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Abstract: To improve the flexible heating capacity of large-scale coal-fired heat and power generation system for
absorbing the intermittent renewable energy, a 350 MW coal-fired condensing unit with medium-pressure cylinder
extraction steam for heating was selected as the research object in this paper, and then the flexibility of large-scale
coal-fired CHP system was studied. Firstly, the simulation model of this condensing unit was built through the
Ebsilon software. Next, six heating modes such as middle extraction steam, electric boiler coupling with extraction
steam, electric heat pump, electric heat pump coupling with extraction steam, absorption heat pump as well as
cutting out low-pressure cylinder, were evaluated respectively from the aspects of thermoelectric load adjustable
range and energy consumption characteristics. The results show that, compared with middle extraction steam
heating, the electric heat pump heating, electric heat pump coupling with extraction steam heating, absorption heat
pump heating and cutting out low-pressure cylinder heating increase the maximum heating power from 336 MW to
631 MW, 563 MW, 453 MW and 545 MW, respectively. The maximum heat-electricity ratio increases from 1.39
to 7.97, 6.47, 1.87 and 2.92, and the average standard coal consumption rate in the maximum heating power heating
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mode reduces from 185 g/(kW h) to 137, 147, 152 and 140 g/(kW h), respectively. The case study shows that the
electric heat pump heating mode can effectively reduce the average standard coal consumption rate of the system
under the background of absorbing higher-proportion renewable energy.

Key words: extraction condensing turbine unit, circulating water waste heat utilization, heat-electricity ratio,
thermoelectric decoupling, flexible operation, energy consumption characteristics
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Fig.1 Schematic diagrams of six heating supply systems of a condensing unit
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Tab.1 Design parameters of the condensing unit and the one with middle extraction steam heating
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Fig.3 The isentropic efficiency curves of steam turbine
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HERThE (] 6b)L i) IFRAERFE Y 189 g/(KW h),
Zi e e Sl L1 P Y s W S - N 0 2 o D

(E 6a)D A) 1) 185 g/(kW h), Hahn7T 2.16%. iX

Fe Ryl AR K RS L RN, R R
HLRE AL H O FABE, T HL AR T I A BE = 2R 28R M Th
BN, HACERAE 40% it .

FL IR LR T U B KV L (B 62)G 2D 1)
FREIEFE N 140 g/kW b, B RIS B A AR
B Kl (B Bd)H ) bR A FE N
143 g/(kW h), 4351l EE rb B R A7 20T oK Fv e,
EE oL (& 6a) D ), BT 24.32%F1 22.70%.
L AR A BB BRI 7E T % COP (COP=3)
ZAF P e A FIEA KR I BeAh, GRS
S AT SRS iR 07 20 (B 6d) TR
BERIR S I SR A, RRrEREEE N 137,
147 g/(kW h). MEl 6e) T LAE H, IR AATE AR #
R FRAHALLL T (F D BArdEBRFER
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152 g/(KW h), A8 LT A (AR gt oy R Rl
bt T (¥ 6a)D i) TFE T 17.84%. Fifids #u i fap
B, 2 Rty bR ERE A g n. A
Pl ef) T LU I, VIBRAR R G535 R B ok
LE T (P A R KA IIR T (Q £ 1R
HEREFE A 1430 140 g/(KW h), A EE T ja) 3
AR P R L (R A iR Rt 50
(K] 6a)D £ 737 NFE T 22.70%41 24.32%.
gx bprik, SR gty A, IR
fEE, BIIE SR ECE HE R TR R IR i
FT) B AR A LA R 5 20T f3 R HA L Bl ) s o S
55 H 185 g/(kW h) F& MK 2] 140, 143, 152,
143 g/(KW ), 17 KA IN 2 T bR A 25 1) B
185 g/(kW h)[&(KE] T 137, 147, 152, 140 g/(KW h).
FHECIEIR /K A R B A7 DL S T B AR He it 44
J7a B SRS fEROT N BRI R
IFRIESERE )y 189 g/(KW k), L Hh A AR 7 23
Iy 2.16%.
3.3 Ef5iR
Ll 24 h B Auqis S EAE R TFE R, TSR A
1h, il EA RO R AT ArifE
WERELL bR RES, 25w 7. Bl 8 fis.
(VAR 30T MR RS SRR = 7 =, W
Kl 5b)CD ZkizfTiRfS 1/ fifer, YalE N 180~
205 MW, #R#EE 5a), HFIATHR KT 213 MW i,
W NCE RV AT 88, i AR s AR
CD ZkizfT; TEVIMMEIERLIZAT G, &/ ik
£ 73 MW, AT AR, ATVE AT A AR
T 118 MW, 7EHERNH SHIVRICE AT, D
KRR (B Bb)CD 20) N, JFLAZH ffn
it ST RIS AR ARBCE, ITE 250 MW A4
g T, T EACE DR &IA 145 MW (76=95%) [f]
HLER I
X T BRI K RIS S, (A er 77
RIETE T BG £k b, /M JIBE R 48~67 MW; 24
AT RN 250 MW I, B RGEFE R T Z N
83 MW, I fikth Ay e A /At R B 1 157 MW
(Bl 5b)). HAGE SR ARG, i fir
FORIRT H &, 81776 BH 2k, 7ER KI5 R
250 MW i, sk AR A FH AR r R Tk
DR BRI 66.3 MW, %45 R BN HEL 6 AT
bl 2.4 B AN 7 17 MW (&) 5d)) o IRl 3
FIS AT Is 4T X [BIFE EF 26 &, 7F 250 MW fEAR
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Fig.8 The energy consumption characteristics in different
heating modes

TEREFERAYEVFN 71, B 8 I, HhialdiiA
BERCR B FRHELEFRE Y 189.78~196.87 g/(KW h); Hi%R
H 5 VR I A A T O R bR v R P 38 ) s
KAEA 52.29 g/(kW h), HEHNELBIR 26.56%; 1 HE
PRI BPGE SRS R IR AR it
UL R A7) B A e A R 7 2T PR b v S B RO
/DY 23.48. 2.81. 22.74. 49.47 g/(KW h).
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FEAE AT BC 3R T b, R bR e A s el
B AR HEP AR PO R R s
SRS B A DIBRMIREGL AR Rl AR (it
ML R AR R Ho, AT LA T B bR
M2 N 996.55 t, ALk T b fa] kiR A # s aQ
(1902.45t) P& T 47.62%. ZitHEG1EM, £
Z I FAERRIRR T SR, R IR OK
R IR HA BB S PR RS RE

445 ik

ARICLA 350 MW RIS ALA v, 2l ikt
AEELZH A T LRI BE AR T AT P I, F)
F Ebsilon #AFFI1F T RABE AN LA BABLAL, 8
AR SR B A LA BIGRALI,. BRRE S
FVRBR A BEAA . RS IR HE R DL R DB A R Tt
A 5 Rt T S R AT X L, B E
AT T AR K AR R R WA R ey R G R 1 A
KARGRREAEMIRE S . BARE R

1) AT A AR AR A, R S Ay A it
P KA 336 MW 47k 5 566 MW, B it
AT RATE AW g A FL AT 242 MW FELFAGR fHE A
A H TR 5 3R B S BE RO 30N I B R B R A7
Sy RIBEINE 631 MW Ail 563 MW,  fie/MH JIBR IR E
36 MW, i RHvEEb T 1.39 8 hn 4 7.97; Wil
AT N BB RS IS 453 MW, K
P b 1.39 §7 K E 1.87; VIBRAG I GLAE R Bk
AT INZ 545 MW, 1 fie /N T FRAIREE 73 MW,
HORFGE EE 1,39 #9402 2.92,

2) Srp AR fE# T AR TG, AR S R
B BE AT 3T B KR AR O A IR AR AE R FE S n T
2.16%. FEIGE . HIHGE 5HRICA DL AR
HERTT AR IRRHEIRRE S 137, 147, 152 g/(KW h),
AR, B KL EE T FIFRAEERE 730 B 185 g/(KW h)
FEAKE) T 140, 143. 152 g/(KW h). IRRAGE HL {5
77 20T 1 d5 R A F bR K AR AR T 2R T 1 A v
JEREST %3] T 143, 140 g/(kW h).

3) fELE ST S E GG, AT A
ek, B S HRBCG AR IR AR, AR
SRS pE A TSI LA DL D) BRI R 6T
G 7 2T Y I 40 o] B AR BRIR K HL A Sl 205,
157. 140. 29. 118 MW. TEJHZNATFEA RER & HLI
BHT, SRR 0% B AIEIE IR K R F Bl At
e, FHEC TR AR ERE R [ 47.62%.
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