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Conversion Table to SI Units 

This publication uses customary English units for the convenience of engineers and others who use 

them habitually. The table below is for the reader interested in conversion to SI units. For additional 

information see: 

(1) NBS LC1078, Dec., 1976, “The Metric System of Measurement”. 

(2) Z210.1—1976, “American National Standard for Metric Practice.” 

Quantity To convert from To Multiply by 

Length inch m (meter) 2.540 X10~2 

foot m 3.048 X 10_1 

mile m 1.609 X103 

Area in2 m2 6.452 X10-4 
ft2 m2 9.290X10-2 

Volume in3 m3 1.639X10-° 

ft3 m3 2.832 X10-2 

gallon m3 3.785 X10-3 

Temperature °F °C toc= (t0F 32) /1.8 

T. difference A£of K aTk = A^0f/1.8 
Mass pound kg 4.536 X10-1 

ounce kg 2.835X10"2 

Pressure psi Pa 6.895 X103 

in H20 Pa 2.488 X102 

in Hg Pa 3.386 X103 

mmHg Pa 1.333 X102 

Energy Btu J 1.055 X103 

MBtu J 1.055 X109 

kWh J 3.600X10° 

ft-lbf I 1.356X10° 

kilocalorie J 4.184.X 103 

Power Btu/h W 2.931 Xlo-1 

hp w 7.457 X102 

Flow gal/min m3/s 6.309 X10-° 

ft3./min m3/s 4.719X10-4 

Density lb/ft3 kg/m3 1.602 X101 

lb/gal kg/m3 1.198 X102 

Heat Capacity Btu/ (lb - °F) J/(kg-K) 4.187 X103 

Btu/ (ft3-°F) 1/ (m3 -K) 6.707 X104 

Conductivity Btu • in (h-ft2- °F) W/(m-K) 1.442 X 10-1 

Heat of Combustion Btu/gal J/m3 2.787 X 10° 

Btu/lb J/kg 2.327 X 103 

Btu/ft3 J/m3 3.728 X 104 

Barrel (Petroleum) 42 gal m3 1.590 X 10-1 
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Energy Management for Furnaces, Kilns, and Ovens 

L.A. Wood, J.F. Ward, and K.G. Kreider 

This handbook, part of the EPIC Energy Management Series, is directed to the 

user of direct-fired heating equipment in light industry. Other publications in this 

series outline steps to plan and establish an energy conservation program in a busi¬ 

ness or industry. This handbook is a guide to making decisions as to just what actions 

are appropriate and effective for energy savings in equipment such as furnaces, kilns, 

and ovens. The major technique described is the heat balance. Examples of heat bal¬ 

ances are used to identify energy losses on a batch furnace, a continuous paint dryer 

oven, and a slot forging furnace. Typical energy conservation opportunities in com¬ 

bustion control, insulation, etc. are discussed. Simplified methods of calculation and 

measurement are given. Benefit/cost analysis and the time required to recoup invest¬ 

ment are described as means of evaluating energy-saving investments. 

Key words: Energy conservation, industrial; furnaces, energy conservation; heat 

balance; industrial energy conservation; kilns, energy conservation; ovens, energy 

conservation. 

1. Introduction 

Eleven percent of the nation’s energy is used by 

industry for “direct heating,” according to Depart¬ 

ment of Commerce data. This does not include in¬ 

direct heating by the use of steam. The majority of 

this direct heating energy is used by large plants in 

heavy industry, such as primary metals, oil refining, 

or cement manufacturing. However, much is used by 

smaller organizations to heat treat metal parts, fire 

ceramics, dry paint, bake bread, and many other heat¬ 

ing operations. It is to these small organizations that 

this guidebook is addressed. The guidebook is in¬ 

tended to describe how one can save energy in fur¬ 

naces, kilns, and ovens, and it is written so that an 

engineering degree is not needed to use the informa¬ 

tion. 

The need for good energy management has been 

recognized in this era of increasing energy costs. 

Numerous publications are available to assist a plant 

manager in improving his fuel efficiency. The National 

Bureau of Standards has made available the Energy 

Conservation Program Guide for Industry and Com¬ 

merce [l].1 This handbook points out that a good 

energy conservation program consists of several steps: 

1 Figures in brackets indicate the literature references at the end 
of this handbook. 

O Plan and organize a program, with a firm com¬ 

mitment to energy saving. 

O Conduct energy audits to determine the total 

energy costs and find where the large uses of 

energy occur. 

O Take actions to conserve energy. 

O Continue an active energy conservation program. 

In many energy-intensive organizations, the energy 

audit will quite frequently show that much of the 

energy is going to one or more pieces of direct fired 

equipment such as a furnace, kiln, dryer, etc. The 

success of an energy management program will then 

depend on the decisions as to just what steps are most 

appropriate for energy savings in these pieces of 

equipment. 

Making such decisions, and making them intelli¬ 

gently, is not something that can be done by a simple 

rule-of-thumb. One can, and should, refer to check¬ 

lists which describe the possible options for increasing 

the energy efficiency of heating equipment, but nothing 

in such lists indicates the relative importance of the 

various check-list items. In other words, in one instal¬ 

lation the most important first step may be adjusting 

the air to fuel ratio, in another the lack of insulation 

may be the important factor, and in a third it is pos¬ 

sible that no major energy saving program is justi¬ 

fied. 
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The tool which will enable one to estimate the 

amount of energy which might be conserved and will 

point out the best ways of doing it is the heat balance. 

It will permit the translation of measurement and 

calculations to dollars of fuel savings. 

2. Heat Balances 

2.1. A General Description 

A heat balance is simply a listing of the energy in 

all forms that enters a system over a given period of 

time—the input—and a similar listing of the energy 

that leaves—the output. Since energy is neither created 

nor destroyed, the input and the output must be equal. 

For an energy management program, a heat bal¬ 

ance on a critical piece of equipment serves several 

purposes: 

° It will show how much of the energy input was 

actually used for the intended purpose, e.g., to heat 

the product, to drive off water, etc. This figure may be 

used to calculate the energy efficiency of the system. 

The efficiency in practice is often as low as 2 to 5 

percent. 

O It will show how much of the energy is lost to 

the atmosphere or perhaps to a cooling pond. This, of 

course, represents energy savings that are theoretical¬ 

ly possible. 

O The heat balance, reasonably well done, will show 

also how the heat loss occurs. Some heat will be car¬ 

ried out with the product, some lost up the stack, 

some radiated to the surroundings from the furnace 

walls, etc. This information furnishes clues as to 

where one should look for the most important energy 

conservation possibilities. 

° Most important of all, a heat balance is by far 

the best tool which one can use to estimate the energy 

and cost savings which can be achieved by some 

change in process or equipment that is proposed as 

an energy saving investment. It will also enable one 

to identify the most valuable of several conservation 

proposals. 

As an illustration, consider a simple system for the 

job of heating a pint of water from 72 °F to boiling. 

If we heat the water in a heavy cast iron skillet on 

the large burner of a kitchen stove, tests show the 

job requires two cubic feet of gas or 2000 British 

thermal units (Btu) to do the job. This 2000 Btu is 

the input energy to the system. 

The system output is in three parts. The energy 

needed to heat the water from 72 to 212 °F can be 

calculated at 140 Btu, and the energy necessary to 

heat the 3.5 pound skillet is about 60 Btu. The re¬ 

mainder, some 1800 Btu, must be the energy in the 

hot combustion products which was lost to the atmos¬ 

phere of the kitchen. The efficiency of this system is 

140 Btu divided by 2000 Btu, or 7 percent. 

A more efficient system than the above would use a 

glass laboratory beaker as the container and a small 

electrical immersion heater as the energy source. This 

time, the heat to the container would be 10 Btu, and 

the loss to the surrounding air about 50 Btu, requir¬ 

ing an electrical energy input of only 200 Btu. Assum¬ 

ing that about 600 Btu of fossil fuel was required to 

generate this electricity, the efficiency has been in¬ 

creased to 140 Btu divided by 600 Btu, or 23 percent. 

The important point of the above illustration is 

that the heat balance permitted the identification of 

the most important of the energy losses, namely the 

large amount of energy escaping around the skillet. 

Designers have improved the energy efficiency of mod¬ 

ern electric coffee makers by reducing this loss. 

The next three sections of this guide show indus¬ 

trial uses of the heat balance as a conservation tool. 

One example will show how it may be used on a batch 

heat treating furnace, another its use on a continuous 

paint drying oven, and the third lists the results of a 

conservation project. 

The first example, the batch furnace (section 2.2), 

represents the simplest type of an industrial heat bal¬ 

ance; it requires the minimum number of measure¬ 

ments and calculations. 

The second example, the drying oven (sec. 2.3), 

was chosen as representing a considerably more com¬ 

plex problem. It is necessary, for instance, to measure 

the velocity of a stream of air or exhaust gas and to 

calculate its energy content in order to determine the 

heat loss from the stack. 

The third example (sec. 2.4) gives the measured 

results obtained in an energy saving project on a 

forging furnace, and shows that the actual savings 

achievable are similar in magnitude to those estimated 

in sections 2.2 and 2.3. 

Subsequent sections of this guide describe some 

methods of measurement and the simple calculations 

needed. Reference [2] is one of several good sources 

for a detailed discussion of heat balances. 

2.2. Heat Balance on a Batch Furnace 

An oil fired furnace heats one-ton batches of steel 

to 2000 °F for a forging operation. The furnace burns 
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95 gallons of No. 2 fuel oil during each two-hour cycle. 

This oil yields 13.3 MBtu (13 300 000 Btu). The 

stack temperature is 2100 °F, and an analysis of the 

flue gas shows an oxygen content of 11 percent, mean¬ 

ing that the furnace uses 100 percent excess air, twice 

the amount of air theoretically needed to completely 

burn the fuel. 

The heat flow for this situation is illustrated by 

figure 1. (Measurement methods and calculations are 

discussed in sections 4 and 5 of this guide.) 

FUEL OIL 

13.30 MBtu 

A WALL LOSSES 
2.73 MBtu 

FURNACE 

FLUE GAS 
AT 2100 °J 

10.11 MBtu 

.STEEL AT 2000 °F 
0.46 MBtu 

Figure 1. Batch fired, furnace (first heat balance). 

For simplicity, this example considers only the fuel 

used while actually heating a batch of steel. It ignores 

the fuel used to heat up a cold furnace, and to keep it 

hot while unloading one batch and loading the next. 

Because of this, actual savings due to a conservation 

project will be greater than those estimated in this 

example. Any change which saves energy during oper¬ 

ation will also save some energy during warm up and 

during idling. 

The only energy input to this system is the burning 

fuel oil. At an energy content of 140 000 Btu per gal¬ 

lon for No. 2 oil, 

Heat Input = 140 000 Btu/gal X 95 gal = 13.30 MBtu. 

This same quantity of energy must also leave the 

furnace during each cycle; it does so in three forms: 

(1) The heat content of the steel is the weight of 

the steel times its temperature increase times its spe¬ 

cific heat of 0.12 Btu/lb,0F. If the steel enters the 

furnace at 100 °F, then the energy removed from the 

furnace by a heated one-ton batch will be: 

Heat in steel = 2000 lb X (2000 — 100) °F 

X 0.12 Btu/lb-°F 

= 456 000 Btu, or 0.46 MBtu. 

(2) The stack loss represents the energy escaping 

in the hot flue gas. Referring to figure 2, note that at 

a stack temperature of 2100 °F, and with 100 percent 

excess air, the stack loss is 76 percent of the fuel 

burned. 

Stack loss = 13.30 MBtu X 0.76 = 10.11 MBtu. 

(3) Conduction and radiation losses from the fur¬ 

nace walls and roof must make up the remainder of 

the energy output (refer to fig. 1). 

Wall losses = 13.30 - (0.46+10.11) =2.73 MBtu. 

Output = 0.46+10.11 + 2.73 = 13.30 MBtu per cycle. 

It is evident in this first heat balance that most (76 

percent) of the energy is wasted up the exhaust stack. 

Looking again at figure 2, one can observe that the 

stack loss is least when the amount of combustion air 

is precisely the amount required to completely burn 

the fuel. If large amounts of excess air are supplied, 

much of the energy of the fuel is used to heat the 

air, and the stack loss becomes very large. Conversely, 

of course, if insufficient air is supplied the fuel will 

not be completely burned and energy will again be 

wasted. A reasonable quantity of excess air when 

burning fuel oil is about 20 percent, or when burning 

natural gas about 5 to 10 percent. 

Excess air can be reduced by adjusting the burners, 

by throttling the air inlets, and by repairing cracks, 

holes, and ill-fitting doors. The stack damper should 

also be adjusted to maintain a very slight positive 

pressure in the fire-box to prevent the infiltration of 

unwanted air. The goal of 20 percent excess air is 

reached when, as discussed in section 4, the flue gas 

analysis shows approximately 3.5 percent oxygen and 

approximately 13 percent carbon dioxide. 

At 20 percent excess air, figure 2 shows that the 

stack loss is only 46 percent of the fuel energy in¬ 

stead of the original 76 percent. The energy absorbed 

by the steel remains at 0.46 MBtu per cycle, and the 

loss from the walls and roof is still 2.73 MBtu. This 

total, 2.73 + 0.46 = 3.19 MBtu, is now 54 percent of 

the total input (100% — 46% = 54%). The total fuel 
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energy needed per cycle is therefore: 

Input = 3.19 MBtu/0.54 = 5.91 MBtu. 

With this input, we can make a second heat balance: 

Input Output 

5.91 MBtu Steel 0.46 MBtu 

(42.2 gal of oil) Stack 2.72 MBtu 

Walls 2.73 MBtu 

Total 5.91 MBtu 

In the second heat balance, even after adjusting the 

excess air to the practical minimum, energy is being 

wasted up the stack at the rate of 2.72 MBtu per cycle, 

or at 500 cycles per year, 1360 MBtu per year. With 

oil at 350 per gallon, this is a dollar loss of $3400 

per year. 

Some of this heat can be recovered by passing the 

flue gas through a heat exchanger, or through a waste 

heat boiler. The recovered heat can be used for a 

variety of purposes; following are some of those fre¬ 

quently suggested. 

(1) Make steam for process use, for electrical pow¬ 

er generation, or for space heating. 

(2) Heat water for processing or for space heating. 

(3) Preheat combustion air for the furnace. 

(4) Preheat the product entering the furnace. 

(5) Heat air for space heating. 

The best use for the recovered heat depends on the 

process and the particular plant conditions. In this 

case, with a batch furnace and possibly a rather un¬ 

even schedule, preheating the combustion air might 

be the best use. Figure 3 shows the heat flow with 

such an arrangement as a third heat balance. The 

numbers are MBtu of energy for a two hour furnace 

cycle. 

To estimate the fuel usage under these conditions, 

consider the entire diagram as a single system with 

one heat input (the air at 100 °F is considered to car¬ 

ry no heat), and three outputs. Two of the outputs 

are the heat in the steel and the conduction losses. 

The sum of these outputs is 3.19 MBtu as in the sec¬ 

ond heat balance. The third output is the waste flue 

gas at 1100 °F. (Since the mass of flue gas is ap¬ 

proximately equal to the mass of combustion air, it is 

reasonable to estimate that if the air is heated by 

1000 °F, the flue gas will be cooled by the same 

amount.) 

4 



FUEL OIL 
4.17 MBtu 

WALL LOSSES 
2.73 MBtu 

FURNACE 
FLUE GAS 

AT 2100 °F 1 

STEEL AT 2000 °F 
0.46 MBtu 

AIR AT 
100 °F 

FLUE GAS 
AT 1100 °F 

0.98 MBtu 

AIR AT 1100 °F 
Figure 3. Batch furnace with preheated combustion air (third heat balance). 

According to figure 2, at 20 percent excess air and 

a stack temperature of 1100 °F, the stack loss is 23.5 

percent of the fuel fired. The other two outputs, the 

3.19 MBtu for conduction losses and for heat in the 

hot steel, must therefore amount to 100 percent 

— 23.5 percent = 76.5 percent of the fuel. Under this 

condition, 

Fuel energy = 3.19 X 1/0.765 = 4.17 MBtu per cycle. 

Stack loss = 4.17 X 0.235 = 0.98 MBtu per cycle. 

At this point, the largest energy loss in the system is 

the 2.73 MBtu lost by conduction and radiation 

through the walls and roof of the furnace. 

If we further assume that suitable repair or addi¬ 

tion to the insulation can reduce this loss to 1.90 MBtu 

per cycle, a fourth heat balance performed in a similar 

manner shows that this will reduce the fuel input to 

3.08, and the stack loss to 0.72 MBtu per cycle. Table 

1 summarizes the results of these heat balance analy¬ 

ses of the furnace system. 

Assuming a production rate in this furnace of 500 

cycles per year, and an average fuel oil cost of 350 

per gallon, the yearly cost of energy under the four 

different conditions is as follows: 

(1) Original condition $16 600 

(2) Reduce excess air $ 7 400 

(3) Preheat air $ 5 200 

(4) Add insulation $ 3 800 

Note that these changes to save money were not all 

of equal value. By far the most important was the 

reduction of excess air from 100 percent to 20 percent. 

This single change saves $9200 per year, and the 

capital cost involved would be quite minor. 

The next change, that of preheating the air, pro¬ 

duced a smaller saving of $2200. The cost of a heat 

exchanger, duct work, and probable burner modifica¬ 

tions will vary widely for different installations. If in 

Table 1. Batch furnace heat balances 

Condition 

Energy per two-hour cycle 

Efficiency Input Stack loss Conduction loss Heat in steel 

MBtu MBtu MBtu MBtu Percent 

(1) Original system 13.30 10.11 2.73 0.46 3.5 

(2) Reduce excess air 5.91 2.72 2.73 0.46 7.8 

(3) Preheat air 4.17 0.98 2.73 0.46 11.0 

(4) Add insulation 3.08 0.72 1.90 0.46 14.9 
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this case the cost were $2500, it would be a very at¬ 

tractive proposition; a quotation of $10 000 would 

require some rather careful analysis before making 

the investment. If one assumes a continuing increase 

in energy costs, however, even the latter figure might 

be within reason. 

The third step, adding insulation, saved $1400. The 

cost could be low if it consisted of the simple addition 

of some bats or blankets of ceramic fiber on the in¬ 

side of the walls and roof, or higher if it required re¬ 

building of the entire furnace lining. 

It is evident that there is no simple rule-of-thumb 

that one can use to decide which energy saving steps 

to take or in what order to take them. An intelligent 

decision requires a reasonable knowledge of the heat 

balance and an estimate of the net savings possible 

for each proposed step. One must consider potential 

fuel costs and the cost of capital investment in esti¬ 

mating net savings. 

2.3. Heat Balance on a Paint Dryer 

Some continuous kilns or ovens, such as those used 

for brazing, annealing, sintering, etc., may be treated 

in much the same fashion as a batch furnace when 

estimating an energy balance. It is only necessary to 

translate all energy units into Btu per hour or per 

minute instead of Btu per batch or cycle. The princi¬ 

ples of energy management in such kilns are exactly 

the same as those discussed in section 2.2: maintain 

the minimum practical excess air, insulate properly, 

and recover waste heat whenever possible. 

Other kilns, such as those used for drying a product 

containing water or an organic solvent, may be more 

complex. For example, the paint drying oven to be 

discussed below must use so much air to dilute the 

combustible solvent vapors that the stack gas carries 

almost 1000 percent excess air. In this case it is not 

practical to get an accurate analysis of the stack gas, 

and a measurement of the air flow rate is necessary in 

order to estimate a heat balance. The following sec¬ 

tions 4 and 5 suggest methods of measurement and 

calculation that can be used. 

As an example of the heat balance applied to a con¬ 

tinuous operation, consider a conventional continuous 

paint drying oven which is fed with 600 pounds of 

wet paint on 10 000 pounds of steel per hour. The 

paint is composed of 290 pounds of solvent and 310 

pounds of paint solids. The air in the oven is heated 

to 500 °F with natural gas, which evaporates the paint 

solvent (1190 cubic feet of vapor), and raises the 

temperature of the steel to 400 °F. A large amount of 

excess air is required in order to prevent the forma¬ 

tion of an explosive atmosphere of air and solvent 

vapor; the usual requirement is 10 000 cubic feet 

(cf) of excess air per gallon (about 7.25 lb) of sol¬ 

vent evaporated. Air pollution regulations state that 

the hydrocarbon vapors in the oven exhaust cannot be 

discharged directly into the atmosphere. The exhaust, 

therefore, is led into an incinerator where more nat¬ 

ural gas is burned to raise the temperature from 

500 °F to 1600 °F. At this temperature the hydrocar¬ 

bons are all oxidized to carbon dioxide and water, and 

may safely be sent up the stack. A diagram of the 

system is shown in figure 4. All of the calculations for 

this example are shown in section 4 with only sum¬ 

maries used here for clarity. 

.LOSS 
|0.50 MBtu/h 

STACK GAS 
AT 1600 °F 

INCINERATOR ^ NATURAL GAS 

13711 MBtu/h 4.65 MBtu/h 

LOSS i 
0.75 MBtu/h 

A_ 

l 

OVEN EXHAUST 
AT 500 °F 

STEEL & 
WET PAINT 

OVEN 

STEEL & DRY PAINT 
AT 400 °F 

5.33 MBtu/h 0.41 MBtu/h 

AIR 31 u NATURAL GAS 
4.79 MBtu/h 

Figure 4. Conventional paint drying oven and fume inciner¬ 
ator. 

The heat balance for a conventional paint dryer 

operated as in figure 4 is as follows: 

INPUT 

Natural gas to oven 

Natural gas to incinerator 

Solvent vapors 2 

4.79 MBtu/h 

4.65 MBtu/h 

5.33 MBtu/h 

Total 14.77 MBtu/h 

-Since the solvent has a heat of combustion of about 18 400 Btu/lb, 
it furnishes part of the energy of its own incineration which must be 
included as a part of the heat input. 
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OUTPUT 

Hot dry steel 0.41 MBtu/h 

Stack loss at 1600 °F 13.11 MBtu/h 

Other losses and unaccounted 1.25 MBtu/h 

Total 14.77 MBtu/h 

Inspection of this heat balance shows that the vast 

majority of the energy input, some 89 percent, is 

wasted as stack loss. Since this loss cannot be reduced 

by shutting down the incinerator, or by reducing the 

large amount of excess air, one must look for ways to 

utilize this waste heat. 

One such technique is shown in figure 5, where a 

heat exchanger is used to recover part of the stack 

gas waste heat to preheat the oven exhaust before it 

enters the incinerator. The new heat balance is: 

INPUT 

Natural gas to oven 

Natural gas to incinerator 3 * * 

Solvent vapors 

4.79 MBtu/h 

0 MBtu/h 

5.33 MBtu/h 

Total 10.12 MBtu/h 

OUTPUT 

Hot dry steel 

Stack loss at 1050 °F 

Other losses 

0.41 MBtu/h 

8.40 MBtu/h 

1.31 MBtu/h 

Total 10.12 MBtu/h 

Note that the addition of the heat exchanger and 

its accompanying duct work has reduced the use of 

natural gas from 9.44 MBtu/h (fig. 4) to 4.79 

MBtu/h (fig. 5). Assuming a natural gas cost of $1.50 

per thousand cubic feet, and operation of the system 

for 4000 hours per year, the annual saving is: 

(9.44-4.79) X106 Btu/h X4000 h/yrX $1.50/1000 cf 

1000 Btu/cf 

= $28 000/yr. 

Although the heat exchanger has reduced the 

amount of purchased fuel considerably, there is still a 

large amount of waste heat in the exhaust flue gas. It 

is possible to use this heat by installing a second heat 

3 Preheating the solvent laden air to the incinerator has eliminated 
the fuel requirement of the incinerator except that a very small 
amount of fuel may be needed as a “pilot light” to assure that the 
gas stream ignites in the incinerator. 

exchanger and using it to preheat the incoming air to 

the oven up to 600 °F. This will require some modifi¬ 

cations perhaps to the air distribution system within 

the oven, but it will do away completely with the need 

to fire natural gas to the oven except during warm-up 

or when operating at very low product throughput. At 

normal production rates, all the heat is furnished by 

burning the solvent vapors in the incinerator. 

Figure 5. Paint drying oven, fume incinerator, and heat ex¬ 
changer. 

Another method of conserving energy when incin¬ 

erating hydrocarbon fumes is to use a catalytic in¬ 

cinerator, similar in principle to the catalytic con¬ 

verters on the exhaust system of modern automobiles. 

Such a catalytic incinerator can save energy because 

fume combustion is carried out at much lower tem¬ 

peratures than the normal 1600 °F. Statements by 

manufacturers mention temperatures as low as 400 °F 

for combustion of hydrocarbon vapors in excess air. 

Figure 6 shows a possible use of such a catalytic in¬ 

cinerator with a paint drying oven [3]. The heat bal¬ 

ance for figure 6 is: 

INPUT 

Natural gas 0 MBtu/h 

Solvent vapor 5.33 MBtu/h 

Total 5.33 MBtu/h 
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OUTPUT Table 2. Fuel costs of paint drying systems 

Hot dry steel 0.41 MBtu/h Annual 

Evaporation of solvent 0.06 MBtu/h System fuel cost “ Efficiency b 

Stack loss at 500 °F 3.61 MBtu/h Dollars Percent 

Other losses 1.25 MBtu/h Conventional dryer 56 600 3.2 

Heat exchanger added 28 700 4.6 

Total 5.33 MBtu/h 
With catalytic incinerator c0 8.8 

LOSS 

0 MBtu/h 

Figure 6. Paint drying oven, catalytic incinerator, and heat 
exchanger. 

The heat balance indicates that no heat from 

natural gas is needed when operating at a normal 

load. The gas burners indicated on figure 6 will be 

necessary only during start-up, or when not enough 

product is being dried to furnish solvent vapor to 

heat the system. 

It should be noted that some catalysts become 

“poisoned’ and cease to work properly if the vapors 

contain sulfur compounds or heavy metals such as 

lead. This point should be checked with equipment 

manufacturers. 

A third possible method of energy conservation in 

paint drying is the use of a patented incinerator 

which can produce an exhaust stream that is almost 

free of oxygen; 2 percent is reported. If this gas is 

used in the oven for heating the product, one can 

permit the concentration of solvent vapors to reach a 

much higher level without danger of creating an ex¬ 

plosive atmosphere. This means that the volume of 

gases to be circulated can be cut to about one-half, and 

that energy can also be saved in the electrical power 

needed to operate the fans and blowers [4]. 

The purchased cost of fuel for the three systems is 

summarized in table 2. 

“ Cost of natural gas is assumed to be $1.50 per 1000 cubic 
feet. Operating time is assumed to be 4000 hours per year. 

b (Energy needed for the product) X (100) divided by the 
total energy including that in the paint solvent. 

c Natural gas fuel is needed only during the start-up period 
or when operating at a low production rate. 

If the solvent dried from a paint film is valuable in 

itself, for reasons other than its fuel value, one should 

consider recovering it with an activated carbon tower 

instead of incinerating it. This will not, in general, 

constitute a saving of energy, but may well be a finan¬ 

cial gain. Some newer systems use vacuum to pull the 

absorbed solvent from the activated carbon, and are 

reported to use less energy than the older heating 

technique in recovery of the valuable solvent. 

Drying ovens or kilns in general do not lend them¬ 

selves to rule-of-thumb advice as to the best methods 

of energy conservation. Each seems to have its own 

special features, and needs an individual heat balance 

in order to understand how best to conserve energy. 

Ovens and kilns almost inevitably, however, have 

large quantities of waste heat available. If this waste 

can be utilized for space heating, low pressure steam, 

hot water, etc., one can improve on the rather low 

efficiencies listed in the tabulations above. Even with 

the catalytic incinerator system of figure 6, the stack 

gas still leaves at 500 °F, and is “wasting” 3.67 

MBtu/h. 

2.4. A Case Study of Energy Conservation 

This section summarizes an actual case study of a 

slot forging furnace in which energy usage was re¬ 

duced by following principles discussed in sections 

2.2 and 2.3 above. For a complete discussion of this 

case study, see reference [5]. 

The outside dimensions of the furnace were 11.5 ft 

X 5 ft X 6.5 ft, with a slot opening 10 ft long X 6 in 

high. The furnace heated 2500 lb of steel per hour to 

2450 °F, burned 42 gal of No. 2 oil per hour, and 

exhausted stack gas at 2650 °F. The outside tempera¬ 

ture of the furnace walls was 400 °F; the roof, 700 °F. 

These outside temperatures indicated rather inade- 
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quate furnace insulation and posed a safety hazard as 

well. 

The goal of the study was to test a ceramic re¬ 

cuperator (heat exchanger) designed to recover flue 

gas heat and to preheat the combustion air to 1200 to 

1500 °F. The first step, therefore, was to install new 

burners designed to handle air at these high tempera¬ 

tures. The new burners also recirculated some of the 

furnace atmosphere thus increasing turbulence and 

increasing the rate of heat transfer. This new burner 

installation saved 3.2 gal/h in oil usage. 

The second step was to reduce the open slot area 50 

percent by lowering the height from 6 in to 3 in. 

This simple change saved an additional 6.5 gal/h. 

The third step was to achieve close control of the 

air/fuel ratio, i.e., to minimize the amount of excess 

air. At the same time, the furnace pressure was ad¬ 

justed to prevent cold air infiltration. These operation¬ 

al adjustments saved 4.5 gal/h of fuel. 

A fourth step was to install the recuperator, which 

was successful in recovering about 50 percent of the 

stack gas heat and preheating the combustion air to 

1300 °F. The rate of fuel flow was reduced 10.5 gal/h 

by this step. 

A proposed fifth step was to install improved insula¬ 

tion that was designed to reduce the outside furnace 

wall and roof temperatures to 250 °F and to save an 

additional 3.5 gal/h of fuel oil. This final step was 

not physically accomplished during the case study. 

Table 3 summarizes the step-by-step savings 

achieved during this lengthy experiment. 

Table 3. Steps to reduce fuel usage in a slot forging furnace 

Step 
Fuel 

consumption 
Saving for 
this step 

Saving 
from 

original 

Original system 

gal/h 

42.0 

Percent Percent 

(1) New burners 38.8 7.6 7.6 

(2) Reduced slot area 32.3 16.8 23.1 

(3) Better operations 27.8 13.9 33.8 

(4) Preheated air 17.3 37.8 58.8 

(5) Insulation (proposed) 13.8 20.2 67.1 

With the exception of the fifth step, all of the sav¬ 

ings listed above are the result of actual fuel flow 

measurements taken on equipment operating under 

production conditions. Unfortunately, data are not 

available to calculate heat balances at each step and 

to compare forecasted savings with those actually ob¬ 

tained. The measurements do demonstrate, however, 

that savings comparable to those estimated by heat 

balances are obtainable in practice. 

3. Summary of Energy Conservation 
Opportunities (ECO's) 

This section summarizes the different categories of 

Energy Conservation Opportunities which exist on 

direct fired manufacturing equipment. It is not ex¬ 

haustive in the sense of covering every detailed con¬ 

servation possibility; it does attempt to cover the 

important areas. 

3.1. Control Excess Air 

As illustrated in figure 2 and discussed in [6] and 

[7], the use of a greater amount of combustion air 

than is necessary can constitute a major energy waste. 

The use of insufficient air is just as wasteful, but 

probably less common due to recent emphasis on 

air pollution problems, particularly visible smoke 

formation. 

There is no accurate data on just how much excess 

air is used in the “average” furnace, or how much 

energy is wasted annually due to poor control of air/ 

fuel ratios. Competent writers on the subject agree, 

however, that it is a subject of first importance in 

energy conservation [6, 7, and 8]. 

This handbook, in section 2.2, illustrates how the 

energy savings due to the adjustment of excess air can 

be estimated. It must be recognized, however, that all 

such estimating methods have limits to their accuracy. 

For example, reducing the amount of combustion air 

with no change in the rate at which fuel is fired will 

result in a higher flame temperature and hence a more 

rapid heating of the work and an energy saving short¬ 

er cycle. It will also, however, increase the flue gas 

temperature and therefore affect the stack loss. If, in 

addition to reducing air flow, the fuel flow is also re¬ 

duced to maintain the same stack temperature, one 

will have a decreased gas velocity and less turbulence 

in the furnace, and an increased residence time of the 

hot gases within the combustion chamber. The exact 

effect of these latter two changes on heat transfer to 

the work and to the furnace walls is not always evi¬ 

dent or readily estimated. Therefore, in order to find 

out accurately the savings achieved, one must make a 

new heat balance. 
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In spite of these complexities, the control of excess 

air is probably the single most important item in 

energy conservation in furnaces. The determination of 

excess air by means of a flue gas analysis is essential, 

in any event, to the calculation of stack losses and the 

setting up of a heat balance. 

3.2. Recover Waste Heat 

An industrial furnace, kiln, or oven almost inevit¬ 

ably exhausts gas at some temperature above the am¬ 

bient, and hence this gas contains useful energy which 

can be recovered. The uses to which recovered energy 

can be put are numerous. If the gas is at a high tem¬ 

perature, say 1500 °F or higher, it can be used to 

generate steam to perform mechanical work or to gen¬ 

erate electricity. Lower temperature gas streams can 

be useful and save cost in such applications as drying 

and preheating incoming products, in heating water, 

or in space heating. If the stream is only a few de¬ 

grees above the ambient temperature it may still con¬ 

tain much energy, however it may well be impossible 

to recover it economically. 

If recoverable energy is not available on a regular¬ 

ly scheduled or continuous basis, it is usually best to 

try to return it to the same system that produced it. 

An example is the use of stack gas heat from an inter¬ 

mittently operated furnace to preheat the combustion 

air for the same furnace. This application is discussed 

in detail in reference [5]. In this application waste 

heat still exists at a reasonably high temperature and 

could be useful for space heating or for drying even 

if it had to be supplemented during furnace shutdown 

by an auxiliary heater. 

The “Waste Heat Management Guidebook” [9] con¬ 

tains much information and several case studies on 

energy recovery. Some of the different types of equip¬ 

ment used for heat recovery are illustrated in figures 

7 through 10, which are taken from this guidebook. 

See also [1] (EPIC) for additional case studies. 

3.3. Insulation 

Furnace insulation that is inadequate or in poor 

condition can waste large amounts of energy, and 

usually in a form that is not readily recoverable. For 

example, the case study of section 2.4 describes an 

actual furnace where 20 percent of the fuel energy was 

still being lost through the insulation after the other 

obvious steps to conserve energy had been taken. 

The best method of detecting large losses through 

the insulation is to perform a heat balance as de- 

Ficure 7. Diagram o) combined radiation- and convective- 

type recuperator. 

0 COOLED HEATED A 
WASTE GAS FLUID I : 

scribed in section 2. One may get an indication of the 

importance of the losses by measuring the temperature 

of the outside furnace walls and roof. A temperature 

of 175 to 250 °F indicates that the losses are reason¬ 

able. A temperature of 500 °F or higher means that 

the losses are probably quite large. An estimate of the 

energy loss per square foot per hour as a function of 

outside wall temperature is shown in figure 11. 
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Figure 9. Diagram of a small radiation-type recuperator 
fitted to a radiant tube burner. 

Figure 10. Heat and moisture recovery using a heat wheel 
type regenerator. 

For a large installation, an infrared thermographic 

survey as described in [9] will accurately indicate the 

temperature of large complex areas. It will also serve 

to identify hot spots, even quite small ones, caused by 

locally damaged insulation. 

Figure 11. Energy loss from furnace walls versus outside wall temperature. 

11 



When installing new insulation or when retrofitting 

existing equipment, one should consider using ceramic 

fiber blankets instead of conventional fire brick. 

Ceramic fiber offers distinct advantages: 

O It has only one-third to one-half the heat con¬ 

ductivity of fire brick and may be installed in cor¬ 

respondingly thinner layers for a given heat loss. 

O It has a heat storage capacity of approximately 

one-tenth that of an equivalent layer of insulating 

brick. This feature saves both energy and time in 

start-up, or in reheating during a batch cycling opera¬ 

tion [1, EPIC Supplement 1, ECO 3.7.2]. 

° It is immune to failures by spalling or cracking 

due to rapid heating and cooling. 

O Its light weight makes it possible to install it 

without major rebuilding of a furnace. 

It likewise has some disadvantages: 

O Since it is very poor in physical strength, it can¬ 

not be installed on furnace floors or in other areas 

where it would be subjected to mechanical abrasion. 

O Since its insulating properties depend on its high 

porosity, its use should be questioned in any service 

where the pores might be plugged up by deposits from 

fumes or by particulate matter. 

O It is intended for installation on the hot side of 

furnace walls or roofs. A blanket of fiber on the cold 

side of an existing furnace wall may cause some of 

the interior layers of brick to heat beyond their useful 

service temperature. 

For additional information on ceramic fiber, see 

references [10] and [11]. 

3.4. Openings and Leaks 

Open ports or leaks in a furnace system waste ener¬ 

gy by radiation losses, by losses due to gas flow 

through the openings, or by a combination of the two. 

Radiation is a line of sight phenomenon. If we can 

see the hot interior of the furnace, heat is being lost 

by radiation. The amount of heat loss is linearly pro¬ 

portional to the area of the opening and is approxi¬ 

mately proportional to the fourth power of the abso¬ 

lute temperature.4 The rate of energy loss is shown in 

figure 12, based on data from reference [12]. 

As an example, a slot opening 6 inches high by 8 

feet long in a 2200 °F forging furnace will lose heat 

4 The temperature above “absolute zero’’, called absolute tempera¬ 
ture, is given on the Rankine scale (in °R) by adding 459.67 to the 
Fahrenheit temperature. 

by radiation at a rate of 79 OOOX (0.5X8) =316000 

Btu/h. This is in addition to any loss resulting from 

gases flowing through the opening. 

Outward gas flow through a port or leak is general¬ 

ly not a major source of energy loss. If the leak is 

merely completely burned hot gas from the furnace, 

it represents a small amount of exhaust gas which 

otherwise would have been wasted up the stack. If 

the outward leak results in long flames outside the 

furnace, it represents incomplete combustion, proba¬ 

bly due to a too-rich fuel-air mixture. Such flames 

represent an energy waste and should be eliminated 

by proper adjustment of the amount of combustion 

air. 

The infiltration of cold air into the furnace repre¬ 

sents a serious energy loss. Every pound of excess 

cold air leaking into a 2200 °F furnace wastes 510 

Btu. Such infiltration commonly occurs because in 

the absence of a well adjusted flue damper there tends 

to be a slight vacuum near the bottom of the combus¬ 

tion chamber. Due to the “chimney effect,” the pres¬ 

sure will be lowest at the furnace floor and will gradu¬ 

ally rise to the local barometric pressure at the point 

where the stack exhausts to the atmosphere. The pres¬ 

sure difference, hence the volume of the air infiltrated 

and the amount of energy lost, depends on the furnace 

temperature, the height of the flue gas exit above the 

furnace floor, and the size of the opening through 

which cold air is entering. Table 4, which illustrates 

the relationship among these variables, is calculated 

from data given in reference [13]. 

Thus a slot opening 8 feet long by 6 inches high in 

a 2000 °F forging furnace, with the stack exhaust lo¬ 

cated 16 feet above the furnace floor, would have the 

following heat loss due to the air infiltration: 

(18 500 Btu/h • sq in) X (8 X 0.5) sq ft 

X (144 sq in/sq ft) = 10 600 000 Btu/h. 

This is equivalent to 76 gal of No. 2 fuel oil wasted 

per hour. To prevent such an excessive loss one must 

install a damper or other constriction in the exhaust 

stack in order to increase the pressure in the combus¬ 

tion chamber to atmospheric or slightly higher. A fre¬ 

quent recommendation, even with openings or leaks 

much smaller than that described above, is to install 

an automatically controlled damper to maintain a 

positive pressure of 0.01 to 0.05 inches of water. 

Thus if leaks do occur, they will be small outward 

leaks and will waste far less energy than will cold air 

infiltration. 
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Figure 12. Energy loss by radiation through openings versus furnace temperature. 

Table 4. Heat loss due to chimney effect 

Furnace 
Temperature 

Heat loss per hour per sq ft of opening, 
for furnace floor to stack exhaust height of: 

6 ft 8 ft 10 ft 12 ft 16 ft 20 ft 

°F Btu Btu Btu Btu Btu Btu 

800 3 600 4 000 4 800 5 200 6 100 6 900 

1200 5500 6 900 7 500 8 100 9 800 11000 

1600 8 200 10 200 11200 12 700 15 200 17 500 

2 000 10 510 13 200 14 700 16 500 18 500 21300 

2 400 13 500 16 200 18 100 20 500 23 200 25 900 
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3.5. Shut Down Idle Equipment 

When heating equipment is out of service, either 

due to scheduled shutdowns or to interruptions in 

production, energy can almost always be saved by 

allowing the equipment to cool down and reheating it 

later. If the shutdown time is short, it may be best to 

permit the equipment to cool to some intermediate 

temperature, to idle at this reduced temperature for 

a period, and then reheat to the operating temperature. 

Unfortunately there seems to be no good general 

law or rule-of-thumb as to when to shut down, when 

to idle at lowered temperature, and when to hold at 

operating temperature. The best decision depends not 

only on the projected down time, but most importantly 

on the characteristics of the specific piece of equip¬ 

ment under consideration. To reach a decision which 

will save the most energy, one needs several bits of 

information: 

O The time required for the equipment, with burn¬ 

ers off, to cool to room temperature and several inter¬ 

mediate temperatures. 

O The rate of fuel flow required to idle at operating 

temperature and at each of the intermediate tempera¬ 

tures. 

° The time required to reheat from room tempera¬ 

ture and from each of the intermediate temperatures. 

O The total fuel required to reheat from each of 

the above temperatures. 

° The maximum rate of temperature change that 

will not result in equipment damage. 

With this information and a projected down time 

schedule, the cycle which uses the least fuel is easily 

determined. This process is further discussed and 

illustrated in EPIC [1, ECO 3.9.1 and 3.9.2]. 

It is recognized that in some cases the desired shut¬ 

down and reheat cycle may incur some additional 

labor costs; in others, product or equipment may be 

damaged by excessive rates of heating or cooling. 

These costs must, of course, be balanced against the 

savings in the cost of energy. 

3.6. Schedule Furnace Output for Efficient 

Operation 

It is better to operate heating equipment at the 

most efficient operating load rather than at some 

lower production rate. It is simple to translate this 

conventional wisdom to actual fuel usage and costs. 

As an example, consider a continuous brazing fur¬ 

nace fired at the rate of 5 X 106 Btu per hour, with a 

full load capacity of 100 units of product per hour. A 

heat balance shows that 1X106 Btu actually heats the 

product (10 000 Btu/unit), while the other 4X10° 

Btu goes to stack and other losses. This is a reasonably 

high energy efficiency for a heat treating operation 

[14], If the required production rate is reduced to 

one-third of the furnace capacity, two general alterna¬ 

tives apply: 

(1) The furnace can be operated at 100 units per 

hour, but only operated every third day or third week. 

The fuel usage will be 5 X 106 Btu/h or 50 000 Btu per 

unit of product, disregarding the energy required to 

reheat the furnace to working temperature. 

(2) The furnace can be operated every day with 

product fed at only 33 units per hour. Under these 

conditions, the furnace will still waste energy at the 

rate of 4X106 Btu/h and will deliver 330 000 Btu/h 

to the product. Total fuel usage will be 4 330 000 

Btu/h or 131 000 Btu per unit. 

The second alternative is probably more convenient 

to schedule in that it minimizes the problems of ma¬ 

terial handling, of storage space for a larger work-in- 

process inventory, and of poor worker morale that 

sometimes (not always!) results from frequent 

changes in job assignments. It also increases by 

81 000 Btu the energy used per unit of product. With 

oil at 350 per gallon, this represents a cost increase of 

200 per unit. 

Alternative number one, in spite of its scheduling 

inconvenience, is very attractive. 

In some cases one may desire to increase the 

throughput of an existing furnace. If in the previous 

example one wished to increase the production rate 

from 100 to 120 units per hour, it could conceivably 

be accomplished by speeding up the conveyor mech¬ 

anism by 20 percent. Since this would reduce the dwell 

time of the product in the furnace, it might be neces¬ 

sary to increase the heat transfer rate by raising the 

temperature of the furnace atmosphere, thus increas¬ 

ing the fuel consumption per hour. The higher tem¬ 

perature in the furnace would result in increases in 

stack loss and in the loss through furnace walls and 

roof. The increased volume of hot gas flowing would 

cause greater turbulence, which would increase both 

the heat transfer to the product and the loss through 

the walls. 

The result of all of these conflicting changes is very 

difficult to estimate; it might be that the scheme is 
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possible, but only at a sacrifice in efficiency, i.e., an 

increase in fuel used per unit of product. If the con¬ 

veyor already has a variable speed drive, it might be 

possible to try the proposal and generate a new heat 

balance. If not, a discussion with the furnace manu¬ 

facturer or a competent consultant is suggested before 

expensive and irreversible changes are made. A dis¬ 

cussion of factors controlling efficiency of furnaces 

including the effect of throughput loading is given by 

Essenhigh and Tsai [15] [16]. 

3.7. Minimize Energy Loss During Cycling 

When a batch furnace is opened to remove one 

load and put in another, it is obvious that large 

amounts of energy are lost by radiation and cold air 

infiltration as discussed in section 3.4. The loss can 

be measured by a rather simple experiment: 

(1) Open the hot furnace and remove a batch of 

product as usual. 

(2) Reload any jigs or fixtures that are normally 

used but do not load any product into the 

furnace. 

(During the steps above, the furnace should be open 

for the length of time that is normal in production.) 

(3) Close the furnace, and reheat to operating 

temperature. 

The amount of fuel used during these steps is a 

direct measure of the loss due to cycling. 

The major source of the energy lost is the stored 

heat or sensible heat in the hot furnace walls, floors, 

and roof. The loss mechanisms are both radiation and 

cold air infiltration through the open door(s), as dis¬ 

cussed in section 6.4. The normal heat loss by con¬ 

duction through the furnace walls is usually small 

when compared to this “open door” loss. Another 

(usually less important) source of energy lost is the 

sensible heat of any jigs, fixtures, or carriers which 

must be heated and cooled during each cycle. These 

facts point to several techniques of conserving energy: 

° Since the heat flow through open doors is a func¬ 

tion of time, energy is saved by keeping the open- 

door time as short as possible. If, for example, one 

must wait 10 minutes for arrival of the next batch 

of product to be treated, shut the door during the 

waiting period. 

° Supporting jigs and fixtures should be designed 

for minimum heat capacity. In general, this means 

designing to minimum mass. Note that in terms of 

heat capacity per pound, most metals store only half 

as much heat as do ceramics [12] [17]. 

O The most important method of saving energy in 

a furnace which must be cycled is to use an insulat¬ 

ing material which has a very low heat capacity per 

unit volume, such as ceramic fiber. The following 

analysis is based on data furnished by an insulation 

manufacturer: 

A wall of insulating fire brick, designed for furnace 

temperature of 2000 °F and a cold face at 200 °F, 

would be about 12 inches thick and would store 

12 600 Btu/sq ft of sensible heat. In a furnace with 

inside dimensions of 8 ft X 6 ft X 5 ft, this amounts 

to a total storage of 2 970 000 Btu. If the furnace 

cooled to 1700 °F during a batch change, the storage 

would be reduced to 2 510000 Btu and the energy loss 

would be 460 000 Btu. 

Ceramic fiber insulation, on the other hand, would 

be only 4.7 inches thick and would store only 680 

Btu/sq ft. The total stored heat would be 733 000 Btu, 

most of it in the brick floor, and the loss in cooling 

from 2000 to 1700 °F would be only 114 000 Btu. 

Assuming a stack loss of 45 percent during the reheat 

period, the fuel saving due to ceramic fiber insulation 

is: 

(460 000 - 114 000) Btu 
- = 4.5 gal of fuel oil. 
(1-0.45) X 140 000 Btu/gal 

If, instead, the temperature dropped to 1500 °F 

during cycling, the saving would be 7.2 gal of oil. 

For heating up from room temperature, the firebrick 

insulation would require 38.5 gal of oil; the ceramic 

fiber design only 9.5 gal. 

3.8. Miscellaneous Energy Conservation 

Opportunities 

There are many practices and procedures that 

waste energy but go unnoticed because “we have al¬ 

ways done it this way.” This listing cannot pretend 

to be exhaustive, but covers some of the more im¬ 

portant points. Note that these practices are apt to be 

those that were started when the cost of energy was 

rather unimportant: 

O Over-specification by the parts designer is some¬ 

times due to an early desire for a large factor of 

safety, to a reluctance to change something that is 

working, or to a lack of appreciation of the present 

cost of energy and its probable future increase. Ex¬ 

amples include such things as a carburized case spe¬ 

cification of 0.040 in when 0.020 in is adequate, or a 
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drying and baking schedule for a painted part of one 

hour when 20 minutes is long enough. Design engi¬ 

neers will usually welcome cost saving suggestions, 

particularly if the credit is shared. 

0 Production people are guilty of an energy waste 

when they extend an annealing cycle two hours longer 

than is necessary or when they start heating up a cold 

furnace earlier than need be because “it is more con¬ 

venient.” Education and an energy conscious approach 

are needed. 

O Protective gas atmospheres which are allowed to 

flow at a greater rate than is essential are wasting 

energy, both in the mass of gas which must be heated 

in the furnace and in the fuel value of the protective 

gas used. 

° Massive jigs, carriers, or fixtures which must be 

heated and cooled with each batch or with each trip 

through a continuous furnace constitute a built-in 

energy waste. Such jigs should be as low in weight 

as possible. In some cases they can be completely 

eliminated. 

O Water cooled rails, supports, door parts, etc., 

waste energy with every gallon of warm water that is 

sent to the drain. They can often be replaced with parts 

made of heat resistant alloys or ceramics, or the heat 

in the water may be recovered. 

O Scaling problems have sometimes been controlled 

by using expensive alloys when the same result might 

have been achieved by adjusting the excess air to keep 

the furnace atmosphere down to 1 or 2 percent oxy¬ 

gen. The latter course saves energy both in the heat 

treating furnace and in the alloy preparation. 

3.9. Continuous Efficiency Monitoring 

The most efficient of furnaces can drift from its 

optimum adjustments unless it is monitored on a regu¬ 

lar basis. 

The most important monitoring instrument is a fuel 

usage meter. Preferably, one should be installed on 

each major piece of fuel-using equipment and read 

at the beginning and end of each shift or, at least, 

weekly. A graph or a tabulation of fuel consumption 

per unit of production will show changes in equipment 

or in production practices which affect energy effi¬ 

ciency adversely. Just as important, such monitoring 

will indicate the efficacy of an energy conservation 

project. 

Fuel monitoring is the most important measurement 

for energy efficiency, but it has its limitations. It can 

detect some of the causes of possible energy waste, 

particularly those that have to do with schedule 

changes such as excessive idling, changes in batch 

size, changes in product design, etc. In the case of 

other possible causes for energy waste, such as a 

change in the amount of combustion air, fuel moni¬ 

toring alone will disclose a change but will give no 

clues as to the cause. For this reason, some additional 

monitoring is desirable. 

As discussed in other sections of this handbook, a 

complete flue gas analysis is a very useful tool for 

checking furnace efficiency. Such an analysis is sug¬ 

gested at regular intervals. Possible schedules might 

be set up for checking monthly, quarterly, or after 

500 to 1000 hours of operation. 

For a major user of energy, one should consider 

the installation of an electronic instrument for the 

continuous indication and/or recording of oxygen 

content in the flue gas. Such an instrument will indi¬ 

cate very rapidly any change in the amount of com¬ 

bustion air, a change in air infiltration, or even prob¬ 

lems with a new batch of fuel oil. The cost of such an 

installation may be difficult to justify in some cases, 

but the speed with which it can indicate trouble can 

save both fuel and production material. Note also 

that if it shows a rapidly decreasing amount of oxy¬ 

gen in the flue gas, it can be a warning of possible air 

pollution problems. 

An instrument for measuring flue gas temperature 

is not often installed, since it can be assumed that this 

temperature depends directly on the control tem¬ 

perature in the furnace. If, however, a recupera¬ 

tor or other waste heat recovery device is installed, 

one should measure the temperature at the flue gas 

outlet from this heat exchanger. A change in this 

temperature, if not accompanied by a change in fur¬ 

nace temperature, would indicate that the heat ex¬ 

changer is not operating properly and needs mainte¬ 

nance or repair. 

No monitoring instrument can replace the need for 

a good preventive maintenance program. The reverse 

is also true; the best of maintenance skills does not 

do the same job as instrumentation. To hold to a high 

level of energy management, both maintenance and 

monitoring are needed. 

4. Methods of Calculation 

If one is estimating a heat balance for the purposes 

described in this guide, the calculations are few in 

number and are not complex. If, on the other hand, 

an engineer is designing a complex system the job is 

more complicated, the calculations more numerous, 
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and the results must be more accurate. The methods 

described here are of the simpler type, and an ac¬ 

curacy of ±5 to 10 percent may be expected. 

In estimating a heat balance, there are three differ¬ 

ent types of heat energy that must be considered: heat 

of combustion, sensible heat, and process heat. 

4.1. Heat of Combustion 

Heat of combustion is the energy released when fuel 

is burned. There are two heating values given for any 

fuel. The gross (or “higher”) heating value is that 

which would be realized by completely burning the 

fuel to carbon dioxide and water and condensing all 

the water produced to liquid at 25 °C to recover heat 

of vaporization. The net (or “lower”) heating value 

is the gross heating value minus the heat of vaporiza¬ 

tion of the water in the combustion products. 

Both these heating values are in a sense artificial, 

but they are useful for heat balances and for use in 

comparing fuels. In calculating heat balances, we have 

ignored the difference between net and gross values. 

This introduces a small error, less than 5 percent, but 

serves to simplify calculations. 

Table 5 lists the approximate gross heat of combus¬ 

tion of typical samples of a few common fuels [1]. 

Additional gross heating values for different grades of 

Table 5. Gross heat of combustion of common fuels 

Fuel Density 
Gross heat 

of combustion 

lb/gal lb/scf a Btu/lb Btu/scf ° 

Natural gas 0.0425 23 500 1000 
Fuel oil, #2 7.20 19 500 
Propane 4.22 0.120 21 700 2530 
Coal 14 000 
Air 0.0766 

“The standard cubic foot (scf) is determined at 60 °F and 
sea-level atmospheric pressure. The effect on gas volume due 
to changes of temperature and pressure is discussed in section 
4.6. 

Table 6. Gross heat of combustion of fuel oil by grade 

Fuel Oil Density 
Gross heat of 
combustion 

Grade lb/ gal Btu/lb 

#1 6.83 19 780 
#2 7.20 19 500 
#4 7.58 19 190 
#5 7.89 18 930 
#6 8.50 18 390 

fuel oil [1] are given in table 6. In most cases your 

fuel vendor can furnish you a more accurate figure 

for the heat of combustion of the fuel you are using. 

Since oils and coals can vary over a reasonably wide 

range, it is strongly suggested that you do contact 

your vendor for an accurate figure. 

4.2. Sensible Heat 

Sensible heat is the energy contained in a material 

because of its temperature; it can be “sensed.” Since 

it is dependent on temperature, it is convenient to 

choose a base temperature as a reference, and for this 

discussion 70 °F has been chosen as the base. This 

means that a material at 70 °F is considered to have 

no sensible heat; at higher temperature it does have 

sensible heat. The amount of sensible heat is expressed 

by 

H — m X Cp X At 

where 

H = sensible heat in Btu, 

m = mass of the material in pounds, 

Cp = specific heat of the material in Btu/lb-°F, 

and 

At = temperature of the material in °F minus 

70 °F. 

Since the Btu is defined as the energy required to 

raise the temperature of one pound of water one de¬ 

gree Fahrenheit, the specific heat of water is one 

Btu/lb-°F. The specific heats of some common ma¬ 

terials [12] are shown in table 7. 

Table 7. Specific heat of some common materials 

Material Specific heat 

Btu/lb- °F 

Air 0.24 
Flue gas 0.24 
Carbon dioxide 0.20 
Nitrogen 0.25 
Oxygen 0.22 
Water vapor 0.45 
Steel 0.12 
Aluminum 0.22 
Copper 0.095 
Glass 0.20 
Brick 0.21 
Water 1.00 
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As an example, the heat flow represented by alu¬ 

minum leaving an oven heated to 450 °F, at the rate 

of 200 lb/min, is 

H = 200 lb/min X 0.22 Btu/lb - °F X 

(450—70) °F - 16 700 Btu/min. 

As a second example, suppose one knows from pre¬ 

vious calculations that the heat carried by a stream of 

flue gas is 5 000 000 Btu/h, that its measured tem¬ 

perature is 550 °F, and one desires to know the mass 

flow. The original equation, H = mXCpX/\t, can be 

rearranged to read 

H 
m — —-. 

CpXAt 

Therefore, 

„ 5 000 000 Btu/h 
mass How =--- 

0.24 Btu/lb-°FX (550-70 ) °F 

= 43 400 lb/h. 

4.3. Process Heat 

The third type of heat that it is necessary to con¬ 

sider in some heat balances can be called “process 

heat.” For the purpose of this guide, we will define it 

as the heat needed to change the physical or chemical 

state of a product without changing its temperature. 

For example, about 1054 Btu is needed to change a 

pound of water at 70 °F into vapor at 70 °F, and 

even more energy is then needed to heat the vapor to 

a high temperature as in a steam boiler. The 1054 Btu 

is the heat of vaporization of water. 

Another example is the heat necessary to turn a 

crystalline solid into a liquid; the heat of fusion. This 

can vary from 200 Btu/lb for salt, to 10 Btu/lb for 

lead, to essentially zero for materials like plastics that 

do not have a definite melting point [17]. 

Many chemical reactions involve a third type of 

process heat; the heat of reaction. The heat of com¬ 

bustion discussed above is, of course, a special and 

very important case of a reaction which releases large 

amounts of heat. Some reactions, however, will ab¬ 

sorb heat. The burning of limestone to quicklime, for 

example, requires 750 Btu per pound of stone fired in 

addition to the heat needed to get the material up to 

the reaction temperature. Such reactions can be im¬ 

portant in heat balance calculations in chemical manu¬ 

facture, in smelting ores, and in making cement. 

For the manufacturing areas considered in this 

guide, the most important type of process heat is the 

heat of vaporization of any fluid to be driven off by a 

drying process. Table 8 shows this energy for a few 

representative solvents [17]. 

Table 8. Heat of vaporization of some solvents 

Solvent 
Heat of 

vaporization 

Water 
Btu/lb 

1054 
Acetone 220 
Benzene 170 
Ethyl alcohol 370 
Propyl alcohol 290 
Trichloroethylene (TCE) 100 
Ethyl acetate 180 
Gasoline 110 
Turpentine 125 

4.4. Calculations for a Heat Balance 

(Paint Drying Oven) 

Utilizing the concepts above, the heat balance for 

the paint dryer shown previously in figure 4 and, 

with more detail, in figure 13 was calculated as 

follows. 

First, it was assumed that these data and measure¬ 

ments were available: 

Mass of steel processed 5 

Mass of paint solids used 5 

Mass of paint solvent5 

Solvent, heat of combustion 

Solvent, heat of vaporization 

Gas to oven (4800 scfh)5 

Gas to incinerator (4670 scfh)5 

Air input (455 000 scfh)5 

Temperature of output steel5 

Temperature of stack gas 5 

10 000 lb/h 

310 lb/h 

290 lb/h 

18 400 Btu/lb 

185 Btu/lb 

204 lb/h 

198 lb/h 

34 853 lb/h 

400 °F 

1600 °F 

Using these data, a tabulation of all of the material 

and energy inputs to the system was made: 

INPUT 

Steel 

Paint solids 

Paint solvent 

Gas (204+198) lb/h 

Air 

10 000 lb/h 0 Btu/h® 

310 lb/h 0 Btu/h® 

290 lb/h 5 330 000 Btu/h7 

402 lb/h 9 447 000 Btu A8 

34 853 lb/h 0 Btu/h® 

TOTAL 45 855 lb/h 14 777 000 Btu A- 

6 

e 
7 

8 

See section 5 for methods of measurement. 
Since these are at 70 °F, they contain no sensible heat. 
290 lb/h X 18 400 Btu/lb = 5 330 000 Btu/h. 
402 lb/h X 23 500 Btu/lb = 9 447 000 Btu/h. 
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The next step is to tabulate all of the mass and 

energy outputs of the system. In order to do this, one 

must calculate the mass and energy of the hot stack 

gas. The mass is simply the sum of the masses of in¬ 

put air, the natural gas, and paint solvent: 

Air 34 853 lb/h 

Gas 402 lb/h 

Solvent 290 lb/h 

TOTAL 35 545 lb/h. 

At 1600 °F, the sensible heat in the stack gas is: 

H = 35 545 lb/h X 0.24 Btu/lb - °F 

X (1600-70) °F = 13 052 000 Btu/h. 

LOSS 
0 50 MBtu/h 

AIR & STACK GAS 
AT 1600 °F 

465 000 scfh 
35 545 lb/h 
13.11 MBtu/h 

LOSS 
0.75 MBtu/h 

STEEL 
1 0 000 lb/h \ 

PAINT SOLIDS 
310 lb/h ' 

SOLVENT Z'- 
290 lb/h 
5.33 MBtu/h 

455 000 scfh 
34 853 lb/h 

NATURAL GAS 

4670 scfh 
lb/h 

4.65 MBtu/h 

AIR. STACK GAS. A 
SOLVENT VAPOR AT 
500 °F 
460 000 scfh 
35 347 lb/h 
8 96 MBtu/h 

PAINTED STEEL 
AT 400 °F 

4800 scfh 
204 Ih/h 
4.79 MBtu/h 

Figure 13. Heat balance for a paint drying oven and fume 
incinerator. 

To this must be added the process heat (the energy 

used to evaporate the solvent) using the heat of 

vaporization, 185 Btu/lb: 

= 290 lb/h X 185 Btu/lb = 54 000 Btu/h. 

The total stack loss is the sum of the sensible heat and 

the process heat, or 13 106 000 Btu/h. 

The energy leaving the system with the painted steel 

is: 

H = 10 310 lb/h X 0.12 Btu/lb-°F 

X (400-70) °F = 408 000 Btu/h. 

The last two calculations account for (13 106 000 

+ 408 000) Btu/h or 13 514 000 Btu/h. Subtracting 

this from 14 777 000 Btu/h, the total input, leaves 

some 1263 000 Btu/h which is not accounted for. 

This energy is the amount that was lost by radiation 

and convection from the surfaces of the oven, the 

incinerator, and the duct work. It can also, of course, 

be partially due to errors in measurement. In the out¬ 

put tabulation it is listed as “other losses”: 

OUTPUT 

Painted steel 10 310 lb/h 408 000 Btu/h 

Stack gas 35 545 lb/h 13 106 000 Btu/h 

Other losses — lb/h 1 263 000 Btu/h 

TOTAL 45 855 lb/h 14 777 000 Btu/h 

The very large stack loss suggests that the first 

order of priority in energy conservation is to recover 

some of this waste heat. A possible method of doing 

this was shown in figure 5, where heat from the stack 

is used to preheat the oven exhaust before it enters 

the incinerator. To evaluate this possibility, one needs 

an estimated heat balance on the proposed system in 

order to find out how much fuel might be saved. 

Before proceeding with a complete heat balance, 

however, a quick check on feasibility can be done. It 

is obvious from inspection of figure 5 that any fuel 

saving achieved will be in the amount of gas fed to 

the incinerator. This gas, in the original system, is 

furnishing 4.65 MBtu/h (million Btu per hour). Can 

this much energy be recovered by the proposed heat 

exchanger ? 

The purpose of the heat exchanger is to heat the 

500 °F oven exhaust up to a temperature which will 

start the ignition of the solvent vapors. In so doing, 

the stream of 1600 °F flue gas will be cooled to some 

extent. It can not, however, be cooled below the 

500 °F of the oven exhaust; for the heat exchanger 

to work properly the cooled flue gas must exit at a 

temperature above 500 °F. The question now becomes, 

what is the estimated temperature of the flue gas after 

4.65 MBtu/h has been recovered by the heat 

exchanger? 

From the previous calculations, it is known that the 

1600 °F flue gas from the incinerator carries 13.05 

MBtu/h in sensible heat. If 4.65 MBtu is taken from 

it, the exit gas will carry 8.40 MBtu/h, and its tem- 
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perature can be estimated by rearranging the sensible 

heat equation to read: 

H 
M = -— 

m XLp 

8.40 X 106 Btu/h 

~~ 35 545 lb/h X 0.24 Btu/lb • °F 

= 980 °F 

t = (980 + 70) °F = 1050 °F. 

Since the temperature of the stream from the oven 

to be heated has been measured at 500 °F, it seems 

safe to assume that the heat exchanger will work as 

planned, and that all of the gas now fed to the in¬ 

cinerator can be saved. 

Having ascertained that no gas will be needed at 

the incinerator, and having estimated the new stack 

loss, 8.40 MBtu/h, one has all the information needed 

to construct a new heat balance on the system. Assum¬ 

ing a gas cost of $1.50 per 1000 cf and operation for 

4000 hours per year, the annual saving can be esti¬ 

mated as 4670 cfhX4000 h/yrX $1.50/1000 cf = 

$28 000 per year. 

Savings estimates of this type must be approached 

with some caution. In the present case, for example, 

some gas must be burned in the incinerator when 

starting up a cold system in order to get the incinera¬ 

tor up to the required 1600 °F. Perhaps more im¬ 

portantly, if the system is run at a lowered production 

rate while the air flow through the oven is maintained 

at full rate, there will be a need to burn some gas 

continuously to keep the incinerator hot. Such prac¬ 

tices will definitely reduce the estimated saving. An 

equipment designer or a consultant can assist in evalu¬ 

ating the effects of such interruptions and lowered 

production rates. 

4.5. Calculations from Flue Gas Analysis 

In direct fired systems which do not require large 

quantities of excess air it is much more convenient 

and accurate to start calculations from a flue gas 

analysis rather than from measurements of air flow 

in a large duct or stack. Such an analysis measures 

the percentage of carbon dioxide or oxygen, or both, 

and the results are expressed as the percent of excess 

air supplied for combustion. 

The chemical reaction involved in burning natural 

gas may be written as: 

CH4 + 202 + 7.5N2 C02 + 2H20 + 7.5 N2 + Heat 

This equation says that if one volume of methane is 

perfectly mixed and burned with 9.5 volumes of air, 

the product will be hot flue gas consisting of one 

volume of carbon dioxide, two volumes of water 

vapor, and 7.5 volumes of nitrogen. If more than the 

required amount of air is used, the flue gas will con¬ 

tain some oxygen, and a larger amount of nitrogen 

than normal. Conversely, if insufficient air is used, 

the methane will not be completely burned and the 

flue gas will contain some carbon monoxide (CO). 

If the fuel is coal or heavy oil it becomes difficult 

to achieve the perfect mixing of air and fuel vapor 

assumed in the above equation. In such cases, the flue 

gas may contain particles or droplets of partially de¬ 

composed fuel, resulting in fuel waste, visible smoke, 

and usually a rather large quantity of CO. In severe 

cases one can find unburned fuel, CO, and 02 existing 

simultaneously in the flue gas. Thus, although gas can 

be burned with only 1 or 2 percent excess air, it is 

usually necessary to burn oil or coal with an excess 

of 10 to 15 percent. 

The amount of air theoretically required for the 

combustion of different fuels [12], expressed as 

pounds of air per pound of fuel burned, is shown in 

table 9. 

Table 9. Air required for the combustion of some fuels 

Fuel 
Theoretical air requirement, 

pounds of air per pound of fuel 

Natural gas 17.3 
Fuel oil (#2) 15.3 
Heavy fuel oil 14.9 
Propane 15.7 
Coal 13 (approximate) 

If a pound of natural gas is burned with 17.3 lb of 

air, it will produce 18.3 lb of flue gas which will con¬ 

tain no uncombined oxygen, i.e., there is no excess 

air. 

If 100 percent excess air is used, the mass of flue 

gas will be (1+17.3 + 17.3) lb = 35.6 lb, and the oxy¬ 

gen content will be about 11 percent by volume. 

The importance of controlling excess air is illus¬ 

trated by calculating the stack loss for the above two 

cases, assuming a stack temperature of 1000 °F, and 

a heat of combustion of 23 500 Btu/lb. 

At 0 percent excess air, the heat in the stack gas is: 

H = 18.31b X 0.24 Btu/lb-°F X (1000 - 70) °F 

= 4085 Btu. 
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The percent loss is : 

4085 Btu 

23 500 Btu 
X 100 = 17.4 percent. 

At 100 percent excess air, the heat in the stack gas 

is: 

H =35.6 lb X 0.24 Btu/lb- °F X (1000 - 70) °F 

= 7945 Btu. 

The percent loss is: 

7945 Btu 

23 500 Btu 
X 100 = 33.8 percent. 

This method of calculation was used in setting up 

the curves in figure 2. It can also be used to extend 

the curves to higher values of excess air. The use of 

such curves or tables makes possible the simple cal¬ 

culating methods used in section 2.2, showing energy 

balances on a heat treating furnace. 

When the quantity of excess air becomes very high, 

more than about 200 percent, one must revert to 

actual measurement of both fuel and air flows. This is 

because most of the instruments and methods for flue 

gas analysis were designed to achieve their maximum 

precision at or near 0 percent excess air. 

Vendors of gas analysis equipment usually furnish 

curves or tables to translate instrument readings into 

percent excess air. Figure 14 is representative of this 

type of information assuming that no CO is present. 
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A more accurate calculation of excess air can be 

made from the nitrogen content as determined by an 

Orsat analysis. Assume one is burning oil or gas and 

that unburned hydrocarbons are negligible. The Orsat 

analysis (sec. 5.4) gives us dry volume 9 fractions of 

N2, 02, C02, and CO in the stack gas. First, the com¬ 

position should be adjusted to complete combustion: 

half the volume fraction of CO present should be sub¬ 

tracted from the volume fraction of 02 to give a new 

effective 02 fraction (this reflects the fact that if the 

CO were burned, half a volume of 02 would be con¬ 

sumed for each volume of CO). 

Each volume of effective 02 brought in 79/21 vol¬ 

umes of nitrogen with it which were completely sur¬ 

plus. The ratio of this surplus nitrogen to the non¬ 

surplus nitrogen is simply the excess air. Thus: 

Vs = 

PVT 8 

PST 

where 

P= absolute pressure of the gas being measured, 

V = volume of the gas (or volume flow rate), 

T = absolute temperature of the gas (°F + 460), 

and 

Ps, V8, Ts = pressure, volume, and temperature at 

standard conditions. 

In most of the cases under consideration here, the 

value of P will be the same as Ps within about 2 per¬ 

cent (8 inches of water or 0.3 psi), and the pressure 

terms can be neglected. In such cases, 

^ (02 —1/2 CO) 

N2—=(02 —1/2 CO) 

X 100 = percent excess air, 

where N2 stands for the volume fraction of N2 in the 

stack gas, etc. 

4.6. Calculation of Mass Flow Rates for Cases 

Vg = 
VTg 

If, in the example above, the measured temperature 

was 500 °F, then 

Vg = 
53 000 cfh X (60 + 460) 

(500 + 460) 

= 28 700 standard cubic feet per hour (scfh). 

In calculating heat balances, it is more convenient 

to use mass flow rates instead of volumetric rates, or 

sometimes gas velocities, which are obtained by the 

usual methods of measurement (sec. 5). The conver¬ 

sion of these measurements to mass rates involves 

three steps: 

(1) To convert gas velocity to volumetric flow rate, 

one merely multiplies the velocity by the cross sec¬ 

tional area of the duct. For example, if one measures 

an average velocity of 500 ft/min in a round duct 1.5 

ft in diameter, the volumetric flow rate is: 

tt(1.5) 2 sq ft 
500 ft/min X - X 60 min/h 

4 

= 53 000 cubic feet per hour (cfh). 

(2) The volume rate should then be converted to 

standard temperature and pressure, 60 °F and 30 

inches of mercury (406.5 inches of water or 14.7 psi). 

According to the gas laws: 

9 The water formed by burning Hs is condensed during the sampling 
procedure. 

If the gas pressure is much above atmospheric, say 

more than 1 psig (pounds per square inch—gage), 

the pressure terms should be included in the calcula¬ 

tion. Note that the pressures may be in any convenient 

units as long as both pressures are expressed in the 

same units, and that they must be absolute pressures, 

i.e., referred to a vacuum and not to the local atmos¬ 

pheric pressure. 

(3) The final step is to convert to a mass flow rate 

by multiplying the standard volumetric rate by the 

gas density. Table 10 lists the density of some of the 

common gases at standard conditions [1]. 

The density of a mixture of gases can be calculated 

if the analysis by volume is known or can be esti¬ 

mated. The formula is: 

(aXda) + (bxdb) + (cXdc) +. . . =dm 

where 

a, b, c, etc. = volume fraction of the different gases, 

da, db, dc, etc. = density of the different gases, and 

dm = density of the mixture. 
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Table 10. Density of some common gases at standard 
temperature and pressure 

Gas Density 

Air 
lb/ scf 

0.0766 
Oxygen 0.0846 
Nitrogen 0.0744 
Carbon monoxide 0.0740 
Carbon dioxide 0.1170 
Water vapor 0.0476 
Natural gas (methane) 0.0425 
Propane 0.1196 
Hydrogen 0.0053 
Acetylene 0.0697 
Ammonia 0.0456 
Dissociated ammonia 0.0228 
Paint solvents 0.2 to 0.3 
Flue gas (natural gas) 0.074 (approximate”) 

Flue gas (fuel oil) 0.077 (approximate”) 

” Assumes the presence of all of the water of combustion 
and 50 percent excess air. If the excess air is very large, as in 
a paint dryer, assume the same density as air. 

For example, consider a moisture free gas for a 

controlled furnace atmosphere with an analysis as 

shown below: 

Fraction Density 

by volume lb/scf 

C02 (carbon dioxide) 0.055 X 0.117 = 0.00644 
CO (carbon monoxide) 0.09 X 0.0740 = 0.00666 
CHi (methane) 0.008 X 0.0425 = 0.00034 
H2 (hydrogen) 0.15 X 0.0053 = 0.00080 
N2 (nitrogen) 0.697 X 0.0744 - 0.05185 

Density of mixture = 0.0661 lb/scf 

If this mixture represents the gas in the previous 

example, with a volumetric flow of 28 700 scfh, the 

mass flow rate is: 

28 700 scfh X 0.0661 lb/scf = 1897 lb/h. 

5. Methods of Measurement for 
Heat Balances 

In previous sections it was pointed out that meas¬ 

urements of such items as fuel usage rate, temper¬ 

atures, flue gas analysis, etc., are necessary for esti¬ 

mating a heat balance. Here we suggest methods of 

obtaining these necessary measurements. For a more 

detailed treatment of measuring methods the reader 

may consult references [1, sec. 9], [12], and [18]. 

5.1. Fuel Consumption 

The ideal instrument for measuring the flow of gas 

or oil to a furnace is a positive displacement totalizing 

meter of the type used by fuel vendors. If such a meter 

is read once an hour, or even once a shift, the 

hourly fuel rate is readily calculated for the furnace 

on which the meter is installed. One meter can easily 

be used for several furnaces if appropriate pipe fittings 

and valves are installed in the fuel line to each fur¬ 

nace. 

Flow rate indicators, such as orifice plates or 

rotameters, are usually less expensive than totalizing 

meters and may be adequate for measuring a flow 

rate that is steady over long periods of time. They 

are not satisfactory when the temperature control sys¬ 

tem is one which makes frequent large changes in the 

amount of fuel supplied. In such cases, a totalizing 

meter is essential. Flow rate indicators can be useful 

to assure that proper fuel distribution exists among 

the individual burners of a multi-burner installation. 

This requires, of course, an indicator installed on each 

individual burner. 

Meters of any type should be sized for the job. For 

example, if a furnace uses 100 cfh of gas, a suitable 

meter should indicate amounts as small as 1 cf. If, on 

the other hand, the usage is 10 000 cfh, a minimum 

indication of 100 cf would be adequate. 

5.2. Energy Input to Electric Furnaces 

The instantaneous flow rate of electric energy to a 

resistance heater can conveniently be measured with a 

clamp-on ammeter. This instrument will measure the 

current demand in amperes if one of the wires to the 

furnace is surrounded by the spring loaded C-clamp 

which is part of the instrument. The flow rate (power) 

in watts is simply amperes times the applied voltage 

or, if multiple heating elements are wired into a 3- 

phase network, power is amperes times volts times 

the square root of three (1.732). 

If the temperature control system is of the full on- 

off variety, one can measure energy by wiring an elec¬ 

tric clock across the heater terminals to indicate the 

total turned-on time. For example, if after 8 hours of 

elapsed time the clock indicates 5.5 hours, and the 

heaters draw 15 kilowatts, the average energy usage 

rate is 15 kWx5.5 h/8 h=10.3 kW. 

If the temperature is controlled by a throttling de¬ 

vice, such as variable inductance transformers or 
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silicon controlled rectifiers (SCR’s), or if the furnace 

is heated by induction, one must use a recording kilo¬ 

watt hour meter of the type used by the electric util¬ 

ity companies. 

5.3. Temperature 

For the temperature range of concern in this hand¬ 

book, a thermocouple is by far the most convenient 

and satisfactory measuring device. Details of the vari¬ 

ous types of thermocouples and their application are 

well covered in the references already cited, as well 

as in manufacturer’s literature. 

Thermometers of either the bi-metallic or liquid 

filled variety may be less expensive. They are, how¬ 

ever, limited to temperatures below about 800 °F, 

and can be inconvenient to read if the required loca¬ 

tion of the measurement is in a spot that is difficult 

to reach. 

When the temperature to be measured is that of 

furnace flue gas, the temperature should be measured 

as near as possible to the point at which the gases 

leave the combustion chamber. If the measurement is 

made after the gas has been cooled, either by wall 

losses from duct work or by the infiltration of cold 

air, the resulting heat balance will be erroneous. If 

the flue gas is fed from the combustion chamber to 

waste heat recovery equipment such as a recuperator, 

a heat exchanger, or a waste heat boiler, temperature 

measurements should be made at both the combustion 

chamber exit and the exit from the heat recovery 

device. Both measurements are needed in order to 

assure that the heat exchanger is continuing to oper¬ 

ate properly. Baumeister and Marks Handbook [12] 

explains these and other temperature measuring tech¬ 

niques. 

5.4. Flue Gas Analysis 

The Orsat analyzer, a selective absorption device, 

has long been considered the standard instrument for 

a flue gas analysis [19], It analyzes separately for 

the following gases by volume: 

O Carbon dioxide (C02), an indicator of the 

amount of excess air, assuming complete combus¬ 

tion. 

O Carbon monoxide (CO), which, in amounts of 

more than about 0.1 percent, is an indicator of 

incomplete combustion. 

O Oxygen (02), a rather accurate indicator of the 

amount of excess air; its absence suggests incom¬ 

plete combustion. 

° Nitrogen (N2), which is not analyzed directly 

but is assumed to be the remainder of the sam¬ 

ple. 

Water is condensed during the sample preparation. 

Its amount in the hot flue gas can be estimated from 

the amount of excess air coupled with knowledge of 

the type of fuel used (see sec. 4.6 on density of 

gases). 

Figure 15 shows in graphical form the changes in 

an Orsat analysis of the flue gas when burning na¬ 

tural gas with various air/fuel ratios. The curves were 

calculated from the combustion equations [2] and 

from data in reference [12]. 

A simpler and less costly gas absorption device 

than the Orsat (approximately $90 vs. $250 to $300) 

measures only one constituent, either C02 or 02. De¬ 

vices of this type are frequently used by maintenance 

men when adjusting home furnaces. If used, it is sug¬ 

gested that two of them be available to check for both 

C02 and 02. This helps to detect errors in measure¬ 

ment. For example, if gas is the fuel, a measurement 

of 9.5 percent C02 should be accompanied by a meas¬ 

urement of 3.8 percent oxygen (see fig. 15). Any 

other combination indicates an error in measurement. 

If only one gas is measured, 02 is preferred since its 

absence will indicate a condition of incomplete com¬ 

bustion. 

In addition to the chemical absorption devices, there 

are several kinds of electronic instruments which can 

be permanently installed to monitor flue gas. A very 

useful instrument for large continuous furnaces (or 

boilers) uses either a paramagnetic or a zirconium 

oxide sensor for continuously indicating and record¬ 

ing the percentage of 02. It gives an accurate and 

permanent indication of any changes in combustion 

conditions. 

In all cases, the sample of flue gas to be analyzed 

should be taken as near to the combustion chamber as 

possible. If the gas has been diluted with infiltrated 

air, the analysis results will obviously be useless. 

5.5. Gas Flow at Low Pressure 

If the amount of excess air in a furnace or oven 

must be more than about 200 percent, the use of an 

Orsat analysis to calculate mass flow rate and stack 

loss becomes very inaccurate. One must resort, there¬ 

fore, to direct measurement of the gas flows either at 

the air intake, in the stack, or at some other conven¬ 

ient point in the system. 
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The flow meters mentioned in section 5.1 all cause 

some slight drop in pressure of the flowing fluid. They 

are not suitable for use in the combustion system, 

where pressure is typically only 1 to 4 inches of water. 

The choice of instruments, therefore, is rather limited. 

Some types that may be suitable include pitot tubes 

and anemometers. 

The pitot tube actually consists of two tubes, one 

with an opening facing into the flow and one with an 

opening at a right angle to the flow. The difference in 

pressure between the two tubes is an indication of gas 

velocity. Pitot tubes may be used in ducts of 4 inches 

diameter or larger over a quite wide range of gas 

velocities and at temperatures limited only by the 

materials for tube construction. For best accuracy, 

there should be 10 diameters or more of straight duct 

before and after the pitot tube location. 

A hot wire anemometer indicates gas velocity by 

measuring the cooling effect of a gas stream on an 

electrically heated wire. Hot wire anemometers are 

available as either fixed or portable instruments. They 

are limited in the temperature at which they can oper¬ 

ate: 250 °F is a normal upper limitation. 

Mechanical anemometers utilize a fan or a turbine 

whose rotational speed is a function of the velocity of 

the driving fluid. Depending on the application, e.g., 

hand held instruments for room air velocity measure¬ 

ment or models for permanent installation in a pipe¬ 

line, their cost and complexity vary widely. They are, 

for mechanical reasons, usually confined to temper¬ 

ature ranges below about 200 °F. 

In general, all of these devices are subject to major 

errors if they are allowed to collect gummy materials 

or particulate matter. Under such conditions, one must 

clean the instruments quite frequently to obtain ac¬ 

curate measurements. 

6. Different Types of Furnaces, 
Kilns, and Ovens 

The principles of obtaining the measurements and 

performing the calculations for a heat balance are ex¬ 

actly the same for each type of industrial heating 

equipment. They are to identify and to measure or 

estimate all the quantities of energy entering and 

leaving the equipment. In this sense, the job is the 
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same whether the equipment is called an electric box 

hardening furnace, a bell furnace, a brick kiln, or a 

continuous bakery oven. There are nonetheless de¬ 

tailed differences in the best approach to the job, de¬ 

pending on the specific type of equipment. 

6.1. Direct1 Fired Furnaces 

Direct fired furnaces are those in which the products 

of combustion (the flue gas) come into direct contact 

with the product being heated. They may be sub¬ 

divided into batch and continuous furnaces. 

a. Batch direct fired furnaces include the following 

commercial types: 

Box furnaces (fig. 16) 

Car bottom furnaces (fig. 17) 

Pit furnaces (fig. 18) 

Bell furnaces (fig. 19) 

Rotary retorts (some of them). 

Such furnaces may be further classified according to 

their intended use, such as brazing, drawing, harden¬ 

ing, forging, etc. 

The example in section 2.2 illustrates a heat bal¬ 

ance on this type of furnace. Specific items to watch 

for, in addition to air/fuel ratio, adequate insulation, 

and waste heat recovery, include: 

O Frequent opening and closing of the furnace, 

which often results in leaks around gaskets or seals 

and energy losses by cold air infiltration. This can be 

particularly important in the seals around the edges 

of a car bottom furnace. Regular inspection and main¬ 

tenance is called for. 

O Air infiltration through unavoidable leaks can be 

prevented or minimized by installing an automatically 

controlled flue damper to maintain a slight positive 

pressure in the furnace chamber. More details are 

given in section 3. 

O An obvious source of energy loss with a batch 

furnace is the heat which escapes during the unload¬ 

ing and reloading period between batches. The extent 

of the loss may be measured by metering the fuel flow 

from the time the door is opened for unloading until 

it is closed on the new load and the next cycle started. 

While this loss is not treated in detail in the heat bal¬ 

ance in section 2.2, it obviously must be considered 

in calculating overall fuel usage per unit of product. 

O A single batch cycle will use less energy if the 

furnace walls are relatively hot when the cycle starts; 

hence the door open time between batches should be 

held to the minimum. See section 3 for more details. 

Figure 16. A gas fired box furnace. 
Courtesy of American Gas Furnace Co. 

Figure 17. A car bottom furnace with ceramic fiber insula¬ 

tion. 
Courtesy of Olson Industries Corporation. 

b. Continuous direct fired furnaces are those 

through which product is fed and removed in either 

a continuous or intermittent fashion; i.e., there is no 

distinct batch. Commercial designations include: 

Belt furnaces 
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Roller hearth furnaces 

Rotary hearths (fig. 20) 

Shaker hearths (fig. 21) 

Slot (forging) furnaces 

Pusher furnaces 

Rotary retorts (some of them). 

Figure 18. An electrically heated pit furnace. 
Courtesy of Leeds and Northrup Co. 

Figure 19. A bell, or pedestal, furnace. 
Reprinted from INDUSTRIAL HEATING, February 
1975. 

Figure 20. A rotary hearth furnace, electrically heated, with 
endothermic gas atmosphere. 

Courtesy of Flynn and Dreffein Engineering Co. 

Figure 21. A shaker hearth furnace. 
Courtesy of American Gas Furnace Co. 

A heat balance for a continuous furnace is essen¬ 

tially the same as a batch furnace, section 2.2. Fol¬ 

lowing are some of the special considerations in¬ 

volved: 

O Since there is no batch cycle time, measurements 

and calculations should be made on the basis of some 

specific time interval such as an hour or a shift. 

Ideally, heat balances should be made both at idling 

conditions (no load), and at design conditions (full 

load). Fuel use at partial loads can be estimated 

from these data. 

O Since access ports for the charging and removal 

of product are open either all or most of the time, 

energy loss because of the openings is more important 
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than in a batch furnace. A slight positive pressure in 

the furnace is recommended. See section 3 for a more 

detailed discussion of draft control. 

° Losses by radiation through open ports can be 

large, and might well be considered as a separate 

energy loss in the heat balance. A method of estimat¬ 

ing radiation loss is given in section 3. It is obvious 

that such openings should be as small as practical. 

O In some continuous furnaces, the material han¬ 

dling equipment (belt, rollers, etc.) is all within the 

hot zone. In others, however, a belt may leave the hot 

zone and return at room temperature. In such cases, 

the energy required to reheat the belt to operating 

temperature should be considered as a loss (energy 

output) in calculating the heat balance. 

6.2. Indirect Fired Furnaces 

Indirect fired furnaces are those in which the com¬ 

bustion gases do not come into contact with the prod¬ 

uct. This may be merely to protect the product from 

local overheating, hut more frequently the reason is 

to permit careful chemical control of the furnace 

atmosphere (e.g., oxidizing, reducing, neutral, car¬ 

burizing, etc.). 

Such furnaces may be batch or continuous in oper¬ 

ation. They may be any of the mechanical designs 

listed under direct fired furnaces (box, pit, bell, roller 

hearth, etc.). They may be categorized in addition as: 

Muffle furnaces 

(Controlled) atmosphere furnaces 

Radiant tube furnaces 

Carburizing furnaces (fig. 22) 

Carbonitriding furnaces 

Salt pots. 

These various methods of categorizing can give rise 

to such labels as a “box type, radiant tube, controlled 

atmosphere, hardening furnace.” 

a. An indirectly fired furnace without controlled 

atmosphere, having atmospheric air in contact with 

the product, can be treated in almost exactly the same 

way as an equivalent direct fired furnace from the 

point of view of a heat balance. There are two minor 

exceptions: 

O If outside air is deliberately drawn through the 

product chamber, e.g., to cool the product before dis¬ 

charge from the furnace, the volume and the exit tem- 

Ficure 22. A batch type rotary carburizer. 
Courtesy of American Gas Furnace Co. 

perature of this air must be measured and its heat 

content must be added to the output side of the heat 

balance. 

O If air is not circulated through the product 

chamber, i.e., if the chamber is closed as tightly as 

possible, there will be little tendency towards air in¬ 

filtration as is the case in direct firing. 

b. In a furnace with controlled atmosphere, the 

product chamber is flushed free of air with some spe¬ 

cial gas and gas continues to flow during the firing 

cycle to maintain a slight positive pressure. The energy 

flows due to this controlled atmosphere should be ac¬ 

counted for. 

In calculating the heat balance one should consider 

the gas generator as part of a single system along with 

the furnace itself and treat the energy used by the 

generator per hour or per cycle as one of the energy 

inputs. Since only a very small percentage of the 

atmosphere will actually combine with the product, 

this same amount of energy should appear as a waste 

heat output. 

The following list, (1) through (7), indicates 

methods of calculating the heat content of different 

types of furnace atmospheres. 

(1) For exothermic generator gas, the energy con¬ 

tent should be considered as the fuel value of the 

natural gas furnished to the generator (1000 Btu/cf). 

(2) For endothermic generator gas, the energy 

content is the fuel value of the gas charged, including 

that which is used for external heating of the gen¬ 

erator tubes. 
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(3) Dissociated ammonia has a fuel value of 16 000 

Btu/lb (490 Btu/scf), plus the energy used in heat¬ 

ing to the dissociation temperature. 

(4) If any of the above gases are conditioned by 

the removal of water vapor and/or carbon dioxide, 

the energy for this conditioning must be added as part 

of the system input. 

(5) Pure hydrogen has a heating value of 61 100 

Btu/lb (325 Btu/scf). 

(6) Nitrogen, liquid or in pressure tanks, has no 

heating value. 

(7) Propane, used in preparing enriched gas, has 

a heating value of 22 000 Btu/lb, 91 000 Btu/gal, or 

2500 Btu/scf. 

The need to meter gas to an atmosphere generator 

is implied by the preceding paragraph. If a central 

generator is used to furnish the atmosphere gas for a 

group of furnaces, it may be adequate to meter mate¬ 

rial to the generator and estimate its allocation to the 

individal furnaces. 

c. Special types of indirect fired furnaces include: 

(1) Salt pots. A salt pot, or a fused salt bath, is a 

special type of indirectly fired controlled atmosphere 

batch furnace. In calculating a heat balance it may be 

treated like a direct fired batch furnace with, usually, 

a quite short cycle time. The exception is the need to 

determine the amount of replacement salt charged per 

cycle, to calculate the energy needed to melt the salt 

and raise it to operating temperature, and to list this 

energy as a heat output. 

The radiation loss from the open surface of a salt 

pot may be significant. It should be estimated and 

listed as an output in the heat balance. (See sec. 3.4 

for method of estimating.) 

(2) Pack carburizers. Pack, or box, carburizing is 

technically an indirect fired, controlled atmosphere 

operation which is usually performed in a batch type 

direct fired furnace. 

The energy required to heat up the carburizing box 

and all of its contents is part of the output in a heat 

balance. 

The fuel value of the carburizing material, charcoal 

for example, is added to the input side of the heat 

balance. If a portion of the charcoal is recovered for 

re-use, one need only consider the new charcoal added 

for each batch. 

To conserve energy, the tare weight of the box per 

pound of product, as well as the amount of carburiz¬ 

ing material used, should be as low as is practicable. 

(3) Recirculating furnaces. Recirculating fans or 

blowers act to mix or stir the furnace atmosphere. 

They promote a more uniform temperature, can in¬ 

crease the rate of heat transfer to the product, and 

can permit the use of lower temperatures. 

Since recirculating systems are designed to neither 

add nor subtract energy from the furnace, they can 

be generally ignored in calculating a heat balance. 

Portions of the recirculating system outside of the 

heated zone can contribute to the energy losses due 

to radiation and convection. Outside ducts and fan 

housings should be well insulated. 

6.3. Dryers 

Dryers can be defined as heating equipment for the 

purpose of driving off volatile materials such as water 

or organic solvents. They may be either batch or con¬ 

tinuous in operation. The common name of a dryer 

will usually refer to the product being treated: 

Paint drying oven 

Ceramic drying kiln (fig. 23) 

Lumber kiln 

Continuous bakery oven 

Rotary retort parts dryer 

Etc. 

Figure 23. A kiln for the drying and curing of automobile 
exhaust control catalyst. 

Reprinted from INDUSTRIAL HEATING, September 
1975. 

An example of a heat balance on a continuous 

paint drying oven is shown in section 2.3. 

Dryers are usually operated at low temperature 

(150 to 500 °F). In spite of the low temperature, heat 

losses by radiation and convection from walls and 
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ceiling can be very important, since the wall and ceil¬ 

ing areas tend to be rather large and cycle times may 

be lengthy. 

Dryers are often operated with rather large quan¬ 

tities of excess air (200 to 1000 %) to promote rapid 

drying and to prevent forming an explosive atmos¬ 

phere if the solvent is combustible. If the excess air 

is above about 200 percent, a flue gas analysis be¬ 

comes very inaccurate and direct measurement of air 

or flue gas flow rate is necessary to calculate the stack 

losses. Obviously, the amount of excess air should be 

no greater than is required by the demands of the 

process. For a method of reducing the amount of 

diluent air in paint drying, see reference [4]. 

If the solvent being evaporated is combustible, the 

fuel value (heat of combustion) must be added to the 

input of the heat balance. 

Air pollution regulations generally require that 

hydrocarbons such as paint solvents be removed before 

any gas stream is exhausted to the atmosphere. This 

can be done by a variety of means, the most common 

one being to burn more fuel with the stack gas and 

raise its temperature to about 1600 °F. Whatever the 

method, this clean-up operation must be considered 

as an integral part of the system, and all the energy 

added at this point is an energy input to the heat bal¬ 

ance. Special attention should be given to the means of 

recovering this heat and if possible returning it to the 

system (see sec. 3). 

Dryers are sometimes part of a more complex sys¬ 

tem. For example, in a continuous brick kiln there 

can be different zones to drive out water, to increase 

the temperature slowly to the firing level, to fire the 

bricks, and to cool at a controlled rate. This may be 

accomplished with multiple air inlets and by exhaust¬ 

ing gases at more than one point. To calculate a heat 

balance, one should first treat the complex as a single 

system and consider only the energy and material 

flows which enter and leave it. If necessary, one can 

then estimate energy balances for a single part of the 

system such as the drying zone. 

6.4. Electric Furnaces 

Any of the types of furnaces, kilns, or ovens dis¬ 

cussed in the previous paragraphs can be heated elec¬ 

trically instead of by directly burning fossil fuels. 

There are only a few special items to consider in mak¬ 

ing a heat balance. 

Since there are no fuel combustion products, there 

is no stack loss in the usual sense. If the application is 

to a dryer or to a controlled atmosphere furnace, one 

must, of course, consider the energy flows associated 

with the drying air or with the special furnace atmos¬ 

phere. 

A heat balance on an electric furnace, using a con¬ 

version factor of 3412 Btu/kWh, will normally show 

a lower heat input than is required by an equivalent 

furnace fired by gas or oil. The relatively high cost of 

electricity (sec. 7) will frequently outweigh the appar¬ 

ent saving. 

If one wishes to compare a gas or oil fired furnace 

with its electrical equivalent on the basis of fossil fuel 

burned instead of cost, a kilowatt hour should be 

valued at 10 000 to 12 000 Btu. This is the value of 

the fuel burned by a generating station to produce one 

kilowatt hour of electricity worth 3412 Btu for furnace 

heating. The power plant loss is reflected in the cost 

of electricity. 

7. Financial Considerations 

The previous sections contain some suggestions for 

energy saving which will require the investment of 

capital dollars in order to achieve savings. In some 

cases the savings per year may be so large, and the 

capital cost so small, that the desirability of the project 

is obvious. In other cases, a more detailed analysis is 

needed. 

This section discusses two of a number of proce¬ 

dures for making a financial analysis of your cost 

saving opportunities. An important factor in your 

analysis is the amount you are paying for your 

energy. 

The reason for determining energy costs is to allow 

you to make a valid analysis of the actions you might 

need to take to save energy and money. The cost 

varies widely with the fuel source used. Table 11 shows 

the cost of energy at various fuel and electricity 

prices. The energy costs listed assume that all of the 

energy content of the fuel is used, i.e., that there are no 

losses or inefficiencies. In actuality, there are losses, 

and efficiency is usually less than 100 percent. For ex¬ 

ample, in space heating with oil or gas, some of the 

heat is lost out the furnace stack. This results in a 

range of efficiency of 50 to 85 percent, with 60 percent 

being an average figure. Thus, if oil at $0.42 per gal¬ 

lon is used for space heating at an efficiency of 70 
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percent, the actual cost per MBtu delivered as useful 

heat is $3.00 divided by 0.70, or $4.29 per MBtu. Note 

that electricity is by far our most expensive form of 

energy. But of course, it is also our most convenient 

and efficient form and has no replacement for some 

applications. 

nual payment required to repay the debt at 10 percent 

interest in 10 years. This is found by multiplying the 

total loan by a capital recovery factor, F (table 12). 

Table 12. Capital recovery factor 

Table 11. Energy cost resulting from various fuel or 
electricity prices 

Fuel or electricity prices 
Resulting 

energy 
cost Electricity Oil Gas Propane Coal 

S/kWh S/gal $/1000 cl $/gal $/ton $/MBtua 

0.0034 0.14 1.00 0.092 28.00 1 
0.0068 0.28 2.00 0.183 56.00 2 
0.0102 0.42 3.00 0.275 84.00 3 
0.0136 0.56 4.00 0.366 112.00 4 
0.0171 0.70 5.00 0.458 140.00 5 
0.0205 0.84 6.00 0.550 168.00 6 
0.0239 0.98 7.00 0.641 7 
0.0273 1.12 8.00 0.733 8 
0.0307 9.00 9 
0.0341 10.00 10 
0.0512 15 
0.0682 20 
0.0853 25 
0.102 30 

° One MBtu equals one million Btu. 

7.1. Benefit/Cost Analysis 

The benefit/cost analysis can be used to decide if a 

capital investment is economically justified, or it can 

be used as a basis to choose between several alterna¬ 

tives after a decision to invest has been made. First, 

all benefits and all costs are reduced to a dollar value, 

and the ratio of benefits to costs is taken. If the ratio 

is greater than unity, the project may be'economically 

justified and should be more fully examined. 

Example: A heat recovery unit for a small heat 

treating plant costs $55 000 installed. It is estimated 

that the unit will save $12 000 annually in fuel and 

have a life of 10 years. Annual maintenance costs will 

be $500. The benefit/cost ratio is determined as fol¬ 

lows. 

Benefit: 

$12 000 — $500 = $11 500 per year. 

Cost: 

Assume money is available at 10 percent interest. 

The annual cost will be the amortization cost, or an¬ 

Capital recovery factor, F, for interest rate of 

Years 6% 7% 8% 10% 12% 

5 0.2374 0.24389 0.25046 0.26380 0.27741 

10 0.1359 0.14238 0.14903 0.16275 0.17698 

15 0.1030 0.10979 0.11683 0.13147 0.14682 

20 0.0872 0.09439 0.10185 0.11746 0.13388 

25 0.0782 0.08581 0.09368 0.11017 0.12750 

30 0.0726 0.08059 0.08883 0.10608 0.12414 

40 0.0665 0.07501 0.08386 0.10226 0.12130 

Thus, for an interest rate of 10 percent for 10 years, 

F = 0.1628, and cost = $55 000 X 0.1628 = $8954, and 

benefit/cost ratio = $11 500/$8954= 1.28. The invest¬ 

ment is profitable since the benefit/cost ratio is larger 

than unity. 

Example: It has been decided by a small manufac¬ 

turing company to make a capital investment in a 

waste-water heat recovery unit. Two systems are avail¬ 

able: 

System A: 

Total cost $14000 

Annual operation and 

maintenance costs $900. 

System B: 

Total cost $12 000 

Annual operation and 

maintenance costs $1400. 

Both systems reduce energy utilization by the same 

amount, and both systems have estimated lives of 15 

years. Money is available at 10 percent. Which sys¬ 

tem should provide the greater long term savings? 

Net benefit per year of system A over system 

B = $500. 
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For 10 percent interest rates over 15 years, the capi¬ 

tal recovery factor, F, is 0.1315 (from table 12). 

Thus, the cost per year for the additional $2000 of 

capital investment is: 

Cost = $2000 X 0.1315 = $263 

and 

Benefit/cost = $500/$263 = 1.90. 

Although the original cost of system A is 16.7 percent 

more than system B, system A will provide the greater 

long term savings over the life of the system. 

7.2. Time Required to Recoup Investment 

Another approach is to determine how long it will 

take to recoup the investment required to accomplish 

a particular energy (dollar) savings. It is assumed 

that the annual savings is used to pay off the required 

loan at the current interest rate. If the investment is 

recouped in a period less than the life of the equip¬ 

ment, the investment is considered profitable. Table 13 

can be used to estimate the time to recoup invest¬ 

ment. 

Table 13. Time to recoup investment 

Investment/ 
savings 
ratio 

Time to recoup investment 
at interest rate of 

6% 8% 10% 12% 

Years Years Years Years 
2 2.19 2.27 2.34 2.42 
3 3.41 3.57 3.74 3.94 
4 4.71 5.01 5.36 5.77 
5 6.12 6.64 7.27 8.08 
6 7.66 8.50 9.61 11.2 
7 9.35 10.7 12.6 16.2 
8 11.2 13.3 16.9 28.4 

Example: It has been estimated that an investment 

of $20 000 is required to update the air-conditioning, 

heating system equipment, and controls installed in 

an older five-story office building. The life of the 

system will be extended for ten years. The annual sav¬ 

ings in energy purchased plus reduced maintenance 

cost should be approximately $5000. Money is avail¬ 

able at 10 percent interest. To find the time required 

to recoup the investment, the following ratio is cal¬ 

culated : 

Capital investment/annual savings = $20 000/$5000 

= 4.0. 

Referring to table 13, at an investment/savings ratio 

of 4 and an interest rate of 10 percent: 

Time to recoup investment = 5.36 years. 

This is less than the extended life of the system, so 

the investment would be profitable. These examples of 

cost analysis do not take into account some important 

considerations such as the value of spending the money 

in some other way or the impact of the state, local, 

and Federal taxes. 

It is recommended that if an investment of any sig¬ 

nificant size is being considered, you conduct some 

detailed analysis of the life-cycle costs. One publica¬ 

tion which addresses this subject in considerable detail 

is listed as reference [9], NBS Handbook 121. 

8. Sources of Assistance 

During both the planning and the execution of an 

energy management program you may well develop a 

lengthy series of questions to which you need answers. 

Some of the answers may be in the literature refer¬ 

enced in this handbook. The purpose of this section 

is to suggest sources of further information and as¬ 

sistance. 

8.1. Private Consultants 

Private consultants are available in almost all parts 

of the country. A local professional engineer familiar 

with energy problems can suggest equipment and in¬ 

strumentation best suited to your particular situation. 

As an “outsider”, he will tend to see conservation op¬ 

portunities which you may have missed because of 

long familiarity. Professional engineers are usually 

listed in the classified part of the telephone directory, 

or lists may be obtained from state or local chapters 

of a professional engineering society. The consul¬ 

tant’s fee may seem large, but if you are prepared with 

specific problems to be solved, his services may be well 

worthwhile. 

8.2. Utility Companies 

Utility companies and fuel suppliers frequently have 

ongoing programs to help their customers in achiev¬ 

ing better energy management. Their services can 

range from suggestions for better operational tech¬ 

niques to major assistance in selecting proper meters 

for tracing energy use to selecting specific pieces of 

equipment. 
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8.3. Trade Associations 

Trade associations often have survey information 

available covering energy usage in businesses which 

are the same as, or similar to your own. Such informa¬ 

tion can help you judge whether your energy costs are 

higher or lower than the average in your type of busi¬ 

ness. Some associations are also conducting energy 

conservation workshops. 

Trade magazines also are valuable sources of infor¬ 

mation, both in articles on energy conservation and 

in advertisements for new equipment and instrumen¬ 

tation. The time spent scanning and reading them can 

be productive. 

8.4. Government Organizations 

Government, both at the State and Federal levels, 

can provide information and guidance on energy re¬ 

lated problems. Most local governments can provide 

names and offices to contact in their respective orga¬ 

nizations. 

On the Federal level, the Department of Commerce, 

the Department of Energy, and the Small Business 

Administration can offer a great deal of assistance 

to industry. There are numerous publications available, 

many of which are free. 

For information about Department of Energy pro¬ 

grams and assistance, write: 

Office of Conservation and Solar Environment 

Department of Energy 

Washington, D.C. 20542 

Both the Department of Commerce and the Depart¬ 

ment of Energy maintain a network of field offices 

which are sources of assistance and information. The 

locations of these offices are listed in Appendices A 

and B. 

9. Interaction with OSHA and 
EPA Requirements 

Almost all industry and commerce today must be 

aware of the safety and environmental requirements 

and standards issued by the U.S. Department of 

Labor, Occupational Safety and Health Administra¬ 

tion (OSHA) and by the Environmental Protection 

Agency (EPA). Attempts to meet these requirements 

in your business may in some cases conflict with 

energy management concepts. In most cases, they are 

compatible. 

Energy management actions that involve reductions 

in ventilation may or may not be counter to health 

and safety regulations. Minimum requirements for 

ventilation air flow rates to remove odors, contami¬ 

nants, smoke, dust and abrasive particles, flammable 

or combustible materials, etc. must he strictly ob¬ 

served. However, it has been found that actual venti¬ 

lation rates often far exceed minimum requirements. 

Sometimes, ventilation is provided continuously 

whether the process requiring ventilation is operating 

or not. Excess energy usage in such cases usually can 

be eliminated without danger to safety or health. 

When large quantities of warm contaminated air 

must be exhausted from a building during the heating 

season, the exhaust air can, by the use of a heat ex¬ 

changer, preheat fresh outside air taken into the 

building. Conversely, during the cooling season, warm 

outside air brought into the building can be partially 

cooled down with colder exhaust air. 

Heating and lighting in industry have not been 

regulated by OSHA, but OSHA has implied that em¬ 

ployee efficiency and comfort must be satisfied. It is 

well known that many buildings are kept too warm 

for the majority of people, and thus energy is wasted. 

Lighting is often inefficient, and can be replaced by 

improved lamps and fixtures which use less energy 

and still provide satisfactory illumination. 

Meeting air emission standards and anti-pollution 

requirements established by EPA can involve large 

capital investments. In many cases, pollution control 

projects can be economically justified by combining 

the solution with an energy management concept that 

reduces energy usage. Sometimes, combustible fumes 

that cannot be released to the environment can be 

burned and the released heat can be recovered and 

used for producing low pressure steam or hot water 

for heating, cleaning, etc. Many industries have found 

that wet or dry scrubbers necessary to meet exhaust 

gas emission standards allow them to burn natural 

gas, coal, oil, and waste products such as paper and 

sawdust. 

The energy coordinator should be familiar with and 

have copies of the OSHA and EPA regulations [20] 

[21]. In questionable or involved situations profes¬ 

sional assistance from a consultant may be necessary. 
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Appendix A 
U.S. DEPARTMENT OF COMMERCE DISTRICT OFFICE DIRECTORY 

OFFICE OF FIELD OPERATIONS 

August 1977 

ALABAMA 

Birmingham—Gayle C. Shelton, Jr., Director, Suite 200-201, 
908 South 20th Street, 35205, Area Code 205 Tel 254-1331. 

FTS 229-1331 

ALASKA 

Anchorage—Sara L. Haslett, Director, 412 Hill Building, 
632 Sixth Avenue 99501, Area Code 907 Tel 265-5307 

ARIZONA 

Phoenix—Donald W. Fry, Director, Suite 2950 Valley Center 
Bank Bldg., 201 North Central Avenue 85073, Area Code 602 

Tel 261-3285, FTS 261-3285 

ARKANSAS 

• Little Rock (Dallas, Texas District)—1100 North Univer¬ 
sity, Suite 109 72207, Area Code 501 Tel 378-5157, FTS 740- 

5157 

CALIFORNIA 

Los Angeles—Eric C. Silberstein, Director, Room 800, 11777 
San Vicente Boulevard 90049, Area Code 213 Tel 824-7591, 
FTS 799-7591 

•San Diego—233 A Street, Suite 310 92101, Area Code 
714 Tel 293-5395, FTS 895-5395 

San Francisco—Philip M. Creighton, Director, Federal Build¬ 
ing, Box 36013, 450 Golden Gate Avenue 94102, Area Code 
415 Tel 556-5860, FTS 556-5868 

COLORADO 

Denver—Norman Lawson, Director, Room 165, New Custom¬ 

house, 19th & Stout Street 80202, Area Code 303 Tel 837-3246, 
FTS 327-3246 

CONNECTICUT 

Hartford—Richard C. Kilhourn, Director, Room 610-B, Fed¬ 
eral Office Building, 450 Main Street 06103, Area Code 203 
Tel 244-3530, FTS 244-3530 

FLORIDA 

Miami—Roger J. LaRoche, Director, Room 821, City Na¬ 
tional Bank Building, 25 West Flagler Street 33130, Area Code 
305 Tel 350-5267, FTS 350-5267 

•Clearwater—128 North Osceola Avenue 33515, Area Code 
813 Tel 446-4081 
•Jacksonville—604 North Hogan Street 32202, Area Code 
904 Tel 791-27%, FTS 946-27% 
•Tallahassee—Collins Bldg., Rm. G-20 32304, Area Code 
904 Tel 488-6469, FTS 946-4320 

GEORGIA 

Atlanta—David S. Williamson, Director, Suite 600, 1365 
Peachtree Street, N.E. 30309, Area Code 404 Tel 881-7000, 
FTS 257-7000 
Savannah—James W. Mclntire, Director, 235 U.S. Court¬ 
house & P.O. Building, 125-29 Bull Street 31402. Area Code 
912 Tel 232-4321, Ext. 204, FTS 248-4204 

HAWAII 

Honolulu—John S. Davies, Director, 4106 Federal Building, 
300 Ala Moana Boulevard %850, Area Code 808 Tel 546-8694 

IDAHO 

•Boise (Portland, Oregon District)—P.O. Box 9366, 
83707, Area Code 208 Tel 384-1326, FTS 554-1326 

ILLINOIS 

Chicago—Gerald M. Marks, Director, 1406 Mid Continental 
Plaza Building, 55 East Monroe Street 60603, Area Code 312 
Tel 353-4450, FTS 353-4450 

INDIANA 

Indianapolis— Mel R. Sherar, Director, 357 U.S. Courthouse 
& Federal Office Building, 46 East Ohio Street 46204, Area 

Code 317 Tel 269-6214, FTS 331-6214 

IOWA 

Des Moines—Jesse N. Durden, Director, 609 Federal Build¬ 
ing, 210 Walnut Street 50309, Area Code 515 Tel 284-4222, 

FTS 862-4222 

KANSAS 

•Wichita (St. Louis, Missouri District)—Wichita State 

University, Clinton Hall, Room 341, 67208, Area Code 316 

Tel 267-6160, FTS 752-6160 

KENTUCKY 

• Frankfort (Memphis, Tennessee District)—Capitol Plaza 
Office Tower, Room 2332, 40601, Area Code 502 Tel 875-4421 

LOUISIANA 

New Orleans—Edwin A. Leland, Jr., Director, 432 Inter¬ 

national Trade Mart, No. 2 Canal Street 70130, Area Code 504 

Tel 589 6546, FTS 682-6546 

MAINE 

•Portland (Boston, Massachusetts District)—Maine State 

Pier, 40 Commercial Street 04111, Area Code 207 Tel 775- 

3131, FTS 833-3236 

MARYLAND 

Baltimore—Carroll F. Hopkins, Director, 415 U.S. Custom¬ 

house, Gay and Lombard Streets 21202, Area Code 301 Tel 

962-3560, FTS 922-3560 

MASSACHUSETTS 

Boston—Francis J. O’Connor, Director, 10th Floor, 441 
Stuart Street 02116, Area Code 617 Tel 223-2312, FTS 223- 

2312 

MICHIGAN 

Detroit—William L. Welch, Director, 445 Federal Building, 
231 West Lafayette 48226, Area Code 313 Tel 226-3650, FTS 

226-3650 
•Ann Arbor—Graduate School of Business Administration, 

University of Michigan Room 288, 48105, Area Code 313 

Tel 944-3297, FTS 374-5638 
•Grand Rapids—17 Fountain Street N.W. 49503, Area 

Code 616 Tel 456-2411/33 FTS 372-2411 

MINNESOTA 

Minneapolis—Glenn A. Matson, Director, 218 Federal Build¬ 

ing, 110 South Fourth Street 55401, Area Code 612 Tel 725- 

2133, FTS 725-2133 

MISSISSIPPI 

•Jackson (Birmingham, Alabama District)—P.O. Box 

849, 2003 Walter Sillers Building 39205, Area Code 601 Tel 

969-4388, FTS 490-4388 

MISSOURI 

St. Louis—Donald R. Loso, Director, 120 South Central 
Avenue 63105, Area Code 314 Tel 425-3302-4, FTS 279-3302 

•Kansas Citv—Room 1840, 601 East 12th Street 64106, 

Area Code 816 Tel 374-3142, FTS 758-3142 

MONTANA 

•Butte (Cheyenne, Wyoming District)—210 Miners Bank 
Building, Park Street 59701, Area Code 406 Tel 723-6561, Ext. 

2317, FTS 585-2317 

NEBRASKA 

Omaha—George H. Payne, Director, Capitol Plaza, Suite 
703A, 1815 Capitol Avenue 68102, Area Code 402 Tel 221- 

3665, FTS 864-3665 

35 



Appendix A.—-Continued 

NEVADA 

Reno—Joseph J. Jeremy, Director, 2028 Federal Building, 
300 Booth Street 89509 Area Code 702 Tel 784-5203, FTS 

470-5203 

NEW JERSEY 

Newark—Clifford R. Lincoln, Director, 4th Floor, Gateway 
Building, Market Street & Penn Plaza 07102, Area Code 201 
Tel 645-6214, FTS 341-6214 

NEW MEXICO 

Albuquerque—William E. Dwyer, Director, 505 Marquette 

Ave., NW, Suite 1015, 87102, Area Code 505 Tel 766-2386, 
FTS 474-2386 

NEW YORK 

Buffalo—Robert F. Magee, Director, 1312 Federal Building, 

111 West Huron Street 14202, Area Code 716 Tel 842-3208, 
FTS 432-3208 
New York—Arthur C. Rutzen, Director, 37th Floor, Federal 
Office Building, 26 Federal Plaza, Foley Square 10007, Area 
Code 212 Tel 264-0634, FTS 264-0600 

NORTH CAROLINA 

Greensboro—Joel B. New, Director, 203 Federal Building, 
West Market Street, P.O. Box 1950 27402, Area Code 919 
Tel 378-5345, FTS 699-5345 

•Asheville—151 Haywood Street 28802, Area Code 704 Tel 

254-1981, FTS 672-0342 

OHIO 

Cincinnati—Gordon B. Thomas, Director, 10504 Federal 
Office Building, 550 Main Street 45202, Area Code 513 Tel 
684-2944, FTS 684-2944 
Cleveland—Charles B. Stebbins, Director, Room 600, 666 
Euclid Avenue 44114, Area Code 216 Tel 522-4750, FTS 293- 
4750 

OKLAHOMA 

•Oklahoma City (Dallas, Texas District)—4020 Lincoln 
Boulevard 73105, Area Code 405 Tel 231-5302, FTS 736-5302 

OREGON 

Portland—Lloyd R. Porter, Director, Room 618, 1220 S.W. 

3rd Avenue 97204, Area Code 503 Tel 221-3001, FTS 423- 
3001 

PENNSYLVANIA 

Philadelphia—Patrick P. McCabe, Director, 9448 Federal 
Building, 600 Arch Street 19106, Area Code 215 Tel 597-2850, 
FTS 597-2866 
Pittsburgh—Newton Heston, Jr., Director, 2002 Federal 

Building, 1000 Liberty Avenue 15222, Area Code 412 Tel 644- 
2850, FTS 722-2850 

PUERTO RICO 

San Juan (Hato Rey)—Enrique Vilella, Director, Room 
659-Federal Building 00918, Area Code 809 Tel 763-6363 Ext. 

555, FTS 759-7040/45 

RHODE ISLAND 
•Providence (Boston, Massachusetts District)—1 Wey- 

bossett Hill 02903, Area Code 401 Tel 277-2605, ext. 22, FTS 
838-4482 

SOUTH CAROLINA 

Columbia—Philip A. Ouzts, Director, 2611 Forest Drive, 

Forest Center 29204, Area Code 803 Tel 765-5345, FTS 677- 
5345 

•Charleston—Suite 631, Federal Building, 334 Meeting 

Place 29403, Area Code 803 Tel 577-4361, FTS 677-4361 

TENNESSEE 

Memphis—Bradford H. Rice, Director, Room 710, 147 Jeffer¬ 
son Avenue 38103, Area Code 901 Tel 521-3213, FTS 222-3213 

•Nashville—Room 1004, Andrew Jackson Office Building 

37219, Area Code 615 Tel 749-5161, FTS 852-5161 

TEXAS 

Dallas—C. Carmon Stiles, Director, Room 7A5, 1100 Com¬ 
merce Street 75242 Area Code 214 Tel 749-1515, FTS 749- 
1513 
Houston—Felicito C. Guerrero, Director, 2625 Federal Bldg., 
Courthouse, 515 Rusk Street 77002, Area Code 713 Tel 226- 

4231, FTS 527-4231 
•San Antonio—University of Texas at San Antonio, Div. 
of Continuing Education 78285, Area Code 512 Tel 229- 
5875, FTS 229-5875 

UTAH 

Salt Lake City—George M. Blessing, Jr., Director, 1203 

Federal Building, 125 South State Street 84138, Area Code 
801 Tel 524-5116, FTS 588-5116 

VIRGINIA 

Richmond—Weldon W. Tuck, Director, 8010 Federal Build¬ 
ing, 400 North 8th Street 23240, Area Code 804 Tel 782-2246, 

FTS 925-2246 
•Fairfax—8550 Arlington Blvd., 22030, Area Code 703 

560-4000 

WASHINGTON 

Seattle—Judson S. Wonderly, Director, Room 706, Lake 
Union Building, 1700 Westlake Avenue North 98109, Area 

Code 206 Tel 442-5615, FTS 399-5615 

WEST VIRGINIA 

Charleston—J. Raymond DePaulo, Director, 3000 New Fed¬ 
eral Office Building, 500 Quarrier Street 25301, Area Code 304 

Tel 343 6181, ext. 375, FTS 924-1375 

WISCONSIN 

Milwaukee—Russell H. Leitch, Director, Federal Bldg/U.S. 
Courthouse, 517 East Wisconsin Avenue 53202, Area Code 414 

Tel. 224-3473, FTS 362-3473 

WYOMING 

Cheyenne—Lowell O. Burns, Director, 6022 O’Mahoney Fed¬ 
eral Center, 2120 Capitol Avenue 82001, Area Code 307 Tel 

778-2220, ext. 2151, FTS 328-2151 

•Denotes Satellite Office. 
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Appendix B 

Department of Energy 

regional Offices 

REGION ADDRESS 

I Analex Building—Rm 700 
150 Causeway Street 
Boston, Massachusetts 02114 

II 26 Federal Plaza—Rm 3206 
New York, N.Y. 10017 

III 1421 Cherry St—Rm 1001 
Philadelphia, Pennsylvania 19102 

IV 1655 Peachtree St., N.E. 
8th Floor 
Atlanta, Georgia 30309 

V 175 West Jackson Blvd 
Room A-333 
Chicago, Illinois 60604 

VI P.O. Box 35228 
2626 West Mockingbird Lane 
Dallas, Texas 75235 

VII Twelve Grand Building 
P.O. Box 2208 
112 East 12th Street 
Kansas City, Missouri 64142 

VIII P.O. Box 26247—Belmar Branch 
1075 South Yukon Street 
Lakewood, Colorado 80226 

IX 111 Pine Street 
Third Floor 
San Francisco, California 94111 

X 1992 Federal Building 
915 Second Avenue 
Seattle, Washington 98174 

TELEPHONE 

(617) 223-3701 

(212) 264-1021 

(215) 597-2890 

(404) 526-2837 

(.312) 353-8420 

(214) 749-7345 

(816) 374-2061 

(303) 234-2420 

(415) 556-7216 

(206 ) 442-7280 

O U. S. GOVERNMENT PRINTING OFFICE : 1978 239-040/6755 
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