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Process simulation and evaluation of the coal coupled with waste

incineration power generation system

ZHANG Lijuan,ZHANG Rui,LIU Dong

(School of Energy and Power Engineering ,Nanjing University of Science and Technology,Nanjing 210094, China)
Abstract ; Traditional waste incineration power plants have the disadvantages of low energy efficiency, large investment and high cost of en-
vironmental protection, making it difficult to operate in market and depending on financial subsidies for long—term survival. At the same
time, there are large number of coal-fired generating units exist in China, which have large scale, high parameters, new age, and envi-
ronmental protection facilities. Due to the limitations of the dual—carbon policy, a huge waste of fixed assets has been caused because of the
inability to operate at full capacity for a long time. Therefore, the development of coal—fired coupled waste incineration power generation
technology can make full use of the existing coal—fired units to cooperatively treat waste, improve the efficiency of waste power generation,
reduce the cost of waste power generation, reduce the investment in engineering equipment, and reduce the carbon emissions of coal—fired
units. The process of the coal power plant coupled with waste incineration system was simulated to compare with the coal—fired power gen-
eration system, and the power generation efficiency, economy and environmental performances as well as the carbon emission throughout
the entire power production process were calculated and evaluated. The results show that the power generation efficiency of the coal -
fired generating unit only decreases by 0.95% after the waste coupling transformation. The economic performance is better, the internal
rate of return increases from 18.72% to 21.89% , and the investment return period decreases from 9.72 years to 9.12 years, while the envi-
ronmental loss cost increases after coupling transformation. But the carbon emission of the power production in the system is reduced by
14.02 g/kWh ( calculated by CO, ) after the renovation. The results show that the coal—fired coupled waste incineration power system is
technically and economically feasible.
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Fig.1 Process of coal—fired coupled waste incineration power generation system
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Table 1 Characteristics of fuels
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el
M, A, Vu  FC, Cu N, O, Su c, M-k
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Fig.2 Simulation model of the whole process of coal-fired coupled waste incineration power generation system
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Table 2 Basic parameters for system investment calculation

R Stai 1./ 77T Iy, i by, Ay 4y E;
Ak pRl%] 273 t/h 42 902.66 67.0 0.65 0.65 2008 4F 1.11
iy 34 Jeb 3 (20 100 t/h 185.13 60.0 0.70 1.00 2017 4% 1.14
TRy 21 600 MW 57 689.00 — 0.70 1.00 2011 4F 1.09
Ie s 7 A e gy 122 136 t/h 532.30 — 0.65 0.65 2011 4 1.09
BERAREEHLD) 275 MW 50 718.68 16.0 0.67 0.65 2007 4% 1.21
Jit i 1 45 (24 2 234 kg/h( L NO,3t) 21 477.00 — 0.65 1.00 2015 4F 1.15
il P e 2 120 700 v/d 105.54 — 0.70 1.00 2011 4F 1.09
A 482 1 (0] 400 MW 3181.34 — 0.65 1.00 2001 4F 1.62
Jii 33 4 (2] 5 731.69 kg/h( Lk SO,it) 13 567.00 — 0.65 1.00 2004 4F 1.44
Tk FE L] 250 m3/h 13.50 99.5 0.65 0.65 2007 4 1.21
AL 497 m*/s 61.71 3.4 0.70 1.00 2010 4 1.15
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Table 3 Basic parameters for /;; and D,,

=] Bt
/(- ) 500
B/ (58 - 1) 0
K/(IE - ) 2
MR MR/ (O - ) 10 000
P ARG/ (TE -1 165
/(96 1) 3 000
KB/ (TE -1 25
KIRALFRSE/ (TE - 1) 505
HL/(JC - kWh™") 0.362
b /(8 -1 60
iRics B
B A BRI/ (TE - 1) 100
RGBT R/ a 30
KRG THE/ (h-a™") 7 000
GVt BT SY R % 4
HESH  WEHE/ % 8
AT B % 4.90
RGABIW a 3

1.2.3 IR
IRBE e AR FH T 1M 22 G0 7= 15 15 Y 3t 38
BRI ARG IR ASAIF 9T B e IR BT Ry - 4
BRASE Bk DAk ETs g LR AR R 35 R
KA Ik
Py=2 Y Y W(a,b)Py(b,c), (7)
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Y b BHER S B /by Py (b, e) BI5JH b 7E ¢
NS T BT T BRI, JT/, AT R
SN2 AN BT T IR fE IR 4,
F4 BERMBIIMERNFNLEHRENE
Table 4 Impact classes and monetary environment values

of pollutants

AR SYY TMEEME/ (IC - ")
EIRAT CO, 80
NO, 25 600
ik S0, 6 000
NO, 4200
Hefb T g co 1000
HC 20 000
NO, 3 800
GENERT] VR 120
FER Y 4 000

1.2.4 44 FARAEREER
FA g A e A R AR HP B I A A R R SR N T
PRRHZH B ke AN B | R s, AR SCR

FAHE R B A TR T SR, RO T
S R/NW
Cc,=CE,, (8)

Ko, CONBRHE R B €, R ™= AR B HE T I 25
JE Sy, 0SS B HECR B m TR Sl
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Table 5 Calculate correlation coefficient of carbon emission

s i ES
PERFFRIN T/ (kg - 1) 65.7
WRIBH)/ (km - 1) 0.010 9
Wiz / (kg - km™) 0.808
Ry RRbe RS 5
R /() 5.372
BB KA 0/ (kg - 1) 2.996
BB A S i RAIE J 70 S 1o 4
s/ (kg - km™") 0.808

TE - Ry R [ 32 i TRR 12 0 BB IR A O €O, HER
=50, Fhix44/64xBRACE,
Fzo6 LIRS
Table 6 Composition of MSW
% SR R ik & KM W& AT
B0 % 1071 2395 11.09 11.55 0.75 38.00 3.95

2 GRS

2.1 #HAEtEse
XTHE A O IS 1 R GE & RCRIEA T O 45
R 7, MBI & R G, A s 5 &
GEIRFEHLR T IR D | 32 P R o PR R 2 R A
i TR AR — 20, RARHL A IR PR /K B kN
2 Fh RGP R R HL KL AR 2 = B AR R 45,
FHEL IR R L R 50, SRR 5 B I B e & L R 52
IR FEAIL 5 RERE R MG, XUMLRERERG I, R A 42 3
Je IR A I K Rk D DR AR AL DA B
REFERRAC; AR be Ir i 2 S 38 , A e XU L RE
B, BRI R L R GE v K HL N 573.97 MW, Fifi
RIS LU BRI, AR B B A e R L R AR Y
Wk LR R 559.99 MW Fl & iSRG K H
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Table 7 Energy calculation results of the system

WH 0 5% 10%
SHERE I A/ MW 1468.39 139497  1321.55
A bR EE R A/ MW 0 73.42 146.84
DRE R A/ MW 1468.39 146839 1 468.39
iR AR LSS MW 592.25 586.00 577.91
BEREAL/ MW 3.13 2.99 2.86
— W HHL MW 0.92 0.94 0.95
RN MW 1.62 1.64 1.67
SIRHL MW 2.34 2.38 2.42
HEAE
/MW 9.93 9.77 9.64
A MW 0.01 0.01 0.01
MASBRA S/ MW 0.16 0.17 0.17
WA &/ MW 0.18 0.19 0.19
At R L/ MW 573.97 567.91 559.99
KRR/ MW 39.09 38.68 38.14

2.2 ZFH
2.2.1 HHEERK

BRIEF 5 B R I A R T TR 2 R
F 8, ARG, WAL B 5 SR JKEe ML B
s BRI & A0 48R 2R 8% BOK IR &4 e s
NG R U AR & BE IR BB R L R G R T
JEBRIRE R L R G AT o | L BSOS R 3K
XA T IR AR R Ie e, SRR R L RS
FHEL  BRIEHE 5 7 35 5 e & L 3R 0 1Y) 37 3 T A B i
2 L A el E R SR WS KL SR
X RO B UG, T 7 3G 37 A B [ e 7 A
PRG3R B8 be A< b & A7 e, e R
1T GB 18485—2014( A 1iG b WAL Hei5 Yebr iy | A 76
B BE R HEOH S ZRESERR (B4 0.1 ng/m’ (LA
TEQ 1) , PRI A5 48 % P e W5 S, W% S 4 42 ¢ TR
i O D < 3 s R s N 12 v
PR BE T 75 25 A 22, B UL 13 & 3 e 38
TR e L R G0 I [ 2 W 7R R B Oy 245 507.16 T1
TG, BESICRR A FLBISE n , RIEHR A B3R S e 4 L 2R
SR [ 2 W PRI T & 246 124.98 JioC, BN T
617.82 T i; MM A RGN TR AH KN
304 919.90 Ji 7T, bk AR LU BI3E I , BASERE & 17
WA be L R G0 TRE B T 2 305 687.23 1
JG, N T 767.33 T30, UL, $5 R G e X A
R L R G BRI N
114
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Table 8 Equipment investment calculation results

of the system Tt
Wi H 0 5% 10%
JREFAL 3 42 194.47 4219447 42 194.47
b7 I Tk $ 0 167.15 271.54
FER 62 832.45 62 832.45 62 832.45
mE eyl 0 160.28 251.50
. BERTEEL 77 632.43 77 632.43 77 632.43
e S
- A 15 34 154.80 34 154.80 34 154.80
WiB % 21 863.73 21 863.73 21 863.73
TE MW 2% 0 57.35 93.17
FTEA] TRabbin 6698.98 6 698.98  6698.98
IKEE 60.62 60.62 60.62
KL 69.68 70.49 71.29
] 7 B P 4R Bt 245507.16 245 892.75 246 124.98
e IRELIR 55 2 19 640.57 19 671.42 19 690.00
TRME SR 39772.16 39 834.63 39 872.25
TR R 304 919.90 305 398.80 305 687.23

2.2.2 W FELSZEEMRB

BRI L 3R G AR R G B R e Kk L R GE 1Y
PRI RS R AN 0% RIS 25 SR L3R 9, A&
1 2R GE A BRI 35 2Rl 18.72% , Fiti ks SR & L f51) 184
T, BRI B B3 A b L R 8 1 AR I RS R T &
21.89% , Z ¢ 1) P M 25 2 3 o 1 W R 3 i A
600 MW JRHE % L 22 48 FIUR AR5 1 0 B e % v 2R
BTG AT RIRKT, FEIREE R B R G, R
R B AR K L R GBI 25 R = T 3.17%
BRI R RGBT MR R 9.72 a, BRIEHN & X
PR R GBI 9.12 a, BEIR T 0.60 a,
IR PR R BRI £ 1 A I8 kL R e R A AR A5 4 3
AL BN | XHRAME A L 2R 48 AT b SR e i R A
PEim RGN BRI A 2R, 4 5 e MR s R 4
ZTE

®9 RH,MD, HHER

Table 9 [, and D,, calculation results of the system

i 0 5% 10%

TREER/ T 304 919.90 305 398.80 305 687.23
HHR MR % 9 9 9

FERHEERY (TG - a™h) 146 216.05

147 265.08 147 842.01

PRELRFH/ (D706 - a™h) 70 000.00 66 500.00 63 000.00
BRI/ (ITE - a~t) 7 993.40 10 949.27 10 954.46
NI 25 2/ % 18.72 19.60 21.89
AR a 9.72 9.54 9.12

2.3 MR
HRIEE K H, R G IR & BE R BE e K L R ¢
PEAT A A TS VA 1) B A 2 3R R G0 M 85 1Y 5
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Wi, 5 R e A BRI A, 2R A i JRT )
FRYE PRI B0 1 MR i i B ke v, | P RE I i B 1
IRFWIHE R AL &, T S — P s BT, X
MBS BN O R RE R . R G
PREG I AR DL 10, Horp 32 2 1 BRI 52 0 26031 K
ARG AT .t TR R B R G BRI
RS BIIRBE R R B R G TORAR AR B, REGE7™ R
i CO, BLEEHEIC RN R rh, I I CO, HER & i 4
BRAZMEAE RGPS o5 LB e . R TR A e
RGBT HRGE = A i —ES ) ST TT 20 RS0
PR COR ZE R A R AR S AT G A IR R R T Ab
T, DR S By 5 0 ) PR AR AR S 0, RIEERE 5
WAER ARG, i TR R AR A e T
Qb FRAR S b BTG PSR B R G A YRR I
HIERIEF YL IR, AR5 B E e R L R G
F AL P 57 0 3 S ) [ S I 33 00 0 05 00 2 A 6
ey, BRI  LE B T SRR 5 B B e o H 3R
G5 B FREEIR O AR £ 43 881.59 JT/h 3 & 80 681.72
J0/h HEINT 36 800.13 JC/h, RIIAR G XA A
ESWiDEISs R P S A0k N
F10 REREHREMRE
Table 10 Environmental cost of the system JT/h

& Ll
R 5

0 5% 10%

RS CO, 39421.16  39490.06 39 563.79

7 NO, 1541.10  1816.22  1900.53
S0, 210.11 217.23 224.76
7314
NO, 252.84 297.97 311.81
. co 2.50 2.52 2.52
Jafks#
7 HC 3.60 3.30 3.30
HY
NO, 228.76 269.60 282.11
Bk K& 2221.53  1689.77  2212.79
Y TR 0 35673.44 36 180.12
&it 43 881.59 79 460.11 80 681.72

2.4 HBEAOEFERERHEEN

BRI T L ZR G0 SRR B R e R L R G0
M e AR HE O T S R LR 11, Fh R
BRI P A i HE I TE B HE P o E R, 4
I 95% ., MBI R RS, TR & A EY
Tadme , HARBe = A1 CO, K2 5 KRARAAI , At A
BT8R A R A 45 457 30 B b R H 3R 8 1)
PR BERRHERCR > FBURIE R R G, IR G
B A e 2 v 2R 0 FR S S s/ BRI O e I SR T
T IRHEROR D R & R e ) A P icHE R
910.33 g/kWh, BESIIAE G LLBIE N BAKERE & b7 3%

Hebe & L R Ge ) AL 7 B HETCRE %8 896.31 ¢/kWh,
FEAR T 14.02 o/kWh, #8G EA0E RE A REARMARE A Hy

R YR P BRHEL
x11 BAOEFEREBTHM (L CO, it)

Table 11 Electricity production process carbon emissions

I BuR 0 5% 10%
RIFRIN T/ (- h™) 13.14 12.48 11.83
WRBLEH/ (L b 1.09 1.07 1.04
BIrRBE/ (L h7h) 491.67 482.43  473.20
JAASAL B/ (L b7 16.56 16.20 15.83
B PEEH/ (- b 0.03 0.03 0.03

B A =R (g - kWh™!) 910.33 901.93  896.31

3 & i

1) SRR B R G A EL, BRIGERE A s 30 8 e &
HLR G AT 2= PR G A BEIG, R R HALE K
39.09%P% %2 38.14% .,

2) SHRIGE R R GEAR L, BRI & B B e &
HL R G A BT A Frde T, BRI s: %2 i 18.72% 7t
£ 21.89% X FE MR 9.72 a F£ % 9.10 a,

3) MG Bl X R G R IR K, RS
HYPREEH 95 AR 1 43 881.59 J0/h 14 & 80 681.72
Jt/h,

4) R A ol s S5 AR e i H ) AR T e HE R A
RGN ) A mHE R B 910.33 ¢/kWh (2L CO,
H) = 896.31 g/kWh,
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