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Fuel Reduction — 16.6%% MOx Reduction - 41%
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Fired Equipment Energy
Losses

lormal Stack Losses

Corvecdtion
Tubes

*Stack Losses Resulting
From Poor Operation

=Stack Losses Resulting
From Incompatible
Equipment

=Stack Losses Resulting
From Lack Of Cambustion
Side Maintenance

*Stack Losses Resulting
From Process Side
Factars
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EFICIENCY & DUTY OF HVU HEATER

FEED RATE=20000

FLASH| RATE | 5.G. RATE [TEMP, ENTH. | MW HEAT DUTY
UNIT |VWOL% | BEL/D LE/HR F |BTU/ B MMETU/HNMMETU /H|
INPUT [ 100,00 |10,206.00[0.9555] 142,567.01| 580 252.80 | #5es2 35.99
41.12

LIQ. OUT| 56.70 | 5,786.80 |0.97%6| 82,758.10 | 750
VAP, OUT 45.50 | 4,419.20 |0.8998| 59.608.91 | 750

TOTAL 10,206.00 142.5367.01 41.12
FUEL GAS RATE(MSCF/HR )= 52.08 HEAT LIBRATED(MMBTU /H)= 64.59
HEAT CONTENT(BTU/SCF)= 1,240.12  EFFICIENCY/(%)= 63.67
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PERCENT COMBUSTION EFFICIENCY
(10074 Minus Stack Loses)
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FLUE GAS QUTLET
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STEAM QUTLET |L.“
GAS INLET
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CnH2n+2 + (3n+1/2)02 — nCO2 + (n+1)H20
CnH2n + (3n/2)02 — nCO2+nH20

nH2S + (3n/2)02 — nSO2+nH20
nH2 + (n/2)02 — nH20
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QCOMB = QRADIANT + QCONV + QCASING + QLOSS - QAIR - QFUEL
Or QIN =QCOMB + QAIR + QFUEL
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QIN =QCOMB
And  QABS = QRADIANT + QCONV
QLOSS = QCASING + QFLUEGAS + ....
SO:
1 = QABS /QIN = (QIN - QLOSS)/ QIN
Where n = Efficiency
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Solutions

NOx Reduction Energy Conservation
Control Excess Aur Control Excess A
Reduced Budgewall Temperature Reduced Bridgewall Temperature
Proper Draft Control Proper Draft Control
Ehmmation of Tramp air Elinmmation of Tramp Awr
Operator Training Operator Training
Equipment Selection Equipment Selection
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NO,, Formation Factors

EQUILIBRIUM CONCENTRATIONS OF
NITRIC OXIDE
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Excess Air % Natural Gas #20i #6 Oil Biturninous Coal
20 A30E% — — —
25 J231% A5.35% JEH1%

30 81 6E% A4 53% JE.11% A7.5E%
35 N% H3R1% A5.22% HE.11%
41 79.72% H257% A84.22% H5755%
45 TBR0R 871406 A30E% 84.72%
sa TN% A005% 41.76% A3.4E%
55 75.372% TB51% A0.27% J207%
Ed 7403% TEEE% TBS1% A0.A0%
] 1201% T452% TB.43% TB42%

Table A-1. Typical Boiler Efficiencies (%) For Common Fuels as a Function of Excess Air.
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= 0.9647 ar 96.47% = 0.0353 or 3.53%

o)) i b Coaw )0 Jeo Ao e wis G sy S5 03)5 b YU Jods (sl odly polie b aS Jloj Jaeyd oyl
ol (b Cawd B 2blne 005 (195 g 0, 1S &S Ign J S 4 (6500l b 92 2 po cpl b o s (BLSI 0]
welilS e gl 0993 ©y90 & s 3 529 2 G (Sl bl Sl (S 5 o (ol Sl 0 43S 5 U aSSlien
23)5 S g ik e Cd 5 >

16yl

S yitio Gl (loimms OISt 1381 4SSl o)l (3l g S 4 dr g5 sials LIS g (3l s S
piloie y9y0 1) Sy hlue Cldje & (805 (glom it

lon 3435

i ya3 dgdne 3y Jaidio 4y &S Jloond Aijlge )3 (Bgw JolS GiSTy Cax jli3y9e ylade I it sl Loy I (BLSI slgn

o jlauled 3585 o> & (lisee sl I Wlgie T9n - Adlss (S g u]8 Glodil) b s bLS)1 )3 lg 3585 iles (oo

Sl g — 05l por Lzl £ 50 ISBNAYA-F+ - =21 Y+ -¥-4 v



Olrd — ¥R olo i YV — Sz (sl 0,95 9 Jrbio g lod it
Slysen Lo > BLSI clgn il 3985 5 bl cga Slivles]l 4dS i gu ol pon b lodaiiio (oo 51 )b Mg Caound
Spdy ol Ll osd (g3 4ol
‘5]);}‘ ‘5\911, dLo.)
595 &3 sl 536 Slge Lod cpl a0 Glynl slgp los cuwl S 136 3lisl lines glgil 59y 457 6,50 9516
Col S0 g Cunl g0 Juio )3 ) ) slgn (50 )3 paiiane yobo 4 (3] slgn (glod )3 yuad Bl 418> 0)55" 0351
lod ol e (38593 51 (g5 opdy yam b auditene bLS,1  BLSI gloa yiolial amy ialS L olisl |y 8lal slea o)l5ee
Shb ooy plailsnd pldas  8lsl clon 7N > canlio 5,8 (gly bdriio (g5y jo cpl 2500 JBlis Cps 00,8
Slgs o bod Juad Gl s 9 .ol JSie 8LS] (glgn o yd cuslinSS Colb dilawlio g Jalgd pusie Cogw o 5 50D
53 o5y (sl i 5 2 5 gy )¢5 el < e S > lyess (a0 o | (358 o
A2 oy |y SLS clgn

FIGURE 2

TYPICAL LOW NO, BLUIRMER
[UTILIZING STA GED-A IR COMEBUSTION)

e /Semidan,r.ﬂ\.rl:llﬂet
y |_|_n|—5 Heater Floor
L \[H ?
i i
o—
i el

\ LS /== ame

= Al S| ==
Flel-G; Foker]= —Ei;;:ﬂ
LH:E-—DMGn

Fiel
Gar
ikt

[ - E LI WELT)

Glo 33 yuas Ve olee Colosyls s d ¥ g dadie puss |y Lol slon 720 5lusl (lga (slod 3 coled )b an 3 Yo jiol58l
Mo § Sy« S > yaeis sl Sl LB Lo oy yialy cslasbiay b il b Lasipo ogilly oMo tilino L)
1 o] g ool Sign 3] (slon (slad 55y Utelao Lasea slod L,ialS b yial3sl A5l oo ag) sl duasie 5] e
Aad o Gty |y (B el S 03Il T y5eanST jl odlatul a1 wilue slyast ;YU GG 5l Gl ably Lol

Wles SaS 035l cp YL 50 Hher 0,5 )15 10 Wilgs o W)l5 Dgmg a8 (glaylig 0 aS pr i ST Bds sl et

Sl = o3l po I Lail 1,50 ISBNAYA-F+ - -1 Y +-¥-4 W



Olrd = 1V olo i YY — ixiuo 5l 0,65 9 Jmiio o lod s

Conventional Burner

Bumer Throat Flame Burher

£ Heater
Refractory

Sight Port
Pilot Gas Connection Fusgl Connection

*Fuells Injected Directly Into Air
=Goal Is Quick Mixing Of Air And Fuel

*Fesult|s Short Flame And "High" NOx

ek g = 050 o2 Ll 1,50 ISBNAYA-$+ « -1 OF+-Y-4

¥



Olrd = 1V olo i YY — ixiuo 5l 0,65 9 Jmiio o lod s

Ultra-Low NOx Burners

Tips Wind Box

Pilot

+Staged Combustion “Cools”
Flame

«Combustion Product
Recirculation “Cools” Flame

«Combustion Product
Recirculation Reduces Partial
Pressure Of Oxygen
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Boiler Size Radiation Heat Loss
200,000 Ibs. steam/hr 5%
100,000 1bs. steam/hr 1%

50,000 Ibs. steam/hr 9%

2 0,000 Ibs. steam/hr 1.0%
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Gas MWave = 20.2
Gas LHV = 155+1425%20.2/28.96 =1150 btu/ {t3
Qsteam = 350000%(1363-196)=408.5 MM btu/hr
Qbd =350000*.04*(490-196)=4.1 MM btu/hr
Qgas =11.9 *¥150/24 = 570.2 MM btu/hr
Efficiency = (Qsteam+ Qbd )/ Qgas =72.4%
45 dloyus ;Y5 (ygbe £ By L (g 5malS (IS wiiss S5 5l Lo (ST ol 0l (0 MDY (b 03l aSle 42 5L
D92 42l53 g0 (s dilopu CudS S o0l Wiy Sgue AT ) Sy 033 st
Al o WD B/ton N.LO.Clawg o duwlre Cuogd ) dogi b 55 Cand
Gas flow = 11.9%(20.2/379.5)*(1/2200)= 285 ton/D
Gas consumption cast = 285* 136.5= 38900 $/day for 72.4% efficiency
35 Algs S (b e wasly 4zl |, ADY o35l 31 3]
72.4%285/85= 243 ton/D so:
Gas consumption cast = 243*136.5= 33170$/day

The cast saving for a year = (38900-33170)*340 day=1948000
Pay back period = 6000000/(4*1948000/3)=2.3 year
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PTC 4.1-b {1944
ASME TEST FORM

CALCULATION SHEET FOR ABBREYIATED EFFICIENCY TEST Revizad Saptamber, 1965
OWHER OF PLANT TEST HO. BOILER HO, DATE
T ITEM 14 ITEW1F]  k3hr
30 | HEAT OUTPUT |N BOILER BLOW.DOWH WATER =LE OF WATER BLOW.DOWY PER ML & [ oo o= oonnu| o Luuu..,
100
If impractical to weigh refuse, thiz
ftem con be estimoted a5 follows
DRY REFUSE PER LB UF AS FIRED FUEL « Lﬂ‘r%ﬂﬂ?@ll ST MOTE! IF FLUE DUST & ASH
- HO0 - % COMB. IN REFUSE SaMPLE PIT REFUSE DIFFER MATERIALLY
M COMBWSTIBELE CONTENT, THEY
ITEM 43 ITEM 37 ITEM 73 SHOULD BE ESTIMATED
E::BSEHAB;U:IP;!EI; o e ® SEFARATELY. SEE SECTION T,
- - : = o COMPLUTATIOMNS.
PUEL 100 14,500
DRY GAS PER LB 11chy + 80, + ¥, + COj
AS FIRED FUEL = - ® (LB CARBOH BURHED FER LB A5 FIRED FUEL + 3 &1
BUENED ACTy + CO}
) ITEM 32 ITEM 33 ITEM 35 ITEM 34 ITEM 34 ITEM &7
17 = 13 x r x L
(ITEM 7 ITEM 3.1".| - wr |
Forloanees oLl
P a"ll..
o T
EXCESS % - — ITEM 33 - '—T-E:ﬁ
35 | AlR: “@ 10w = 100 x — T iieesaas
2elIH, — g, SO, ITEM 3d
2 (260 (ITEW 35) - ITEM 33 = =77
F]
v
Bralb LO&S .
HEAT LOSS EFFICIENCY : As FIRED| Fav LO5S
FUEL 0y = 5
HEAT LOGS DUE LE DRY GAZ TER '
65 | TODRY GAS = PERLB AL xC xig-fald - o xgzet oI H-lTEMI R
FIRED FUEL Unit B, a o
[ HEAT LO&S DWJE TO _ LBH,T PER L3 . i
MDISTURE IN FUEL = 4% FikES FuEL ® [ (ENTHALPY OF VAFOR AT | P3IA & T GAS LVG) "
— |ENTHALPY CF LIGUIBAT T alR) = _”-.E:;a? # [lEMTHALFY OF vaFoR w 1=
AT PHAL T ITEM 13 —IENTHALFY OF LIGUID AT TITEM 1l RN EEEERE Ceve
LT HEAT LO%5 DUE TO Hz0 FROM COMB. OF Hy = ¥H; x IIIENTHA.LF\' OF VAPOR AT § PLIs L T GAS
LYG) —{ENTHALPY OF LIGUID AT 'rum] &7
ITEM 44 - ¥ -
TR e * [IENTHALPY OF WAPOR &7 | FSIA & TITEM 191 - [ENTHALPY &F LIQuIB AT '
B ! TITEM T = oo oo e
4B | HEAT LOSS DUJE TC ITEM 27 ITEM 23 L]
COMBUSTIBLE IM REFUSE = ok = Pk
49 | HEATLOSEDUE TO _ TOTAL BTU RADIATION LOSS FER HR &
RADIATION® LB AS FIRED FUEL — ITEM 28 —l"—* led =
M| UMMEASURED LOSRES =+ e ﬂxmn- ......
) ]
| TOTaL -
I3 EFFICIENCY = |10 = LTEWIIT enavse | os3sia

1 Fnr.riplnu: datarmirntion of svceas gli gas Appandiz 9.3 - PTC 401944
*-l{ loeesn are not mecrumsd, uge ABMA Srondard Bodiotion Lews Chaes, Fig, #, PTEC 4,1.1982

** Unmeasured baveas ligred in FTC 4.1 bat rar 1abwlpred shows moy by provided loe by assigning o meluslly

vgreed ugen volus for lres

Frinted In U Bfa 1OSTE

Thim Test Forem (=17} may ba abfainad from ASME, X465 K. 47 B0 Hew York, KW WI00T
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ASME- TEST FORM

SUMMARY SHEET FOR ABBREYIATED EFFICIENCY TEST PTC 4.1-a {1544}
i R TLST HO. AOILER WO, DATE
| OWNER OF PLANT - LOCATION o o
TEST CE’HD‘J{"ED B"I' o NRIECTIYE OF TEST DURATION
BOILER MAKE & TYPE RATED CAPACITY )
STOKER TYPE & SIZE o
F'LIL'l'L'RIZER TYPE & SIZE - BL.'EHER_, f-,pa_;;m'E B
FUEL W5ED MINE COUNTY STATE SIZE &5 FIRED
PRESSURES & TEMPERATURES FUEL DATA
STEAM PRESSURE 1M GOILER DRLW i COAL A5 FIRED
1 paia FROK. ANALYSIS o w o
21 '5. E.AM PREZIURE A'I' s H. OUTLET peia 37 | MOISTURE E1 | FLASH POIMT F*
5 E-'-'-M PRESSURE _.'s.t‘ h' H IMLET psin an | VoL MATTER 52 | Sp. Gravity Dug. AP i
VISCOSITY AT 53U
L] STEAM FRESIURE AT %. H. QUTLET paia A | FILED CARON 51 | BURHMER 55F R
TOTAL HYDROGEM
5 STEAM TEWMPERATURE AT 5 H. DUTLET F an | asH 40 | R wr
& STEAM TEMFERATLRE AT R H IMLET F . TOTAL 41 | Bha per b
|7 | STEAM TERMFERATURE 4T R H. QUTLET F Al | Bru par b 45 FIRED
AEH EOFT TEMP,"
B | WATER TEMP. EHTERIMG (ECON J(BOILER]) E 43 _ASTM METHDD GAS % VoL
COAL OR OIL AS FIRED
F ] STEAMGUALITY " MOISTURE OR P, P M. N ULTIMATE AHALYSIS 54 |co _
mw AR TCHP, AROUMD E-U_ILCR CAMOICMT] £ 43 | CARBOM 55 | oH, METHAHE
13 | TEWP A% FOR COMELSTION - ': )
[This o5 Reference Temparabural | F 44 | HYDROGEN . -3 1My ACETYLENE
| 12 | TEWPERATURE OF I-LIEL F 45 | DEYGEM 57 | €M, ETHYLENE
13 | Gas TEMP. LEAﬂHGIHmI-r] lsznn:I[-'mleJ _F | % | MITROGEN 68 | CaHy ETHAME ]
14 | Gas TEMP, tHTERING aH (11 conditiens 1o be
gorrecied b guargnies) F 47 | sULPHUR g |Hy 5
UNIT QUAKTITIES 40 | asH G|y
15 | EMTHALFY OF SAT, LIQGUIR (TOTAL HEAT)  [Bruslb Lo | moisTURE L a1 | HYDROGEN
[} F"lTH.'tL"""I' OF(SATURATED] [SUPERHEATED)
STH. B Alh R TATAL L } TOTAL
EMTH&ALPY OF SAT. FEED TO [N LER) TOTAL HYDEOGEM
—JL [ECOR) o _aru.fl"; COAL PULYERIZATION %k
40 | GRINDAGILITY &2 |DERSITY 68 F
8 ENTHALPFY GF REHEATEDR STEAM R. H, INLET [Biuslh IMEER* A TH. FRESS.
19 | ENTHALPY DF REMEATED STEAM R H. 4% | FINEHESE S THRU E
TUTLET ] Futis /1 s 5l M 43 |3 PERCUFT
20 | HEAT ABS/LE OF STCAM [ITEM 14— ITCR 971 [Bawil 50 | FIMCHCSS % TIAU A1 | ppy PER LB
- —  —— e _D M._ T
M | HEAT ABS LB R.H, STEAM{ITEN 19 < 1TER 8 [Biwslb ga | IMPUT-.OUTPUT JEH 3] = 100
I R _ — EFFICIENCY QF UNIT % ITEM 39 _ e
i DRY REFUSE [A5SH F‘IT-‘FL'{' .ﬂ-.iHI P‘EF‘. LB Eh.r'lh % of A F4
A5 FIRED FUEL | HEAT LO3S EFFICIENCY o |mE PueL | Fuel |
73 | e PER LB IM REFUSE (WEIGHTED AVEHAGE] [Hiw/lk 85 [ HEAD Lus DUE 10 LRY GAS
24 | caﬁnnm BURNFD PER LR A5 FIRED FUEL | IbfIs | &4 | HEAT LOSS DU T MOISTURE IN FUEL L B
25 UR'r' E.-'-LE F‘I-_R L8 &5 FIRED I-LIEL BURMED Ihs ik & | HCAT LO55 DUE TDH 0 R0 COME. OF HJ
T HOURLY GUANTITIES b | su | HEATLOSS DUE TO COMBUST. M REFJSE
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