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HEAT BALANCE ARITHMETIC -
THE BOILER EFFICIENCY YARDSTICK

by
R. R. LEONARD, Manager, Proposal Engineering Dept.

RILEY STOKER CORPORATION
WORCESTER, MASSACHUSETTS

Direct measurement of fuel input and steam output is one method commonly used to
determine boiler efficiency. Given such data, efficiency is directly calculated by dividing
the total steam energy output of the boiler by the total fuel energy consumed. It is
usually difficult to measure fuel input with a high degree of accuracy. So while this method

is an indicator of boiler efficiency for existing boilers, it ebviously cannot be applied for
purposes of prediction or comparison involving boilers yet to be constructed. For these
purposes, heat balance calculation is a practical and flexible method. The heat balance
calculation will give us boiler efficiency for any combination of fuel, excess air, and boiler

exit temperature we wish to consider.

The first step is to run a chemical analysis of the fuel and determine air and gas weights
for one pound of coal. Table 1 gives fuel combustion constants for the more common fuel

constituents.

So let us assume an Illinois coal with an ultimate analysis of 12% moisture, 61.8% carbon,
4.3% hydrogen, 7.9% oxygen, 1.2% nitrogen, 3.8% sulfur, and 9% ash. The heating value is
given as 11,200 Btu/pound. Table 2 indicates the data avilable from the chemical analysis
and the fuel constants. At 50% excess air (12.37% COo by volume) we have

12.8 pounds of air per pound of fuel

13.71 pounds of wet gas per pound of fuel
0.504 pounds of water from fuel moisture and fuel hydrogen
0.164 pounds of water from air

13.042 pounds of dry gas per pound of fuel.

If we have a gas temperature leaving the boiler of 600° F and room temperature or
entering air temperature of 80° F, we are ready for the heat balance calculations.

1. The dry flue gas loss is:

Ibs. of gas) (specific heat) (stack temp. - room temp.) 100
g P p p

Btu in fuel

(18.042) (.24) (600 - 80) 100
11,200

14.53%

2. The fuel Ho and fuel moisture loss is:

(Ibs. of water) (vapor enthalpy, stack temp. - liquid enthalpy, room temp) 100

Btu in fuel

(.504) (1336 -48) 100 5.80%

11,200




3. The air moisture loss is:

(Ibs. of air moisture) (specific heat) (stack temp. - room temp.) 100

Btu in fuel

(0.164) (.46) (600 - 80) 100 - 0.35%
11,200

4. The carbon loss is:

(% combustible in ash) (% ash in coal) 14,093

(% incombustible in ash) Btu in fuel
(assuming 12) (9) 14,093 & 1.54
88 11,200
5. Radiation, a function of unit size, assumed = 0.50
6. Miscellaneous losses and margin, assumed, = 1.50
Total losses 24.22
Therefore efficiency is 75.78

We are now in a position to answer all kinds of questions about operation of the unit.

A. Suppose we cut excess air from 50% to 30%

Excess air 50% 30%

Lbs. wet air per Ib. of fuel 12.800 11.093
Lbs. gas 13.710 12.008
Lbs. air HoO 0.164 0.142
Lbs. Hg and Fuel HoO 0.504 0.504
Lbs. dry gas 13.042 11.357
Stack temperature 600 600
Stack - room, AT 520 520
Fuel water vapor AH 1,288 1,288

HEAT BALANCE %

Loss due to dry flue gas 14.53 12.65
Loss due to hydrogen & fuel moisture 5.80 5.80
Loss due to moisture in air :8b .30
Loss due to radiation .50 .50
Loss due to unburned combustibles 1.54 1.54



Manufacturer’s margin
Total losses

Efficiencies of complete unit

And we have gained almost 2% in efficiency!

B. Suppose we have a cold day and entering air temp. is 40°F.

Excess air
Lbs. wet air
Lbs. gas

Lbs. air HoO
Lbs. Hy and Fuel HoO
Lbs. dry gas

Air temperature

Stack temperature

Stack - room, AT

Fuel water vapor, AH

HEAT BALANCE %

Loss due to dry flue gas

Loss due to hydrogen & fuel moisture
Loss due to moisture in air

Loss due to radiation

Loss due to unburned combustibles
Manufacturer’s margin

Total losses

Efficiencies of complete unit
And we have lost 1-1/3% in efficiency!

C. Suppose we have very wet coal to contend with.
Fuel moisture

Btu/lb.

Excess air

Lbs. wet air

Lbs. gas

1.50
24.22
75.78

50%
12.800
13.710

0.164
G
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80
600
520

1,288

14.53
5.80
.35
.50
1.54
1.50
24.22
75.78

12%
11,200
50%
12.800
13.710

1.50
22.29
77.71

50%

12.800

13.710
0.164
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ro

40
600
560

1,328

15.65
5.98
.38
.50
1.54
1.50
25.bb
74.45

20%
10,182
50%
11.636
12.554



Lbs. air HoO .164 .149

Lbs. Hg and Fuel HoO 504 .549
Lbs. dry gas 15.042 11.856
Stack temperature 600 600
Stack - room, AT 520 520
Fuel water vapor A H 1,288 1,288

HEAT BALANCE %

Loss due to dry flue gas 14.53 14.53
Loss due to hydrogen & fuel moisture 5.80 6.94
Loss due to moisture in air .35 3D
Loss due to radiation - .50 .50
Loss due to unburned combustibles 1.54 1.54
Manufacturer’s margin 1.50 1.50
Total losses 24.22 25.36
Efficiencies of complete unit 75.78 74.64

And we have lost more than a percent in efficiency!

D. Suppose the weighted average combustible in the total ash goes from 12% to 24%
Carbonlossis 24 x 9 x 14,0983 = 3.58 and we have lost 2% in efficiency!

76 11,200

E. Suppose we add heat recovery equipment and cut the stack temperature from 600°F
to 350°F, both with and without excess air reduction from 50% to 30%.

Stéck temperature - 600 350 550
Flue gas - air AT 520 270 270
Fuel water AH 1,288 1,071 1,171
Excess air 50 50 30
Lbs. wet air 12.800 12.800 11.095
Ibs. gas 15.710 13.710 12.003
Lbs. air HpO 0.164 0.164 0.142
Lbs. Hy and Fuel HoO 0.504 0.504 0.504
Lbs. dry gas 13.042 13.042 11.357



HEAT BALANCE %

Loss due to dry flue gas 14.53 7.55 6.57
Loss due to hydrogen & fuel moisture 5.80 5.27 5.27
Loss due to moisture in air .35 .18 .16
Loss due to radiation .60 .50 .50
Loss due to unburned combustibles 1.54 1.54 1.54
Manufacturer’s margin 1.50 1.50 1.50
Total losses 24.22 16.54 15.54
Efficiencies of complete unit 75.78 83.46 84.46

So the 250 degree drop in exit temperature yields 7.68% efficiency gain with an extra
percent if we also drop the excess air. Perhaps we should point out that moving the effi-
ciency up from 75.78 to 84.46, 8.68 percent efficiency gain is more than an 8.68% fuel
reduction. The new fuel requirement would be 75.78/84.46ths and this is a fuel saving of
10.3%.

F. And finally suppose we substitute a sub-bituminous 30% moisture, 5% ash, 49% carbon,
11.6% oxygen, 0.4% sulfur, 0.6% nitrogen, 3.4% hydrogen, 8,100 Btu/Ib. coal for the
11,200 Btu Illinois Coal. If we use the 30% excess air and 350°F, alternate 375, gas
stack temperature, the heat balance is as follows. (See Table 3 for fuel calculation)

Fuel Illinois Sub-bituminous

Btu/lb. 11,200 8,100 8,100
Excess air 30 30 30
Lbs. wet air 11.093 8.339 8.339
Lbs. gas 12.003 9.289 9.289
Lbs. air HoO ' 0.142 0.107 0.107
Lbs. Hg and Fuel HoO 0.504 0.604 0.604
Lbs. dry gas 11.857 8.578 8.578
Stack temperature 350 350 a7h
Gasout-airin AT 270 270 295
Fuel water A H 1,171 1,171 1,182



HEAT BALANCE %

Loss due to dry flue gas 6.57 6.86 - 7.50
Loss due to hydrogen & fuel moisture 5.27 8.73 8.81
Loss due to moisture in air 0.16 0.16 0.18
Loss due to radiation 0.50 0.50 0.50
Loss due to unburned combustibles 1.54% 1.19% 1.19
Manufacturer’s margin 1.50 1.50 1.50
Total losses 15.54 18.94 19.68
Efficiencies of complete unit 84.46 81.06 80.32

*12% carbon in ash

Efficiency drops 3.4% with the sub-bituminous coal assuming we could maintain 350
stack temperature, and drops 4.14% if extra gas flow raises the stack temperature 25
degrees.

The heat balance method of efficiency calculation is a very useful tool to estimate
boiler performance for alternate fuels, alternate modes of operation, and alternate heat-
recovery equipment possibilities. We should apply this yardstick whenever possible.
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