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Module 1: General Considerations
Learning Objectives
By the end of this section, you will be able to:

e Identify the core differences between high-temperature water (HTW) and steam distribution
systems regarding energy efficiency and maintenance.

e Evaluate combustion parameters (Time, Temperature, Turbulence) and air requirements to
optimize boiler performance.

e Select appropriate heat transfer methods (Radiation, Conduction, Convection) to diagnose
efficiency losses in boiler operations.

Executive Summary: The primary objective of a Central Boiler Plant is the economical production and
distribution of energy. Transitioning from traditional steam to High-Temperature Water (HTW) systems
typically yields significant gains in efficiency, safety, and system longevity by utilizing a closed-loop
design that minimizes mass and energy losses. Mastery of the chemical and physical principles of
combustion and heat transfer is essential for any Professional Engineer tasked with optimizing plant
performance.

Section I: Introduction

Purpose

This module provides guidance on the installation, operation, and maintenance of Central Boiler Plant
equipment. As fuel and equipment costs escalate, the engineer’s role in maintaining maximum
operational efficiency is critical.

Central Boiler Plants
Central Boiler Plants produce energy for distribution to facilities such as hospitals, kitchens, and
industrial laundries for heating, cooling, and sterilization.

Types of Central Boiler Plants

Energy for heating or process use is generally produced in one of five forms:
e Low Temperature Water (LTW): Up to 250° F, less than 160 psig.
e Medium Temperature Water (MTW): 251° F to 350° F.
e High Temperature Water (HTW): 351° F to 450° F.
e Low Pressure Steam (LPS): Up to 15 psig.
e High Pressure Steam (HPS): Above 15 psig.

Design Tip: While LTW is sufficient for space heating, HTW is often more economical than steam for
most other installations due to the heat capacity and closed-loop nature of the system.
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Comparison of High Temperature Water and Steam

The major advantages of HTW and MTW systems result from the closed-loop distribution system.
Steam systems inherently suffer from mass losses due to flashing, defective traps, and unreturned
condensate.

1. Energy Losses: In a 100 psig steam system, the condensate contains 26% of the original energy.
Upon discharge, 13% of the water flashes to steam. In contrast, an HTW system returns 56% of
the energy input to the heat exchanger.

2. Corrosion: Closed-loop HTW systems significantly reduce internal corrosion compared to
steam/condensate lines, lowering pipe replacement costs.

3. Stored Thermal Energy: The large thermal mass of HTW systems allows for better response to
peak loads, reducing boiler load swings and allowing for more accurate combustion control.

4. Safety: In a line rupture, HTW energy dissipates by flashing to a fine 180° F spray. The energy
exit is only 5% to 10% of that from a steam line rupture of the same size.
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Figure 1-1: 100 PSI Steam Heat Balance
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1125 LBS.
WATER OUT - ICO°F

1125 LBS.
WATER IN = 30°F

&07 LIS. WATER- 41II)°F »d—=2—————] ..
110" ENERGY INPUT

HEAT
EXCHANGER

RETURN TO CENTRAL
BOILER PLANT

&07 LBS. WATER» 2411°F
56% ENERGY

Figure 1-3: High Temperature Water Heat Balance

Copyright 2026 Page 3



T Introduction to Central Boiler Plants

Equipment Categories

A Central Boiler Plant comprises ten major categories:
e Heat-Absorbing Equipment: Boilers, economizers, and air heaters.
e Fuel-Handling: Facilities for coal, oil, or gas storage and transfer.
e Combustion Equipment: Burners, stokers, and safety interlocks.
e Air-Handling: Forced and induced draft fans.
e Controls and Instrumentation: Feedwater, safety, and combustion regulators.
e Pollution Control: Fabric filters, scrubbers, and electrostatic precipitators.
¢ Water Treatment: Clarifiers, softeners, deaerators, and chemical injection.
e Water Supply: Centrifugal or reciprocating pumps.
e Distribution Systems: Pipelines, valves, and heat exchangers.

e Miscellaneous: Maintenance tools, electrical distribution, and emergency generators.

Section II: Elementary Combustion Principles
Fossil Fuels

e Coal: Classified by ASTM D 388 (Lignite to Anthracite). Analysis is provided as Proximate
(moisture, volatile matter, fixed carbon, ash, sulfur) or Ultimate (elemental carbon, hydrogen,
etc.).

e Oil: Classified by ASTM D 396 (No. 1 through No. 6). Residual oils (No. 6) are more difficult to
burn than distillates (No. 2).

e Natural Gas: Primarily methane (CH4) and ethane (C2H6). High heating value (HHV) is typically
1,000 Btu/ft3.

Combustion Fundamentals

Combustion is the rapid oxidation of fuel. It requires Fuel, Oxygen, Heat, and a chemical reaction.
Controlled combustion depends on the "Three Ts": Time, Temperature, and Turbulence.
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Chemical Reactions (Weight Basis)

Equation 1-1 (Carbon Oxidation):
1IbC+2.66Ib0 ,=3.66lbCO ,+ 14,093 Btu
Where:

e (C=Carbon
e 0;=0xygen
e CO?=Carbon Dioxide

Equation 1-2 (Hydrogen Oxidation):
1lbH ,+7941b0 ,=2894IbH ,0+ 61,100Btu
Where:

e H;=Hydrogen
e 0, =0xygen
e H,0 =Water Vapor

Air Requirements

Air is roughly 23.3% oxygen by weight. To obtain 1 Ib of oxygen, 4.29 lbs of air are required.

¢ Theoretical Air: The exact amount of air for complete reaction.

e Excess Air: Additional air required due to imperfect mixing.
ZY Calculation Note: To determine Higher Heating Value (HHV) using Dulong’s formula:
Equation 1-3:

0,

HHV = 14,544C + 62,028 (Hz 3

) + 4,050S

Where:

e C=Weight fraction of Carbon

e H; = Weight fraction of Hydrogen
e 0, =Weight fraction of Oxygen

e S =Weight fraction of Sulfur
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