48 5

Vol. 48, No. 5

20179 BOILER TECHNOLOGY Sept, 2017
9
s 310014)
, (ILP) ) - (MC-AQM) ,
MC-AQM
, . MC-AQM
1 X323 :A :1672-4763(2017)05-0023-06
0 [2-7] s
(S0,)
(NO,) . SO, NO, ) ILP ,
) - (MC-AQM) ,
; , SO,  NO,
’ S()g N()I o MC‘AQM
SC)Z - 1) ’ °
s NO,
1
; NO, ,
(ILP) SO,  NO,
; 1.1
. ILP - ,

:2016 — 09 —25;
(1986 -,

12017 — 04 - 27



24

48

’

C(x,y):ﬂmgyé\:exp[<;§_{2 )+(_2§2 )] @D)

:C(I9y)7

»mg/m’;
Q— ,
,mg/s;

(RS

Pasquill-Gifford (P-G)
s {
Y»(GB/T 3840—1991)
[9]

’

(u’v

Clx,y)=wXQ (3)
1.2 MC-AQM

ILP , MC-AQM

minft = S MSE + 3 MNE )
i=1 i=1

Mc,l €O, 1
SR
My, ~ BS

(5

Myo,  CNHF )
1\4]\']_13 CI\I()Ii

MS =FQ" X CSO;" Xy X ST/ X

MN} =FQ' X CNO}! X (@? +

(6)

FQF XCSOF X (1—pH)<ES’, Vi (D)
FQF XCNO#f X (1—0HH)<ENf, Yi (8

1
2wy XFQM XCSO;7 X(1—9 )<<FS; ,¥d (9)
=1

I
Dwg XFQF XCNOF X (1—¢7)H)<FN7 ,Vd (10)
i=1

0<<p <1, Vi (1D
09 <1, Vi (12)
il ;
d— ;
VA ,
smg/h;
MS;7 —— R {
-mg/h;
MN;—— R {
»mg/h;
FQ" i ; (
N N 1.4,
m’/h;
CSO; — l , SO, (
N N 1. 4),
mg/m’ ;
CNO;f — l , NO, (
N N 1.4),
mg/m3 H
CNH; — 1 , (
. . 1. 4),
mg/m’ ;
/— i 3
0F —— i s
ST — i , ;
Me.co,— (CaCO;) ,g/mol;
My, ——S0, ,g/mol;
Myo,—— (NO,) ,g/mol;
My, —— (NH;) ,g/mol;
BS; i , :
BN; i , ;
wy —— i d
»h/m?;
ES;—— z » SO, )
mg/h;
EN;f— i , NO, :
mg/h;
FSF — d SO, )

mg/m’ ;



FNf— d NO, ,
mg/m’, 2
1.3 MC-AQM 2.1
b* =06 ,07] MC-AQM
={teblb <t<<b' Vb bT b= .
Lol , , , 4 U, .U,.,U;
(RTSM)MH  MC-AQM U, SO, NO.,, SO,
) NO, 3 (D, .D, D)
; ) , o SO, NO, ,
MC-AQM : - SO,
=L fons S SE) NO~
i ont [7]: ot 2 o ) s Vi (14) 50, NO. ’
0o = L0iop 0 op I+ Vi (15) , ,
MS/, =[MS;, \MS/,, 1, Vi (16) .
MN, =[MN,,, .MN/,]. Vi D ’
, U, U, .U, Uy 1
:f:an ’ 3 1
»mg/h;
ﬂiiomA 7 , ; )
0, oo ] ) 3 ’
MSo —— S C ., 3 4
»mg/h;
MN;,, —— , i
»mg/h, ’ o .
1
U, U, U, U,
/(10' m*+h™')  [295.3,305.3] [245.6,255.6] [186.8,196.8]  [150.5.160.5]
SO, /(mgem *)  [1280,1380] [1100,1200] [1240,1 340] [1350,1 450]
NO, /(mgem %) [260,290] [180,200] [300.330] [280,310]
/(mg+m~*) [1.44,1.64] [0.76,0.96] [0.91,1.11] [1.14,1.34]
[1.04,1.06] [1.01.1.03] [1.03,1.05] [1.06.1.08]
/% [93.6,95.6] [93.6,95.6] [93.6,95.6] [93.6,95.6]
/% [98.2,98.7] [98.2,98.7] [98.2,98.7] [98.2,98.7]
2 3
/(10° mg+h™ 1)
/(107 ®hem™*) SO, NO,
D D. b U, [2953.3 053] [2953,3 053]
U, [0.45,0.50] [0.57,0.62] [0.41,0.46]
i U, [859.6.,894.6] [1228,1 278]
U, [0.45,0.50] [0.57,0.62] [0.41,0.46]
U, [1868,1968] [1868.1 968]

U, [0.42,0.477 [0.55,0.607 [0.44,0.49]
U, [0.42,0.47] [0.55,0.60] [0.44,0.49] Ui [1505.1605] [1505,1 605]




26

48

4
/(mgem™*)
SO, NO,
D, [0.058,0.065] [0.047,0. 054 ]
D, [0.080,0.087] [0.067,0.074]
D; [0.028,0.035] [0.032,0.039]
2.2
1
. , U,
[0.919,0.930] [0 602,
0. 666]; U,

0. 921,0. 935 ]

IR %

W%

100

98 |

9

94

92

90

90 1

83

76

69

62

55

b

[0.619,0. 8521,

o F
(5873 97.6
96.7 972
93.0 933
U U, Us U,
Bl
(a) BEBRRCR
SR 85.2
g
76.0
71.1 712
66.6 64.9
602 61.9
U U Us Uy
ML
(b) WBimtzR

. , U,
[590. 6,693. 3]
X107 [177. 5,227 2] X 10°mg/h; U,
[324. 2,
392 4]X107 [99. 4,161. 7]X10° mg/h,
T; 750 6933 i
£ 650} s E%
= 590.6
= 50 512.6
;}g ol N 4512 s
X 356.8 —
S
= 550 '
U, U, Us U,
L1
(a) BEBRATIKATFE S
- 250 212 i
= 210 A
é 1775 1763 i
S 170 .
= 1487 1379
130 119.6
g 99.4
£ 9
=
= 50 ' '
U, Uy
L
() R i
2
2.3

[12-16]



( , N
) MC-AQM

) ILP )
MC‘AQM ’

o

» MC-AQM

),

MC-AQM

[1] CHEN W T, L1 Y P, HUANG G H, et al. A two-stage in-
exact-stochastic programming model for planning carbon di-
oxide emission trading under uncertainty [J]. Applied Ener-
gy, 2010, 87(3): 1033-1047.

[2] WANG X W, CATI Y P, CHEN J J, et al. A grey-forecas-
ting interval-parameter mixed-integer programming approach
for integrated electriccenvironmental management-A case
study of Beijing [J]. Energy. 2013, 63. 334-344.

[3] ) ,

L1l , 2015, 5(2); 97-105.

[4] WANG S, HUANG G H. A coupled factorial-analysis-based
interval programming approach and its application to air
quality management [J]. Journal of the Air and Waste Man-
agement Association, 2013, 63(2): 179-189.

[5] HAN Y, HUANG Y F, WANG G Q. Interval-parameter
linear optimization model with stochastic vertices for land
and water resources allocation under dual uncertainty []J].
Environmental Engineering Science, 2011, 28(3): 197-205.

[6]LIW, LIUM, WU SZ, etal. An inexact optimization mod-
el associated with two robust programming approaches for
water resources management [ J]. International Journal of
Environmental Science and Technology, 2015, 12.
2401-2414.

[7]SU J, HUANG G H, XI B D, et al. A hybrid inexact opti-
mization approach for solid waste management in the City of
Foshan, China [J]. Journal of Environmental Management,
2009, 91(2) . 441-460.

[8] . [M]. 2 . : >
2005 477-490.

[97 GB/T 38401991,

[s]. . .1991.

[10] HUANG G H. IPWM: an interval parameter water quality
management model [J]. Engineering Optimization, 1996,
26(2): 79-103.

[11] FAN Y R, HUANG G H. A robust two-step method for
solving interval linear programming problems within an en—
vironmental management context [ J]. Journal of Environ-
mental Informatics, 2012, 19(1) . 1-9.

[12] NAHORSKI Z, HORABIK J. Greenhouse gas emission
permit trading with different uncertainties in emission
sources [ J]. Journal of Energy Engineering-ASCE, 2008,
134(2) . 47-52.

[13J LIM W, L1 Y P, HUANG G H. An interval-fuzzy two-
stage stochastic programming model for planning carbon di-
oxide trading under uncertainty [J]. Energy, 2011, 36(9):
5677-5689.

[14] LIU M, HUANG G H, LIAO R F, et al. Fuzzy two-stage
non-point source pollution management model for agricul-
tural systems-A case study for the Lake Tai Basin, China
[J]. Agricultural Water Management, 2013, 121 27-41.

[15] LUO B, MAQSOOD I, HUANG G H, et al. An inexact
fuzzy two-stage stochastic model for quantifying the effi-
ciency of nonpoint source effluent trading under uncertainty
[J]. Science of the Total Environment, 2005, 347 (1-3):
21-34.

[16] HORAN R D. ABLER D G. SHORTLE J S, et al. Cost-
effective point-nonpoint trading: an application to the Sus-
quehanna River Basin [J]. Journal of the American Water

Resources Association, 2002, 38(2): 467-477.



28 48

A Model of Materials Control-Air Quality Management for Desulfurization
and Denitration Systems of Thermal Power Plants

LIU Min, ZHOU Ran, TANG Dong

(Electric Power Research Institute of State Grid Zhejiang Electric Power Company, Hangzhou 310014, China)

Abstract . The operation of desulfurization and denitration systems is one of most important
measures of pollutants emission reduction for thermal power plants. Aiming at the existence
of uncertainties and complexities in the operation processes of desulfurization and denitration
systems, based on the method of interval linear programming (ILP ), a materials control-air
quality management (MC-AQM ) model is developed to plan materials consumption of desul-
furization and denitration systems and achieve air quality management. The developed MC-
AQM model can not only deal with uncertainties expressed as discrete intervals, but also re-
flect system complexities. The MC-AQM model is applied to a hypothetical case study of des-
ulfurization and denitration systems operation. The interval solutions are obtained, and solu-
tions analysis indicates that under the conditions of meeting pollutants emission standards and
ambient air quality standards, based on the operation parameters of power units and meteoro-
logical parameters, the power units operation can determine the appropriate desulfurization
efficiencies and denitration efficiencies , and then determine the reasonable consumptions of
limestone for the desulfurization system and ammonia for the denitration system , so the ef-
fective policies of material control and environmental air quality management can be made.

Key words : desulfurization and denitration systems ; optimization model ; material control ; air

quality management ; uncertainty

11 )
Study on Application of Enamel Flue Gas Ducts in Coal-Fired Unit

ZHANG Quanbin
(Zhejiang Provincial Energy Group Company L.td. , Hangzhou 310007, China)

Abstract : The operating environment in wet desulphurization system of coal-fired units is
bad and the corrosion mechanism of clean flue gas ducts is complex. By the analysis on corro-
sive mechanism of clean flue gas ducts, the sulfuric acid dew point corrosion (low tempera-
ture corrosion ) is the main cause of corrosion damage of clean flue gas ducts. It is found that
the enamel flue gas ducts can meet the engineering requirements through the research and
comparison. From several aspects such as the corrosion resistance of sulfuric acid, mechanical
properties of materials, vibration resistance, anti-erosion &. abrasion resistance and engineer-
ing cost, the enamel flue gas ducts can solve the problem of low temperature corrosion. Com-
pared with flue gas ducts coated with glass flake, the enamel flue gas ducts has excellent per-
formance of low temperature corrosion resistance, vibration resistance, anti -erosion &. abra-
sion resistance and the construction advantages such as safety, environmental protection &
factory production, and lower the investment cost with the same design life of power plant. It
has been verified that enamel flue gas ducts can satisfy the technical specifications, and has
important promotional value in engineering application.

Key words : ultra-low emission ; desulphurization; flue gas ducts; enamel; sulfuric acid

dew point ; low temperature corrosion ; anticorrosion



