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1-1. PURPOSE 

SECTION I. INTRODUCTION 

The major advantages of high and medium temperature 
water systems result from the closed-loop distribution 

The purpose of this course is to provide information and 
guidance on the installation, operation, and maintenance 
of U.S. Army Central Boiler Plant equipment. Efficient 
plant operation becomes more important with each 
increase in the cost of fuel and equipment. The Central 
Plant operator has an important job in achieving and 
maintaining maximum efficiency of plant operation. The 
information and guidance in this course should be 
reviewed as a first step toward achieving efficient plant 
operation. 

1-2. CENTRAL BOILER PLANTS 

The primary purpose of a Central Boiler Plant is to 
economically produce energy for distribution. This energy 
may be in the form of steam, hot water, or occasionally, 
compressed air or electric power. A distribution system is 
necessary to carry this energy to buildings, hospitals, 
kitchens, and laundries where it is used for heating, cooling, 
process, sterilization, and production of domestic hot water. 
Condensate or hot water is returned to the Central Boiler 
Plant where it is reheated in a boiler and returned to 
the distribution system for recycle. 

a. 1ypes of Central Boiler Plants. Energy for heating 
or process use is generally produced in one of five forms: 

Low Temperature Water LTW (up to 250° F, less 
than 160 psig) 

Medium Temperature Water MTW (251° F, to 350° F) 
High Temperature Water BTW (351°F to 450° F) 
Low Pressure Steam LPS (up to 15 psig) 
High Pressure Steam BPS (above 15 psig) 

The type of Central Boiler Plant built depends upon the 
requirements of the specific installation. For applications 
involving only space heating and domestic water, a low 
temperature water plant is generally sufficient. If steam is 
required for large process loads or electric generation, a 
steam plant must be constructed. For most other 
installations, an economic evaluation must be performed 
to compare the costs of a high temperature water system to 
those of a steam system. Such evaluation usually shows the 
high temperature water plant to be more economical. The 
following paragraphs provide a brief comparison of the 
major types of central heating plant systems. 

b. Comparison of High Temperature Water and Steam. 

system. The closed loop system recycles the unused energy 
in the water and results in very small system water losses. 
By comparison, steam distribution systems include 
condensate return systems with potentially significant 
energy and water losses due to steam flashing, defective 
traps, defective pressure reducing valves, pipe leaks, and 
unreturned process steam. The advantages of high and 
medium temperature water systems are further discussed 
in the following paragraphs. 
(I) Energy Losses from a Steam System. Figures 1-1 
and 1-2 illustrate the heat balance at a heat exchanger for 
100 psig and 15 psig steam/condensate system, 
respectively. When 100 psig steam is supplied to a heat 
exchanger, the condensed water is at a temperature of 338° 
F and contains 26 percent of the energy originally supplied 
in the steam. When the condensate discharges from the 
trap, 13 percent of the water flashes to steam and the 
remaining condensate is at a temperature of 212° E When 
15 psig steam is supplied, the condensed water contains 19 
percent of the original energy at a temperature of 250° E 
When the condensate discharges from the trap, 4 percent 
of the water flashes to steam. The energy losses and 
makeup water requirements of the low-pressure system are 
thus lower, making the low-pressure system preferable if a 
steam system is used. 

(2) Pressure Reducing Valves and Vent 
Condensers. The pressure reducing valve supplies the heat 
exchanger with low pressure steam, thus minimizing 
flash-losses. If a vent condenser is not supplied, the flash-
off steam is lost. H a portion of the condensate is not 
returned to the central boiler plant for any reason, the 
portion of the energy 

• remaining in the condensate is lost. For example, if a 100-
psig system has 20 percent condensate loss, 5.2 percent 
(.20 x .26 = .052) of the total energy produced is wasted. 
In addition, 20 percent treated make-up water is needed to 
keep the system operating. Procedures for monitoring and 
controlling condensate losses are further discussed in 
paragraph 3-2. 

(3) Heat Balance for a BTW System. Figure 1-3 
illustrates a heat balance for a high temperature water 
system at a heat exchanger. It is informative to compare 
the high temperature water system with 100 psig steam 
system. In both cases, 1125 lbs of water is heated from 50° 
F to 140° F by the heat exchanger. The high temperature 
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water system returns 56 percent of the energy input to the 
heat exchanger while the steam system returns 14 percent. 
The high temperature water system does not have steam 
flashing losses or condensate losses. The HTW system is 
clearly a more efficient means of distributing energy from 
a central boiler plant, if the process requirements of the 
system are such that it is applicable. Appendix C provides 
Heat Balance Calculations explaining these numbers. 

(4) Corrosion. A major advantage of the high 
temperature water closed-loop distribution system is an 
inherent reduction in distribution system corrosion as 
compared to steam/ condensate distribution systems. 
Maintenance, pipe replacement, and energy costs 
associated with line leaks are thereby reduced, resulting in 
a significant savings. 

(5) Stored Thermal Energy. The large amount of stored 
thermal energy in an HTW and MTW distribution system 
allows for more effective response to short-duration peak 
load requirements. Boiler load swings are reduced, and more 
accurate combustion control is possible. HTW and MTW 
plants are generally sized for peak loads IO to 20 percent less 
than steam plants because of the stored thermal capacity in 
the system. 

(6) Safety. High and medium temperature water 
systems are safer than steam. In the event of a line rupture, 
the stored thermal energy in the water is dissipated by 
accelerating the water to higher velocities and flashing it 
to steam. A fine spray of 180° F water occurs, ending one 
to two feet from the rupture. The amount of energy exiting 
a ruptured high temperature water line is only 5 to IO percent 
of the energy exiting a ruptured steam line of the same 
size. 

(7) Water Treatment. Due to the low makeup water,  
requirements, the capacity of a water treatment system 
for an HTW and MTW plant is a small fraction of that 
required for a steam plant. This provides a cost savings 
in equipment, maintenance, and chemical use requirements. 
Steam plants require more complex water treatment 
systems including a deaerator (not required in HTW or 
MTW plants) to provide oxygen-free water. ff not carefully 
controlled, the deaerator can vent steam, resulting in energy 
losses. Steam boilers also require blowdown to maintain 
acceptable water quality, which contributes to makeup 
water requirements and plant energy losses. Blowdown is 
less or not required at all in a hot water boiler. 

(8) Loss of Steam Pressure and Quality. If the 
distribution lines are long, significant reductions in steam 
pressure and quality (100% quality = 100% steam, 90% 
quality= 90% steam and 10% liquid water, etc.) can occur 
due to line friction and heat losses. 

c. Low Temperature Water. Low temperature water 
plants have all the basic advantages of HTW and MTW 

plants relative to steam plants. In addition, the lower system 
pressure associated with LTW provides a cost advantage 
due to the lower pressure ratings required for boilers, 
accessories, and piping. However, LTW plants cannot 
provide energy at temperatures required for many 
processes, hospital, and laundry applications, thus 
eliminating them from consideration for many 
installations. 

 
1-3. EQUIPMENT 

A Central Boiler Plant is comprised of ten major categories 
of equipment, as described below. 

a. Heat-Absorbing Equipment. Heat (energy) from the 
combustion of fuel is transferred to the boiler water to 
generate steam or hot water in the furnace and generating 
sections of the boiler. Economizers are sometimes provided 
to recover heat from the boiler flue gases (products of 
combustion) and transfer it to the feedwater. Heat from the 
flue gases can also be absorbed by air heating’s for transfer 
to the combustion air before it enters the furnace through 
the burner or stoker grate. Plant efficiency is closely 
related to. the ability of the boiler, economizer, or air heater 
to absorb heat from the products of combustion. 

b. Fuel-Handling Equipment. Coal-burning plants 
require facilities for storage of coal, and equipment for 
moving the coal to storage and reclaiming and transferring 
it at the boiler. Provisions are usually made to move the 
coal directly from the delivery point to the boiler. 
Mechanical, pneumatic, or hydraulic ash removal systems 
are necessary in coal-burning plants to dispose of ash from 
the boiler, stoker, and dust collector hoppers. Oil-burning 
plants require one or more oil-storage tanks with associated 
transfer pumps, tank heaters, connecting piping, tank lever 
meters, flow meters, and day tanks. Pumping equipment 
and piping to the burners will be required and oil heaters 
may be required depending upon the oil used. Ash removal 
equipment may be required in some cases. Gas-burning 
plants will have a gas pressure reducing station (shut-off 
valve, strainer, pressure reducing valve, safety-relief valve, 
and gas meter) to reduce the incoming line pressure 
required in the distribution piping and burners. 

c. Combustion Equipment. Combustion equipment for 
oil and gas firing consists of safety shut-off valves, safety 
devices or interlocks, control valves, and burner(s). The 
function of the burner is to ignite and bum the fuel by 
efficiently and completely mixing it with combustion air 
in the furnace. Coal may be fired manually on grates or 
automatically by stokers, or burned in suspension in a 
pulverized furnace or fluidized bed. 

d. Air-Handling Equipment. In order to achieve efficient 
combustion of fuel, the amount of air delivered to the 
burner or stoker must be properly matched to the amount 
of fuel. Forced draft fans with associated control dampers 
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