 1 Some calculation parameters of steam turbine

TiH BEHLL  EHL2 KL RbL4
KRNI ZEIMW 135 300 350 670
FIRWEEIC 538 538 566 600
FEREHIMPa 1384 1670 2420  27.00
FIRAE(Uh) 427.62  947.87 106450 1909.40
A THEEIC 3160 3293 3244 3577
MHITIREIC 538 538 566 610
FHGRJE J1/MPa 2.38 3.56 4.20 5.87
FRTRIR R (Uh) 347.33 78945  857.32 1614.40
4B IKIREIC 243.1 278.0 281.3 296.0
HAE J/kPa 15.0 13.0 11.0 10.5
HERSE 1 (KI/kg) 2508.9 24368 24166 24148

FRHLIAFERI(KI(KW-h)) 8917 8136 8010 7610

®x2 BELATHIFIBTRITSH
Table 2 Design parameters of boiler under

rated operating conditions

e g
BisE 28R & (th) 1909.35
FAIRIES1/IMPa 28.37
FARRIREIC 605
HRZIRIREIC 613
T AZIRR /() 1614.41
TR D28V R I/MPa 5.56
BRI R C 296
2 TR O — ORI (th) 424.69
AT D R R () 1692.7
BEREHL XS (Uh) 486.7
BEREL S T SIRIELEE/C 70
— PR R EENC 30
TR KGR C 25
— AR EEC 348
AR EEC 319
HEFIR R C 124
TP Tk O C 365
PRI FE R/ (/) 286.2
Bl R 1% 94.11
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Table 3 Part parameters of the coal

i H WA RO L BRI 2
27K 53 1% 18.60 18.90 11.26
K571% 15.08 17.00 27.10
FER Y% 35.01 36.34 33.18
W% 50.73 49.12 46.80
A% 3.78 2.85 3.14
% 0.68 0.75 0.65
A% 10.65 10.71 10.15
A% 0.48 0.67 0.90
fE L R VL (MI/Kg) 20.46 18.89 17.85
&AL & #RI(MIKg) 19.14 17.78 17.11
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4.1 [EIHRBEER

FERHIEL 2 B il ks & U, A S LA
R, Al SHEE. Wit B S S () s
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RGBT A RUEK 4 Pros. th& 477k, 16
BUE TOUT, MAMEHLAHR AR GRS TG,
LIRS o teoet = E Awak o0 1Kl PR KB S & S E G A
AR, EPDCIAEATR R4S, A LA R
HLRE A B35 P, PR FR0E N 60.12 g/(KW-h).

x4 EHRBEEAMREITESR
Table 4 Performance calculation results of
regenerative coupling mode

A LA FHLL KL KL L4
MW 135 300 350 670

e /% 2235 2742 2732 2869

JRAEFR 5% 40.37 44.25 44.94 47.31

JRR FIERE (9/(kW-h)) 33017 30122 296.60  281.74

ey ES 38.32 39.52 41.45 43,08

WA R EMFE/(9/(kW-h))  270.09 24478 23372 220.65
JEFERE IR/ (9/(KW-h)) 60.08 56.44 62.88 61.09

WG R G U L R A AR B A VR %
BUHR, TS S OB R R & I 1 R P AR Ak
TRAPHFHZIE.
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XITE 3. 4 RRHERARRE, HOGREM AL
REHUHA S RCRARE, A AR I 5 K RE
e Rt g 58 A B AR A 1 32 28 VR B R VR, DU
£ 1. 4 PHTIGFENL 2 NEA ST R, eRek
RN 44.25%, 1E7 7 BARTE LR, #E AL
AL B EFE AT LA 301.22 g/ (KW-h) K i A &2
51.34 i1 272.36 g/(KW-h), T ER R A IR IAE
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M TR

WA oo X, AR MR RS T
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R ]k 44.94%88, 47.31%.
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H WA DO 2R S S R IR FURES,  [RIE
RN R AR EE 300 MW, AT HE KR )
FEARTANLIFE 5 R FEFE, HLZ I R s FE R AN
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AR 40.37%4R = 2 44.25%, FETHIEFE 25 10%.
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Fig. 10 The proportion of solar heat and coal heat at
different boiler inlet steam temperatures
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Fig. 11 Coal consumption and coal heat proportion of
the unit
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Table 5 Main components of smoke

Ay REEIh)  BEKIE% I

N2 1636.40 67.78 —

CO, 529.17 21.91 PRI B HE 99.6%
H,0 150.61 6.24 —

0, 56.64 2.35 —
KR 38.84 1.61 RIR: JRHEHZ 9:1 HUE
S0, 2.74 0.11 —
&t 2414.40 100.00 —

*x6 ERUHELFEH
Table 6 Iterative calculation of boundary conditions
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Fig. 12 Calculation results of
hot secondary air temperature
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R ATHR R A, I ATRYE R 10 PR
BN 2R PR B R e I R 5 O I R G
Beg At e, FAREE 11 PEIE AR AR
FIER N LTSI B RS 20E, WK 13,
K 13, BEBEWIP N D FIREE T, LR
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Table 7 Unit investment estimation for
solar thermal systems

EA) LES! EY EX
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Fig. 13 Investment in solar thermal systems and
coal savings
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Fig. 14 Investment payback period of coupled solar
thermal system (based on coal consumption savings)
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Fig. 15 Investment payback period of coupled solar
thermal system (based on internet revenue)
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5519.58 MW, z6iE #uiii g o R BRUAS SC T4 1
FERAIEE, T ARG W URIRRe NI T E A
mEZRREEAIER:, ZZREES K, SR
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TER R FERE G Ui, I8 X ik Rk AT
OIS TG IR IS, AT LORSF B b HE MR FE A
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