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Ready to move beyond basic heat loss calculations and load estimates? This module takes you deep into
the core of modern space heating systems—covering furnaces, boilers, heat emitters, hydronic piping,
radiant floors, and heat pumps. You'll gain practical knowledge of how each system operates, how to
properly size and specify equipment, and how to meet key performance and efficiency standards.

This 8-hour course builds on the foundational concepts introduced in Module 11, “Heating System Design
— Essential Tips & Rules of Thumb,” and offers valuable, hands-on insights for HVAC professionals involved

in system design or equipment selection.
The course is organized into 5 detailed chapters:

e Chapter 1 delves into forced air heating systems, emphasizing gas and oil furnaces. Key topics
include combustion, venting, draft management, efficiency ratings, and applicable codes and
standards.

e Chapter 2 focuses on hydronic heating systems and boilers, covering hot water heating, boiler
classifications, performance ratings, and fuel consumption metrics.

e Chapter 3 examines circulator pumps and piping networks, with emphasis on pump selection,
system layouts, terminal units, and control strategies for effective distribution.

e Chapter 4 introduces radiant floor heating systems, with guidance on design principles, manifold
setup, pipe installation, and cost considerations.

e Chapter 5 explores various heat pump systems—including air-source, water-source, and
geothermal—detailing system configurations, sizing, and efficiency compliance.

You can find the Key Rules of Thumb in Annexure - 1 for quick and easy reference. These guidelines,
metrics, and thumb rules are based on sound engineering practices and the author's experience, but they
may vary depending on operating conditions and other factors. This document is a live resource that will
be periodically updated as new data and best practices emerge.

Let’s get started!
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1 CHAPTER -1: FORCED AIR HEATING SYSTEMS

Forced Air Heating Systems are among the most widely used methods for space heating in residential,
commercial, and light industrial buildings. These systems operate by heating air in a central unit—typically
using a furnace, heat pump, or electric heater—and distributing the warm air through ducts with a blower.
When fossil fuels are used, combustion gases are exhausted through flue vents, while electric furnaces

need no chimney but cost more to run.

This chapter focuses on fossil fuel furnaces due to their economic advantage and broad application. Their
key advantages include rapid temperature response, easy filtration for improved indoor air quality, and
compatibility with modern thermostatic and zoning controls.

exchanger
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Figure 1. Heating Furnace

How a Forced-Air Furnace Works

Heat Generation — Burns fuel or uses electricity to create heat
Heat Exchange — Transfers heat to the air via a heat exchanger
Air Distribution — Blower circulates warm air through ductwork
Return Cycle — Cooler air returns via ducts to repeat the process.
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Key Advantages and Disadvantages

Advantages (+)

e Quick heating

e Integrates with air conditioning for cooling

e Energy-efficient models available

e Compatible with smart thermostats.

Disadvantages ( X{)

e Requires ductwork (costly to install). Zone control is difficult and complex.

e Candry indoor air without a humidifier

e Spread dust/allergens if filters are not cleaned regularly

e Fuel systems need ventilation and safety precautions.

Main Components and Sizing Criteria

The table below summarizes key components of a natural gas furnace, their functions, and basic sizing

guidelines.
Table 1. Sizing Criteria for Heating Furnaces
Component Function Rules of Thumb
Burner Burns fuel to generate heat Size to meet or slightly exceed

heating load (Btu/h). Example:
90% efficient furnace delivering
90,000 Btu/h = needs ~100,000
Btu/h burner input.

Heat Exchanger

Transfers combustion heat to

air

0.8-1.2 ft? surface area per
10,000 Btu/h.

Blower / Fan

Circulating heated air through
ductwork

Heating: 150-160 CFM per
10,000 Btu/h (= 60°F rise).

Cooling: 400 CFM per ton
(12,000 Btu/h) with = 20°F drop.

Fuel Supply

Delivers gas or oil to the burner

100 ft® natural gas = 100,000
Btu/h; 1 gal fuel oil = 140,000
Btu.
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Component Function Rules of Thumb

Manifold Distributes fuel evenly to 1-2 in diameter for 50,000—
burners 100,000 Btu/h.
Regulator & Controls Maintain fuel flow and pressure | Set to 3.5-11 in. WG (water
gauge).
Igniter Starts combustion Hot Surface Igniter (HSI), most

common in modern furnaces
(100-300W), or Direct Spark
Ignition (DSI), which uses a high-
voltage spark to ignite gas.

Combustion Chamber Contains combustion process ~0.01-0.02 ft® per 1,000 Btu/h
input.
Thermostat Controls operation by room 1°F buffer; one thermostat per
temperature zone.
Flue / Vent Exhausts combustion gases 1 in? vent area per 4,000-5,000
outdoors Btu/h.
Air Filter Cleans circulating air ~1 ft? filter area per ton; replace

every 1-3 months.

Design Guidelines

e Furnace Sizing: Match furnace output to building heating load — typically 20-60 Btu/h per ft? of
floor area (varies by climate and insulation).

e Efficiency Range: Choose furnaces with 80-95% AFUE (Annual Fuel Utilization Efficiency) for
optimal performance and energy savings.

Furnace Capacity, Ratings, Size, and Availability

Furnace Capacity is the heat output in Btu/h, typically 40,000—-120,000 Btu/h for residential homes and
up to 1 million+ Btu/h for commercial use. It must match the building's heat loss for optimal comfort and

efficiency.

a. Ratings: Measured in Btu/h or MBH (1 MBH = 1,000 Btu/h), with AFUE (80-98%) indicating
efficiency. Higher outputs suit colder climates or larger spaces.

b. Size: Refers to both physical cabinet width (e.g., cabinet width: 14.0, 17.5, 21, 24.5 inches) and
output. Ensure furnace sizing aligns with ductwork and space fitment.

c. Availability: Depends on fuel type (gas, oil, electric), efficiency level (standard or high), and
configuration (single/two-stage, modulating). Gas furnaces dominate urban areas, oil in rural
settings, and electric where fuel access is limited.
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Table 2. Furnace Ratings and Availability

Parameters

Rules of Thumb

() Rating (Btu/h)

30-60 Btu/h/ft> (moderate to cold climates); adjust for
insulation.

() Capacity

Match to heat loss: 80-100% of peak load; +10-15% buffer.

() Availability

Gas: 40,000-120,000 Btu/h (residential) and up to 1 million
Btu/h for commercial applications. All fuels.

Fuel Sources

Most furnaces run on natural gas, fuel oil, or liquefied petroleum gas (LPG). The heat content of these

fuels is shown in the table below.

Comparison (varies by
region/time)

Parameters LPG (Propane) Natural Gas (Methane) | Fuel Oil (#2)
Heat Content (approx.) | e 91,500 Btu/gal e 1,030 Btu/ft3 ¢ 139,000 Btu/gal
e 21,500 Btu/Ib e 37,700 Btu/Ib e 19,500 Btu/Ib
e 100,000 Btu/Therm
Air-fuel ratio 9.5:1 10:1 14:1
Commercial ~$2.50/gal ~$1.50/Therm ~$3.50/gal

Heating Area Coverage

1 Ib heats ~400-500 ft?> | 1 Therm heats ~1,500— | 1 gal heats ~2,000—
2,000 ft? 2,500 ft?

Delivery/Storage

Stored in pressurized Piped utility service Stored in large tanks
tanks

System Notes

Good for rural/off-grid | Cleanest fossil fuel, low | High maintenance,
homes emissions soot buildup, and
burner tuning.

Notes:

e Efficiency: Assumes 80-95% AFUE for furnaces; oil may drop to 70-85% if poorly maintained.

e Heat Output: 30-

60 Btu/h/ft? typical for sizing (varies by climate/insulation).

e Combustion: All require venting; oil needs more frequent chimney cleaning.

e Costs: Vary by region (2025 estimates); NG is cheapest where piped, LPG/oil for off-grid.
e 1 Therm = 100,000 Btu = 2.83 m3 of natural gas
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e A pressure regulator is needed to allow the LPG to return to a gaseous state before entering the
furnace.

Operating Costs with Different Fuels

To conduct a fair techno-commercial comparison of fuels, an apples-to-apples approach is essential,
achieved by converting each fuel’s heat content into Btu and evaluating costs on a standardized basis. The
objective is to determine the cost per 100,000 Btu of heat delivered, factoring in a typical furnace
efficiency of 85%.

Table 3. Comparison of Fuels per 100,000 Btu of Heat Delivered

Fuel Type Cost per Unit | Heat Content | Effective Heat | Cost per Btu Cost per
per Unit (Btu) at 85% ($) 100,000 Btu
Efficiency ($)
LPG (Propane) | $2.50/gal 91,500 Btu/gal | 77,775 Btu/gal | $0.032 ($2.50 | $3.20 ($0.032
(91,500 x 0.85) | +77,775) x 100,000)
Natural Gas $1.50/Therm 100,000 85,000 $0.0176 ($1.50 | $1.76 ($1.50 +
Btu/Therm Btu/Therm + 85,000) 0.85)
(100,000  x
0.85)
Fuel Oil #2 $3.50/gal 139,000 118,150 $0.030 (S3.50 | $3.00 ($0.030
Btu/gal Btu/gal +118,150) x 100,000)
(139,000 x
0.85)

Results: Natural gas is the cheapest at $1.76, followed by fuel oil at $3.00, and LPG at $3.20 per 100,000
Btu delivered.

Notes: Costs are 2025 estimates; efficiency adjusts usable heat output. Natural gas benefits from direct
Therm pricing (1 Therm = 100,000 Btu), simplifying its calculation.

Selection Criteria for Furnaces

Furnaces for space heating systems are selected based on fuel type, efficiency, configuration, airflow
direction, and heat transfer method. Here’s a brief overview:
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Fuel Types

Furnace utilizes standard fuels - natural gas, LPG (propane), fuel oil, and electricity—each with distinct

characteristics.

Natural Gas: Clean, cost-effective, and ideal for urban areas (heat energy = 1,030 Btu/ft3).
LPG (Propane): Portable, efficient, suitable emote sites without piped gas connection (heat
energy = 91,500 Btu/gal).

c. Fuel Oil: Delivers high energv ro~*- 8

' more emissions (heat

energy =177~

d. Electric the er cost (heat energy =
3,412 B remainder of
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Furnace efficiency m c“Ck 1g the term AFUE
(Annual Fuel Utiliza . . oW eating efficiency;
for example, 80% Al C’ose th’S W'z,d’ on the Producb 's compare costs
and efficiency across ¢ Hdd to car
There are three types paqe.
a. Standard Efficie
b. Mid-Efficiency: __ wuinate zones.
c. High Efficiency: . __.unended for cold/severe cold climate zones.

These metrics help optimize system selection for energy and cost efficiency.

Table 4. Efficiency (AFUE) Classification of Heating Furnaces

Classification Rules of Thumb
AFUE Heat Exchanger Venting Stack Sizing
Temp. Guideline
‘, Standard 70-85% | Single heat Natural draft, | High: 300- | Size 10-20%
Efficiency exchanger chimney. 400°F above peak
load.
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