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Review of The House

Residential Building Systems

Heating

Goal
Upon completion of this module participants will have a

greater understanding of the basic components of a heat
generating and distribution system, and to recognize
potential malfunctions in such systems.

So why do we heat homes?

The Part 9 building codes in Canada basically require –
“residential buildings intended for use in the winter
months on a continuing basis shall be equipped with
heating facilities conforming to this Section” (of code).

The codes also specify both indoor and outdoor design
temperatures used to determine heating requirements.
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Objectives

• identify the basic principles and components of heating
systems

• state the major sources of heat
• identify an oil fired central heating system complete with

major component parts
• identify the types of heating distribution systems
• identify heat distribution systems and their components
• Identify common defects with regards to heating systems

and their components
• assess the operating condition of and identify the

deficiencies in the operation of an oil and gas fired
heating unit; hot water and steam heating unit; self
contained space heater; forced air distribution system

Upon completion participant will be able to:

Objectives

• state methods to improve the operations of the four
sources of heat and four distribution systems

• determine the importance of exhaust flue systems for
heating appliances

• identify the suitable location of a thermostat

• evaluate electrical connections which pertain to or are
physically close to heating units

• identify deficiencies in various heating and cooling
system photos

Upon completion participant will be able to:
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Function of Heating

Must be designed and constructed to ensure occupant
comfort in cold winters, and provide domestic hot water
heating throughout the year.

• To provide and maintain minimum acceptable
temperatures

• to operate safely

• to be properly sized

• to provide efficient operation

• to allow for occupant control of temperature and heat
distribution

• Must be accessible for servicing and maintenance

Purpose of Heating
The purpose of heating, ventilation and air conditioning
system is to provide and maintain the temperature, air flow
and conditioning of the air in a residential environment.



1/18/2022

4

Design Temperatures

O.B.C. Indoor Design Temperatures
1) At the outside winter design temperature, required

heating facilities shall be capable of maintaining an
indoor air temperature of not less than
a) 22ºC (72F) in all living spaces
b) 22ºC (72F) in unfinished basements, and
c) 15ºC (59F) in heated crawl spaces

O.B.C. Outdoor Design Temperatures
1) The outdoor conditions to be used in designing

heating, ventilating and air conditioning systems
shall be determined in accordance with Subsection
2.5 Climatic Data, using 2.5 per cent design
criteria.

Topics

• Heat Transfer Process 

• Distribution Systems

• Sources of Heat

• Ventilation of Combustion Products

• Heating Units

• Air Conditioning

• Additional Equipment



1/18/2022

5

Heat Transfer Process

3 Methods of Heat Transfer

• Radiation – e.g. portable radiant heaters heat object
with hot air circulated in a small radius from the heater

• Conduction – e.g. heat transfer through a solid – heat
traveling through an uninsulated wall faster than an
insulated wall

• Convection – e.g. in the winter, basements are
typically colder than upstairs rooms warmer – because
hot air rises

Distribution Systems

Hot Air Gravity Furnaces (Outdated – Inefficient System)

• Natural convection (heat rises)

• Furnace was generally centrally located

• No fan, no filter

• Noted for its very large diameter size supply air ducts

• Heat registers commonly found on inside walls

• Common for back to back registers fed from one
supply duct

• Return air on main floor, often located near an outside
wall, or a large floor register opening

• Extremely old system – no significant energy efficiency
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Hot Air Gravity System

Burner

Return air 
duct

Supply 
air ducts

Hot Air Gravity System
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Distribution Systems

Forced Air Heating System (Most common system today)

• Air forced through system (fan)

• Usually burns gas, or possibly oil, in a closed chamber
called a heat exchanger

• Large blower located inside – forces cool air across
the heat exchanger – heating the air before sending it
through the supply ducts

• Return air registers draws air back to be reheated and
re-circulated

• System is more adaptable for humidification,
dehumidification, air filtration and air conditioning

Forced Air Heating System

Access 
cover 
removed
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Forced Air Heating System

Mid & High-Efficiency Furnaces

Distribution Systems

Hot Water Heating System (Hydronics)

• Boiler that operates like a furnace – heats water rather
than air – fuel source generally gas or oil

• Heat moves from flame to water through a heat
exchanger

• Hot water circulates through pipes (by pump) to radiators
which returns to the boiler for reheating through return
pipes

• Radiators or convectors heat up which heats the
surrounding air

• System contains safety valves, pressure release valves
and expansion tank for safety
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Hot Water Heating

Expansion 
Tank

Boiler 
Unit

Exhaust 
FlueCirculating 

Pump

Pump 
Control

Hot Water Heating
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Distribution Systems

Steam Heating System

• Operates similar to hot water

• Lines are filled with air at atmospheric pressure

• Water in the boiler is heated to produce steam – that is
pushed (pumped) through the piping – the steam
pushes air that was in the pipe out through the air
vents

• Condensed water drains back to the boiler through the
return pipes

Steam Systems
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Distribution Systems

Space Heaters

• Gas, propane or electric space heaters

• Vented and non-vented units

• Safety concerns

Distribution Systems

Oil-fired Residential Heating System
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Sources of Heat

4 Main Elements of Oil-Fired Heat

1. Fuel storage – oil tanks – TSSA Standards

2. Fuel handling 

3. Combustion  

4. Heat transfer  

Often oil-fired furnaces are converted to gas (Fuel oil tends 
to be a dirtier fuel source)

Sources of Heat

Gas-Fired Heat

• Distribution system

• Stop valve

• Gas meter 

• Overpressure relief

• Pressure regulator 
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Sources of Heat

Gas-fired Heating System

Sources of Heat

3 Main elements - Gas-Fired Heat

• Pilot light

• Gas burner

• Heat exchanger
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Alternate Sources of Heat

Wood Burning Furnaces

• CSA approval

• Standards - regulations

Sources of Heat

Solid fuel-fired Stove

• Radiant heat

• Baffles

• Cold air returns

• Correct size appliance

• Safe installations
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Ventilation of Combustion Products

Overview

• Air supply – adequate supply of air and clearances

• Flue pipe – various types required – depending on
performance criteria related to temperature (sometimes
referred to as “smoke pipe”

• Chimneys and Gas vents – retrofit issues

Ventilation of Combustion Products

4 Reasons Why Homes are Sealed More Tightly

1. Increased insulation

2. Weather stripping

3. Air/Vapour Barriers

4. Caulking
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Ventilation of Combustion Products

Implications

• Need for adequate air supply for proper combustion

Incomplete combustion process will generate carbon
monoxide (the poisonous gas).

Further, the lack of dilution air is likely to result in
backdraft. This means that combustion products can’t go
up the chimney but are dumped back into the room,
which is under low pressure (since it’s starved for air,
because we’ve pulled all the air into the furnace for the
combustion and dilution process).

Inspection of Heating Units

Inspection Elements

• Condition of flame

• Location of noises, vibrations, odours

• Soot deposits

• Physical attributes (general overall condition - staining)

• Information plate
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Inspection

Additional Air Conditioning and Supporting Equipment

• Distribution system (pipes, ducts, cables, etc.)

• Humidifiers

• Dehumidifiers

• Propane tanks, oil tanks

• Thermostat

• Electrical connections

Inspection of Heating Units

Inspection Elements

• Condition of flame

• Filter

• Venting/flue

• High-efficiency units – condensate drain
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Slide Studies

The following slides provide a sample of practical
applications of conditions from field inspections.

Purpose

The following photographs are examples of various
conditions and defects for recognition of defects and
discussions.

Rusted – Cracked Heat Exchanger

Top of 
furnace 

Flue vent 
opening

Rusted heat 
exchanger
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Forced Air Furnace

Comment

Exhaust 
Flue

Condensate 
pipe

Forced Air Furnace
Comments

Draft 
hood

Burner 
area

Exhaust 
flue

Gas valve

Supply 
plenum

Fan 
compartment

Thermostat 
gas control
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Forced Air Furnace

Induced 
Draft Fan

Inspection 
Viewing Area

Flame Colour 
Signifies

Condensate 
line

Condensate 
drain tube

Ribbon burners

High-Efficiency Forced Air Gas Furnace

Comment

Return 
air

Gas pipe
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Furnace Data Plate

Inside of 
Furnace 
Cabinet

Induced draft 
fan

Gas Pressure Inspection Tag
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Forced Warm Air Furnace – Access Door Removed

Comments

Induced-draft 
Fan

Gas Service 
LinesReturn air 

plenum

View port

Gas control 
valve

Drip leg

Forced Warm Air Furnace – Access Door Removed

Condensate 
Line

Plastic Flue 
Pipe

A.C. Coil 
concealed 
above furnace

A.C. linesTaped plenum
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F.A.G. Energy Efficient Unit

Furnace fan

Viewport

Power vent fan

Forced air furnace
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Hot Air Gravity Furnace Ducts

Flue Expansion 
tank

Circulator 
pump

Relief 
valve

Boiler

Hot Water Boiler
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Aquastat

Pressure 
gauge

Pressure 
reducing  
valve

Flue

Expansion tank

Hot Water Boiler

Hot Air Gravity Furnace

Furnace

Comments

Supply 
duct

Return 
plenum
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Horizontal Heat-Cool Pack Comments

Heat Exchanger – cover removed from earlier slide

Heat 
exchanger

Elec. Shut off 
switch
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Vent Locations

Horizontal Furnace in Crawlspace

HRV

Horizontal 
F.A.G. Furnace
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Horizontal Forced Air Furnace in Crawlspace

Cooling 
Coil

Furnace

Filter

Exterior Horizontal F.A.G. Furnace w/A.C. Unit
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Older Hot Water Boiler 

Comments

Hot Water Boiler Close-up

Comments
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Water Furnace/Boiler

Electric Furnace Unit

Shut 
off
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Oil Furnace

Oil line & burner unit

Flue 
pipe

Barometric 
damper

Oil Tank Vent Pipe on Side of House

Vent pipe
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Oil Tank in Deep Crawlspace of House

Oil Tank

Newer 
Furnace

Forced Air Furnace with HRV Unit

HRV

Insul. 
ducts

Return air
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Wood Stove
Comments

Faux stone

Wood Stove
Comments
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Water Heater
Comments

Gas Meter Comments
Concrete walk

RegulatorMain valve
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Buried Oil Tank
Comments Fill pipe

Radiant Hot Water Heating

Comments

Expansion 
tank

Zone valves

Exhaust 
flue

Distribution 
manifold

System 
pump

TPR valve

Gas service 
line
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Metal Flue in Attic

Comments

Attic A.C. Unit  (Hot Water Boiler Home)
CommentsDrip panCondensate line

Exhaust 
stack

Refrigerant 
lines

Insul. ducts
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Wall sleeve AC unit Comments

Exterior A.C. Condenser Unit

Iced AC 
line
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Condenser 
Unit Comments

A.C. Data Plate
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Comments?

Hot Water 
Heater

Metal 
Flue

Comments

Hot Water Heater
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Comments?
Chimney - Flues

Case Study

This case study will provide symptoms and observations that
have come from an inspector who went to a house that needs
rehabilitation. The observations presented here should lead to
your group's recommendations.

FACTS
In this case we will simulate inspections of the heating systems

for the following photographs:

GROUP REPORT
Each group will be responsible to provide a brief report on their

observations on the conditions viewed in the photographs.
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Case Study 1 – Observations

Case Study 2 – Observations
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Case Study 3 – Observations

Case Study 4 - Observations
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Case Study 5 – Observations

Case Study – Summary

A trained inspector should be able to record all these symptoms
listed in this case study.

A heating contractor or other qualified expert could aid the
inspector in analyzing and recommending actions to retain,
repair or replace all or part of the heating system in a
residential rehabilitation project.
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Inspection 

Purpose and Importance:
To determine the presence and condition of heating and

distribution system, along with required operating devices,
required venting and appropriate fixtures to ensure the health
and safety of the occupants and serviceability for intended
use.

Limitations:
Examples – hidden elements, accessibility, further detailed

review by a licensed or qualified technician

Areas of Investigation:
Site, exterior, interior
How will the heating system assessment contribute to the overall

review of a house?

Significance of Defects

What is the significance of heating defects?
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Heating Standards

• Building Code

• Municipal (regional) By-laws or Standards

Review Questions

1. Which fuel source is best? 

There is no best fuel

It depends on the application & local equipment & utility costs 

2016
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Review Questions

2. What is the most serious health hazard presented by each of 
the major fuel sources? 

Oil – fire and CO

Gas – fire and CO

Electricity – fire

Wood - fire

Review Questions

3. What are 3 methods in which heat moves and how does these
methods transfer directly to heating a home?

Radiation – e.g. portable radiant heaters heat object with hot air circulated in
a small radius from the heater
Conduction – e.g. heat transfer through a solid – heat traveling through an
uninsulated wall faster than an insulated wall
Convection – e.g. in the winter, basements are typically colder than upstairs
rooms warmer – because hot air rises
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Review Questions
4. Label the sketch of a oil-fired & gas heating system complete 

with major component parts. 

Review Questions

5. What are 6 potential sources of fire created by an unsafe
wood burning device?

1. Radiant heat from stove igniting nearby combustible wall.
2. Embers falling out of the stove onto hearth.
3. Heat from flue pipe setting fire to combustible partition.
4. Excessive heat from chimney under normal operation charring nearby

timbers.
5. Chimney fire from ignited creosote.
6. Sparks coming out of chimney onto the roof.
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Review Questions

6. In what order must the flue pipe from a solid fuel appliance
enter a chimney in regards to an oil-fired appliance and a gas
fired appliance?

They must be on the same floor

The flue pipe from a solid fuel appliance must enter the chimney below that of
an oil-fired appliance, which should in turn be below that of a gas fired
appliance

Review Questions

7. Name at least one deficiency to watch for in the following: oil
fired and gas fired heating units, hot water system, forced hot
air system, and thermostat location.

Oil fired - soot on fire door, barometric damper screwed shut
Gas fired - signs of flame roll out, a yellow luminous flame
Hot water system - is there an expansion tank? are the radiator valves

leaking?
Forced hot air - is the return air door of the furnace on? is the fan wheel

clean?
Thermostat location - is it located on a outside wall? (preference: on hall wall)
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Review
Can you:

• identify the basic principles and components of heating
systems

• state the major sources of heat; identify an oil fired central
heating system complete with component parts

• identify the types of heating distribution systems
• evaluate heating distribution systems and their components
• state remedial action with regards to heating systems and

their components
• evaluate the operating condition of and identify the

deficiencies in the operation of an oil and gas fired heating
unit; hot water and steam heating unit; self contained space
heater; forced air distribution system

• state methods to improve the operations of the four sources of
heat and four distribution systems;

Review
Can or Do you:

• explain the operation of a humidifier;
• evaluate the condition and state deficiencies of a humidifier;
• identify the proper installation techniques for a propane tank;
• identify the proper installation of a thermostat;
• state methods to correct deficiencies in thermostat

installations;
• evaluate electrical connections which pertain to or are

physically close to heating units


