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Abstract

From the perspective of energy saving and carbon emission reduction, it is necessary to study the
transformation from condensation steam turbine drive to electric drive. The energy consumption
calculation model and carbon emission calculation model are given. By comparing the calculation
results of condensation steam turbine drive mode and electric drive mode, itis concluded that the
electric drive mode is superior to the condensation steam turbine mode in three aspects: reducing
energy consumption, reducing carbon emissions and improving energy utilization rate, and some
suggestions on the selection of rotating equipment drive mode are given.
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Table 1. Energy conversion value (standard coal)

= 1. BRI EAEGERE)

REIRHTSAE

a5 5 THER AL kgoe/(kW-h)s¥, kecelt HE
1 H, kW-h 0.315 B
2 ARG t 1428.57
3 PR AR t 1000
4 3.5 MPa 757K t 125.71 3.0 MPa< P <4.5MPa
5 1.0 MPa 2 75i% t 108.57 0.8MPa< P<1.2MPa

Ref: By —IRRHRBR OB CRE, SR — EULIE(CO,): FC,—HRRHRIHEERE, € 5 10° Nin's
C, ——WCFIFE A B, M BRI (e BRI B T3 b S (1C/10° Nin')s - OF, —— BRI, %; A%

Bz 2,

Table 2. Default values of common fossil fuel related parameters

2. ERAARMEXSHREE

. i g R R A HE S WA A 2R
Rl B 7K HRAM GJ/t1 ngj;Jz/l 0* N e tC%}? wE Wﬂ/fﬁ
Ji t 41.816 0.02008
BREH t 41.816 0.0211
R t 43.070 0.0189 %
il t 42.652 0.0202
RIS 10* Nm® 389.31 0.01532 99

2) prAERRBEIL R, BRSO 18], fR ARG
Eyy =FCxQ, xEF (€)

3) AN EIATT, —AABRHFBCR18], A K@)

E=ADxEF

“

A FC—hpEERTEREE, & Q,— WP B3R #UE, GIit; EF——CO, HE A F tCO,/GT (8L
tCO,/MW-h); E——J N EEHE)ZENHRE, AL E I (tCO,); AD——A NI HE & (B4

&), MW-h (5 GI); HHxSHEILZE 3.

Table 3. CO, emission factors of various fuels

5% 3. ZERRIE Cco, HEE T

(Y ETLES A FAE CO, HHB A F HIE
NI 29.271 GIit 0.084 t/GJ E 1
il R A 0.150 t/GJ 1
] ) 1 R 0.5810 (MW-h) 2
T L BHERIE T SCER[17]: ¥ 2 BRI T SCHRI18].
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2.3. BITHRRATE

Bt e [ B 52 5 3 I IE KIS AT[19] [20], 4FI84T 2 TSN e Bb U™ A i 2 A, BRI B 4712
TP LSS AR RELSE . B ITIHGES AL, B, 1A I UN:

C=C,+C,+(f;+f,)K+C. 5)
Arh: C——HBEWA, JUAE C——IRRIRA, JUAEs (f+ f))K ——R&ITIH RSB RAT Co——
RHARBCR o/ IR G, AT 5% f——4EB A b L, P 3%, K—— TR %, 7t
3. HEER

Xt 7B R LRSN3R T BT, R RERE . RHECE . FIEAT . fE
BHHE.

3.1. HEEH

R IR & MINFEA N = 5000 kW, 31K 4 0,97, B FIHISH 3.5 MPa, 4201C. HHAIE)
0.015 MPa, KARSHE N 38.931 MI/Nm’, ﬁ‘/ﬁiﬁﬁwaﬁj 29.271 MJ/kg.

TR AR E RO TR —: HENLIRE); HRE T BB + BHRIET TR = B
+ BHAIE .

1) REFETTH
> H%—: EN,=N/nxC,=5000/0.97x0.315=1623.7 kgce/h
> HEBFTE=: HETHKEITERS 5000 kW & FHFE 3.5 MPa 7815 24.21 t/h, BEFEN:

EN, =2421xC, =24.21x125.71=3043.4 kgce/h
> BEAE T IS XA G I RERE:  (3043.4-1623.7)/1623.7 =87.4%

2) WO
> N %—: E,=N/nxEF =5000/0.97/1000x0.581=2.995 t/h
> TR BRI EAAIRSFEEN 2092.4 NmYh, B REHAZ AT R 1 5% FE,

Eg =FC xC, xOF, x%+AD><EF

= 20924, 389.31%0. 01532><99%><—;+ 250/1000x0.581

=4.675t/h

> R FRERET ER e R N 3043.4 kegce/h, E.=FCxQ, xEF _—32‘:)3 4 x29.271x0.084 =7.483 t/h

VE: BT E RGBT ENE, TN ZEREE T, TR, feEf AR
]
> 7RI R BIBHL: (4.675-2.995)/2.995=56.1%

TR R R IBRHR: (7.483-2.995)/2.995 =149.8%

3) Fisfr R AHE

BRI T R HL9% 0.57 JT/(kW-h), RARS 3.5 J0/Nm®, BEM A 850 o/, BRHEER 50 Joit, Fis
1T [E] 8000 h.
> 73#7&#
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C=C,+C. +f,+[K+C,

:_303;) %0.57x0.840.05+0.03x 1500+ 50 x 2.995x 0.8

=2350.5+120+119.8 = 2590.3 /3 /4

> HEZ
C=C,+C.+f,+ [, K+C,
=250x0.57x0.8+2092.4x3.5x0.8+0.05+0.03x3300+50x 4.675x 0.8
=114 +5858.7 +264 +187 = 6423.8 Ji L /4F
> TR=

C=C. +fi+[,K+C
=3.0434x850%0.8+0.05+0.03x3300+50x7.483x0.8
=2069.6 + 264 +299.3 =2632.9 /3 JG/4F

7 (6423.8-2632.9)/2632.9=148.0%

7 (2632.9-2590.3)/2590.3=1.6%

> TR HITE N
TR =T R
4) ReEF AR
> TR
KA R BRSSO 39%F 8, HBEIHUE BRI 97% % 18
MEIANREREN: EN, =N/n/0.39=5000/0.97/0.39=13217 kW
RERFMHZEN: U, =5000/13217 =37.83%
> R
BIHINREEN: EN, = FCxQ,, [3600+ N/0.39 =2092.4x38931/3600 +250/0.39 = 23269 kW
e R 2 U, =5000/23269 = 21.49%
> HER=
BIEINRERN: EN, =FCxQ, [3600=3043.4x29271/3600 = 24745 kW
REEFIHZEAN: U, =5000/24745=20.21%
> TR WITEREEMAHRM: 37.83%-21.49%=16.34%
TR=MTT R REEMAE: 37.83%-2021%=17.62%

3.2. FRIRREFTHEER

XEFARDIR BN I8 5%, VLA E =R S AT v, s —: AaipLaRah; rs . PR +
BERIE s TTR= R + BHRE T, RS RICENE 487 PR,

BT
B17

Table 4. Calculation results of energy consumption

F 4. EERUTELER

e WA= HR— HROBFTR=
kW HLFE kWh AEFE tee/h ZIFEE t/h AEFE tee/h xf %
1 1000 1030.9 0.325 6.47 0.813 150.5
2 5000 5154.6 1.624 2421 3.043 87.4
3 10000 10309.3 3.247 45.30 5.695 75.4
4 15000 15463.9 4.871 66.17 8.319 70.8

T RSOy T SR T R RIS, ZRFEERAE T XA
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Table 5. Calculation results of carbon emissions

=5 BRHMEITESER

WEIHE VE S HEZ TER=
P oW BT W%«fs% BT Xt HAE BT Xt
tCO,/h Nm’/h tCO,/h % kg/h tCO,/h %
1 1000 0.599 1159 1.240 107 813.4 2.000 233.9
2 5000 2.995 550.6 4.675 56.1 3043.5 7.483 149.8
3 10000 5.990 1079.9 8.767 46.4 57189 14.002 133.8
4 15000 8.985 1605.6 12.817 427 8318.5 20.453 127.6

T RO U T R T AL A EE, RRHE AR B B b R BORL

Table 6. Calculation results of annual operating cost

Fo. FRITEMATEER

BRI %~ TE— TTR=
Fs - — —
kW T3 TC/4E T3 JC/4E Xt b % T3 JC/4E Xt %
1 1000 518 1710 230.1 705 36.1
2 5000 2590 6424 148.0 2633 1.6
3 10000 5181 12069 133.0 4961 —4.2
4 15000 7771 17660 127.3 6457 —15.8

T A LU T BT B S A

Table 7. Calculation results of energy utilization efficiency

® 7. BERFIRAMEAEER

WEINE Ik HE R
Ei=
kW % % S % % S %
1 1000 37.83 16.19 -21.64 15.12 -22.71
2 5000 37.83 21.49 -16.34 20.20 -17.63
3 10000 37.83 22.92 -14.91 21.60 -16.23
4 15000 37.83 23.52 -14.31 22.18 ~15.65

E ol FaGL o, WHIUyE TERT R —HHE: E2: £ 79, XHIOMKT 77 &1

4. HEERDHh
Bk 4R T RS R, 2R, mE 1~E 4.
4.1. REFESHT

MEL T FRRTEUE B, FEhHLAREN T R EEAERAK, BHAE T UK T SR AEAE R s, Bk 4 RATLUE
BB KB T SR RERE R T HARBN T SR bR, BE 1A T A R T AR
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Figure 1. Comparison of energy consumption
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4.3. BITRASH
M3 Rl DR, R T RIsAT i R TIF/NT 5000 kW I, SRERER BT SRIB AT
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4.4. BEBFIRARSH
4y Z2 T RN =R REN T SCREIER I Z AT b, R R AR R S R 39% 5 &, AL
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Figure 3. Comparison of annual operating cost
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Figure 4. Comparison of energy efficiency
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1) Ae#E: HIRZN T REEFEBAR, SHRE VT RAERER R, BRIETV T RERBERI T RS
70%~150%.

2) BRHECE : IR T R HECE feb , BB T RRHECERS R, m RSN T &R 40%~110%,
WREE SR 7 RlHE I E R, mr EIREN T S 120%~240%

3) BT HRE T RHE I A G, H RSN T BRI AR I T RIZAT MY, BRI TR
BAT R B

4) BEEAIFR: BIRE) T REEEF H R H 5, 2008 38%; BRIEE . BRI At &R FH R8I,
214 15%~24%.
5.2. N
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