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Abstract

Nitrogen oxides emitted by coal-fired boilers account for more than half of the total emissions of
nitrogen oxides in China. It is of great significance to reasonably control pollutants through flue
gas purification technology. Based on the operation data of two 300 MW units in Tangshan Ther-
mal Power Plant before and after the implementation of different transformation, this paper ana-
lyzes two different ways of urea pyrolysis in SCR denitration system of the power plant. The
changes of energy consumption before and after SCR transformation of electric heating system
were compared, and the differences of energy consumption and denitration rate between electric
heating pyrolysis ammonia injection system and urea direct injection system were analyzed. The
experimental data show that the denitration rates of the two pyrolysis methods are negatively
correlated with the load, and the electric heating method is more stable. The energy consumption
of electric heating method is 3.3% higher than that of urea direct injection method under 300 MW
load; it is 1.4% higher than that under the condition of 150 MW. Through the comparative analysis,
it is expected to provide reference for the operation economy of coal-fired power plant and the
selection of urea pyrolysis process.
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1. 518

BEE K IR BRI AW B, S RPSE T KA Bl RIS e R1G 3 T 2 B o R HER S
b, NOK 2 B H AR B AN A B 1) 32 BUA L — o NOL I H AL 55 NO2v NoO+ NpOsy NpOg NoOss
NO Z:[1], F[E NO, HEBURR A, A 401 NOL HERUE K E TR b (2] FRERT T H &AM
SEFF, BT AR R LA NO, HERUSR Bk FE ARG 50 mg/Nm?® [3]. MFEHITS 43R 1325, (K
NOy MABEHI AR FE W] 3 AP B2 RbedshlHoR, BIHHA bt f2 h A A i, 207
A B R W AT JE, B Re s SECCAKS REMIGM. 57— B2 ER, BIEMHE
AESEIMBLRE FR 4, I AR TR O A A U B SR IE JE A Ny, BT B A Bm, 27
s B, AHSEPREAT I 7R IR 2 HAR o).

7 BARSE[A1EE X SR 300 MW #adf Rk BEPE AL I (SCR) R V. R 48, SR FHAE BRI AN [F) 2544
N SCR RGEHI SR EEAT 7 HUARAN, BEFL 1 SRR B X SCR N & Z 5 1) & LU (R PR A& L) 70 A
RS2 o IR0 2= [S]VELNA 7T T B 330 MW AJEAHLAE SCR RSB (R HER EluE TR &I T %, 15 H4Er
XA B2 B A BRI SCR BRSBTS ) — 28 SR ) . B B AR [6]0 R SCR R Gt 1) JR 3% #
FE P HEAT I U IE AT BUB AU AT, RIS I B0 2 AR I o N KPR I o 7 R i, A
TRARE AT, RS M@ ESE[THR 04 1772 SCR I3ids N &4 B SCR A% T7
o AN, BARARZ FEEKT SCR RS HIAN RS2 PR 2245 1 K & AL SEE8 7B, AFIX 280 5 8 9
B KA INAR G KR FE AR SCR IBLAH 22 42 (1 BEAE AT B AH SR IBLAH 2 7347
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2. SCR S R THR =R T ZRE

JEPEMEAEALIE R R (Selective Catalytic Reduction)# A T H sl HH A B fi kb #E v, HLREAS i 3 R AR (L
TR SAAERI R T, fE— @ REIE A, I8 570 A 1R RS A ) NOWIE IR AR A N, #1 HL0, 1%
BARGIA R ULACELF[8], HA ZHRORIEAL MmN, AR SR M A, SRR TR
HLS I F B Z —[9].

SCR JitAl T2 R SAE NN IE R 7], &SRB IR R SR &, 1 PR F I R 7] DAL 22 A A
AP R, FEARERERIE S KRR ERFSIEO . MRS, REMERE TZAEA R
Guiai s WA NE R, EATRRE SR A[10], HBIAMHE R S0 SCR N VARIR 2R /N, PR
Z R A1), HATRE AR 7k RGP, — PR i B i3 — O (R0 o # B R, 7
TS AP BB PR ER A AR 3 — 2 R P A e R A A R, I PN R

PRV R RIS FE DA TR K B R BR ZEAA G A T aa3T, KA M & EREIHE,
[ B 38 T PRAIE A3 e PN R AR T S N, R, — M2 TR B FR s hI7E 350°C A 1o JREE #ufi
Fr T RS IR BRI R R IS, B INHOKEIEAE R E . KRB JREK 584 iR A
HEB[12] [18]. JREE IR AME(350°TCT~6501C) F, k4 C-N #AIWZE[14], 4 E A NH; F1 CO,,

N TT RN
CO(NH, ), = NH, + HNCO @)
(RE) (G HUR)
HNCO + H,0 = NH, + CO, @

AP SRR NH3 28 88 AL FIE IR R IRAE R, R PE S NOy S B A s SAIK, I SEELE
fitfe PRERIFEOR T i Is AT, AR IR 3 BB P e R BCR SE mr,  REAR AT A

FRHAE[15]) R f I IGE RV & SCR RGUAEA ™ Ia 4T i MBI M ELEAT 1 AR, JFER M T Al ok A AR
et BT RUINAGAAF RS 2 B, R SR [16]0 330 MW IAKRHLAL IR SR R ILAR SR 04T 250
M e AR SR — DRI A 38 PR R A T 75 L R RIR L, IR B P R L R AT 1 PRAS . ARERAE[10]
SRR R RN 2 T 2 S VIR R B L 2R ER L, S5 SRR W IR EBUA IR 55 S g iT 2
B, BEAHAEAR R 2R, AR T EMTIRBCETT . EAFRIBTT, I RX PR A
RITIRAE S BRA P v B 22 AT UL, DRI, A SO0t R Ak i a5 IR 3R ELMTRORAEAS [R] 74 R R
B 2 55 2 J ) AR AL HEAT BT T o

3. RTHARZHR

TG K [ s L A L 22 3 0 6 I R A LR PRI ATL AL, T 8 LZEL YR L R 3 0008 D ) e 2%
PEMEAL IR R EA, RIS H W 1 frR. — S8 RAR—RREMAR R RERE A, ®E 2 & SCR
SONEE 1 a1 G AR 4 HRERBIHE,  Hie—OAZE Han#AES I #431) 500°C ~600°C & i#E A\ #
fET, A ZAL S PR RIS RAE A A AR, HEN SCR IR B EF AN — S8R R A A I35 55
THIE PR 2R BT, RSN DEIE AL B B0 51 H— 26 SR o5 8%, SR 4 SOk
PREFEBE NS5, £ 500°C~600°C sl Ml AT T, SREBFAEIH TS 18 N <, &R
TR IRELSH S F IR R SIR S5, JHEN SCR M #85 NOL AT IR IR S8 o 7EBETHER . b i K T
SL(BMCR). AbFE 100% S E %M, PG HLABAE KT 80%, 2ki®z/NT 3 ppm, SCR HiH
NO, ¥ 5 #2 #17E 50 mg/Nm® LLIA
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Table 1. Catalyst parameters

*= 1 EEHISH

=2 i H BA HfH
1 AL EH = 3
2 RSy - R
3 WiE AT iR ¢ 355
4 B VR T 430
5 IR A A VIR T 300
6 AT A hr 24,000
7 HEAL TN d hr 80,000
8 JUFRTRSE mm 1901 x 952 x 1205

PREAERIZ R GAREIRE . JREEMGE . JRERVEBOMIA SR . IREEBERE. =i s AR
THEMP A E . F R AP AR RERPRLAHAE T IR R A 1], Btk N a0 2107 i
L, 25 BT KR T PR ER IR K 40%~6096)57 B9 S5 X PR SR TR, 38 3k PR 30 WA VR 328 2R Bt 1) PR 3V TR
fitile . PREVERZ s B IR L THE S 0 IO E L S A St N IR N 7 A [17]. B R G,
RS 3 — R G RN A BN A S #E AR S, R R NH3 FT CO,, e 2 SRR
ANHIRR R SRR G SR G S, RIAEWU RS, WARImE 1 P il pos.

T ) L. p——

lﬁ

PR3 WA HEB PR 2R VLA EA

SCRIRPI#Y [ LR [ THEA AL B EREE e EME

T l

B — WX - AR E SCRJ® ¥ 8%

Figure 1. Schematic diagram of two urea pyrolysis systems
1. AMRERBRRGRIERNEE

DOI: 10.12677/aep.2021.113069 620 SR AT T


https://doi.org/10.12677/aep.2021.113069

XGEE %%

FHEBI RGO E . HIE SR Wi E S . TR AR B TR A R 1 55
HE R AR EWERFEROITE R E . RIEBr s, B B NOK K F. AR %S
B, AZNECTF ST RS SCR TR R B . 55 18 LW B G B R0 55 18 15 B — R
S, B0 4 3¢, 38 ST A . SREVIRBIT R AN AR, AW 1 RIS TR SR
JHTE AN BRI A PR 3R i, 30 S RETH 2 500 B 47 I It A s S 28 N VMR B 292°C F1 %2 305°C IR, i
32 VAL A Bt AR A FILZEL S 45 T B R

TEMMIERI R G, SRR R RN T SCR R4 M MR R HE T EEAEH .
MRS, REMGRIARETZORA THINASS: REEW RS, miE R0 £ 2R R T 55 B
TE 0 SR o 1% FR R AT RIS AT, A I B, DR RR XA [R] s T A SR AT R A

4. RGREFESTR
4.1, BMARGRERTFREREDT

i3l SCR & RT, W R GUR IR, MBS M B KR J8 T Bukbe . B4 Sk
() — R 53 AR VR PR I NI i A e, E AR X AR be,  AERRR X 3G I 2 A R A, mTos
RIS R P FA AL NOL AR il . SR BRI EOR, AT IR NOy & 30%~40% [18]. BEH&E KK
LT HETBOE SR NOy 2 2 HARE S AN HE A BRI IR MR AR 1 1 I A 28 T2 /2 3K
HLG AT SCR u&fa, BUAHES > EERMIFERE & A : INFES . — WL, SIANLEE . HUm#Ass
(FETH B A R R IR OB T, DR R Y r i adt RGP RO FE R St s 8k, @)tk
T E.
Q=CxM ><(T2 —Tl) 3)
ML 2 B 5 A 0K
Pe — Pxv
1020x 36007

XFRRERHL, v AR ZBBEXPLA DR, 4008 mih, PACKRIGRBBENNLAEE, A8 Pa, g
NFERERBLRR o

InZ%E SCR & GtJa, M UEEN B R, 5 Z5] ML AN D)2 CRAE A EE A KL=
EAK@E), F2)5] PRGN .

RN SE AR BE B TR EE T, (A TR N B 5 oG AT AR LE A P Tt th A ((B) AT
T, SR B RUOE e 2 W B A FriE T, BN AERE R A S B BCRIA], 2% 20 4% 3 %%
AT TR

W EE R, SR G E, BRI RV IRRERA BN, GdfiEz, (A st TR
IR AR A R, AR FEIF R C IR 2, 4 68% MR R AL 2 Tlas et h e R, RIRRE XU
HIHRTT AR T e SR R fiE

4)

Table 2. Energy consumption of electric heating system
2. BMARRGIEERRE

FEHLE(KW) SLABLZ 2 (W) —URABLIH (kW) AEFE = (KW)
SCR Hué f5 621.24 2.10 0.77 624.11
SCR Hu& A 0 0 0 0
BN 621.24 2.10 0.77 624.11
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Table 3. Air preheater recovery energy
3. EmREEEEE

TR FHEJE(C) 2 A LR E(C) et (kW)
SCR Bi& 339.00 144.00 98,023.86
SCR & i 337.00 143.00 97,600.39
Z1H 2 1 423.47

4.2. REEMRGREFES T

FER A s 6 TRE L A, 388 SR H BRI A — R XA E AR, LR A g b DR R oy
fRPEpERE, T BT RN DR R, BT SR IS AT RS RN, AR N BT S 3, T
REE BB AH IR I L, S LA 22 Aia AT, BN e 4 TAEEROR, DI, s ub i) — S 8ip
K HH PR 25 B i) 2 1 7 AT RS

mE 2, REEWRG S HMPGERIZAL, BAW RS 1) BOS 7 s iis, b REHR
Rl RA R EFE: 2) Bl T H T IR ERIE R — IREUAREFE; 3) PR RFEWA, BUHJE A i)
BRGNS By, RAEIE RS AIG FW X% 4) FAREIRE DA 7 A sRR 45 5
FEAIG 45 fH FE B AR [19]

SCRZ %
scmiml; E i3 SJR&M‘%%

S

Figure 2. Schematic diagram of urea direct injection system
E 2 REEFRZGR=E

T PR 2R B R GE I A 1 B 2 BEFE G N, HIREAE : AT R R AR M i < i
B LTSNS BIETE R, T B R B ST S i, BN RGUKE, v
RIFENFE 7 BRI, BIAAE RS 2 RE RIS o SCARIE T O 5% 55 BOHAE (N FUBRIRL, DR S0 TG 55 B AR
T AR O TR, IR A SE@)EAT IR, TR a R 4 Bos.

Table 4. Main energy consumption of urea direct injection system
4. REEGARZETELRER

it ARIMFREIN AR L DRE(C)  FBRADMR(CC)  FHUMAMECC)  FEESREmYh  BEFEKW)

100% 343 580 568.00 4600 603.06
75% 322 526 507.00 4100 552.93
50% 302 483 453.00 3800 538.85
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5. AT Xt R AH R R 5 4

IR FT S ATLZE B A X RS I R, SEIS B AR B AT R VF RS DL SO A, fEALALIE AT S 7R
150~300 MW Ju [ TR0, BT84 Ranid 3. & 4 Fios. HIEAR S 6 5 i R 2k v B3 5 F2 R
y =-2.57302e*x+0.89442 , JRE EWE R i 5 AR L [F1 5 7 FE y = —0.00101x +1.04102 .

1.0
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Figure 3. Denitration rate of electric heating system
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Figure 4. Denitration rate of urea direct injection system

E 4. REERRGHRHEE

HFE 3\, S BRI AN R shieok, B e e, BINRASKKBR R TRE, H2
R 22218 T kA sh . HRRRAR S TR, Salr s e Bl sh ok, S S A s m ik sk,
IR R AR B A T e R R A . A 3 AR g 150 MWL 225 MW, 300 MW =/ f ) B Ak

HAEHFEL 5 s

Table 5. Electric heating system

5. BINARS

JREX RN i JHAR SCR A1 NO SCR Hi 1 NO —
2H X X %
ML ST (L/H) (km?fh) (mg/m®) (mg/m®) LAl

100% 290 1200 220 33 84%
75% 220 960 205 30 85%
50% 195 580 270 36 87%
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FE 4 mT%n, R EW RGN R AR F i SRR RS LE N #GE A RIZY,  fder - A R 4005 i 2610
TR T HINHGE, AR AR R e MR 22, 78 S fr IO S sl B R R B o B e 38 F4f A 150 MW,
225 MW, 300 MW =AN S BARBUE SR 6 s

Table 6. Urea direct injection system
6. REREMIRS

WL ﬁ%%(ﬁ;f/ E:)iﬁ% kl?&qg%% SCI?m)g\/iS;\IOX SCI?mH;/ﬁS;\IOX B
100% 340 1100 195 40 79%
75% 220 950 182 30 84%
50% 165 600 298 25 92%

6. BINAESREEREN L 24

SEIG Y, RIS LA RIS AT T AR R R I, Xy 150 MW, 225 MW, 300 MW
=AGEZEE T T BRE BB A8 I REFEE AT LLAL, FrgiRnl&l 5. [ 6 For.

630 |-
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Figure 5. The graph of energy consumption changes with load
B 5. seFERERATEILE

093

. o I |
o REHEBE
0.90 |-
5&_0.87 - [
z
E -
0.84 ° ™
0.81 -
L ]
0.78 N ' 5 \
150 200 250 300

A (MW)

Figure 6. The graph of denitration rate change with load
B 6. B AR EHE
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REFERIAm TIREEM RS, 479 150 MW I, HINFRSGREFE Ny 546.76 kKW, JRE EWI RAREFEN
538.85 kW, AEFEZEMEH AN 7.91 kW, fifiiy 225 MW i, LIRS REFE N 568.88 KW, JR R EHM R 4ihE
FE N 552.93 KW, AEFEZE(E N 15.95 kKW; Fifay 300 MW I, HLIIHARSEREREN 624.11 KW, JRE EME R
SLREFES 603.06 KW, BEFEZ(E )y 21.05 KW, HLINHR R G055 PR 2% BT 28 5 A 6 HE 22 (8L B 6 gy T s i 36K

HE 6 alkn, FEENALTGTHE, BN ASGMIRE B RSB EB L0 TR, Al
150MW B}, HLINFARGMEZ N 87%, IREREW RAMAEE A 92%; Fifaily 225 MW K, BT RS
JBLHE 3 85%, JRZ EWERGIAE AN 84%; Fifarly 300 MW B, HLINFR AR N 84%, JREKEMI
RGWEZER T9%.

SEAREFES MU AR &R A, 7E 300 MW g T T, HMBWERIZ RS MBS &, (HH
REFERE &1, FEDICMFE L, WO RAER S EHNIMRMIZIT . PR M 8, [Fr, sSthrizfrH
SXIE AR ARG N AR 150 MW g TOL R, JREEBHEM BT &, HICRIEFEREE, (Hitbh
TrFEAAFAER 7 R B RE L, T R 20 IR B A BRI R, SEER &SN, BT R, L
BRIZAT I 75 TRIE 55 B MR 38 A HA 30 R Tt 46 il /[ 20]

7. &g
ASCHEF K F R AL CEMS Wi RSB AT BB HEAT 40 0T, % Hssh SCR LR 28 45 1 Bl I 25 1A
FPEHEAT T

1) HINRGERR R BB RREIZ RS, MT SCR Huspriikikibesk, M RE2RS,
{H S S REFER AT IS 0

2) WRAHZTT T, PR ARAR 7V 00 T 26 35 B 57 A (0 3 DR T kN, PR ZR LR R G AR AR FE T ORI B,
RN A O TR e AR e M B vy, B FH T S Aar S 2 oy ELX T A0 NOy & R ™ A R K gk HL)

3) AeFEJITH, AHLLT SCR SufEnf, HUMPWERIRAIER T HAeHFESE N, (P2 68%[1RE &1L
AR AR AR B BRI o K PR AR DT VELEAS [R] s BRI REARRIEAT X LU R R, 674 300 MW B, HR
TG RERER R R B 3.3%;  Ffar 150 MW B 1.4%.

BARKE, IREEB RN SRREFETEA, HE TR g AR, BT HAEIL, RGN
PEo KIJRHT AR IR 2 30 7 s AR SR B B 16 57 A MM R i 28 BRI AT I B AW, A RerEEAT
FR R HE B B[R] B SZELY BE B AE
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