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Abstract

Taking the reconstruction project of one central heating system as an example, this paper puts
forward the transformation scheme of the combined heat and electricity generation, and analyzes
the energy consumption of the transformed heating system. The total coal consumption of power
generation and heating was saved 513,386 t per year after energy saving transformation. The ex-
ergy efficiency of the original heating boiler is 15.35%, after transforming, it's 42.6%. While
through exergy analysis, it is found that the boiler’ exergy loss rate is the maximum, accounting for
81.2% of the system’s total exergy loss. Additionally, the thermal performance of thermal power
plant is analyzed, and the total efficiency of thermal power plant can be improved obviously by
increasing the amount of air supply. Thus it can be seen that this reform scheme can effectively
improve system efficiency and has certain promotion value.
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A R DL 2 BRI T AR, FEIRAG X - SR AR T (IR, SR bR et . ke X S I HL
FEARARN DS TUREHAN by 22 FAIRBE R At . I X . AL IX 40 T B 22 IR IR A J= - AR 2 [ AT DAEL
Mg, R e ESbRIE T, IR RWIIARIR A, e 8 s @ T L IR, A&
ORI A, BRACHE R AR

HAT, ohi B IR A LR SR FH X IR 55 b, B i 2 10, BICRAR, RN 2 HO AT,
ANEEE NS, P RGEAIE Y 15,197,912 Gl. FLA BERGEIR ML 2 1.

SR OGS, R R AR A T SR SRR A T, DR I R R D SR A R
AR A, SR 15,197,912 GJ, H A #v ) Rt E Ty 9,220,000 G, FAH EMLHER
3,850,000,000 kWh, £ {f#VERIm B AR LR R 5,977,912 GJ, U 5 AR B 4 2.

Table 1. Statistics table for original source of heat

F 1 MERBERRG T

WAbX
5 Bad P 7= e ] B = SEFRIAE (%)

1 KA 2013 3x29 93.9
2 REAE4R Y 55 2013 3x105 93.4
3 ARITEAP ) 1996, 2002 6x7 67.2
4 R 1991, 2004 5x7+1x14 66.3
5 JHER B 4 55 1986, 1989 5x7 65
6 AR 1992 5x7 68.5
7 Bl 5 2003, 2008 3x29+1x58 70
8 HRTR R 1992, 1994 5x7 67
9 SCARERY 1993, 2001 2x7+6x56 68.4
10 PEALEL 5 1996, 2007 1x7+8x14 67.3
11 RIBEEA Y 55 2005, 2010 2x46+1x70 81.6/93.3
12 Tia) BE A 2004, 1996 2x14+7%56 68
13 JA— 2004, 1996 2x14+7%56 68
14 7% 136 [ 1998 1x28+1x42 65
15 KA ] 1999 1x105+2x%7 68.5
16 w1 1990 1x28+1x42 65
17 JEHAEIENX 2011 2x285 66
18 B IR B A 5 2000, 2008 3x29+1x70 90.1
19 PRI 2003, 2009 3x29+1x70 92.4
20 Tk 2004 4x7 70
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Table 2. Statistics table for improved source of heat
= 2. BERBIER RS

75 vl A E(MW) RS IES T
1 AR 3x29 1Re WAL
2 BEAE 80 55 3x105 N WS, Bt
3 ANIIE 2V 6x7 P oUE 24 MW #J7k SR
4 KREgwalr s 5x7+1x14 PRBR . B 34 MW A3 B, Bt
5 FEF B 47 5x7 TRBR B 32 MW 3 BRI, Bt
6 R 5x7 PRBR B 40 MW 73 BRI, Bt
7 B 5 3x29+1x58 TR PRI, TRt
8 SR R A 5x7 PRBR . B 44 MW A3 BRI, Bt
9 SCALER Y B 2x7+6x56 PRBR. B 46 MW A3 M. B
10 ALY 1x7+8x14 PRBR. SRS WA TRl
1 I ERR Y 5 2x46+1x70 TRE T N ETES
12 SRR 3x29+1x70 TRE B T
13 VU A 3x29+1x70 PR PRI, Tl
14 CRzE el Sa TV 700 TRE At
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Figure 1. The energy balance of CHP
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Figure 2. Black-box model of boiler
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Figure 3. Black-box model of steam turbine
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Figure 4. Black-box model of high pressure heater
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w5

Figure 5. Black-box model of deaerator
5. BREREMERE
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Figure 6. Black-box model of condenser
6. BUSAREERE

7
Dnen + ed7z Di = Dcwenc + In (35)
i=5
A, en NBERG KA, AL kikg.
HWERAR AR«
7
In = Dnen + ed?Z Di - Dcwenc (36)
i=5

3.3.7. AMRYRIRELITE
PERAHIR 1 T R [ A P A AR, TR R R A A B R AR R R . A SR
Wr:
lw =D, (e, —e) (37)

X, e NPT K EOKHE, FAr kIkg.

338 HEFWHRENITE
RIS F DA PR 5 RSl AR T

e =— (38)

X BARGHED ALK, 047 KIh; g A RGEREMRL, 47 k.
Hep, RGREMB AR s, Hit A H08:

lge =Ny + 1+ 1+l +1g+1,+1, (39)

4. WHERKEEFESTH
4.1, FREER= SR T TR REFEXTEE

HOE BT B R G BGE DRI b D5 o, BEARE R ZER B Tt ABER i B BRERE . St Ak
I BSOS T RG, RAMPIRS S RISCE, SRS g R BT & 1 H B K iE S . o
JG RGP REFEH PR/ 4. — R A RERE R, ORI S AR . S5 A o b AR A
RGNS TREIH A DG BRI SE bRBCE , AR A R I I REFETT AT AY, 153t R ARG &S

UG AT LR GO R P17 30, AR B R HAT A, Wk 3 foR, HERBENR
3,850,000,000 kWh, MEFERIFRMEME 0.31 kg/kWh #EAT 5, TIEER ) A= A FEE R E N
1,193,500 to #vHE H DX BRI b5 2R 77, i3k 4 B, SRk ivE T 15,197,912 GJ, T X sl s A B EUD,
HAP SR AT 70%, Db LAt HGRFE R B, N 48.8 kg/GJ, #A L/ = [t R JEFE BN 741,658 t.
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SRV RE UG JE , AR AT AT AR, FERHE RGN, Wk 5 iR, K
HLEREFEA Oy 0.225 kg/kWh, T BGE f5 #4 FRLIBE ™ [ 4R R HLPREFE By 866,250 to #ARE F A [ B i A Ok BH 1Y
R X S s L E RN, o R el R Sy, SRR Dy 9,220,000 GJ, R BR X AU 5 (1)
EHEIAE Y 5,977,912 G UG G H L) BRI AR O 93.8%, TR EE BN S AR Y 93.2%, HHAK
RGN, BEREFE SR A, 20 51 36.46 kg/GJ Al 36.70 kg/GJ, i #vH | [ 4E fit HUGERE By 336,161 t,
LREE X 3 b AR A AR 2 219,361 t, 7359l L& 6 Ak 7,

P oy e SRR P EAE B L LR 8, ARIETH B AE R tH AR I 5 i 2y P R RE B 0T L
B, w7 prws

TER T, B A= AR RE R 5 AR = s AR IR L FE 2R AR LU PR T 0.085 kg/kWh,
TR BN . %I 4E K Hi R 3,850,000,000 KWh HEATTHEL, #) 1R AR SRR B H im0
TR B EFE 1T 4 327,250 t.

TERERRTT T, T = I DXt b T RN 70%, T St R FRLIDG ™ B0 S5 Rt P 5 6 AR
993.6%, Ak AR PR IR = T 23.6%. USRI PR AR PR IABR I ERE R 48.8 kg/GJ, T St R
I A S P AR RE 52 0 36.55 kg/GY,  HUE fa RSt I HERRFER FRMIC 1 12.25 kg/GJ, TFRERUR 1731
o EPEHRERIFAZIIEI T, s G REHAEIAESRERE R oG AT e SRFE 174 186,136 to

AR b, SRR SOE T R, RAMR AL B FEE L4 513,386 t, SFELRERE T
W% 26.5%. 1] WL 1% 08 77 28 5 BRI Re A FH AR AR 2 ] B4, RESCR B .

Table 3. Coal consumption of electric energy in condensing power plant

F 3 BAREETBENERE
% H B (KWh) PAFEZE (kg/kWh) JRFEHE(Y)
3,850,000,000 0.31 1,193,500

Table 4. Coal consumption of heat energy in district boilers
F 4. XERIPEE T AREERERE

AP IARE I IEFER (kg/GJ) DX by B R A 2R LT RIS AE(GIE) PFER()
48.8 0.7 15,197,912 741,658

Table 5. Coal consumption of electric energy in CHP

5. REBRETREENREE

MEEH R (/) LA LA K HLRGER FRHR A LR TR R
AR HFEE (k) FEE (k) (kI/kWh) HEFEZE (kg/kWh) SHERE R (1)
28222 1044.2 1778.1 6585.98 0.225 866250

Table 6. Coal consumption of heat energy in thermal power plant
6. B HNRENERSE

LB B A IR R IK R (kg/G) FLE IR Pk Ve IR Bl B IR SRR (GUIAE) HEFERE(E)
36.46 0.938 9,220,000 336,161

Table 7. Coal consumption of heat energy in reserved district boilers
7. REXESRIPE SRR S

DR DX f5 2E I BE T RFE R (kg/ GJ) DREGEAA 5 23 DRI DXl b B i (GUI4E) HEFEEL(E)
36.70 0.932 5977912 219361
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Table 8. Comparison of Coal consumption in two different methods
= 8. BN FEERBIRKREFEENL

Vi LB WA 718
9 LG (1) 866,250 1,193,500 327,250
PEHEFE B (1) 555,522 741,658 186,136
SEFERL () 1,421,772 1,935,158 513,386
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1= 1500000 -
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22 1000000 - e
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200000 1 m A
0 h
% % %
ROE g
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Figure 7. Black-box model of condenser
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Figure 8. The change of overall efficiency and ratio of heat to electricity
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Figure 9. the change of generating efficiency and heating efficiency
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Figure 10. The change of heat consumption rate of electricity generation
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Figure 11. The change of overall efficiency and ratio of heat to electricity
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Figure 12. The change of generating efficiency and heating efficiency
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Table 9. Computed results of exergy of thermal power plant
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Figure 14. The exergy efficiency of different equipments
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