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6. Right-Sizing HVAC Equipment

e Ventilation

* Heat Pumps



ABOUT TECA

e Non-Profit Trade Association

* Qur Mission:
o Further Education in the HVAC Industry
o Develop & Provide Training in the HVAC Industry
o Practical Training for Trades People & Inspectors
o Advocate for the HVAC Trades to Government

o Advise Regulators & Building Officials on Best

Practices




CODE REQUIREMENTS

* Heating & Cooling Equipment to be sized using

CSA F280-12 standard

* Design temperatures are prescriptive

* |ndoor Setpoint Temperatures

* Qutdoor Design Temperatures

e Oneroom mustbe able to maintain 26°C

I e *Applies to BCBC Only




CODE REQUIREMENTS: CSA F280 .

9.33.5.1. Capacity of Heating and Cooling Appliances

1) The required capacity of heating and cooling appliances located in a dwelling unit

and serving only that dwelling unit, shall be determined in accordance with CSA F280,
"Determining the required capacity of residential space heating and cooling

appliances® except that the design temperatures shall conform to Subsection 9.33.3.

.



CODE REQ: TEMPERATURES .

9.33.3.1. Indoor Desigh 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) 22°C inallliving spaces,
b) 18°C in unfinished basements,

c) 18°C incommon service rooms, ancillary spaces and exits in houses with a

secondary suite, &

I d) 15°C in heated crawl spaces.



CODE REQ: COOLING .

9.33.3.1. Indoor Desigh Temperatures

2) Atthe outside summer design temperature, required cooling
facilities shall be capable of maintaining an indoor air temperature of

not more than 26°C in at least one living space in each dwelling unit.

*NOTE: Sentence 9.33.3.1. 2) applies only to the BCBC.

.




CODE REQ: OUTDOOR TEMP. .

9.33.3.2. Outdoor Desigh Temperatures

1) The outdoor conditions to be used in designing heating and
air-conditioning systems shall be determined in conformance
with Article 1.1.3.1.

1.1.3.1. Climatic and Seismic Values

3) The outside winter desigh temperatures determined from

Appendix C shall be those listed for the January 2.5% values.

9) The outside summer desigh temperatures determined from

. Appendix C shall be those listed for the July 2.5% dry values.




CLIMATIC DATA

Appendix C Climatic and Seismic Information for Building Design in Canada




CSA F280-12 (R2021‘

.



CSA F280 STANDARD

Scope of CSA F280-12 (R2021):

* (Calculation method for heat loss & heat gain
* Used for selecting equipment
* Appliesto Part 9 Buildings

* Does nhot comment on distribution systems

or installation practices

* Only outputs peak loads!




CSA F280 STANDARD

e

* Designed for whole dwelling heating & cooling

* NOT designed to model a single room
* Assumptions must be made for an accurate model
* No guidelines available for a refuge room modeling

* TECA & HVACDC: Writing refuge room modeling guidelines

.



CSA F280 CALCULATORS‘
|

Current List of Certified Calculators: https://hvacdc.ca/?page_id=406

.




CSA F280 REPORTING

CSA Standard F280-12 Report:

* Currently, the results pages are not
standardized between different
calculators

A standard report form will be required
to simplify the review process

.



CSA F280 REPORTING

Required Input Information:
 Client & Project Number

* Building Location

* Calculation Assumptions

* Design Temperatures

* Building Envelope Properties

* Contact Information of Designer

Table E.1

Inputs for preparing heat loss and gain calculation summary sheet

(See Clause 7.1 and Annex D.)

Field Title Description Example
1 Drawings issued for Client/company the heat loss gain John Doe Construction
calculations were performed for
2 Project number Client/job code for the use of the issuer of | 0402-96
the Heat Loss Gain Calculations
BUILDING LOCATION Where the project is located
3 Model Code or name designated to a plan set Craftsman- Walkout-
Option 2
4 Address Municipal designated location of the 496 Fake Street
project
5 City & Province City (county, township, etc.) and province Toronto, Ontario
the project is located in
6 Site Name of the development area the project | Fakewood Heights
is located in
7 Lot Numbered land parcel within the site Lot 16, Phase Il
8 Postal Code Canada Post assigned postal code for the Mel 2P9
address
CALCULATIONS BASED ON The assumptions and data the heat loss gain calculation is based on
9 Dimensional Source of the component sizing data for Anybody Design. Dwgs
information based on the heat loss gain calculation Dated 7/0ct/2010
10 Attachment Building connection to another building’s Detached, left/right/
conditioned space mid, top/bottom/mid
11 Number of stories Floor levels in the building — Indicate if 2 + basement
hasement is included
12 Weather location Weather data location selected in the heat | Toronto
loss gain calculations
13 Ventilated? Was the building’s ventilation included in Included
the heat loss gain calculation
14 HRV? Is an HRV used for the ventilation of the Yes—Blowhard Cyclone

building?

2WA




CSA F280 LIMITATIONS

Calculates Peak Loads:

* Outputs either BTU/hour (or Watts)
* Energyover Time
* Cannot simulate the build-up of heating over time

* |fthe peakload can be satisfied, partial loads will also be satisfied




ABOVE GRADE WALL CALCULATION

Components of the Above Grade Wall Calculation:

Area
R

Heat Lossacw = * AT

Where:
* Heat Loss [W or BTUH] = Heat loss requirement at peak load

* Area[m? or ft?] = The area of the wall (adjusted for stud spacing)

or
|14 BTUH

I e AT [°C or °F] = Indoor setpoint temperature - Outdoor design temperature

2*0 2*0
. R[m o It F]=Thermalresistanceofwallassembly



FENESTRATION CALCULATIONS .

CSA: 6.2.2. Heat gain through transparent & translucent building assemblies
* Solar Heat Gain Coefficient (SHGC)

* Solar Radiation Incident on the Window (based on orientation & latitude)

AT
Heat Gaingct = Area * {? + SHGC = Solar, = Latitudepactor}

Estimated solar radiation (W/m?)

Northeast/ | Southeast/
North South East/West | Northwest | Southwest | Horizontal

Solaro 93 160 285 194 252 534
‘Latitudepactor = 1 + {Latitude — 40} * 0.0375




INTERNAL LOADS: CSA F280 .

External Loads:

 Conductive heat transfer, solar radiation, ventilation & leakage

Internal Loads for Heat Gain:
* Occupants: 70 W (240 BTUH) per person

 Electrical:
e Min.800W (2,730 BTUH),
e 4\W/m?(1.27 BTUH/ft?) if > 200m? (2,150 ft?)

.




HLHG REPORT: BUILDING INFO

PROJECT #: Example. 453 West 12th Ave.

WEATHER DATA Vancouver (city hall)

LATITUDE: 49.25 LONGITUDE:

Summer Mean Daily Temperature Range 7°C WINDOW SHADING:

VENTILATION SYSTEM Dedicated HRV, 60CFM, ASED.64, ATRE:O

HEATING SYSTEM radiant heating (in-floor or baseboards)

FRONT OF HOUSE FACING DIRECTION: SW

is this value assumed? no

AIR TIGHTNESS / INFILTRATION ACHS50: 1, ELA: 96.5 cm?, ELA @10Pa

is the air tightness value assumed? yes

BUILDING SITE SHIELDING: Suburban, forest

LOCAL WALL SHIELDING: Open flat terrain, grass

LOCAL FLUE SHIELDING: Open flat terrain, grass

INDOOR DESIGN TEMPERATURES: # OF BEDROOMS:
HEATING: 22°C, 71.6°F # OF PEOPLE:

COOLING: 24°C, 75.2°F
OUTDOOR DESIGN TEMPERATURES:
HEATING: -7°C, 19.4°F
COOLING: 28°C, 82.4°F
SOIL TEMPERATURE: 11 °C
Attached documents:

Assumptions noted (in addition to listed assumptions on page 1):

Notes from the calculator operator:

-123.12
NO




HLHG REPORT: BUILDING ASSEMBL

PROJECT #: Example. 453 West 12th Ave.

BUILDING ENVELOPE ELEMENTS

WALLS

1/ (Wood Wall), Air Film - inside walls, // 1/2" Drywall, /f 2*6, 16" OC w/ R6 Insulation, // 2" type 2 bread board as continuous insulation on exterior, //
1/2" Sheeting, /f Wall Material - Softwood, air film - outside air; 29.91R-VALUE

CEILINGS

WALLS

1/ (Ceiling), Air Film - inside ceiling, // 5/8 Drywall, // Ceiling Insulation, // 1/2" Sheathing, // 2" of type 2 insulation, air film - outside air; 57 .84R-VALUE

INTERIOR FOUNDATION WALL
EXPOSED FLOOR

1/ (Floor - Exposed), Air Film - inside floors, /f Hardwood, // Floor Insulation, // Aluminum Board, air film - outside air; 50.84R-VALUE

EXPOSED HEADER

1/ (Floor Header w/ Wood Walls); 32 3R-VALUE

2/ (Floor Header w/ Leger Boad); 35.37R-VALUE

WINDOWS SKYLIGHTS

1/ (Door Window) double glazed, Fixed — Wood/Vinyl, insulating,
clear, Bmm Air, USI: 3.13, SHGC: 0.59

2/ (Window - Typ) double glazed, Operable — Wood/Vinyl,
insulating, clear, 6mm Air, USI: 2. 44, SHGC: 0.49

DOORS SHADINGS

1/ (Door) Insulated metal — Polyurethane core, without storm door,
Usi: 0.91

FOUNDATIONS

1/ [Basement [ Lowest Floor] Concrete Slab & Walls, insulation: interior wall = 2.72RSI, exterior wall = 2.64RSI (configuration #69) // any first storey
construction type, interior surface of wall insulated over full-height, exterior surface of wall insulated over full-height, sub-surface of floor slab fully
insulated but no insulation under footings, thermal-break between walls and floor slab /f AREA: 320ft%, FULL PERIMETER: 72ft, EXPOSED PERIMETER: 72ft

* 1/ (Wood Wall),

e Air Film - Inside Walls,

e 1/2" Drywall,

e 2%6, 16" OC w/ R6 Insulation,

e 2" Type 2 Bread Board as
Continuous Insulation on
Exterior,

e 1/2" Sheeting,

e Wall Material - Softwood,

e Air Film - Outside Air;

29.91 R-VALUE




HLHG REPORT: SUMMARY‘

_—



HLHG RESULTS REPORT

Results Output Page:

* Automatically creates a report

* Contains critical design
information (per CSA Standard)

 Standardized results page
submitted to Building Official

| (in progress)



CSA F280 HLHG EXAMPLE .

Site Information:

* Vancouver, BC
 -7°C Winter Designh Temperature
 28°C Summer Designh Temperature

« 3 Story, 3,067 ft> detached home

* Indoor setpoint temperature modeled at 26°C for cooling
* CSA F280 specifies indoor setpoint of 24°C for cooling

* Net Zero building assemblies
e 50ccupants

e HRV: 110 CFM with 82% ASE

Mdow shades included



Heat Loss (Heating):
4,477 BTUH

Heat Gain (Cooling):
145 BTUH
*Mostly below grade

BASEMENT PLAN

IFICATIDNS, EDUIFHENT, &
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133 BTUH
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MAIN FLOOR PLAN

2-0"x6'=0" 2I-0"x6~0"
1 ]! 11 |

Heat Loss (Heating):
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: o 2,790 BTUH
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TOP FLOOR PLAN

Heat Loss (Heating): Z
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HEAT LOSS SUMMARY

Vancouver:
Temp. @ -7°C

Heat Loss:
16,115 BTUH




Vancouver:
Temp. @ 28°C

Heat Gain:

13,659 BTUH

*Indoor temp
@ 26°C

HEAT GAIN SUMMARY




REFUGE ROOM CALCULATIONS .

9.33.3.1. Indoor Desigh Temperatures

2) Atthe outside summer design temperature, required cooling
facilities shall be capable of maintaining an indoor air temperature of

not more than 26°C in at least one living space in each dwelling unit.

.




MODELING A REFUGE ROOM

How to Model (IN MY OPINION):

Calculate heat gain on the single room (or open area)

Interior surfaces assumed to be at outdoor design conditions

Include all dwelling occupants in the refuge room
Assume a min. electrical load of 800 Watts (2,730 BTUH)

Indoor setpoint temperature of 26°C
e CSAF280 Recommends 24°C

2'-0"x6’=0"

2 M 782 FT
3 CEIL' 11 FT°

BUILTING ENVE|

(D L
& 1527 FT*

185 |

?

DINING RM, i
& 1424 FT




SELECTING A REFUGE ROOM .

e Must be afinished room

o E'T:O'xG‘H—O' -6’ H
* Consider passive cooling strategies 4

e Can somerooms be isolated? ) eonrva |

* Are window shades available?

b er
° i ®
NODK

N A 782 FT°
& CEIL 11 FT’

Consider occupant comfort

70 172

Review decision after calculation

A 1027 FT°
SEE ABOVE

Is this the best room?

. —_— z Il
1 1 ]
X DINING RM = ! LIVING RM
T & 1424 FT° _)\' f 1847 FT°
‘ }

S -6"x6'—4 w
®

12-10"




2'-0"x&’'-0" 2/-0"x6"

REFUGE ROOM: FAMILY ROOM .
‘ =

Family, Kitchen & Nook as a Refuge

Room: )

55 1/2"
:
|
¥
g

* High occupant comfort level

(3) EaMry R

A 2521 FT°
CEIL: 951 FT?

* Cools alarge area

u
Eﬂ

3-0"x6'-8" DOOR
1-6"x6'-8*

x
W/ -4"x1"-0" AB.

A 1527 FT?

e Excellent selection

N
]F__
:

A 1037 FT7
SEE ABOVE

| ]

¥ & 1424 FT° 5 .le ——— Al 1847 FT°
\ _I ' L -H | '

g
[\’
,.‘
12-9 12" 7-g" -1




REFUGE ROOM: LIV

Converting to a Refuge Room:

Add South & West walls
Add ceiling

Add exposed floor

Add entire ventilation load
Include all occupants

Include electrical load

T

ING ROOM .
T—




REFUGE ROOM: LIVING ROOM .

Family & Kitchen Heat Gain:

4,807 BTUH

Family & Kit. as Refuge Room:
7,305 BTUH

CSA F280-12

Allows for 80% of total heat gain for min. sizing.

Indoor temperature is 26°C rather than 24°C

WAL. CEL FLR. WIN. DR. LEAK. VENT. DIST. |INT. SENS./TOTAL
Family, Nook & Kitchen 61 252 923 35 425 '3924 5619 \ 7305




REVIEWING A REFUGE ROOM .

Modeling Considerations:

* |sthe heat gain calculation performed on the entire dwelling, not just
the living room?

 |Interior walls and floors will be assumed to have no heat transfer
because they are modeled as conditioned spaces

* Have the occupants been included in the calculation?

* Have the internal loads been distributed to multiple rooms?

.




BASEMENT PLAN

Why not use the basement | ;1 &z ——=—
as a refuge room?

WINTAGE OF HOUSE FRONT DODR FACES SOUTH

BASEMENT <INTERIORD
PERIMETER 1537 (NT.»
AREAr 972 FT {NT.)
CEILING HEIGHT: 7'-9*
JOIST SPACEY 9.23°

DEFTH BELUY GRADEN &-9°

e |Internal loads
 Add 3,924 BTUH

| 4—6"x1'—4
[
I

* Occupant comfort TR )
»  Very poor! el 12 BTUH i

& 4252 FT! T
PERIMETER! £6.5
FT

| 4!_5!

e Does this area even
require cooling? [\

N
47-57x1’=4
]
111 172




COOLING REQUIREMENTS ‘

How do you prove cooling is not required?

 Simulation data must be provided

* Weather data
* Building thermal mass

* Propagation of heat transfer

e Complex analysis!

I * Engineer required?



RIGHT SIZING HVAC EQUIPMEIN

e Code compliance

* Equipment selection
Proper calculations & documentation

* Distribution system sizing
Ductwork
Radiant



DESIGN & PLAN CHECKING ‘
Documents to Submit for Builder Permit: 3 ﬁ /T
* Ventilation Checklist ' |

e Heat Loss & Heat Gain Calculation \/gA

* Equipment Selection Worksheet

* Design Summary

e System Drawings & Schematics

. Required Permits




9.32 VENTILATION ‘

* Every dwelling requires its own ventilation system

* Ventilation requires exhaust air & outside air

* Minimum airflow rates are prescribed
e Kitchens & bathrooms must have min. ventilation

* Pipe diameters are sized based on airflow &

equivalent lengths

I * Protection against depressurization (NAFFVA)




VENTILATION REQUIREMENTS .

9.32.3.4. Ventilation Systems Supply Air
Outdoor air must be provided to:
i. each bedroom

ii. each floor level without a bedroom,
and

ii. ancillary spaces that contain an exhaust
device, where the space is not within a dwelling
unit in a house with a secondary suite and
where the house with a secondary suite
contains a fuel-fired space-heating appliance
or fuel-fired water-heating appliance of other
than direct-vented or mechanically vented

. types,



PRINCIPAL EXHAUST FANS ‘

9.32.3.5. Principal Ventilation System Exhaust Fan

1) A principal ventilation system
exhaust fan shall

a) run continuously, and

b) provide at least the air-flow rate
specified in Table 9.32.3.5.

.




VENTILATION REQUIREMENTS .

9.32.3.6. Kitchen and Bathroom Exhaust Fans

1) An exhaust fan that provides at least the air-flow rate specified in Table

9.32.3.6. shall be installed in

a) every kitchen, and

b) every bathroom or water-closet room, unless the bathroom or water-

closet room is served by the principal ventilation system exhaust fan that
complies with Article 9.32.3.5.

2) Forthe purposes of Sentence (1), the capacity rating of the exhaust fan
shall be determined, based on air-flow performance at 50 Pa [0.2”wc] of
external static pressure, in accordance with...[HVI or CSA standards]

-



VENTILATION REQUIREMENN

.



VENTILATION REQUIREMENTS‘

9.32.3.8. Air Ducts
Note: per sentence 7), kitchen ducting to be non-combustible

.



NAFFVA & DEPRESSURIZATION .

9.32.4. Additional Protection Against Depressurization

* Naturally Aspirating Fuel-Fired Vented Appliance (NAFFVA) relies on
thermal buoyancy and can cause harm to the occupants if a strong
negative pressure reverses the flue gas.

Negative Pressure from Kitchen Fan Low Indoor Pressure

DANGER

POISON

N e




VENTILATION CHECKLIST‘

JULY 18, 2024
TODD BACKUS
T
TECA
604-838-7511




9.33 HEATING & AIR CONDITIONING .

* Heating & Cooling Equipment to be sized
using CSA F280-12 standard

* NOTE: Equipment must be sized using design

temperatures, not nominal values
* Design temperatures are prescriptive

* Oneroom mustbe able to maintain 26°C

.



HEAT PUMP BALANCE POINTS

60,000 :
T|—HP OUTPUT CAPACITY
+|—HEAT LOSS LOAD
50,000 -||—2:5% OUTDOOR DESIGN TEMP (°F)
T T o
E I <P Sl
m 40,000 DESIGN LOAD: oM oY
> T 31,000 BTUH \I8
= 1
6 30’000 1< == _f .....
E I AUX. < BALANCE POINT = 21°F
< T HEAT l —
O 20,000 + J_ I
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HEATING CAPACITY (BTUH)

60,000

50,000

40,000

30,000

20,000

10,000

HEAT PUMP BALANCE POINTS

— HP#1 HIGH OUTPUT CAPACITY
— HP#1 LOW OUTPUT CAPACITY
——2.5% OUTDOOR DESIGN TEMP
— HEAT LOSS LOAD

- --AHRI @ 17°F

----- AHRI @ 47°F

(°F)

HP-LO

W OUTPUT CAPACITY

0 10 20 30 40
OUTDOOR AIR TEMPERATURE (°F)




EQUIPMENT SELECTION‘




FORCED AIR DESIGN DOCUMN

.



F.A. SYSTEM DPAWINGS‘

.



HYDRONIC SYSTEM DRAWINN

EEEEEEE

EEEEEEEEEEEEEEEEEEEEE




COMMISSIONING CHECKLIST‘

..




HOME PERFORMANCE
STAKEHOLDER COUNCIL

HPCN HVAC Registration Requires Training:

e

* HLHG Certification
* Principals of Moving Air

* House as a System (HPSC)

HPCN membership required for many rebates

mmdes.co/g/updated-home-performance-contractor-network/231461


http://homeperformance.ca/

TECA COURSES

Air to Air Heat Pump
Guidelines




QUESTIONS & COMMENTS?‘

Todd Backus, P.Eng.
Manager — Programs Development
cell: 604.838.7511

. email: tbackus@teca.ca
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