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Boiler A Boiler B Boiler C Boiler D

Superheated Steam flow ton/hr 99.6 95.8 99.7 96
Gas Temperature C C 214.6 200 213.4 214.5
02 % % 3 2.7 3.9 5.6

CO ppm ppm 419 292 341 299
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Boiler A Boiler B Boiler C Boiler D

Superheated Steam flow ton/hr 99.6 95.8 99.7 96
Gas Temperature C C 214.6 200 213.4 2145

02 % % 3 2.7 3.9 5.6

CO ppm ppm 419 292 341 299
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LHV 48631.41222 ki/kg
Main Steam Energy 37088.60203 kw
Efficiency 78.073 %
Fuel Flow 1.0237108 kg/s
Fuel Flow (LogSheet) 0.976833348 kg/s
Error 4.58%
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Boiler A
LOAD 56 72 82 100
Gas Temperature C 162 178.6 195.1 214.6
Dew Point 52.8 51.8 53.9 55.3
02% 4.8 6.5 5 3
CO2 % 8.4 7.9 9 9.8
CO ppm 227 249 342 419
CO/CO2 % 0.27 0.315 0.38 0.428
NOX pmm 163 186 252 313
SO2 ppm 0 0 0 0
CH4 % 0 0.002 0.007 0.003
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Boiler B
LOAD 42 50 80 100
Gas Temperature C | 166.1 169.5 190 200
Dew Point 51.8 52 53.5 55.1
02% 6.7 6 5.4 2.7
CO2 % 7.9 8 8.8 9.7
CO ppm 170 185 276 292
CO/CO2 % 0.216 0.232 0.314 0.301
NOX pmm 127 144 206 231
SO2 ppm 0 0 0 0

CH4 % 0.002 0.004 0 0.002
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Boiler C
LOAD 42 50 80 100
Gas Temperature C 155 179.1 197 213.4
Dew Point 47.3 47 53.9 53.9
02% 9.7 10.1 4.3 3.9
CO2% 6 5.9 9 9
CO ppm 153 160 284 341
CO/CO2 % 0.255 0.271 0.316 0.379
NOX pmm 111 125 217 268
SO2 ppm 0 0 0 0
CH4 % 0 0 0.003-  0.004
iz gbo,b 0 D Jhe 29,5 090 SlMLI—Y Jgas
Boiler D
LOAD 47 49 50 52 56 75 80 100
Gas Temperature C 174 176.8 178.4 [180.8 185.3 191.5 193.1 2145
Dew Point 48.1 49.8 48.8 50.5 50.9 50.9 54.3 52.6
02 % 8.6 7.5 6.4 7.4 7.3 6.9 6.9 5.6
CO2 % 6.3 7 6:6 7.3 7.4 7.5 9.2 8.3
CO ppm 139 147 100 127 156 195 221 299
C0O/C02 % 0.221 0.211 0.151 0.174 0.208 0.26 0.24 0.36
NOX pmm 109 108 96 111 123 154 191 232
SO2 ppm 0 0 0 0 0 0 0 0
CH4 % 0 0 0.005 0.005 0.004 0.001 0 0.012

@l oges Jolot (Lol sloa (e 5| (ABS (B Gl (0 illze oged J1Bp g ol dolae (A6 L
Shg 5o YU (BLol Gloa Jlaie Sy>g oims (yLis 45w go 3,155 100 1, 3Ll lga e Lawgie clowlxe 51 Jol>

28,5 (o0 T 5390 Bl 5l 4B g 5SSl g0k Hlade Bosb o g el

ot Loy aSs jlay 009 (2S99 3l 29,5 slailE VL sles 5l LU lewsly Cdl o iy aSST 4 az g
ol iy 05 oo 5 |y ey S ST sgam o ke 5 80,5 e Jali 1, Lol il JS 51UV Jolas

Lol Coonl Sl £9090

ssbiier o3 (slemdled 51 (So W sl o o38O Sbled (2509 5l (Lol oy 55 8 (2> oS Ll

oz S L 950 Sledllius 4 (pendia 2 (3903 S el byhigy S peiile 9 S (655 Brae (53l de
35 kes Condg 5l (2T 5 Sldlbl & puiies Sz p5 sl Olsie 55 Brae glo Sl 5 Sl )]
23,5 oo lpiin


www.SID.ir

w38 g (6551 B e 3lw Aty gy L
o B 5l gr (ylonily

A s3dg )b lwgie (liee sy o] dmsloe 1 el Lo o jlgy (g5, (6,35, 4 Lol (glso oo o5 Lw]
5l Cewl 009 lie ;6500 4Ly o lg 31 SO p a8lsl glgr oyl e il oo dwlre o, Ligr 51 Sy gl el jo o5

o bgr o dlxe dilal slgn do o — A Jgux

Boilers Excess  Air
(%)

A 31.68

B 34.55

C 31.76

D 29.2
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Exhaust Gases (Before) Dry Volume Wet Volume Wet Mass Exhaust
Percent Percent Percent Weight (kg)
Constituent
Ar 1.013% 0.862% 1.235% 0.34454
N2 84.443% 71.903% 72.192% 20.14244
02 6.900% 5.875% 6.738% 1.88004
CO2 7.600% 6.471% 10.208% 2.84806
H20 0.000% 14.850% 9.588% 2.67530
S02 0.000% 0.000% 0.000% 0.00000
CO 0.026% 0.022% 0.022% 0.00608
NO 0.019% 0.016% 0.017% 0.00483
NO2 0.000% 0.000% 0.000% 0.00000
A/F Stoichiometric (mass) 16.75000
A/F Actual (mass) 25.40181
Excess Air (%) 43.76276%
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Exhaust Gases (After) Dry Volume Wet Volume Wet Mass Exhaust
Percent Percent Percent Weight (k@)
Constituent

Ar 1.043% 0.842% 1.222% 0.33639

N2 86.926% 70.204% 71.417% 19.66652
02 2.100% 1.696% 1.971% 0.54271
CO2 9.900% 7.996% 12.778% 3.51884
H20 0.000% 19.237% 12.585% 3.46558
S02 0.000% 0.000% 0.000% 0.00000
CO 0.015% 0.012% 0.012% 0.00339
NO 0.017% 0.013% 0.015% 0.00402
NO2 0.000% 0.000% 0.000% 0.00000
A/F Stoichiometric (mass) 16.75000

A/F Actual (mass) 19.74111

Excess Air (%) 9.89963%
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Typical Calculation for Boiler C

Fuel (Gas =1, Qil =2) 1

Rated Boiler Hp 7500 Minimum 02 Allowed This Fuel Type
Name Plate Efficiency 90.00% 2.00%

Current 02 % as found 6.90% Steaming Rate PPH
Current Co2 % as found 7.60% 207000

Air Diluted CO ppm as found 255.00

CO in Flue Gas ppm Corrected 380.68

Approximate Fuel Loss out stack 0.11%

Normal Firing Rate NFR (0-100) 80%

Recommended 02% @ NFR 2.75%

Average Hours/Day Run Time 24

Average Days/Month Run Time 30

Fuel Cost (Rials) / Therm from billings 430

Average Combustion Air Temp (F) 122

Stack Temp at Firing Rate (F) 392

Net Flue Gas Temp Rise 270 Performance Data

Net Efficiency Loss to Wasted Fuel as Co 0.3807% 32% Present Excess Air Mass.

As Found Combustion Efficiency 82.2% 13% New Excess Air Mass.

New Calculated Combustion Efficiency 84.0% $0.50 OLD Fuel Cost per 1,000 Lb/Steam.
New Stack Temp (F) 386 $0.49 NEW Fuel Cost Per 1,000 Lb/Steam.
New Net Flue Gas Temp Rise (F) 264 3.18% Percent Fuel Cost Savings.

Net Combustion Efficiency Gain 2.12%

Current Cost to Operate Per Month (Rials) 75,256,580

New Cost to Operate Per Month (Rials) 73,661,250

Savings Per Month (Rials) 1,595,330

Savings Per Year (Rials) 19,143,970
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Boiler Type Watertube/Eiretube W
Fuel Type Gas or Qil G
Boiler Rated Horsepower 7550
Boiler Rated Efficiency 90.00%
Normal Firing Rate (NFR) 80.0%
Boiler Operating Pressure PSIG 600
Combustion Make-up Air Temperature 122
Entering Feedwater Temperature 250
Fuel Cost (Rials/Therm) 428
Hours/Day Operation 24
Days/Month Operation 30
Operating Steam Temperature (Saturated) 489.00
Firing Boiler Horsepower @ NFR 6040
Boiler Fuel Input @ NFR 224,587,333
BTU Output @ NFR 202,128,600
Net Operating Efficiencies as found 93.53%
Actual BTU Input 216,120,747
Theoretical Entering Stack Temperature 594.00
Actual Observed Stack Temperature 392.00
Temperature Rise Across Econ. 142.00
Water Flow #/Hr 208,380.00
Gross BTU to Feedwater/Hr 5,540,329.81
Exiting Feedwater Temperature "F" 276.59
Exiting Stack Temperature 331.51
Gain in Efficiency 1.97%
New Net Calculated Thermal Efficiency 95.50%
Fuel Savings (Rials)/Hr 1,900
2) sl9505  Total Annual Savings / Economizer (Rials) 4*16,390,160 I
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Steam Boiler Flow PPH at Capacity 242508
TDS of Make-up Water 25
Desired TDS in Boiler Water 1250
Operating Pressure 600
Operating Temperature 825
Boiler Rated Efficiency 90%
Normal Firing Rate 80%
Hours/Day Run Time 24
Days/Month Run 30
Blowdown as % of Steaming Rate 2.04% Blowdown within normal
limits
Fuel Cost (Rials) per Therm include transport 430
cost
Deaerator Operating Temperature 266
Calculated Boiler Horsepower 5,623 At Operating Firing Rate
Fuel Input at rated efficiency & firing rate 209,095.79 Cubic Feet/Hr
Therms per hour at efficiency & firing rate 2,090.96
Calculated Cost to Operate per 30 day billing 644,349,580
(Rials)
Blowdown in PPH 3,959.31
Equivalent Boiler Horsepower Loss 114.76
Total Heat Available for Recovery 2,939,791 BTU/Hr.
Equivalent Boiler Horsepower Recovered 87.85
70,554,981 BTU/Day
2,116,649,417 BTU/BIlling Period
25,399,793,00 BTU/Year
6
Total Annual Cost for Blowdown & Make-up 108,711,110
(Rials)
BTU Heat for Recovery to Make-Up 587,245,495  Per Billing Period
Total Monthly Savings for Recovery 2,513,410 Per Billing Period
Total Annual Savings for Recovery 30,160,930
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[1] ASME-PTC 6, "Steam Turbines — Interpretations", New York, 2000.

[2] Guidelines for Industrial Boiler Performance Improvement, Boiler Adjustment Procedure to
Minimize Air Pollution and to Achieve Efficient Use of Fuel, ABMA

[3] “Efficient boiler operations sourcebook”, F. William Payne, Fairmont Press 1985

[4] “Energy Saving by Increasing Boiler Efficiency”, Lee Yaverbaum, Noyes Data Corporation, 1979


www.SID.ir

