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Block A: Fuel Gas Introduction

In the field, there are many similarities or overlaps with the work of plumbers and gas fitters. Many plumbing and
heating contractors employ both plumbers and gas fitters as well as tradespeople with dual certifications.

Upon completion of a Plumbing Apprenticeship, a plumber can receive cross-program credit for a portion of the Gas
fitter apprenticeship. As such, training in fuel gas has been incorporated into all levels of the Plumbing Apprenticeship.

Block A of the Plumbing Apprenticeship Program Level 2 Series focuses on the fundamentals of fuel gas systems,
providing apprentices with a solid understanding of gas-fired appliances, regulations, and safety standards. This section
gives apprentices the skills they need to safely work with fuel gas systems, make sure they follow industry rules, and
properly install and maintain gas-fired equipment.

Plumbing Apprenticeship Program Level 2 Series

The Plumbing Apprenticeship Program Level 2 Series offers comprehensive training materials designed to build on
foundational skills and knowledge. The series is divided into four main blocks, each focusing on critical areas of
plumbing systems and installations.

Block A: Fuel Gas Systems (https:/ / a—fuelgas—bcplumbingapprlz.pressbooks.tru.ca/ )

A-1: Gas Fired Appliances

A-2: Gas Codes Regulations and Standards

A-3: Gas Appliance and Building Air Requirements
A-4: Technical Instruments and Testers

Block B: Heating and Cooling Systems
(https:/ /b—heating—bcplumbingapprlz.pressbooks.tru.ca/ )

B-1: Types of Heating and Cooling Systems

B-2: Hydronic Heating and Cooling Generating Equipment
B-3: Hydronic Heat Transfer Units

B-4: Hydronic Heating Piping and Components
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Block C: Install Fixtures and Appliances
(heeps://c-plumbfixappliance-beplumbingapprlz.pressbooks.tru.ca/)

C-1: Plumbing Fixtures and Trim
C-2: Plumbing Appliances

Block D: Drainage Systems
(https: // d—drainagesystems—bcplumbingapprlz.pressbooks.tru.ca/ )

D-1: Sanitary Drain, Waste and Vent Systems
D-2: Planning and Installation of DWV Systems
D-3: Storm Drainage Systems

D-4: Test and Drainage Systems

D-5: Drainage System Maintenance and Repairs

Plumbing Apprenticeship Program Overview and Upcoming Resources

* Plumbing Apprenticeship Program Level 1 Series is coming soon to TRU Open Press in 2025-2026!

* Plumbing Apprenticeship Program Level 3 Series (https: //collection.bccampus.ca/
search/?q=%22pl3%22) can be found in the BCCampus Open Collection
(https: //collection.bccampus.ca/).

¢ Plumbing Apprenticeship Program Level 4 Series (https://bccampus.ca/projects/archives/zed-
cred-z-degrees/ztc-open-educational-resources-for-trades/) can be found in the BCCampus Open
Collection. (https: //collection.bccampus.ca/) (Block F: Commission and Service will be available soon.)
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Disclaimer

The materials in these Learning Guides are intended for use by students and instructional staff. They have
been compiled from sources believed to be reliable and to represent the best current opinions on these
subjects. These manuals are designed to serve as a starting point for good practices and may not cover all
minimum legal standards. No warranty, guarantee, or representation is made by the BC Piping Trades
Articulation Committee, the Skilled Trades BC authority, or the King’s Printer of British Columbia regarding
the accuracy or sufficiency of the information contained in these publications. These manuals aim to
provide basic guidelines for piping trades practices. Therefore, do not assume that all necessary warnings
and safety precautions are included, and additional measures may be required.

Safety Advisory

The current Standards and Regulation in BC can be obtained at the WorkSafeBC (http: //www.worksafebc.com) website:
http: //www.worksafebc.com

Please note that it is always the responsibility of any person using these materials to inform themselves about the
Occupational Health and Safety Regulation pertaining to their areas of work.
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Symbol Legend

Important Information

Potentially Toxic/ Poisonous Situation

Required or Optional Resources

Potentially Flammable Situation

Complete a Self-Test

Possibly Explosive Situation

L4

—— Use Protective Equipment

& Potential Electric Shock
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o Brass 1/4" MIP x barbed hose adapters

o 1/8" NPT inlet pressure tap plug

o Qutlet pressure tap connected to clear plastic manometer tubing
o Combination gas valve with three taper boss test ports

o.
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o

o

Bared reducer and barbed tee

Manometer being connected into pressure switch sensing line
3mm silicone rubber tubing connected to static pressure tip
Pitot tube

P/T plub

1/8" NPT inlet pressure tap plug

Outlet pressure tap connected to clear plastic manometer tubing
Glass-stem thermometers

Dial stem thermometers

Flexible capillary dial thermometer

Dial thermometer partially insterted into thermowell
Folding digital pocket thermometer

Cutaway of RTD probe

10 kQ NTC thermistor

Type K exposed wire thermocouple

DMM with temperature setting

K type thermocouple connections

IR thermometer

Calibrating analogue dial thermometers

Calibrating DMM temperature readings

Pipe clamp thermocouples

» ServiceWhale (https: //servicewhale.com/)

» SkilledTradesBC (https: //skilledtradesbc.ca/)

» Standards Council of Canada (SCC) (https: //scc-ccn.ca/)
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If you are using a printed copy, you can scan the QR code with your digital device to go directly to the video:
Introducing SkilledTradesBC (https: //www.youtube.com/watch?v=0QgwdP0rNog)

Starting December 1, 2022, Industry Training Authority was officially renamed to SkilledTradesBC. Hear more in this
video from SkilledTradesBC CEOQ, Shelley Gray, on what this means for the trades industry and British Columbians.
Closed captioning and transcripts are available with this video, Introducing Skilled Trades BC
(https: //www.youtube.com/watch?v=0QgwdPOrNog) (2022) on YouTube.

@ One or more interactive elements has been excluded from this version of the text. You can view them online here:

https: //a-fuelgas-beplumbingappri2.pressbooks.tru.ca/?p=21#oembed-1 (#oembed-1)

References

Skilled Trades BC. (2021). Book 1: Fuel gas systems, Heating and cooling Systems. Plumber apprenticeship program level
2 book 1 Harmonized. Crown Publications: King’s Printer for British Columbia.

SkilledTradesBC. (2022, December 1). Introducing Skilled Trades BC. YouTube. https://www.youtube.com/
watch?v=0QgwdPOrNog

Trades Training BC. (2021). A-1: Introduction to gas-fired appliances. In: Plumber Apprenticeship Program: Level 2.
Industry Training Authority, BC.

xvi | Acknowledgments



Accessibility

The web version of Block A: Fuel Gas (https: //a-fuelgas-bcplumbingapprl2.pressbooks.tru.ca/) has been designed to
meet Web Content Accessibility Guidelines 2.0 (https: //www.w3.org/TR/WCAG20/), level AA. In addition, it follows
all guidelines in Appendix A: Checklist for Accessibility (https: //opentextbc.ca/accessibilitytoolkit /back-matter/
appendix-checklist-for-accessibility-toolkit /) of the Accessibility Toolkit - 2nd Edition (https: //opentextbc.ca/
accessibilitytoolkit/).

Includes:

» Easy navigation. This resource has a linked table of contents and uses headings in each chapter to make
navigation easy.

* Accessible videos. All videos in this resource have captions.

* Accessible images. All images in this resource that convey information have alternative text. Images that
are decorative have empty alternative text.

* Accessible links. All links use descriptive link text.

Accessibility Checklist
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Element | Requirements Pass

Headings | Content is organized under headings and subheadings that are used sequentially. Yes

Images that convey information include alternative text descriptions. These descriptions are provided in the

alt text field, in the surrounding text, or linked to as a long description. Yes

Images

Images Images and text do not rely on colour to convey information. Yes

Images that are purely decorative or are already described in the surrounding text contain empty alternative
Images text descriptions. (Descriptive text is unnecessary if the image doesn’'t convey contextual content Yes
information.)

Tables Tables include row and/or column headers with the correct scope assigned. Yes
Tables Tables include a title or caption. Yes
Tables Tables do not have merged or split cells. Yes
Tables Tables have adequate cell padding. Yes
Links The link text describes the destination of the link. Yes
Links Links do not open new windows or tabs. If they do, a textual reference is included in the link text. Yes
Links Links to files include the file type in the link text. Yes

All videos include high-quality (i.e., not machine generated) captions of all speech content and relevant

Video non-speech content. Yes
Video All videos with contextual visuals (graphs, charts, etc.) are described audibly in the video. Yes
H5P All HSP activities have been tested for accessibility by the H5P team and have passed their testing. Yes
H5P All H5P actjvities that include images, videos, and /or audio content meet the accessibility requirements for Yes
those media types.

Font Font size is 12 point or higher for body text. Yes
Font Font size is 9 point for footnotes or endnotes. Yes
Font Font size can be zoomed to 200% in the webbook or eBook formats. Yes
é/l}vl):éll(e Layout displays properly on smaller screen sizes and is mobile-friendly.

(Accessibility Table originally created by the Rebus Community (https://press.rebus.community/the-rebus-guide-to-
publishing-open-textbooks /back-matter/accessibility-assessment/) and shared under aCC BY 4.0 License)
(https: //creativecommons.org/licenses/by/4.0/).
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Known Accessibility Issues and Areas for Improvement

* Images in H5P self-tests lack alt text, attributions, and licenses to avoid revealing answers.

* Some tables may use merged cells, but they have been structured to work properly with screen
readers and there may be long descriptions included in each section if readers prefer to see the table
data in a bulleted list.

* These videos do not have edited captions:

o Introducing SkilledTradesBC (https: //www.youtube.com /watch?v=0QgwdPOrNog) by Skilled
Trades BC (2022)

Adapted from the Accessibility Toolkit - 2nd Edition (https://opentextbc.ca/accessibilitytoolkit/) by BCcampus,
licensed under CC-BY (https: //creativecommons.org/licenses/by/4.0/).

Other Formats Available

In addition to the web version, this book is available in a number of file formats, including PDF, EPUB (for
eReaders), and various editable files. The Digital PDF has passed the Adobe Accessibility Check.

Are you having an issue accessing this resource?

If you have problems accessing this resource, or if you have an idea for how to make this resource more accessible,
please contact us to let us know!

Please include the following information:

* The name of the resource

* The location of the problem by providing a web address or page description.

* A description of the problem

* The computer, software, browser, and any assistive technology you are using that can help us diagnose and solve
your issue (e.g., Windows 10, Google Chrome (Version 65.0.3325.181), NVDA screen reader)

Contact OpenPress@tru.ca (mailto:OpenPress@tru.ca).
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A-3 GAS APPLIANCE AND BUILDING AIR
REQUIREMENTS

Plumber Apprenticeship Program — Level 2

Vent
Heated

supply air

Dilution air

/ ’ Excess air

Cool

. Combustion air
return air

(Primary and secondary air)

Type of gas appliance air supply. (Skilled Trades BC, 2021) Used with permission.
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A-3 Gas Appliance and Building Air Requirements

Introduction

A gasfitter must be able to determine air requirements for buildings with gas appliances and ensure that safe and
controlled combustion is occurring in all gas appliances. An understanding of the combustion process and the chemical
reactions involved will assist you in understanding the gas appliance air requirements and how they affect the
installation and servicing of the equipment.

Learning Objectives

After completing the chapters in this section, you should be able to:

* Describe methods of combustion air supply.

» Calculate air requirements and products of combustion.
* Describe draft.

* Describe the building as a system.

Terminology

The following terms will be used throughout this section. A complete list of terms for this section can be found
in the Glossary.

* backdrafting: The reverse flow of gas in the flues of fuel-fired appliances that results in the intrusion of
combustion by-products into the living space. (Section A-3.4)

e BTU (British Thermal Unit): A unit of energy used to measure the heat content of fuel. (Section A-3.2)

* complete combustion: The ideal burning process where there is enough oxygen to burn all the fuel
completely, producing only carbon dioxide (COz2), water vapor (Hz0), and heat as byproducts. (Section
A-3.1)

 dilution air: Ambient air introduced into the venting system of natural draft appliances, used to control
draft and cool vent gases. (Section A-3.2)

* excess air: Extra air supplied to the combustion process beyond the amount required for perfect
combustion, typically 20-30% more than the theoretical amount needed for stoichiometric combustion.
This ensures that all fuel is burned efficiently and completely. (Section A-3.1 and Section A-3.2)

* energy recovery ventilator (ERV): A ventilation system similar to HRV but also transfers moisture
between the outgoing and incoming air streams to maintain balanced humidity levels in the building.
(Section A-3.4)
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 exfiltration: The leakage of room air out of the building. (Section A-3.4)

* flue gases: The gases produced as a result of combustion, including carbon dioxide (COz), water vapor
(H20), and nitrogen (N2). (Section A-3.2)

» gas flow rate: The amount of gas flowing through an appliance, typically measured in cubic feet per hour
(CFH), and used to calculate air supply requirements. (Section A-3.2)

* heat recovery ventilator: A system that recovers heat from outgoing exhaust air and transfers it to
incoming fresh air, helping to improve energy efficiency and indoor air quality. (Figure 5, Section A-3.4)

* incomplete combustion: Occurs when there is insufficient oxygen for the fuel to burn completely,
producing hazardous byproducts like carbon monoxide (CO), soot, and aldehydes. (Section A-3.1)

* induced-draft burner: A type of power burner where the fan or blower is located downstream of the
combustion zone, creating draft by drawing gases out of the combustion chamber. (Section A-3.3)

« infiltration: The unintentional introduction of outside air into a building; also referred to as air leakage.
(Section A-3.4)

e power burner: A burner with mechanical draft that generates sufficient pressure to overcome resistance
in the combustion chamber, appliance, and venting system. (Section A-3.3)

* power venter: A mechanical draft system used to assist venting in natural draft appliances, often used to
overcome venting challenges like excessive negative pressure. (Section A-3.3)

e primary air: The portion of combustion air mixed with the fuel gas before ignition, typically one-third of
the total combustion air. (Figure 2, Section A-3.2)

* radon mitigation: Methods used to reduce the presence of radon gas in a building, such as installing a
subfloor depressurization system to create a pressure difference that prevents radon from entering the
building. (Section A-3.4)

* secondary air: The additional air required to complete the combustion process, typically two-thirds of
the total combustion air. (Section A-3.2)

* soil gas: A mixture of air, water vapour, and pollutants, such as radon, that enters a building through
below-grade leaks in the building envelope, potentially affecting indoor air quality. (Section A-3.4)

» stack effect (chimney effect): The phenomenon where hot air rises due to its lower density, creating a
natural flow of air into and out of buildings, chimneys, and vents. (Section A-3.3)

» ventilation: The intentional introduction of outdoor air into a space to control indoor air quality by
diluting and displacing indoor pollutants; can also be used for purposes of thermal comfort or
dehumidification. (Section A-3.4)
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A-3.1 The Chemistry of Combustion

Combustion is the rapid oxidation of fuel accompanied by the production of heat or heat and light.

Requirements for Combustion

Starting and sustaining combustion requires three ingredients mixed together in the correct proportions and one
reaction:

» Fuel: most fuels are a chemical structure of carbon and hydrogen and, for that reason, are called hydrocarbons. In
the gasfitting trade, these are normally natural gas, propane, or butane, which are burned in a gaseous state.

* Heat: enough heat must be supplied to bring the fuel up to its ignition temperature. This initial heat can be
supplied by a pilot flame, spark ignition, or hot surface igniter. Ignition temperatures vary according to the type of
gas used:

o Natural gas, approximately 1,300°F; 700°C
o Propane, 920°F; 495°C
o Butane 900°F; 480°C

* Oxygen: the combustion process consumes oxygen, which is obtained from the surrounding air or by a
combustion fan or blower. Because air contains only 20% oxygen and 80% nitrogen, the process requires a much

larger volume of air than it would require if using pure oxygen.

Combustion is a chemical chain reaction that creates heat, some of which will provide enough energy to make the
reaction self-sustaining (Figure 1).
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REACTION

Figure 1 Fire tetrahedron. (Adapted from Gustavb

(https: //en.wikipedia.org /wiki/User:Gustavb)/Wikimedia
Commons) Public Domain (https: //en.wikipedia.org/wiki/
en:public_domain).

If any one of the three elements are absent, combustion will not take place nor will it support itself after an element is
removed.

The chemistry of combustion shows the reaction that takes place between fuel gas and oxygen when heated to ignition
temperature. Using hydrocarbon fuels with enough oxygen to support combustion produces carbon dioxide (CO3),
water vapour (H20), and heat.

The type of hydrocarbon fuel used will determine the amount of oxygen required as well as the quantity of CO2 and H20
the reaction will yield. The chemical formula for the combustion reaction of natural gas and oxygen is:

CH, + 205 — CO5 + 2H50 + Heat

Figure 2 illustrates the chemical combustion of natural gas (methane) and oxygen.

. ( 7,\/ ™ Carbon dioxide

Methane S 7
/) @e@

© .~ COMBUSTION ——
\) \‘\//%

- / | / \ \ "
Y ‘ ¢ } L Water vapour

Oxygen D @\ Y
- O

Figure 2 Combustion of methane and oxygen. (Skilled Trades BC, 2021) Used with permission.
The chemical formula expressing the combustion reaction for propane and oxygen is:
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C3Hg + 505 — 3CO5 4+ 4H50 + Heat

Notice that the yield of CO2 and H20O creates a balanced formula driven by the number of individual carbon and
hydrogen atoms in the hydrocarbon fuel compound. This determines the number of Oz elements required.

For gas appliances, the source of oxygen is air, which has approximately 20% oxygen, 79% nitrogen, and 1% of other
gases. This section describes three types of combustion, each determined by the initial air supply:

* Perfect combustion
* Incomplete combustion
* Complete combustion

Perfect (Stoichiometric) Combustion

Perfect (stoichiometric) combustion refers to the theoretical (or mathematically exact) volume of air that must be mixed
with fuel gas to achieve perfect combustion. The formula for perfect combustion is used for theoretical calculations
only. This is because most gas burners are not capable of mixing mathematically exact gas and air volumes together to
produce complete combustion.

As previously stated, air is composed of approximately 20% oxygen (O2) and 80% nitrogen (N2).

Therefore, the perfect combustion formula for natural gas is expressed as follows:

CH,4 + 205 + 8Ny — CO4 + 2H,0 + 8N, + Heat

Notice that the ratio of oxygen required for each unit of natural gas is still 2:1, but now that air is being used, for every
one unit of oxygen comes four units of nitrogen.

Figure 3 illustrates the formula.

Carbon dioxide

Methane
H (@) (e}
,_\/ .
Hl ¢ JH

; Water vapour
, , COMBUSTION 5 G (D~G
(Air) oxygen and nitrogen o o
o) el Nitrogen
N /N N /N N /N N /N J N N N /N N /N N /N
N /N N /N N /N N /N N /N N /N N /N N /N

Figure 3 Perfect combustion of methane and air. (Skilled Trades BC, 2021) Used with permission.

Notice that, compared to Figure 2, we have now introduced nitrogen into the combustion process. Nitrogen is an
inert gas that remains stable and will not chemically react, provided that the temperatures are not too high. Nitrogen
does increase the total volume of flue gas, thereby absorbing some of the heat produced by the reaction. At high
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temperatures, some nitrogen will bind to oxygen to form nitric oxide and nitrogen dioxide, commonly referred to as
NOx gases. Burner design can affect NOx production

As mentioned earlier, the number of individual carbon and hydrogen atoms in the hydrocarbon fuel compound
determines the number of Oz elements required. Therefore, propane would yield the following perfect combustion
formula, requiring 25 units of air for every one unit of C3Hg.

C3Hg + 502 4+ 20Ny — 3CO2 + 4H20 + 20N, + Heat

Incomplete Combustion

Where there is not enough oxygen to burn the fuel gas completely, incomplete combustion occurs, leaving unburned
fuel in the flue gas. Over-firing a burner can also cause incomplete combustion because it affects gas/air mixtures.
Depending on the degree of incomplete combustion, the flue gas will contain varying amounts of the following products
of incomplete combustion:

* Carbon (C)

* Hydrogen (H2)

* Carbon monoxide (CO)

* Complex chains of alcohols called aldehydes

Carbon is easily observed because it forms a black powdery substance known as soot. Soot is an immediate visible
indicator of incomplete combustion. However, the absence of visible soot does not necessarily indicate complete
combustion.

Free hydrogen in the combustion process indicates that there is a high level of incomplete combustion. Normally, Hy is
not present unless the CO level is very high.

Carbon monoxide is a toxic, odourless, tasteless gas that, if inhaled in even small quantities, may cause death. Because
it is one of the first products of incomplete combustion, it may be present before any of the other products are created.

Aldehydes are very toxic and poisonous. Because they are acrid in odour and irritate the eyes, nose, and throat, they are
easily detected. Whenever aldehydes form, it is quite likely that CO is also present in the flue gas, but CO can be present
without aldehydes.

Carbon monoxide and aldehydes in any quantity are toxic and life threatening.

The following formula and accompanying Figure 4 express the incomplete combustion of natural gas when only half of
the theoretical air for perfect combustion was supplied.

CH4 + 105 4+ 4Ny — CO + H2,0 + Hs 4+ 4N, + Heat
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Figure 4 Incomplete combustion of methane and air. (Skilled Trades BC, 2021) Used with permission.

It is important to remember that incomplete combustion occurs not only from a lack of oxygen. Temperature, time, and
fuel-air mixing also affect the combustion process.

If the flame is cooled to or just below its ignition temperature, incomplete combustion will occur. Conditions that could
cool the flame include the flame impinging on a cold metal surface, such as a heat exchanger or boiler refractory, or a
high draft through the combustion chamber, possibly caused by a cracked heat exchanger.

A dirty or poorly designed burner that does not allow for proper gas/air mixing can also produce higher levels of carbon

monoxide and aldehyde.

Complete Combustion

If the burner is supplied with only the exact amount of theoretical air required, some of the carbon and hydrogen atoms
would not be united with enough oxygen in the short period of combustion time and, therefore, incomplete combustion
would occur.

To achieve complete combustion, the combustion process must have more air than perfect combustion would require.
This excess air supply ensures that all atoms of carbon and hydrogen unite with enough atoms of oxygen to complete

the combustion process.

The complete combustion formula for natural gas is expressed as:

CH, + 205 + 8N, + Excess Air — CO4 + 2H50 + 8N5 + Excess Air + Heat

Figure 5 illustrates this formula when using 50% more air than required for perfect combustion (excess air).
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Figure 5 Complete combustion of methane and air. (Skilled Trades BC, 2021) Used with permission.

The complete combustion formula for propane is expressed as follows:

C3Hg + 509 + 20N5 + Excess Air — 3CO49 + 4H50 + 20N5 + Excess Air + Heat

|

Self-Test A-3.1: The Chemistry of Combustion

Complete Self-Test A-3.1 and check your answers.
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If you are using a printed copy, please find Self-Test A-3.1 and Answer Key at the end of this section. If you
prefer, you can scan the QR code with your digital device to go directly to the interactive Self-Test.

@ An interactive H5P element has been excluded from this version of the text. You can view it online here:
https: //a-fuelgas-beplumbingappri2.pressbooks.tru.ca/?p=47#nh5p-7 (https: //a-fuelgas-
beplumbingapprl2.pressbooks.tru.ca/?p=47#h5p-7)
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A-3.2 Calculating Air Requirements and Products of
Combustion

The efficient and safe operation of gas-fired appliances relies on an adequate supply of air. Later studies will involve
sizing and installing the air supply openings and ducts. Understanding the volume of air that a gas-fired appliance
requires will help when sizing and installing air supply openings and ducts.

Section A-3.1 The Chemistry of Combustion (#chapter-a-3-1-chemistry-of-combustion) looked at the products of the
combustion process. The quantity of these flue gases will affect the design of the venting systems.

Future studies will involve performing a flue-gas analysis to ensure the safe operation and maximum efficiency of gas
appliances. Knowledge of the proper proportions of each product is essential for interpreting the results of the flue-gas
analysis.

Air Requirements

Air supply (Figure 1) has three main categories:

* Combustion air (theoretical)
* Excess air
* Dilution air

Heated Vent
supplyair _ € T~ h K
—_— |
/] o
| —_— Dilution air
/ —
~ 3 :
| SE€e—
I |
I
|
|
Excess air

T - >~

©

Cool
return air

Combustion air
(Primary and secondary air)

Q

Figure 1 Types of gas appliance air supply. (Skilled Trades BC, 2021) Used with permission.
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Figure 2 Combustion air flow. (Skilled Trades BC, 2021) Used with permission.

Combustion air (the theoretical amount of air required for the combustion process) is expressed as an air/gas ratio and
is 10:1 for natural gas and 25:1 for propane. Combustion air can be further subdivided into two classifications: primary
and secondary air. The combustion air mixed with the fuel gas before the ignition point is referred to as “primary air”
(Figure 2). For a typical non-mechanical burner, the amount of primary air used is normally considered to be one-third
of the combustion air. Depending on the mixing capability of a mechanical burner, the primary air ratio will be much
higher.

The secondary air is required to complete the combustion process and is supplied at the flame. Secondary air is
generally considered to be the other two-thirds of the combustion air required for perfect combustion (Figure 2).
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Excess Air

To ensure that all fuel is completely burned, excess air must be introduced, often half as much again as would be needed
for stoichiometric combustion.

When extra air is introduced, more gases must be heated by the same amount of BTU’s. This decreases the initial
temperature of the flue gas. At the same time, a larger volume of flue gas is forced through the heat exchanger in a
shorter period of time, causing a rapid fall in heating efficiency. Therefore, enough excess air must be made available to
ensure complete combustion without drastically reducing the appliance’s efficiency.

Compared to the combustion air supply, most mechanical burners can achieve complete combustion with as little as
20% to 30% excess air, while some atmospheric burners require as much as 50% excess air.

Considering worst-case scenarios, the amount of excess air that must be available to a gas-fired appliance is another
50% of that required for perfect combustion.

Dilution Air

Natural draft appliances are equipped with a draft control device that draws additional ambient air into the venting
system to control the draft influence on the combustion chamber. This air also cools the hot vent gases prevalent in
these lower-efficiency appliances.

If an appliance has a draft control device, such as a draft hood, draft diverter, or barometric damper, the required volume
of dilution air usually equals the total of the combustion and excess air supplied to the burner.

Modern high-efficiency appliances have much lower flue-gas temperatures and, therefore, will not have a draft control
device because they do not require dilution air.

Air Supply Volumes

The chemical formula for perfect combustion was examined in Section 3.1 The Chemistry of Combustion (#chapter-
a-3-1-chemistry-of-combustion). There, in terms of volume, it described every unit of natural gas as combining with
10 units of air and every unit of propane requiring 25 units of combustion air. The other air volumes needed were
then given as percentages of the theoretical combustion air requirements. Therefore, the total air requirements can be
calculated based on the appliance input and type of gas. The calculations for the different categories of air supply are
shown below for natural and propane gas.

Air Requirements for Natural Gas

Input

= Fl t
Caloric Value Gas Flow Rate
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Combustion Air = Gas Flow Rate x 10 (10 : 1)

* Primary Air = 1 of Combustion Air
3

* Secondary Air = 2 of Combustion Air

Excess Air = Gas Flow Rate x 5 (50% of Combustion Air,5 : 1)
Dilution Air = Gas Flow Rate x 15 (Combustion Air + Excess Air, 15 : 1)

Total Air = Gas Flow Rate x 30 (Combustion Air 4+ Excess Air + Dilution Air,30 : 1)

Air Requirements for Propane Gas

I t
npu = Gas Flow Rate

Caloric Value

Combustion Air = Gas Flow Rate x 25 (25 : 1)

* Primary Air = 1 of Combustion Air
3

* Secondary Air = 2 of Combustion Air

Excess Air = Gas Flow Rate x 12.5 (50% of Combustion Air,12.5 : 1)
Dilution Air = Gas Flow Rate x 37.5 (Combustion Air + Excess Air,37.5: 1)

Total Air = Gas Flow Rate x 75 (Combustion Air + Excess Air + Dilution Air, 75 : 1)

In reality, the combustion air supply requirements should be the same, whether the appliance operating on propane or
natural gas (10 ft> of air for each 1,000 BTU/h of input). Because a 100,000 BTU/h appliance requires a gas flow rate of
100 CFH when fired on natural gas but only 40 CFH on propane, it maintains the air to gas ratios.

Calculating the Volume of Combustion Gases

As discussed in the previous section, the products of complete combustion are carbon dioxide (CO2), water vapour
(H20), and nitrogen (N2). The composition of these flue gases depends on the type of gas and the air-gas ratio.
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The following is the complete combustion formula for natural gas with excess air:

CHy + 205 + 8N, + Excess Air — CO4 + 2H50 + 8N5 + Excess Air + Heat

Figure 3 shows that every unit of natural gas consumed produces one unit of carbon dioxide, two units of water vapour,
and eight units of nitrogen. The amount of excess air found in the flue gas equals the exact amount of excess air
introduced prior to combustion.

CH

4

1 unit of gas needs
+

AR [ AR [ AR [ AR | AR [ AR | AR [ AR [ AR | AR | AR | AR | AR | AR | AR
02+N2 O2+N2 O2+N2 02+N2 02+N2 02+N2 02+N2 02+N2 02+N2 O2+N2 02+N2 OZ+N2 OZ+N2 OZ+N2 02+N2

L J N J
he e

10 units of air 5 units of excess air

for complete combustion

N2 N2
N2 N2
N2 N2
N, N, H,0
AR | AR | AR | AR [ AR
N | N H,0 | €0, ‘ 0,+N, | 0,#N,| 0,*N, | 0,+N, | O,+N,
. . . . L J
8 units of nitrogen 2 units of 1 unit of Y
water carbon 5 units of excess air

vapour dioxide

Figure 3 Products of combustion from burning natural gas. (Skilled Trades BC, 2021) Used with
permission.

The following is the complete combustion formula for propane gas with excess air:

C3Hg + 505 + 20N5 + Excess Air — 3CO4y + 4H50 + 20N, + Excess Air + Heat

In terms of volume, every unit of propane gas consumed produces three units of carbon dioxide, four units of water
vapour, and 20 units of nitrogen. Just as with the natural gas, the amount of excess air found in the flue gas equals the
exact amount of excess air introduced prior to combustion.

Do not conclude from this equation that a given appliance operating on propane instead of natural gas would have 2.5
times as much flue gas. As was mentioned previously, the appliance would only require 40% as much initial propane fuel
for the same heat energy input; therefore, the result would be the same volume of flue gas.
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The calculated quantities of the different products of combustion based on the appliance input and type of gas are

below.

Products of Combustion for Natural Gas

Input

Caloric Value
Gas Flow Rate x 1 = Carbon Dioxide

Gas Flow Rate x 2 = Water Vapour

Gas Flow Rate x 8 = Nitrogen

Products of Combustion for Propane Gas

Input

Caloric Value
Gas Flow Rate x 3 = Carbon Dioxide

Gas Flow Rate x 4 = Water Vapour

Gas Flow Rate x 20 = Nitrogen

= Gas Flow Rate

= Gas Flow Rate

In further studies, evaluations of combustion efficiency will be made by analyzing the actual composition of the flue-gas

products compared to the theoretical values.

The following is a sample calculation of both the air supply and products of combustion for a 100,000 BTU/h natural gas

boiler with a draft control operating at 50% excess air:

Gas Flow Rate

(100 000 Btuh)

=100 CFH

(1000 Btu/ft*)
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Total Air Supply Calculation

Combustion Air:

100 CFH x 10 = 1000 CFH

* 1 Primary Air = 333.333 CFH

w

* 2 Secondary Air = 666.667 CFH

w

Excess At (1 mbustion Air x 50%

100 CFH x 5 =500 CFH or 1000 CFH x 0.5 =500 CFH

Dilution Air (v, Hustion Air + Excess Air”

100 CFH x 15 =1500 CFH or 1000 CFH + 500 CFH = 1500 CFH

Products of Combustion Calculation

CO,: 100 CFH x 1 = 100 CFH
H, : 100 CFH x 2 = 200 CFH

N, : 100 CFH x 8 = 800 CFH

A4

Combustion

Self-Test A-3.2: Calculating Air Requirements and Products of

Complete Self-Test A-3.2 and check your answers.
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If you are using a printed copy, please find Self-Test A-3.2 and Answer Key at the end of this section. If you
prefer, you can scan the QR code with your digital device to go directly to the interactive Self-Test.

@ An interactive H5P element has been excluded from this version of the text. You can view it online here:
https: //a-fuelgas-bcplumbingappri2.pressbooks.tru.ca/?p=49#h5p-8 (https: //a-fuelgas-
beplumbingapprl2.pressbooks.tru.ca/?p=49#h5p-8)
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A-3.3 Gas Appliance Draft

Proper operation of gas appliances requires a draft to move the hot flue gases and air through the combustion chamber,
heat exchanger, and venting system. The draft movement can occur naturally (natural draft), or it can be created by a
blower (mechanical draft).

For combustion efficiency, the amount and force of the draft must be controlled. A too strong draft will pull in too
much combustion air and affect the efficiency of the appliance. A too weak draft will smother the flame and reduce
combustion efficiency. Therefore, draft control equipment is an essential part of a venting system.

Natural Draft

When the draft is created naturally, without any mechanical influence (e.g., using a fan), it is referred to as “natural draft”
The natural draft is created because the hot gases from combustion are lighter than the ambient heavy (cool) air and,
therefore, move upward and out the vent. The displaced air is replaced by cool outside air coming in.

The movement of air into and out of the buildings, chimneys, and flue-gas vents as a result of air buoyancy is referred
to as stack effect or chimney effect. Large temperature differences between the outside air and flue gases can create a
strong stack effect in chimneys and vents. The taller the stack, the more draft it creates. There can be limitations on the
gains in stack effect created by height. For example, if a stack is overly tall in relation to the heat being sent out of the
stack, the flue gases may cool before reaching the top. This condition may result in poor draft.

Natural draft equipment controls the amount of draft by admitting dilution air into a relief opening, breaking the stack
effect on the combustion chamber and cooling the hot vent gases.

There are different types of natural draft control equipment, depending on the type of burner and appliance: draft hoods
(Figure 1), draft diverters, and barometric dampers.
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<«— Draft hood

Figure 1 Draft hood on top of stream boiler. (Rod Lidstone) CC BY
(https: //creativecommons.org/licenses/by,/4.0/)

Another purpose of a draft hood is to prevent any downdrafts from entering the combustion chamber of the appliance.
The draft hood also allows the draft to spill through the relief opening if the appliance vent is blocked or restricted

(Figure 2). For additional protection, the appliance often has a heat-activated safety device called a spill switch that will
shut down the burner in the event of flue-gas spillage.

i

\
/

4

Figure 2 Draft hood spillage. (Skilled Trades BC, 2021) Used with permission.
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Since the heat inside a natural draft vent system represents the power available to operate the vent, a natural draft vent
will not operate properly on high-efficiency appliances. High-efficiency appliances require a mechanical fan or blower
to assist in delivering the combustion air and venting the products of combustion.

Mechanical Draft

There are three types of mechanical draft systems:

* Fan-assisted appliances
* Power venters
* Power burners

Fan-Assisted Appliances

Fan-assisted combustion systems use mechanical means (Figure 3) to either draw or force the products of combustion
through the combustion chamber or heat exchanger. This also gives the appliance more accurate control over the air
supply, which reduces the amount of excess and dilution air, increasing efficiency. These are mid-efficiency appliances,
and the flue products are still hot enough to create a natural draft to remove the flue gases.

Figure 3 Fan-assisted furnace. (Rod Lidstone) CC BY
(https: //creativecommons.org/licenses/by,/4.0/)
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Power Venters

One type of mechanical draft is referred to as power venting. Power venters are sometimes used to overcome particular
venting problems, such as extra-long vents, excessive negative pressures, or improper venting design. Power venters
are used on natural draft appliances and installed at or near the vent outlet, thus maintaining a negative pressure within
the venting system (Figure 4).
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Figure 4 Power venter. (Skilled Trades BC, 2021) Used with permission.

Power Burners

Appliances that have mechanical draft burner systems are often referred to as power burners. Power burners generate
sufficient pressure to overcome the resistance of the burner, appliance, and venting system. These burners are
categorized according to the location of the fan or blower in relation to the combustion chamber, either forced-draft or
induced-draft burners.

A forced-draft burner has the fan or blower located upstream of the combustion zone (Figure 5).
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Figure 5 Forced-draft burner. (Skilled Trades BC, 2021) Used with permission.

An induced-draft burner uses the mechanical draft produced by a fan located on the downstream (chimney side) of the
combustion zone, as shown in Figure 6.
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Figure 6 Induced-draft burner. (Skilled Trades BC, 2021) Used with permission.

——Burner

Appliances that rely on mechanical drafts are equipped with an air-proving control interlocked with the burner to
confirm the flow of combustion air or flue gas.

Gas Appliance Categories

The type of draft system that is used by a gas appliance greatly affects the efficiency and vent pressure of the appliance,
which also has significance to the installation of the appliance.
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Therefore, the CSA B149.1 Natural Gas and Installation Code splits appliances into categories based on their vent
pressures and efficiencies (flue losses).

Category |

An appliance with a flue loss not less than 17% (not greater than 83% efficiency) that operates with a nonpositive vent
static pressure. Example: A standard, non-condensing gas furnace. This type of furnace typically operates at around
80% efficiency and uses a natural draft system where the flue gases are vented through a chimney. The vent pressure is
nonpositive, relying on the natural buoyancy of hot gases to rise and exit.

Category II

An appliance with a flue loss less than 17% (greater than 83% efficiency) that operates with a nonpositive vent static
pressure. Example: A high-efficiency, non-condensing gas water heater. This appliance is more efficient than Category
I, operating at greater than 83% efficiency, but still has a nonpositive vent pressure. It might use a more advanced heat
exchanger to extract additional heat from the combustion gases.

Category 111

An appliance with a flue loss not less than 17% (not greater than 83% efficiency) that operates with a positive vent static
pressure. Example: A tankless gas water heater. This appliance is also non-condensing with an efficiency of around
80-83%, but it requires a power vent system (positive vent static pressure) to expel the combustion gases. The venting
system is often sealed and uses a fan to push the gases out, allowing more flexibility in vent placement.

Category IV

An appliance with a flue loss less than 17% (greater than 83% efficiency) that operates with a positive vent static
pressure. Example: A condensing gas furnace. These are highly efficient (above 90% efficiency) appliances that condense
water vapor from the exhaust gases to extract additional heat. They operate with a positive vent static pressure and
often use a PVC vent pipe since the flue gases are cooler.
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Self-Test A-3.3: Gas Appliance Draft

Complete Self-Test A-3.3 and check your answers.

If you are using a printed copy, please find Self-Test A-3.3 and Answer Key at the end of this section. If you
prefer, you can scan the QR code with your digital device to go directly to the interactive Self-Test.

E An interactive H5P element has been excluded from this version of the text. You can view it online here:
https: //a-fuelgas-beplumbingappri2.pressbooks.tru.ca/?p=51#h5p-9 (https: //a-fuelgas-
beplumbingapprl2.pressbooks.tru.ca/?p=51#h5p-9)
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Media Attributions

All figures are used with permission from Skilled Trades BC (2021) unless otherwise noted.

* Figures 1 & 3 (photos) are by Rod Lidstone and used under a CC BY (https: //creativecommons.org/licenses/by/
4.0/) licence.
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A-3.4 The Building as a System

The purpose of a building is to provide comfort for its occupants. Technological advances in the construction industry
that make buildings more energy-efficient, comfortable, and cost-effective have carried with them the need for
tradespeople to understand the building as a whole system.

The building system is made up of four major subsystems:

* Occupants

* Building envelope

* Outside environment

* Mechanical and electrical equipment

These subsystems all affect the flow of air, heat, and moisture to and from the building. Although these flow factors are
often interrelated, this section will focus on air flow.

Types of Buildings

There are many different ways of categorizing building types, including:

* The purpose they are used for, such as residential, educational, institutional, business, storage /warehouse,
industrial, and so on

» Design and height, such as multi-storey or high rise, detached, or semidetached

* Whether or not the building was designed and built using strategies aimed at improving performance in areas of
energy efficiency and environmental responsibility

For the purpose of HVAC systems, the tightness of the building is often used to categorize the building because it has
the greatest effect on the flow factors. With the introduction of new building materials and techniques and the growing
emphasis on energy efficiency, modern buildings have become increasingly airtight.

Having a sound knowledge of “building as a system” principles helps to minimize conditions that can affect appliance
performance and ensures the health and safety of the occupants. For example, combustion appliances that operated
quite well in the relatively leaky buildings of the past may not operate safely in air-sealed modern buildings or retrofitted
homes.

Building Envelope

The building envelope is the physical separator between the conditioned and unconditioned environment.
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Figure 1 Building envelope. (ABCB, 2016) CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/)

While the building envelope is a silhouette of sorts, each part of the building envelope must be thought of as a collection
of smaller pieces working together to provide structural support.

Building envelope components work together to perform two basic but critical functions: provide structural support
and control the flow factors. The function of controlling the flow of moisture, heat, and air is at the core of good building
performance.

The control of air flow, including flow through the enclosure, is important to ensure indoor air quality.

The physical components of the envelope include the foundation, roof, walls, doors, windows, ceiling, and related
barriers and insulation. Building envelopes are often characterized as either “tight” or “loose.” A loose building envelope
allows more of a natural air transfer to occur. These types of building envelopes make the building draftier, more
uncomfortable, and harder to regulate temperature levels. A tight building envelope allows for a high level of control
over indoor air quality, temperature, humidity levels, and energy consumption. Additionally, good building envelopes
that prevent drafts and other air leaks allow for better control of the inside air pressure.

It is impossible and unsafe to completely seal a building; however, every effort should be made to limit air and moisture
leak points and increase insulation. The region and location of the building will have different environmental conditions
(e.g., weather and ground conditions) that will affect the selection of the available materials used to make up the layers
of the building envelope.
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Building Ventilation Air

Indoor air quality is directly related to levels of air pollution. Ventilation is the main method used to control indoor
air quality by removing indoor contaminants and replenishing stale or over-moist air with fresh outside air. Inadequate
ventilation can lead to mould, high concentrations of COz2, and other indoor air pollutants, which can lead to adverse
health outcomes. Frequent air exchange ensures that pollutants from household air are removed with speed and
efficiency. The BC Building Code (BCBC) requires the installation of a principle ventilation system to ensure that an
adequate amount of ventilation air is provided.

There are a number of ventilation options found in the BCBC that are categorized as either mechanical ventilation,
natural ventilation, or mixed-mode ventilation.

Soil Gas

Outdoor air entering a dwelling through above-grade leaks in the building envelope normally improves the indoor air
quality in the dwelling by reducing the concentrations of pollutants and water vapour. On the other hand, air entering
a dwelling through below-grade leaks in the envelope may increase the water vapour content of the indoor air and
may also bring in a number of pollutants picked up from the soil. This mixture of air, water vapour, and pollutants is
sometimes referred to as “soil gas” Air contaminants of concern, such as radon, must be removed at their point of origin.

Radon Mitigation

Radon is a colourless, odourless radioactive gas that occurs naturally as a result of radium decaying. It is found to varying
degrees as a component of soil gas in all regions of Canada and is known to enter dwelling units by infiltration into
basements and crawlspaces. The presence of radon in sufficient quantity can lead to an increased risk of lung cancer.

The principal method of resisting the ingress of all soil gases is to seal the interface between the soil and the occupied
space as much as is reasonably practicable. In addition, various sections of the BCBC require the application of certain
radon exclusion measures in all dwellings. The completion of a subfloor depressurization system may be necessary to
reduce the radon concentration to a level below the guideline specified by Health Canada.

The principal method of excluding radon is to install a subfloor depressurization system to ensure that the pressure
difference across the ground/space interface is positive (i.e., toward the outside) so that the inward flow of radon
through any remaining leaks will be minimized.

The most common and efficient soil depressurization systems require the following (see Figure 2):

* Space for the movement of soil gases between the ground and the air barrier system (see the gas permeable layer
in Figure 2) into which a radon vent pipe is inserted.

» Extension of the radon vent pipe to the exterior of the building, terminating in a safe location.

* The radon vent pipe can be mechanically assisted, typically by means of a fan installed along the pipe, to create a
negative pressure in the space between the air barrier system and the ground and to exhaust soil gases outside the
building.
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Figure 2 Soil gas depressurization system. (Government of BC/ Skilled Trades BC,
2021) Used with permission.

Bui]ding Make—Up Air

Proper air flow throughout a building depends upon balanced pressures. Excessive removal of air can create a negative
pressure in the building that leads to inward pressure (Figure 3). Additionally, make-up air may be required to offset the
air removed by appliances with large exhaust fans. The additional make-up air supply equipment must supply outdoor

air at a rate that matches the exhaust appliance.

Oversupply of air to the building can drive the warm, moist indoor air into the walls, causing greater heat loss and
moisture damage. If the building contains any natural draft gas appliances, the building depressurization must be limited
to 5 Pa to eliminate the risk of backdrafting. A balanced flow of incoming and outgoing air is required for comfort and

safety.

\. .

Positive pressure Negative pressure
Figure 3 Unbalanced houses. (Skilled Trades BC, 2021) Used with permission.
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Ventilation Equipment

Every dwelling unit must include a principal ventilation system. There are many ways of ventilating residential dwellings,
and the codes and standards play a large part in deciding what type is appropriate.

There are three basic concerns related to the mechanical ventilation of a building:

* Bringing in the proper amount of ventilation air
* Distributing the air to the required locations
* Avoiding excessive pressurization or depressurization

Previous editions of the British Columbia Building Code relied on ventilation through the building envelope in
combination with an exhaust or supply fan. However, with the increased attention on the continuity of the building’s
air barrier system, relying on the exfiltration or infiltration through the building envelop creates an unbalanced house.
Combined mechanical ventilation systems are superior because they use both supply and exhaust fans in tandem to
create a balanced system.

Air Supply Equipment

The ventilation air supply is often drawn through a controlled outdoor inlet connected to the return air ducting of the
forced air recirculating system.

For buildings whose make-up air requirements require large-scale exhaust equipment, a separate supply fan must be
interconnected with the exhaust fan. The outdoor air is tempered to at least 1°C before being introduced to a normally
unoccupied area of the dwelling unit or house or to at least 12°C before being introduced to occupied areas.

Outside air intakes must be located away from sources of contaminants, such as vehicle exhaust or chemical vapours,
and shielded from weather.

Some residential balanced systems rely upon an exhaust fan to create the building suction needed to draw in outside
air. Proper sizing of the return air system and location of the outdoor air inlet connection are critical to ensure that
the furnace air-circulating fan does not influence the amount of ventilation air being drawn into the building (Figure
4). If the proportion of cold outside to warm return air is too high, the resulting mixed-air temperature could lead to
excessive condensation in the furnace heat exchanger and possible premature failure of the heat exchanger.

Exhaust Equipment

A residential mechanical ventilation system has a principal ventilation exhaust fan with an adequate air-flow rate
designed to run continuously. The fan size and air-flow rate are based on the number of bedrooms and the floor area of
the dwelling. The principal exhaust fan will create a slightly negative pressure (max negative 5 Pa) that draws ventilation
air into the building through the outdoor air inlet (Figure 4).

In buildings where natural draft appliances are installed, care must be taken when selecting exhaust fans; oversized
exhaust fans may cause backdrafting of flue gases into indoor areas through appliance venting systems.
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Odour-producing and moisture-producing areas in dwelling units, such as kitchens and bathrooms, also require
dedicated exhaust fans and ductwork.

Commercial and industrial buildings may have other exhaust equipment, such as dust extractors or kitchen hoods, that
need to be interlocked with make-up air equipment to maintain balanced building pressure.

Principal ventilation
system exhaust fan

<7, |O

Provide supply air

to each bedroom and

each floor level
Furnace without a bedroom

air return

)

Supply . 2 =
air inlet ” ~ ©)

No less than 3.0 m*

and no greater than 4.5 m
(*unless a flow control E d
device is used) aic;rce

\_ @ /) heating

Furnace
cabinet

Figure 4 Simple balanced ventilation system. (Skilled Trades BC, 2021) Used with permission.

The major disadvantage of the simple system shown in Figure 3 is the heat lost via the exhaust air during the heating
season. Any home built to the R-2000 or Energy Star standards must have equipment that will recover the energy from

the air being expelled.

Air Exchange Equipment (HRV)

In housing and small buildings, the most common method of recovering heat energy is by preheating the ventilation
supply air with the exhaust air using a heat recovery ventilator (HRV). An HRV consists of two fans, creating a balanced
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air flow, and an in-built “air to air” heat exchanger, which transfers available heat from the exhaust air stream to the cold
fresh air supply (Figure 5).

=

Provide supply air
to each bedroom and
each floor level
At least ‘_I without a bedroom
e)ghagst mlgt Furnace
min. 2 m above air return

the floor
| =

©)

Supply _s Ry | .
air inlet z | J—_IL, )
l< -- X ' --2 <
Heat recovery
ventilator

Forced

<7 \_ @/ ﬁgating

Furnace
cabinet

Figure 5 HRV balanced ventilation system. (Skilled Trades BC, 2021) Used with permission.

An alternative system, called an energy recovery ventilator (ERV), works in a similar way, but it also transfers some of
the moisture from the outgoing airstream into the incoming air to keep the humidity in the home at a constant level.
As a general rule, ERV is a better option for an air-conditioned home or a humid climate because it helps keep moisture
outside, reducing the load on the air conditioner. HRV is often better when there is no air conditioning or if the building
is located in a less humid climate, since it will help keep the humidity down by transferring excess indoor moisture
outside.
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Combustion Air Requirements
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Figure 6 Two-pipe direct vent gas appliance.
(Skilled Trades BC, 2021) Used with permission.

Installers must also consider air consumed by any fuel-burning appliances to maintain a balanced building. The efficient
and safe operation of gas-fired appliances relies on an adequate supply of air over and above that required for ventilation
or make-up air. Learning Task 2 identified that the gas appliance could use as much a 30 ft® of total air for each 1,000
BTU/hr of input. There are two common methods of gas appliance air supply:

» Direct vent systems
* Room air systems (non-direct vent)

For a direct vent system, all air for the appliance is taken directly from the outside and the flue gas is discharged to the
outdoors. Therefore, the direct vent appliance will have no effect on the air balance of the building (Figure 6).

Non-direct vent gas appliances draw all their air supply requirements from the internal room air, which would create
a negative pressure in the room if there was not an air supply dedicated to the gas appliance. For gas appliances
dependent on room air, the outside air is normally brought to gas appliance burners via a duct, but a hole in the wall can
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be used if it is located within the same area as that required for the duct (Figure 7). These methods could be referred to
as passive air supply compared to a mechanical air supply, such as a fan. If a mechanical air supply is used, it must be
properly sized and interlocked with the appliances to shut off the gas in the event of an air supply failure.

The regulations regarding the installation and sizing of passive combustion air supply openings and ducts are detailed
in Section 8 of the B149.1 Gas Installation Code.

Whether the air supply duct or pipe is being used for a direct vent or a room air system, if the pipe or duct is too long,
it will restrict the flow of air. Fittings also create addition resistance to flow, so pipe should be routed as directly as
possible with as few bends as possible.

Permissible zone for termination
of the combustion/dilution air supply

/l/

i
Minimum
24 inches

! (600 mm)

24 inches is the

Appliance requirement for
the province of
- 2 ft—] BC the national

T minimum is 12 inches
1t /
k——\.
%
l o

Burner

Figure 7 Passive air-gas appliance air supply. (Skilled Trades BC, 2021) Used with permission.
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Selt-Test A-3.4: The Building as a System

Complete Self-Test A-3.4 and check your answers.

If you are using a printed copy, please find Self-Test A-3.4 and Answer Key at the end of this section. If you
prefer, you can scan the QR code with your digital device to go directly to the interactive Self-Test.

E An interactive H5P element has been excluded from this version of the text. You can view it online here:
https: //a-fuelgas-beplumbingappri2.pressbooks.tru.ca/?p=53#h5p-10 (https: //a-fuelgas-
beplumbingappri2.pressbooks.tru.ca,/?p=53#h5p-10)
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Selt-Test A-3.1: The Chemistry of Combustion

Complete Self-Test A-3.1 and check your answers.

1. What is the ignition temperature of natural gas?

a. 900°C
b. 700°C
c. 495°C
d. 480°C

2. Select the perfect combustion formula for natural gas.

CHg4 + 202 + 8N2 — CO2 + 2H20 + 8N2 + Heat

CH4 + 102 + 4N2 — CO + H20 + H2 + 4N2 + Heat

C3Hg + 502 + 20N2 — 3CO2 + 4H20 + 20N> + Heat

CHy4 + 202 + 8N2 + Excess Air — CO2 + 2H20 + 8N»2 + Excess Air + Heat

a o U

3. At high temperatures, nitrogen can bind to form what type of gases?

a. C

b. Ho

c. CO
d. NOx

4. For each unit of propane, how many units of air are required for perfect combustion?

a. 10
b. 15
c. 25
d. 30

5. What is the primary purpose of excess air?

To increase efficiency

To increase premixing

To ensure complete combustion

To cool the flame and decrease NOx production

a0 o

Answer Key: Self-Test A-3.1is on the next page.
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Answer Key: Self-Test A-3.1

b. 700°C

a.CH4 +20 2+ 8N2 — CO2 + 2H20 + 8N2 + Heat
d. NOx

c.25

c. To complete combustion

gl ok W N =
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Self-Test A-3.2 Calculating Air Requirements and

Products of Combustion

Complete Self-Test A-3.2 and check your answers.

1. How many cubic feet of combustion air is required for every cubic foot of propane gas?

10 £t (0.28 m°®)
16 ft> (0.45 m®)
25 ft3 (0.71 m°%)
32 ft3 (0.91 m)

a0 o

2. Avolume of natural gas is burned to create 2,000,000 BTU/h of heat. The volume of carbon dioxide produced

2,000 ft
4,000 ft*
10,000 ft>
20,000 ft>

3. What do you call air that is premixed with the gas as it enters the burner?

Excess
Dilution
Primary

a0 T

Secondary

4. Anatural draft appliance has an input of 100,000 BTU/h. The appliance is designed to burn natural gas (C.V. 1,000
BTU/cubic feet). How much theoretic combustion air per hour will this appliance require?

500 ft>

1,000 £t
1,500 ft>
3,000 ft®

a0 o

5. A natural draft appliance has an input of 100,000 BTU/h. The appliance is designed to burn natural gas (C.V. 1,000
BTU/Cu.Ft.). How much excess air per hour will this appliance require?

500 ft

1,000 ft>
1,500 ft>
3,000 ft®

a0 o

Answer Key: Self-Test A-3.2 on next page.
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Answer Key: Self-Test A-3.2

c. 25 ft3 (0.71 m?)
a. 2,000 ft®

c. Primary

b. 1,000 ft
a.500 ft>

gl ok W N =
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Selt-Test A-3.3 Gas Appliance Draft

Complete Self-Test A-3.3 and check your answers.

1. What is a natural draft in a vent created by?

The height and diameter of the vent.
Atmospheric pressure and the height of the vent.
The outdoor design temperature and diameter of the vent.

a0 o

The difference in densities of vent gases and ambient room air.

2. What is a down draft?

A draft produced by a mechanical device downstream from the combustion zone.
A draft produced by a mechanical device upstream from the combustion zone.
A draft produced by the upward movement of hot gases, creating a negative pressure.

a o U

A condition in which a draft is forced downward and can cause flue-gas spillage.

3. There is no limit to the benefits gained by increasing the vent height.

a. True
b. TFalse

4. Other than admitting dilution air, what is the other function of a draft hood?

Allows for spillage
Keeps the vent cold
Neutralizes excess air

e o U

Prevents back drafts in the common vent

5. What is the maximum efficiency of a Category I appliance?

a. 17%

b. 70%
c. 83%
d. 90%

6. What is an induced draft?

A draft produced by a mechanical device downstream from the combustion zone.
A draft produced by a mechanical device upstream from the combustion zone.
A draft produced by the upward movement of hot gases, creating a negative pressure.

e oo

A condition in which a draft is forced downward, possibly causing flue-gas spillage.

Answer Key: Self-Test A-3.3 is on the next page.
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Answer Key: Self-Test A-3.3

d. The difference in >densities of vent gases and ambient room air.

d. A condition in which a draft is forced downward and can cause flue-gas spillage.
b. False

a. Allow for spillage

c. 83%
a. A draft produced by a mechanical device downstream from the combustion zone.

S
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Selt-Test A-3.4 The Building as a System

Complete Self-Test A-3.4 and check your answers.

1. The building envelope can and should completely separate the indoors from the outdoors.

a. True
b. False

2. Cool air can contain more water vapour than warm air.

a. True
b. TFalse

3. What term describes the process of air exiting a building?

a. Infiltration

b. Exfiltration

c. Stack effect

d. Distribution effect

4. What term describes the process of air entering a building?

Infiltration
Exfiltration

Stack effect
Distribution effect

a0 o

5. The combustion air supply openings required by CSA B149.1 code are designed to replace the air exhausted by
mechanical exhaust devices as well as the air used by gas appliances.

a. True
b. False

6. Pressure-induced backdrafting is the reversal of the flow of flue gases out of the building caused by negative

pressure in the building.

a. True
b. TFalse

7. What is the maximum house depressurization limit (HDL) that a natural draft vented appliance should be exposed

to?

a. 1Pa(0.004 in. WC)
b. 5Pa(0.02 in. WC)
c. 10 Pa (0.04 in. WC)
d. 15Pa (0.06 in. WC)
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Answer Key: Self-Test A-3.4 is on the next page.
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Answer Key: Self-Test A-3.4

a. True

b. False

b. Exfiltration

a. Infiltration

b. False

a. True

b. 5 Pa (0.02 in. WC)

N9 ULk W N
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Plumbing Apprenticeship & Trade Resources in BC

A successful career in plumbing requires a strong foundation of skills, knowledge, and workplace safety awareness.

Below are key resources to support plumbing apprentices in BC, including educational pathways, trade certifications,

workplace safety guidelines, and mental health and wellness support.

Plumbing Apprenticeship & Certification Resources

* SkilledTradesBC - Plumbing Apprenticeship (https://skilledtradesbc.ca/plumber) — Overview of plumbing
training, certification requirements, and apprenticeship pathways in British Columbia.

* Red Seal Program - Plumber (https: //www.red-seal.ca/eng/trades/plumbers/overview.shtml) — National

certification program with exam prep guides and trade mobility information.
* BC Building Codes & Standards (https: //www.bccodes.ca/) — Official building and plumbing codes for British
Columbia.

Workplace Safety & Regu]ations

* WorkSafeBC (https: //www.worksafebc.com/en) — Essential safety resources for plumbers, including:

o

o

Health & Safety - WorkSafeBC (https: //www.worksafebc.com/en/health-safety)

Report Unsafe Working Conditions (https: //www.worksafebc.com/en/contact-us/departments-and-
services/health-safety-prevention)

Report a Workplace Injury or Disease (https: //www.worksafebc.com/en/claims/report-workplace-injury-
illness)

Submit a Notice of Project Form (https: //www.worksafebc.com/en/for-employers/just-for-you/submit-
notice-project)

Get Health and Safety Resources (Videos, Posters, Publications, and More) (https: //www.worksafebc.com/en/
resources-health-safety)

Search the OHS Regulations (and Related Materials) (https: //www.worksafebc.com/en /law-policy/
occupational-health-safety/searchable-ohs-regulation)

Conduct an Incident Investigation (https: //www.worksafebc.com/en/health-safety/create-manage/
incident-investigations/conducting-employer-investigation)

* CCOHS: OHS Answers Fact Sheets - Plumber (https: //www.ccohs.ca/oshanswers/occup_ workplace/
plumber.html) — Safety guidelines and best practices for plumbers in various work environments.

Financial Supports

» Financial Support (SkilledTradesBC) (https: //skilledtradesbc.ca/financial-support) — Information about grants,
tax credits, Canada apprentice loans, employment insurance, and the Indigenous Skills and Employment Training
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(ISET) program.

» StudentAidBC (https://studentaidbc.ca/) — Complete post-secondary education through student loans, grants,
and scholarships. There is also programs that help with loan repayment.

* WorkBC (Government of BC) (https: //www.workbc.ca/find-loans-and-grants/students-and-adult-learners/
services-apprentices-and-employers) — Services for apprentices and employers.

Mental Health & Wellness Support

* HealthLink BC - Mental Health and Substance Use (https: //www.healthlinkbc.ca/mental-health-and-substance-
use) — HealthLink BC resources for mental health and wellness support.

* Here2Talk (https: //here2talk.ca/) — Free and confidential counseling services available to all post-secondary
students registered at a BC school.

* Help Starts Here (https: //helpstartshere.gov.bc.ca/) — A database with over 2,500 listings of services related to
mental health and substance use supports.

* Hope for Wellness Helpline (https: //www.hopeforwellness.ca/) — 24 /7 online chat and phone line with
experienced and culturally competent counselors available to all Indigenous people in Canada.

o First Nations Health Authority Mental Health Supports Info Sheet [PDF] (https: //www.fnha.ca/Documents/
FNHA-mental-health-and-wellness-supports-for-indigenous-people.pdf) by First Nations health Authority —
List of culturally safe services for Indigenous people.
* HeretoHelp - BC (https: //www.heretohelp.bc.ca/) — Mental health resources, including videos, articles, and
support services in BC.
* BC Construction Industry Rehabilitation Plan (https: //www.constructionrehabplan.com/) — Mental health and
substance use services for CLRA and BCBT members and their families.
* Virtual Mental Health Supports (Government of BC) (https: //www2.gov.bc.ca/gov/content/health /managing-
your-health /mental-health-substance-use/virtual-mental-health-supports) — Virtual services are available for
British Columbians who are experiencing anxiety, depression, or other mental health challenges.

Crisis Support

* Interior Crisis Line Network — Call 1-888-353-2273 (tel:+1-888-353-2273) for 24 /7 emotional support, crisis
intervention, and community resource information.

* Talk Suicide Chat Service (https: //talksuicide.ca/) — An alternative if calling is difficult; available for crisis
intervention.

* 310Mental Health Support — Call 250-310-6789 (tel:+1-250-310-6789) for emotional support, information, and
resources specific to mental health.

* 1-800-SUICIDE — Call 1-800-784-2433 (tel:+1-800-784-2433) if you are experiencing feelings of distress or despair,
including thoughts of suicide.

* Opioid Treatment Access Line — Call 1-833-804-8111 (tel:+1-833-804-8111) between 9 am and 4 pm to connect with
a doctor, nurse, or healthcare worker who can prescribe opioid treatment medication that same day.

» KUU-US Crisis Response Service — Call 1-800-588-8717 (tel:+1-800-588-8717) for culturally-aware crisis support
for Indigenous peoples in BC.

* Alcohol and Drug Information and Referral Service — Call 1-800-663-1441 (tel:+1-800-663-1441) to find resources
and support.
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Emergency Services — For life-threatening situations, call 911 or visit your nearest
emergency department.
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