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47 66 65 0.63 /
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3g/kwh

3g/kwh

1g/kwh

0.8 55 /kwh

1g/kwh
3g/kwh

0.157

SO2
PPP ”
70%
" 20% SO2
1.2
SO2
3g/kwh
SO2
Tkw



1g/kwh 01 /kwh 1

10 2
2
g/kwh 3 7gkwh 7 10gkwh 10 15gkwh  15gkwh
03 /kwh 05 /kwh 1.0 /kwh 20 /kwh
g/kwh 3 7gkwh 7 10gkwh 10 15gkwh 15gkwh
04 /kwh 06 /kwh 12 /kwh 24 /kwh
1 3
90% 15-2.0 /kwh
15 /kwh
20 /kwh
12
3 47 66
65 0.63 / 80
87 107
106
0.7 0.8 /kwh
13
14
FGD CEM

ETS RE
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16

17
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3g/kwh
20

SO2

0.63 /



21

22

23

24

25

26

27

1997

20
20 2.5
2.5
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28

29

30

CEM

31

CEM

CEM

2006
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1.1

1.1.1

1997 1

2000 11

2002

69
2001 4
" 2002 4
4000

20

60



1.1.2

1.1.3

1.1.4

RPS

(RPS)

RPS



1998 2001

GPS
1.2
1.2.1
SO2 2000
44%
1-1 6000
! PURPA

25%

2001

C30MW

PURPA



4

60 900
o | = 4 800
n B 4 700
40 F l R 4 600
l N 4 500
30
: 4 400
20 F [ 4 300
4 200
10 F
4 100
0 L1 1 1 1 Ll o
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
mm y [ % 502
1-1 2
6 14
SO2 1-2
1.2.2
2000
1995 20%
1990
1.2% 1991 1.17% 1995 1.09% 1999
1.05% 1996 6000
2% 91.8%
1% 56.4%
1% 70%
0.5%
2 1991 2001 1981 2001 2001
[2000]156 2000 2 21 2001.02.28



1970 1980
2000
500 70
1000
1997
5
1000
1000 40 2004
1400
1.2.3
1986 CEMS 1998 7
CEMS 50
90 CEMS

2000
778

S02

40

1990

2500

70



1.3

1.3.1
2000
30% pH
pH 410 7.70 157
pH 56  36.2% “
pH 410 6.90 95
pH 56  70.6%
2002
1995
645106.3 /
1553.3 / 90%
80%
1.3.2

0.02-0.03  /kwh

5.6
2000 254
61.8% 92
" 102
93.1% 72
448413.6 /
50%
( )
(
FGD
FGD



0.01-0.02 /kwh

2001 9
54330 14
5.6
1121/ 14017
10500 / 8000 8500 /
06 07 [/
/kwh 1985
62 0.41
0.36 /kwh
1.3.3
SO2
/ SO2 2

132
9000

495 |/
10000
0.29 /kwh 1985
0.24
0.33 /kwh 1997

/kwh 1999 2000 70

0.2

10






2.1

211

212

OECD 1970 : ” PPP

PPP
PPP




P1
k BP PRAR P, 0Q.CP;
0Q:1BP;

10



Po
P

213

~

Do

Q:

Q

Qo

11




214

/kwh 1985

0.29 /kwh 1985
0.24
0.33 /kwh 1997

12



62 041 /kwh
0.36 /kwh

300MW 2%
0.03 /kwh

215

13

1999 2000

70



RPS

1998 6

14



2.2

221

2000

4

29

2000

15

9

1



222

2001 12
2000
/
2.2.3
2002
967
2000 20
730

10-20%

2005
60%

2000
510

16

2005

2005

20%

2000

15-20



2003

SOMW .
” 5%
36050MW 142 /
11924MW 65 /
0.7% 7695MW
2005
30
224
2002 4
2002 5 2002

1 1] ”

2002 12

17



2.25

2
2 1
g/kwh

SO2
2004 12 31 7 6.7
2006 1 1 —2009 12 31 6.2 5.1
2010 1 1 —2014 12 31 4.3 3.7

2015 1 1 3.2

18




3.1

311

19



312

31

20




313

5
SO2 NOX
/
3-1
1998
31 1995
PAFP LSD
(MW) 2x360 100 200 100 200
( Nm3/hr) | 2x108 45 82 45 82
SO,  (ppm) 3500 3000 3000 | 3000 3000
FGD () |48174 7581 9520 | 2122 10006
( IKW) | 669 758 476 212 500
( ) |59784 940.8 11814 | 3115 1241.8
5794.3 26355 | 17003 | 920.2 13515
1SO2 856.8 15015 | 7702 | 701.8 810.9
Jkwh 252 5.50 2.22 1.89 1.99

1998

21




314

1998

20

1999
1000 1999
1200 14
40

22



36.8-56.9 mg/ Nm®
(260 mg/ Nm®)

0.42 glkwh

14780-16370kw

90 mg/ Nm® (400 | 0.87 g/lkwh | 384-528 S0O2
mg/ Nm?) 3-2
2000 1930.53 500.63
2 NO2 SO2
3-3 2000 SO2
3-3 SO2
() [so2 kwh (g/kwh)
93 497 98233 216.5 45
2000
2000
MW 1498 2990.609 kW
13.25% 120434.27 GJ 39.7kg/GJ
1973 300
g/(kw.h) 1986 261 g/(kw.h) 36 37 kg/kJ 2000
6 MW 363 g/(kw.h) 392 g/(kw.h)

39.7 kg/GJ

23




IPP

4 5
3.15
3-2 1 2 Ecl Ec2 Ecl>
Ec MAC 1 2
MDC1 MDC2
1 2 Wl W2
1 L 2 1
1 2
to 1 1
2 -1y

K=1+ t>-t; /t; 31

24



3.2

321

tl \ 2MDC
t2 —
— MAC
W1 w2
3-2
" 2000 637 “ "
“ " 50% “
4

25




12000

10000 F
8000 |
6000
4000
2000 f
0 ! !
1 2 3
B GPS(g/ ) (] «C ) ] «C )
3-3
3 3 3
SO2 SO2 1 2
2 2 S0O2 SO2
3 SO2
SO2 1
2 SO2
1 SO2
2
3
322
3 3
SO2 SO2 1 2
2 2 S0O2 SO2
3 SO2

26




1 SO2 SO2
3 SO2
1 2
12000 r
10000 |
8000 [
6000 r
4000 |
2000
0 ! 1 |
[ mops(g/ Y O ) = ) |
3-4
3.2.3
3
3 4 2 3
3 “
” 4
3 1 «
34
( /kwh) ( /kwh)
1 0.22 2 0.22 0.03
5 0.20 1 0.20
3 0.23 3 0.20 3

27



324

3 5 3
1 2
3 ”
35
(_ /kwh) Jkwh)

1 0.22 2 0.25 3 0.03

> 0.20 1 0.20 1 3

3 0.23 3 0.23 2
3.25

28




3.3

33.1
W, 32
Wt=Wg'R
c=f(R)=a(R)"
b> 1
a b
(32

MC=ax b(R)™*

(3-4)

(3-3)

3-5

29

(3-2)

(3-3)

(3-4)



AMC
C

tk

t2 A

tl

R1 R2 Rk
3-5
35
Rk Wk:Wg - Rk

tk:AM Ck 3

30



3.3.2

A
MDC

tk /

Wk
3-6

3-6 MDC
Wk tk
tk tk
Wk tk<t0pt
Wi
Wy
3-6
3-6
34 S0O2

31



34.1

SO2
1980 413g/kwh 2000
363g/kwh S0O2 1987 8.3g/kwh 2000
7.3g/kwh S0O2 3-7
9 410
| 400
8.5 390
8 I 380
75 Ek 370
360
[ 350
6.5 340
1987 1990 1995 2000
(] (g/kWh) —e— g/kWh
3-7 SO2
34.2
S02 3-6
3-6 SO2
SO2 g/kwh g/kwh
1.08 7.3 363
0.92 7.31 361
0.54 4.45 365
1.12 6.47 352
1.18 6.44 366
2.13 17.92 392
1.42 10.40 386

32



~-888888

— (g/kwh) —— (g/kwh)
3-8 so2
1980~1990
3-7 1999 5.05g/kwh
37
1995 1996 1997 1998 1999
(MW) 4099 4299 4899 5175 6475
( kwh) 1972111 | 2142900 | 2159461 | 2033287 | 2479639
C ) 876 1010 974 889 1046
(%) 117 1.25 134 1.07 0.63
So2 C ) 15.93 20.13 21.65 17.82 12,51
S02 (glkwh) | 8.08 9.39 10.03 8.76 5.05
NOx ( ) 17.80 19.11 17.80 1453 17.13
NOx (gkwh) | 9.03 8.92 8.24 7.15 6.91
“ 2000
1995 “ K 1316.4
66% "
2000 890 637 “ "
¢ ? 50%
10 * K
2000 5000 179
10028 425 “ " 67%

39

33



39

() ) ( ) () (g/kwh)
179 10028 54277110 | 4253992 7.8
>56 | 132 5805 32810228 | 3410077 10.4
267 15026 78279755 | 5841810 75
34.3
50%
100% 25000MW 514g/kwh
2500MW 6669/ (kw.h)
1995
1997 1998
2000 100
54g/kwh 3 11.6g/kkwh 100
2 3-10
310 2000
3 3 10 10 30 |30 100 |= 100
229 110 93 83 42
348 551 1539 4387 5436
224 344 780 2403 2696
1528 1605 3562 11167 11576
26 104 172 87 75
8500 14519 45 10
(g/kwh) 650 435 375 350 332
26 33 69 185 145
(g/kwh) | 11.6 9.6 8.8 7.7 5.4
3.5 SO2
35.1




1995

59.1% 2000
10 / 1
23
kwh 8.1g/kwh
96%
25% 110

90%

8% 10%

S02
35.2
10GW 250MW
220t/h

6 1000m

20% 1%

MW
76%( )
6
10
160 0.35
5.2g/kwh
20%
4.94 3.1
220
20%
20%  40%
S02
240
75t/h 200 126
22 410t/h

2.6
65%-70%

35

10%

1%-2% 15%-20%



353

FGD

3.5%

EPRI

3.5%
1.5%

1.5% 1.37-2.22
13252 |/

36

30

1200-2000

3-8

/

720-800



g dkwh [ —— —

2.5

2
1.5 E—

1
0.5

: : s%
0
1.5 2.5 3.5
3-8 30
2.5% 10 20 50
1.13-2.98
39 10 30
10 30 0.4-06 /kwh

@ 100Mw [ 300MW CJ500MW

39

354

1970

1990
500

210MW

1980
2000

2x360MW
30x10*m%/h

60x10*m°/h

37

FGD



30x10%*m%h 300MW
125MW
200MW 100MW 125MW
200MW 200MW
3-11 2001 ( ) 1300
75%
0.8-55 /kwh
355
S02
S02 3-10
0.6
0.5k - /kuh
0.4 HH
0.3 Wt I

0.2H H IH
11 e

l0a

3-10

38

0
6.3 84 94 14.3 28.8 29.3 45.3



3-11

S02
MW % m3h| % KW | Jkwh kg | gkwh - wh
2000 2300 300000 16 260 38704 95 650 0.7
| 1088 2360 468000 4022710872 80400 o5 48174 669 5794.3 252 08568  18.1 04
I 2*360 3068] 511 1550
1994-1996 200 120000 187 601 16500 832 13000 650 1550 13 094 165 2.4
1092-1998 204 110000 1.5~2. 30 9900 70 9520 476 1634 21 o7l 129 39
1993-1999 2*125 137500 0.92 55 8690 75 12352 494 1785 35 1844 8.4 2.1
1996-1999 300 063 110 od 21500 717
2410 492000 95
120 48688 49 13114 4d 2127 217 920 1d o7o1d 673 299
19909 100 60000 49 17552 7581 759 263 55 15015 3.25
30d 76590 82 22076 9520 476 1700 24 0.7702 3.20
2128 175000 25 255 25000 81 18000 360 200 11 o8 1768 331
1995-1998 200 130000 204 300d 7800 80 9430 1050 959 13 128 78 150
2200 240000 22-39 17 7571 95 44680 8593 36 1138 337 16§
2200 261600 22-39 176 7571 95 44680 29505 6664 25 1135 305 152
2¢200 20000q 1od 2r79 16850 od 35851 10638 7306 37 4336 94 094
2¢200 20000q 1od 275 16850 90 44222 13127 7779 3d 4614 94 094
1¥100 60000 45 50 27184 9q 17877 1590 27 0583 503 503
1¥100 60000 4.78 50 30639 95 18582 1262 21 041 537 269
2259 3000Q 1od 3027 2814 7d 410 9713 171 06 0608 134 402
LIFAC 125 5000 654
2125 49000 1960
2300 19800 66

39



3.6

1980 1984
1981 1985 380 1983
GNP  6.75% 1992
986.1 GDP  4.04%
578.9
1993 1029.2 GDP 3%
21
GDP 7.7%
3-12
/
1981 380 124 1412 878
1985 1987
1993 986.1 334.6 1795 1864
1992 1029.2 578.9 1685 3436
1997 16317
1995 1100 2370 4640
SO2
1995 SO2
1100 SO2 2000
890 45%
SO2
1300-8000 /
313

~

SO, 3000 3000 1500 6000 8000 8000 6000

~

SO, 2500 2800 1300 1500 3900 3300 1700

1999 2

100mg/m3
250mg/m3
1974 1982

40



0.100mg/m3 0.40mg/m3
5% 1997 1983 1.03
0.2mg/m3 !
1991 670/10 0.5%
129.9/10
104/10 35.2/10
23.7/10 271% 22.1%
2020
3900 13
5000
/ 2000 S02 445 2000
11079.36 4.02 /kwh
GEF 8
2010
1-8  /kwh 3 1

7

http://ns.sxinfo.gov.cn/sxinfo/ejournal /stide/stid1999/magn2/icl_1.htm
8

41



Beijing
Tianjin
Hebei
Shanxi
Neimongu
Liaoning
Jinlin
Heilongjiang
Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong
Henan
Hubei
Hunan
Guangdong
Guangxi
Hainan
Chonggqin
Sichuan
Guizhou
Yunnan
Xizang
Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

3-11

3.7

371 1

1g/kwh

Y/kWh

42

0 0.02 0.04 0.06 0.08 0.1
» !
I : —
I I ]
” I II I
[ . ]
T 1
II? [ ]
I i i [ ]
I [ H I
j;:::l::ﬂé : |
TSP ] SOZ T _NOx ]
I I ]
: :|| |I
jF:::I::]E |
I 1]
[
[ ]
[ I
(1]
;j ]
|
-
11
3
(2010 )
3
SO2
3g/kwh
3g/kwh 3g/kwh
S02
1 3% 3-14



3-14

%

(%)
g/kwh 1 1.5 2 25 3

300 58 72 79 83 86

350 64 76 82 86 88

400 67 79 83 88 90

500 77 84 88 91 92

600 79 86 90 92 93

70%
600 /kw
1.5~2.0 2.0~3.0
SO2 1g/kwh 0.157 /kw
3 g/kwh
3g/kwh
1g/kwh 0.1 /kwh
M=K*A*(P-3)*G/100 3 6
M----
K---- K 1.2
A---- 0.1 /kwh
P---- g/kwh
G---
1 47 SO2 0.63
80% 41

88

0.006




3-15 1
S0O2
kwh /kwh
98043 83770 181813 2309.9 0.8
18740 28980 47720 1373.8 0.3
132904 124982 257886 4201.94 0.6
79554 75318 154872 3321.77 0.5
90600 58116 148716 1364.55 1.1
52985 37523 90508 1017.07 0.9
472826 408689 881515 13684.82 0.6
3.7.2
3-17
3-16
3-16 FDG
LIF CDsl
AC
(%) 15 1-3 2 2
CalS 11 15 2.0 15
(%) 90 40-45 354 4-45
0
(%) 90 80-85 70-7 60-70
5
13-19 8-12 35 2-4
(%)
( NSO, 900-1250 750-10 600- 600-800
) 50 900
( 0.01~0.03 0.01~0 0.01
Tkw) .02 ~0.02




3-17 300 /
(%) 01 02 03040506070809 1111213 14 15 16 17 18 19 2 21 22 23 24 25 26 27 28 29 3
6.437.147.858.579.2810.0010.7111.4212.1412.8513.5714.2814.9915.7116.4217.1417.8518.56 19.28 19.9920.71 21.42
6.437.077.718.35 9.00 9.6410.2810.9211.5712.2112.8513.4914.1414.7815.4216.0616.7117.3517.9918.6419.28

6.687.287.89 850 9.10 9.7110.3210.9211.5312.1412.7413.3513.9614.5715.1715.7816.3916.9917.6018.21
6.286.857.43 8.00 8.57 9.14 9.7110.2810.8511.4211.9912.5713.1413.7114.2814.8515.4215.9916.5617.14

7.50 8.03 857 9.10 9.6410.1710.7111.2511.7812.3212.8513.3913.9214.4614.9915.5316.06
7.00 750 8.00 850 9.00 9.5010.0010.5011.0011.5011.9912.4912.9913.4913.9914.4914.99
6.50 6.96 7.43 7.89 8.35 8.82 9.28 9.7510.2110.6711.1411.6012.0712.5312.9913.4613.92
6.43 6.85 7.28 7.71 8.14 857 9.00 9.42 9.8510.2810.7111.1411.5711.9912.4212.85
6.28 6.68 7.07 7.46 7.85 825 8.64 9.03 9.42 9.8210.2110.6011.0011.3911.78
6.43 6.78 7.14 7.50 7.85 8.21 857 8.92 9.28 9.6410.0010.3510.71
6.43 6.75 7.07 7.39 7.71 8.03 835 8.67 9.00 9.32 9.64
6.28 6.57 6.85 7.14 7.43 7.71 8.00 8.28 857
6.25 6.50 6.75 7.00 7.25 7.50




3-18

3-18
g/kwh 3~7 7-10 10~15 15
% 45% 45~70 70~80 80
/
( /kwh) 0.3~0.9 1.0~15 | 1.0~20 2.0~-3.0
( /kwh) 0.3 0.5 1.0 2.0
0.4 0.6 1.2 24
3 19 2 66
3-19 2
SO2
kwh fkwh
145793 83770 229562 2309.9 1.0
29599 28980 58579 1373.8 0.4
192738 124982 317720 4201.94 0.8
112908 75318 188226 3321.77 0.6
102648 58116 160764 1364.55 1.2
67549 37523 105072 1017.07 1.0
663608 408689 1072297 13684.82 0.8
3.7.3 3
2 2000 363 /kwh
3 20
3-20 %
(g/lkwh)| 0.5 1 15 2 2.5 3
2005 7 0 19 46 60 68 73
2005 ~2009 6.2 0 29 53 65 72 77
2010 2014 4.3 1 51 70 76 81 84
2015 1 1 3.2 26 63 76 82 86 88
90%
1.5~2.0 /kwh

46




321

/kwh 15 2.0
3-22 3 66
3-22 3
S0O2
kwh /kwh
154466 83770 238235 2309.9 1.0
14147 28980 43127 1373.8 0.3
209491 124982 334472 4201.94 0.8
91011 75318 166329 3321.77 0.5
97119 58116 155235 1364.55 11
767942 37523 114316 1017.07 0.8
658759 408689 1067448 13684.82 0.8
3.74
47~66 3
0.63 /kg SO2 87~107
0.7~0.8 /kwh
2-23
3-23
1 2
47 66 65
1 3 2

47




4.1

600
500
400
300
200
100

— (g/kwh) —e— (g/kwh) |

4-1 SO2

2000
2000 47
4-1

48



4-1

() (g/kwh) (g/kwh) ()
1794885 5.49 2.49 4469 0.249
2162104 5.35 2.35 5081 0.235
8395328 7.91 4.91 41221 0.491
6047466 7.06 4.06 24553 0.406
4327510 8.25 5.25 22719 0.525
6301040 5.15 2.15 13547 0.215
2436320 453 1.53 3728 0.153
4186274 3.35 0.35 1465 0.035
5582714 4.09 1.09 6085 0.109
9718511 5.93 2.93 28475 0.293
5864854 5.89 2.89 16949 0.289
3608436 47 1.7 6134 0.170
2084552 7.18 4.18 8713 0.418
1488115 10.47 7.47 11116 0.747
10005410 8.54 5.54 55430 0.554
6799895 5.65 2.65 18020 0.265
2777277 6.33 3.33 9248 0.333
1657442 6.57 3.57 5917 0.357
10493540 5.38 2.38 24975 0.238
1202142 20.00 17.00 20436 1.700
268389 6.57 3.57 958 0.357
1296825 18.38 15.38 19945 1.538
1873281 16.96 13.96 26151 1.396
2250280 16.97 13.97 31436 1.397
1013784 15.89 12.89 13068 1.289
2470000 16.25 13.25 32728 1.325
1659049 5.46 2.46 4081 0.246
290946 4.98 1.98 576 0.198
1229645 9.24 6.24 7673 0.624
1507147 8.26 5.26 7928 0.526
110793161 8.28 5.38 472825 0.538
4.2
4-1

49




4-2
2-3

100%
80%
60%
40%
20%

0%

030 |3 30 0o.6 3

4-2 1999

4.3
50% 100%
25000 MW 514 g/(kw.h)
2500 MW 666 g/(kw.h) 1995
5 1997
1998

4-3

50



20

15 b
10 b
5 -
0 1 1 1 1 1
2.5 2.5 5 5 10 10 30 30 100 > 100
@ so2 (g/kuh) |
4-3
4 3 2000 100 5.4g/kwh 3
11.6g/kwh 100 2
4-2
42 2000
3 3 10 [10 30 [30 100 [= 100
229 110 93 83 42
348 551 1539 4387 5436
224 344 780 2403 2696
1528 1605 3562 11167 11576
26 104 172 87 75
8500 14519 45 10
(g/kwh) 650 435 375 350 332
26 33 69 185 145
(glkwh) | 116 9.6 8.8 77 5.4
2000 6000
1978 30 204 69% 3 1205
7.6%
3
3.3 3-10 3.9 10-30 7.8 30-100
194 100 11.1

51



4-3

C) gy ) @kwh) | () ( fkwh)
<3 116 3862068.966 8.6 33213.79 0.0086
3-10 9.6 5931034.483 6.6 39144.83 0.0066
10-30 8.8 13448275.86 5.8 78000 0.0058
30-100 7.7 41431034.48 4.7 194725.9 0.0047
>100 54 46482758.62 24 111558.6 0.0024
4.4

4.5

4.6

52




4-4

3229

10504

6094

17218

10121

4170

5171

4173

7059

8216

7853

11522

11933

16109

13674

8832

8363

9809

6811

7299

6860

6833

9171

13492

30867

8314

5156

6508

4233

3652

4464

2795

2347

5774

8241

6947

6549

4108

5530
320001
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4.7

4-4



5 1
<
— 3 —>
<
-

5.1

5.1.1

55



512

10

56

15



5.1.3

5.2

57



5.3

58




5.4

5.4.1
S02
1 2 3g/kwh
2000 4 29
02 /kg 04 /kg 06 /kg
3

54.2

59



60




54.3

5.4.4

5.5
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