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Introduction 

• Nearly half of the energy used by industry 

goes into the production of process steam, 

approximately the same total energy usage as 

that required to heat all the homes and 

commercial buildings in America. 



• Steam is one of the most abundant, least expensive, and 
most effective heat-transfer media obtainable.  

• Water is found everywhere, and requires relatively little 
modification from its raw state to make it directly 
usable in process equipment.  

• During boiling and condensation, if the pressure is held 
constant and both water and steam are present, the 
temperature also remains constant.  

• By maintaining constant pressure, which is a relatively 
easy parameter to control, excellent control of process 
temperature can also be maintained. 
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• Example: A 100-ft run of 6-in. steam piping 
carries saturated steam at 95 psig. Tables obtained 
from an insulation manufacturer indicate that the 
heat loss from this piping run is presently 110,000 
Btu/hr. With proper insulation, the manufacturer’s 
tables indicate that this loss could be reduced to 
500 Btu/hr. How many pounds per hour of steam 
savings does this installation represent, and if the 
boiler is 80% efficient, what would be the 
resulting fuel savings? 



• Example: Suppose, in the preceding example, 

that the steam line is carrying superheated 

steam at 250 psia (235 psig) and 500°F. For the 

same reduction in heat loss (109,500 Btu/hr), 

how many pounds per hour of steam is saved? 





there is a tendency for fluids to deposit “fouling layers” of crystalline, 

particulate, or organic matter on transfer surfaces, which further impede 

the flow of heat. This impediment is characterized by a “fouling 

resistance,” which, for design purposes, is usually incorporated as an 

additional factor in determining the overall conductance. 



Estimating Steam Usage and Its Value 

• To properly assess the worth of energy 

conservation improvements in steam systems, 

it is first necessary to determine how much 

steam is actually required to carry out a desired 

process, how much energy is being wasted 

through various system losses, and the dollar 

value of these losses. 



Estimating Steam Usage and Its Value 

Determining Steam Requirements 

• Several approaches can be used to determine 

process steam requirements.  

• The choice of which method is to be used 

depends on how critical the steam-using 

process is to the plant’s overall energy 

consumption and how the data are to be used. 



Estimating Steam Usage and Its Value 

• For applications in which a high degree of 

accuracy is not required, such as developing 

rough estimates of the distribution of energy 

within a plant, steam consumption tables have 

been developed for various kinds of process 

equipment. 
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Estimating Steam Usage and Its Value 

• A second, and generally more accurate, 
approach to estimating steam requirements is 
by direct energy balance calculations on the 
process.  

• Analysis of complex equipment should be 
undertaken by a specialist. It is, however, 
possible to determine simple energy balances 
on equipment involving the heating of a single 
product. 





Estimating Steam Usage and Its Value 

• Example: A paint dryer requires about 3000 

cfm of 200°F air, which is heated in a steam-

coil unit. How many pounds of 50-psig steam 

does this unit require per hour? 

• Hint: The density of air at temperatures of 

several hundred degrees or below is about 

0.075 lb/ft3. 



Estimating Steam Usage and Its Value 

• Example: A milk evaporator uses a steam 

jacketed kettle, in which milk is batch-processed 

at atmospheric pressure. The kettle has a 1500-lb 

per batch capacity. Milk is heated from a 

temperature of 80°F to 212°F, where 25% of its 

mass is then driven off as vapor. Determine the 

amount of 15-psig steam required per batch, not 

including the heating of the kettle itself. 

• Hint: the specific heat of milk is 0.90 Btu/lb °F. 



Estimating Surface and Leakage 

Losses 

• Figure 6.2 illustrates the annual heat loss, 

based on 24-hr/day, 365-day/yr operation, for 

bare steam lines at various pressures. The 

figure shows, for example, that a 100-ft run of 

6-in. line operating at 100 psig will lose about 

1400 million Btu/yr. The economic return on 

an insulation retrofit can easily be determined 

with price data obtained from an insulation 

contractor. 
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• Figure 6.3 can be used to estimate heat losses 

from flat surfaces at elevated temperatures, or 

from already insulated piping runs for which 

the outside jacket surface temperature is 

known. 
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• Figure 6.4 permits estimation of loss of steam at various 
pressures leaking through holes represented in million 
Btu/yr, based on full-time operation. 

• A stuck-open steam trap with a 1/8-in. orifice would waste 
about 600 million Btu/yr of steam energy when leaking 
from a 100-psig line.  

• This figure can also be used to estimate magnitudes of 
leakage from other sources of more complicated geometry.  

• It is necessary to first determine an approximate area of 
leakage (in square inches) and then calculate the equivalent 
hole diameter represented by that area. The following 
example illustrates this calculation. 
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• Example: A flange on a 200-psig steam line 

has a leaking gasket. The maintenance crew, 

looking at the gasket, estimates that it is about 

0.020 in. thick and that it is leaking from about 

1/8-in. of the periphery of the flange. Estimate 

the annual heat loss in the steam if the line is 

operational 8000 hr/yr. 
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Computing the Dollar 

Value of Steam 

• Example: An oil refinery produces 200-psig 
saturated steam in a large boiler, some of which is 
used directly in high-temperature processes, and 
some of which is let down to 30 psig through 
regulating valves for use at lower temperatures. 
The feedwater is added to the boiler at about 
160°F. The boiler efficiency has been determined 
to be 82%, and boiler fuel is priced at $2.20 
million Btu. Establish the values of 200-psig and 
30-psig steam ($/lb). 







Steam Leaks 

• A major waste of energy associated with steam lines. 

• In many environments, steam leaks can be detected by their 

hissing; in noisy environments, it may be necessary to use an 

industrial stethoscope or an ultrasonic leak detector. 

 

Cost/yr = (€/MJ × (kg steam lost/h) × MJ/kg) × (operating hours/yr) 

 

• The amount of steam lost can be measured directly, estimated on 

the basis of experience, or calculated with a formula.  

 



Steam Leaks 

• Grashof’s formula gives the number of kg of steam lost 
per hour through an orifice of area A as: 

kg/h = 0.700 × 0.000178 × 3600 × A × P.97 

• where 

• 0.70 = coefficient of discharge for hole (for a perfectly 
round hole, this coefficient is 1) 

• 0.000178 = a constant in Grashof’s formula 

• 3600 = number of seconds in an hour 

• A = area of hole in square centimeters = Π(hole radius)2 

• P = pressure inside steam line in kPa 

 



Steam Leaks 

• Using this formula and the steam tables, it is possible to 

develop tables giving steam and energy losses for any given 

leak size for a plant whose steam pressure is known.  



Steam Leaks 

• A crude but frequently effective way of evaluating 
steam leaks was given by Waterland in an early version 
of the Energy Management Handbook.  

• It is based on an arbitrary rating system and works as 
follows: Tour a defined plant area at a weather 
condition or time of day when leaks are quite 
prominent, making a note of each steam leak and rating 
it as a wisp, moderate leak, or severe leak.  

• Assign a value of 10 kg/h for each wisp, 50 kg/h for a 
moderate leak, and 200 to 500 kg/h for the severe leaks. 
When more than 20 leaks are evaluated, the total 
leakage determined in this way will usually be within 
25% of the actual steam loss. 



Steam Traps 

• Steam traps and the condensate return system 
separate condensate from the steam distribution 
system and thereby perform three important 
functions: 

1.Prevent water hammer 

2.Return condensate to the boiler 

3.Improve the quality of the steam for further 
processes 

• Steam traps also help in the removal of air and 
dissolved gases from the steam, thus removing 
two insulators and sources of inefficiency. 



Steam trap problems and maintenance 

• Steam traps can fail open or fail closed.  

• If a trap fails open, the effect and the cost are the 

same as a steam leak.  

• If it fails closed, it is not separating condensate from 

steam, and water hammer, corrosion, and structural 

failure (caused by the weight of condensate) can 

result. It can also be subject to freezing, depending on 

the climate. 
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Water treatment 

• Scaling has an adverse effect on heat transfer. 

The more scale buildup, the less heat is 

transmitted through pipe walls. This scaling 

can be prevented by proper water treatment, 

making water treatment one of the essential 

elements in boiler management. 

 



Tracer Lines 

• A tracer line is a small steam line, usually copper or 
steel, wrapped around pipes, pumps, and instruments 
used with hot liquids or condensate; its purpose is to 
maintain the temperature of the liquid.  

• Tracer lines are usually attached between the line or 
pump and the insulation.  

• Tracer lines range in diameter from 10 mm to 50 mm, 
with 10 mm the most common.  

• These lines can keep water and other products from 
freezing even in very cold weather, but the price of 
maintaining a high temperature in cold weather is the 
necessity to manage the condensate in the tracer lines. 
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