Cleanbustion Computation Model Reference

Basis description

The Cleanbustion Computation model combines a SNCR reaction model with a gaseous
combustion reaction model. The SNCR reaction model handles the “N”-reactions while the
combustion reaction model handles the “C’-reactions. As result, the Cleanbustion Computation
model can handle any combined “N & C” reactions. Especially from the point of NOx reduction,
C-components are able to support selective N-reducing agents and work as reactions enhancer.

Definitions

NOx total of NxOy expressed as NO,

Cleanbustion Database

The following input parameters are set for constant

Pressure 1013.25 hPa
co 0.00 mg/Nm?
SO, 0.00 mg/Nm?
NOyx-Ratio NNOx = 0.95n NO + 0.05n NO;, n in mol/Nm?3

Input Parameters

N, Nm3/Nm3 dry gas

0, Nm3/Nm3 dry gas

CO; Nm3/Nm? dry gas

H,0 Nm?3/Nm? humid gas

NOx mg/Nm?* dry gas at present oxygen level
NH; mg/Nm? dry gas

NH,CONH, mg/Nm? dry gas

Reference Oxygen equal to present oxygen level



Partial Chemical Reactions

There are 428 partial chemical reactions included to attain the most accurate approximation of
real SNCR-states.

1) OH+H; = H,0+H (46) N,O + OH = HNO + NO
(2) O+0H = 0,+H (47) N,O + NO = NO; + N;
(3) O+H, = OH+H (48) N,O+H = N, + OH

4) H+0,+X = HO, + X (49) N,O+X = N;+0+X
(5) H+0,+N; = HO, +N; (50) N.O+0 = N, +0,

(6) OH +HO, = H,0+0, (51) N,O+0O = NO +NO

7) H+HO, = OH + OH (52) NH,+0O = HNO +H

(8) H+HO, = H,+ 0 (53) NH,+0O = NH +OH

9) H+HO, = O+H,0 (54) NH, + OH = NH +H,0
(10 0+HO, = 0, +OH (55) NH; +H = NH + H,

(17) OH+O0OH = 0+H,0 (56) NH, + HO; = NHs + O
(12 H+H+X = H+X (57) NH, + HO; = H,NO + OH
(13) H+ OH+H,0 = H,0+H,0 (58) NH; + NH; = N;H, + H;
(14) H+O+H,0 = OH + H,0 (59) NH, +NO = N, + H,0
(15) 0+0+X =0,+X (60) NH, + NO = NNH + OH
(16) HO, + HO; = H,0,+ 0, (61) NH; +X = NH, + H + X
17) H,0,+X = OH+ OH + X (62) NHs; + OH = NH, + H,0
(18) H,0,+H = HO; + H; (63) NHs;+H = NH, +H,

(19) H,0,+H = OH + H,0 (64) NHs; + O = NH, + OH
(20 H,0,+0 = OH + HO; (65) NHs + HO, = NH, + H,0,
(22) H,0, + OH = H,0 + HO, (66) NNH = N, +H

(22) NO + HO, = NO, + OH (67) NNH + 0, = N; + HO,
(23) NO, + NO, = NO +NO + 0, (68) NNH+0, = N+ 0O, +H
(24) NO,+H = NO + OH (69) NO + NNH = N, + HNO
(25) NO,+0 = NO + 0O, (70) NNH+H = N; +H,

(26) NO+0O+X = NO; + X (71) NNH + OH = N, + H,0
(27) NO, + NH = N,O + OH (72) NNH + NH; = N, + NH;
(28) NO; + NH; = N,0 + H,0 (73) NNH + NH = N, + NH,
(29) NH; + NO, = H,NO + NO (74) NNH+0O = N,+OH

(30) NO, + HNO = HONO + NO (75) NNH+0O = N,O+H

(32) NO + OH + H,0 = HONO + H,0 (76) NNH+0 = NH+NO
(32) HONO + O = OH + NO, (77) NO+H+X = HNO + X
(33) HONO + OH = H,0 + NO; (78) HNO + NO = N,O +OH
(34) HONO + NH;, = NO; + NHs (79) HNO + X = NO+H +X
(35) HONO +H = H, + NO, (80) HNO + OH = NO + H,0
(36) NH+0, = HNO + O (81) HNO +H = H,+NO
(37) NH + 0, = NO + OH (82) HNO + O = OH + NO
(38) NO+NH = N,O+H (83) HNO + NH; = NH;+ NO
(39) NH+NO = N, + OH (84) HNO + HNO = N,O + H,0
(40) NH+OH = HNO+H (85) HNO + O, = HO, + NO
41) NH+OH = N+ H,0 (86) H,NO + O, = HNO + HO;
(42) NH+N = N;+H (87) H,NO + H,0 = HNOH + H,0
(43) NH+H = N+H;, (88) H,;NO + H,0 = HNO + H + H,0
(44) NH+0O = NO+H (89) H,NO + NO, = HNO + HONO
(45) N,O + OH = N, + HO, (90) H,NO + H = HNO + H,



H,NO +H = NH, + OH
H,NO + O = HNO + OH
H,NO+ 0O = NH, + 0,
H:NO + OH = HNO + H,0
H:NO + NO = HNO + HNO
H:NO + NH, = NH; + HNO
H:NO +HO, = HNO + H,0,

HNOH +H = NH, + OH
HNOH +H = HNO + H,
HNOH + O = HNO + OH

HNOH + OH = HNO + H,0

HNOH + NH; = NH; + HNO
HNOH + HO, = HNO + H,0,
HNOH + H,0
HNOH + O, = HNO + HO,

HNOH + NO, = HONO + HNO

NO+N = N;+0
N+O, = NO+O
N+OH = NO+H
NH2+NH = N2H2+H
NH+NH = N,+H+H
NH2+N = N;+H+H

NoH; + X = NNH + H + X
N,H, + H = NNH + H,
NoH; + O = NH; + NO
N;H; + O = NNH + OH
N;H; + OH = NNH + H,0
N;H, + NO = N,O + NH,

N;H; + NH = NNH + NH,
N;H; + NH; = NH; + NNH
NO,;+0+X = NOs+ X
NO, + NO, = NOs +NO
NO; +H = NO, + OH
NO;+ 0 = NO, + 0,

NOs + OH = NO, + HO,
NO; + HO, = NO, + O, + OH
NO; + NO, = NO + NO, + 0,
H,+ 0, = OH + OH

NH, + NH, = NH; + NH
NH; + NH; + X = NpH, + X
NoHe+ H = NpHs + H,
N,H, + O = NyH, + H,0
NaHq + OH = NaHs + H,0
NaHs + NH, = NoHs + NH;
N2H3 = Nsz +H

N;H; +H = NH; + NH,
NHs +0 = NaH; + OH
N;H; + O = NH; + HNO
N;Hs; + OH = N,H, + H,0
NHs + OH = NH; + HNO

HNO +H + H,0

N;Hsz + NH = N;H; + NH;
HONO + HONO = NO + NO, + H,0
HNOH + NH, = N;H; + OH
CO+0+X = CO,+X
CO+0H = CO;+H
C0+0, = CO;+0

CO +HO, = CO, + OH
HCO+H = CO+H,
HCO+0 = CO+OH
HCO+0 = CO,+H
HCO + OH = CO +H,0
HCO + 0, = CO + HO,
HCO+X = H+CO + X
HNCO + X = NH+ CO + X

HNCO +H = NH, + CO
HNCO + 0 = NCO + OH
HNCO + O = NH + CO,
HNCO + O = HNO + CO

HNCO + OH = H,0 + NCO
HNCO + HO, = NCO + H,0,
HNCO + O, = HNO + CO;
HNCO + NH, = NHs;+ NCO
HNCO + NH = NH, + NCO
HNCO + NO, = HNNO + CO,
NCO+X = N+CO+X
NCO+H = NH+CO
NCO+0 = NO+CO
NCO + OH = NO + HCO
NCO + H; = HNCO +H
NCO + 0, = NO + CO,
NCO + HCO = HNCO + CO
NCO+N = N, +CO
NCO + NO = N,0 +CO
NCO + NO = N, + CO,
NCO + NO; = NO+NO +CO
NCO + NO, = CO, + N,0
NCO + HNO = HNCO + NO
NCO + HONO = HNCO + NO,
NCO + NCO = CO+CO+N;
NO + HCO = CO + HNO
NO, + HCO = CO + HONO
NO, + HCO = H+ CO; + NO
NH,CONH; = NH; + HNCO
NH,CONH; + H20 = NH; + NH; + CO;
CO+NO, = CO,+NO

H,0 = H+OH

N;Hs + 0, = N, + H,0 + H,0
2N;Hs+2NO+20 = 3N, +4H,0
N;Hs+2 NO = 2N, +2H,0
N+CH = CN+H



(191) N+tCH, = HCN +H (241) CH+0, = HCO+0
(192) N+CHs = HCN +H (242) CH+CO = HCCO

(193)  N+HCCO = HCN +CO (243)  CH+CO, = HCO +CO
(194) N+ CH, = HCN + CH (244)  CH+H,0 = H,CO+H
(195) N+ CyHs = HCN + tCH, (245)  CH+H,0 = tCH, + OH
(196) N+ CH = HCN +N (246)  tCH,+H = CH+H,

(197) N, +tCH, = HCN + NH (247)  tCH,+0 = CO+H+H
(198) NO+CH = HCN+0 (248)  tCH,+0 = CO+H,

(199)  NO +sCH, = HCN + OH (249)  tCH,+0, = CO+OH +H
(200)  NO +tCH, = HCNO +H (250)  tCH,+ 0, = CO, +H,
(201)  NO +tCH, = HCN + OH (251)  tCH, +tCH, = C2H, + H,
(202)  NO +CHs = HCN + H20 (252)  tCH,+tCH, = CH, + H+H
(203)  NO +CHs = H,CN + OH (253)  tCH,+ CHs = CHy+ H
(204)  NO+CH = HCN +CO (254)  sCH,+ X = tCH, + X

(205)  NO +HCCO = HCNO + CO (255)  sCHy+H, = CHs + H

(206) N0 +CHs = CH;0 +N, (256) sCH,+0, = CO+OH +H
(207)  NO,+CH = HCO +NO (257)  H,CO +X = HCO +H + X
(208)  NO, +tCH; = H,CO +NO (258)  H,CO+X = CO +H, + X
(209)  NO, +CHs = CH;0 + NO (259)  H,CO+H = HCO +H,
(210)  NO,+HCO = CO,+H +NO (260)  H,CO+0 = HCO + OH
(211)  NO,+HCO = CO +HNO (261)  H,CO+OH = HCO + H,0
(212)  NO, +HCCO = NCO + CO + OH (262)  H,CO +HO, = HCO + H,0,
(213)  NO, +HCCO = HNCO + CO, (263)  H,CO+ 0, = HCO + HO,
(214)  NO, +HCCO = HCN +C0,+0 (264)  H,CO + CHs = HCO + CH,
(215) HCN+0 = NCO+H (265)  CHs+X = tCH,+ H + X
(216)  HCN+0 = NH+CO (266)  CHs+X = CH+H,+X
(217)  HCN+OH = HNCO +H (267)  CHs+0 = H,CO +H

(218)  HCN+CN = GN,+H (268)  CHs+OH = CHsO +H
219) CN+0 = CO+N (269) © CHs+OH = sCH, + H,0
(2200 CN+OH = NCO +H (270)  CHs+OH +X = CHsOH + X
(221) CN+0, = NCO+0 (271)  CHs+HO, = CHsO + OH
(222)  CN+H, = HCN +H (272)  CHs+0, = H,CO + OH
(223)  CN+H,0 = HCN + OH (273) CHs+0, = CHs0+0
(224)  CN+N = N;+C (274)  CHs+0,+X = CH;0, + X
(225)  CN+NO = N, +CO (275)  CHs+CO+X = CHsCO + X
(226)  CN+NO = NCO+N (276)  CHs+sCH, = CyHs+ H
(227)  CN+N,0 = NCO +N, (277)  CHs+ CHs+X = GHe+ X
(228)  CN+NO, = NCO + NO (278)  CHs;0+H = CH;+ OH
(229)  CN+CHs = HCN + CHs (279)  CHs0 +H = H,CO + H,
(230) GN,+0 = NCO +CN (280) CHs0+0 = CHs+ 0,
(231)  HCNO +H = HCN + OH (281)  CH;0+0 = OH + H,CO
(232)  HCNO +H = HNCO +H (282)  CHsO +OH = H,CO +H,0
(233)  CH+H = C+H, (283)  CHs0 + 0, = H,CO + HO,
(234 C+0,=C0+0 (284)  CHsO + H,CO = HCO + CH;OH
(235) C+NO = CN+0 (285)  CH,0H+H = H,CO +H,
(236)  H,CN+N = N, + tCH, (286)  CH,0H+H = CHs+OH
(237)  H,CN+X = HCN +H + X (287)  CH,0H + 0, = H,CO + HO,
(238)  HCO +HCO = H,CO + CO (288)  CHsOH +H = CH,OH + H,
(239) CH+0 = CO+H (289)  CHsOH +H = CHs0 +H,
(240) CH+OH = HCO +H (290)  CH;OH + 0 = CH,OH + OH
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CH;OH + 0 = CH;0 + OH

CHsOH + OH = CH,0H + H,0

CHsOH + OH = CHs0 + H,0

CH3OH + HOZ = CHon + HzOz

CHsOH + 0, = CH,0H + HO,

CH:OH + CH; = CH4+ CH,OH

CH;0H + CH; = CH, + CHs0
CH;0H + CHs0
CH;0H + H,CO
CHs+H = CHs + H;

CH4+0 = CH; + OH

CH4+ OH = CHs; + H,0

CH4+ HO; = CH; + H,0,
CH4+ 0; = CH; + HO,
CH4+CH = GH4+H

CH4 +tCH; = CH; + CH;
CH;0,H = CH;0 + OH
CH;0,H+ 0 = CH;0,+ OH
CH;0,H + OH = CH;0, + H,0
CGH+0 = CO+CH

C;H+0, = HCCO+O
GH+0, = CO,+CH
CH+CH, = C2H; + CH;
HCCO +H = tCH, + CO
HCCO+0 = CO+CO+H
HCCO +tCH2 = CH; + CO
GH;+X = GH+H+ X

GH; +H = GH+ H;
CH,;+0 = tCH, + CO
CGH,;+0 HCCO +H

CH; + OH = GH +H,0

C;H; + 0, = HCCO + OH
CH,CO + X = tCH, + CO + X

CH,CO+H = CH;+ CO
CH,CO+0 = H,CO+CO
CH,CO+0 = HCO+CO+H
CH,CO+ 0O = HCO + HCO

CH,CO + OH = CHs + CO,
CH,CO + OH = H,CO + HCO
GHs; +X = GH, +H+ X
CHs+H = GH2 + H,
CH;+0 = CH, + OH
GH;+0 = CH; + CO

CHs + O = HCO + tCH,
C,H; + OH = CH; + H,0
CHs + 0, = H,CO + HCO
CHs + 0, = CH,CHO + O
CH;CO +H = CH,CO + H;,
CH,CHO +H = CH,CO + H,
CGH3 + 0, = GH, + HO;

CH,0H + CHs0H
CHs0 + CHs0

GHy+ X = GHy + Hy + X
GHs+ X = GHs +H+ X
GHy+H+X = GHs + X
CGHs+H = GHs + H;
CHs+0 = CH,CHO +H
CGHs+ 0 = HCO + CHs
CHs+ 0 = CH,CO + H,
CHqs+ OH = GHs + H,0
CHs+ OH = CH;CHO +H
CHs+ OH = H,CO + CH;s
CHy+ CH3 = GHs + CH,

CH;CHO + X = CHs; + HCO + X
CH;CHO +H = CHsCO + H,
CH;CHO +H = CH,CHO +H,
CH;CHO + O = CH;CO + OH
CH;CHO + O = CH,CHO + OH
CH;CHO + OH = CH,CHO + H,0
CH;CHO +OH = CHsCO + H,0

CH:CHO + HO; = CH;CO + H,0,
CHsCHO + 0, = CH5CO + HO,
CH{CHO + tCH, = CH;CO + CH
CH:CHO + CH; = CH;CO + CH,
CHs+X = GHe+H +X

GHs +H = CHs + CHs

CHs+0 = CH;CHO + H

CHs + O = H,CO + CHs

C,Hs + OH = C,H;OH

GHs + 0, = GH4 + HO;

CHs + CHs = GH4 + CH,

CHs + GHs = CGH4 + C2H,
CHsO = CH;CHO + H

CHsO = H,CO + CHs

CHsO+H = CH;CHO +H;,
C,Hs0 +0 = CHCHO + OH
CHsO + OH = CH;CHO + H,0
C;HsO + O, = CHs;CHO + HO,
CHiCHOH = CH;CHO + H
CHsCHOH + H = CH;CHO + H,
CH;CHOH + O = CH;CHO + OH
CH;CHOH + OH = CH;CHO + H,0
CH;CHOH + 0, = CHs;CHO + HO,
CH,CH,0H = CH4+ OH
CH,CH;0H + H = CHsCHO + H,
CHsOH = CH; + CH,OH
C;HsOH = CyH4 + H,0

CHsOH + H = CH;CHOH + H,

CszOH + H = C2H5 + Hzo
C,HsOH + O = CHsCHOH + OH
CHsOH+0 = CH;O + OH
CHsOH + 0 = CH,CH,0H + OH



(391)  GHsOH + OH = CH;CHOH + H,0
(392)  GHsOH +OH = CHsO + H,0

(393)  GHsOH + OH = CH;CH,OH + H,0
(394)  GHsOH + HO, = CH;CHOH + H,0,
(395)  GHsOM + CHy = CHsCHOH + CH,
(396)  GHsOM + CHy = CH,CH,0H + CH,
(397)  CHsOH + CHs = CHsO + CH,

(398)  GHsOM + CH:O = CH;CHOH + CH;OH
(399)  CHsOH + H,CO = CHsO + CHs0
(400)  CHsOH + GHsO = CHsOH + CHsCHOH
(401)  GHe+H = GHs+H,

(402)  GHe+0 = GHs+OH

(403)  CGHe¢+OH = GHs+H,0

(404)  GHe+ HO, = GHs + H,0,

(405)  GHe+ 0O, = GHs + HO,

(406)  CGHe+tCH; = GHs+ CH;

(407)  GoHe+ CH; = GoHs + CH.

(408)  CHe¢+CH = GH,+ CH;s

(409) CH;0+X = H,CO+H+X

(410)  CH,OH +X = H,CO +H + X

(411)  CHs0,+HO, = O, + CH;OH

(412)  CH:0,+CH; = CHs0 + CH;O

(413)  CHs0, + CHs0, = H,CO + CHs0H + O,
(414)  CHs0, + CH;0, = CH;0 + CH;0 + O,
(415)  CH:0,+H,0, = CH;O,H + HO,
(416)  CHs0, + H,CO = HCO + CH:0H
(417)  CHs0, + CH, = CHs + CH;O,H

(418) CH;0, + CH;OH = CH,0H + CH;0,H
(419) CH,+X = CH;+H+ X

(420) SO, +NO, = SOs +NO

(421) SO, +CO = SO + CO;

(422) SO+0, = SO,+0

(423) SO +S0s; = SO, + SO,

(424) SO +NO; = SO, +NO

(425) SO, +NOs = SOs + NO,

(426) SOs;+N, = SO, +0 +N,

(427) SO, +S0, = SO +S0O;

(428

~

503 + NOZ = SO, + NO3



