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Introduction

This TRM is a document that provides essential information and source materials underpinning prescribed
energy savings assumptions and/or calculations for a number of energy efficient technologies that are or may
be in the future promoted by the Ontario gas utilities” energy efficiency programs.

The efficiency measures addressed by the TRM are prescriptive and quasi-prescriptive measures that lend
themselves to standardized assumptions and algorithms, and for which estimated average savings can be
determined to be reasonably accurate.

The assumptions and algorithms represent accepted engineering practice and have been substantiated with
third party sources and data specific to Ontario and/or geographic areas with similar climates, to the extent
possible and when applicable.

Natural gas savings are reported in gross cubic meters (ms) of natural gas. Additional electric and water
impacts have been included where applicable. Measure life and incremental cost have also been provided.
The measures are organized by market, measure category, and end-use.

This TRM includes measures that have been considered by the utilities or might be considered in the future. It
should be noted that the TRM is a technical reference document and as such inclusion in the TRM does not
imply that it is appropriate to include a measure in the utilities” portfolio in a given program year.

Version History

The TRM is a dynamic document that will be periodically updated with new information supported by
substantiated references. The TRM Version Date and Revision History table presented below briefly
summarizes the history of the evolution of the introductory sections of the TRM. Similar tables summarize
the development of assumptions for each individual measure in the technical sections of the TRM.



Date

Version

Reasons for Update

December
21, 2016

1.0

Original developed by Energy and Resource Solutions (ERS) and filed
with the OEB. The TRM was commissioned by the Technical Evaluation
Committee (TEC)!, and was managed by a sub-committee of the TEC.

December
22,2017

2.0

Update by the OEB’s Evaluation Contractor (DNV GL and Dunsky) with
input from the Evaluation Advisory Committee (EAC)?; the following
measures were updated or added:
e Commercial Incremental Energy Recover Ventilator (ERV), 55%
Efficiency Baseline
e Commercial Incremental ERV, No ERV Baseline
e Commercial Incremental Heat Recovery Ventilation (HRV), 55%
Efficiency Baseline
e Commercial Incremental HRV, No HRV Baseline
e Commercial Pedestrian Air Curtains with Vestibule

November
30, 2018

3.0

Update by the OEB’s Evaluation Contractor (DNV GL and Dunsky) with
input from the Evaluation Advisory Committee (EAC); the following
measures were updated or added:
e Commercial Demand Control Ventilation - Retrofit/Time of
Natural Replacement/New Construction, Office/Retail Space
e Commercial Demand Control Ventilation - Retrofit/Time of
Natural Replacement/New Construction, Other Space Types
¢ Commercial HVLS (High Volume Low Speed) Destratification
Fans — New Construction/Retrofit
e Multi-Residential Low-Flow Showerheads — New Construction
¢ Residential Low-Flow Showerheads — New Construction
Update to the Common Assumptions table input variables: heating
hours per year and heating days per year; the following measures that
reference these input variables received minor updates:
e Commercial Air Curtains
e Commercial Pedestrian Air Curtains with Vestibule
e Commercial Incremental Energy Recovery Ventilator (ERV) 55%
Efficiency Baseline
e Commercial Incremental ERV, No Baseline
e Commercial Incremental Heat Recovery Ventilator (HRV), 55%
Efficiency Baseline
e Commercial Incremental HRV, No Baseline
e Residential Pipe Wrap

! The TEC consisted of utility representatives from each of Union Gas and Enbridge Gas Distribution as well as intervenor representatives and
independent members with technical expertise. In its role to establish DSM technical and evaluation standards for natural gas utilities in
Ontario, the TEC commissioned the development of the original TRM.

2 The OEB outlined a structure to evaluate the results of Natural Gas Demand Side Management (DSM) programs from 2015 to 2020. The EAC
will provide input and advice to the OEB on the evaluation and audit of DSM results. The committee will consist of representatives from non-
utility stakeholders, independent experts, staff from the Independent Electricity System Operator (IESO), and observers from the Environmental
Commissioner of Ontario and the Ministry of Energy, all working with OEB staff.




Date Version | Reasons for Update
December | 4.0 Update by the OEB’s Evaluation Contractor (DNV GL and Dunsky) with
20, 2019 input from the Evaluation Advisory Committee (EAC); the following
measures were updated or added:
e Commercial Air Curtains Shipping and Receiving — Dock-in
(New Construction/Retrofit)
e Commercial Air Curtains Shipping and Receiving — Drive-in
(New Construction/Retrofit)
o Commercial Air Curtains — Pedestrian Doors (New
Construction/Retrofit)
e Commercial Dock Door Seals (Retrofit)
e Residential High Efficiency Condensing Furnace Measure (New
Construction/Time of Natural Replacement)
Update to the Common Assumptions table input variables: specific heat
of air, OA temperature heating system enabled, space temperature
setpoint, inside enthalpy for heating and cooling season, average outdoor
relative humidity for heating season, and outdoor enthalpy for heating
season. The following measures that reference these input variables
received minor updates:
e Commercial Incremental Energy Recovery Ventilator (ERV) 55%
Efficiency Baseline
e Commercial Incremental ERV, No Baseline
e Commercial Incremental Heat Recovery Ventilator (HRV), 55%
Efficiency Baseline
e Commercial Incremental HRV, No Baseline
The following measures were retired:
e ENERGY STAR Clothes Washers
e Commercial Pre-rinse Spray Nozzle (New Construction/Time of
Natural Replacement/Retrofit
November | 5.0 The OEB’s Evaluation Contractor (DNV GL and Dunsky), with input
12,2020 from the Evaluation Advisory Committee (EAC), updated or added the

following measures:
e Commercial ENERGY STAR Convection Ovens — New
Construction and Time of Natural Replacement
e Commercial ENERGY STAR Rack Oven — New Construction and
Time of Natural Replacement
¢ Residential Low Income Programmable Thermostats — Retrofit
e Residential/Low Income Heat Reflector Panels — Retrofit




Date

Version

Reasons for Update

December
15, 2021

6.0

The OEB’s Evaluation Contractor (DNV and Dunsky), with input from
the Evaluation Advisory Committee (EAC), updated or added the
following measures:

Commercial Condensing Unit Heater - New Construction/Time
of Natural Replacement

Commercial ENERGY STAR Combi-Ovens - New
Construction/Time of Natural Replacement

Commercial Ozone Laundry - New Construction/ Retrofit
Commercial ENERGY STAR Convection Oven - New
Construction/Time of Natural Replacement

Commercial ENERGY STAR Dishwashers — New Construction
/Time of Natural Replacement

Multi-Residential — Low-Flow Showerheads — New Construction
Multi-Residential — Low-Flow Showerheads — Retrofit
Commercial - ENERGY STAR Rack Oven— New
Construction/Time of Natural Replacement

The following measures were retired:

Commercial — Infrared (Ir) Heaters <300kbtu/Hr — New
Construction
Commercial — Infrared (Ir) Heaters <300kbtu/Hr — Retrofit

November
30, 2022

7.0

The OEB’s Evaluation Contractor (DNV and Dunsky), with input from
the Evaluation Advisory Committee (EAC), updated or added the
following measures:

Commercial ENERGY STAR Griddles
Commercial ENERGY STAR Conveyor Oven
Commercial — Energy Star Fryer — New Construction/Time of
Natural Replacement
Commercial — Energy Star Steam Cooker — New
Construction/Time of Natural Replacement
Commercial — High Efficiency Under-Fired Broiler — New
Construction/Time of Natural Replacement
Commercial — Energy Efficient Conveyor Broiler
Commercial Energy Star Dishwashers — New Construction / Time
of Natural Replacement
Commercial ENERGY STAR Griddles
Common Assumptions Table, including
o Average City or Inlet Water Temperature
o Recovery Efficiency Residential Storage-Type Water
Heater
o Thermal Efficiency Commercial Storage-Type Water
Heater
o Affected substantiation documents.




Date Version | Reasons for Update
April 30, 8.0 The OEB’s Evaluation Contractor (DNV and Dunsky), with input from
2024 the Evaluation Advisory Committee (EAC), updated or added the
following measures:
e Commercial Condensing Storage Water Heater (targeted review)
¢ Commercial Condensing Unit Heater
e Commercial Tankless Water Heater
e Commercial Demand Controlled Kitchen Ventilation (DCKV) —
New Construction/Retrofit
e Common Assumptions Table, including:
o Effective full load heating hours commercial New
Construction
o Effective full load heating hours commercial Retrofit
o Affected substantiation documents.
May 23, 9.0 The OEB’s Evaluation Contractor (DNV and Dunsky Energy + Climate
2025 Advisors), with input from the Evaluation Advisory Committee (EAC),
updated or added the following measures:
e Commercial Small and Medium Business Adaptive Thermostat —
Retrofit
e Residential — Cathedral/Flat Roof Insulation — Retrofit
e Residential — Attic Insulation - Retrofit
e Common Assumptions Table, including:
o Heating balance point (heating system enabled)
residential
o Heating setpoint temperature residential
Cooling balance point (OA temperature cooling system
enabled) residential
o Cooling setpoint temperature residential
March 18, 10.0 The OEB's Evaluation Contractor (DNV and Dunsky Energy + Climate
2026 Advisors), with input from the Evaluation Advisory Committee (EAC),

updated or added the following measures:

e Commercial - Demand Control Ventilation — Retrofit/Time of
Natural Replacement/New Construction

e Commercial — Air Curtains for Shipping and Receiving doors —
“Dock-in” — New Construction/Retrofit

e Commercial — Air Curtains for Shipping and Receiving doors —
“Drive-in” — New Construction/Retrofit

e Commercial — Air Curtains for Pedestrian doors — New
Construction/Retrofit

e Commercial - HVLS (High Volume Low Speed) Destratification
Fans — New Construction/Retrofit

e Commercial — Hybrid Heat Pump Roof Top Unit — Time of
Natural Replacement/New Construction

e Residential — Adaptive Thermostats — Retrofit




Date

Version

Reasons for Update

e Residential — Cold Climate Air Source Heat pump and Air Source
Heat Pump for Central systems — Time of Natural Replacement

e Common Assumption Table, including:

Commercial heating system efficiency (Air Systems)

Heating hours per year

Heating days per year

Rooftop unit cooling system efficiency

Space temperature setpoint commercial

O O O O O




Purpose of the TRM

The objectives of the TRM are as follows:

Q Provide transparent, standardized (where applicable), and substantiated assumptions
and/or calculation algorithms for efficiency measure savings, costs, and lifetimes, as well as
their underlying sources.

Q For each measure, establish the conditions under which the savings or other assumptions
apply.

Q Provide a basis from which stakeholders, such as utility/program administrators and

independent third parties, can estimate the savings achieved for the Ontario energy efficiency
portfolios.

Q Support cost-effectiveness calculations for projects undertaken and funded by the utility
efficiency programs.?

Q Provide access to a chronology of the changes over time to measure assumptions —
including the rationale used to support changes.

The purpose of the TRM does not include:

QO Determination of free ridership or spillover values as they are more a function of program
design than they are of technology specific factors.

0 Recommendation of potential energy efficiency measures to utilities.
O Recommendation of program design structures or features.

QO Methodologies for determining the potential savings for custom measures.

Measure Outline
Each measure follows a consistent format that includes the following components.

Version Date and Revision History

This section tracks the history of the measure development, including when the measure
documentation was filed and approved by the OEB as well as classification for its
application (see table below).

Version Date and Revision History

Version

OEB Filing Date
OEB Approval Date
Sector > End Use > Technology > Measure Category

3 The TRM includes several, but not all of the key inputs to be used in such calculations. Specifically, annual savings (gas, electric and water),
incremental costs and measure lives are included, but net-to-gross ratios, non-measure (program) costs and avoided costs are not included.



Sector
“Sector” refers to the market categories (Residential, Multi-Residential, Commercial*) for
which the measure substantiation document applies.

¢ Commercial: A location providing goods and services such as businesses or
institutions, e.g., retail, hospitals, universities, etc. Industrial facilities are also
included in this category; however, industrial process improvements are
typically custom measures and not addressed by the TRM.

* Multi-residential: According to Ontario Regulation 282/98, the multi-
residential property class is property used for residential purposes that has seven
or more self-contained units,’

* Residential: According to Ontario Regulation 282/98, the residential property
class is property used for residential purposes that has less than seven self-
contained units.® Typically this includes single detached, semi-detached, row
house and/or duplex.

Though Low-Income is a market type and not a market sector, it is appropriate to
provide a definition for clarity as all substantiation documents apply to the Low-
Income market unless otherwise noted.

Low-Income: Low-income residential utility customers face a much higher
‘energy burden’ (i.e., percent of household income devoted to energy costs) than
median and higher income households. The OEB Guidelines (EB-2014-0134)
provide additional detail around eligibility criteria for low-income utility
customers in Section 6.4 on page 8.

End Use
“End Use” refers to service provided by the equipment (e.g., space heating, water
heating, or food service).

Technology
“Technology” refers to the type of equipment (e.g., Adaptive Thermostat).

Measure Category

“Measure category” refers to the general decision types outlined in the OEB Filing
Guidelines to the Demand Side Management Framework for Natural Gas Distributors
(2015-2020). These decision types characterize how savings and costs are estimated
relative to a frame of reference or “base case” that specifies what would have happened
in the absence of the utility program. The decision types are defined as follows:

4 All Commercial sub docs apply to the Industrial market unless otherwise noted.
5 https://www.ontario.ca/laws/regulation/980282#BK4

% Ibid



¢ Early Replacement: a measure category where a utility energy efficiency
program has caused a customer to replace operable equipment with a higher
efficiency alternative (also referred to as advancement).”

Example: An operating unit heater is replaced with a more efficient radiant heater.

* Natural Replacement: a measure category where the equipment is replaced on
failure or where a utility energy efficiency program has not influenced the
customer decision to replace but once the decision has been made, the utility
program influences a higher efficiency alternative.

Example — An operational gas water heater is replaced because of visible rust, and a more
efficient water heater, promoted by the program, is installed.

* New Construction: efficiency measures in new construction or major
renovations, whose baseline would be the relevant code or standard market
practice.

Example — A project design team, influenced by the program, specifies a high efficiency
boiler rather than the least cost code compliant, or predominant industry practice, option.

* Retrofit: a measure category that includes the addition of an efficiency
measure to an existing facility such as insulation or air sealing to control air
leakage.

Example — An ozone treatment system is added to an existing commercial laundry
system in order to facilitate using lower water temperatures.

Note - A single substantiation document may be applicable to multiple categories and
will be identified as such.

Substantiation Document Summary Table
Each substantiation document includes a summary table (see Table 1) outlining critical

prescribed savings values or quasi-prescriptive savings factors, key measure parameters,
incremental cost, measure life, and applicability factors.

7 Some customers replace equipment when their existing equipment fails. For a variety of reasons (e.g., concern about energy or maintenance
costs, better integration with other building systems, a desire to be able to plan for downtime rather than react to an emergency, etc.), other
customers replace equipment before it fails. The key to an “early replacement” designation is that the utility program caused something to be
replaced before it otherwise would have been.



Table 1. Measure Key Data

Parameter Definition
Retrofit, early replacement, new construction, or time of natural
Measure Category replacement. These terms are defined in the Measure

Categorization section.

The existing condition, code compliant, or standard practice
measure depending upon the measure category.

The installed high efficiency measure as described in the
substantiation document

Market Type Commercial, Residential, Multi-Residential

Expressed in cubic meters for prescriptive measures.
Expressed as a savings factor (e.g., m3/Ib) for quasi-prescriptive

Baseline Technology

Efficient Technology

Annual Natural Gas

Savings

measures.
Annual Electric Expressed in kWh for applicable measures. Positive values
Impacts indicate savings. Negative values (-) indicate penalties.

Annual Water Impacts | Expressed in litres for applicable measures.

The length of time that a measure is expected to be functional
and performing as predicted.

The incremental cost is the difference in cost between the high
efficiency technology and the baseline technology. The
incremental cost includes incremental installation costs where
appropriate.

Describes any limitations to the applicability of the measure’s
Restrictions prescribed savings or relationships, such as minimum size or
applicable building types.

Measure Life

Incremental Cost ($)

Overview
This section introduces the technology, describes the energy savings strategy of the
measure, and lists other descriptive details.

Application

This section describes market sector or other parameters where the technology in
question may be applied. For example, it could address the history of code changes and
why the substantiation document savings only apply to homes of a certain vintage or
businesses of a certain size. It commonly relates to the restriction section in the summary
table.

Baseline Technology

This section provides a definition of the efficiency level of the baseline equipment used
to determine energy savings beyond baseline, including any standards or ratings if
appropriate. The baseline also may include statements regarding the presumed type of
equipment that will be replaced or upgraded. For example, the baseline equipment for
commercial infrared heaters is presumed to be a unit heater as opposed to a central
system. It may also include statements regarding part-load conditions.?

8 part-load performance is the ability of the system to handle energy use at conditions lower than the rated capacity of equipment. For
example, a boiler may be sized to meet a maximum capacity to meet the load during the coldest day of the year. However, during warmer



Table 2 for each measure summarizes the baseline technology.

Table 2. Baseline for Energy Conservation Measure

Scenario Requirement
Type of measure Baseline Efficiency
Efficient Technology

This section provides a definition of the criteria for the efficient equipment used to
determine the delta energy savings including any standards or ratings if appropriate.
Table 3 for each measure summarizes the efficient technology.

Table 3. Efficient Technology for Energy Conservation Measure

Scenario Requirement

Type of measure or equipment Minimum level of efficiency

Energy Impacts

This section identifies the type of energy impacts resulting from implementing the
measure (e.g., natural gas savings, electric impacts (savings/penalties)), and explains
how this measure causes the change, in narrative form.

Natural Gas Savings Algorithm

This section presents the algorithm(s) utilized to estimate the natural gas savings for the
measure. In some cases, the algorithms are used to derive an average natural gas savings
for the measures, while for other measures (i.e., quasi-prescriptive) the algorithm(s)
represent the derivation of a gas savings factor to be used given certain project
assumptions.

Electric and/or Water Savings Algorithm
This section outlines the approach for determining any secondary impacts on other
resources, such as electricity and water, and is included as needed.

temperatures, the equipment will operate at some part-load depending on its ability to turn down to a lower firing rate. The operation and
efficiency of the boiler will vary depending on the load conditions.



Assumptions

This section provides a reference table listing key assumptions that impact the measure
savings analysis (e.g., hours of operation, equivalent full-load hours, weather criteria,
load factors). For some measures, additional assumptions regarding hours of operation
or the amount of time equipment or appliances are being used is provided, as
applicable. It also provides references for the assumptions used in the measure analysis.

Savings Calculation Example
This section provides an example of a savings calculation. In the case of a quasi-
prescriptive measure, application of the associated savings factor is explained.

Uses and Exclusions
This section outlines circumstances where a prescribed savings value is not appropriate.

Measure Life
This section provides the technology’s measure life and any qualifying circumstances
(e.g., evidence of regular maintenance).

Incremental Cost

This section describes the technology’s incremental cost and any additional
considerations pertaining to its determination. Incremental cost is dependent on the
measure category. The utilities follow the OEB Guidelines’ (EB-2014-0134) direction
regarding the application of incremental costs as outlined in Section 9.1.1- Net
Equipment Costs (pg. 26/27). The incremental cost is indexed and is expressed in
Canadian dollars.

References

This TRM aims to provide best available and substantiated information collected at the
time of its production. References (many available online) to documents are provided
for each key assumption. Examples of references deemed appropriate for this TRM
include:

¢ Efficiency program evaluations conducted both in Ontario and other jurisdictions
within Canada and United States.

* Government studies on the performance and/or cost of efficiency technologies — within
Ontario, other parts of Canada, the U.S. or outside North America when applicable.

¢ Other published research on the performance and cost of efficiency measures; within
Ontario, other parts of Canada, the U.S. or outside North America when applicable.
Information collected directly from key technology manufacturers and/or other parts of
the supply chain for the technology in Ontario (e.g., distributors, contractors, etc.)

Additional TRM Notes
This TRM includes prescribed (prescriptive and quasi-prescriptive) savings estimates that are
expected to serve as average, representative values for the province of Ontario. All information



is presented on a per-measure basis. In using the measure-specific information in this TRM, it is
important to keep the following notes in mind:

* Measure lives serve to represent the Ontario market and include measure persistence
unless otherwise noted.

¢ In general, the baselines included in the TRM are intended to reflect average practices

and conditions in Ontario.

Common Assumptions Table
Where assumptions are shared between multiple technologies, they have been gathered in a

Common Assumptions Table. Among these common assumptions, London, Ontario was
selected as a default climate zone, due to its elevation and annual average temperature cycle.

In addition to weather-related assumptions, the common assumptions include efficiencies for
different types of equipment, common conversions, local conditions that would impact
measures like average water temperature, heat content of natural gas, etc.

The Common Assumptions Table is reviewed and updated following a defined review process,
which outlines frequency, a workplan to identify and prioritize assumptions and steps to
update. The review process ensures assumptions used across all the measures are up to date
and reflect current minimum equipment efficiency standards, building codes, studies, and

programs.



Gas ies/Physi i C

Input Variable Assumption Units Source / Comments Affected Subdocs
Btu/m*3
mmBtwm 3 | RATE CHANGE #94, EB-2011-0354/EB-2013-0295

Energy density of natural gas 35,738 The source of the heat content for natural gas is the rate case as approved by | All Measures

mA3/mmBtu the OEB
MJ/m*3

Conversions

Conversion of Btu/kWh 3412 Btu/kWh https://www.extension.iastate. 86.pdf All Measures

Conversion of KW/HP 0.7457 KW/HP https://www.extension.iastate. 86.pdf All Measures

Conversion of liter/gallons of water 3.7854 https://wi i i t llons.htm Commercial Energy Star Dishwashers

Physics Properties

Acceleration due to gravity 322 “’;s::z 98 |(secr2 tp://w ineeri ion-gravity-d_340.html Commercial Air Curtains

Fluid Properties.
Property Assumption Uniits Source / Comments Affected Subdocs
" : " Residential Tankless Water Heater

Specific heat capacity of water 1.00 Btub °F CSA P.3-04 Standard, Testing Method for Measuring Energy Gonsumplion and | 6. mercial ENERGY STAR Dishwasher

Determining Efficiencies of Gas-Fired Storage Water Heaters. N o -
Residential Hiah Efficiencv Water Heater
Iblgal (US Residential Tankless Water Heater
Density of water (@ 100 F) 8.29 aﬁons) http://wy i i pecific-volt ight-d_661.html Co ENERGY STAR Dishwasher
9 Residential Hiah Efficiencv Water Heater
Air density calculated based on space temperature emperalure setpointin the | o

Density of exhaust air (@ 72 F, 50% RH) 0.074 Ib/ft* common assumptions below. Exhaust air will be at the space conditions. Commercial HRV
Based on approach in ASHRAE Svstems and Handbook 2012, § _ _

) ) 0.078 oA Commercial Air Curtains for Pedestrian door

Density of outdoor air for heating season i Average value calculated based on weather data CWEC data for London, ON | 5 mercial Air Curtains for Shipping & Receiving door

1.256 kg/m® (2016).Relative to a 55°F balance point Commercial Dock Door Seals
) ) 0.073 oA Commercial Air Curtains for Pedestrian door
Density of outdoor air for cooling season i Average value calculated based on weather data CWEC data for London, ON | 5 mercial Air Curtains for Shipping & Receiving door
1.163 kg/m® (2016).Relative to a 72°F balance point Commercial Dock Door Seals
. ! 0.240 Btu/lb,, 2018 ASHRAE Handbook Chapter 16 (IP Edition) Commercial Air Curtains for Pedesrian door
Specific heat of air Air Curtains for Shipping & Receiving door
1,000 JI(kg-K) 2018 ASHRAE Handbook Fundamentals, Chapter 16 (S| Edition) Commercial Dock Door Seals
Building Use and Occupancy
Input Variable 'Assumption Units Source / Comments Affected Subdocs
residents/ Calculated by taking the weighted average of all single-family homes, including | Residential Showerheads (Single)
Average single family residential household size 29 detached, semi-detached, row house and duplex. Residential Faucet Aerators (Kitchen and Bathroom)
household P A
Residential Hiah Efficiencv Water Heater
Calulcated by determining the weighted average between buildings over 5
stories and buildings of five stories or less.
residents/ hitps://www12.statcan.gc. Ip-pd/dt-td/Rp-

Average multi-residential household size 1.90 household eng.cfm?TABID=28LANG=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&
GC=0&GID=1161871&GK=0&GRP=1&PID=109536&PRID=10&PTYPE=10944
5&S=08&SHOWALL=0&SUB=0&Temporal=2016&THEME=116&VID=0&VNAM
EE=&VNAMEF=&D1=0&8D2=0&D3=0&D4=08D5=0&D6=0
Value updated based on resuits of Ontario market and-user survey included in ggnmv’;‘:;;ia'&mn%?:sfgf:ﬂguf;f%‘\’/;’;’"z’rﬁa;;e:"c‘i’:"/:'gfg'/ens

Food service days per year 344.0 days Frontier Energy's T logy Report: C Gas ENERGY | (00 O olers) g g g 4 g
STAR Combi Ovens (2018). Commercial ENERGY STAR Dishwasher

Weather/Water Assumptions

Input Variable 'Assumption Units Source / Comments Affected Subdocs
Canada Weather Year for Energy Calculation (CWEC 2016) for London, ON
http://climate.weather.gc.ca/prods_servs/engineering_e.html

o Aligns with National Building Code of Canada guidance that identifies that E:::g:::::: ;::zﬁsie\f;:; '(':gf:ﬁ;n and Bathroom)

Average city or inlet water temperature 8.53 C (47.35F) |deg C (deg F) |ground temperatures in the climatic data file can be used to determine the P o

Residential High Efficiency Water Heater
service water temperature. "
Commercial Ozone Laundry
This is the average ground temperature below 6 ft from Canada Weather Year
for Energy calculation (CWEC 2016) for London, ON.
‘Water Heating Assumptions/Setpoints
Input Variable 'Assumption Units Source / Comments Affected Subdocs
Commercial (for some Ontario Building Code, Section 9.31.6.1. Hot water temperature. .
{aciity types) 60C(140F) |deg C (deg F) |0 pormipae N Commercial ENERGY STAR Dishwasher
CPSC safety alert recommends users set water heaters to 120 F -
Domestic hot water factory set tank https://www.cpsc.gov/s3fs-public/5098-Tap-W ater-
temperature Scalds.pdf?m._5xOy.uwlE;j8j_| PNhIchVcLWoquJ# “text=The%20U.S.%20Co Residen(ial Tankless Water Heater
Residential 48.9 C (120F)  |deg C (deg F) |nsumer%20Product f %20water%20for%20two ial Faucet Aerators (Kitchen and Bathroom)
2017 Natural Resources LEEP report on water heating systems uses 49 Residential High Efficiency Water Heater
Celcius - https://www.nrcan.gc. it .nrcan.ge. 16-
426_Builder-Guide_E_ACC.PDF
Average recovery efficiency of allgas residential storage-type water heater.
Recovery Efficiency 77.10% quopzsz)www v " hTypeld=1 Residential Faucet Aerators (Kitchen and Bathroom)
(Residential) Used AHRI, which is publicly available, includes all water heaters (not just Residential Pipe Wrap
Natural gas storage tank water heater ENERGY STAR) and aligns with approach for commercial assumption.
Average therma\ eff ficiency of all gas commercial storage-type water heater.
Thermal Efficiency 83.6% https://www. Y. 7&searchTypeld=1 Commercial ENERGY STAR Dishwasher
(Commercial) o (2022) Commercial Ozone Laundry
EGI calculated the value.
Space Conditioning Assumptions/Setpoints
Input Variable Asssumption Units Source / Comments Affected Subdocs
Commercial Kitchen DCV
Thermal ASHRAE 90.1-2022, for units below 225 MBH (Table 6.8.1-5 “Warm-Air g“’"”‘e’c!a: gc‘( ifcation F
Commercial heating system efficiency (Air Systems) 80% ermal Furnaces and Combination Warm-Air Fur Conditioning Units, Warm- | Zommercial Destratiiication Fans
Efficiency " - Commercial Air Curtains
Air Duct Furnaces, and Unit Heat Mil Efficiency ") N
Commercial ERV
C ial HRV
Based on engineering judgment, professional experience with building design,
and discussion from both ASHRAE Handbook 2013 and the Nexant ERV-HRV
2010 report: "Historically, heating degree days were reported on a 65°F basis
Heating Systemn Enabled (F (HDDS5) due to poor insulation and low internal gains in a space... A newer '
eating System Enabled (F) 1278 C(55F)  |deg C(degF) |1 iding will have an even lower balance temperature with the current value of | O mercial DCV
50°F, since it will have improved insulation resulting in less heatloss." (Nexant
ERV-HRV 2010 report pg. 6-40) ERS assumed a 55F balance temperature to
be representative of all building types.
348 °F Commercial Air Curtains for Pedestrian door
o Commerclal Air Curtains for Shipping & Receiving door
1.6 C
OA temperature heating system enabled, C:;Lﬂ?:m;ig p%ﬁ;d:a:zil::ibCWEC St for London ON (zofg))ps Dock Door Seals
494.5 R Commercial ERV
2747 K Commercial HRV
Based on OA-heating = 34.8°F and RH= 76.6%. These are the Average
" London, ON outside dry bulb temperature and Average outside RH respectively, .

Outside enthalpy for heating season 11.82 Buub when temperature drops below 55°F. Weather data source: CWEC data for | commercial ERV

London, ON (2016))




Relative to 56°F balance point temperature and based on CWEC data for
London, ON (2020). Heating hours per year is the number of hours during the
Commercial Destratification Fans
year when a heating system may be enabled due to the outdoor temperature ommercial HRV
Commercial 6,019 hours being below the balance point. The balance point is the outdoor temperature at
. - . . . Commercial
which the heating system will be enabled because the interal gains and the [0 Te8 AL L
building losses are at equal. Below this temperature, heat must be added to the
building to maintain the indoor temperature.
Heating Hours per year*
Relative to 59°F balance point temperature and based on CWEC data for
London, ON (2020). Heating hours per year is the number of hours during the
year when a heating system may be enabled due to the outdoor temperature
Residential 6,253 hours being below the balance point. The balance point is the outdoor temperature at | Residential Pipe Wrap
which the heating system will be enabled because the internal gains and the
building losses are at equal. Below this temperature, heat must be added to the
building to maintain the indoor temperature.
Heating days per year Commercial 251 days. Relative to a 56°F balance point. Based on CWEC data for London, ON (2020). Commercial Air Curtains
Heating days per year Residential 261 days E:r\‘ad((i)vne (Oosg(;zzboa)lance point temperature and based on CWEC data for
The median EFLH value of all new construction building segments in Zone 2
(Chicago) in the 2023 IL TRM is calculated and adjusted to London, ON using
researched weather data (HDD, balance point, and design temperature) from
ASHRAE for Chicago, IL and London, ON. c 1 Cond Unit Heat
Effective full load heating hours commercial New Construction 1172 hrs ommercial H°’;‘ ;""f'"g mhestor -
The full load heating hours is the number of hours during the year for which a igh Efficiency urnace
heating system must operate at full load under design conditions or the peak
capacity, in order for the system to satisfy the annual heating requirements of a
new building.
The median EFLH value of all existing building segments in Zone 2 (Chicago) in
the 2023 IL TRM is calculated and adjusted to London, ON using a) researched
weather data (HDD, balance point, and design temperature) from ASHRAE for
Chicago, IL and London, ON and b) an adjustment to convert the ASHRAE
balance point of 50°F to a balance point of 55°F for existing buildings, to ensure C 1 Cond Unit Hi
Effective fullload heating hours commercial Retrofit 1,651 hrs consistency with the rest of the TRM. ommercia Hf;’;‘ ;’,‘:;"]‘gﬂc;"{‘ e ing Furnace
The full load heating hours is the number of hours during the year for which a
heating system must operate at full load under design conditions or the peak
capacity, in order for the system to satisfy the annual heating requirements of an
average existing building.
-Cooling capacity of less than 19 kW (65,000 Btu/h) from Energy Efficiency C al Air Curtains for oor
Canada. Source: hitps: -canada.calenergy Commercial Air Curtains for Shipping & Receiving door
heat-pumps, and s = Commercial Ce Make-Up Air Unit
Rooftop Unit Cooling System Effici - N
cottop Hnit Gocling System Efiiciency 38 cop ~Cooling capacity of at least 19 kW (65,000 Btu/h) but less than 223 kW Commercial Dock Door Seals
(760,000 Btu/h) from Energy Efficiency Regulanons Canada. Source C ial HRV
hitps: -canada.cajenerg » Y Commercial Kitchen DGV
pump:
68.0 °F i i i
Calculated average from NECB 2020 Table A-8.4.3.2.(2)-A. Table A Commercial Condensing Make-Up Alr Unit
200 °c by bulldlng type. Source: hitps://nrc- Commercial D
Space Temperature Setpoint, commercial poskion Aopa-aiba- Commercial Air Curtains for Pedestrian door
527.7 R i Commercial El
73833555¢71 ip: c ial HRV
203.2 K ommercial
69.0 °F
206 c Commercial Destratification Fans
Space Temperature Setpoint- warehouse type of building Based on average of data from Enbridge custom projects Commercial Air Curtains- Shipping & Receiving
528.7 R Commercial Dock Door Seals
293.7 K
77.0 °F
o . . Commercial Air Curtains for Pedestrian door
25.0 C Average London, ON outside dry bulb temperature when temperature is above " ! oes .
OA temperature cooling system enabled, € . Commercial Air Curtains for Shipping & Receiving door
536.7 R 72°F based on CWEC data for London, ON (2016) ommercial Dock Door Seals
298.1 K
N Based on industry best-practice in lllinois, Maine, and Mid-Atlantic in the US
60.0 F (Efficiency Maine, "Efficiency Maine TRM (2024): Retail/Residential,” 2024). The
Mid- A(Ian(lc 60°F balance point is based on a PRISM evaluation of
156 "c 600,000 Ohio residential single-family showing this is
- the point below which heating is generally used (Northeast Energy Efficiency A !
Heating balance point (heating system enabled), Partnerships, "Mid-Atlantic Technical Resource Manual,” 2019). For llinais, gz::gz::::: é';f\ ;?:LL’;::’::})’;"MM ation
519.7 R residential heating is based on 60°F, in accordance with regression analysis of
- heating fuel use and weather by state by the Pacific Northwest National
Laboratory (lllinois Commerce Commission, "lllinois Statewide Technical
288.7 K Reference Manual for Energy Efficiency Version 12.0, VOLUME 3:
: RESIDENTIAL MEASURES," 1 Jan 2024)
68.0 °F
. The Posterity Group Report for Attic Insulation, assumptions table (Exhibit 10 - R !
20.0 C
Heating setpoint temperature, residential Section 3.3.6) with reference to ASHRAE Fundamentals 2021, Chapters 17 and gz::gz::::: ég{f‘;?:f/::’;::’::ggf"lnsmaﬁm
527.7 R 19 ("2021 ASHRAE Handbook - Fundamentals (I-P Edition)").
293.2 K
70.0 °F
Based on Efficiency Maine TRM (2024) for new and exlslmg resldennal bulldlngs
Cooling balance point (OA temperature cooling system 211 °Cc i Maine, "Efficiency Maine TRM (2024): i " 202 Attic Roof Insulation
enabled), residential 5297 R [Online]. Available: https://www.efficiencymaine.com/docs/EMT- Residential Cathedral/Flat Roof Insulation
TRM_Retail_| | v2024_3.pdf)
294.3 K
750 °F In residential buildings, the cooling setpoint temperature is assumed to be 750F
(23.90C), with a maximum relative humidity of 65%, which corresponds to
239 c typical design practice for cooling; this cooling setpoint temperature applies to - '
Cooling setpoint temperature, residential existing buildings and to new constructions. (ASHRAE Handbook - gz::gz::::: ég{f‘;?:f/::’;::’::ggf"lnsmaﬁm
534.7 R Fundamen(als (I-P Edition) Chapter 17. Residential Cooling and Heating Load
. Common Data and Procedures. Sub-section. Design
297.0 K Condmons. Indoor Conditions, 2021)
Enthalpy at 72°F and 30% R.H. (ASHRAE Standard 62.1-2013 recommends
that relative humidity in occupied spaces be controlled to less than 65% to
Inside enthalpy for heating and cooling season 2272 Btu/lb reduce the likelihood of conditions that can lead to microbial growth. Commercial ERV
https://www.ashrae.org/File%20Library/docLib/Technology/FAQs2014/TC-02-01
FAQ-92.pdf)
Enthalpy at 69°F and 30% R.H. (ASHRAE Standard 62.1-2013 recommends
. . that relative humidity in occupied spaces be controlled to less than 65% to Commercial Air Curtains- Shipping & Receiving
gsgiﬁ;i:;ha"’y for heating and cooling season- warehouse type 21.46 Btu/lb reduce the likelihood of conditions that can lead to microbial growth. Commercial Dock Door Seals
https://www.ashrae.org/File%20Library/docLib/Technology/FAQs2014/TC-02-01
FAQ-92.pdf)
S O iy T a7 . T e . oot At
Outside enthalpy ft I g i ins- Shippi i
utside enthalpy for cooling season 30.95 Btu/lb temperature is above 72°F., Weather data source: CWEC data for London, ON ommerc!al Air Curtains- Shipping & Receiving
(2016) Commercial Dock Door Seals
Cooling hours per year 965.0 hours/ " . ’ 3 Commercial Pedestrian Air Curtains
9 per y - lours/yr Relative to a 72°F balance point- cooling and based on CWEC data for London, : - - L
- ON (2016 Commercial Air Curtains- Shipping & Receiving
Cooling days per year 400 days/yr (2016) Commercial Dock Door Seals
" . " P Commercial Pedestrian Air Curtains
. ) N Average London, ON Relative Humidity when outside dry bulb temperature is ! A -
Average outdoor relative humidity for cooling season 57.6 % above 72°F based on CWEC data for London, ON (2016). Commerc!al Air Curtains- Shipping & Receiving
Commercial Dock Door Seals
Average outdoor relative humidity for heating season 76.6 % Average London, ON Relafive Humidity when outside dry bulb temperature Commercial ERV

drops below 55°F (balance point) based on CWEC data for London, ON (2016).




This update includes the following Measure Assumptions:

-

Residential — Adaptive Thermostat (Retrofit)

2. Residential — High Efficiency Condensing Furnace (New

Construction/Time of Natural Replacement)

Residential — High Efficiency Water Heaters (New Construction)

Residential — Low-Flow Showerheads (New Construction)

Residential — Low-Flow Showerheads (Retrofit)

Residential — Low Flow Faucet Aerators (Retrofit)

Residential — Pipe Wrap (Retrofit)

Residential — Programmable Thermostat (Retrofit)

Residential — Tankless Water Heater (New Construction/Time of

Natural Replacement)

10.Residential — Low Income Heat Reflector Panels (Retrofit)

11.Residential — Cathedral/Flat Roof Insulation (Retrofit)

12.Residential — Attic Insulation (Retrofit)

13.Residential — Cold Climate Air Source Heat Pump and Air Source Heat
Pump for Central Systems (Time of Natural Replacement)

14.Commercial — Air Curtains for Shipping and Receiving Doors “Dock-
In”(New Construction/Retrofit)

15.Commercial — Air Curtains for Shipping and Receiving Doors “Drive-In”
(New Construction/Retrofit)

16.Commercial — Air Curtains for Pedestrian Doors (New
Construction/Retrofit)

17.Commercial — Condensing Make Up Air Unit (New Construction/Time
of Natural Replacement)

18.Commercial — Condensing Storage Gas Water Heater (New
Construction/Time of Natural Replacement)

19.Commercial — Condensing Unit Heater (New Construction/Time of
Natural Replacement)

20.Commercial — Demand Controlled Ventilation (New Construction/
Retrofit/Time of Natural Replacement)

21.Commercial — High Volume Low Speed (HVLS) Destratification Fans
(New Construction/Retrofit)

22.Commercial — Dock Door Seals (Retrofit)

23.Commercial — Incremental Energy Recovery Ventilation (ERV) (55%
effectiveness baseline) (New Construction/Time of Natural
Replacement)

24.Commercial — Energy Recovery Ventilation (ERV) (No ERV baseline)
(New Construction/Retrofit)

25.Commercial - ENERGY STAR Convection Oven (New
Construction/Time of Natural Replacement)

26.Commercial - ENERGY STAR Dishwasher (New Construction/Time of
Natural Replacement)

27.Commercial - ENERGY STAR Fryer (New Construction/Time of

Natural Replacement)
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28.Commercial - ENERGY STAR Steam Cooker (New Construction/Time
of Natural Replacement)

29.Commercial — Incremental Heat Recovery Ventilation (HRV) (55%
effectiveness baseline) (New Construction/Time of Natural
Replacement)

30.Commercial — Heat Recovery Ventilation (HRV) (No HRV baseline)
(New Construction/Retrofit)

31.Commercial — High Efficiency Condensing Furnace (New Construction/
Time of Natural Replacement)

32.Commercial — Energy-Efficient Under-Fired Broiler (New
Construction/Time of Natural Replacement)

33. Commercial — Multi-Residential Low-Flow Showerhead (New
Construction)

34.Commercial — Multi-Residential Low-Flow Showerhead (Retrofit)

35.Commercial — Ozone Laundry Treatment (New Construction/Retrofit)

36.Commercial — Condensing Tankless Gas Water Heater (New
Construction/ Time of Natural Replacement)

37.Commercial — Kitchen Demand Controlled Ventilation (New
Construction/Time of Natural Replacement)

38. Commercial — Kitchen Demand Controlled Ventilation (Retrofit)

39.Commercial - ENERGY STAR Rack Ovens (New Construction/Time of
Natural Replacement)

40.Commercial - ENERGY STAR Combi Oven (New Construction/Time
of Natural Replacement)

41.Commercial - ENERGY STAR Griddles (New Construction/Time of

Natural Replacement)

42.Commercial — Efficient Conveyor Oven (New Construction/Time of
Natural Replacement)

43.Commercial — Energy Efficient Conveyor Broiler (New
Construction/Time of Natural Replacement)

44.Commercial — Small and Medium Business Adaptive Thermostat
(Retrofit)

45.Commercial — Hybrid Heat Pump Roof Top Unit (Time of Natural
Replacement/New Construction)



RESIDENTIAL — ADAPTIVE THERMOSTATS — RETROFIT

Version Date and Revision History

Version

OEB Filing Date

OEB Approval Date

Residential > Space Heating - Adaptive Thermostats - Retrofit

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

Retrofit (R)

Baseline Technology

Non-Programmable Thermostat (NPT) or Programmable Thermostat (PT)

Efficient Technology

Adaptive Thermostat

Market Type

Residential, Residential - Other Use!

Annual Natural Gas Savings

Retrofit - Retail
Purchase, mixed
baseline

Retrofit - Direct
Install, non-
programmable
thermostat baseline

Retrofit - Direct Install,
programmable
thermostat baseline

(m®/yr per building) 130 181 145
Annual Electrical Cooling

Impacts (kWh/ yr per building) 182 217

Measure Life 10 years

Incremental Cost ($ CAD)

Retrofit - Retail
Purchase

Retrofit - Direct
Install, Low-Income

Retrofit - Direct Install,
Non-Low-Income

$270

$330

$305

Restrictions

This measure requires that an adaptive thermostat would replace a
conventional programmable or non-programmable thermostat serving a
gas-fired space heating system in a residential building.

Restricted to all buildings of three or fewer stories in building height,
having a building area not exceeding 600 m?(6,460 ft?), and used for

1 Refers to residential buildings used for major occupancies classified as business and personal services occupancies, or mercantile
occupancies. Medium hazard industrial occupancies and low hazard industrial occupancies are not included.
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Parameter Definition

major occupancies classified as: residential occupancies other than
buildings used for retirement homes, business and personal services
occupancies, or mercantile occupancies. Applicable where the space
heating load is satisfied by a natural gas heating system. This sub-doc
does not apply to buildings that have or are in the process of installing a
hybrid (dual-fuel) space heating system (e.g., an electric air-source heat
pump with natural gas furnace backup, a ground-source heat pump with a
natural gas furnace backup, etc.).

OVERVIEW

Adaptive thermostats employ advanced features beyond conventional programmable
thermostats. These more sophisticated, yet easier to use devices, address key usability and
programming issues of traditional units. Functions may include remote access for additional
flexibility and control, an important feature when the user’s plans for the day have changed.

Leading manufacturers have developed competitive solutions in this area with unit prices
ranging from $130 for basic models to $535 for more sophisticated models and packages.

APPLICATION

Applicable to all buildings- that have either a programmable or non-programmable thermostat-
of three or fewer stories in building height, having a building area not exceeding 600 m? (6,460
ft?), and used for major occupancies classified as: residential occupancies other than buildings
used for retirement homes, business and personal services occupancies, or mercantile
occupancies. Applicable where the space heating load is satisfied by a natural gas-fired heating
system.

BASELINE TECHNOLOGY

In the 2010 Lawrence Berkeley Labs study, “How People Actually Use Thermostats,” [1]
research comprised of qualitative interviews, online surveys, and interaction experiments
identified key barriers/issues with older style programmable thermostats. These included:

* Poor usability.

¢ Time consuming and difficult to set up.

¢ Menus too technical.

¢ Confusing abbreviations.

¢ Small and hard to read fonts.

¢ Unpredictable at home and away times make programming useless.
¢ Lack of feedback on programming.

2 Ontario TRM
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A 2015 study conducted a survey on the misuse of programmable thermostats and found that
many of the key barriers/issues previously identified with older style programmable
thermostats continue to be relevant for programmable thermostats in general [2]. Some key
issues include:

¢ Confusing or cumbersome set up.

¢ Effectiveness can be significantly limited by household routines and schedules.
¢ Unfamiliarity with terminology and device capabilities.

¢ Lack of understanding of how home thermostat and HVAC system operate.

Adaptive or self-learning thermostats are different than traditional programmable thermostats
and they resolve many of the challenges of programmable thermostats.

EFFICIENT TECHNOLOGY

Adaptive or self-learning thermostats typically have the following key features and benefits:

¢ Ease of creating schedules.

¢ Intuitive set up, typically using narrative and lifestyle related questions.

* Pro-active or forced automatic energy savings adjustment features.

¢ Greater control with remote web or app-based control over home’s settings if schedule
changes.

* Maintenance alerts.

* Ongoing “learning” of lifestyle schedules and preferences taking into account motion,
humidity levels, occupancy and temperature preferences.

While not inherently necessary for adaptive learning, most such thermostats also have wi-fi
capabilities.

For an efficient technology to be eligible as a measure, the following four key automated
features are required:

1. Proper setback scheduling.

2. Occupancy based setbacks.

3. System performance optimization.

4. Encouragement of conservation behavior.

The features are subsequently described in additional detail.

Proper Setback Scheduling

Adaptive thermostats use different levels of sophistication to reduce the difficulties inherent in
older thermostats when it comes to setting up a schedule. They typically use simpler dialogue-
based set up menus where the user is prompted with lifestyle occupancy related questions. [3]

Occupancy-Based Setbacks

For households that do not maintain a regular schedule, this feature has an automated way of
determining when a household is unoccupied. Adaptive thermostats use geofencing and

Ontario TRM
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occupancy sensors to detect occupancy in the building and automatically implement
temperature setback during unoccupied periods.

System Performance Optimization

System performance optimization capabilities use analytics to run a household’s HVAC
equipment more efficiently. This is typically based on data collected from the system’s
performance, coupled with feedback on external conditions such as temperature and humidity.
While there is no direct communication between adaptive thermostats and the HVAC
equipment, the data on system performance (HVAC equipment and building envelope) is
'learned' based on how the building temperatures respond to the thermostats control signals.
This is largely an optimization of start-up and stop sequences, but also factors in feedback such
as weather forecasts and humidity measurements. [3]

Encouraging Conservation Behavior

Encouraging conservation behavior leverages the on-going relationship that an adaptive
thermostat builds to offer the occupants different forms of suggestions to conserve energy and
save money. This can range from suggestions to lower the temperature, accept a new optimized
setback schedule, or to change the furnace filter. [3]

ENERGY IMPACTS

These devices typically have sensors that monitor light, humidity levels, motion and occupancy,
temperature. Most adaptive thermostats build schedules by asking users simple questions
during setup to understand the residents’ typical schedules and comfort preferences.
Algorithm-based software establishes heating and cooling schedules accordingly resulting in
natural gas savings and electric cooling savings, in some cases even modifying the schedules for
additional moderate savings.

NATURAL GAS SAVINGS ALGORITHMS

Enbridge performed a billing data analysis to examine savings for participants who installed
adaptive thermostats during the 2021 program year. Data from over 17,500 participants was
used to determine the retrofit natural gas savings for the program. This includes a breakdown
of savings that were achieved in retail purchase and direct install applications. For direct install
scenarios, it was also possible to produce differentiated savings estimates for customers who
had programmable thermostats and non-programmable thermostats.

An estimate of the retrofit natural gas savings was developed using one-year baseline and
monitoring periods with 2020 selected as the baseline year for adaptive thermostats that were
installed in 2021. Despite the impacts of the COVID pandemic, which started in mid-March

2020, the 2020 baseline was chosen as it represented the most complete data available for
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program participants. Similarly, 2022 was chosen as the monitoring period for savings since it

represented the first full year following program participation.

Data on the proportion of Ontarians working most of their hours from home during 2020 and
2022 was combined with heating degree day data for these periods to investigate differences in
occupancy patterns during the baseline and monitoring periods [4]. The results of this analysis
indicate that a higher proportion of Ontario workers were working most of their hours from
home during 2022 (28.3%) compared to 2020 (23.7%). This likely reduces the potential natural
gas savings due to a higher level of occupancy being directly proportional to fewer temperature
setback opportunities. As such, this suggests that the selection of baseline and monitoring
periods likely leads to a reasonable and conservative estimate of natural gas savings.

Retrofit Natural gas savings - Retail Purchase, mixed baseline.

The natural gas savings for this scenario were based on average difference in the baseline and
monitoring period annual natural gas consumptions for 17,142 program participants who
purchased adaptive thermostats directly from retailers. The average annual natural gas savings
is 130 m?, which represents 5.2% savings over the baseline year average annual total natural gas
consumption and 7.5% savings over the baseline year average annual space heating natural gas
consumption (estimating that space heating accounts for 70% of the baseline year average
annual natural gas consumption [5]). The results of the literature review suggest that this

savings value is within a reasonable range.

Retrofit Natural gas savings - Direct Install, non-programable thermostat baseline.

The natural gas savings for this scenario were based on the average difference in the baseline
and monitoring period annual natural gas consumptions for 87 program participants who were
2021 participants of Enbridge’s direct install program. The average annual natural gas savings is
181 m3, which represents a 7.0% savings compared to the baseline year average annual total
natural gas consumption and 9.9% savings over the baseline year average annual space heating
natural gas consumption (estimating that space heating accounts for 70% of the baseline year

average annual natural gas consumption [5]).

It is reasonable that the typical savings in direct install scenarios are higher than the retail

scenario, since a direct install ensures proper installation and setup of adaptive thermostats.

Retrofit Natural gas savings - Direct Install, programable thermostat baseline.

The natural gas savings for this scenario were based on the average difference in the baseline
and monitoring period annual natural gas consumptions for 462 program participants who
were 2021 participants of Enbridge’s direct install program. The average annual natural gas
savings is 145 m? which represents a 5.5% savings compared to the baseline year average

annual total natural gas consumption and 7.8% savings over the baseline year average annual
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space heating natural gas consumption (estimating that space heating accounts for 70% of

annual natural gas consumption [5]).

It is reasonable that the typical savings in this direct install scenarios are higher than the retail

scenario since a direct install ensures proper installation and setup of adaptive thermostats.

ELECTRIC COOLING IMPACTS ALGORITHMS

Cooling impacts were estimated based on the typical space cooling energy intensity, average
home conditioned area, and typical cooling savings percentage for adaptive thermostats. The
space cooling energy intensity was based on data from NRCan’s Comprehensive Energy Use
Database (CEUD), which estimated an energy intensity of 29.6 MJ/m? (0.76 kWh/ft?) for Ontario
homes across the past 3 years (2020-2022) [6]. The average conditioned floor area of 2,593 ft>was
based on Enbridge HER program participants from 2019-2020. This data is based on EnerGuide
audits of Ontario homes. This data suggests that the average cooling load for a typical customer
is 1,971 kWh/year.

A review of TRMs and relevant literature from jurisdictions with similar climates suggests that
cooling savings are estimated at 6-16%. As shown in the formula below, applying an average of
11% savings results in an estimated electric savings of 217 kWh/year. This value only applies for
participants with central air conditioning (AC) who are participating in a direct install program

where the presence of a central AC system can be verified.

. . . kWh kWh
Retrofit Cooling Savings = 0.76 2 X 2,593 ft? x 11% = 217y_r

For the retail purchase market, it is not known if the adaptive thermostat also controls central
air conditioning. According to the Enbridge 2020 Residential Single Family Natural Gas End
Use Study (REUS), approximately 84% of single-family households in Ontario have central air
conditioning. Employing this value as an estimate of the penetration of central air conditioning,
the retail purchase impact is 182 kWh/yr. Calculating cooling savings as 84% of the 11% savings
results in a total cooling savings of 9.24% for mixed retail scenarios.

. . . kWh kWh
Retrofit Cooling Savingsyixed retaii = 0'76F X 2,593 ft? X 11% x 84% = 182y_r

ASSUMPTIONS

Table 2 provides a list of assumptions utilized in the measure savings algorithms to derive the
savings values listed in Table 1 above.
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Table 2. Assumptions

Definition Inputs Source/Comments
Average conditioned floor area — existing homes 2,593 ft? Enbridge HER Program data
Cooling savings percentage 11% ICF Benchmark analysis
Penetration of central air conditioning — single family 84% 2020 Enbridge REUS
Annual electrical cooling consumption — existing homes 0.76 kWh/ft? NRCarégtEtiJoD[é)]ata for

SAVINGS CALCULATION EXAMPLE

For savings derivations and results values, see the algorithms section.

USES AND EXCLUSIONS

Not applicable to buildings that have or are in the process of installing a hybrid (dual-fuel)
space heating systems (e.g., an electric air-source heat pump with natural gas furnace backup, a

ground-source heat pump with a natural gas furnace backup, etc.).

MEASURE LIFE

The proposed measure life of an adaptive thermostat is 10 years. This is based on a literature
review that compared measure life values being used for adaptive thermostats across various
jurisdictions in the Unites States. This literature review determined that a 10-year measure life is

a reasonable middle-ground between the relevant and widely used evaluated sources.

INCREMENTAL COST

Enbridge conducted a cost analysis that reviewed all currently eligible adaptive thermostat
models according to the program criteria as described in the Efficient Technology section above.
The analysis considered typical retail costs, as well as sale periods and discounts during 2024 to

determine an average retail cost for each eligible thermostat.

The average adaptive thermostat cost in a retail purchase incorporates the weighted average
cost based on Enbridge participant data, resulting in an average cost of $270, indicating that
market purchases tend to lean towards higher-end, more expensive models [8]. In retail

purchase scenarios, it is assumed that customers complete the installation of thermostats on

their own.
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For typical direct install applications, the costs were found to range from $140 to $380, with an

average cost of $225 for adaptive thermostats [8]. Based on Enbridge data, an installation cost of

$80 applies to non-low-income direct install applications.

In direct install scenarios with low-income customers, Enbridge assessed the typical wholesale

prices that they are able to secure for adaptive thermostats and came to an average cost of $135.

Based on Enbridge data, an installation and professional service cost of $145 and $50

administration fee applies to low-income customer installations.

The incremental cost of an adaptive thermostat is outlined in Table 3 below for each scenario.

These costs apply to both programmable and non-programmable thermostat baselines.

Table 3. Incremental Cost

Measure Category Incremental Cost
Retrofit — Retail Purchase $270
Retrofit — Direct Install, Low-Income $330
Retrofit — Direct Install, Non-Low-Income $305
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Version Date and Revision History

Version 2

OEB Filing Date Dec 20, 2019
OEB Approval

Date

Residential > Space Heating > High Efficiency Condensing Furnace > New
Construction/Time of Natural Replacement

Table 1 below provides a summary of the key measure parameters and a savings
coefficient.

Table 1. Measure Key Data

Parameter Definitions

New Construction (NC)

Time of Natural Replacement (TNR)

Measure Category

Baseline Technology 95% AFUE
Efficient Technology 97% AFUE
Market Type Residential

3 .
New Construction 0.343 m? per kB:tu/hr of input
Annual Natural Gas Capacity

Savings Rate (m?/kBtu/hr) 0.446 m?® per kBtu/hr of input

Time of Natural Replacement .
capacity

Measure Life 18 years

Incremental Cost ($ CAD) $188

Installed equipment must have at least a 97% AFUE. This
measure is restricted to central air furnaces in residential homes.
Restrictions In addition to residential type dwellings, this measure is also
applicable to multi-residential dwellings where each home is

served by a dedicated standalone furnace(s)
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OVERVIEW

The measure is for the installation of condensing furnaces with an AFUE of 97% or
higher in residential homes. Condensing gas furnaces achieve savings through the
utilization of a sealed, super insulated combustion chamber, more efficient burners, and
multiple heat exchangers that remove a significant portion of the waste heat from the
flue gasses. As the heat exchangers remove waste heat from the flue gases, the gases
condense, and the resulting condensate must be drained.

APPLICATION

The measure is for the installation of condensing furnaces which have efficiencies that
are higher than the code requirement for new homes. Residential furnaces (units with
capacity of up to 225 kBtu/hr input) are performance rated by their annual fuel
utilization efficiency or AFUE. This is a measure of the seasonal performance of the
equipment and is more comprehensive than combustion or thermal efficiency
measurements.

BASELINE TECHNOLOGY

Canada’s Energy Efficiency Regulations require that new residential central forced air
furnaces have at least a 95% rated annual fuel utilization efficiency (AFUE) [1]. The
baseline technology is the minimum efficiency required by the regulations established
December 12, 2019.

Table 2. Baseline Technology

Type AFUE

Gas Condensing Furnace 95%

EFFICIENT TECHNOLOGY

The efficient technology is a furnace with an AFUE rating equal to, or higher than 97%.

Table 3. Efficient Technology

Type AFUE

Gas Condensing Furnace 97%
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ENERGY IMPACTS

The primary energy impact associated with the installation of condensing furnaces is a
reduction in natural gas usage resulting from improved efficiency.

Canada’s Energy Efficiency Regulations now require that new residential furnace fans
have a Fan Efficiency Rating (FER), rated in Watts/cfm [2]. In order to comply with the
regulation, it will, in most cases, require a change from a permanent split capacitor
(PSC) motor to an electronically commutated motor (ECM). The Ontario Building Code
requires that all furnaces installed in new construction homes with permit pull dates
after December 31, 2014 use brushless direct current motors (also known as
electronically commutated motors, or ECMs). Such motors are significantly more
efficient than traditional permanent split capacitor (PSC) type motors. With this code
elevation, there is no electricity savings associated with the ECMs often installed with
new condensing furnaces [3]. No water consumption impacts are associated with this
measure.

NATURAL GAS SAVINGS ALGORITHMS

The annual gas savings factor is calculated in the formula below using an assumption
for the equivalent full load hours (EFLH), derived by Caneta Research Inc!, and the
difference in assumed efficiencies for the equipment. The annual natural gas savings for
a given size furnace can be calculated by multiplying the rated input of the furnace
times the savings factor

The natural gas savings factor attributed to this measure is calculated using the
following formula:

. EFLH AFUEgg
NG savings factor = ( - )

X
35.73g 200 MFUEpas,

where,

NG savings factor = Annual gas savings factor resulting from installing the
new furnace (m?yr)/(kBtu/hr)

EFLH = Equivalent full load hours (hrs/yr)

! The Caneta Research report provides EFLH values for 6 different houses in London Ontario. The 6 homes include a mix
of new construction and existing, 2 archtypes (townhouse and detached), and 3 square footages (1250, 2000, 3000). A
representative EFLH for NC and TNR is calculated using the Caneta Research report along with additional data from
NRCan [13] and Statistics Canada [14] regarding the prevalence of, and average size of, townhomes and detached homes
in Ontario.

2 The Regulations are defined based on Btu/hr of gas input and residential boilers and most commercial heating
equipment are also rated based on input capacity. Note that some residential furnace manufacturers rate the capacity
based on Btu/hr output. For example, spot checks of manufacturer literature in August 2014 found that Trane, and Bryant
publish furnace capacity based on output; Carrier and Rheem list input capacity. Increase the savings by 5% if output
capacity is the basis.
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35.738 kB’;u = Conversion of rated heating capacity from input kBtu/hr
m
to m3/hr
AFUEgg = Efficient equipment AFUE (%)
AFUEp e = Baseline equipment AFUE (%)
ASSUMPTIONS

The assumptions used to calculate the deemed savings coefficient are shown in Table 4.

Table 4. Assumptions

Variable Definition Inputs Source

NC 583 hours [4] based on
homes in London

Ontario, adjusted
to reflect average
Ontario home
square footage

EFLH Equivalent full load hours
TNR 757 hours

SAVINGS CALCULATION EXAMPLE

The example below shows how to calculate gas savings achieved from installing one
condensing furnace with a rated input of 110 kBtu/hr in a newly constructed home. First
the calculation of the savings factor is shown and then the calculation of the annual
natural gas savings is shown from the savings factor.

NG ) _ 583hours 97% _ 0343 m®
savings factor = Bru < (95% - ) =B
35.738—=—

m hr

And,
A I NG ] _0.343m° 110kBtu _ 2g 3
nnua savings = W X 7 = m
hr

USES AND EXCLUSIONS

To qualify for this measure the condensing furnaces must be gas-fired, have an AFUE of
at least 97%, and be installed in a residential home. In addition to residential type
dwellings, this measure is also applicable to multi-residential dwellings where each
home is served by a dedicated standalone furnace(s).
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MEASURE LIFE

The measure life attributed to this measure is 18 years [5] [6]. Expert opinions and
studies cited by NRCAN are 15, 18, and 20 years [7]. The ASHRAE handbook states that
most heat exchangers have a design life of 15 years and the design life of commercial
heating equipment is about 20 years. [8]

INCREMENTAL COST

The measure incremental cost is $188° based on the average difference in incremental
cost between 95 AFUE and 97 AFUE residential furnaces. [9]
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition
Measure Category New Construction (NC)
Baseline Technology ENERGY STAR power vented Energy factor of 0.67
storage tank water heater
Efficient Technology High efficiency storage water Energy factor of 0.80
heater
Market Type Residential
Annual Natural Gas Savings 441 m?
(m?)
Measure Life 16 years
Incremental Cost ($ CAD) $545
Restrictions This measure is restricted to new construction installations in
residential homes.
OVERVIEW

This measure is for the installation of a new high efficiency gas storage water heater in the case
of residential new construction.

There are two major categories of water heating equipment for domestic use: storage water
heaters, which keep a supply of hot water in a tank, and those that do not store hot water and
only heat water when it is needed.

Gas storage water heaters can further be differentiated by natural draft or power vented flue
gas exhaust. A power vent is a fan that speeds the exhaust of combustion gases, which increases
efficiency, which increases overall performance but requires additional capital cost. An
ENERGY STAR power vent storage water heater is considered the baseline for this measure.
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Storage water heaters have a lower capital cost than on-demand water heaters, but they also
have standby heat losses associated with continuously maintaining water stored at high
temperatures. Higher efficiency storage water heaters have tanks with generous amounts of
insulation to reduce these losses and more efficient gas burners than standard efficiency storage
water heaters.

APPLICATION

This measure focuses on high efficiency gas storage water heaters that have efficiencies above
the basic code requirements (new construction projects or time of natural replacement) in a
residential setting.

Gas storage water heaters are performance rated using an energy factor (EF). The EF is a
measure of efficiency, and it can be defined as the total energy delivered as hot water divided
by the total energy consumed by the water heater over a 24-hour period in simulated use.

These ENERGY STAR units have an EF of 0.67 and the ability to produce at least 67 US gallons
per hour of hot water after warm-up. This measure is intended to provide an incentive to install
the highest efficiency power vented water heaters with an EF of 0.80 or greater. The energy
consumption of high efficiency water heaters is calculated based on the daily and annual water
consumption of a household (according to the number of people in the household) extrapolated
from a hot water consumption research study undertaken by Natural Resources Canada (NRCan)
[1]. Tank volume capacity requirements are associated with the number of occupants and what is
standard issue according to the manufacturers, e.g., a typical family of three to four people would
warrant a 50-US gallon tank in order to meet the hot water demand for the household.

BASELINE TECHNOLOGY

For the new construction market, the ENERGY STAR rated power vented storage water heaters
are considered baseline because experience indicates that this is a popular choice amongst
homebuilders today in order to achieve an efficiency level that falls within the OBC SB-12
required compliance path as referenced in Table 2.1.1.2.A of that supplementary standard. [2]
[3] A gas storage water heater with a minimum EF to qualify for ENERGY STAR is shown in
Table 1.

Table 1. Baseline Technology

Water Heater Input

Type (Btu/hr) EF
Gas storage water <75,000 0.67
heater

EFFICIENT TECHNOLOGY

A high efficiency gas storage heater with a minimum energy factor is shown in Table 2.
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Table 2. Efficient Technology

Water Heater Input

Type (Btu/hr) Minimum EF
Gas storage water <75,000 0.80
heater

ENERGY IMPACTS

Natural gas savings are achieved due to the difference in efficiencies between a high efficiency
option and the baseline efficiency gas storage water heaters. The higher-efficiency equipment is
typically able to both heat and store hot water more efficiently than the standard equipment.

There is a small amount of electrical savings for this measure, which have been shown to be
negligible (<1 kWh annually) in the calculations.

NATURAL GAS SAVINGS ALGORITHMS

The following algorithms are referenced from the DOE Water Heater Analysis Model (WHAM)
[4] and were used to calculate the stipulated gas impact in cubic meters per year and electric
impact in kWh per year.

The total annual energy consumption for the water heater, Qn, is calculated with the inlet water
temperature specific to Ontario installations derived from the reference provided in Table 4
below. The total annual natural gas consumption of the water heater is the total annual energy
consumption of the unit converted from British thermal units (Btus) to meters cubed.

The energy consumption of the high efficiency water heaters is calculated based on the daily
and annual water consumption of a household (according to the number of people in the
household) extrapolated from a hot water consumption research study undertaken by NRCan
[5]. Tank volume capacity requirements are associated with the number of occupants and what
is standard issue according to the manufacturers, e.g., a typical family of three to four people
would warrant a 50-US gallon tank in order to meet the hot water demand for the household.

Qout = p XV X Cp X (TTank - TI)
where,

Qout = Energy required to heat tap water to tank temperature (Btu/day)

p = The density of water (Ib/gal)
|4 = The daily drawn water (gal/day)
Cp = The specific heat of water (Btu/lb °F)

Trank =The water tank temperature (°F)

T, = The inlet water temperature to the water heater (°F)
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where,

Qout Qout
Qin = 365 X (it + UA" (Tpansc = Tams) x (24 = 725 ))
Qin  =The total annual water-heater energy consumption (Btu/year)

Qour = Energy required to heat tap water to tank temperature (Btu/day)

RE = Recovery efficiency

UA  =Standby heat-loss coefficient (Btu/hr °F)

Trank = Average tank temperature (°F)

Tpmp =Ambient air temperature (°F)

Pon = Water heater input rate (kBtu/hr)

Annual NG consumption = Qy,

Annual NG savings

= Annual NG consumption (baseline)
— Annual NG consumption (high ef ficiency)

ASSUMPTIONS

Table 4 provides a list of assumptions utilized in the measure savings algorithms to derive the
stipulated savings values listed in Table 1 above. The algorithms are provided in the

following section.

Table 4. Assumptions

Inputs
Base High
Variable Definition Efficiency Efficiency Source/Comments
Average single family
residential household 2.9 Common assumptions table
size
Co Specific heat capacity 1.00 Btu/lb °F Common assumptions table
of water
p Density of Water 8.29 Ib/gal Common assumptions table
\% Daily drawn water 42 US gallons [5]
RE Recovery efficiency 0.78 | 0.90 [6]
UA Standby heat-loss 5.78 Btu/hr °F [4]
coefficient
Ambient air o .
Tamb temperature 67.5°F (19.7°C) [7]
Tin Average city or inlet 47.35°F (8.53°C) Common assumptions table
water temperature
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Inputs
Base High
Variable Definition Efficiency Efficiency Source/Comments
Domestic hot water
Tank factory set tank 120°F (48.9°C) Common assumptions table
temperature
Pon Water heater input 44.89 kBtu/hr | 40.00 kBtu/hr [6]
rate ()
Tank size 50 US gallons [5]
Energy density of 35,738 Btu/ m? Common assumptions table
natural gas

SAVINGS CALCULATION EXAMPLE

The example below illustrates how the savings value is determined for a retrofit installation of a
high efficiency storage tank hot water heater. For this example, it will be assumed that the
equipment is sized for installation in a household size of three, which is the average household
size in Ontario.

Qout can be calculated with actual values for the daily drawn water volume and inlet
temperature, but similarly to above. This value is the same for both the baseline and the high
efficiency technology:

Qour = 8.29 X 42 x 1.00 X (120°F — 47.35°F) = 25,298 Btu

Using Qou, the total annual water heater energy consumption can be calculated as Qm for both
the baseline and the high efficiency equipment:

365 25,298
= X
Qn base 1000 0.784

= 14,415 kBtu
Similarly,
QITIHE = 12,839 kBtu

Now the Qmn for the baseline and high efficiency technology can be subtracted and converted to
meters cubed of natural gas savings.

Annual NG savings = 14,415 — 12,839 = 1,576 kBtu

)

0 _ 441m?
35738

Annual NG savings = 1,576 kBtu X
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USES AND EXCLUSIONS

This measure requires that the gas storage water heaters be of a nominal input of 75 KBtu/hr or
less and also be of the highest power vented efficiency or at least 0.80 EF.

MEASURE LIFE

The measure life is 16 years [8].

Residential high efficiency water heaters have a highly variable life expectancy because
maintenance and water quality factors, such as hardness, can have a great effect on the
equipment’s lifetime [9] [10]. Most water heaters used in the Enbridge and Union areas are
provided through water heater rental businesses and are therefore constructed of higher
durability than standard units for purchase. This measure is also for the highest-efficiency units,
which will have a more durable construction than standard units. Considering this, the lifetime
referenced, though it’s at the high end for typical residential units, is appropriate.

INCREMENTAL COST

The average approximate incremental cost, including installation, for a 40 to 50 US-gallon
storage tank water heater is $545',2

Note: At this point there is only one manufacturer of water heaters that meet the high efficiency
criteria, but the units are sold under different trade names.
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Table 1 provides a summary of the key measure parameters and savings values based on the
efficient technology.

Table 1. Measure Key Data

Parameter Definitions
Measure Category New Construction (NC)
Baseline
Technology 2.0 gpm
Efficient 1.5 gmp
Technology 1.25 gpm
Market Type Residential
Annual Natural Gas Efficient Technology Savings
Savings per 1.25 gpm 16.9 m3
Showerhead (m?3) 1.5 gpm 11.3m3
Annual Water 1.25 gpm 9,119 liters
Savings per
Showerhead (liters) 1.5gpm 4,860 liters
Measure Life 10 years
Utility to use actual per showerhead cost in the year when savings are
Incremental Cost claimed. Likewise, installation costs to be determined similarly, based on
utility in-field experience.
Restrictions None.
OVERVIEW

Hot water heating represents a large share of the energy consumption in homes. One of the
simplest ways to reduce hot water heating costs is to reduce the amount of hot water use.
Installing low-flow showerheads can have a noticeable impact on a residence’s hot water
consumption. The savings that can be achieved are attractive since this measure is relatively
inexpensive and easy to implement.

Low-flow showerheads restrict the flow of the water while maintaining the water pressure.
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APPLICATION

This measure pertains to the implementation of low-flow showerheads in single-family
residential homes.

BASELINE TECHNOLOGY

The baseline technology is a showerhead with a flow of 2.0 gpm. [1]

EFFICIENT TECHNOLOGY

The efficient technology is a low-flow showerhead with a flow rate of 1.5 gpm or lower.

ENERGY IMPACTS

The primary energy impact associated with implementation of low-flow showerheads is a
reduction in natural gas resulting from a reduction in the hot water consumption. There is
reduction in water consumption associated with this measure.

NATURAL GAS SAVINGS ALGORITHM

This algorithm outlines a methodology to determine the energy consumption as a function of a
showerhead’s rated flow-rate. It is based on the methodology developed by Navigant
Consulting using data from a SAS statistical billing analysis study with the specific purpose of
determining the impact of low-flow showerheads in Ontario.

The SAS study [2] analyzed the gas consumption in Enbridge territory over the course of two
years for 178 households which included a control group, a low-flow group, and a treatment
group which had high-flow showerheads in the first year of the study. After a year into the
study, showerheads in the treatment group were replaced with low-flow fixtures of 1.25 gpm.

The study resulted in two groups of savings: homes with showerheads that had pre-existing
showerheads with full-on flow rates, or nominal/rated flow rates, between 2.0 gpm to 2.5 gpm
and homes with showerheads with full-on flow rates greater than 2.5 gpm.

The full-on flow rate groups in the SAS sample and their associated savings levels are shown in
Table 2:
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Table 2. Savings from SAS Study [2] [3]

Average of Nominal Rated Nominal Flow Annual Annual Savings Per
Rated Rated%low Flow of Low Flow Reduction Savinas Nominal gpm Flow
Flow Rate 1 Showerhead (gpm) 3 ? Reduction (m3/gpm)
Rates (gpm) (m?)
(gpm)
201025 2.40 1.25 115 46.4 40.3
gpm
>2.5 gpm 3.09 1.25 1.84 87.8 47.7

The average reduction in annual natural gas use in each household was 44.0 m® per gpm
reduction in rated showerhead flow rate. Using this relationship, the gas savings can be
calculated for any combination of baseline and high efficiency showerheads, if rated flow rate is
known.

m3

m3 yr
Annual energy savings <y_r> =44 g};;_rm X (baseline rated gpm — high ef ficiency gpm)
Using this relationship, the gas savings can be calculated for any combination of baseline and
high efficiency showerheads, if rated flow rate is known. The average number of showers in the
SAS study was 2.06 per household. Using this factor, we can adjust the saving to a per
showerhead basis.

3

m
yr : . .
Annual energy savings m_3 _ 44 gpm X (baseline rated gpm — high ef ficiency gpm)
showerhead yr 206 showerheads
' household

This results in a savings calculation of:
m3
Annual energy savings [m3 yr
— | =214
showerhead yr
Because the population in the study had an average of 2.75 people per household as compared

to 2.9 people per single family household based on census data, it is necessary to adjust the
usage to reflect this.

apm X (baseline rated gpm — high ef ficiency gpm)

Annual energy savings <m3>

yr
3

showerhead

m
= 214 X' x (baseline rated high ef fici x 22 people
=24 (baseline rated gpm — high ef ficiency gpm) 2.75 people

1 The average flow rate used here is from actual bag tested flow rate data provided by Enbridge Gas for the corresponding year of
the SAS study (2007). [3]
2 The savings presented here are from a SAS study, which analyzed consumption of households over two years, beginning in 2007.

(2]
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3

m
Annual energy savings (m?\ _ .y yr < basels o h
showerhead yr )~ 57 gpm (baseline rated gpm — high ef ficiency gpm)

WATER SAVINGS ALGORITHM

The water savings were calculated using the following algorithm:

. days L
Savings = Ppl X Sh x 3653167 X T X (Flygse — Flepr) X 3.785ﬁ x PSA

Where,

Savings = Annual savings in liters

Ppl =Number of people per household

Sh = Showers per capita per day

365 = Days per year

T = Showering time (minutes)

Flpase = As-used flow rate with base equipment (gpm) —
Calculated from equation from Summit Blue Study

Flosr = As-used flow rate with efficient equipment (gpm) —
Calculated from equation from Summit Blue Study

PSA =Proportion of showerhead activity in residences affected

by replacement (in order to adjust the water savings to
account for residences with multiple showerheads)

Flpgse and Fl, ¢ are the “as-used” flow rate. The nominal flow-rate is the flow the showerhead
will deliver at full flow at 80 psi. However, based on Enbridge flow rate bag test data, the flow
for installed fixtures varies from the rated flow rate of the showerhead. [3] [4] [5].

The following regression based on a study in 443 California homes of+ weighted regression
analysis of as-used flow compared to full-on flow rate:

As — Used Flow Rate3 = 0.542 X Nominal Flow Rate + 0.691 [4]
Where,
As — Used Flow Rate = Actual flow of installed showerhead

Nominal Flow Rate = Rated flow listed on the showerhead

3 The lower limit of this equation is 1.25 gpm due to water pressure limitations. As the showerhead flow rate is reduced, the full-on
flow will approach the as-used flow since as there is a limit to the acceptable flow-rate. [4] As such, the algorithm assumes that a
showerhead with a full-on flow rate of 1.25 gpm also has an as-used flow of 1.25 gpm. Actual flow rates lower that 1.25 gpm can be
assumed to result in longer showers, negating additional savings.

4 Ontario TRM
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ASSUMPTIONS

Table 7 provides a list of constants and assumption used in the derivation of the water savings
values.

Table 7 Assumptions

Assumption Value Source
Average person per single 29 Common
detached house (2006) ) assumptions table
Average number of people per

single family residence in SAS 2.75 [2]

study treatment group

Average number of showers per
single family residence in SAS 2.06 [2]
study treatment group

Showers per capita per day 0.75 [4]
Proportion of showerhead affected o

by replacement (PSA) 76% [4]
Average showering time per day 7.6 minutes [4]

per showerhead (minutes)

SAVINGS CALCULATION EXAMPLE

The scenario for the gas savings is as follows. A showerhead will be replaced with a 1.5 gpm
showerhead for a single family residence.

Natural Gas Savings

Using the equation above for the replacement of a baseline 2.0 gpm showerhead with a 1.5 gpm
showerhead,

Annual energy savings (m3/yr) = 22.5

m® [yr , , .
Jpm x (baseline rated gpm — high ef ficiency gpm)

Annual energy savings (m3/yr) =225 x (2.0 — 1.5)

3
Annual energy savings = 11.3 y_r

Water Savings

showers
eople mins days
Savings = 2.9p,—p x 0.75- L5 76 X 24
residence day shower year
gallons gallons liters
X (1.78 - - 15 - ) X
min gal
. . liters
X 76% showerheads af fected in each residence = 4,860 Jear

Ontario TRM 5
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USES AND EXCLUSIONS

To qualify for this measure, low-flow showerheads must be implemented in residential homes.

MEASURE LIFE

The measure life attributed to this measure is 10 years. [4]

INCREMENTAL COST

The incremental cost for this measure could not be determined by looking at big-box retailer
data. The driver for higher cost of fixtures is the available features of the showerheads.
However, the previous substantiation sheet based the incremental cost on bulk purchases by the
utility for program implementation. Since the incremental cost of the measure in the previous
substantiation sheet is based on actual cost to the utility, it is the most accurate data. This
method is consistent with other TRMs. Table 8 presents the measure incremental cost.

Table 8. Incremental Cost

Measure Category Incremental Cost ($)
Utility to use actual per showerhead cost in the year when

All measure . . . . .
) savings are claimed. Likewise, installation costs to be
categories > o PV, .
determined similarly, based on utility in-field experience.
REFERENCES

[1] "Ontario Building Code Act, 1992; O. Reg. 332/12," Service Ontario, e-Law.

[2] L. Rothman, "SAS PHASE II Analysis for Enbridge Gas Distribution Inc.: Estimating the
Impact of Low-Flow Showerhead Installation," SAS Institute Canada, Toronto, 2010.

[3] Enbridge Gas Ltd., Bag Test Benchmarking Research, 2014.

[4] Barkett, Brent; Cook, Gay, "Resource Savings Values in Selected Residential DSM
Prescriptive Programs," Summit Blue, Ontario, 2008.

[5] O. Drolet, "Showerheads/Aerators Flow Rate Validation," Natural Gas Technologies Centre,
Ontario, 2007.
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Table 1 provides a summary of the key measure parameters and savings values based on the
efficient technology.

Table 1. Measure Key Data

Parameter Definitions
Measure Category Retrofit (R)
Baseline
Technology 2:5gpm
Efficient 1.5 gmp
Technology 1.25 gpm
Market Type Residential
Annual Natural Gas Efficient Technology Savings
Savings per 1.25 gpm 282 m3
Showerhead (m?3) 1.5 gpm 22.5m3
Annual Water 1.25 gpm 13,885 liters
Savings per
Showerhead (liters) 1.5 gpm 9,546 liters
Measure Life 10 years
Utility to use actual per showerhead cost in the year when savings are
Incremental Cost claimed. Likewise, installation costs to be determined similarly, based on
utility in-field experience.
Restrictions None.
OVERVIEW

Hot water heating represents a large share of the energy consumption in homes. One of the
simplest ways to reduce hot water heating costs is to reduce the amount of hot water use.
Installing low-flow showerheads can have a noticeable impact on a residence’s hot water
consumption. The savings that can be achieved are attractive since this measure is relatively
inexpensive and easy to implement.

Low-flow showerheads restrict the flow of the water while maintaining the water pressure.



Residential/Low Income — Low-Flow Showerheads — R

APPLICATION

This measure pertains to the implementation of low-flow showerheads in single-family
residential homes.

BASELINE TECHNOLOGY

The baseline technology is a showerhead with a flow of 2.5 gpm. [1]

EFFICIENT TECHNOLOGY

The efficient technology is a low-flow showerhead with a flow rate of 1.5 gpm or lower.

ENERGY IMPACTS

The primary energy impact associated with implementation of low-flow showerheads is a
reduction in natural gas resulting from a reduction in the hot water consumption. There is
reduction in water consumption associated with this measure.

NATURAL GAS SAVINGS ALGORITHM

This algorithm outlines a methodology to determine the energy consumption as a function of a
showerhead’s rated flow-rate. It is based on the methodology developed by Navigant
Consulting using data from a SAS statistical billing analysis study with the specific purpose of
determining the impact of low-flow showerheads in Ontario.

The SAS study [2] analyzed the gas consumption in Enbridge territory over the course of two
years for 178 households which included a control group, a low-flow group, and a treatment
group which had high-flow showerheads in the first year of the study. After a year into the
study, showerheads in the treatment group were replaced with low-flow fixtures of 1.25 gpm.

The study resulted in two groups of savings: homes with showerheads that had pre-existing
showerheads with full-on flow rates, or nominal/rated flow rates, between 2.0 gpm to 2.5 gpm
and homes with showerheads with full-on flow rates greater than 2.5 gpm.

The full-on flow rate groups in the SAS sample and their associated savings levels are shown in
Table 2:

2 Ontario TRM
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Table 2. Savings from SAS Study [2] [3]

Average of Nominal Rated Nominal Flow Annual Annual Savings Per
Rated Rated%low Flow of Low Flow Reduction Savinas Nominal gpm Flow
Flow Rate 1 Showerhead (gpm) 3 ? Reduction (m3/gpm)
Rates (gpm) (m?)
(gpm)
201025 2.40 1.25 115 46.4 40.3
gpm
>2.5 gpm 3.09 1.25 1.84 87.8 47.7

The average reduction in annual natural gas use in each household was 44.0 m® per gpm
reduction in rated showerhead flow rate. Using this relationship, the gas savings can be
calculated for any combination of baseline and high efficiency showerheads, if rated flow rate is
known.

m3

m3 yr
Annual energy savings <y_r> =44 g};;_rm X (baseline rated gpm — high ef ficiency gpm)
Using this relationship, the gas savings can be calculated for any combination of baseline and
high efficiency showerheads, if rated flow rate is known. The average number of showers in the
SAS study was 2.06 per household. Using this factor, we can adjust the saving to a per
showerhead basis.

3

m
yr : . .
Annual energy savings m_3 _ 44 gpm X (baseline rated gpm — high ef ficiency gpm)
showerhead yr 206 showerheads
' household

This results in a savings calculation of:
m3
Annual energy savings [m3 yr
— | =214
showerhead yr
Because the population in the study had an average of 2.75 people per household as compared

to 2.9 people per single family household based on census data, it is necessary to adjust the
usage to reflect this.

apm X (baseline rated gpm — high ef ficiency gpm)

Annual energy savings <m3>
yr

showerhead
m3
— 214 yr % (baseli ted hich .. y 2.9 people
=24 (baseline rated gpm igh ef ficiency gpm) 2.75 people
m3
Annual energy savings [m?3 _2s yr < (haseli o . N
showerhead yr )~ 57 gpm (baseline rated gpm — high ef ficiency gpm)

1 The average flow rate used here is from actual bag tested flow rate data provided by Enbridge Gas for the corresponding year of
the SAS study (2007). [3]
2 The savings presented here are from a SAS study, which analyzed consumption of households over two years, beginning in 2007.

(2]

Ontario TRM 3
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WATER SAVINGS ALGORITHM

The water savings were calculated using the following algorithm:

] days L
Savings = Ppl X Sh x 3653167 X T X (Flygse — Flepr) X 3.785ﬁ x PSA

Where,

Savings = Annual savings in liters

Ppl =Number of people per household

Sh = Showers per capita per day

365 = Days per year

T = Showering time (minutes)

Flpgse = As-used flow rate with base equipment (gpm) —
Calculated from equation from Summit Blue Study

Flosr = As-used flow rate with efficient equipment (gpm) —
Calculated from equation from Summit Blue Study

PSA =Proportion of showerhead activity in residences affected

by replacement (in order to adjust the water savings to
account for residences with multiple showerheads)

Flpgse and Fl, ¢ are the “as-used” flow rate. The nominal flow-rate is the flow the showerhead
will deliver at full flow at 80 psi. However, based on Enbridge flow rate bag test data, the flow
for installed fixtures varies from the rated flow rate of the showerhead. [3] [4] [5].

The following regression based on a study in 443 California homes of+ weighted regression
analysis of as-used flow compared to full-on flow rate:

As — Used Flow Rate3 = 0.542 X Nominal Flow Rate + 0.691 [4]

Where,
As — Used Flow Rate = Actual flow of installed showerhead
Nominal Flow Rate = Rated flow listed on the showerhead
ASSUMPTIONS

Table 7 provides a list of constants and assumption used in the derivation of the water savings
values.

3 The lower limit of this equation is 1.25 gpm due to water pressure limitations. As the showerhead flow rate is reduced, the full-on
flow will approach the as-used flow since as there is a limit to the acceptable flow-rate. [4] As such, the algorithm assumes that a
showerhead with a full-on flow rate of 1.25 gpm also has an as-used flow of 1.25 gpm. Actual flow rates lower that 1.25 gpm can be
assumed to result in longer showers, negating additional savings.

4 Ontario TRM
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Table 7 Assumptions

Assumption Value Source
Average person per single 29 Common
detached house (2006) ) assumptions table
Average number of people per

single family residence in SAS 2.75 [2]

study treatment group

Average number of showers per
single family residence in SAS 2.06 [2]
study treatment group

Showers per capita per day 0.75 [4]
Proportion of showerhead affected o

by replacement (PSA) 76% [4]
Average showering time per day 7.6 minutes [4]

per showerhead (minutes)

SAVINGS CALCULATION EXAMPLE

The scenario for the gas savings is as follows. A showerhead will be replaced with a 1.5 gpm
showerhead for a single family residence.

Natural Gas Savings

Using the equation above for the replacement of a baseline 2.5 gpm showerhead with a 1.5 gpm
showerhead,

m3/yr
Annual energy savings (m3/yr) = 22.5 gp/rfl x (baseline rated gpm — high ef ficiency gpm)

Annual energy savings (m3/yr) =225 x (2.5 - 1.5)

3
Annual energy savings = 22.5 y_r

Water Savings

showers
eople mins days
Savings = 2.9p,—p x 0.75- L5 76 24
residence day shower year
gallons gallons liters
x (205 222 - 15 82 3785
gal
) ) liters
X 76% showerheads af fected in each residence = 9,546 Jear

Ontario TRM 5
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USES AND EXCLUSIONS

To qualify for this measure, low-flow showerheads must be implemented in residential homes.

MEASURE LIFE

The measure life attributed to this measure is 10 years. [4]

INCREMENTAL COST

The incremental cost for this measure could not be determined by looking at big-box retailer
data. The driver for higher cost of fixtures is the available features of the showerheads.
However, the previous substantiation sheet based the incremental cost on bulk purchases by the
utility for program implementation. Since the incremental cost of the measure in the previous
substantiation sheet is based on actual cost to the utility, it is the most accurate data. This
method is consistent with other TRMs. Table 8 presents the measure incremental cost.

Table 8. Incremental Cost

Measure Category Incremental Cost ($)
All measure Utility to use actual per showerhead cost in the year when
cateqories savings are claimed. Likewise, installation costs to be
9 determined similarly, based on utility in-field experience.
REFERENCES

[1] "Ontario Building Code Act, 1992; Regulation 350/06," Service Ontario, e-Law, Ontario, 1992.

[2] L. Rothman, "SAS PHASE II Analysis for Enbridge Gas Distribution Inc.: Estimating the
Impact of Low-Flow Showerhead Installation," SAS Institute Canada, Toronto, 2010.

[3] Enbridge Gas Ltd., Bag Test Benchmarking Research, 2014.

[4] Barkett, Brent; Cook, Gay, "Resource Savings Values in Selected Residential DSM
Prescriptive Programs," Summit Blue, Ontario, 2008.

[5] O. Drolet, "Showerheads/Aerators Flow Rate Validation," Natural Gas Technologies Centre,
Ontario, 2007.
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Table 1 provides a summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

Parameter Definition
Measure Category Retrofit (R)

) Standard flow bathroom and 2.2 gpm
Baseline Technology kitchen aerators (8.35 Ipm)

. Low flow bathroom and kitchen 1.0 gpm 1.5 gpm
Efficient Technology aerators. (3.8 lpm) (5.7 Ipm)
Market Type Residential, Multiresidential

1.0 gpm Aerator 1.5 gpm Aerator
Bathroom 6.65 m° 3.88 m?
Annual Natural Gas aerator
Savings (m? i
gs (M%) Kitchen 20.57 m? 12.00 m?
aerator
| Bathroom 2,501 liters 1,459 liters
Annual Water Savings aerator
liters i
(lters) Kitchen 7,742 liters 4,516 liters
aerator
Measure Life 10 years
Incremental Cost ($ $1.14 — Kitchen
CAD
) $0.60 - Bathroom
Restrictions Existing residential homes with natural gas fired water heaters
OVERVIEW

The measure consists of installing either 1.0 or 1.5 gpm aerators on bathroom and kitchen
faucets in residential dwellings. The aerators are provided to the dwelling occupants at no cost
by the participating utility.




Residential - Low Flow Faucet Aerators - R

Reduction in water and natural gas consumption result from the measure. The magnitude of the
site specific savings is heavily dependent upon human behavior and will vary significantly
between sites. The savings algorithm and the resulting savings values are based on data and
assumptions representing typical consumption patterns, inlet and outlet water temperatures,
flow rates, and water heating equipment efficiencies. These factors are taken from studies that
have been previously completed and are referenced in this document.

APPLICATION

This measure applies to the installation of 1.0 and 1.5 gpm bathroom faucet aerators in the
residential settings. The measure is applicable to retrofit installation in existing facilities with
natural gas fueled domestic water heating. The measure is also applicable to new construction
with distribution through participating building contractors.

BASELINE TECHNOLOGY

The baseline technology is defined as an aerator with a flow rate of 2.2 gpm (8.3 Ipm). This
value is reflected in the Ontario Building Code and is consistent with the maximum allowable
flow rate for all faucet aerators manufactured or sold in the United States after Jan 2014, as
specified by US Energy Policy Act of 1992. [1]

Table 2. Baseline Technology

Type Maximum Flow Rate
2.2 gpm
(8.35 Ipm)

Code compliant faucet aerator

EFFICIENT TECHNOLOGY

The high efficiency technology is a low flow aerator with a rated flow of 1.5 gpm (5.7 Ipm) or
less at a water pressure of 60 psi. [2]

Table 3. Efficient Technology

Type Maximum Flow Rate
1.5gpm
(5.7 Ipm)

Low-flow faucet aerator

ENERGY IMPACTS

This measures results in a reduction in water and natural gas consumption. The reduction in -
water consumption is a function of the baseline and efficient flow rates and typical per capita
use patterns. Natural gas savings are dependent upon these factors, the % of the flow reduction
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represented by heated water, typical entering and leaving hot water temperatures, and water

heater efficiencies.

WATER AND NATURAL GAS SAVINGS ALGORITHMS

The measure savings are calculated using the following algorithms:

Fl —Fl liters days
Weavings = Fuu X Pplx Dro% x Fa% x [ —2 /1) x 378541 652
Flygse gallon year
Where,
Wsavings = Annual water savings (liters)
Fu = Faucet use per capita (gallons)
Ppl = Number of people per household
Dr % = Percentage of flow that goes straight down the drain (%)
This is the proportion of water use that depends on faucet
on-time, such as when rinsing a toothbrush, as opposed to
being dependent on the volume of water drawn, such as
when filling a basin.
Fa % = Single faucet use (bathroom or kitchen) as a % of total
household faucet use (%)
Flvase = Rated flow of baseline equipment (gpm)
Fleg = Rated flow of efficient equipment (gpm)

Once the reduction in water consumption is determined for each aerator, natural gas savings

can be calculated using this water savings value and the following formula.

(zz)

NGsavings = Wsavings X Cp Xp X %hot X (Tout - Tin) X

35,738 BTU per m3

Where,
NG savings = Annual natural gas savings (m?)
W savings = Annual water savings from equation above (gallons/year)
Yonot = % of aerator flow that is heated by water heater
Tout = Water temperature leaving the water heater (°F)
Tin = Water temperature entering the water heater (°F)
RE = Water heater recovery efficiency factor (%)
Cy = Specific heat capacity of water (Btu/lb-°F)
Ontario TRM 3
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ASSUMPTIONS

Density of water at 100°F (Ib/gal)

The assumptions used to calculate the savings coefficients are shown in Table 4.

Table 4. Assumptions

Parameter Description Value Source
Fu Faucet use per capita 10.9 g:alliltzr:;// di?/))/ (41.29 [3]
Average people per .
Ppl household 2.9 people per household Common assumptions table
Percentage of flow that 70% - bathroom
Dr % goes directly down the , [4]
o,
The percentage to total | 150, pathroom (per faucet)

Fa % faucet flow represented o L

by each faucet 65% kitchen faucet [4]

: Average city or inlet o ° ;
Tin water temperature 8.563°C (47.35°F) Common assumptions table
Domestic hot water
Tout factory set tank 48.9°C (120°F) Common assumptions table
temperature
% of aerator flow that o
Ponot is heated 46% [51 16]
RE Recovery Efficiency 77.10% Common assumptions table
Cy Specific heat capacity 1.00 Btu/lb-°F Common assumptions table
of water

p DenS|t31/Oo(1)‘°v;ater at 8.29 Ib/gal (US gallons) Common assumptions table

Conversion factor

35,738 Btu/m?

Common assumptions table

Conversion factor

365 days/year

1 There is no research data on the percentage of water that flows straight down the drain. Assuming that it's probably not all
straight down the drain nor is it all batch use for kitchen faucets, a range of 25% to 75% was assumed with 50% as the point
estimate. For bathroom faucets, one would expect less batch use than in the kitchen, but not 0% so the range was set from 50% to
90% straight down the drain, with 70% as the point estimate.

Ontario TRM
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SAVINGS CALCULATION EXAMPLE

Inserting values from the list of assumptions provided in Table 4 into the water savings
equation above leads to a water consumption reduction for a single 1.5 gpm bathroom aerator
of:

10.9 gallon/day per person x 2.9 people x 70% X 15% x (2.2 —1.5) / 2.2) x 365 days/year x 3.785
liters/gallon = 1,459 liters/year (385.4 gallons per year)

Inserting the water savings value, temperatures and water heater recovery efficiency into the
natural gas savings equation leads to annual natural gas savings of:

385.4 gallons / year X 46% heated water x 8.33 BTU / gallon - °F x (120 - 47.35) °F / 77.10% /
35,738 BTU/m? = 3.88 m? natural gas

USES AND EXCLUSIONS

To qualify for this measure aerators must meet the maximum flow requirement listed in Table
3, and be installed in new or existing residential dwellings equipped with natural gas fueled
water heaters.

MEASURE LIFE

The measure life attributed to this measure is 10 years. [7]

INCREMENTAL COST

Table 5 presents the measure incremental cost.

Table 5. Incremental Cost [8]

Boiler Rated Input (Btu/h) Incremental Cost ($)

$1.14 — Kitchen

High Efficiency Aerator
$0.60 - Bathroom

The cost is equipment cost associated with bulk purchases by the participating utility for direct
distribution to residential end users.

Ontario TRM 5
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Table 1Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

Retrofit

Baseline Technology

No existing pipe wrap

Rate (m3/ft)

Efficient Technology Pipe wrap
Market Type Residential
Annual Natural Gas Savings 335 md/ft

Measure Life

15 years [1]

Incremental Cost ($ CAD)

$0.39 per foot

Restrictions

This measure is restricted to retrofit installations in residential
homes. The savings are applicable for pipe wrap of up to two
meters (6.56 ft) in length.

OVERVIEW

This measure provides the gas savings estimate and costs of insulating hot water pipes for

conventional gas hot water storage tanks in a residential retrofit type of application. Figure 1
illustrates the heat loss phenomenon. Natural gas savings are calculated using an engineering
algorithm and are reported in meters cubed per linear foot (m?/ft).
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Figure 1: Temperature of Hot Water Pipe Exiting Water Heater"

58.4 °C

40

F 20

-5.6

APPLICATION

This measure is for pipe-wrap for domestic hot water heating systems in residential homes.

BASELINE TECHNOLOGY

The baseline case is a hot water pipe without pipe wrap insulation. The R-value is shown in
Table 2.

Table 2. Baseline Technology

Type Value
No pipe wrap R-0.435 [2]

This value is based on the heat transfer between water and air through copper with a heat
transmission coefficient U-2.3 Btu/ft2-°F-h.

EFFICIENT TECHNOLOGY

The energy efficient case is a hot water pipe with pipe wrap insulation. The R-value of the pipe
wrap is shown in Table 3.

Table 3. Efficient Technology

Type Value

Added pipe wrap

- 2
insulation (Rpost) Rpre + R-4.352 [3]

! Photograph by Dylan Pankow. Downloaded from https://www.flickr.com/photos/cbcthermal/1475767378/in/photostream/ on
8/1/2014.

2 Added insulation has an U-value of 0.230 BTU-in/hr-ft2 -°F
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This value is based on a nominal '4-inch diameter copper pipe with 2-inch polyethylene
insulation.?

ENERGY IMPACTS

Natural gas savings are achieved due to the difference in thermal resistance (R) between the
energy efficient pipe wrap and the baseline condition of zero pipe wrap. The insulated pipe
wrap reduces the rate of heat flow between the hot water in the pipe and the ambient air
surrounding the pipe. This reduction of heat loss with insulated pipes can raise water supply
temperature 1.1 °C-2.2 °C (2°F—4°F) [4] as compared with uninsulated pipes.

NATURAL GAS SAVINGS ALGORITHMS

The following algorithm is referenced from the Home Energy Services Impact Evaluation [5]
and was used to calculate the stipulated gas impact. The total annual gas savings per linear foot,
S, is calculated based on the difference in R values as shown in Table 4 below.

. [(ﬁ—ﬁ) X Cpipe X (Tpipe — Tamp) X 8760 x TRF
RE X 35,738%
where,
S = Annual gas savings (m?/ft)

Rpre =R-value of baseline equipment (ft*°F-h/Btu)
Rpost =R-value of efficient equipment (ft?-°F-h/Btu)
Cpipe = Circumference of the outlet water pipe (ft)
Tpipe =Temperature of the outlet water pipe (°F)
Tamb = Ambient air temperature (°F)

TRF  =Thermal regain factor, which discounts savings because reducing heat loss to
conditioned space in the heating season is not beneficial*

TRF = [1— (Regain x Z2onoioursper vear) |

Total Hours per Year

3 The cited reference is web available and includes the material conductivity. The equivalent R-value can be calculated from radial
heat loss equation and was also provided in a separate company spec sheet of the same name and title as the cited spec sheet, but
that is not available on line.

4 Regain is a function of both space type and insulation level. Adding insulation to pipes in fully conditioned space with
thermostatically controlled heating systems saves no energy in the heating season because the water heater waste heat offsets
heating system energy (Regain=100%). While most water heaters are located within insulated space in Ontario, no data was found
on the proportions of them in spaces heated with thermostatically controlled systems versus those in unconditioned or semi-
conditioned space. In lieu of this the average value calculated for Massachusetts in [5] was used. For simplification, the analysis
does not consider interactive effects with semi-conditioned spaces warmed with electric resistance spot heaters.
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RE = Water heater recovery efficiency

(53 - T
0.435 4.785
S =

8,760

)x 0.164 x (120 = 67.5) x 8760 x [1—(0.58 6’253)]]

0.7710 x 35,738

Annual NG savings = 3.35m3/ft

ASSUMPTIONS

Table 4 provides a list of assumptions utilized in the measure savings algorithm to derive the
stipulated savings values listed in Table 1 above.

Table 4. Assumptions

Variable | pefinition Value Source/Comments
R,y | ~-value ofbaseline 0.435 ft2-°F-h/Btu 2]
equipment
R-value of efficient Sum of baseline equipment R and
Rpose | equipment (baseline + 4.785 f2-°F-h/Btu ipe wran R, [3] quip
additional insulation) PP PR
. Based on copper pipe with Y.-inch
Coie | CMCUMIerence of 0.164 ft nominal 5/8-inch actual outside
pip outlet water pipe )
diameter [3]
Domestic hot water Common assumptions table
Tyipe | factory settank 120°F (48.9°C) P

pip (no heat trap)
temperature
Ambient air o .

Tamb | temperature 67.5°F (19.7°C) [6]
Regain | Regain 0.58 [5]

RE Recovery efficiency 77.10% Common assumptions table
Energy density of 35,738 Btu/m?3 Common assumptions table
natural gas
Total hours per year 8,760
yHee:rtmg hours per 6,253 Common assumptions table

The savings are applicable for pipe wrap of up to two meters (6.56 ft) in length.

SAVINGS CALCULATION EXAMPLE

The example below illustrates how the savings value is determined for a pipe wrap retrofit
installation on a residential hot water heater for a two meter (6.56 ft) length of pipe. For this
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example, it will be assumed that the equipment is sized for installation in a household size of
2.9, which is the average household size in Ontario.

m3

i 6.56 ft = 22 m3

Annual NG savings = 3.35

MEASURE LIFE

The measure life is 15 years [1].

INCREMENTAL COST

The average approximate incremental cost, assuming homeowner installation, of pipe wrap on
a hot water outlet pipe is approximately $0.39 per foot [7]. 5
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition
Measure Category Retrofit (R)
Baseline Technology Nonprogrammable thermostat
- Programmable thermostat with at least two programming modes
Efficient Technology (weekday and weekend)
Market Type Residential - Low Income
An?ual Natural Gas Savings 46 m?
(m°)
Measure Life 15 years
Incremental Cost $97

Limited to replacement in situations where existing thermostat is
Restrictions identified as non-programmable. This measure is an option only
available under the low-income program.

OVERVIEW

Residential home heating and cooling system thermostats maintain temperature in the spaces
by either turning equipment on and off as necessary or modulating the systems to address the
heating and cooling loads. Setting the temperatures back when residences are unoccupied or the
residents are sleeping presents a significant potential for savings, as it reduces heat loss and
allows the heating and cooling systems to operate for shorter periods of time.

APPLICATION

This measure is for the installation of a programmable thermostat in residential low-income
homes in place of nonprogrammable thermostats. Because the 2012 Ontario Building Code




Residential — Programmable Thermostats — R

requires programmable thermostats in new construction homes this measure is applicable for
retrofits only.

BASELINE TECHNOLOGY

The baseline for this measure is a manual thermostat.

EFFICIENT TECHNOLOGY

The efficient technology is a programmable thermostat with at least two programming modes
for weekdays and weekends. The thermostat should already have pre-programmed modes
from the manufacturer.

ENERGY IMPACTS

Natural gas savings are achieved due to the heating system having to heat at a lower
temperature during the evening and unoccupied hours.

There is a small amount of electrical savings for this measure for homes with AC systems. Based
on RECS data for the Northeast United states and the TMY3 data for London, Ontario, the
cooling hours are very limited for this measure, especially during setback periods.

NATURAL GAS SAVINGS ALGORITHMS

The approach used to calculate savings is to:
(1) Estimate the annual average natural gas heating energy used in Ontario homes.

(2) Calculate the theoretical technical savings potential based on a switch from a fixed
setpoint to a programmed night setback, expressed as a percentage of annual heating
energy use;

(3) Develop one behavioral factor to discount savings due to the fact that some manual
thermostat owners manually reduce their setpoint at night or during unoccupied
daytime periods;

(4) Develop a second behavior factor to discount savings since some programmable
thermostat owners do not program their thermostats as aggressively as the technical
savings potential assumes; and

(5) Combine the factors to estimate annual natural gas savings.

Home Energy Use
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Enbridge load research data provides estimates of annual natural gas use of existing non-
multifamily family homes with natural gas furnaces by furnace type (high, mid and

conventional efficiency).! [1] The market share of each furnace type is known from Enbridge’s

2013 Residential Market Survey. [2] Unknown furnace types were distributed using known
furnace type weighting. Based on this data the weighted average (column A * column C)
Enbridge space heating single family natural gas use is 2,077 m3/yr.

Table 2. Enbridge Existing Single Family Home Space Heating Gas Use? [2] [1]

()
Average Consumption for o [POIEED % Furnace Type
3 Type from .
Furnace Type (m°) From 2008 Adjusted to
Furnace Type, by 2012 Load Research X . Exclude
Efficiency Report R il Unknown
. Survey .
(A) (B) (C)
High 1,916 52% 61%
Mid 2,248 27% 32%
Conventional 2,698 6% 7%
Unknown 15%
Weighted Average 2,077 100% 100%
Consumption / Total %

Union Gas analysis of a sample of 50 homes found average natural gas use for space heating of
2,315 m?/yr. [3]

Based on a 60/40 share of customers for Enbridge and Union, respectively [4], the weighted
average single family residential home energy use for space heating in Ontario is 2,172 m3/yr.

Theoretical Technical Savings Potential

A common rule of thumb for thermostat setback savings is 1.8% of annual heating energy use
per degree C (1% per degree F) for an 8 hour per night setback adjustment.? [5] [6]. The most
common presumption for technical savings potential is 8°F setback. Therefore, the technical
savings potential is 8%.

1 Natural gas forced air furnaces comprise approximately 90% of the residential space heating market in Enbridge Service territory.
For the purposes of this substantiation document, it is assumed that furnace energy usage is representative of the 10% that use non-
furnace gas heating systems.

2 The “high” and “mid” annual energy use data comes from the Enbridge Gas Distribution Load Research-Strategy, Research and
Planning group load research data as presented in Figure 1 of Enbridge Load Research Newsletter June 2012. The furnace type
population distribution data comes from Residential Market Survey Data 2013, produced for Enbridge Gas Distribution by TNS,
slide 41, weighted. Subsequent columns of data are calculated.

3 This savings fraction can be supported through simple analysis of hourly weather data. Many articles on program thermostat
savings potential directly or indirectly cite a 1978 study Energy Savings through Thermostat Setbacks, Nelson, Lorne W. and J. Ward
MacArthur (1978), ASHRAE Transactions, Volume 83, AL-78-1 (1): 319-333. The article itself was not readily accessible, but the
referenced University of Alberta document summarizes it well. The archived but accessible ENERGY STAR programmable
thermostat calculator uses this same rule of thumb in citing “Industry data (2004)” and using s 3% savings per degree per 24 hours
of reduction, the same as 1% per 8 hours.

https://www.energystar.gov/ia/partners/promotions/cool change/downloads/CalculatorProgrammableThermostat.xls.
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Behavior Factor — Baseline

The theoretical technical savings potential is based on the thermostat being set to a constant
temperature. Field studies and telephone surveys have found that some residents with manual
thermostats set them back at night. This reduces the technical savings potential. Two studies
focused on this particular factor and found 44% [7] and 66% [8] of users do this. A third study
found that residents with manual thermostats actually set back their temperature 1.49 hours per
week more often than those with programmable thermostats, leading to about a (3%) realization
rate.* [9] The authors speculate that the reason for this is due to factors such as being able to pre-
heat the home before awaking with a programmable thermostat. Two of the studies do not
quantify the number of degrees of setback. Data from the third study indicates a median of 4 to
5 degrees of night setback for those that manually do so. [7]

If the three values are averaged 71% of the theoretical technical potential is lost due to pre-
retrofit behavior mimicking the desired post-retrofit behavior. We discounted this baseline
penalty factor by 1/3 based on the professional judgment that the referenced studies did not all
directly compare before and after setpoints. We expect that on average both the systematic
benefits of programmability and the likelihood of additional degrees of setback when
programmed result in some additional savings even for those that previously manually set back
their thermostats.

. . L 44% + 66% + 103%\ 2
Pre — retrofit savings behavior discount factor = ( 3 ) X 3= 47%
where,
Pre-retrofit savings behavior discount factor = savings reduction due to manual

energy efficient behavior such as
manual setback in the pre-retrofit
case

Behavior Factor — Post-Retrofit

A number of studies have found that programmable thermostat owners do not configure
setpoints in such a way that they will achieve the nominal 8% savings presented in the technical
potential section. Quantifications of this phenomenon are listed below for programmable
thermostat owners and space heating controls:

- 53% set them in “hold mode”> [10]
- 38% do not use them to reduce temperature at night* [11]

- 60% on hold (low income-specific)” [10]

41.49 hr. /week / (8 hr. /day * 7 days/wk.) nominal presumed extra setback hours per week per technical potential basis = 3%.
5 Carrier study of 35,471 programmable thermostats in the territories of LIPA, Con Edison, SCE, and SDG&E as cited in [10].
6 Based on total US homes participating in RECS survey.

7 Based on on-site inspections of low income residences finding 45% on hold, 30% programmed, and 25% off, not visible, or
reported as nonprogrammable (small sample).
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- Unquantified impact due to poor usability of conventional programmable thermostats.?
[10]

Preprogramming of thermostats helps and was an ENERGY STAR requirement when the label
existed, [12] but the majority of owners reprogram or otherwise override the settings from their
factory settings. Averaging these three values is a representation of the percentage of savings
not realized because of programmable thermostats being used as fixed manual thermostats.

. ; . Lo 53%+38%+609
The average is 50%. Post — retrofit savings behavior discount factor = (W) =50%
where,
Pre-retrofit savings behavior discount factor = savings reduction due to

inadequate use of the control
features of a programmable
thermostat

Savings Calculations

Using the behavior adjustment values estimated above and applying them to the theoretical
savings, the total savings fraction is 2.1%:

Annual savings fraction = 8% X (100% — 47%) X (100% — 50%) = 2.1%

For comparison below are findings from prior studies regarding overall savings:

- 0% difference in setpoints on average® [13]

- 0% effect on net unit energy consumption (UEC) 1° [14]
- (18%) savings"

- 6.8% savings'? [15]

- 3.6% savings'®

8 Six different studies are cited in Meier, 2010.

? "Respondents with programmable thermostats report thermostat setpoints that are not substantially different from those of
respondents with manual thermostats"

10 “Essentially zero,” per Three-Block Regression Analysis Regarding Effects of Programmable Thermostats on Setpoint Behavior and Electric
Central Air/Gas Heat UECs. Prepared for Southern California Edison by Athens Research. 2005, as cited in Dyson, 2005.

11 Tt must be noted that this analysis did normalize for home physical characteristics and weather but did not adjust for any
characteristic behavioral differences between those with and without programmable thermostat. Programmable Thermostats Installed
into Residential Buildings: Predicting Energy Saving Using Occupant Behavior & Simulation, prepared for Southern California Edison by
James J. Hirsch & Associates. 2004, as cited and described in Dyson, 2005.

12 This report’s recommended results are contrary to the others. It is oft-cited and is based on a relatively robust method: Pre- and
post-retrofit billing analysis with participants and a nonparticipant control group, with subsequent adjustment and normalization
for the presence of other measures, home size, and other factors. The authors used several methods before settling on the preferred
one that resulted in the 6.8% savings. One reviewer observed that an alternate approach presented in the report that used a
participation indicator (the reviewer’s preference) and led to significantly lower savings of 1.7% to 1.8%. For this commentary see
Cadmus et al, 2012. [18]

13 Programmable Thermostats Report to KeySpan Energy Delivery on Energy Savings and Cost Effectiveness GDS Associates. , 2002, as cited
in Cadmus (2012). Not found on line. This value also recommended by Cadmus for MA.
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Once the annual average residential usage is determined, the annual energy savings due to
programmable thermostats (NG Savings, in m?), are as follows:

NG Savings = ARSH X Annual savings fraction

ASSUMPTIONS

Table 3 provides a list of assumptions utilized in the measure savings algorithms to derive the
stipulated savings values listed in Table 1 above. The algorithms are provided in the
following section.

Table 3. Assumptions

Definition Inputs Source/Comments

From utilities surveys and billing
analysis (blended value between

Annual average residential household

3
space heating natural gas use 2172 m utilities) as described in the Home
Energy Use section above
Annual savings fraction 2.1% Calculated above

SAVINGS CALCULATION EXAMPLE

The savings for this measure is calculated as follows:

NG Savings = ARSH X Annual savings fraction

NG Savings = 2172 ™ /yeqr X 2.1% = 46 ™ /y0qr

USES AND EXCLUSIONS

This measure requires that the thermostat have two programming modes for weekday and
weekend. This measure is limited to replacement in situations where the existing thermostat is
identified as non-programmable and is an option only available under the low-income
program.

MEASURE LIFE

The measure life for this measure is 15 years. [16]
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INCREMENTAL COST

The cost of a programmable thermostat is $97.14 [16]
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Table 1 provides a summary of the key measure parameters and savings values.

Table 1. Measure Key Data

Parameter Definition

M Cat New Construction (NC)
easure Categor
gon Time of Natural Replacement (TNR)

Baseline Technology Storage Water Heater, EF = 0.67
High Efficiency Non-Condensing Tankless Water Heater, EF =
Efficient Technology 0.82
Condensing Tankless Water Heater, EF = 0.91
Market Type Residential

. - ) . ) 3
Annual Natural Gas Savings High Efficiency Non-Condensing Tankless: 90.7 m

(m?)

Condensing Tankless: 130.7 m?3

Measure Life 20 years

High Efficiency Non-Condensing Tankless = $1,667
Incremental Cost ($ CAD)

Condensing Tankless = $2,066

This measure applies to the installation of natural gas tankless

Restrictions water heaters in residential buildings.
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OVERVIEW

The measure consists of the installation of natural gas tankless water heaters for domestic hot
water production in residential buildings. Natural gas tankless water heaters are available in
both condensing and non-condensing models.

Tankless, also called instantaneous or on-demand, water heaters provide hot water without
using a storage tank. There is nominal “storage”, ranging from 2-10 gallons within the heat
exchanger, but this represents 5% or less of the storage tank capacity associated with equivalent
storage water heaters. The reduced storage capacity results in the need for higher capacity
burners to generate the flow of hot water necessary to serve equivalent peak loads. This
translates to higher equipment and installation costs for these units.

The algorithm and the associated variables are presented in the section “Natural Gas Savings
Algorithm”.

APPLICATION

This measure provides incentives for installing tankless natural gas water heaters in residential
buildings for the new construction and TNR measure categories.

Tankless water heaters are performance rated differently depending on their size. Those above
250 kBtu/hr are rated for their thermal efficiency and those below 250 kBtu/hr are rated for their
energy factor (EF). The EF is an average daily efficiency that includes all standby or storage
losses, while thermal efficiency is a short-term measure of the equipment’s performance that
includes flue losses but no other losses. Residential water heaters are typically smaller than 250
kBtu/hr.

BASELINE TECHNOLOGY

The residential water heater minimum efficiency requirement varies as a function of the
prescriptive compliance path chosen from those offered in the Ontario Building Code
Supplemental Standard SB-12, Table 2.1.1.2.A. [1] ENERGY STAR rated power vented storage
water heaters are considered baseline because experience indicates that prescriptive paths that
use this energy factor specification is a popular choice amongst Ontario new homebuilders
today in order to comply with code. [2] [3] [4]. A gas storage water heater with a minimum EF
to qualify for ENERGY STAR is shown in Table 2 and is assumed to be the baseline in New
Construction and TNR installations.

Table 1. Baseline Technology

Type Minimum Energy Factor (EF)

Gas storage water heaters 0.67
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EFFICIENT TECHNOLOGY

The high efficiency technology is a natural gas fueled tankless water heater with minimum
rated EFs in Table 3. 0.82 is the minimum EF allowable for ENERGY STAR eligibility, which
also is the minimum required for Union and Enbridge program incentive eligibility as of
October 2014 [4]. 0.91 is the minimum rated EF of a condensing tankless water heater from the
Natural Resources Canada (NRCan) list of available products [5]. Both non-condensing and
condensing units are eligible for this measure.

Table 2. Efficient Technology

Type Minimum EF

Tankless gas water heater 0.82

Condensing Tankless gas

water heater 0.91

ENERGY IMPACTS

Natural gas savings are achieved as a result of the higher overall average efficiencies of the
tankless units and elimination of storage or standby losses.

There is no water consumption impact associated with this measure and the electric impacts are
negligible. Condensing units typically require electricity for powered venting. The baseline in
Ontario also is power vented so there is no associated electric energy impact with venting.
Some condensing units require small condensate pumps that run for a few minutes a day but
this electricity use is not significant.

NATURAL GAS SAVINGS ALGORITHMS

The natural gas savings are calculated using the algorithms below, which are based on EFs and
the average annual DHW heating load. The average annual DHW heating load is derived from
a study of hot water use conducted by NRCan, Union Gas, and Caneta Research Inc. who
metered a sample of residential hot water heaters in Ontario [6].

A I NG Savi DHWload % ( 1 1 )
nnua avings = -
35 738@ EFbaseline EFEE
. 3
and,
) days
DHWload = dailyDHW x 365 o X pxCyx(Ts—T)/1,000
where,
Annual NG Savings = Annual natural gas saving (m?°), see Table 1

Ontario TRM 3



Residential — Tankless Water Heaters — NC/TNR

DHWIload = Annual domestic hot water heating load (kBtu),
calculated

EFpasetine = The assumed baseline storage water heater EF

EFgg = The assumed tankless water heater EF

dailyDHW = The average daily Canadian DHW consumption (US
Gallons)

365 d;i/s = Days in a year

p = Density of water (Ib/US gallon)

Cp = Specific heat of water (Btu/lb/°F)

T = Average temperature of DHW (°F)

T, = Average temperature of city supply water (°F)

ASSUMPTIONS

Table 4 provides a list of assumptions utilized in the measure savings algorithms to derive the
savings values listed in Table 1 above.

Table 4. Assumptions

Variable Definition Inputs Source/Comments
. The average daily NRCan, Union Gas, and Caneta
dailyDHW DHW consumption 54 US Gallons Research Inc. [6]
p Density of water 8.29 Ib/US Gal Common assumptions table
Cp Specific heat of 1 Btu/lb/°F Common assumptions table
water
Temperature of o ° i
T, DHW water 48.9°C (120 °F) Common assumptions table
T, Temperature of 8.53°C (47.35 °F) Common assumptions table
city supply water
Energy density of 35,738 Btu/m? Common assumptions table
natural gas
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SAVINGS CALCULATION EXAMPLE

The example below illustrates how the savings were calculated. The annual domestic hot water
heating load can be calculated using the average daily household DHW consumption in
Canada.

DHWload = 54 250% 5 36529 1 B 609 x (120 °F — 47.35 °F) /1000
oac = day yr Ib°F = " US gal ' /
= 11,870 kBtu/yr

The natural gas savings for a non-condensing tankless water heater can then be calculated from
the difference in equipment efficiencies as:

Natural Gas Savi 11,870 kBtu/yr (1 1> 907
= X — = .
atural Gas Savings YBtu 067 0.82 m®/yr
35.738 "

And the natural gas savings for a condensing tankless water heater can be calculated similarly
as:

Nat 1 Gas Savi _ 11,870 kBtu/yr o ( 1 1 ) 1307 m?
atural Gas Savings = KBt 067 091" 7m?/yr
35.738 oo

USES AND EXCLUSIONS

Natural gas-fueled tankless water heaters installed in residential buildings qualify for this
measure. The measure type must be new construction or TNR.

MEASURE LIFE

The measure life is 20 years [7].

INCREMENTAL COST

The incremental cost data is taken from an incremental cost study completed for six efficiency
programs in the northeast US during 2011. [8]

Data reviewed form this and other studies did not show significant variation in incremental cost
over the anticipated size range. The average values from the study are reported in Table 5.
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Table 5. Incremental Cost!

Type Material Installation Total
Non-Condensing $767 $900 $1,667
Condensing $1,166 $900 $2,066
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RESIDENTIAL/LOW INCOME — HEAT REFLECTOR PANELS — RETROFIT

Version Date and Revision History

Version
OEB Filing Date

OEB Approval Date

1.1 (minor change)
November 3, 2020

November 12, 2020

Residential/Low-Income - Space Heating > Heat Reflector Panels> Retrofit

Table 1 provides a summary of the key measure parameters and savings values.

Table 1. Measure Key Data

Parameter

Definitions

Measure category

Retrofit

Baseline technology

No heat reflector panel installed behind radiator

Efficient technology Heat reflector panel installed behind radiator
Market type Residential/Low Income

Annual natural gas Efficient Technology Savings
savings per single 4.1% reduced gas

family household (m?) consumption 143.2 m?
Measure life 25 years

Utility to use actual per heat reflector panel cost in the year when
savings are claimed. Likewise, installation costs to be
determined similarly, based on utility in-field experience.

Incremental cost

To qualify for this measure, heat reflector panels must be
implemented in older single-family residential homes by direct
install using certified contractors.

Restrictions

OVERVIEW

Space heating represents a large share of the energy consumption in homes. For older
hydronically (hot water) heated homes, one of the simplest ways to reduce space heating costs
is to reduce the amount of heat being absorbed by surrounding walls. Installing heat reflector
panels behind radiators can have a noticeable impact on a residence’s space heating energy
consumption. The savings that can be achieved are attractive since this measure is relatively
inexpensive and easy to implement.

A heat reflector panel, attached to the wall behind radiators, reflects heat back into the room
that would usually be absorbed by the wall. Also, the air trapped behind the radiator prevents
conductive heat loss to the exterior.
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APPLICATION

This measure pertains to the implementation of heat reflector panels in older (built before 1980)
single-family residential homes that have hydronic heating through radiators served by boiler
systems.

BASELINE TECHNOLOGY

The baseline technology is an older (built before 1980) single-family residential home with
radiant heating and no heat reflector panels attached to the wall behind a radiator.

EFFICIENT TECHNOLOGY

The efficient technology is a saw tooth panel made of clear PVC with a reflective surface
attached to the wall behind a radiator. [1]

ENERGY IMPACTS

The primary energy impact associated with implementation of heat reflector panels is a
reduction in heat loss through the wall, thus resulting in a reduction in natural gas
consumption. Table 1 in the “Overview” section provides annual savings values (m? of natural
gas) per single family home.

NATURAL GAS SAVINGS ALGORITHM

Results of Load Research Study

This algorithm outlines a methodology to determine the energy consumption as a function of
the average boiler consumption of a single-family residence. It is based on a study conducted by
Enbridge Gas Distribution Load Research Group in 2007 with the specific purpose of
investigating the effects of heat reflector panels on residential heating consumption.

The study examined the gas consumption of boilers before and after the installation of heat
reflector panels; the research details and study results were presented by Enbridge Gas
Distribution in a 2008 report [2].

Automatic meter reading (AMR) equipment was installed at 31 randomly selected sample sites
and boiler consumption was monitored for several weeks. Heat reflector panels were then
installed by a panel manufacturer and monitoring of consumption continued. The daily
consumption data collected was then separated into two groups: consumption before the
installation of the heat reflector panel and consumption after the installation of the heat reflector
panel.

2 Ontario TRM
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Using the daily consumption data, the direction and magnitude of the impact of heat reflector
panels was calculated by comparing the pre-installation period use-per-degree-day with the
post-installation period use-per-degree-day for each site.

The study concluded that heat reflector panels, on average, reduced gas consumption by 4.1%
within the sample. A 90% confidence interval was also computed for the average estimate
(vielding a low value of 2.8% and a high value of 5.4%). The study provided 90% confidence
that the true average would fall between the provided ranges when inferring from the sample
to the population. The study results are summarized in Table 2:

Table 2. Summary of Results from EGD Load Research Group (2007) Study [2]

Number of Sites 31
Study Start Date November 23, 2007
Study End Date March 31, 2007
Average Change in Consumption -4.1%
Standard Deviation of the Change 4.4%
90% Confidence Interval (High) -5.4%
90% Confidence Interval (Low) -2.8%

A previous Enbridge Gas Distribution Load Research study conducted in 2006 showed the
average annual boiler consumption (with a 90% confidence interval) for a single-family
residence to be 3,493 m? [2]. Applying the average change in consumption resulting from the
Heat Reflector Panel study to an average boiler consumption of 3,493 m? resulted in an annual
gas consumption savings value of 143.2 m3.

Annual energy savings (m3/year)
= Average annual consumption (m3/year)
* Average change in consumption due to heat reflector panels (%)

ASSUMPTIONS

Table 3 provides a list of constants and assumption used in the derivation of the gas
consumption savings values.

Table 3. Constants and Assumptions

Assumption Value Source
Average annual boiler consumption for 3493

; . , 3 : (2]
an older single family residence (m?)
Minimum space between radiator and 0.25 [3]

the wall (inches)

Ontario TRM
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SAVINGS CALCULATION EXAMPLE

The scenario for the gas savings is as follows. A heat reflector panel will be installed by certified
contractors in a single-family residence which previously did not have any heat reflector panels.

Natural Gas Savings

Using the equation above for the installation of heat reflector panels compared to a residence
not previously having any heat reflector panels,

Annual energy savings (m3/year)
= Average annual consumption (m3/year)
* Average change in consumption due to heat reflector panels (%)

= 3,493 m3/year * 4.1%

Annual energy savings = 143.2 m3/year

USES AND EXCLUSIONS

To qualify for this measure, heat reflector panels must be implemented in older single-family
residential homes by direct install using certified contractors.

MEASURE LIFE

The measure life attributed to this measure is 25 years [4]

INCREMENTAL COST

The incremental cost for this measure could not be determined by looking at big-box retailer
data. However, the previous substantiation sheet based the incremental cost on bulk purchases
by the utility for program implementation. Since the incremental cost of the measure in the
previous substantiation sheet is based on actual cost to the utility, it is the most accurate data.
This method is consistent with other TRMs.

Table 4 presents the measure incremental cost.

Table 4. Measure Incremental Cost

Measure Category Incremental Cost ($)
Utility to use actual per heat reflector panel cost in the year when
All measure categories savings are claimed. Likewise, installation costs to be determined
similarly, based on utility in-field experience.
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Residential - Building Envelope—> Cathedral/Flat Roof Insulation - Retrofit

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Measure Retrofit (R)
Category
Baseline Various insulation levels, please see baseline technology section.
Technology
Efficient Achieve minimum nominal R-value of R-20 or R-28, please see efficient technology section
Technology
Market Type Residential, Residential-other use'
Manual thermostat Programmable thermostat Adaptive thermostat
Existing Min.
Nominal | Upgrade | pejta Rvalue Air leakage Delta R-value Air leakage Delta R-value Air leakage
R-value R-value savings? reduction savings? reduction savings? reduction
(m®/ft2) savings® (m3/yr) (m®/ft2) savings® (m3/yr) (m®/ft2) savings® (m®/yr)
Annual No R-20 0.882 423 0.864 415 0.794 381
Natural Gas | ;sulation
Savings
>R-0 to R-20 0.105 223 0.103 219 0.095 201
R-12

1 Residential- other use refers to residential buildings, used for major occupancies classified as: business and personal services
occupancies, or mercantile occupancies. Medium hazard industrial occupancies and low hazard industrial occupancies is not included.
2 Natural gas savings due to delta R-value only. It does not include the effect of air leakage reduction inherent from the ceiling
insulation activity.
3 Natural gas savings due to the air leakage reduction from Cathedral/Flat roof insulation activity. It does not include the savings from
delta R-value. It is only applicable when the measures completed in the home is either Cathedral/Flat roof insulation or Cathedral/Flat

roof + Attic insulation. If customer completes any other measure such as: Basement insulation, space heating equipment upgrade, etc.,

the air leakage reduction savings will not apply. The savings associated with the reduction of air leakage inherent of the ceiling

insulation activity were calculated based on total air volume reductions obtained from HOT2000 simulations using input data extracted
from blower door test results in homes that underwent similar attic insulation upgrades as part of the EGI HER+ 2019-2020 program

years. The data used to substantiate these assumptions includes homes that completed only ceiling insulation and do not capture
interactive effects with other measures mentioned before, hence the restriction in the savings related to the air leakage reduction.
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Parameter Definition
No R-28 0.920 423 0.902 415 0.828 381
insulation
>R-0 to R-28 0.143 223 0.141 219 0.129 201
R-12
>R-12 to R-28 0.040 220 0.039 216 0.036 198
R-25
Manual thermostat Programmable thermostat Adaptive thermostat
Existing Min.
Nominal Upgrade Delta R-value Air leakage Delta R-value Air leakage Delta R-value Air leakage
R-value R-value impacts* reduction impacts* reduction impacts* reduction
(KWh/ft?) impacts® (KWh(ft?) impacts® (KWh/ft?) impacts®
(kWh/yr) (kWh/yr) (kWh/yr)
No R-20 0.124 167 0.121 162 0.107 162
insulation
Annual | >R-0to R-20 0.015 88 0.014 86 0.013 85
Electricity R-12
Impact for
Residential
Buildings
Equipped No R-28 0.130 167 0.126 162 0.112 162
with Central | insulation
Air
Conditioning
>R-0 to R-28 0.020 88 0.020 86 0.017 85
R-12

4 Electricity impacts due to delta R-value only. It does not include the effect of air leakage reduction inherent from the Attic insulation
activity.

5 Electricity impacts due to the air leakage reduction from Cathedral/Flat Roof insulation activity. It does not include the savings from
delta R-value. It is only applicable for when the measures completed in the home is either Cathedral/Flat roof insulation or
Cathedral/Flat roof + Attic insulation. If customer completes any other measure such as: Basement insulation, space heating equipment
upgrade, etc., the air leakage reduction savings will not apply. The savings associated with the reduction of air leakage inherent of the
ceiling insulation activity were calculated based on total air volume reductions obtained from HOT2000 simulations using input data
extracted from blower door test results in homes that underwent similar attic insulation upgrades as part of the EGI HER+ 2019-2020
program years. The data used to substantiate these assumptions includes homes that completed only ceiling insulation and do not
capture interactive effects with other measures mentioned before, hence the restriction in the savings related to the air leakage
reduction.
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Parameter Definition
>R-12 to R-28 0.006 87 0.005 84 0.005 84
R-25
Measure
30 years
Life y
Existing Nominal R-value Min. Upgrade R-value $ CAD/ ft2 of insulated area
No insulation R-20 $6.17
Incremental >R-0 to R-12 R-20 $3.11
Cost
($ CAD/ ft2 No insulation R-28 $7.96
of insulated
area) >R-0 to R-12 R-28 $5.17
>R-12 to R-25 R-28 $2.94
Restricted to residential buildings® of three or fewer storeys in building height, having a building area not
exceeding 600 m?, used for major occupancies classified as: residential occupancies, business and personal
Restrictions | services occupancies, or mercantile occupancies. For which the space heating load is satisfied by a natural
gas heating system. This sub doc does not apply to hybrid-fuel space heating systems (i.e., an electric heat
pump satisfying a portion of the space heating load). In addition, footnotes 3 and 5 on this document.
OVERVIEW

A cathedral ceiling is an architectural feature in a building, characterized by its steeply sloping or
arched design that resembles the interior of a cathedral. These ceilings rise diagonally from the
walls to form a peak or ridge at the center. Cathedral ceilings are often constructed with a high,
open central space, which can be used for various purposes such as providing a sense of openness

and allowing for the installation of large windows, skylights, or decorative elements. This
architectural design is popular for its aesthetic appeal and the feeling of openness it imparts to a

room.

A flat roof is a type of roof that has a horizontal or flat appearance. Unlike cathedral roofs, which
have a noticeable incline to allow rainwater and snow to naturally drain off, flat roofs have a

minimal slope that might not be easily noticeable. Flat roofs are used in residential buildings for

various reasons, such as modern architectural aesthetics, cost-effectiveness, or to provide outdoor

living spaces on the roof.
Structurally, flat roofs and cathedral roofs are alike, and the insulation installation methods are the
same for both. Compared to conventional attics, one challenge with cathedral ceiling and flat roof

6 Medium hazard industrial occupancies and low hazard industrial occupancies is not included.
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insulation retrofits is that the interior surface of the ceiling is finished with drywall or paneling,
which must be removed prior to installation (blow-in insulation may be used in limited scenarios).
Cathedral ceiling and flat roof insulation can be installed in a similar fashion to insulation in an
exterior facing wall, fitting batts, spray foam, and/or rigid foam insulation between the joists on
the inside of the ceiling. In most cases the existing insulation is removed to make room for the
upgrade insulation material.

It is sometimes possible to add additional insulation on top of the existing insulation; rigid foam
insulation can be installed above the roof sheathing on the outside of the surface, and a new roof
layer created on top of it. This allows the installer to leave the existing insulation inside the
ceiling/roof assembly and reduces the amount of additional insulation material required to achieve
the desired insulating effect.

Increasing the insulation of a specific building component enhances thermal resistance (R-value)
and minimizes heat transfer, thus reducing the energy needed to compensate for heat loss in the
heating season, and for heat gains in the cooling season.

Increasing the insulation of the cathedral/flat roofs also reduces air leakage through the roof
assembly, thus reducing the energy needed to heat or cool the replacement air.

Energy savings are determined through engineering algorithms. Annual energy savings from
enhanced thermal resistance (Delta R-value savings) are expressed in cubic meters per square foot
of insulation for natural gas (m?/ft?) and kilowatt hours per square foot of insulation for electricity
(kWHh/ft?). Annual air leakage reduction savings are expressed in cubic meters per attic for natural
gas (m?) and in kilowatt hours per attic for electricity (kWh).

APPLICATION

This measure applies to:

e The addition or replacement of Cathedral/Flat roof insulation in a residential home in
Ontario to achieve a minimum insulation value of nominal R-20 or R-28, Table 2.

e Residential buildings for which the space heating load (full load) is satisfied by a natural
gas heating system.

e Itis applicable to residential buildings of three or fewer storeys in building height, having a
building area not exceeding 600 m?, used for major occupancies classified as: residential
occupancies, business and personal services occupancies, or mercantile occupancies.

This measure does not apply to:
e Hybrid-fuel space heating systems (i.e., an electric heat pump satisfying a portion of the
space heating load).
¢ Residential buildings used for major occupancies classified as: medium hazard industrial
occupancies and low hazard industrial occupancies.
e This measure requires a member of the implementation staff to evaluate the pre- and post-
project R-values and to measure the retrofitted Cathedral/Flat roof area.
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BASELINE TECHNOLOGY

The baseline technology refers to the existing Cathedral/Flat roof insulation conditions,
categorized into three levels of nominal insulation:

e No insulation
o >R-0toR-12
e >R-12 to R-20

These categories represent the varying degrees of insulation present in existing Cathedral/Flat roof
before any improvements are made.

EFFICIENT TECHNOLOGY

The energy efficient case is summarized in Table 2.

Table 2. Efficient technology. Cathedral/Flat roof insulation

Baseline Efficient Technology

(minimum R-value)
No Insulation R-20, or R-28
>R-0 to R-12 R-20, or R-28
>R-12 to R-25 R-28

ENERGY IMPACTS

Energy savings are achieved because of the difference in thermal resistance between the upgraded
condition (R-20/R-28 as applicable) and the baseline condition (various) of the cathedral/flat roof.
The increased insulation reduces the rate of heat flow between the conditioned space and the
outdoor air, reducing the amount of energy needed to heat or cool the conditioned space of the
home. In addition, ceiling insulation can contribute to air leakage reduction through the roof,
reducing the amount of energy to heat or cool the replacement air.

NATURAL GAS SAVINGS ALGORITHM

The following algorithms were used to determine natural gas savings for the cathedral/flat roof
insulation measure. The calculations were performed on an hourly basis using the Canadian
Weather Year for Energy Calculation (CWEC 2020). [1]

The analysis is based on three distinct baselines:

¢ Manual - Baseline building uses a manual (non-programmable) thermostat.
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e Programmable — Baseline building uses a programmable thermostat, allowing for
programmed variable cooling setpoints.

e Adaptive — Baseline building uses an adaptive thermostat.

The natural gas savings presented in Table 1 for the Manual baseline were obtained by assuming
that 45%7 of manual thermostat users keep the heating setpoint temperature fixed, while 55% of
users manually setback the setpoint temperature at night and when leaving their home, following
the setpoint schedule presented in Table 3. [2]

The natural gas savings in Table 1 for the Programmable and the Adaptive baselines were derived
from the values for the Manual baseline by applying “savings reduction factors” that reflect the
space heating energy savings obtained in residential buildings when upgrading from manual
thermostats to programmable or adaptive thermostats:

Natural gas savings reduction factors

A billing data analysis of Enbridge Participants in the Adaptive thermostat program for the 2021
program year, presented in a report by ICF, shows average reductions in natural gas consumption
for space heating of 8% and 10% in residential buildings where adaptive thermostats replaced
programmable thermostats and manual thermostats, respectively. [3] These values imply a
reduction in natural gas consumption of 2% when replacing manual thermostats by programmable
thermostats. Hence, natural gas savings reduction factors of 2% and 10%, respectively, were
applied to the Manual baseline savings of Table 1 to obtain the savings for the Programmable and
the Adaptive baselines.

The total natural gas savings from Cathedral/Flat roof insulation have two major components:

¢ Natural gas savings due to delta R-value only. It does not include the effect of air leakage
reduction inherent from the Cathedral/Flat roof insulation activity.

e Natural gas savings due to the air leakage reduction from Cathedral/Flat roof insulation
activity. It does not include the savings from delta R-value.

The Natural Gas savings algorithms are presented in two sections:

1. Calculation of the annual natural gas savings per unit of area. This is the annual natural gas
savings from enhanced thermal resistance (Delta R-value savings). They are expressed in
cubic meters per square foot of insulation for natural gas (m3/ft?) as shown in Table 1, and

2. Calculation of the natural gas savings due to air leakage reduction, expressed in cubic
meters (m?) as shown in Table 1.

7 Here, 45% corresponds to (1 - 55%) where 55% is the assumed percentage of manual thermostat users that keep the heating and
cooling setpoint temperatures fixed, and 55% is the average of values - 44% and 66% - from two studies referred to in the Residential
Retrofit Low Income Programmable Thermostats measure of version 8.0 of the Ontario NG TRM.
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Section 1. Calculation of the annual natural gas savings per unit area

NGAR savings — ((1 - pCtsetback) X NGAR savings—fixed + DCtsetback X NGAR savings—setback)

X (1 — SRF)

NGAR savings—fixed

= (Ueffective—baseline - Ueffective—eff)

8,760
z:hr=1

(ATR—heating—fixed X Hrheating—fixed)

NGAR savings—setback

35,738 X Eff

= (Ueffective—baseline - Ueffective—eff)

28,720
X hr=1

(ATR—heating—setback X Hrheating—setback)

where,

N GAR savings =

pCt setback =

Ueffective—baseline =

Ueffective—eff =

ATR—heating =

35,738 X Eff

Annual natural gas savings per square foot of insulated Cathedral/Flat
roof area due to increase in AR-value (m3/ft?)
NGyg savings—fixea for fixed setpoint temperature, and

NGyg savings—setback for schedule-based temperature setback

Percentage of manual thermostat users that perform manual schedule-
based temperature setback

Cathedral/Flat roof assembly overall effective U-value for baseline
[Btu/ (°F-ft*-hr)]

Cathedral/Flat roof assembly overall effective U-value for energy-
efficient case [Btu/ (°F-ft>-hr)]

Space heating temperature difference between indoor and outdoor
conditions for Delta R-value savings (°F)

ATR heating-rixea for fixed setpoint temperature, and

ATR_heating-setback for scheduled-based temperature setback

HTheating = Value indicating whether space heating was turned on (=1) or off (=0)
Hrheating = IF(Tdry—bulb < Tbalance—heating)
e If TRUE, » H7peqring = 1, heating required.
Ontario TRM 7
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e If FALSE, » Hrpeqting = 0, no heating required.

HTheating—rixea for fixed setpoint temperature, and

HTheating-setback for schedule-based temperature setback

35,738 = Energy density of natural gas (Btu/m?)
Eff = Heating system steady state efficiency (%)
SRF = Savings Reduction Factor for thermostat type

Calculation of the Cathedral/Flat roof assembly-overall effective U-value - Ugffective

1
Uvalue—effective = RSIippa % C1
tota

RSItotal = RSIroof + RSIcavity + RSIplaster + RSIair

1
RSleaviey = —g5F %BF
RSIsoftwood RSInominal
where,
Uvatue—effective = Cathedral/Flat roof assembly overall effective U-value [Btu/ (°F-ft2-hr)]
RSlotar = Cathedral/Flat roof assembly overall effective RSI (m2-K/W)
oR. 2,
1 ~ Conversion factor RSI to R-value [M}
(m?-K)/w
RSl 005 = Effective RSI value of 1” roof sheathing wood board (m>K/W)
RS1cqvity = Effective RSI value of the insulation cavity (m2K/W)
RSLyaster = Effective RSI value of 1” plaster and lathe (m?-K/W)
RSI,ir = Effective RSI value of interior air flow (m>K/W)
%F = DPercent of total area corresponding to framing
%BF = Percent of total area corresponding to material® between the framing
RSlsoftwooa-rc = Effective RSI value of softwood lumber (Rough Cut) (m2K/W)

8 When no insulation exists, this material is air.
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RSIhomina = Nominal insulation RSI value (m?-K/W)
e Fornominal RO < RSL,ominai = W + RSIgir—cavity
e For nominal bigger than RO - RSl ominai = W
Rvaluenominar = Nominal insulation R-value (°F-ft>-hr/BTU)

RSlgir—cavity Effective RSI value of air in cavity (m2K/W)

Calculation of space heating temperature difference between indoor and outdoor
conditions — ATg_peqting

ATR—heatin‘_q—fixed = Tbalance—heating - Tdry—bulb

ATR—heating—setback

= [F[Tbalance—heating—setback

= 0,0, Max. (0' Tbalance—heating—setback - Tdry—bulb)]

Tbalance—heating

Tbalance—heating—setback = Tsetpoint—setback T
setpoint—heating

where,

ATg—heating-fixed = Difference between heating balance point temperature and
outdoor temperature — if value is negative set to 0 (°F)

Tpatance-heating = Heating balance point temperature (°F)

Tary-puip = Outdoor dry bulb temperature (°F)

ATg—heating-setback = Difference between adjusted heating balance point temperature
and outdoor temperature — if value is negative set to 0 (°F)

Tyatance-heating-setback = Adjusted heating balance point temperature, based on setback
schedule (°F)

Tsetpoint-heating = Indoor heating setpoint temperature (°F) — fixed temperature

Tsetpoint—setback = Indoor heating setpoint temperature (°F) — schedule-based

temperature setback

Section 2. Calculation of the annual natural gas savings due to air leakage reduction
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NGAQ savings = ((1
X (1 — SRF)

where :

NGAQ savings—fixed =

NGAQ savings—setback =

where,

NGAQ savings

60

AQ

ATQ—heating

- pCtsetback) X NGAQ savings—fixed + PClsetback X NGAQ savings—setback)

2:6(1)(60 X p X C XAQ X ATQ heating—fixed X Hrheatmg flxed)
35,738 x Eff
2:62(60 XpX C X AQ X ATQ —heating—setback X Hrheatmg)
35,738 X Eff

= Natural gas savings from the air leakage reduction due to
cathedral/flat roof insulation activity (m®/yr)

NGyg sqvings—rixea for fixed setpoint temperature, and
NGag sqvings—setback for schedule-based temperature setback
=  Conversion factor (min/hr)

= Density of dry air, calculated from typical weather data
representing each hour in the specific climate zone (Ib/ft%)

= Specific heat of air (Btu/lb.°F)

= Reduction in leakage airflow rate between baseline and energy
efficient case resulting from attic insulation (cfm)

= Space heating temperature difference between indoor and
outdoor conditions for air leakage reduction savings (°F)

ATy heating—fixea for fixed setpoint temperature, and

ATy heating-setback for schedule-based temperature setback

Calculation of space heating temperature difference between indoor and outdoor
conditions for air leakage reduction savings — AT,_peqting

ATQ—heating—fixed = Tsetpoint—heating - Tdry—bulb

ATQ—heatting—setfback,

= IF[Tsetpoint—heating—setback

= 0,0, Max. (0' Tsetpoint—heating —setback — Tdry—bulb)]

where,

10
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ATo—heating-fixed = Difference between fixed heating setpoint temperature and
outdoor temperature - if value is negative set to 0 (°F)

Difference between schedule-based heating setpoint
temperature and outdoor temperature — if value is negative
set to 0 (°F)

ATQ—heating —setback

Tsetpoint—heating—setback = Indoor heating setpoint temperature (°F) — schedule-based
temperature setback

ELECTRIC SAVINGS ALGORITHM

The following algorithms were used to determine electric impacts for the Cathedral/Flat roof
insulation measure. The calculations were performed on an hourly basis using the same insulation
baselines assumptions as the natural gas section for Fixed vs Schedule set back base temperature.

The electricity impacts presented in Table 1 for the Manual baseline were obtained by assuming
that 45%’ of manual thermostat users keep the heating and cooling setpoint temperatures fixed,
while 55% of users manually setback the setpoint temperatures at night and when leaving their
home, following the setpoint schedule presented in Table 3. [2]

The electricity impacts in Table 1Error! Reference source not found. for the Programmable and the
Adaptive baselines were derived from the values for the Manual baseline by applying “impact
reduction factors” that reflect the space cooling energy impact obtained in residential buildings
when upgrading from manual thermostats to programmable or adaptive thermostats:

Electricity impact reduction factors

The ICF report shows a space cooling energy consumption lower by 11% in residential buildings
with adaptive thermostats than in buildings with programmable thermostats. [3] Electricity
“impact reduction factors” of 3% between the Manual and the Programmable baselines, and of
14% between the Manual and Adaptive baselines were derived from the 11% value by assuming
similar ratios between the reduction factors of the various thermostat upgrades in cooling than in
heating.” The electricity impacts for the Programmable and Adaptive baselines in Table 1 were
therefore calculated by applying impact reduction factors of 3% and 14%, respectively to the
electricity impacts for the Manual baseline.

The total electricity impact from Cathedral/Flat roof insulation has two major components:

e Electricity impact due to delta R-value only. It does not include the effect of air leakage
reduction inherent from the Cathedral/Flat roof insulation activity.

° For example, the ratio of impact reduction factor for upgrading from Manual to Adaptive to that from Programmable to Adaptive
(11%), was assumed equal to the ratio of the savings reduction factor in heating from Manual to Adaptive (10%) to that from
Programmable to Adaptive (8%), hence equal to 10%/8%*11% = 14%.
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Electricity impact due to the air leakage reduction from Cathedral/Flat roof insulation
activity. It does not include the savings from delta R-value.

The electricity impact algorithms are presented in two sections:

1.

Calculation of the annual electricity impact per unit of area. This is the annual electricity
cooling impact from enhanced thermal resistance (Delta R-value savings). They are
expressed in kilowatt hours per square foot of insulation for electricity (kWh/ft?) as shown
in Table 1, and

Calculation of the annual electricity impact due to air leakage reduction, expressed in kWh
as shown in Table 1.

Section 1. Calculation of the annual electricity impact per unit area

ElecAR impact = ((1 - pCtsetback) X ElecAR impact—fixed + PCtsetback X ElecAR impact—setback)
x (1 — IRF)
where:

8,760
Zhr:1(ATcooling—fixedXHrcooling—fixed)
COP(ooling*3,412

ElecAR impact—fixed = (Ueffective—baseline - Ueffective—eff) X

ElecAR impact—setback
= (Ueffective—baseline - effective—eff)

8,760
% Zhr=1(ATcooling—setback X Hrcooling—setback)
COPpo1ing X 3,412

where,

Elecag impact = Annual electricity impact per square foot of insulated Cathedral/Flat
roof area due to increase in AR-value (kWh/ft?)
Elecag impact—fixea for fixed setpoint temperature, and
Elecag impact-setback for schedule-based temperature setback

Uesrective-baseline = Cathedral/Flat roof assembly overall effective U-value for baseline
[Btu/ (°F-ft-hr)]

Uefrective—eff = Cathedral/Flat roof assembly overall effective U-value for energy-
efficient case [Btu/ (°F-ft>-hr)]

ATcooting = Space cooling temperature difference between indoor and outdoor

conditions (°F) —if value is negative set to 0 (°F)

12
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ATcooting-fixea for fixed setpoint temperature, and
ATcoo1ing—setback for schedule-based temperature setback
HTeooting = Value indicating whether space cooling was turned on (=1) or off (=0)

Hrcooling = IF(Tdry—bulb > Tbalance—cooling)

e If TRUE, = H74p1ing = 1, cooling required.
e If FALSE, » Hrgpoiing = 0,10 cooling required

HT¢ooting-fixea for fixed setpoint temperature, and

HT¢ooting-setback for schedule-based setback

COPcooling = Cooling system coefficient of performance
3,412 = Conversion factor, Btu per kWh (Btu/kWh)
IRF =

Impact Reduction Factor for thermostat type

Calculation of space cooling temperature difference between indoor and outdoor
conditions - AT 45ing

ATcooling—fixed = Tdry—bulb - Tsetpoint—cooling

ATcooling—setback = Tdry—bulb - Tsetpoint—cooling—setback

where,

ATcooling-fixed = Difference between fixed cooling setpoint temperature and
outdoor temperature — if value is negative set to 0 (°F)

ATcooting-setback = Difference between schedule-based cooling setpoint
temperature and outdoor temperature — if value is negative set
to 0 (°F)

Tsetpoint—cooling = Fixed indoor cooling setpoint temperature (°F)

Tsetpoint—cooling—setback = Indoor cooling setpoint temperature with schedule-based
setback (°F)

Section 2. Calculation of the annual electricity impact due to air leakage reduction
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ElecAQ impact = ((1 - pCtsetback) X ElecAQ impact—fixed + pCtsetback X ElecAQ—setback)

x (1 — IRF)

where:

X

?17?:62[60 X pX AQ X (hoc - hic—fixed) X Hrcooling—fixed]

ElecAQ impact—fixed =

ElecAQ impact—setback =

and,

EleCAQ impact =

ASSUMPTIONS

COPcpoling % 3,412

22772(1)[60 X p X AQ X (hoc - hic—setback) X Hrcooling—setback]

COPopling X 3,412

Annual electricity impact from the air leakage reduction due to
cathedral/flat roof insulation activity (kWh/yr)

Elecag impact-fixea for fixed setpoint temperature, and
Elecag impact—setback for schedule-based temperature setback
Conversion factor (min/hr)

Density of dry air, calculated from typical weather data representing
each hour in the specific climate zone (Ib/ft?)

Reduction in leakage airflow rate between baseline and energy efficient
case resulting from Cathedral/ Flat roof insulation (cfm)

Enthalpy of outdoor air, calculated from typical weather data
representing each hour in the specific climate zone (Btu/Ib)

Enthalpy of indoor air, calculated at setpoint (Btu/lb)

hic_fixea for fixed setpoint temperature, and

hic—setback for schedule-based temperature setback

Table 3 provides a list of assumptions utilized in the measure savings algorithm to derive the
stipulated savings values listed in Table 1 above.

14
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Table 3. Assumptions

Variable Definition Value Unit Source
°F. ft?-hr)/Bt
C1 Conversion factor RSI to R-value 5.678 CF-f n/Bty [4]
(m? - K)/W
Conversion factor inches to mm 254 mm/in [5]
Density conversion factor from metric
C2 . ) 0.062428 (Ib/ft3)/(kg/m?3) [6]
to imperial
C3 Volume flow rate conversion factor 2.118880 cfm/ (L/s) [7]
Effective RSI value of 1” softwood
RSLoof 0.221 m2-K/IW
plywood sheathing
Effective RSI value of 1” plaster and
RS aster 0.1575 m2-K/IW
P lathe
Effective RSI value of interior air flow [8]
RS, . 0.11 m2-K/IW
(horizontal, heat flow up)
Effective RSI value of softwood
RSlsoftwooa—re 1.326 m2-K/IW
lumber, rough cut
RSlgir—cavity Effective RSI value of 1” air cavity 0.150 m2-K/W
Percent of total area corresponding to
%F . 13.01 %
framing [9] Table
Percent of total area corresponding to R1-1, note 3
%BF ] ) 87.07 %
material11 between the framing
Rvalue,,,,; (°F - ft? - hr)
nominat Nominal insulation R-value for baseline and upgrade case /B f
tu
(°F - ft%- hr)
Rvaluenominal—baseline Rvaluenominal—upg‘rade
/Btu
[10] Section
No (°F - ft% - hr)
) 0 20, 28 3.3
Insulation /Btu
>R-0to R-12 | 10.6 20, 28 (°F - ft?")/Btu
>R-12 to R- (°F - ft%- hr)
19.8 28 f
25 /Btu

10’ Assumes an on centre spacing configuration of 16” with 2”x6”.

11 When no insulation exists, this material is air.

Ontario TRM
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Variable Definition Value Unit Source
Percent of manual thermostat users
PClsetback that perform manual thermostat 55% - [2]
setback
Tsetpoint—heating—rixea | Fixed Setpoint temperature-heating 68 oF [11]
Tpatance—heating Balance Point temperature-heating 6312 oF [111,[12]
Tsetpoint—cooting—fixed Fixed Setpoint temperature-cooling 75 oF [11]
Tyatance—cooling Balance Point temperature-cooling 70 oF [11], [12]
Tary—buib Outdoor dry bulb temperature Various 13 °F [1]
Various
68 — at home
T Indoor heating setpoint temperature - 62 — away o [10] Tables
setpommt=heating=setback | < hedule based temperature set back | 62 — nighttime 6,7 and 8
62 — away on
vacation
Various:
75 — at home
. Indoor cooling setpoint temperature — 85 — away oF [10] Tables
setpomecooling=setback | < hedule-based temperature setback | 75 — nighttime 6,7 and 8
85 — away on
vacation
Theooting Cooling indoor relative humidity 50 % [11]
. Common
Energy Density of Natural Gas 35,738 Btu/m3 )
assumption
Heating System Steady State [10] Section
Eff o 96.0 %
Efficiency 3.3
AQ Reduction in leakage air flow rate
between baseline and energy efficient | Various cfm [13]
upgrade (R-50)

12 Assumes that heat gains from the sun and internal processes contribute on average 5°F of “free heat,” allowing a setpoint of 68°F with
heating required only when the outdoor temperature drops below 63°F as per 2021 ASHRAE Handbook Fundamentals. Better-

insulated, more airtight buildings can have lower balance point temperatures.
13 This is the hourly weather profile for London-ON, used in the Ontario TRM to calculate heating and cooling weather-related common

assumptions.

16
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Variable Definition Value Unit Source
No Insulation baseline
75 cfm
>R-0 to R-12 baseline 39 cfm
>R-12 to R-25 baseline
39 cfm
Pair Density of dry air Ib/ft3
hoe Enthalpy of outdoor air Hourly calculation Btu/lb
hi. Enthalpy of indoor air Btu/lb
Common
Cp Specific heat of dry air 0.240 Btu/(lb-°F) )
assumption
CcoP Air Conditioner nominal COP 2.79 kW/kW EGI data™
Baseline:
Manual: 0%
RF i R tion Fact 14
S. Savings Reduction Factor Programmable: 2% [14]
Adaptive:10%
Baseline:
Manual: 0%
IRF Impact Reduction Factor [3]
Programmable: 3%
Adaptive: 14%

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas and electric impacts for cathedral/flat roof
insulation (1000 {t?) of a home with a manual thermostat. The insulation was upgraded from a
nominal baseline of R-11 to nominal R-28.

Nominal R-11 corresponds to Existing nominal R-value bucket “>R-0 to R-12” and the upgrade R-
value is “R-28” in Table 1, therefore:

If the customer is completing Cathedral/Flat Roof insulation measure only or Cathedral/Flat Roof insulation
+ Attic insulation,

Annual natural gas savings:
3

m
1000 ft? x 0.143 ]? +223m3 =367 m3

14 Average Air conditioner COP in a residential home from EGI HER+ participants (2019-2020 program years)
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Annual electrical impact:

+ 88 kWh = 108 kWh

1000 ft? x 0.02 kWh
f - ftz
If the customer is completing Cathedral/Flat Roof insulation, in addition to other measures - other than Attic
insulation - (example upgrading the space heating equipment, Basement insulation, etc.),

Annual natural gas savings:
3

m
1000 ft? x 0.143 — = 143 m3
ft?

Annual electrical impact:

kWh
1000 ft* x 0.02 T = 20 kWh

USES AND EXCLUSIONS

This measure does not apply to:
e Hybrid-fuel space heating systems (i.e., an electric heat pump satisfying a portion of the
space heating load).
e Residential buildings used for major occupancies classified as: medium hazard industrial
occupancies and low hazard industrial occupancies.
e This measure requires a member of the implementation staff to evaluate the pre- and post-
project R-values and to measure the retrofitted cathedral/flat roof area.
Natural Gas savings and Electricity impact due to the air leakage reduction from Cathedral/Flat
roof insulation activity shown in Table 1, does not include the savings from delta R-value. It is
only applicable when the only measure(s) completed in the home is (are) Cathedral/Flat roof
insulation or Cathedral/Flat roof insulation + Attic insulation. If the customer completes any other
measure such as: Basement insulation, space heating equipment upgrade, etc., the air leakage
reduction savings will not apply.

Please note that when Attic insulation + Cathedral is completed the following will apply:
1. The R-value natural gas savings/electricity impacts portion of this sub doc will apply, plus.
2. The air sealing natural gas savings/electricity impacts from this sub doc will apply, plus.
3. The R-value natural gas savings/electricity impacts from the Attic Insulation sub doc will

apply.

MEASURE LIFE

The measure life attributed to this measure is 30 years. [15]

INCREMENTAL COST

Incremental cost is presented in Table 4 below. [10] It assumes spray foam insulation.
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Table 4. Cathedral/Flat Roof Insulation Incremental Cost

Baseline Efficient nominal R- Incremental Cost
value (CAD $/ft?)
No Insulation R-20 $6.17
>R-0 to R-12 R-20 $3.11
No Insulation R-28 $7.96
>R-0 to R-12 R-28 $5.17
>R-12 to R-25 R-28 $2.94
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

Retrofit (R)

Baseline . . . . :
Various insulation levels, please see baseline technology section.
Technology
Efficient Achieve minimum nominal R-value of R-50
Technology
Market Type Residential, Residential-other use'
Manual thermostat Programmable Adaptive thermostat
Existing thermostat
Nominal
R-value Delta R-value Air leakage Delta R-value Air leakage Delta R-value Air leakage
savings? reduction savings® savings? reduction savings® savings? reduction
(m3/ft2) (m3yr) (m¥/ft2) (m3yr) (m®/ft2) savings® (m%/yr)
No 1.697 257 1.663 252 1.527 231
insulation
Annual Natural
Gas Savings
>R-0 to 0.212 208 0.208 204 0.191 187
R-12

1 Residential-other use refers to residential buildings, used for major occupancies classified as: business and personal services

occupancies, or mercantile occupancies. Medium hazard industrial occupancies and low hazard industrial occupancies is not included.
2 Natural gas savings due to delta R-value only. It does not include the effect of air leakage reduction inherent from the Attic insulation
activity.

3 Natural gas savings due to the air leakage reduction from Attic insulation activity. It does not include the savings from delta R-value.
It is only applicable when the only measure completed in the home is Attic insulation. If customer completes any other measure such as:
Cathedral/Flat roof Insulation, Basement insulation, space heating equipment upgrade, water heating equipment upgrade, etc. air
leakage reduction savings will not apply. The savings associated with the reduction of air leakage inherent of the Attic insulation
activity were calculated based on total air volume reductions obtained from HOT2000 simulations using input data extracted from
blower door test results in homes that underwent similar attic insulation upgrades as part of the EGI HER+ 2019-2020 program years.
The data used to substantiate these assumptions includes homes that completed only Attic insulation and do not capture interactive
effects with other measures mentioned before, hence the restriction in the savings related to the air leakage reduction.
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Parameter Definition
>R-12 to 0.088 203 0.086 199 0.079 183
R-25
>R-25 to 0.045 194 0.044 190 0.040 175
R-35
Manual thermostat Programmable thermostat Adaptive thermostat
Existing
Nominal Delta R-value Air leakage Delta R-value Air leakage Delta R-value Air leakage
R-value impact* reduction impact® impacts* reduction impact® impact* reduction
(KWh/ft?) (kWh/yr) (KWh(ft?) (kWh/yr) (KWh/ft?) impact® (KWh/yr)
No 0.239 102 0.232 98 0.206 87
insulation
Annual Electricity
Impact for | >R-0to 0.030 82 0.029 80 0.026 71
Residential R-12
Buildings
Equipped with | >R-12 to 0.012 80 0.012 78 0.011 69
Central Air R-25
Conditioning
>R-25 to 0.006 77 0.006 74 0.005 66
R-35
Measure Life 30 years
No insulation >R-0 to R-12 >R-12 to R-25 >R-25 to R-35
Incremental Cost $1.84 $1.84 $1.84 $1.84

($ CAD(/ ft2 of
insulated area)

Restrictions

Restricted to residential buildings® of three or fewer stories in building height, having a building area not
exceeding 600 m2, used for major occupancies classified as: residential occupancies, business and
personal services occupancies, or mercantile occupancies. For which the space heating load is
satisfied by a natural gas heating system. This sub doc does not apply to hybrid-fuel space heating
systems (i.e., an electric heat pump satisfying a portion of the space heating load). In addition,
footnotes 3 and 5 on this document.

4 Electricity impact due to delta R-value only. It does not include the effect of air leakage reduction inherent from the Attic insulation

activity.

5 Electricity impact due to the air leakage reduction from Attic insulation activity. It does not include the savings from delta R-value. It
is only applicable for when the only measure completed in the home is Attic insulation. If customer completes any other measure such
as: Cathedral/Flat roof Insulation, Basement insulation, space heating equipment upgrade, water heating equipment upgrade, this
savings will not apply. The savings associated with the reduction of air leakage inherent of the Attic insulation activity were calculated
based on total air volume reductions obtained from HOT2000 simulations using input data extracted from blower door test results in
homes that underwent similar attic insulation upgrades as part of the EGI HER+ 2019-2020 program years. The data used to substantiate
these assumptions includes homes that completed only Attic insulation and do not capture interactive effects with other measures
mentioned before, hence the restriction in the savings related to the air leakage reduction.

6 Medium hazard industrial occupancies and low hazard industrial occupancies is not included.
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OVERVIEW

The attic is found in the space located directly underneath the roof of a home. In many homes, the
attic may only be reached through a loft hatch using a ladder and is not accessible by stairs. The
attics referred to in this measure are unconditioned, meaning the attic is not livable.

Because attics sit above the conditioned spaces of a home, the floor of the attic is often insulated to
prevent heat loss. In unfinished attics, the air cavity above the insulated attic floor is vented,
allowing moisture and other contaminants to escape the space.

Attics are relatively straightforward to insulate compared to other building features because of
their ease of accessibility. There are several types of attic insulation available including batt,
blown-in, and spray foam insulation. A combination of these options may also be appropriate,
depending on the application.

It may be possible to add additional insulation on top of the existing insulation, such as adding a
layer of batt or rigid foam insulation on top of an existing layer of insulation. In some cases, the
existing insulation should be removed first, such as when the existing insulation is damaged or
poses a potential health risk.

Increasing the insulation of the attic enhances its thermal resistance (R-value) and minimizes heat
transfer, thus reducing the energy needed to compensate for heat loss in the heating season, and
for heat gains in the cooling season.

Increasing the insulation of the attic assembly also reduces air leakage, thus reducing the energy
needed to heat or cool the replacement air.

Energy savings are determined through engineering algorithms. Annual energy savings from
enhanced thermal resistance (Delta R-value savings) are expressed in cubic meters per square foot
of insulation for natural gas (m?/ft?) and kilowatt hours per square foot of insulation for electricity
(kWHh/ft?). Annual air leakage reduction savings are expressed in cubic meters for natural gas (m?)
and in kilowatt hours for electricity (kWh).

APPLICATION

This measure applies to:

e The addition or replacement of attic insulation in a residential home in Ontario to achieve a
minimum insulation value of nominal R-50.

e Residential buildings for which the space heating load (full load) is satisfied by a natural
gas heating system.

e Itis applicable to residential buildings of three or fewer stories in building height, having a
building area not exceeding 600 m?, used for major occupancies classified as: residential
occupancies, business and personal services occupancies, or mercantile occupancies.

This measure does not apply to:

e Hybrid-fuel space heating systems (i.e., an electric heat pump satisfying a portion of the
space heating load).

¢ Residential buildings used for major occupancies classified as: medium hazard industrial
occupancies and low hazard industrial occupancies.
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e This measure requires a member of the implementation staff to evaluate the pre- and post-
project R-values and to measure the retrofitted attic area.

BASELINE TECHNOLOGY

The baseline technology refers to the existing attic insulation conditions, categorized into four
levels of nominal insulation:

e Noinsulation
e >R-0toR-12

e >R-12to R-25
e >R-25to R-35

These categories represent the varying degrees of insulation present in existing attics before any
improvements are made.

EFFICIENT TECHNOLOGY

The energy efficient case is an attic with -at minimum -nominal R-50 insulation.

ENERGY IMPACTS

Energy savings are achieved because of the difference in thermal resistance between the upgraded
condition (R-50) and the baseline condition (various) of the attic. The increased insulation reduces
the rate of heat flow between the conditioned space and the outdoor air, reducing the amount of
energy needed to heat or cool the conditioned space of the home. In addition, insulation can
contribute to air leakage reduction.

NATURAL GAS SAVINGS ALGORITHM

The following algorithms were used to determine natural gas savings for the attic insulation
measure. The calculations were performed on an hourly basis using the Canadian Weather Year
for Energy Calculation (CWEC 2020). [1]

The analysis is based on three distinct baselines:
e Manual - Baseline building uses a manual (non-programmable) thermostat.

e Programmable — Baseline building uses a programmable thermostat, allowing for
programmed variable heating setpoints.

e Adaptive — Baseline building uses an adaptive thermostat.
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The natural gas savings presented in Table 1 for the Manual baseline were obtained by assuming
that 45%’ of manual thermostat users keep the heating setpoint temperature fixed, while 55% of
users manually setback the setpoint temperature at night and when leaving their home, following
the setpoint schedule presented in Table 2. [2]

The natural gas savings in Table 1 for the Programmable and the Adaptive baselines were derived
from the values for the Manual baseline by applying “savings reduction factors” that reflect the
space heating energy savings obtained in residential buildings when upgrading from manual
thermostats to programmable or adaptive thermostats:

Natural gas savings reduction factors

A billing data analysis of Enbridge Participants in the Adaptive thermostat program for the 2021
program year, presented in a report by ICF, shows average reductions in natural gas consumption
for space heating of 8% and 10% in residential buildings where adaptive thermostats replaced
programmable thermostats and manual thermostats, respectively. [3] These values imply a
reduction in natural gas consumption of 2% when replacing manual thermostats by programmable
thermostats. Hence, natural gas savings reduction factors of 2% and 10%, respectively, were
applied to the Manual baseline savings of Table 1 to obtain the savings for the Programmable and
the Adaptive baselines.

The total natural gas savings from Attic insulation have two major components:

e Natural gas savings due to delta R-value. It does not include the effect of air leakage
reduction inherent from the Attic insulation activity.

¢ Natural gas savings due to the air leakage reduction from Attic insulation activity. It does
not include the savings from delta R-value.

The Natural Gas savings algorithms are presented in two sections:

1. Calculation of the annual natural gas savings per unit of area. This is the annual natural gas
savings from enhanced thermal resistance (Delta R-value savings). They are expressed in
cubic meters per square foot of insulation for natural gas (m?/ft?) as shown in Table 1, and

2. Calculation of the natural gas savings due to air leakage reduction, expressed in cubic
meters (m?) as shown in Table 1.

Section 1. Calculation of the annual natural gas savings per unit area

NGAR savings — ((1 - pCtsetback) X NGAR savings—fixed + DCtsetback X NGAR savings—setback)
x (1 — SRF)

7 Here, 45% corresponds to (1 - 55%) where 55% is the assumed percentage of manual thermostat users that keep the heating and
cooling setpoint temperatures fixed, and 55% is the average of values - 44% and 66% - from two studies referred to in the Residential
Retrofit Low Income Programmable Thermostats measure of version 8.0 of the Ontario NG TRM.
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NGAR savings—fixed

= (Ueffective—baseline - effective—eff)

8,760
Zhr=1 (ATR—heating—fixed X Hrheating—fixed)

35,738 X Eff

NGAR savings—setback

= (Ueffective—baseline - effective—eff)

8,760
r= - ing— Theating—setbac
x Zh 1(ATR heating—setback x H heati th k)
35,738 X Eff
where,
NGR savings = Annual natural gas savings per square foot of insulated attic area due
to increase in AR-value (m3/ft?)
NGaR savings-fixea for fixed setpoint temperature, and
NGaR savings—setback for schedule-based temperature setback
PCt setback = Percentage of manual thermostat users that perform manual schedule-
based temperature setback
Uefrective-baseline = Attic assembly overall effective U-value for baseline [Btu/ (°F-ft>hr)]
Uefrective—eff = Attic assembly overall effective U-value for energy-efficient case [Btu/
(°F-ft>-hr)]
ATrpeating = Space heating temperature difference between indoor and outdoor
conditions for Delta R-value savings (°F)
AT _heating-fixea for fixed setpoint temperature, and
R—heating—setback fOr schedule-based temperature setbac
AT g f hedule-based temperatu tback
HTpeating = Value indicating whether space heating was turned on (=1) or off (=0)

Hrheating = IF(Tdry—bulb < Tbalance—heating)

o If TRUE, » H7peqting = 1, heating required.
If FALSE, » H7peqting = 0, no heating required.
HTheating-fixea for fixed setpoint temperature, and

HTheating-setback for schedule-based setback
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35,738 = Energy density of natural gas (Btu/m?)

Eff

SRF

Heating system steady state efficiency (%)

Savings Reduction Factor for thermostat type
Calculation of the attic assembly-overall effective U-value - Ugfrective

1
Uvalue—effective = RSl gpq X C1
ota

RSItotal = RSIroof + RSIcavity + RSIdrywall + RSIair

RSIcavity = %F ! %BF
RSTsoftwood ' RShominal

where,
Upalue—effective = Attic assembly overall effective U-value [Btu/ (°F-ft>-hr)]
RSltotar = Attic assembly overall effective RSI (m2K/W)
€1 ~ Conversion factor RSI to R-value [%}
RS o0f = Effective RSI value of vented roof air space (m>K/W)
RS quity = Effective RSI value of the insulation cavity (m2K/W)
RS1grywan = Effective RSI value of 2" drywall (m>K/W)
RSI,ir = Effective RSI value of interior air flow (m2K/W)
%F = Percent of total area corresponding to framing
%BF = Percent of total area corresponding to material® between the framing
RSIsoftwooa = Effective RSI value of softwood lumber (m2-K/W)
RSLominat = Nominal insulation RSI value (m2-K/W)

Rvaluenominal

e For nominal RO = RSl,ominal = 1

+ RSIair—cavity

Rvaluenominal

e For nominal R bigger than RO - RSI,,ominai = o

8 When no insulation exists, this material is air.
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Rvaluepominas = Nominal insulation R-value (°F-ft>-hr/BTU)

RSIair—cavity

Effective RSI value of air in cavity (m?K/W)

Calculation of space heating temperature difference between indoor and outdoor
conditions for Delta R-value savings — ATz_peqting

ATR—heating—fixed = Tbalance—heating - Tdry—bulb

ATR—heating—setback

=IF [Tbalance—heating—setback

= 0,0, Max. (O: Tbalance—heating—setback - Tdry—bulb)]

Tbalance—heating—setback = Tsetpoint—setback

where,

ATR—heating—fixed

Tbalance—heating
Tary—puip

ATR—heating—settback

Tbalance—heating—setback

Tsetpoint—heating

Tsetpoint—setback

Tbalance—heating

Tsetpoint—heating

Difference between heating balance point temperature and
outdoor temperature — if value is negative set to 0 (°F)

Heating balance point temperature (°F)
Outdoor dry bulb temperature (°F)

Difference between adjusted heating balance point temperature
and outdoor temperature — if value is negative set to 0 (°F)

Adjusted heating balance point temperature, based on setback
schedule (°F)

Indoor heating setpoint temperature (°F) — fixed temperature

Indoor heating setpoint temperature (°F) — schedule-based
temperature setback

Section 2. Calculation of the annual natural gas savings due to air leakage reduction

NGAQ savings — ((1 - pCtsetback) X NGAQ savings—fixed + DClsetback X NGAQ savings—setback)

X (1 — SRF)
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where :
2:62(60 X p X C X AQ X ATQ heating—fixed X Hrheatlng flxed)
NGAQ savings—fixed = 35 738 X Eff
?17?6(1)(60 XpX C X AQ X ATQ —heating—setback X Hrheatmg)
NGAQ savings—setback = 35738 X Eff
where,
NGpg savings = Natural gas savings from the air leakage reduction due to attic
insulation activity (m3/yr)
NGaR savings-rixea for fixed setpoint temperature, and
NGag sqvings—setback for schedule-based temperature setback
60 = Conversion factor (min/hr)
P = Density of dry air, calculated from typical weather data
representing each hour in the specific climate zone (Ib/ft%)
Gy = Specific heat of air (Btu/Ib.°F)
AQ =  Reduction in leakage airflow rate between baseline and energy

efficient case resulting from attic insulation (cfm)

ATy _peating —  Space heating temperature difference between indoor and
outdoor conditions for air leakage reduction savings (°F)

ATy _heating—fixea for fixed setpoint temperature, and

ATy _heating—-setback for schedule-based temperature setback

Calculation of space heating temperature difference between indoor and outdoor
conditions for air leakage reduction savings — AT,_peqting

ATQ—heatfing—fixed = Tsetpoint—heating - Tdry—bulb

ATQ—heatting—setfback,
= IF[Tsetpoint—heating—setback

= 0,0, Max. (0' Tsetpoint—heating —setback — Tdry—bulb)]

Ontario TRM 9
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where,

AT -heating~fixed = Difference between fixed heating setpoint temperature and
outdoor temperature - if value is negative set to 0 (°F)

ATy heating-setback = Difference between schedule-based heating setpoint
temperature and outdoor temperature — if value is negative set
to 0 (°F)

Tsetpoint-heating—setback = Indoor heating setpoint temperature (°F) — schedule-based

temperature setback

ELECTRIC SAVINGS ALGORITHM

The following algorithms were used to determine electric impacts for the attic insulation measure.
The calculations were performed on an hourly basis using the same insulation and thermostat
baselines assumptions as the natural gas section.

The electricity impacts presented in Table 1 for the Manual baseline were obtained by assuming
that 45%’ of manual thermostat users keep the heating and cooling setpoint temperatures fixed,
while 55% of users manually setback the setpoint temperatures at night and when leaving their
home, following the setpoint schedule presented in Table 2. [2]

The electricity impacts in Table 1 for the Programmable and the Adaptive baselines were derived
from the values for the Manual baseline by applying “impact reduction factors” that reflect the
space cooling energy impact obtained in residential buildings when upgrading from manual
thermostats to programmable or adaptive thermostats:

Electricity impact reduction factors

The ICF report shows a space cooling energy consumption lower by 11% in residential buildings
with adaptive thermostats than in buildings with programmable thermostats. [3] Electricity
“impact reduction factors” of 3% between the Manual and the Programmable baselines, and of
14% between the Manual and Adaptive baselines were derived from this 11% value by assuming
similar ratios between the reduction factors of the various thermostat upgrades in cooling than in
heating.” The electricity impacts for the Programmable and Adaptive baselines in Table 1 were
therefore calculated by applying impact reduction factors of 3% and 14%, respectively to the
electricity impacts for the Manual baseline.

The total electricity impact from Attic insulation has two major components:

e Electricity impact due to delta R-value only. It does not include the effect of air leakage
reduction inherent from the Attic insulation activity.

° For example, the ratio of impact reduction factor for upgrading from Manual to Adaptive to that from Programmable to Adaptive
(11%), was assumed equal to the ratio of the savings reduction factor in heating from Manual to Adaptive (10%) to that from
Programmable to Adaptive (8%), hence equal to 10%/8%*11% = 14%.
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Electricity impact due to the air leakage reduction from Attic insulation activity. It does
not include the savings from delta R-value.

The electricity impact algorithms are presented in two sections:

1.

Calculation of the annual electricity impact per unit area. This is the annual electricity
cooling impact from enhanced thermal resistance (Delta R-value savings). They are
expressed in kilowatt hours per square foot of insulation for electricity (kWh/ft?) as shown
in Table 1, and

Calculation of the annual electricity impact due to air leakage reduction, expressed in kWh
as shown in Table 1.

Section 1. Calculation of the annual electricity impact per unit area

EleCAR impact = ((1 - pCtsetback) X EleCAR impact—fixed + pCtsetback X EleCAR impact—setback)
x (1 — IRF)
where:

8,760
Zhr:1(ATcooling—fixedXHrcooling—fixed)
COPawungX3A12

EleCAR impact—-fixed = (Ueffective—baseline - Ueffective—eff) X

ElecAR impact—setback
= (Ueffective—baseline - effective—eff)

8,760
% Zhr=1(ATcooling—setback X Hrcooling—setback)
COP po1ing X 3,412

where,
Elecar impact = Annual electricity impact per square foot of insulated attic area due to
increase in AR-value (kWh/ft?)
Elecar impact—rixea for fixed setpoint temperature, and
Elecag impact—setback for schedule-based temperature setback
Uefrective-baseline = Attic assembly overall effective U-value for baseline [Btu/ (°F-ft>hr)]
Uefrective—eff = Attic assembly overall effective U-value for energy-efficient case [Btu/
(°F-ft>hr)]
ATcooting = Space cooling temperature difference between indoor and outdoor

conditions (°F) —if value is negative set to 0 (°F)

Ontario TRM 11
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ATcooting-fixea for fixed setpoint temperature, and
ATcoo1ing—setback for schedule-based temperature setback
HTeooting = Value indicating whether space cooling was turned on (=1) or off (=0)

Hrcooling = IF(Tdry—bulb > Tbalance—cooling)

e If TRUE, = H74p1ing = 1, cooling required.
e If FALSE, » Hrgoo1ing = 0,n0 cooling required.

HT¢ooting-fixea for fixed setpoint temperature, and

HT¢ooting-setback for schedule-based setback

COPcooling = Cooling system coefficient of performance
3,412 = Conversion factor, Btu per kWh (Btu/kWh)
IRF =

Impact Reduction Factor for thermostat type

Calculation of space cooling temperature difference between indoor and outdoor
conditions - AT 45ing

ATcooling—fixed = Tdry—bulb - Tsetpoint—cooling

ATcooling—setback = Tdry—bulb - Tsetpoint—cooling—setback

where,

ATcooling-fixed = Difference between fixed cooling setpoint temperature and
outdoor temperature — if value is negative set to 0 (°F)

ATcooting-setback = Difference between schedule-based cooling setpoint
temperature and outdoor temperature — if value is negative set
to 0 (°F)

Tsetpoint—cooling = Fixed indoor cooling setpoint temperature (°F)

Tsetpoint—cooling—setback = Indoor cooling setpoint temperature with schedule-based
setback (°F)

Section 2. Calculation of the annual electricity impact due to air leakage reduction

ElecAQ impact = ((1 - pCtsetback) X ElecAQ impact—fixed + pCtsetback X ElecAQ—setback)

x (1 — IRF)
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where:

)

?1r7=62[60 X p X AQ X (hoc - hic—fixed) X Hrcooling—fixed]

EleCAQ impact—fixed =

EleCAQ impact—setback =

and,

EleCAQ impact =

AQ _

ASSUMPTIONS

COPeooring X 3,412

2?1::62[60 X p X AQ X (hoc - hic—setback) X Hrcooling—setback]

COPeooting X 3,412

Annual electricity impact from the air leakage reduction due to attic

insulation activity (kWh/yr)

Elecag impact-fixea for fixed setpoint temperature, and
Elecag impact—setback for schedule-based temperature setback
Conversion factor (min/hr)

Density of dry air, calculated from typical weather data representing

each hour in the specific climate zone (Ib/ft?)

Reduction in leakage airflow rate between baseline and energy efficient

case resulting from attic insulation (cfm)

Enthalpy of outdoor air, calculated from typical weather data

representing each hour in the specific climate zone (Btu/Ib)
Enthalpy of indoor air, calculated at setpoint temperature (Btu/lb)
hic—fixea for fixed setpoint temperature, and

hic—setpack for schedule-based temperature setback

Table 2 provides a list of assumptions utilized in the measure savings algorithm to derive the

stipulated savings values liste

d in Table 1 above.

Ontario TRM
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Table 2. Assumptions

Variable Definition Value Unit Source
Conversion factor RSI to R-value: °F. ft2 - hr)/Bt
cl 5.678 CE 7t /B | 4
R =RSI X (C1 (m?-K)/W
Conversion factor inches to mm 254 mm/in [5]
Density conversion factor from metric
C2 . ] 0.062428 (Ib/ft3)/(kg/m?3) [6]
to imperial
C3 Volume flow rate conversion factor 2.118880 cfm/ (L/s) [7]
Effective RSI value of vented roof air
RSL.of 0.03 m2-K/W
space
RSlgrywan Effective RSI value of 2" drywall 0.0775 m2-K/W
Effective RSI value of interior air flow
RS, . 0.11 m2-K/W [8]
(horizontal, heat flow up)
Effective RSI value of 3 72" softwood
RSIsoftwooa 0.773 m2-K/W
lumber
RSlgir—cavity Effective RSI value of 1” air cavity 0.150 m2-K/W
Percent of total area corresponding
%F ) 12.510 %
to framing [9] Table
Percent of total area corresponding R1-1, note 3
%BF ] . 87.5M %
to material'' between the framing
Nominal insulation R-value for
Rvalue,gmina _ Various (hr - °F - ft?)/Btu
baseline and upgrade case
No Insulation 0 (hr - °F - ft?)/Btu
>R-0 to R-12 11.0 (hr - °F - f£2)/Btu | 1101 SeCtion
Rvaluenominal—baseline 3.3
>R-12 to R-25 20.7 (hr - °F - ft?)/Btu
>R-25 to R-35 29.2 (hr - °F - ft?)/Btu
Rvaluenominai-upgradze | R-50 50 (hr - °F - ft*)/Btu
Percent of manual thermostat users
DPClsetback that perform manual thermostat 55% - [2]
setback
Tsetpoint—heating—rixea | Fixed Setpoint temperature-heating 68 oF [11]

10Assumes an on centre spacing configuration of 19.2” with 2”x4”.

11 When no insulation exists, this material is air.

14
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Variable Definition Value Unit Source
Thaiance-heating Balance Point temperature-heating 6312 °F [11], [12]
Tsetpoint—cooting—fixea | Fixed Setpoint temperature-cooling 75 °F [11]
Tyatance—cooting Balance Point temperature-cooling 70 °F [11], [12]
Tary—buib Outdoor dry bulb temperature Various '3 °F [1]
Various :
68 — at home
T , , Indoor heating setpoint temperature - | 62 — away [10] Tables
setpoint—heating— oF
setback schedule based temperature setback | 62 — nighttime 6,7 and 8
62 — away on
vacation
Various:
75 — at home
. Indoor cooling setpoint temperature — | 85 — away oF [10] Tables
setpome=cooling=setback | s hedule-based temperature setback | 75 — nighttime 6,7 and 8
85 — away on
vacation
Theooting Cooling indoor relative humidity 50 % [11]
. Common
Energy Density of Natural Gas 35,738 Btu/m3 )
assumption
Heating System Steady State [10] Section
Eff o 96.0 %
Efficiency 3.3
Reduction in leakage air flow rate
between baseline and energy Various cfm
efficient upgrade (R-50)
AQ No insulation baseline | 46 cfm [13]
>R-0 to R-12 baseline | 37 cfm
>R-12 to R-25 baseline | 36 cfm
>R-25 to R-35 baseline | 34 cfm
Dair Density of dry air Hourly calculation lb/ft3

12 Assumes that heat gains from the sun and internal processes contribute on average 5°F of “free heat,” allowing a setpoint of 68°F with

heating required only when the outdoor temperature drops below 63°F as per 2021 ASHRAE Handbook Fundamentals. Better-

insulated, more airtight buildings can have lower balance point temperatures.
13 From the CWEC 2020 hourly weather profile for London-ON, used in the Ontario TRM to calculate heating and cooling weather-
related common assumptions.

Ontario TRM
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Variable Definition Value Unit Source
hoe Enthalpy of outdoor air Btu/lb
hic Enthalpy of indoor air Btu/lb
Common
Gy Specific heat of dry air 0.240 Btu/(Ib-°F) )
assumption
COoP Air Conditioner nominal COP 2.79 kW/kW EGI data™
Baseline:
Manual: 0%
RF i R tion Fact 14
S. Savings Reduction Factor Programmable: 2% [14]
Adaptive:10%
Baseline:
Manual: 0% [3]'5
IRF Impact Reduction Factor

Programmable: 3%

Adaptive: 14%

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas and electric savings for attic insulation (1,000

ft? attic,) of a home with a manual thermostat. The insulation was upgraded from a nominal

baseline of R-11 to nominal R-50.

Nominal R-11 corresponds to Existing nominal R-value bucket “>R-0 to R-12” in Table 1, therefore:

If the customer is completing the Attic insulation measure only,

Annual natural gas savings:

m
1000 ft? X 0.212 — + 208 m3 = 420m3

Annual electrical impact:

1000 ft% x 0.030

kWh
——+82kWh =112 kWh

If the customer is completing Attic insulation, in addition to other measures (for example upgrading the
space heating equipment, Cathedral/Flat roof Insulation, Basement insulation, etc.),

Annual natural gas savings:

14 Average Air conditioner COP in a residential home from EGI HER+ participants (2019-2020 program years)

15 The ICF study reports 11% electricity impact in cooling when upgrading from programmable to adaptive thermostats. The electricity

impact reduction factor of 14% between the Manual and the Adaptive baselines was obtained by assuming that the ratio of the

savings/impact reduction from Manual to Adaptive to the savings from Programmable to Adaptive is the same in heating and in
cooling, hence 0.1/0.08*0.11 = 0.14. The electricity impact reduction factor of 3% between the Manual and the Programmable baselines
was derived from these values.

16

Ontario TRM




Residential — Attic Insulation — R

3

1000 f£2 x 0212 —— = 212m?
212 25

Annual electrical impact:

kWh
1000 ft* x 0.003 ez = 30 kWh

USES AND EXCLUSIONS

This measure does not apply to:
e Hybrid-fuel space heating systems (i.e., an electric heat pump satisfying a portion of the
space heating load).
¢ Residential buildings used for major occupancies classified as: medium hazard industrial
occupancies and low hazard industrial occupancies.
e This measure requires a member of the implementation staff to evaluate the pre- and post-
project R-values and to measure the retrofitted attic area.

Natural Gas savings, and Electricity impact due to the air leakage reduction from Attic insulation
activity shown in Table 1, do not include the savings from delta R-value. It is only applicable when
the only measure completed in the home is Attic insulation. If the customer completes any other
measure such as: Cathedral/Flat roof Insulation, Basement insulation, space heating equipment
upgrade, water heating equipment upgrade, etc., the air leakage reduction savings will not apply.

Please note that when Attic insulation + Cathedral is completed the following will apply:
1. The R-value natural gas savings/electricity impacts portion of this sub doc will apply, plus;
2. The R-value natural gas savings/electricity impacts from the Cathedral/Flat Roof Insulation
sub doc will apply, plus;
3. The air sealing natural gas savings/electricity impacts from only the Cathedral/Flat Roof
Insulation sub doc will apply.

MEASURE LIFE

The measure life attributed to this measure is 30 years. [15]

INCREMENTAL COST

Incremental costs do not vary significantly across the various baselines. They can be estimated
using an average value of $ CAD 1.84/ft?> across all baselines'®.

16 Results from an analysis based on data from [16].
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CoLD CLIMATE AIR SOURCE HEAT PUMP AND AIR SOURCE HEAT

PumMP FOR CENTRAL SYSTEMS — TIME OF NATURAL REPLACEMENT

Version Date and Revision History

Version

1.0

OEB Filing Date March 19, 2026

OEB Approval Date

Residential > Space Heating > Cold Climate Air Source Heat Pump and Air Source
Heat Pump for Central Systems - Time of Natural Replacement

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

For heat pump sizing option 4A, Time of Natural Replacement (TNR) of the A/C unit.

For heat pump sizing option 4B, Time of Natural Replacement (TNR) of the A/C unit, or Time
of Natural Replacement (TNR) of the A/C unit and the space heating system.

For heat pump sizing options 4C and 4D, Time of Natural Replacement (TNR) of the A/C unit,
the space heating system, or both.

Baseline Technology

For heat pump sizing option 4A, the baseline technology is a new A/C unit and the existing
Natural Gas Furnace.

For heat pump sizing option 4B, the baseline is a new A/C unit and the existing Natural Gas
Furnace, or a new A/C unit and a new Natural Gas Furnace.

For heat pump sizing options 4C and 4D, the baseline is a new A/C unit and a new Natural
Gas Furnace, or the existing A/C or no A/C (for residential buildings with no cooling in place)
and a new Natural Gas Furnace, or a new A/C unit and a new Natural Gas Furnace.

Efficient Technology

Cold Climate Air Source Heat Pump (ccASHP) or Air Source Heat Pump (ASHP) central
systems as described in the Efficient Technology section.

Market Type

Residential, Residential-other use'’

Annual Natural Gas
Savings (m3/yr)

Parameter details can be found below: Table 2 ccASHP and Table 3 ASHP

Annual Electric Impact
(kWh/yr)

Parameter details can be found below: Table 2 for ccASHP and Table 3 for ASHP

Winter Peak Electric
Impact (kW)

Parameter details can be found below: Table 2 for ccASHP and Table 3 for ASHP

Summer Peak Electric
Impact (kW)

Parameter details can be found below: Table 2 for ccASHP and Table 3 for ASHP

Measure Life

16 years.

I Residential-other use refers to residential buildings, used for major occupancies classified as: business and personal services

occupancies, or mercantile occupancies. Medium hazard industrial occupancies and low hazard industrial occupancies is not

included.
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Restrictions

Restricted to residential buildings? of three or fewer stories in building height, having a building
area not exceeding 600 m?, used for major occupancies classified as: residential occupancies,
business and personal services occupancies, or mercantile occupancies. For which the space
heating load is satisfied by a natural gas heating system. This sub doc does not apply to
residential buildings that currently have a hybrid-fuel space heating systems (i.e., an electric
heat pump satisfying a portion of the space heating load). This sub doc only applies to the
addition of a new ccASHP or ASHP central systems, this is not applicable to the replacement
of an existing heat pump nor the addition of ductless systems.

System

No electrical panel upgrade

Electrical panel upgrade required

4A 4B 4C 4D 4A 4B 4C 4D
Incremental Cost ccASHP | $1,136 | $1,136 $1,888 $2,782 $2,378 | $2,378 | $3,129 | $4,024
($ CAD/ton)3 ASHP | $1,088 | $1,088 $1,928 $2,939 $2,492 | $2,492 | $3,332 | $4,344

2Medium hazard industrial occupancies and low hazard industrial occupancies is not included.
3 ton calculated as follows and rounded to 1 decimal place, ton = (Rated heating capacity at 8.3°C (47°F) in Btu/hr) /12,000

Ontario TRM




Residential — ccASHP/ASHP Central systems -TNR

Table 2. Natural Gas savings and Electricity Impacts for ccASHP

HP Switchover

Parameter Temperature - - North - - - - South - -
(°F) (°C) Option | Option | Option | Option | Option | Option | Option | Option

4A* 4BS 4C® 4D7 4A 4B 4C 4D
Automatic Switchover 547 717 907 1,834 1,077 | 1,409 | 1,594 1,717
17 -8.3 536 672 747 1,834 1,072 | 1,397 | 1,531 1,717
19.4 -7 519 629 653 1,834 1,070 | 1,380 | 1,487 1,717
21.2 -6 502 584 588 1,834 1,061 1,349 | 1,430 1,717
23.0 -5 478 537 537 1,834 1,043 | 1,284 | 1,328 1,717
24.8 -4 437 475 472 1,834 1,011 1,192 | 1,220 1,717
26.6 -3 400 415 412 1,834 959 1,090 | 1,111 1,717
28.4 -2 354 358 354 1,834 894 985 1,002 1,717
Annual Natural 30.2 -1 297 296 293 1,834 813 864 869 1,717
Gas savings 32 0 231 228 226 1,834 719 742 739 1,717
(m3l/yr) for 33.8 1 176 173 172 1,834 633 645 642 1,717
ccASHP 35.6 2 141 139 138 1,834 536 536 531 1,717
37.4 3 111 110 109 1,834 428 420 417 1,717
39.2 4 82 80 80 1,834 328 322 319 1,717
41.0 5 60 59 59 1,834 252 247 245 1,717
42.8 6 40 40 39 1,834 184 181 179 1,717
44.6 7 30 29 29 1,834 130 128 127 1,717
46.4 8 19 19 19 1,834 75 73 73 1,717
48.2 9 12 12 12 1,834 42 41 40 1,717
50.0 10 8 8 7 1,834 24 24 23 1,717
Automatic Switchover -1,898 -2,595 -3,473 | -11,620 -3,530 -4,872 -5,727 -6,685
17 -8.3 -1,853 | -2,399 | -2,745 | -13,567 | -3,511 | -4,819 | -5452 | -7,450
19.4 7 1,781 | 2,220 | -2,358 | -14,160 | -3,503 | -4,752 | -5271 | -7,791
21.2 -6 -1,711 | -2,042 | -2,100 | -14,558 | -3,466 | -4,628 | -5044 | -8,170
23.0 -5 -1,617 | -1,863 | -1,903 | -14,878 | -3,392 | -4,376 | -4,645 | -8,827
24.8 -4 -1,460 | -1,626 | -1,654 | -15297 | -3272 | -4,026 | -4,233 | -9,519
Annual Electricity 26.6 -3 -1,323 | -1,405 | -1,431 | -15,686 | -3,073 | -3,643 | -3,822 | -10,264
Impacts for 28.4 -2 1,151 | 1,195 | 1,221 | -16,066 | -2,832 | -3,260 | -3,422 | -10,996
Residential 30.2 -1 -945 972 998 | -16,479 | -2,539 | -2,823 | -2,939 | -11,897
Eqﬁfgféggvflith 32 0 711 -733 758 | -16,927 | -2,202 | -2,389 | -2,473 | -12,795
Central Air 33.8 1 -520 -542 -567 | -17,300 | -1,900 | -2,050 | -2,129 | -13,485
Conditioning 35.6 2 -398 -422 446 | 17,541 | -1,566 | -1,672 | -1,740 | -14,249
(KWh/yr) and for 37.4 3 -296 -320 343 | 17,752 | -1,199 | -1,276 | -1,341 | -15,059
ccASHP 39.2 4 -194 218 239 | -17,966 | -863 -941 -1,001 | -15,743
41.0 5 -121 -145 -163 | -18,129 | -610 -685 741 | -16,285
42.8 6 -56 -78 -94 -18,279 | -385 -456 -506 | -16,782
44.6 7 -19 -40 -55 -18,368 | -208 273 317 | -17,186
46.4 8 15 -5 -18 -18,455 -26 -85 -122 | -17,600
48.2 9 39 20 9 -18,520 82 28 -3 -17,858
50.0 10 55 38 27 -18,566 142 91 63 -18,008

Table 2 continues on the following page.

4 Hybrid heating Option 4A is sized to match the cooling load of the building
5 Hybrid heating Option 4B is sized to match 125% of the cooling load. The customer is interested in both cooling and heating
¢ Hybrid heating Option 4C is sized to displace 75% of the heating load

7 All Electric Option 4D the heat pump is sized to displace 100% of the heating load
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HP Switchover North South
Parameter Temperature - - - - - - - -
(°F) (°C) Option | Option | Option | Option | Option | Option | Option | Option
4A% 4B5 4C8 4D7 4A 4B 4C 4D
Automatic Switchover -1,898 -2,595 -3,633 | -12,073 -3,530 -4,872 -6,608 -7,864
17 8.3 -1,853 | -2,399 | -3,044 | -14,020 | -3,511 | -4,819 | -6,367 | -8,629
19.4 -7 1,781 | -2,220 | -2,678 | -14,613 | -3,503 | -4,752 | -6,192 | -8,970
21.2 -6 1,711 | -2,042 | 2,437 | 15,011 | -3,466 | -4,628 | -5979 | -9,349
23.0 -5 -1,617 | -1,863 | -2,251 | -15,331 | -3,392 | -4,376 | -5,604 | -10,006
24.8 -4 -1,460 | -1,626 | -2,019 | -15,750 | -3,272 | -4,026 | -5,219 | -10,697
- 26.6 -3 -1,323 | -1,405 | -1,810 | -16,139 | -3,073 | -3,643 | -4,829 | -11,443
Annual Electricity
Impacts for 28.4 -2 -1,451 | -1,195 | -1,613 | -16,519 | -2,832 | -3,260 | -4,454 | -12,175
Residential 30.2 -1 945 972 | -1,403 | -16,932 | -2,539 | -2,823 | -3,997 | -13,076
EBU”F“”QS “‘1:] 32 0 711 733 | 1,178 | 17,380 | -2,202 | -2,389 | -3,557 | -13,974
%”;ﬁfr; ,X‘,': 33.8 1 -520 -542 996 | -17,753 | -1,900 | -2,050 | -3,231 | -14,664
Conditioning 35.6 2 -398 -422 881 | -17,994 | -1,566 | -1,672 | -2,861 | -15,428
(kWh/yr) and for 374 3 -296 -320 -782 | -18,205 | -1,199 | -1,276 | -2,479 | -16,238
ccASHP 39.2 4 194 218 682 | -18419 | -863 941 | 2151 | -16,922
41.0 5 -121 -145 608 | -18,582 | -610 685 | -1,897 | -17,464
42.8 6 -56 -78 -540 | -18,732 | -385 -456 | -1,667 | -17,961
446 7 -19 -40 502 | -18,821 -208 273 | -1,480 | -18,365
46.4 8 15 -5 -465 | -18,908 -26 -85 -1,286 | -18,779
48.2 9 39 20 438 | -18,973 82 28 -1,166 | -19,037
50.0 10 55 38 -419 | -19,019 142 91 -1,100 | -19,187
Automatic Switchover -1.420 -1.669 -2.068 -5.441 -1.904 -2.153 -2.561 -2.859
17 8.3 -1.354 | -1541 | 1529 | -5706 | -1.904 | -2.153 | -2.456 | -5.239
19.4 -7 -1.354 | -1.409 | -1.402 | -5.706 | -1.903 | -2.153 | -2.376 | -5.969
21.2 -6 -1.354 | -1.409 | -1.402 | -5706 | -1.903 | -2.122 | -2.288 | -5.969
23.0 -5 -1.352 | -1.403 | -1.395 | -5706 | -1.852 | -2.045 | -2.080 | -5.969
24.8 -4 -1.201 | -1.168 | -1.163 | -5.756 | -1.852 | -2.045 | -2.080 | -5.969
Wi 26.6 -3 -1.116 | -1.086 | -1.082 | -5756 | -1.848 | -2.026 | -2.065 | -5.969
inter Peak
Demand Impacts 28.4 -2 -0.726 | -0.707 | -0.705 | -5.756 | -1.778 | -1.933 | -1.973 | -5.969
for Residential 30.2 -1 -0.440 | -0.430 | -0.430 | -5.756 | -1.757 | -1.769 | -1.775 | -6.007
Buildings 32 0 -0.413 | -0.404 | -0.404 | -5756 | -1.491 | -1.513 | -1.523 | -6.007
Equipped with 33.8 1 -0.156 | -0.155 | -0.158 | -5.756 | -1.352 | -1.406 | -1.416 | -6.007
Central Air 35.6 2 -0.142 | -0.142 | -0.145 | -5756 | -1.275 | -1.339 | -1.354 | -6.067
Co?d't'on'”g (kW) 37.4 3 0.089 | -0.090 | -0.093 | -5.756 | -0.759 | -0.767 | -0.783 | -7.085
or ccASHP 39.2 4 20.053 | -0.054 | -0.057 | -5.756 | -0.581 | -0.592 | -0.609 | -7.085
41.0 5 0.000 | 0.000 | 0.000 | -5.756 | -0.446 | -0.459 | -0.474 | -7.085
42.8 6 0.000 | 0.000 | 0.000 | -5.756 | -0.397 | -0.410 | -0.425 | -7.085
44.6 7 0.000 | 0.000 | 0.000 | -5.756 | -0.161 | -0.169 | -0.177 | -7.085
46.4 8 0.000 | 0.000 | 0.000 | -5.756 | -0.109 | -0.115 | -0.120 | -7.085
48.2 9 0.000 | 0.000 | 0.000 | -5.756 | -0.037 | -0.041 | -0.046 | -7.085
50.0 10 0.000 | 0.000 | 0.000 | -5.756 | -0.032 | -0.036 | -0.040 | -7.085
Table 2 continues on the following page.
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HP Switchover
Parameter Temperature - - orth - - - - South - -
(°F) (°C) Option | Option | Option | Option | Option | Option | Option | Option
4A* 4B5 4C* 4D7 4A 4B 4C 4D
Automatic Switchover -1.420 -1.669 -1.967 -5.441 -1.904 -2.153 -2.415 -2.859
17 -8.3 -1.354 -1.541 -1.432 -5.706 -1.904 -2.153 | -2.313 -5.239
19.4 -7 -1.354 -1.409 | -1.310 -5.706 -1.903 -2.153 | -2.235 -5.969
21.2 -6 -1.354 -1.409 | -1.310 -5.706 -1.903 -2.122 | -2.153 -5.969
23.0 -5 -1.352 -1.403 | -1.303 -5.706 -1.852 -2.045 | -1.958 -5.969
24.8 -4 -1.201 -1.168 | -1.090 -5.756 -1.852 -2.045 | -1.958 -5.969
Wi 26.6 -3 -1.116 -1.086 | -1.014 -5.756 -1.848 -2.026 | -1.952 -5.969
inter Peak
Demand Impacts 28.4 -2 -0.726 -0.707 | -0.662 -5.756 -1.778 -1.933 | -1.869 -5.969
for Residential 30.2 -1 -0.440 -0.430 | -0.405 -5.756 -1.757 -1.769 | -1.689 -6.007
Buildings not 32 0 -0.413 -0.404 | -0.381 -5.756 -1.491 -1.513 | -1.456 -6.007
Equipped with 33.8 1 -0.156 -0.155 | -0.151 -5.756 -1.352 -1.406 | -1.356 -6.007
Central Air 35.6 2 -0.142 | -0.142 | -0.139 | -5.756 | -1.275 | -1.339 | -1.304 | -6.067
Conditioning (kW) 374 3 -0.089 | -0.090 | -0.090 | -5.756 | -0.759 | -0.767 | -0.760 | -7.085
for ccASHP 39.2 4 -0.053 | -0.054 | -0.056 | -5.756 | -0.581 | -0.592 | -0.595 | -7.085
41.0 5 0.000 0.000 0.000 -5.756 -0.446 -0.459 | -0.466 -7.085
42.8 6 0.000 0.000 0.000 -5.756 -0.397 -0.410 | -0.420 -7.085
44.6 7 0.000 0.000 0.000 -5.756 -0.161 -0.169 | -0.177 -7.085
46.4 8 0.000 0.000 0.000 -5.756 -0.109 -0.115 | -0.121 -7.085
48.2 9 0.000 0.000 0.000 -5.756 -0.037 -0.041 -0.046 -7.085
50.0 10 0.000 0.000 0.000 -5.756 -0.032 -0.036 | -0.040 -7.085
Summer Peak
Demand Impacts
for Residential
Buildings
Equippedgwith All All 0.203 0.172 0.156 0.220 0.306 0.251 0.223 0.308
Central Air
Conditioning (kW)
and for ccASHP
Summer Peak
Demand Impacts
for Residential
Buildings not
Equippgd with All All 0.203 0.172 -1.072 -1.029 0.306 0.251 -1.431 -1.372
Central Air
Conditioning (kW)
and for ccASHP
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Table 3. Natural Gas savings and Electricity Impacts for ASHP

HP Switchover
Parameter Temperature - - North - - - - South - -
(°F) (°C) Option | Option | Option | Option | Option | Option | Option | Option
4A8 4B° 4c1° 4p™ 4A 4B 4C 4D
Automatic Switchover 433 591 747 1,834 859 1,231 | 1,464 1,717
17 -8.3 431 579 696 1,834 858 1,227 | 1,448 1,717
19.4 -7 426 558 639 1,834 858 1,222 | 1,428 1,717
21.2 -6 419 534 585 1,834 853 1,210 | 1,387 1,717
23.0 -5 409 501 537 1,834 848 1,179 | 1,305 1,717
24.8 -4 391 451 472 1,834 837 1,125 | 1,204 1,717
26.6 -3 369 407 412 1,834 811 1,042 | 1,100 1,717
28.4 -2 332 355 354 1,834 774 953 992 1,717
30.2 -1 282 295 293 1,834 719 847 866 1,717
Ag';:as'a"\‘/?r:;rsa' 32 0 224 228 226 1,834 652 736 738 1,717
(m3Jyr) for ASHP 33.8 1 175 173 172 1,834 592 641 642 1,717
35.6 2 141 139 138 1,834 519 535 531 1,717
37.4 3 111 110 109 1,834 424 420 417 1,717
39.2 4 82 80 80 1,834 328 322 319 1,717
41.0 5 60 59 59 1,834 252 247 245 1,717
42.8 6 40 40 39 1,834 184 181 179 1,717
44.6 7 30 29 29 1,834 130 128 127 1,717
46.4 8 19 19 19 1,834 75 73 73 1,717
48.2 9 12 12 12 1,834 42 41 40 1,717
50.0 10 8 8 7 1,834 24 24 23 1,717
Automatic Switchover -1,444 | -2,065 -2,732 -12,288 -2,741 -4,183 -5,175 -6,936
17 -8.3 -1,436 | -2,013 | -2,510 | -13,618 | -2,735 | -4,163 | -5,106 | -7,669
19.4 7 1,417 | 1,932 | 2,282 | 14,207 | -2,735 | -4,144 | -5,025 | -7,948
21.2 -6 -1,388 | -1,838 | -2,072 | -14,604 | -2,717 | -4,099 | -4,866 | -8314
23.0 -5 -1,353 | 1,714 | -1,890 | -14,924 | -2,696 | -3,981 | -4,556 | -8,965
24.8 -4 -1,286 | -1,533 | -1,650 | -15343 | -2,659 | -3,785 | -4,180 | -9,657
A . 26.6 -3 -1,206 | -1,374 | -1,432 | -15733 | -2,564 | -3,483 | -3,799 | -10,402
nnual Electricity
Impacts for 28.4 -2 -1,072 | 1,189 | -1,227 | 16,113 | 2,429 | -3,165 | -3,415 | -11,135
Residential 30.2 -1 -896 979 | -1,009 | -16,525 | -2,237 | -2,794 | -2,965 | -12,036
Buildings 32 0 -699 747 775 | -16,973 | -2,002 | -2,408 | -2,515 | -12,931
Equipped with 33.8 1 -529 -561 587 | -17,344 | -1,798 | -2,084 | -2,182 | -13,619
CCef:jFrt'?l Air 35.6 2 -415 -443 -468 | -17,584 | -1,552 | -1,723 | -1,801 | -14,378
onaitioning 37.4 3 -317 -343 -366 | -17,793 | -1,239 | -1,338 | -1,407 | -15,182
(kWh/yr) for ASHP 39.2 4 217 243 263 | -18,005 | -923 | -1,007 | -1,070 | -15,858
41.0 5 -146 -170 -188 | -18,165 | -674 -754 -811 | -16,393
42.8 6 -81 -103 -119 | -18,313 | -454 -526 576 | -16,882
44.6 7 -45 -66 -80 -18,400 | -279 -343 -386 | -17,277
46.4 8 -12 -30 -43 -18,485 | -100 -155 -189 | -17,680
48.2 9 12 -5 -15 -18,548 9 -40 -69 -17,930
50.0 10 28 13 3 -18,592 68 24 -1 -18,075

Table 3 continues on the following page.

8 Hybrid heating Option 4A is sized to match the cooling load of the building
° Hybrid heating Option 4B is sized to match 125% of the cooling load. The customer is interested in both cooling and heating
10 Hybrid heating Option 4C is sized to displace 75% of the heating load
11 All Electric Option 4D the heat pump is sized to displace 100% of the heating load
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HP Switchover

Parameter Temperature - - orth - - - - Souh - -
(°F) (°C) Option | Option | Option | Option | Option | Option | Option | Option

4A3 4B° 4C10 4pD" 4A 4B 4C 4D
Automatic Switchover -1,444 | -2,065 -3,143 -12,741 -2,741 -4,183 -6,299 -8,115
17 -8.3 -1,436 | -2,013 | -2,904 | -14,071 | -2,735 | -4,163 | -6,209 | -8,848
19.4 -7 1,417 | 1,932 | -2,643 | -14660 | -2,735 | -4,144 | 6,116 | -9,127
21.2 -6 -1,388 | -1,838 | -2,428 | -15,058 | -2,717 | -4,099 | -5,932 | -9,493
23.0 -5 1,353 | -1,714 | -2,254 | -15377 | -2,696 | -3,981 | -5,597 | -10,144
24.8 -4 -1,286 | -1,533 | -2,028 | -15,796 | -2,659 | -3,785 | -5,225 | -10,836
A . 26.6 -3 -1,206 | -1,374 | 1,823 | -16,186 | -2,564 | -3,483 | -4,863 | -11,581

nnual Electricity
Impacts for 28.4 -2 -1,072 | -1,189 | -1,629 | -16,566 | -2,429 | -3,165 | -4,495 | -12,314
Residential 30.2 -1 -896 979 | 1,423 | 16,978 | -2,237 | -2,794 | -4,057 | -13,215
Buildings not 32 0 -699 747 | -1,201 | 17,426 | -2,002 | -2,408 | -3,626 | -14,110
Equipped with 33.8 1 -529 -561 -1,022 | -17,797 | -1,798 | -2,084 | -3,307 | -14,798
CCerét{_al Air 35.6 2 -415 -443 907 | -18,037 | -1,552 | -1,723 | -2,940 | -15,557
onaitioning 374 3 -317 -343 -808 | -18,246 | -1,239 | -1,338 | -2,558 | -16,361
(kWh/yr) for ASHP 39.2 4 217 | 243 | -708 | -18,458 | -923 | 1,007 | -2,229 | 17,037
41.0 5 -146 -170 633 | -18,619 | -674 754 | -1,973 | 17,572
42.8 6 -81 -103 565 | -18,766 | -454 -526 | -1,739 | -18,061
44.6 7 -45 -66 -525 | -18,854 | -279 -343 | -1,548 | -18,456
46.4 8 -12 -30 487 | -18,938 | -100 -155 | -1,347 | -18,859
48.2 9 12 -5 -459 | -19,001 9 -40 -1,223 | -19,109
50.0 10 28 13 -440 | -19,045 68 24 -1,155 | -19,254
Automatic Switchover | -1.120 | -1.374 | -1.680 | -6.261 | -1.629 | -1.901 | -2.282 | -2.896
17 8.3 1120 | -1.368 | -1.492 | -5706 | -1.629 | -1.901 | -2.270 | -5.250
19.4 -7 1120 | -1.357 | -1.366 | -5.706 | -1.629 | -1.901 | -2.270 | -5.979
21.2 -6 -1.120 | -1.357 | -1.366 | -5.706 | -1.629 | -1.890 | -2.219 | -5.979
23.0 -5 -1.080 | -1.350 | -1.359 | -5.706 | -1.629 | -1.834 | -2.035 | -5.979
24.8 -4 -1.072 | -1.136 | -1.134 | -5.756 | -1.626 | -1.834 | -2.035 | -5.979
26.6 -3 -1.072 | -1.057 | -1.055 | -5.756 | -1.626 | -1.822 | -2.023 | -5.979
Winter Peak 28.4 -2 -0.704 | -0.689 | -0.688 | -5.756 | -1.626 | -1.733 | -1.935 | -5.979
Demand impacts 30.2 -1 -0.428 | -0.420 | -0.421 | -5.756 | -1.626 | -1.733 | -1.745 | -6.017
f”;‘?lfj'.de“t'a' 32 0 20402 | 0.394 | -0.395 | 5756 | -1.399 | 1.485 | 1501 | -6.017
Equ:‘;p;ggjith 33.8 1 0152 | 0152 | -0.156 | -5.756 | -1.319 | -1.382 | -1.397 | -6.017
Central Air (kW) 35.6 2 -0.139 | -0.139 | -0.143 | -5.756 | -1.247 | -1.319 | -1.340 | -6.067
for ASHP 374 3 -0.087 | -0.089 | -0.092 | -5756 | -0.744 | -0.759 | -0.778 | -7.085
39.2 4 -0.052 | -0.054 | -0.057 | -5.756 | -0.571 | -0.588 | -0.607 | -7.085
41.0 5 0.000 | 0.000 | 0.000 | -5.756 | -0.439 | -0.457 | -0.475 | -7.085
42.8 6 0.000 | 0.000 | 0.000 | -5.756 | -0.391 | -0.409 | -0.426 | -7.085
44.6 7 0.000 | 0.000 | 0.000 | -5.756 | -0.159 | -0.170 | -0.179 | -7.085
46.4 8 0.000 | 0.000 | 0.000 | -5756 | -0.108 | -0.116 | -0.122 | -7.085
48.2 9 0.000 | 0.000 | 0.000 | -5.756 | -0.037 | -0.042 | -0.046 | -7.085
50.0 10 0.000 | 0.000 | 0.000 | -5.756 | -0.032 | -0.037 | -0.041 | -7.085
Table 3 continues on the following page.
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HP Switchover
Parameter Temperature - - orth - - - - Souh - -
(°F) (°C) Option | Option | Option | Option | Option | Option | Option | Option
4A3 4B° 4C10 4DM 4A 4B 4C 4D
Automatic Switchover -1.120 | -1.374 | -1.717 -6.261 -1.629 | -1.901 -2.229 -2.896
17 -8.3 -1.120 -1.368 -1.409 -5.706 -1.629 -1.901 -2.205 -5.250
194 -7 -1.120 -1.357 -1.285 -5.706 -1.629 -1.901 -2.205 -5.979
21.2 -6 -1.120 -1.357 -1.285 -5.706 -1.629 -1.890 -2.124 -5.979
23.0 -5 -1.080 -1.350 -1.278 -5.706 -1.629 -1.834 -1.932 -5.979
24.8 -4 -1.072 -1.136 -1.070 -5.756 -1.626 -1.834 -1.932 -5.979
26.6 -3 -1.072 -1.057 -0.996 -5.756 -1.626 -1.822 -1.928 -5.979
Winter Peak 284 -2 -0.704 -0.689 -0.651 -5.756 -1.626 -1.733 -1.850 -5.979
Demand impacts 30.2 -1 -0.428 | -0.420 | -0.400 | -5.756 | -1.626 | -1.733 | -1.676 | -6.017
fgr ﬁ*;f's'de”t'a:' 32 0 20402 | -0.394 | -0.376 | 5756 | -1.399 | -1.485 | -1.450 | -6.017
E(;Jl:ip'ggj e 33.8 1 0.152 | 0152 | -0.150 | -5.756 | -1.319 | -1.382 | -1.351 | -6.017
Central Air (kW) 35.6 2 -0.139 | -0.139 | -0.138 | -5.756 | -1.247 | -1.319 | -1.306 | -6.067
for ASHP 37.4 3 -0.087 | -0.089 | -0.091 -5.756 -0.744 | -0.759 | -0.766 -7.085
39.2 4 -0.052 -0.054 -0.056 -5.756 -0.571 -0.588 -0.603 -7.085
41.0 5 0.000 0.000 0.000 -5.756 -0.439 -0.457 -0.475 -7.085
42.8 6 0.000 0.000 0.000 -5.756 -0.391 | -0.409 | -0.428 -7.085
44.6 7 0.000 0.000 0.000 -5.756 -0.159 -0.170 -0.182 -7.085
46.4 8 0.000 0.000 0.000 -5.756 -0.108 -0.116 -0.125 -7.085
48.2 9 0.000 0.000 0.000 -5.756 -0.037 | -0.042 | -0.047 -7.085
50.0 10 0.000 0.000 0.000 -5.756 -0.032 -0.037 -0.041 -7.085
Summer Peak
Demand Impacts
for Residential
Buildings
Equippedgwith All All 0.138 0.111 0.098 0.150 0.210 0.164 0.140 0.222
Central Air
Conditioning (kW)
and for ASHP
Summer Peak
Demand Impacts
for Residential
Buildings not
Equippgd with All All 0.138 0.111 -1.124 -1.104 0.210 0.164 -1.504 -1.462
Central Air
Conditioning (kW)
and for ASHP
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OVERVIEW

A heat pump is an electrically driven device that extracts heat from a low temperature place (a
source) and delivers it to a higher temperature place (a sink).

Heat naturally flows from places with higher temperatures to locations with lower
temperatures (e.g., in the winter, heat from inside the building is lost to the outside). A heat
pump uses additional electrical energy to counter the natural flow of heat and pumps the
energy available in a colder place to a warmer one.

Heating and cooling with a heat pump. As energy is extracted from a source, the temperature
of the source is reduced. If the home is used as the source, thermal energy will be removed,
cooling this space. This is how a heat pump operates in cooling mode, and it is the same
principle used by air conditioners and refrigerators. Similarly, as energy is added to a sink, its
temperature increases. If the home is used as a sink, thermal energy will be added, heating the
space. A heat pump is fully reversible, meaning that it can both heat and cool the space. [1]

Sources and Sinks for Heat Pumps in heating mode [1]

Sources: Two sources of thermal energy are commonly used for heating homes with heat
pumps in Canada:
e Air-Source: The heat pump draws heat from the outside air during the heating season
and rejects heat outside during the summer cooling season.
¢ Ground-Source: A ground-source heat pump uses the earth, ground water, or both as
the source of heat in the winter, and as a reservoir to reject heat removed from the home
in the summer.
Sinks: Two sinks for thermal energy are commonly used for heating homes with heat pumps in
Canada:
e Indoor air: indoor air is heated by the heat pump. This can be done through:
o A centrally ducted system or
o A ductless indoor unit, such as a wall mounted unit.
e Water: water inside the building is heated. This water can then be used to serve terminal
systems like radiators, a radiant floor, or fan coil units via a hydronic system.

Air-source heat pumps (ASHPs) including cold climate air-source heat pumps (ccASHP) are
high-efficiency electric heating and cooling systems that use the outdoor air as a source of
thermal energy in heating mode, and as a sink to reject energy when in cooling mode.

These types of systems can generally be classified into two categories: [1]

e Air-Air Heat Pumps. These units heat or cool the air inside a building and represent the
vast majority of air-source heat pump integrations in Canada. They can be further
classified according to the type of installation:
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o Ducted: The indoor coil of the heat pump is located in a duct. Air is heated or
cooled by passing over the coil, before being distributed via the ductwork to
different locations in the home.

o Ductless: The indoor coil of the heat pump is located in an indoor unit. These
indoor units are generally located on the floor or wall of an occupied space, and
heat or cool the air in that space directly. Further classification of these units:

*  Mini-Split: A single indoor unit is located inside the home, served by a
single outdoor unit.

*  Multi-Split: Multiple indoor units are located in the building and are
served by a single outdoor unit.

e Air-Water Heat Pumps: Less common in Canada, air-water heat pumps heat or cool
water, and are used in homes with hydronic (water-based) distribution systems such as
low temperature radiators, radiant floors, or fan coil units. In heating mode, the heat
pump provides thermal energy to the hydronic system. This process is reversed in
cooling mode, and thermal energy is extracted from the hydronic system and rejected to
the outdoor air.

Supplementary Heat Sources. [1]

Since air-source heat pumps have a minimum outdoor operating temperature (between -15°C to
-25°C) and reduced heating capacity at very cold temperatures, it is important to consider

a supplemental heating source for air-source heat pump operations. Supplementary heating
may also be required when the heat pump is defrosting. Different options are available:

e All Electric: In this configuration, heat pump operations are supplemented with electric
resistance elements located in the ductwork or with electric baseboards. These resistance
elements are less efficient than the heat pump, but their ability to provide heating is
independent of outdoor temperature.

e Hybrid System: In a hybrid system, the air-source heat pump uses a supplemental
system such as a furnace or boiler.

This measure is focused on air-source heat pumps (source) centrally ducted system (sink),
specifically air-air heat pumps and covers both types of supplemental heating: Hybrid systems
and All Electric.

In heating mode, air-source heat pumps save energy by displacing fossil fuel consumption with
electricity (a portion or all of it, depending on the supplemental heat configuration).

In cooling mode, ASHPs function like standard air conditioners but are typically more efficient
due to advanced compressor and control technologies, providing additional energy savings and
reductions in peak demand during the summer months.
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APPLICATION

This measure applies to:

e The addition of a new ccASHP or ASHP centrally ducted systems in a residential
building in Ontario. Specifically, air-air heat pump and cover both types of
supplemental heating: Hybrid systems and All Electric

¢ Residential buildings for which the space heating load (full load) is satisfied by a natural
gas heating system prior to the installation of the heat pump.

e Itis applicable to residential buildings of three or fewer stories in building height,
having a building area not exceeding 600 m?, used for major occupancies classified as:
residential occupancies, business and personal services occupancies, or mercantile
occupancies.

This measure does not apply to:

¢ Residential buildings that currently have a hybrid-fuel space heating system (i.e., an
electric heat pump satisfying a portion of the space heating load).

¢ Residential buildings used for major occupancies are classified as: medium hazard
industrial occupancies and low hazard industrial occupancies.

e The addition of ductless systems.

e The replacement of an existing heat pump.

BASELINE TECHNOLOGY

There is a specific baseline definition for each of the heat pump sizing options, they are
summarized below and details presented in Table 4:

e For heat pump sizing option 4A, the baseline technology is a new A/C unit and the
existing Natural Gas Furnace.

e For heat pump sizing option 4B, the baseline is:
o A new A/C unit and the existing Natural Gas Furnace, or
o A new A/Cunit and a new Natural Gas Furnace.

e For heat pump sizing options 4C and 4D, the baseline is:
o A new A/C unit and the existing Natural Gas Furnace, or

o The existing A/C or no A/C (for residential buildings with no cooling in place)
and a new Natural Gas Furnace, or

o A new A/C unit and a new Natural Gas Furnace.
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Table 4 Baseline Technology

HP The customer Baseline Equipment Baseline Efficiency
Sizi.ng is interested Baseline definition R S A/C unit Furnace
Option | in ant . cop AFUE
1.. Replace existing A/C unit New A/C Existing 279 90%
4A Cooling with new one
2. Add cooling (new A/C) New A/C Existing 2.72 90%
1.. Replace existing A/C unit New A/C Existing 279 90%
Cooling with new one
4B 2. Add cooling (new A/C) New A/C Existing 2.72 90%
Hea.tlng and 5.If customgr is looking t.o New A/C New 279 95%
cooling replace heating and cooling Furnace
1.' Replace existing A/C unit New A/C Existing 279 90%
Cooling with new one
2. Add cooling (new A/C) New A/C Existing 2.72 90%
3. Rgplgce heating and it had Existing New 272 95%
4C and cooling in place Furnace
4D i
Heating 4. Replace heating and itdidn't | . 0 New
have cooling in place (add . N/A 95%
. cooling Furnace
cooling)
HeaFlng and 5. If customgr is looking t'o New A/C New 272 95%
cooling replace heating and cooling Furnace

EFFICIENT TECHNOLOGY

The efficient technology is defined by three elements:
1. Heat pump performance efficiency requirements. The heat pump must meet the
minimum requirements in this section.
2. Heat Pump Sizing. A sizing option must be specified, and
3. Control methodology in heating mode. A control methodology must be properly
specified.
Heat pump performance efficiency requirements
The efficient technology is the addition of a new ASHP or ccASHP centrally ducted systems in a
residential building in Ontario that meets the performance efficiency/criteria specified in the

table below. Specifically, air-air heat pumps with supplemental heating: Hybrid systems and
All Electric.
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Table 5 Efficient Technology for Residential ASHP and ccASHP centrally ducted systems

. Min Capacity
. . Min. COP @ . 13
System Min. HSPF2 . Min. Hgatlng R?ted Max mamtene‘z,nce
configuration Region V Min. SEER2 Capacity at 8.3°C capacity'? 5°F (max -15°C
(47°F) Btu/hr (15 °C) (5°F))/Rated
8.3°C (47°F)), %

ASHP 6.6 15.2 12,000 N/A N/A
ccASHP 6.6 15.2 12,000 1.8 70

Heat Pump Sizing. Four sizing options are assessed based on the NRCan toolkit for air source
heat pump sizing and selection. [2]

Hybrid heating

Option 4A is sized to match the cooling load of the building. The customer is primarily
interested in cooling. The heat pump is seen as an alternative for a new or existing A/C
unit; The backup / existing heating system is seen as the primary heating source for most
of the heating season.

Option 4B is sized to match 125% of the cooling load. The customer is interested in both
cooling and heating. The backup heating system is used primarily during colder
weather.

Option 4C is sized to displace 75% of the heating load. Option 4C differs from the
NRCan sizing which targets a heating capacity at 17°F (Fahrenheit) and is thus different
for each installation location — instead a fixed percentage was chosen so that the sizes
can scaled up or down with the heating load of the building. The customer is interested
in heating. The backup heating system is used during the coldest periods. Cooling
performance is of secondary interest to the client.

All Electric

Option 4D is sized to displace 100% of the heating load. Option 4D is considered only
when full electrification (heat pump + installation of an electric resistance backup heater)
is planned.

Control methodology in heating mode

Switchover Temperature. The switchover temperature is the temperature at which the
heating system in use transitions from the heat pump (at warmer temperatures) to the
back-up system at colder temperatures: either natural gas (sizing options 4A, 4B and 4C)
or electric resistance (sizing option 4D).

Automatic Switchover Temperature. This is an “integrated controller” built into a smart
thermostat that controls both systems (heat pump and back-up) that enables the
switchover temperature automatically. This option ensures the optimal performance of
the heat pump, meaning the heat pump can perform to its maximum potential without
compromising comfort.

12 at maximum capacity operation.
13 Capacity maintenance is the ratio of the capacity at -15°C vs the capacity at 8.3°C — the higher the number the more heat the
ccASHP is able to output at low temperatures.
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ENERGY IMPACTS

Natural gas savings are achieved from the installation of ccASHP/ASHP by displacing heat
production in the building from a natural gas-fired furnace with electric heating, either in part
or in full. The amount of natural gas displaced is a function of the location, the ccASHP/ASHP
size, and the control methodology in heating mode.

Heat Pump Sizing. The larger the heat pump installed, the more natural gas can be saved by
displacing natural gas heating with electricity. In contrast, the larger the heat pump, the more
electricity is consumed in heating mode. In addition, the larger the heat pump can also impact
the cooling efficiency.

Control methodology in heating mode. Switchover Temperature: The lower the switchover
temperature, the more natural gas is saved in general. This trend is not perfectly linear due to
the variance in the number of hours at each temperature, and the reduction in efficiency and
capacity of the heat pump as temperatures decrease. In contrast, the lower the switchover
temperature is set, the more electricity is consumed by the heat pump operating in heating
mode. Automatic Switchover Temperature: Rather than using a fixed outdoor air temperature
to switch between the ccASHP or ASHP and the back-up heating system, the automatic
switchover temperature controller automatically determines what is the best temperature to
switch from heat pump to back-up depending on the heating demand of the building and
outdoor temperature. If the heat pump is sized correctly, this option maximizes the natural gas
savings, but it also has the largest electricity consumption in heating mode.

For residential buildings equipped with central air conditioning. Options 4A, B and C summer
electricity impacts are positive as ccASHP and ASHPs will be more efficient than the base case
A/C unit, and winter electricity impacts will be progressively more negative as switchover
temperature decreases, as more of the heat load will be met by electricity. For option 4D, the
ASHP is a more efficient electrical heat source than the back-up electric resistance heat source;
therefore, increasing the switchover temperature means that more electricity is used, reversing
the trend from the other three options. Therefore, it is recommended for option 4D to use only
Automatic switchover temperature as preferred control strategy.

For residential buildings not equipped with central air conditioning, the annual electricity
impact is always negative as there will be a large electricity load added all year round (heating
and cooling).
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NATURAL GAS SAVINGS ALGORITHM

The natural gas savings were calculated using the Heat Pump Analysis Tool (HPAT). [3] The
HPAT is an Excel-based model used to calculate the natural gas savings relative to the baseline
for all system configurations on an hourly basis (8760 model), using specific system sizing and
input parameters. The six system configurations covered are:

1. ccASHP with existing Gas furnace,
2. ccASHP with new Gas furnace,
3. ccASHP with Elec back-up,
4. ASHP with existing Gas furnace,
5. ASHP with new Gas furnace, and
6. ASHP with Elec back-up
The algorithms used in the tool to determine the natural gas savings are as follows:
Natural gas savings equations.
NGsapings = NGpasetine — NG System configuration: (1)
ccASHP with existing Gas furnace,
ccASHP with new Gas furnace,

ASHP with existing Gas furnace, and

ASHP with new Gas furnace,

NGgapings = NGpaseline System configuration: (1a)
ccASHP with Elec back-up, and
ASHP with Elec back-up

where:
NGgqpings = Annual natural gas savings (m3/yr)
NGyasetine =  Baseline natural gas consumption (m3/yr)
NGgg = Energy efficient case natural gas consumption (m3/yr)

Natural gas baseline consumption equations.

8760

NGbaseline = Z NGhourly X HHVNG (2)
1
Dpeati
NGhou‘rly = (3)
Eff
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Dheating = LFheating—base X Qheating (4)
HHV. — 35,738 x 1.055056 (5)
NG 1,000,000
where
NGhouriy = Hourly natural gas consumption- baseline (Btu/h)
HHVyg = Natural gas heating value (GJ/m3)
Dheating = Space heating demand-baseline (Btu/h)
Eff = Natural gas furnace efficiency (%)
Baseline Furnace heating load factor (dimensionless). Determined for
LF. . _  each hour of the year through energy modelling- Energy Plus. It is the
heating-base space heating load of the house for a specific hour divided by the
maximum space heating load of the house.
Qheating = Design space heating load (Btu/hr). Maximum space heating demand
35,738 = Energy Density of Natural Gas (Btu/m?3)
1.055056 = Conversion factor (GJ/MMBtu)
Natural gas efficient case consumption equations:
8760
NG = )" NGuourty-sz X HHVy (©)
1
NGhourly—EE =1IF (Hmode = "BaCkup") (7)
Dheating
If True = ,f False =0
Eff
Hpoqe = "Backup" when: (8)
e if Intergrated Controles = "Yes" e if Intergrated Controles = "No"
o Tdb < Tlockouta OR o Tdb < Tswitchaveﬂ OR
o HPyyc < Dpeating—£e, OR o HPypc < Dpeating—£e, OR
o  HPryc < Dheating-£E o  HPryc < Dpegting-£E
where:
NGhoyriy-er = Hourly natural gas consumption- efficient case (Btu/hr)
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Hmode

Td b

Tlockout

Tswitchaver

HPMHC

HPRHC

Space heating mode' (Heat Pump, Backup, or OFF)
Dry bulb temperature- outdoor (°F)

Heat pump lock-out temperature (°F). Is the temperature that causes the
heat pump to cease operation. It is used to specify that it is in place to
prevent over-pressure damage to a dual fuel system or to override an
integrated controller in an all-electric system. For electric resistance back-
up systems, simultaneous operation with the heat pump is allowed when
the heat pump capacity is below the heating demand but maintains a COP
above one. If the capacity is insufficient and COP falls below one, 100% of
the heating demand is met by the back-up system.

Heat pump switchover temperature (°F). The switchover temperature is
the temperature at which the heating system in use transitions from the
heat pump to the back-up.

Heat pump maximum heating capacity at a specific outdoor temperature
(Btu/hr)

Heat pump rated heating capacity at a specific outdoor temperature
(Btu/hr)

Heat pump Maximum and Rated heating capacity hourly equations

HPypc = HCygyx X HcapMax—system (10)
HPpyc = HCrgte X Tcapheating (1 1)
HCMax = (12)

If Typ = 47°F > HCypgp = 1
If_5°F< Tdb <47°F_>HCMax = aXTde +bXTdb+C

If Ty < —=5°F = HCyo = minimun value

HCRated = (1 3)
If Tap = 47°F = HCrateq = 1
If _SOF < Tdb < 4’7°F 4 HCRated =aX szb + b X Tdb +c
If Ty < =5°F = HCpryteq = minimun value
HcapMax—system = Tcapheating X RHMax—to—Rated (14)
where:

14 The equations for “Backup” mode are located in the Natural Gas algorithms section (Equation 8). The equations for “Heat pump”
mode can be found in the Electricity Impact algorithms section (Equation 31). “OFF” mode refers to when the system is neither
operating in heat pump mode nor in backup mode.

Ontario TRM
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HC gy = Heat pump Maximum Capacity heating performance curve (polynomial)

HCapyax-system = Heat pump heating maximum system capacity (Btu/hr)

HCgrated = Heat pump Rated Capacity heating performance curve (polynomial)

TCappeating = Target heat pump rated heating capacity (Btu/hr)

abc _ Heat pump Maxi'm'um and Rated Capacity heating performance curve
T polynomial coefficients.

RHyjax—to—Rated = Heat pump Maximum capacity curve fraction (dimensionless)

Heat pump target heating and cooling capacity hourly equations

HP sizing option

TCappeating = TCaAPcooting X 1.05 4A & 4B (15)
TCapcooiing = Qcooting 4A" (16)
TCapcooting = Qeooting X 1.25 4B° (17)
TCapcooting = TCaPheating X 0.95 4C & 4D (18)
TCapneating = Qneating X 0.75 4C" (19)
TCapneating = Qheating 4D (20)
where:

TCappeating Target heat pump rated heating capacity (Btu/hr)

TCapcooting Target heat pump rated cooling capacity (Btu/hr)

Qcooling Design space cooling load (Btu/hr). Maximum space cooling demand

The tool was setup for the scenarios described in tables 6 and 7. A total of 1,200 scenarios were
run (600 scenarios for the North and 600 for the South) and the outputs are presented in table 1.
The specific assumptions used in the calculations are captured in the Assumptions section.

15 HP sizing Option 4A is sized to match the cooling load of the building.
16 HP sizing Option 4B is sized to match 125% of the cooling load.

17 HP sizing Option 4C is sized to displace 75% of the heating load.

18 HP sizing Option 4D is sized to displace 100% of the heating load.
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Table 6 Natural Gas savings for ccASHP centrally ducted systems

Baseline _ Heating Natural gas savings
HP . technology SR el ’ calculat?on ’
Sizing df::ﬁ,!{}f,n AIC Type of Control Baseline Eff. Case
S unit ALtz system wethodology, consumption | consumption
eating mode
4A Replace existing New Existing | ccASHP Switchover Existing Gas Existing Gas
A/C unit with New | A/C with existing | Temperature Furnace, full Furnace,
one or Add Gas furnace | Automatic Switchover | load reduced load
cooling (new A/C) back-up Temperature
4B Replace existing New Existing | ccASHP Switchover Existing Gas Existing Gas
A/C unit with New | A/C with existing | Temperature Furnace, full Furnace,
one or Add Gas furnace | Automatic Switchover | load reduced load
cooling (new A/C) back-up Temperature
Replace heating New New ccASHP Switchover New Gas New Gas
and cooling A/IC Furnace | with New Temperature Furnace, full Furnace,
Gas furnace | Automatic Switchover | load reduced load
back-up Temperature
4C Replace existing New Existing | ccASHP Switchover Existing Gas Existing Gas
A/C unit with New | A/C with existing | Temperature Furnace, full Furnace,
one or Add Gas furnace | Automatic Switchover | load reduced load
cooling (new A/C) back-up Temperature
Replace heating Existing | New ccASHP Switchover New Gas New Gas
and it had cooling Furnace | with New Temperature Furnace, full Furnace,
in place Gas furnace | Automatic Switchover | load reduced load
back-up Temperature
Replace heating No New ccASHP Switchover New Gas New Gas
and it didn't have | cooling | Furnace | with New Temperature Furnace, full Furnace,
cooling in place Gas furnace | Automatic Switchover | load reduced load
(add cooling) back-up Temperature
Replace heating New New ccASHP Switchover New Gas New Gas
and cooling A/IC Furnace | with New Temperature Furnace, full Furnace,
Gas furnace | Automatic Switchover | load reduced load
back-up Temperature
4D Replace existing New Existing | ccASHP Switchover New Gas Furnace load
A/C unit with New | A/C with electric | Temperature Furnace, full fully
one or Add back-up Automatic Switchover | load displaced by
cooling (new A/C) Temperature electricity
Replace heating Existing | New ccASHP Switchover New Gas Furnace load
and it had cooling Furnace | with electric | Temperature Furnace, full fully
in place back-up Automatic Switchover | load displaced by
Temperature electricity
Replace heating No New ccASHP Switchover
and it didn't have | cooling | Furnace | with electric | Temperature
cooling in place back-up Automatic Switchover
(add cooling) Temperature
Replace heating New New CccASHP Switchover New Gas Furnace load
and cooling A/C Furnace | with electric | Temperature Furnace, full fully
back-up Automatic Switchover | load displaced by
Temperature electricity

Ontario TRM
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Table 7 Natural Gas savings for ASHP centrally ducted systems

Baseline —_ Heating Natural gas savings
HP . technology SISO EETE E357 d calculat?on d
Sizing Basglm_e Control ;
Option description AI(_: Furnace Type of methodology Basellm_e Eff. Casg
unit system heating mode, consumption | consumption
4A Replace existing New Existing | ASHP with Switchover Existing Gas Existing Gas
A/C unit with New | A/C existing Gas | Temperature Furnace, full Furnace,
one or Add furnace Automatic Switchover | load reduced load
cooling (new A/C) back-up Temperature
4B Replace existing New Existing | ASHP with Switchover Existing Gas Existing Gas
A/C unit with New | A/C existing Gas | Temperature Furnace, full Furnace,
one or Add furnace Automatic Switchover | load reduced load
cooling (new A/C) back-up Temperature
Replace heating New New ASHP with Switchover New Gas New Gas
and cooling A/C Furnace | New Gas Temperature Furnace, full Furnace,
furnace Automatic Switchover | load reduced load
back-up Temperature
4C Replace existing New Existing | ASHP with Switchover Existing Gas Existing Gas
A/C unit with New | A/C existing Gas | Temperature Furnace, full Furnace,
one or Add furnace Automatic Switchover | load reduced load
cooling (new A/C) back-up Temperature
Replace heating Existing | New ASHP with Switchover New Gas New Gas
and it had cooling Furnace | New Gas Temperature Furnace, full Furnace,
in place furnace Automatic Switchover | load reduced load
back-up Temperature
Replace heating No New ASHP with Switchover New Gas New Gas
and it didn't have cooling | Furnace | New Gas Temperature Furnace, full Furnace,
cooling in place furnace Automatic Switchover | load reduced load
(add cooling) back-up Temperature
Replace heating New New ASHP with Switchover Existing Gas Existing Gas
and cooling A/C Furnace | New Gas Temperature Furnace, full Furnace,
furnace Automatic Switchover | load reduced load
back-up Temperature
4D Replace existing New Existing | ASHP with Switchover New Gas Furnace load
A/C unit with New | A/C electric Temperature Furnace, full fully
one or Add back-up Automatic Switchover | load displaced by
cooling (new A/C) Temperature electricity
Replace heating Existing | New ASHP with Switchover New Gas Furnace load
and it had cooling Furnace | electric Temperature Furnace, full fully
in place back-up Automatic Switchover | load displaced by
Temperature electricity
Replace heating No New ASHP with Switchover New Gas Furnace load
and it didn't have | cooling | Furnace | electric Temperature Furnace, full fully
cooling in place back-up Automatic Switchover | load displaced by
(add cooling) Temperature electricity
Replace heating New New ASHP with Switchover New Gas Furnace load
and cooling A/C Furnace | electric Temperature Furnace, full fully
back-up Automatic Switchover | load displaced by
Temperature electricity
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ELECTRICITY IMPACTS ALGORITHM

The electricity impacts were calculated using the Heat Pump Analysis Tool (HPAT). [3] HPAT
is an Excel-base model used to calculate the electricity impacts relative to the baseline for all
system configurations on an hourly basis, using specific system sizing and input parameters.

The six system configurations covered are:
ccASHP with existing Gas furnace,
ccASHP with new Gas furnace,
ccASHP with Elec back-up,

1

2

3

4. ASHP with existing Gas furnace,
5. ASHP with new Gas furnace, and
6

ASHP with Elec back-up

The algorithms used in the tool to determine the electricity impacts are as follows:

Electricity impact equations.

Elecinpaces = Elecpaseiine — Elecgg (21)
where:

EleCimpacts = Annual total electricity impacts (m3/yr)

Elecygsetine = Baseline electricity consumption (m3/yr)

Elecgg = Energy efficient case electricity consumption (m3/yr)
Baseline Electricity consumption equations.

8760 8760
Elecpgsetine = Z Elechouriy—cooling Z Elechouriy—fan (22)
1 1
D. ..

Blechouny-cooing = Gop o312 @)

Deooting = LFcooting—base X Qcooting (24)

Elechouriy—fan = EleChouriy—fan—neat T El€Chouriy—fran—cool (25)

EleChouriy—fan—neat = RUNpyr X Pran_pur (26)

EleChourty-fan—coot = RUNcoor X Pran—cool (27)

Rungy, = LFpeating—base (28)
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Rung,y = LFcooling—base

P _ Tcapheating
fan—Fur 12‘000

_ Tcapheating
Pfan—cool - % 12’000

where:
Elecygseiine -
Elechaurly—cooling
Elechaurly—fan -
Dcooling

COPcooling—base -

3412 =

LFheating—base -

LFcooling—base

Qcooling
Elechourly—fan—heat =
Elechaurly—fan—cool -
RunFu‘r -
Run oo -
Pfan—Fu‘r -
Pran-cool -
CFMFu‘r =

CFMcool =

Efffan—motor =

X

(29)
Eff an—motor (30)
CFMpur X 555
E _
CFMcool x ff];.agogotor (31 )

Hourly total electricity consumption- baseline (kWh)

Hourly space cooling electricity consumption- baseline (kWh)

Hourly fan electricity consumption- baseline (kWh)

Space cooling demand-baseline (Btu/hr)

Coefficient of performance curve of the A/C unit-baseline (dimensionless)
Conversion factor Btu/hr to kWh

Baseline Furnace heating load factor (dimensionless). Determined for each
hour of the year through energy modelling- Energy Plus. It is the space heating

load of the house satisfied by the baseline space heating equipment (Furnace)
for a specific hour divided by the maximum space heating load of the house.

Baseline A/C unit cooling load factor (dimensionless). Determined for each
hour of the year through energy modelling- Energy Plus. It is the space cooling
load of the house satisfied by the baseline equipment (AC unit) for a specific
hour divided by the maximum cooling load of the house.

Design space cooling load (Btu/hr).

Hourly furnace fan electricity consumption-baseline (kWh)

Hourly Ac unit fan electricity consumption-baseline (kWh)

Furnace run time- baseline (dimensionless)

Ac unit run time-baseline (dimensionless)

Furnace fan power (kW)

Ac unit fan power (kW)

Conditioned airflow rate produced by a typical condensing furnace (CFM/ton)

Conditioned airflow rate produced by a typical AC unit or heat pump (CFM/ton)

Efficiency of the fan motor (Watt/CFM)

22
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Efficient case Electricity consumption equations

8760 8760 8760 8760
EleCEE = z Elechp—heat + Z Elechp—cool + z Elecbackup—heat + Z Elecfan—hp (32)
1 1 1 1
where:
Elecgg = Hourly total electricity consumption- efficient case (kWh)
Elechp—peat = Hourly heat pump electricity consumption in space heating mode (kWh)
Elechp—coot = Hourly heat pump electricity consumption in space cooling mode (kWh)
_ Hourly backup equipment electricity consumption in space heating mode
Elecbackup—heat - (kWh)
Elecran—np = Hourly heat pump total fan electricity consumption (kWh)

Heat pump electricity consumption in space heating mode equations

System configuration

Elecpy—neat = IF (Hypoqe = "Heat Pump" ), ccASHP with Existing and New Gas furnace, (33)
If True = Eq.35, If False = 0 ASHP with Existing and New Gas furnace,
And sizing options 4A, 4B, and 4C
Elecpy—_neqt = IF (Hpogeap = ccASHP with Elec back-up, (34)
"Heat Pump" or "Dual”), ASHP with Elec back-up,

If True = Eq35, If False =0 And SiZing Option 4D

= IF (HPpeat moae = "Rated") = IF (HPpeat mode = "Max") (35)
. Dy ..
heating heating
If True = If False =
COPpy_pajratea X 3412 COPhy_pgjmax % 3412

Hy0qe = "Heat Pump" or Hypgeap = "Heat Pump" when: (36)
e if Intergrated Controles = "Yes" e if Intergrated Controles = "No"

o Tap = Tiockour» AND o Tap = Tswitchover» AND

o HPypc = Dheating’ OR o HPypc = Dheating: OR

o HPpyc = Dheating o HPgpyc 2 Dheating
Hpodeap = "Dual” when: (37)
e if Intergrated Controles = "Yes",AND

Ontario TRM
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hd Tdb 2 Tlockouta AND
d Dheating > HPMHC’ AND

d COPhp—Adeax >1

HPpeat moae = "Rated" or "Max" when: (38)

IF( HPyyc > Dheating ), If True = Eq39,If False = 0

HPheatmode = IF(Dneating < HPruc),If True = "Rated",If False = "Max" (39)
where:
Hoode =  Space heating mode'® (Heat Pump, Backup, or OFF)

o Space heating mode for sizing option 4D2° (Heat Pump, Backup, Dual or
mode4D - OFF)

HPyoqt mode = Heat pump capacity mode (Rated or Max)

Heat Pump Defrost Performance Adjusted COP at Rated Capacity for a

COPhp-adjrated ~  specific outdoor temperature (dimensionless)

Heat Pump Defrost Performance Adjusted COP at Maximum Capacity for

COPhp-adjmax ~  aspecific outdoor temperature (dimensionless)

Heat pump COP performance curve equations adjusted to defrost at Maximum and Rated
heating capacity equations
COPnp-aajratea = If (Tap > 40°F) (40)
If True = COPyp_gateas  1f False = COPpy_parea X (1= COPuesrost)

COPpp_ratea = HPcop-ratea X HPcop—patea@arr (41)
HPcop_Ratea = (42)
If Tqp = 47°F = HPcop_patea = 1
If —SOF < Tdb < 47°F d HPCOP—Rated == al X szb + bz X Tdb + Cl

If Ty < —5°F > HPrpp_pateqa = minimun value

COPdEfTOSt =cC3 X T;b + Cy X szb + ¢ X Tdb + Co (43)

19 The equations for “Backup” mode are located in the Natural Gas algorithms section (Equation 8). The equations for “Heat pump”
mode can be found in the Electricity Impact algorithms section (Equation 33). “OFF” mode refers to when the system is neither
operating in heat pump mode nor in backup mode.

2 The equations for “Backup” mode are located in the Natural Gas algorithms section (Equation 8). The equations for “Heat pump”
or “Dual” mode can be found in the Electricity Impact algorithms section (Equation 34). “OFF” mode refers to when the system is
neither operating in heat pump mode nor in backup mode.
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COPyy—sajmax = 1f (Tqp > 40°F) (44)
If True = COPyp_pax,  If False = COPpy_piax X (1= COPyesrost)

COPpp_max = HPcop—max X HPcop—_max@arer (45)

HPcop-max = (46)
If Typ = 47°F = HPop_prax = 1
If _5°F<Tdb < 47°F - HPCOP—Max = aq Xszb +b2 XTdb+C1

If Tgp < =5°F = HProp_pax = minimun value
where:

Heat Pump COP at Rated Capacity for a specific outdoor temperature

COPy,,_ = i i
hp—Rated (dimensionless)

HP Heat pump COP heating performance curve at Rated Capacity
COP-Rated (dimensionless)

Heat pump COP heating performance curve at Rated Capacity, and at

HPcop-rateaaar s 47°F (dimensionless)

Heat pump Defrost efficiency polynomial, steady-state heating

COPyerost = performance.
CoP _  Heat Pump COP at Maximum Capacity for a specific outdoor temperature
hp—Max (dimensionless)

Hp _  Heat pump COP heating performance curve at Maximum Capacity
cop-Max (dimensionless)

P _  Heat pump COP heating performance curve at Maximum Capacity, and at
COP—Max@47°F 47°F (dimensionless)

o bc _ Heat pump Maximum and Rated Capacity heating performance curve

1, Y1, &1 -

polynomial coefficients.

Heat pump electricity consumption in space cooling mode equations:
Elechp—cool = (47)

= IF (HP¢oo1,moqe = "Rated") = IF (HPoo1,moqe = "Max"

Dcooling—EE
COPrp_max—coor X 3412

Dcooling—EE
COPhp—Rated—cool x 3412

Elechp—cool = Elechp—cool =

HP_ 501 moqe = "Rated" or "Max" when: (48)

IF( Ty, > 60°F),If True = Eq49, If False =0
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HPCool,mode = IF(Dcooling—EE < HPRCC) (49)

If True = "Rated",

If False = "Max"

HPpce = CCratea X Tcapcooling (50)

CCRated =

(51)

o If Tdb > 60°F —» CCRated =a, X Tdb + bz

Dcooling—EE

COPhp—Rated—cool

COPhp—Max—cool

HPRCC

CCRated

Tcapcooling

a,, b,

HPCOP—Rated—cool

HPCOP—Max—cool

HPCOP—Rated@95°F

HPCOP—Max@95°F

Deooting—er = LFcooting X Qcooting (52)

COPpp_rated-coot = HPcop—Rrated—coot X COPrp_patea@oser (93)

COPry_max—coot = HPcop—max—coot X COPhp_max@osk (54)

HPop_rateda-coot = If Tap = 60°F = HProp_rateda—coot = a3 X Tap + b3 (99)

HPcop-max—coot = If Tap = 60°F = HPcop_max—coot = @3 X Tap + b3 (96)
where:

HP o01mode Heat pump cooling capacity mode (Rated or Max)

Heat pump space cooling demand (Btu/hr)

Heat Pump COP cooling performance curve at Rated Capacity for a
specific outdoor temperature (dimensionless)

Heat Pump COP cooling performance curve at Maximum Capacity for a
specific outdoor temperature (dimensionless)

Heat pump cooling rated capacity at a specific outdoor temperature
(Btu/hr)

Heat Pump cooling Rated Capacity performance curve (dimensionless)
Target heat pump rated cooling capacity (Btu/hr)

Heat pump Maximum and Rated Capacity cooling performance curve
polynomial coefficients.

Heat pump COP cooling performance curve at Rated Capacity
(dimensionless)

Heat pump COP cooling performance curve at Maximum Capacity
(dimensionless)

Heat pump COP cooling performance at Rated Capacity, and at 95°F
(dimensionless)

Heat pump COP cooling performance at Maximum Capacity, and at 95°F
(dimensionless)
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Heat pump COP cooling performance curve at Maximum and Rated

a3, by = Capacity polynomial coefficients.

Backup equipment electricity consumption in space heating mode equations:

HP sizing option
Elecbackup—heat =0 4A, 4B, and 4C (57)
Elecbackup—heat = 4D (58)
lf Hmode4_D — ||Backup||21 lf Hmode4D — "Dual"
Dh ting—EE (Dh ting—EE — HPMHC)
Elecbackup—heat = 6;4LI§ Elecbackup—heat = = lngs412

where:

_ Hourly backup equipment electricity consumption in space heating mode
Elecbackup—heat - (kWh)

Efficient case total fan electricity consumption equations
System configuration

Elecran—np = EleCran—np-neat + EleCran—np-coot ccASHP with Existing and (59)
New Gas furnace,

ASHP with Existing and New
Gas furnace,

+ Elecfan—backup—heat

And sizing options 4A, 4B, and
4C
Elecran-np = EleCran—neat + EleCran—np-coot ccASHP with Elec back-up, (60)
ASHP with Elec back-up,
And sizing option 4D

Elecran-np—neat = RUNpp_pear X Pran—np (61)
Elecran—np—coot = RUNpp_coot X Pran—np (62)
Electan-packup—heat = RUNpyr X Pran_pur (63)
Runpy,_peqr = if Hpoqe = "Heat Pump”,if True - Runyy_pear = LFpeating—np 64)
Runyy_coor = ifEleChy_coor > 0,if True = Runpy_coo1 = LFcoo1ing (65)

21 Same as equation 8 in the Natural Gas savings algorithms
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Runpy, = if Hpoge = "Backup”,if True - Rung,, = LFheating—backup (66)
TCApheating Efffan—motor (67)
Pran-backup = 12,000 * CFMpy, X 1000
Tcapheating Efffan—motor (68)
Proey = ———— X CFM, X ——
fan=hp 12,000 cool 1,000
Elecfan—heat = if Hpogeap = "Dual”, (69)

if True - Elecran_peat = (Runhp_heat + Runbackup) X Pran—np, If False Eq.70

Elecfan—heat = if Hpogeap = "Heat pump", (70)
if True - Elecran_neat = RUNpp_pear X Pran-np» If False Eq.71
Elecfan—heat = lf Hmode4D = "BaCkup"' (71)
if True - Elecran—near = RuNpaciup X Pran-backups If False 0
where:
Elecran—_np Heat pump total fan electricity hurly consumption (kWh)

Elecfan—hp—heat

Elecfan—hp—cool

Elecfan—backup—heat

Elecfan—heat

Runhp—heat
Runhp—cool
RunFur
Pfan—hp

Pfan—backup

CFMp,,

CFMcool

Efffan—motor

Heat pump fan electricity hourly consumption, heat mode (kWh)
Heat pump fan electricity hourly consumption, cooling mode (kWh)

Backup heating system fan hourly consumption (kWh)

Backup system for sizing options 4A, 4B, and 4C is a natural gas furnace,
and back up system for sizing option 4D is electric resistance.

Total fan electricity hourly consumption, heat mode (kWh)
Heat pump run time, heating mode (dimensionless)

Heat pump run time, cooling mode (dimensionless)
Furnace run time (dimensionless)

Heat pump fan power (kW)

heating backup system fan power (kW)

Conditioned airflow rate produced by a typical condensing furnace
(CFM/ton)

Conditioned airflow rate produced by a typical AC unit or heat pump
(CFM/ton)

Efficiency of the fan motor (Watt/CFM)

28

Ontario TRM



Residential — ccASHP/ASHP Central systems -TNR

The tool was setup for the scenarios described in tables 8 and 9. A total of 1,200 scenarios were
run (600 scenarios for the North and 600 for the South) and the outputs are presented in table 1.
The total electricity impacts are equal to the heating electric impact + cooling electricity impact.
The specific assumptions used in the calculations are captured in the Assumptions section.
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Table 8 Electricity impacts for ccASHP centrally ducted systems

Baseline . . Heating Electricity Cooling Electricity
Si:i:g Baseline technology SISO EETE E2)7 impact calculation impact calculation
- description . Type of Control methodology, . .
Option A/C unit | Furnace system heating mode Baseline | Eff. Case | Baseline | Eff. Case
Replace existing ccASHP with [Switchover Temperature
A/C unit with New L existing Gas . .
4A . |INew A/C |Existing Automatic Switchover none cCASHP New A/C |ccASHP
one or Add cooling furnace back- T ¢
(new A/C) up emperature
Replace existing CCASHP with |Switchover Temperature
A/C unit with New - existing Gas
. |New A/C |Existing None ccASHP New A/C  |ccASHP
one or Add cooling furnace back- |a ;tomatic Switchover
5 (new A/C) up Temperature
cCASHP with |Switchover Temperature
Replace 'heatmg New A/C New New Gas Automatic Switchover None ccASHP New A/C  |ccASHP
and cooling Furnace |furnace back-
up Temperature
Replace existing ccASHP with [Switchover Temperature
A/C unit with New L existing Gas . .
. |New A/C |Existing Automatic Switchover  [None cCASHP New A/C |ccASHP
one or Add cooling furnace back- T ¢
(new A/C) up emperature
. ccASHP with |Switchover Temperature
Replace heating New New Gas Existin
and it had cooling |Existing Automatic Switchover None ccASHP 9 ccASHP
. Furnace |furnace back- A/C
in place up Temperature
4C
Replace heating ccASHP with [Switchover Temperature
and .It dl.dnt have  INo . New New Gas Automatic Switchover None ccASHP None ccASHP
cooling in place cooling |[Furnace (furnace back-
. Temperature
(add cooling) up
ccASHP with |Switchover Temperature
Replace heating o, arc NW New Gas Automatic Switchover ~ [None CCASHP  New A/C  |ccASHP
and cooling Furnace |furnace back-
Temperature
up
Z%)I:rc]:: ;ﬁl;twsw ccASHP with Switchover Temperature ET:j:CP +
. [New A/C |Existing |electric back- [Automatic Switchover None . New A/C |ccASHP
one or Add cooling U T ¢ resistance
(new A/C) P emperature back-up
Replace heating cCASHP with Switchover Temperature CCASHP * e
. . . New , ) . Electric Existing
and it had cooling |Existing electric back- |[Automatic Switchover  [None . ccASHP
. Furnace resistance |A/C
in place up Temperature
4D back-up
e S W Y e N S
L . electric back- |Automatic Switchover None . None ccASHP
cooling in place cooling |Furnace U T ; resistance
(add cooling) P emperature back-up
Reoiace heatin New ccASHP with Switchover Temperature ET:j:CP +
P . 9 INewA/C electric back- |Automatic Switchover  [None . New A/C |ccASHP
and cooling Furnace resistance
up Temperature
back-up
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Table 9 Electricity impacts for ASHP centrally ducted systems

Baseline Efficient technolo Heating Electricity Cooling Electricity
HP Baseline technology ay impact calculation impact calculation
Sizing T Control
Option LN A/C unit|Furnace T2 Gl methodology, Baseline | Eff. case | Baseline | Eff. case
system .
heating mode
Replace existing ASHP with Switchover
it wi isti Temperature
A A/C unit with Ngw New A/C|Existing existing Gas p : . None ASHP New A/C |ASHP
one or Add cooling furnace back- |Automatic Switchover
(new A/C) up Temperature
Replace existing ASHP with Switchover
it wi isti Temperature
A/C unit with Ngw New A/C|Existing existing Gas p : : None ASHP New A/C |ASHP
one or Add cooling furnace back- |Automatic Switchover
5 (new A/C) up Temperature
ASHP with Switchover
i Temperature
Replace heating ., pjc[New  New Gas perature None ASHP New A/C |ASHP
and cooling Furnace [furnace back- |Automatic Switchover
up Temperature
Replace existing ASHP with Switchover
it wi isti Temperature
A/C unit with Ngw New A/C Existing existing Gas P : : None ASHP New A/C |ASHP
one or Add cooling furnace back- |Automatic Switchover
(new A/C) up Temperature
. ASHP with Switchover
Replace heating New New Gas Temperature Existing
;ndlétchead cooling - [Existing Furnace [furnace back- |Automatic Switchover None ASHP A/IC ASHP
ic P up Temperature
Replace heating ASHP with Switchover
it didn' Temperature
and .|t dl.dn t have |No . New New Gas p : . None ASHP None ASPH
cooling in place cooling |Furnace |furnace back- [Automatic Switchover
(add cooling) up Temperature
ASHP with Switchover
i Temperature
Replace .heatlng New A/C New New Gas p : : None ASHP New A/C |ASHP
and cooling Furnace [furnace back- |Automatic Switchover
up Temperature
Replace existing Switchover ASHP +
it wi i Temperature i
A/C unit with Ngw New A/C|Existing ASHP. with p : . None Ele_Ct”C New A/C |ASHP
one or Add cooling electric back-up|Automatic Switchover resistance
(new A/C) Temperature back-up
Replace heating Switchover ASHP +
. . L New ASHP with Temperature Electric Existing
gnd it had cooling  Existing Furnace |electric back-up|Automatic Switchover None resistance |A/C ASHP
in place
D Temperature back-up
Replace heating Switchover ASHP +
it didn" i Temperature i
and .|t dl'dn t have |No . New ASHE with p : . None Ele'ctrlc None ASHP
cooling in place cooling |Furnace |electric back-up|Automatic Switchover resistance
(add cooling) Temperature back-up
Switchover ASHP +
i i Temperature i
Replace .heatlng New A/C New ASHE with p : . None Ele'ctrlc New A/C |ASHP
and cooling Furnace |electric back-up|Automatic Switchover resistance
Temperature back-up
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WINTER AND SUMMER PEAK ELECTRICITY IMPACTS ALGORITHM

The approach for quantifying the electricity summer and winter peak impacts from the
installation of a ccASHP/ASHP centrally ducted in Ontario uses the analysis approach
described in the IESO-CDM-CE-Tool-V9-7-January-28-2025 tool, modified to account for
negative impacts in the summer and/or winter. [4]

Step 1. Calculate hourly summer and winter peak electricity impact. The following equations
were applied to the hourly profile for each of the scenarios described in the electricity impact

section.

Eq.1)

Eq.2)

Eq.3)

Eq.4)

Eq.5)

SAPeak—Min
SAPeak—Max
WAPeak—Min

WAPeak—Max

SPeak =IF (SAPeak—Min < 0)
lf True SPeak = SAPeak—Min

lf False Speak = Sapeak-Max

Sapeak-Min = [Min(APSummer)' If (SPeak—h =0.04) ]+ [Min(APSummer)' If (SPeak—h = 0.05) ]
+ [Min(APSummer)' If (SPeak—h = 0-42)] + [Min(APSummer)ﬁ If (SPeak—h = 0-49)]

Sapeak-Max = [Max(APSummer)'If (SPeak—h =0.04) ]+ [Max(APSummer)' If (SPeak—h =0.05) ]
+ [Max(APSummer): If (SPeak—h = 042)]
+ [Max(APSummer)' If (SPeak—h = 049)]

APsymmer = Speak—n X Elecy X Hrcooling

Whrear = IF Wapeak-min < 0)
if True Wpeak = Wapeak-min

if False Wpeax = Wapeak-max

WAPeak—Min = [Min(APWinter)' If(WPeak—h = 013)] + [Min(APWinter)rIf(WPeak—h = 024)]
+ [Min(APwinter), If Wheak—n = 0.30) ] + [Min(APyinter), If Wpear—n = 0.33)]

WAPeak—Max = [Max(APWinter)If(WPeak—h = 013) ] + [Max(APWinter)' If(WPeak—h = 024)]
+ [Max(APyinter), If Wpear—n = 0.30) ] + [Max(APyinter), If Whpeai—n = 0.33) ]

APWinter = Whreak-n X Elech

= Summer peak electricity impact (kW)

=  Winter peak electricity impact (kW)

= Minimum alternative summer peak demand (kW)
= Maximum alternative summer peak demand (kW)
= Minimum alternative winter peak demand (kW)

= Maximum alternative winter peak demand (kW)
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APsymmer = Hourly alternative summer peak demand in a typical year? (kW)

Hrcooling - COOlil‘lg hour

Hrcooling = IF(Tdry—bulb > Tbalance—cooling)
If TRUE - H7¢pp1ing = 1, cooling required.

Speak—h = Alternative summer peak hour fraction

APy inter = Hourly alternative winter peak demand in a typical year (kW)

Wpeak—-n = Alternative winter peak hour fraction

Elecy, = Hourly electricity impact in a typical year (kW)
ASSUMPTIONS

The efficient case technology efficiency is sourced from the Northeast Energy Efficiency
Partnerships (NEEP) database of ASHPs. Efficiencies are averaged from the database for each
combination of ASHP/ccASHP with existing gas furnace, new gas furnace and electric backup.

The AHRI codes and NEEP data fields used to differentiate between the combinations are:

Existing furnace: HRCU-A-C and no entry in the Furnace Model Number field. These are units
that have an indoor coil that can be placed in an existing furnace.

New Furnace: HRCU-A-CB and an entry in the Furnace Model Number field. These are units
that have both a coil and blower and are tied to a specific new furnace.

Electric Backup: Any model without an entry in the Furnace Model Number field. All of these
units can be combined with any electric resistance heating type.

The capacities input to the calculations are assumed to be rated capacities, so the ratio of max to
rated capacity for heating at 47°F and cooling at 95°F are used to determine the maximum
system capacity.

Rated and max capacities and COPs are provided in the source data at 47, 17, 5 and -5 degree
Fahrenheit for heating, and at 95 and 82 degree Fahrenheit for cooling. The ratios of capacities
and COPs at each temperature are used to derate the values and create curves that provide the
capacity and COP at each degree Fahrenheit from 95 to -45.

Table 10 provides a list of assumptions used in the calculations of the: natural gas savings,
electricity impacts and electricity peak impacts.

2 Assumed 8,760 hours in a typical year.
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Table 10. Assumptions

Variable Definition Value Source/Comment
35,738 Energy Density of Natural Gas 35, 738 Btu/m3 Common assumption table
1.055056 Conversion factor 1.055056 GJ/MMBtu | Online conversion calculator

Natural gas furnace efficiency- o
Existing 90% [l
EfT Natural gas furnace efficiency-
95% [6]

New

LFheating—base

Baseline Furnace heating load
factor.

LFheating—hp

Heating load factor for the Efficient
technology primary space heating
equipment (ASHP/ccASHP).

LFheating—backup

Heating load factor for the Efficient
technology back-up space heating
equipment (Furnace). This is for
hybrid heating (Sizing options 4A,
4B, and 4C)

LFheating—Elec

Heating load factor for the Efficient
technology back-up space heating
equipment (Electric Resistance).
This is for full electric (Sizing
option D)

Determined for each
hour of the year
through energy
modelling. It is the
heating load of the
house for a specific
hour divided by the
maximum heating
load of the house.
(dimensionless)?

LFcooling—base

Baseline cooling load factor.

Cooling load factor for the Efficient

Determined for each
hour of the year
through energy
modelling. It is the
cooling load of the

EnergyPlus energy modeling
was used to determine the
hourly heating load fraction
and cooling load fraction,
which is the percent of
maximum heating or cooling
demand associated with each
hour of the year.

LEpotina—n house for a specific
coonng=hp technology: ASHP/ccASHP. hour divided by the
maximum cooling
load of the house.
(dimensionless)
Calculated based on EGI
weighed average space
heating natural gas
Design space heating load for consumption of residential
Climate Region: South 37,500 (Btu/hr) buildings in NBC Climate zone
Qheating 5, and 6. Normalized to CWEC

2020 and baseline furnace
efficiency (90% AFUE). [7]

Design space heating load for
Climate Region: North

25,000 (Btu/hr)

Calculated based on EGI
weighed average space

2 The heating load fraction (LF) represents the building’s normalized hourly thermal demand and is normally derived from a
natural-gas furnace baseline to keep building load separate from equipment performance. This LF is applied consistently across
scenarios to convert annual heating load into an hourly profile.
Scenario 4D is the intentional exception because fully electrifying space heating changes how thermal demand appears on the
electric grid. Without a combustion backup, all heating demand becomes electrical load, producing a different and more
peak-concentrated hourly pattern. Thus, Scenario 4D uses an electricity-based LF to reflect grid-observed demand, while all other
modeling steps and the fundamental purpose of LF remain unchanged.
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Variable Definition Value Source/Comment
heating consumption of
residential buildings in NBC
Climate zone 7A, 7B, and 8.
Normalized to CWEC 2020.
and baseline furnace efficiency
(90% AFUE) [7]

Design space cooling load for Design cooling load was set at
Climate Region: South 17,000 (Btu/hr) 45% of the heating load,
g
rounded to the nearest 1000
Btu. This % is the average
Qcooting , , heating and cooling load ratios
Design space Cf)o“”g load for 11,000 (Btu/hr) generated from EnergyPlus
Climate Region: North energy modelling (the same
models used to define the heat
load fractions)
Tap Dry bulb temperature- outdoor 8760 profile (°F) '(I;X\rlfn(t:o?([)?]o Timmins and
Tiockout Heat pump lock-out temperature -40°F ;_C;S”:brgei nctcijlgeé\t/\;eEné&e. rature
RH Ratio of Max to Rated Heating
Max—to-kated | Capacity at 47°F Table 11 Calculated average ratios
RC Ratio of Max to Rated Cooling based on NEEP database of
Max—to—Rated Capacity at 95°F heat pumps available in
. Canada. The data was
Heat pump COP heating grouped into six distinct
HFcop-ratea@arr performance curve oat Rated system configurations, first by
Capacity, and at 47°F disaggregating between ASHP
Heat pump COP heating and ccASHP using minimum
HP¢op _max@arF performance curve at Maximum requirements described in
Capacity, and at 47°F Table 12 table 5 and then diving each
Heat pump COP cooling subsect into three
HP¢op_pateamoss | Performance curve at Rated subcategories:
Capacity, and at 95°F e Existing gas furnace.?®
Heat pump COP cooling * Newgas furna2<7:e.26
HPcop—_maxaosr | Performance curve at Maximum » Elec Back-up.
Capacity, and at 95°F
Heat pump Maximum Capacity
HCiax heating performance curve Table 13 Calculated based on NEEP
; ; database of heat pumps
Heat Rated C ty heat
HCratea ea’ pump Rated Lapacty Neating | taple 14 available in Canada. Using as
performance curve .
. reference Maximum & Rated
Heat pump COP heating Capacities, and COP
HPcop_max performance curve at Maximum Table 15 Maximum & Rates Capacity at

Capacity

2+ The performance curves were extended to this temperature (coldest temperature in CWEC data).

25 This category is associated with the AHRI type HRCU-A-C (coil alone). It is for adding to an existing system. These can be cased
(its own box for installing in-line with the furnace) or uncased (for inserting into an existing forced air furnace).

2 This category is associated with the AHRI type HRCU-A-CB (coil and blower). It is a heat pump fan coil unit with associated
furnace model number.
%7 This category is associated with the AHRI type HRCU-A-CB and HRCU-A-CB-O. It is a heat pump fan coil unit with no
associated furnace model number, indicating that the back-up heat is electric resistance.
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Variable Definition Value Source/Comment
47°F. Ratios Maximum &
Rated Capacities, and Ratios
of COP at maximum at rated
capacities at 17°F, 5°F, and —
5°F relative to those at 47°F
were calculated for each of the
Heat pump COP heating six system configurations. A
HPcop_rated performance curve at Rated Table 16 trend formula (polynomial) was
Capacity derived from plotting each of
the four data points, creating
the Heating performance
curves for the heat pump
Maximum & Rated capacity,
and COP at Maximum
capacity & at Rated capacity.
Heat pump Defrost efficiency
polynomial, steady-state heating Various Laboratory Test Report was
COPyofrost performance used to develop the Defrost
C3 Cy (o Co polynomial. [8]
-0.000003 0.000256 -0.007741 0.088440
CFM Conditioned airflow rate produced 150 CFM per 10,000 | General industry rule of thumb
Fur by a typical condensing furnace Btu (180 CFM/ton) for a condensing furnace
CFM,,,, Conditioned airflow rate produced 400 CFM/ton [9]

by a typical A/C unit or heat pump

Efffan—motor

Efficiency of the ECM fan motor
(Watt/CFM)

0.375 Watts/CFM

An average Watts per CFM is
calculated based on test
procedure defaults from the
US DOE [10]

COPcooling—base

Coefficient of performance of the

A/C unit-baseline (%)

2.7

Average values from 91,218
EGI customers (past
participants into DSM
HER/HRS program). This also
aligns with the code minimum
EER of 9.305 from the 2014
Ontario Building Code — the
last time EER was published
as a minimum for residential
AC

Coefficient of performance curve of

the A/C unit-baseline (%)

Hourly calculated
value

In the absence of the AC unit
COP performance curve, the
minimum value from all system
configurations of the heat
pump COP curves was used
to adjust the 2.7 value to a
hourly COP value. The COP of
the baseline AC unit is
adjusted for outdoor air
temperature using the
minimum of the COP from the
upgrade case cooling curve at
each temperature as a
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Variable

Definition

Value

Source/Comment

conservative assumption that
the upgrade case ASHP will
always be-at least-as efficient
as the baseline.

CCRated

Heat pump Rated Capacity cooling
performance curve

Table 17

Calculated based on NEEP
database of heat pumps

HPCOP—Max—Cool

Heat pump COP cooling
performance curve at Maximum
Capacity

Table 1

available in Canada. Using as
reference Rated Capacity and
COP at Rated & Maximum

HPCOP—Rated—cool

Heat pump COP cooling
performance curve at Rated
Capacity

Table 1

Capacity at 95°F, Ratios of
rated capacities and Ratios of
COP at Rated & Maximum
capacity at 85°F relative to
those at 95°F were calculated
for each of the six system
configurations. A trend formula
(line) was derived from plotting
each of the two data points,
creating the Cooling
performance curves for the
heat pump Rated capacity and
the COP at Rated & Max
capacity.

Table 11 Heat Pump Ratios of Max to Rate Heating Capacity

System configuration RHyqx—to-rated | RCmax—to-Rated
ccASHP with existing Gas furnace 1.19 1.15
ccASHP with new Gas furnace 1.01 1.07
ccASHP with Elec back-up 1.16 1.17
ASHP with existing Gas furnace 1.09 1.05
ASHP with new Gas furnace 1.00 1.00
ASHP with Elec back-up 1.06 1.05

Table 12 Heat pump heating and cooling Average COP at Maximum and Rated Capacity

System configuration HPcop_prated@a7° HPcop-max@a7Fr | HPcop-Rratea@9st | HPcop-max@9sr
ccASHP with existing Gas furnace 3.10 3.20 3.00 2.80
ccASHP with new Gas furnace 3.30 3.17 3.00 3.21
ccASHP with Elec back-up 3.18 3.51 3.40 3.05
ASHP with existing Gas furnace 3.20 3.22 2.94 2.81
ASHP with new Gas furnace 3.1 3.03 2.84 2.96
ASHP with Elec back-up 3.18 3.28 3.08 2.95
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Table 13 Heat pump Maximum Capacity heating performance curve coefficients

System configuration

Polynomial coefficients

Minimum value

a b c
ccASHP with existing Gas furnace -0.0001 | 0.0128 | 0.5871 0.49
ccASHP with new Gas furnace -0.0005 | 0.0341 | 0.4718 0.19
ccASHP with Elec back-up -0.0004 | 0.0281 | 0.4945 0.29
ASHP with existing Gas furnace 0.0000 | 0.0132 | 0.4743 0.40
ASHP with new Gas furnace -0.0003 | 0.0248 | 0.4391 0.27
ASHP with Elec back-up -0.0003 | 0.0268 | 0.3925 0.21

Table 14 Heat pump Rated Capa

city heating performance curve coefficients

System configuration

Polynomial coefficients

Minimum value

a b c
ccASHP with existing Gas furnace -0.0004 | 0.0279 | 0.4908 0.26
ccASHP with new Gas furnace -0.0006 | 0.0414 | 0.4058 0.07
ccASHP with Elec back-up -0.0005 | 0.0376 | 0.3934 0.10
ASHP with existing Gas furnace -0.0003 | 0.0293 | 0.3428 0.16
ASHP with new Gas furnace -0.0005 | 0.0367 | 0.3264 0.07
ASHP with Elec back-up -0.0004 | 0.0327 | 0.2744 0.07

Table 15 Heat pump COP heating performance curve coefficients at Maximum Capacity

System configuration

Polynomial coefficients

Minimum value

a; b, cq1
ccASHP with existing Gas furnace 0.0000 | 0.0119 | 0.5425 0.47
ccASHP with new Gas furnace -0.0004 | 0.0341 | 0.3824 0.17
ccASHP with Elec back-up -0.0003 | 0.0245 | 0.4418 0.28
ASHP with existing Gas furnace -0.0001 | 0.0130 | 0.5798 0.51
ASHP with new Gas furnace -0.0004 | 0.0287 | 0.4576 0.29
ASHP with Elec back-up -0.0003 | 0.0276 | 0.4273 0.24

Table 16 Heat pump COP heating performance curve coefficients

at Rated Capacity

System configuration

Polynomial coefficients

Minimum value

a, by c1
ccASHP with existing Gas furnace 0.0000 | 0.0105 | 0.5439 0.49
ccASHP with new Gas furnace -0.0003 | 0.0260 | 0.4652 0.30
ccASHP with Elec back-up -0.0002 | 0.0205 | 0.4320 0.33
ASHP with existing Gas furnace -0.0001 | 0.0125 | 0.5394 0.50
ASHP with new Gas furnace -0.0005 | 0.0348 | 0.4090 0.19
ASHP with Elec back-up -0.0003 | 0.0297 | 0.3639 0.21
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Table 17 Heat Pump Rated cooling capacity performance curve coefficients

Polynomial coefficients
System configuration
a, b,

ccASHP with existing Gas furnace -0.0067 1.6387
ccASHP with new Gas furnace -0.0052 1.4905
ccASHP with Elec back-up -0.0040 1.3831
ASHP with existing Gas furnace -0.0031 1.2919
ASHP with new Gas furnace -0.0061 1.5821
ASHP with Elec back-up -0.0045 1.4259

Table 18 Polynomial coefficients for COP @ Rated and Maximum capacity

System configuration

Polynomial coefficients for

COP @ Rated capacity

Polynomial coefficients
for COP @ Max capacity

as bs as b3
ccASHP with existing Gas furnace -0.0354 4.3637 -0.0354 4.3637
ccASHP with new Gas furnace -0.0212 3.0113 -0.0212 3.0113
ccASHP with Elec back-up -0.0246 3.3411 -0.0246 3.3411
ASHP with existing Gas furnace -0.0283 3.6900 -0.0283 3.6900
ASHP with new Gas furnace -0.0205 2.9465 -0.0205 2.9465
ASHP with Elec back-up -0.0254 3.4093 -0.0254 3.4093

SAVINGS CALCULATION EXAMPLE

This section provides 4 examples of a savings calculation:

1. A customer installs a ASHP centrally ducted in the South, sizing option 4A with Natural
Gas Furnace, switchover temperature set at 0°C, and it had an Air conditioner unit in the

building.

2. A customer installs a ASHP centrally ducted in the South, sizing option 4B with Natural
Gas Furnace, switchover temperature set at -2°C, and it had an Air conditioner unit in

the building.

3. A customer installs a ccASHP centrally ducted in the South, sizing option 4C with
Natural Gas Furnace as backup, switchover temperature set at -4°C, and it had an Air

conditioner unit in the building.

4. A customer installs a ccASHP centrally ducted in the North, sizing option 4D with
electricity back-up, and automatic switchover temperature, and it didn’t have an Air

conditioner unit in the building.

Example 1. From Table 3, select the corresponding savings/impacts: ASHP, 4A South

switchover temperature 0°C, and it had an Air conditioner unit in the building.

¢ Annual Natural Gas savings = 652 m3/yr
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¢ Annual Electricity Impacts for Residential Buildings Equipped with Central Air
Conditioning = -2,002 kWh/yr

e Winter Peak Demand =-1.40 kW
e Summer Peak Demand =0.21 kW

Example 2. From Table 3, select the corresponding savings/impacts: ASHP, 4B South switchover
temperature -2°C, and it had an Air conditioner unit in the building.

¢ Annual Natural Gas savings = 953 m3/yr

e Annual Electricity Impacts for Residential Buildings Equipped with Central Air
Conditioning = -3,165 kWh/yr

e Winter Peak Demand =-1.73kW
e Summer Peak Demand =0.16 kW

Example 3. From Table 2, select the corresponding savings/impacts: ccASHP, 4C South
switchover temperature -4°C, and it had an Air conditioner unit in the building.

¢ Annual Natural Gas savings = 1,220 m3/yr

¢ Annual Electricity Impacts for Residential Buildings Equipped with Central Air
Conditioning = -4,233 kWh/yr

e Winter Peak Demand =-2.08 kW
e Summer Peak Demand = 0.22 kW

Example 4. From Table 2, select the corresponding savings/impacts: ccASHP, 4D North
automatic switchover temperature, and it didn’t have an Air conditioner unit in the building.

e Annual Natural Gas savings = 1,717 m3/yr

e Annual Electricity Impacts for Residential Buildings Equipped with Central Air
Conditioning = -7,864 kWh/yr

¢  Winter Peak Demand =-2.86 kW
e Summer Peak Demand =-1.37 kW

USES AND EXCLUSIONS

This measure does not apply to:
¢ Residential buildings that currently have a hybrid-fuel space heating systems (i.e., an
electric heat pump satisfying a portion of the space heating load).
¢ Residential buildings used for major occupancies classified as: medium hazard
industrial occupancies and low hazard industrial occupancies.
e The addition of ductless systems.
e The replacement of an existing heat pump.
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MEASURE LIFE

The measure life of a ccASHP and ASHP is assumed to be 16 years. [11]

INCREMENTAL COST

The incremental cost -in CAD $/ton- is presented in table 10.

Table 19 ccASHP and ASHP Incremental cost (CAD $/ton?)

No electrical panel upgrade Electrical panel upgrade required

System 4A 4B 4C 4D 4A 4B 4C 4D
ccASHP $1,136 | $1,136 | $1,888 | $2,782 | $2,378 | $2,378 | $3,129 | $4,024
ASHP $1,088 | $1,088 | $1,928 | $2,939 | $2,492 | $2,492 | $3,332 | $4,344

The incremental cost data was collected via an online survey directed to HVAC contractors
across the entire province of Ontario. The data collection includes installation and equipment
costs for various heat pump sizes ranging from 1.5 tons to 5 tons. The information provided in
Table 20 contains the assumptions used to determine the incremental cost for each heat pump
sizing option: 4A, 4B, 4C, and 4D. The incremental cost for each tonnage (1.5 to 5 tons) by sizing
option (4A to 4D) was determined, and the average incremental cost per ton was calculated for
each of the sizing options 4A to 4D. This is presented in Table 10. The following data points
were used to develop the incremental cost: 76 data points for ccASHP, 40 for ASHP, 42 for
Furnace, 111 for A/C unit, 27 for Air handler, 60 for controls, and 17 for Panel upgrade.

Table 20 Incremental cost scenario analysis for ccASHP and ASHP centrally ducted systems

HP Baseline Efficient | tal
Sizing | Baseline Description Equipment E uiICI:\:nt Baseline cost | Efficient cost ncrg:zn a
Option A/C unit | Furnace e
4A Replace existing A/C New A/C |Existing |ccASHP?® New A/C + CcASHP + CcCASHP (+
unit with New one Furnace Control Control + Panel Upgrade)
Add cooling (new A/C) Panel - New A/C
Upgrade3®
4B Replace existing A/C New A/C |Existing |ccASHP New A/C + ccASHP + (ccASHP (+
unit with New one Furnace Control Control + Panel Upgrade)
Add cooling (new A/C) Panel Upgrade |- New A/C
Customer is lookingto [New A/C |New ccASHP + New [New A/C + New [ccASHP + CCASHP (+
replace heating and Furnace |Furnace Furnace + New Furnace + |Panel Upgrade)
cooling Control Control + - New A/C
Panel Upgrade
4C Replace existing A/C New A/C |Existing |ccASHP New A/C + CCASHP + CCASHP (+
unit with New one Furnace Control Control + Panel Upgrade)
Add cooling (new A/C) Panel Upgrade |- New A/C

28 ton calculated as follows and rounded to 1 decimal place, ton = (Rated heating capacity at 8.3°C (47°F) in Btu/hr)/12,000
2 For the purposes of Table 20(entire content), when referring to ccASHP, the same is applicable to ASHP
30 Since not all applications require Electrical Pannel upgrades and this is a significant cost to the customer, the incremental cost
presented in table 1 was provided with 2 options: applications requiring and application not requiring electrical panel upgrade.
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HP Baseline Efficient | tal
Sizing | Baseline Description Equipment Equilg:1e1:nt Baseline cost | Efficient cost ncr(e:(r;ns(:n a
Option A/C unit | Furnace

Replace heating and it |Existing |New ccASHP + New [New Furnace + [ccASHP + CCASHP (+
had cooling in place A/IC Furnace |Furnace Control New Furnace + |Panel Upgrade)
Control +
Replace heating and it |No Panel Upgrade
didn't have cooling in cooling
place (add cooling)
Customer is lookingto [New A/C |New ccASHP New A/C + New |ccASHP + CCASHP (+
replace heating and Furnace Furnace + New Furnace + |Panel Upgrade)
cooling Control Control + - New A/C
Panel Upgrade
4D Replace existing A/C New A/C |Existing |ccASHP with New A/C + CccASHP + cCASHP + Air
unit with New one Furnace |Elec. Back-up + |Control Control + Air Handler (+
Add cooling (new A/C) Air handler Handler + Panel |Panel Upgrade)
Upgrade - New A/C —
Replace heating and it |Existing |[New ccASHP with New Furnace + |ccASHP + cCASHP + Air
had cooling in place A/IC Furnace |Elec. Back-up + |Control Control + Air Handler (+
Replace heating and it |No Air handler Handler + Panel |Panel Upgrade)
didn't have coolingin  |cooling Upgrade* - New Furnace
place (add cooling)
Customer is lookingto  |New A/C |New ccASHP with New A/C + New |ccASHP + cCASHP +Air
replace heating and Furnace |Elec. Back-up + [Furnace + Control + Air Handler (+
cooling Air handler Control Handler + Panel |Panel Upgrade)
Upgrade - New A/C -
New Furnace
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COMMERCIAL — AIR CURTAINS FOR SHIPPING AND RECEIVING DOORS “DOCK-
IN’— NEW CONSTRUCTION/RETROFIT

Version Date and Revision History

Version

3.1 (minor update)

OEB Filing Date

March 19, 2026

OEB Approval Date

Commercial > Space Heating - Air Curtains for Shipping and Receiving doors
“Dock-in" > New Construction/Retrofit

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition
Measure New Construction (NC) Retrofit (R)
Category
Baseline 1 Doorway without Air Curtain, nor Dock Door Seals
Technology
Baseline 2 Replacing existing deteriorated dock door seals with Air Curtain
Technology
Efficient Air curtain that meets the minimum standards of the Air Movement and Control
Technology Association International, Inc. (AMCA)
Market Type Commercial
Door size (W’ x H’)
Annual Natural 8’ x 8 8’'x9’ 8’ x 10’ 9'x 8 9’x9’ 9°x10° | 10°x8 | 10°x9’ | 10’ x 10’
Gas Savings
(m®yrperdoor) | 3480 | 3588 | 3675 | 3,710 | 3810 | 3,888 | 3,940 | 4,032 | 4,101
Baseline 1
Annual Natural
Gas Savings 1538 | 1,610 | 1,671 | 1604 | 1,674 | 1,732 | 1,670 | 1,738 | 1,793
(m?3/yr per door)
Baseline 2
Annual Natural
Gas Savings
(m3/yr per door) 14,729 15,155 15,475 15,703 16,092 16,374 16,677 17,029 17,272
Baseline 1,
24/71
Annual Natural
Gas Savings 6,510 | 6,801 | 7,036 | 6,789 | 7,070 | 7,294 | 7,069 | 7,339 | 7,552

(m3/yr per door)
Baseline 2, 24/7

124/7 refers to dock door operations (the truck is engaged at the dock door) of 20 hr/day or more. This
identifier is applicable to Natural Gas Savings and Electricity impacts for both Baseline 1 and Baseline 2
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Parameter Definition
Annual Electric
Penalty WVYT | 1394 | 1,310 | 1225 | 2636 | 2552 | -2467 | 2,553 | -2469 | -2,384
per door)
Baseline 1
Annual Electric
Penalty (\WWhIYr | 5004 | 2,048 | 2001 | 3395 | 3348 | 3302 | 3371 | 3325 | -3.278
per door)
Baseline 2
Annual Electric
Penalty (\WWhIYF | 7477 | 7,284 | 7,003 | 12505 | 12312 | 12122 | -12,308 | -12,117 | -11,927
per door)
Baseline 1, 24/7
Annual Electric
Penalty (\WIYT | 9135 | 9,028 | -8.922 | 14302 | -14,196 | -14,090 | -14,246 | -14,140 | -14,035
per door)
Baseline 2, 24/7
Measure Life 15 years
8x8 8x9 8x10 9x8 9x9 9x10 10x 8 10x9 10 x 10
Incremental
Cost ($ CAD) $6,962 $7,625 $7,625 | $7,625 | $7,625 $8,432 $8,855 | $8,855 $8,855
This measure is restricted to the installation of Air Curtains on shipping and receiving
doors classified as “Dock-in” door as described on this document for only 2 specific
arrangements: (1) The Shipping/Receiving door had no Air curtain (baseline 1) or has
- Deteriorated seals in place (baseline 2). If Air Curtain (broken or not) is present at the
Restrictions . L . . o o
shipping/receiving door, this measure is not eligible. In addition, the space must be
heated by natural gas fueled equipment during winter months and the inside
temperature of the area must be maintained at a comfortable level while docking doors
are in used.
OVERVIEW

Air Curtains are typically mounted above doorways and separate indoor and outdoor
environments with a stream of air strategically engineered to strike the floor with a particular
velocity. This airflow prevents outdoor air infiltration (heat, moisture, dust, fumes, insects),
while also permitting an unobstructed entryway for goods. Figure 1 illustrates the schematic
design for a typical air curtain installation at a shipping and receiving door.

Ontario TRM




Commercial — Air Curtains — NC/R

NENIED s
;. R H
- WIRTEF LU0
(EETNER] 4
HEEIT H

TR

Figure 1. Air Curtain Installation 2
The air curtains serve to reduce the infiltration of outdoor air at the entrance points
consequently reducing the heating and cooling requirements. The Natural Gas and Electrical
savings are calculated using engineering best practices algorithms from ASHRAE and are
reported in (m3/yr per door) and in kilowatt hours per year per door (kWh/yr per door)
respectively.

APPLICATION

This measure is applicable to the installation of air curtains or replacing deteriorated seals with
air curtains on Shipping and Receiving doors of commercial facilities and specifically for “Dock-
in” doors.

Dock-in door: trailers docked with bumpers stops at the door way. Typical arrangement for these
doors is 4ft off the ground. Figure 2 illustrates the typical arrangement for Dock-in doors.

Figure 2 Example of "Dock-in" Shipping and Receiving doors

BASELINE TECHNOLOGY

The current baselines are shown in Table 2.

2 [llustration downloaded from https://www.northerndocksystems.com/air-barriers/ on 10/24/2019.
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Table 2. Baseline Technology

Scenario Requirement
Baseline Technology 1 Exterior doorway without air curtain
Baseline Technology 2 Dock door with deteriorated seals

EFFICIENT TECHNOLOGY

Air curtains that meet the requirements as shown in Table 3:

Table 3. Efficient Technology

Scenario Requirement

All Air Curtain that has been tested in accordance with
ANSI/AMCA 220 [1]

ENERGY IMPACTS

The primary energy impact associated with the installation of air curtains is a reduction in
natural gas usage or electricity resulting from reduced infiltration of cold air or hot air that
needs to be heated or cooled when it enters a building. Table 1 provides annual energy savings
per door, differentiated by door type.

There is an electric penalty associated with the addition of an air curtain due to the air curtain’s

fan. In air-conditioned spaces, the overall electric penalty is reduced due to a reduced air-
conditioning load. No water consumption impacts are associated with this measure.

NATURAL GAS SAVINGS ALGORITHM

Natural gas energy savings are achieved by determining the difference between heat lost at a
doorway before and after the addition of an air curtain during the heating season. In order to
characterize the natural gas savings, the calculation approach from 2025 ASHRAE
Fundamentals Chapters 16 and 24 have been applied.

1. Calculation of the Infiltration Across Gaps

Infiltration into a building is introduced by pressure differences across the envelope caused by
driving forces (wind and stack effects), specific crack geometry, general building leakage and
mechanical system. For uniform indoor air temperatures, the formulas for pressure across a
building crack/penetration for a given time period are given below.

UZ

Wind pressure: Py =W, X p, X - M 2]
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Stack Pressure: Pr = —p, [(Tl;—TO)] X g X (Hyp, — H) (2) [3]
i
Z;s}sls;;; :dlfference across Ap = Py + Py — Ap, 3) [4]
Where:
Py = Wind surface pressure relative to outdoor static pressure in undisturbed flow (Pa)
Wy = Wind surface pressure coefficient (dimensionless)
Po = Density of outdoor air (kg/m?)
U = Wind speed (m/s)
Pr = Stack pressure (Pa)
T, = Absolute outdoor temperature (K)
T; = Absolute indoor temperature (K)
g = Gravitational acceleration (m/s?)
Hyp, = Height of neutral pressure plan (m)
H = Height of point of interest above reference plane® (m)
Ap = Pressure difference across each gap (Pa)
Ap, = Pressure that acts to balance inflows and outflows, including mechanical systems (Pa)

1a. Calculation of the Wind surface pressure coefficient [5] and Wind speed

if cos@ > 0,then: if cosf < 0,then:
( [C,(1) + €, ()] X (COSZQ)%] ( [C,(1) + €, ()] x (cos?0)i
Wy (@) = 2 x | +[6 (1D = 6] x (cos6)? Wy (0) =+ x { ~[G (D = 6, )] x (cos)s | (1) [3]
+[C,(3) + C,(4)] X (sin?6)? +[C,(3) + C,(4)] X (sin?6)?
+[C,(3) — C,(4)] x sind +[C,(3) — C,(4)] x sinb
U=sxUy (1b) [6]
6me Amet H* a
Uy = Uy X (H ) x ( ; ) (10) [7]
Hypy = o (1d)

3 Reference plane = ground level
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Where:

0
Cp(1)
Cy(2)
Co(3)
Cp(4)

Wind direction (°)

pressure coefficient when wind is at 0°

pressure coefficient when wind is at 180°

pressure coefficient when wind is at 90°

pressure coefficient when wind is at 270°

Wind speed (m/s)

Shelter factor applicable to the given gap (dimensionless)

Effective wind speed (m/s)

Wind speed from the nearby meteorological station (m/s)

Atmospheric boundary layer thickness from the nearby meteorological station (m)

Height at which the anemometer that records Uy, is located, usually 10 m above
ground level (33 ft)

Local building terrain from the nearby meteorological station (dimensionless)
Undisturbed wind height (m)
Atmospheric boundary layer thickness (m)

Local building terrain (dimensionless)

1b. Calculation of the gap height of the point of interest above reference plane

h
H=dy+~ (2a)
Where
H = Height of point of interest above reference plane (m)
dy = The typical dock position off the ground (m)
hqg = Door height (m)
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2. Calculation of the airflow through openings

2|A
Airflow through openings: Q=0Cy4p X A X < | p|> 4) [8]
Po
Discharge coefficient for openings (SI): Cp = 0.40 4+ 0.0045|T; — Ty (4a) [9]
Where:
Q = Total airflow rate through the doorway (m?/s)
Cp = Discharge coefficient for openings (dimensionless)
A = Cross-sectional area of opening (m?)

T; Absolute indoor temperature (K)

3
I

Absolute outdoor temperature (K)

2a. Calculation of the cross-sectional area of opening for Baseline 1 Doorway without Air
Curtain, nor Dock Door Seals

Figure 3 Illustrates the schematics of the opening area
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Figure 3 Dock Door opening area for Baseline 1

A1 = Avl + Ahl (4b)
Ay =2 X (hd - Wcl) X W (4C)
App = wg X Wy (4d)
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Where:
Ay = Total gap area per door dock for Baseline 1 (m?)
Ay = Vertical gap area for Baseline 1 (m?)
Ap1 = Horizontal gap area for Baseline 1(m?)
hgq = Door height (m)
we = Gap between the top of the truck and the top of the dock door (m) for Baseline 1
we, = Gap between the side of the truck and the side of the dock door (m) for Baseline 1
Ay = Horizontal gap area (m?)
Wy = Door width (m)

2b. Calculation of the cross-sectional area of opening for Baseline 2. Replacing existing
deteriorated dock door seals with Air Curtain

Figure 4 illustrates the schematics of the opening area.
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Figure 4 Dock Door opening area for Baseline 2

Ay = Apz + Apz (4e)
Ayz = 2 X (hg —w) X w, (4)
Apz = wg X W (4g)
Where:
A, = Total gap area per door dock for Baseline 2 (m?)
Ay, = \Vertical gap area for Baseline 2 (m?)
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Apo = Horizontal gap area for Baseline 2 (m?)

hg = Door height (m)

W = Gap between the side of the truck and the side of the dock door (m)
Wy = Door width (m)

3. Calculation of the energy required (natural gas)

s = Q X po X G X (T; = T) (5) [10]
Where:
qs = Sensible heat load (W)
= Total airflow rate through the doorway (m?/s)
Gy = Specific heat of air (J/(kg.K)
po = Density of outdoor air (kg/m?)
T; Absolute indoor temperature (K)

= Ti_heating = heating Temperature Setpoint Schedule
Ti_cooting= cooling Temperature Setpoint Schedule

T, = Absolute outdoor temperature (K)

4. Calculation of the natural gas savings

8760

NGsaving = Z NGhourly (6)
h=1
s
NGhoule = 3412 X m X Op X Hheating X FE (6a)
Where:
NGsqping = Annual Natural Gas Savings (m3/yr per door)
NGpouriy = Hourly Natural Gas Savings (m3/hr)
Multiplier to account for hours of the day that the truck is engaged at the
0 _ door. The multiplier is 1(or a fraction of the hour), at the specific hours of

the day the truck in engaged at the door and 0 for all other hours
(dimensionless)

Ontario TRM 9
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Multiplier to account for hours of the year when the heating system is
enabled. The multiplier is 1 when the outside air temperature is below the

H heating = h . .
eating system balance point temperature and 0 for all other hours
(dimensionless)
Eff = Heating System efficiency (dimensionless)
E = Air Curtain effectiveness (dimensionless)
35,738 = Energy density of natural gas (Btu/m?)
3.412 = Conversion factor from Watt to Btu/hr (1 Watt = 3.412 Btu/hr)

ELECTRIC SAVINGS ALGORITHM

Electricity impact is determined by the total electric effect during heating and cooling season.
This is the sum of all effects described below: Electrical penalty-heating season due to the
operation of the fan on the air curtain, Electrical saving-cooling season due to the reduction of
cooling load (infiltration reduction) and Electrical penalty-cooling season due to the operation
of the fan on the air curtain.

1. Calculation of the total Electricity impact

Etotar = Elecfan—c + Elecfan—h + Eleccooling (7)
Where:
E _ Total Electricity impact due to the operation of the air curtain
total (kWh/yr)
Annual Flectricity Penalty- due to the operation of the fan on the air
Elecran-c =

curtain during the cooling season (kWh/yr)

Annual Flectricity Penalty- due to the operation of the fan on the air

E lecf an—h . . .
curtain during the heating season (kWh/yr)

Annual Electricity Savings= due to the reduction of cooling load

E leCcooliTlg - (kWh/yr)

2. Calculation of the Electricity penalty - heating season due to the operation of the fan
on the air curtain

8760

Elecfan—h = Efan—h (8)
h=1

Efan—n = —HP X 0.7457 X Op, X Hpeqating (8a)
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Where:

Annual Electricity Penalty- due to the operation of the fan on

Elecfan—h = . . . .
the air curtain during the heating season (kWh/yr)

Hourly Electricity Penalty- due to the operation of the fan on

E _ =
fan=h the air curtain during the heating season (kWh/yr)
HP = Air curtain fan electric input power (hp)
0.7457 = Conversion factor (1 horsepower = 0.7457 kilowatts)
Multiplier to account for hours of the day that the truck is
0. - engaged at the door. The multiplier is 1 (or a fraction of the
P hour), at the specific hours of the day the truck in engaged at
the door and 0 for all other hours (dimensionless)
Multiplier to account for hours of the year when the heating
system is enabled. The multiplier is 1 when the outside air
H heating =

temperature is below the heating system balance point
temperature and 0O for all other hours (dimensionless)

3. Calculation of the Electricity penalty-cooling season due to the operation of the fan
on the air curtain

8760
EleCfan_c = Z Efan—c (9)
h=1
Efan—c = —HP X 0.7457 X 0 X Heoo1ing (9a)
Where:
Elec _ Annual Electricity Penalty- due to the operation of the fan on
fan-c the air curtain during the cooling season (kWh/yr)
E _ Hourly Electricity Penalty- due to the operation of the fan on
Jan-c the air curtain during the cooling season (kWh/hr)
HP = Air curtain fan electric input power (hp)
0.7457 =  Conversion factor (1 horsepower = 0.7457 kilowatts)
Multiplier to account for hours of the day that the truck is
0 _ engaged at the door. The multiplier is 1 (or a fraction of the
b hour), at the specific hours of the day the truck in engaged at
the door and 0 for all other hours (dimensionless)
Ho _ Multiplier to account for hours of the year when the cooling
cooling =

system is enabled. The multiplier is 1 when the outside air
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temperature is above the cooling system balance point
temperature and 0O for all other hours (dimensionless)

4. Calculation of the Electricity saving-cooling season due to the reduction of cooling
load (infiltration reduction)

8760
Eleccooling = Z Elechourly (10)
h=1
q
Ehourly = COC_P X Op X Hcooling X E (10a)
Where:
Annual Electricity savings due to the reduction of cooling load
E leccooling =
(kWh/yr)
Hourly Electricity Impacts- due to the reduction of cooling load
E lechourly =
(kWh)
qc = Rate of heat transfer through doorway without vestibule (kW)
COP = Seasonal COP, cooling
E = Air Curtain effectiveness

5. Calculation of the energy required (electricity)

qc = po X Q X (hoc — hyc) (11)
Where:
Q = Airflow rate through the doorway (m?3/s)
hoc = Outside enthalpy-cooling season (k]J/kg)
hic = Inside enthalpy-cooling season (kJ/kg)
po = Air density (kg/m?)
ASSUMPTIONS

Table 4 provides a list of assumptions utilized in the measure savings algorithm to derive the
stipulated savings values listed in Table 1 above.
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Table 4. Assumptions

Variable Definition Value and Unit Source/Comments
. . Hourly calculation based on
P Density of outdoor air (at or near CWEC 2020. London. ON
0 sea level) [1,1] ,
Absolute indoor temperature (K). .
Ti—heating | Heating Temperature Setpoint various HNoEuélé pHré);ltlﬁ]ge_lrs:nci; :r:tgfg
Schedule Setpoint Schedule [12] and
Absolute indoor temperature (K). . fraction of the hour the truck
Ti—cooting | Cooling Temperature Setpoint various is engaged at the door
Schedule .
Hourly profile based on
To Absolute outdoor temperature (K) various CWEC 2020, London, ON
[11]
HR Hour per day door is open 7.23 hr/day Averaggé?lgj ;rrc;rjg;zmple of
Calculated based on value
: from sample of 94 EGI
(08 fracl:(hlon of the Zoutrttrf]weé:iay the various projects, HR and 2020 NECB
ruck in engaged at the door hourly Occupancy Schedule
[12]
Weekdays only operation Full-week operation
Hours of day Weekday Weekend Weekday Weekend
1-5 18 18 18 18
Ti—heating 6 20 18 20 20
(0) 7-20 22 18 22 22
21-24 18 18 18 18
1-5 26 26 26 26
Tizcooting 6-20 24 26 24 24
(O 21-24 26 26 26 26
1 0 0 0 0
2-8 0 0 1 1
9-15 1 0 1 1
0, 16 0.23 0 1 1
17-22 0 0 1 1
23 0 0 0.19 0.19
24 0 0 0 0
Pressure that acts to balance .
. . . Assumed that no system will
Ap, inflows and outflows, including 0 balance inflows and outflows
mechanical systems (Pa)
Pressure coefficient when wind is
GA | Lo 06
Pressure coefficient when wind is g
Cp (2) at 1800 '03

Ontario TRM
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Variable Definition Value and Unit Source/Comments
Pressure coefficient when wind is
Cp (3) at 900 '065
Pressure coefficient when wind is
Cp(4) at 270° -0.65
Hourly wind speed Hourly profile based on
Upet CWEC 2020, London, ON
[11]
Atmospheric boundary layer
Omet thickness from a nearby 270 m
meteorological station
H Height at which the anemometer om Based on Te[r1r§|]n Category 3
met that records U, is located
a Local building terrain from the 014
met nearby meteorological station '
Local atmospheric boundary layer
§ thickness P ey 370 m Based on Te[r1rgi]n Category 2
a Local building terrain 0.22
Specific gas constant for dry air 287.05 J/kg.K
Specific gas constant for water 461 52 Jika.K [14]
vapor ) 9-
Based on Shelter Class 3
s Shelter factor 0.7 [15], [16]
Gap width between the top of the :
We truck and the top of the dock door 8.88in (0.23m) Ctalctlat?? badse? og stgzdard
ruc and standard door
Gap width between the side of the . sizes
Wez truck and the side of the dock door 16.71in (0.42 m)
Gap between the side of the truck Calculated based on value
w, and the side of the dock door with 0.11 m (4.21in) from sample of 94 EGI
seal (m) projects
Gy Specific heat of air 1,000 J/(kg-K) Common assumptions table
Hourly calculation based on
indoor properties of the air
hic Inside enthalpy for cooling season (cooling temperature setpoint

schedule and indoor relative
humidity)*

¢ Enthalpy is estimated using a polynomial approximation based on dry-bulb temperature and relative
humidity, adapted from a simplified method found in an online source
(https://www.mrexcel.com/board/threads/excel-formula-for-calculating-airs-enthalpy-from-dry-bulb-

temperature-and-relative-humidity.871843/). While this approach is not fully rigorous, a due diligence

comparison against standard online tools using approved psychrometric methods showed an average
deviation of 0.1%, which is considered acceptable for this analysis.

14
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Variable Definition Value and Unit Source/Comments
Hourly calculation based on
. . outdoor properties of the air
hoc Soeuat:ff enthalpy for cooling (dry bulb temperature and
relative humidity) from CWEC
2020, London, ON [11]*
. - Calculated based on value
d, The typical dock position off the 416 ft (1.27m) from sample of 94 EGI
ground .
projects
Calculated based on value
H* Average building height 27ft (8.2m) from sample of 94 EGI
projects
Hourly calculation using
. - . ASHRAE algorithm [9] and
Cp Discharge coefficient for opening based on CWEC weather
data for London, ON (2020)
. . . 75% (range between
E Effectiveness of air curtain 60% - 90%) [18]
Eff Cqmmermal heating system 80% Common assumptions table
efficiency
cop Commercial cooling system 3.8 Common assumptions table
seasonal COP
2
g Acceleration due to gravity 9.81 mis 2(32'2 Common assumptions table
ft/sec?)
; ; 3
Airflow rate conversion from m3/s to 2119 CEM/m®/s [19]
CFM
Density conversion factor from 0.062428 [20]
metric to imperial, multiply by (Ib/ft3)/(kg/m?3)
Conversion factor from Watt to 1 Watt = 3.412 Btu/hr [21]
Btu/hr
Enthalpy rate conversion factor 2.326 kJ/kg/Btu/lb [22]
from imperial to metric, multiply by
Energy density of natural gas 35,738 Btu/m3 Common assumptions table
Conversion from HP to kWh 0.7457 KW/HP Common assumptions table
8’ x 8 8'x9 8’ x 10’ 9’ x 8’ 9'x 9’ 9’ x 10’ 10’ x 8’ 10°x9’ | 10°x 10’
hqa(ft) 8 9 10 9 10 8 9 10
wy (ft) 8 8 8 9 9 10 10 10
HP 2 2 2 3 3 3 3 3

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings and electrical impact values for

the installation of air curtains on two of the shipping & receiving doors (“Dock-in” doors) in a
retail store. The sizes of the door are: 8'x8 and 8x10
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Annual Natural Gas Savings:

1(8'x8) +1 (8'x10") = 3,480 m?/yr + 3,675 m?/yr = 7,155 m3/yr
Annual Electrical Impact:

1(8'x8)+1 (8x10") =-1,394 - 1,225 =-2,619 kWh/yr

The total annual natural gas savings are 7,155 m3/yr and the total electrical impact is -2,619
kWh/yr

USES AND EXCLUSIONS

This measure is restricted to the installation of Air Curtains on shipping and receiving doors
classified as Dock-in door as described on this document. If other mechanisms that combat
infiltration at the shipping/receiving door are present, such as door seals, this measure is not
eligible. In addition, the space must be heated during heating season by natural gas fueled
equipment.

MEASURE LIFE

The measure life is 15 years. [23]

INCREMENTAL COST

The purchase and installation cost for air curtains is summarized in the table below. [24]

Table 5. Incremental Cost

L. Door size (W’ x H’)
Definition

8 x8 8x9 | 8x10° | 9x8& 9°x9 | 9x10° | 10°x8 | 10'x 9’ | 10’ x 10’

Ave. Total cost $6,962 | $7,625 | $7,625 | $7,625 | $7,625 | $7,625 | $7,625 | $8,432 $8,855
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OEB Approval Date

Commercial > Space Heating - Air Curtains for Shipping and Receiving doors -
“Drive-in” &> New Construction/Retrofit

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition
Measure Category New Construction (NC) Retrofit (R)
Baseline No Air Curtain
Technology
- Air curtain that meets the minimum standards of the Air Movement and
Efficient Technology

Control Association International, Inc. (AMCA)

Market Type Commercial
Door size (W’ x H’)
10’ x 10’ 12’ x 12’ 14’ x 14’ 16’ x 16’ 18’ x 18’ 20’ x 20’

Annual Natural Gas
Savings (m3/yr per 3,927 4,682 5,325 5,842 6,212 6,440
door), weekdays

Annual Natural Gas
Savings (m3/yr per 5,599 6,678 7,595 8,331 8,857 9,175
door), full week

Annual Electricity
Impacts (kWh/yr per 290 587 574 873 551 856
door), weekdays

Annual Electricity
Impacts (kWh/yr per 380 784 767 1,173 735 1,150
door), full week

Measure Life 15 years

10’ x 10’ 12’ x 12’ 14’ x 14’ 16’ x 16’ 18’ x 18’ 20’ x 20’

Incremental Cost ($

CAD) $8,855 $11,703 $13,599 $22,840 $26,621 $32,862
This measure is restricted to the installation of Air Curtains on shipping
Restrictions and receiving doors classified as “Drive-in” door as described on this

document. If other mechanisms that combat infiltration at the
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Parameter Definition

shipping/receiving door are present, such as door seals, this measure is
not eligible. In addition, the docking area must be heated directly by
natural gas fueled equipment during winter months and the inside
temperature of the area must be maintained at a comfortable level while
docking doors are used.

OVERVIEW

Air Curtains are typically mounted above doorways. They separate indoor and outdoor
environments with a stream of air strategically engineered to strike the floor with a particular
velocity while setting the blower to an optimal position which determines the effectiveness of
the air curtain. This airflow prevents outdoor air infiltration (heat, moisture, dust, fumes,
insects), while also permitting an unobstructed entryway for goods. Figure 1 illustrates the
schematic design for a typical air curtain installation at a shipping and receiving door.

Figure 1. Air Curtain Installation !

The air curtains serve to reduce the infiltration of outdoor air at the entrance points
consequently reducing the heating and cooling requirements. The Natural Gas and Electrical
savings are calculated using engineering best practices algorithms from ASHRAE and are
reported in (m%yr per door) and in kilowatt hours (kWh/yr per door) respectively.

APPLICATION

This measure provides incentives for installing air curtains on Shipping and Receiving doors of
commercial facilities and specifically for “Drive-in” doors.

Drive-in door: the door opens and closes to allow traffic to enter the bay. Typical arrangement for
these doors is at ground level. Figure 2 illustrates the typical arrangement for Drive-in doors.

1 Tllustration downloaded from https://www.northerndocksystems.com/air-barriers/ on 10/24/2019.
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Figure 2 Example of "Drive-in" Shipping and Receiving doors?

BASELINE TECHNOLOGY

The current baseline is a doorway without an air curtain, as shown in Table 2.

Table 2 Baseline Technology

Scenario Requirement

All Exterior doorway without air curtain

EFFICIENT TECHNOLOGY

Air curtains that meet the requirements as shown in Table 3:

Table 3 Efficient Technology

Scenario Requirement

All Air Curtain that has been tested in accordance with
ANSI/AMCA 220 [1]

ENERGY IMPACTS

The primary energy impact associated with the installation of air curtains is a reduction in
natural gas usage or electricity resulting from reduced infiltration of cold air or hot air that
needs to be heated or cooled when it enters a building. Table 1 provides annual energy savings
per door, differentiated by door size.

There is an electric penalty associated with the addition of an air curtain due to the air curtain’s
fan. In air-conditioned spaces, the overall electric penalty is reduced due to a reduced air-
conditioning load. No water consumption impacts are associated with this measure.

2 Tllustration downloaded from https://www.overheaddoor.com/rolling-steel-service-doors-626 on 10/24/2019
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NATURAL GAS SAVINGS ALGORITHM

Natural gas energy savings are achieved by determining the difference between heat lost at a
doorway before and after the addition of an air curtain during the heating season. In order to
characterize the natural gas savings, the calculation approach from ASHRAE Fundamentals
Chapters 16, 19 and 24 have been applied.

1. Calculation of the infiltration across gaps

Infiltration into a building is introduced by pressure differences across the envelope caused by
driving forces (wind and stack effects), specific gap geometry, general building leakage and
mechanical system. For uniform indoor air temperatures, the formulas for pressure across a
building gap for a given time period are given below.

Driving mechanisms:

Wind pressure: Py =W, X py X U72 (1) [2]
Stack pressure: Pr = —py X [(Tl;—TO)] x g x (Hyp, — H) (2) [3]
i
Pressure difference across each gap: Ap = Py + Pr—Ap; (3) [4]
Where:
Py = Wind surface pressure relative to outdoor static pressure in undisturbed flow (Pa)
po = Density of outdoor air (kg/m?)
W, = Wind surface pressure coefficient (dimensionless)
U = Wind speed (m/s)
Pr = Stack pressure (Pa)
T, = Absolute outdoor temperature (K)
T; = Absolute indoor temperature (K)
g = Gravitational acceleration (m/s?)
Hyp, = Height of neutral pressure plan (m)
H = Height of point of interest above reference plane® (m)
Ap = Pressure difference across each gap (Pa)
Ap; = Pressure that acts to balance inflows and outflows, including mechanical systems (Pa)

3 Reference plane = ground level

4 Ontario TRM



Commercial — Air Curtains for Shipping and Receiving doors— NC/R

1a. Calculation of the Wind surface pressure coefficient [5] and Wind speed

if cosd > 0, then:

[Co(D) + C,(2)] x (Cosze)%

if cosd < 0,then:

[C,(1) + C,(@)] X (cos?6)

W, (0) = 1 )+, -c,@)]x (cos@)% W, (6) = 1 ] -[c,)-c, )] x (cose)% (1a) [3]
+[C,(3) + C,(4)] x (sin?6)? +[C,(3) + C,(4)] x (sin?6)?
+[C,(3) — C,(4)] x sind +[C,(3) — C,(4)] x sin®
U=sxUy (1b) [6]
Ame «a
U = e % (52) " x () (19 17)
Hypy, = 2* (1d)
Where
0 = Wind direction (°)
C,(1) = Pressure coefficient when wind is at 0°
C,(2) = Pressure coefficient when wind is at 180°
C,(3) = Pressure coefficient when wind is at 90°
Cp(4) = Pressure coefficient when wind is at 270°
U =  Wind speed (m/s)
s =  Shelter factor applicable to the given gap (dimensionless)
Uy =  Effective wind speed (m/s)
Unet = Wind speed from the nearby meteorological station (m/s)
6met = Atmospheric boundary layer thickness from the nearby meteorological station (m)
u _ Height at which the anemometer that records Uy, is located, usually 10 m above
met ground level (33 ft)
met = Local building terrain from the nearby meteorological station (dimensionless)
H* = Undisturbed wind height (m)
) = Atmospheric boundary layer thickness (m)
a = Local building terrain (dimensionless)
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1b. Calculation of the height of the point of interest above reference plane
H=— (Za)

Where:

hq Door height (m)

2. Calculation of the airflow through openings

2|A
Airflow through openings: Q=CpxAX < | P|> 4) [8]
Po
Discharge coefficient for openings (SI): Cp = 0.4+ 0.0045 + |T; — T,| (4a) [9]
Where:
Q = Total airflow rate through the doorway (m?3/s)
Cp = Discharge coefficient for openings (dimensionless)
A = Cross-sectional area of opening (m?)
T; = Absolute indoor temperature (K)
T, = Absolute outdoor temperature (K)
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2a. Calculation of the cross-sectional area of opening

Figure 3 Illustrates the schematics of the opening area

a

Wy

Rl

Bulbding:

Figure 3 Dock Door opening area

Vertical gap area (m?)

Door height (m)

n

AV=2X(hd

A=Ay + 4,
- Wcl) X W

Ap =wg Xwgy

L

L We

—_—
b

il

w

Gap between the top of the truck and the top of the dock door (m)

Gap between the side of the truck and the side of the dock door (m)

Horizontal gap area (m?)

Door width (m)

Total gap area per door dock (m?)
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3. Calculation of the energy required (natural gas)

qs = Q X po X Cp X (T; = Tp) (5) [10]
Where:
qs = Sensible heat load (W)
C, = Specific heat of air (J/(kg.K)
po = Density of outdoor air (kg/m?)
T; = Absolute indoor temperature (K):
Ti_heating = heating Temperature Setpoint Schedule
Ti-cooting= cooling Temperature Setpoint Schedule
T, = Absolute outdoor temperature (K)

4. Calculation of the natural gas savings

8760

NGsaving = z NGhourly (6)
h=1
q
NGhou‘rly = 3412 x m X Op X Hheating X FE (6a)
Where:
NGsaping = Annual Natural Gas Savings (m?/yr per door)
NGpouriy = Hourly Natural Gas Savings (m3/hr)

Multiplier to account for hours of the day that the truck is engaged at the
Op = door. The multiplier is 1 (or a fraction of the hour), at the specific hours of the
day the truck in engaged at the door and 0 for all other hours (dimensionless)

Multiplier to account for hours of the year when the heating system is
enabled. The multiplier is 1 when the outside air temperature is below the

Hheating h . .
eating system balance point temperature and 0 for all other hours
(dimensionless)
Eff = Heating System efficiency
E = Air Curtain effectiveness
35,738 = Energy density of natural gas (Btu/m?)
3.412 = Conversion factor from Watt to Btu/hr (1 Watt = 3.412 Btu/hr)
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ELECTRIC SAVINGS ALGORITHM

Electricity impact is determined by the total electric effect during heating and cooling season.
This is the sum of all effects described below: Electrical penalty-heating season due to the
operation of the fan on the air curtain, Electrical saving-cooling season due to the reduction of
cooling load (infiltration reduction) and Electrical penalty-cooling season due to the operation
of the fan on the air curtain.

1. Calculation of the total Electricity impact

Etotal = Elecfan—c + Elecfan—h + Eleccooling (7)
Where:
E _ Total Electricity impact due to the operation of the air curtain
total (kWh/yr)
Annual Electricity Penalty- due to the operation of the fan on the air
Elecran—c =

curtain during the cooling season (kWh/yr)

Annual Flectricity Penalty- due to the operation of the fan on the air

Elecsyy,—
fan=h curtain during the heating season (kWh/yr)

Annual Flectricity Savings= due to the reduction of cooling load

Eleccooiing = (kWh/yr)

2. Calculation of the Electricity penalty - heating season due to the operation of the fan
on the air curtain

8760
Elecfan—h = Efan—h ®
h=1
Efan—n = —HP X 0.7457 X Op X Hpeqating (8a)
Where:
Elec _Annual Electricity Penalty- due to the operation of the fan on
Jan-h the air curtain during the heating season (kWh/yr)
E _ Hourly Electricity Penalty- due to the operation of the fan on
fan=h the air curtain during the heating season (kWh/hr)
HP = Air curtain fan electric input power (hp)
0.7457 = Conversion factor (1 horsepower = 0.7457 kilowatts)
0 _ Multiplier to account for hours of the day that the truck is
, =

engaged at the door. The multiplier is 1 (or a fraction of the
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hour), at the specific hours of the day the truck in engaged at
the door and 0 for all other hours (dimensionless)

Multiplier to account for hours of the year when the heating
system is enabled. The multiplier is 1 when the outside air
temperature is below the heating system balance point
temperature and O for all other hours (dimensionless)

H heating

3. Calculation of the Electricity penalty-cooling season due to the operation of the fan
on the air curtain

8760
El€Cfan_C = z Efan—c (9)
h=1
Efan—c = —HP X 0.7457 X 0 X Heoo1ing (9a)
Where:
Elec _ Annual Electricity Penalty- due to the operation of the fan on
fan-c the air curtain during the cooling season (kWh/yr)
E _ Hourly Electricity Penalty- due to the operation of the fan on
Jan-c the air curtain during the cooling season (kWh/hr)
HP = Air curtain fan electric input power (hp)
0.7457 =  Conversion factor (1 horsepower = 0.7457 kilowatts)
Multiplier to account for hours of the day that the truck is
0 _ engaged at the door. The multiplier is 1 (or a fraction of the
b hour), at the specific hours of the day the truck in engaged at
the door and 0 for all other hours (dimensionless)
Multiplier to account for hours of the year when the cooling
system is enabled. The multiplier is 1 when the outside air
H cooling =

temperature is above the cooling system balance point
temperature and 0O for all other hours (dimensionless)

4. Calculation of the Electricity saving-cooling season due to the reduction of cooling
load (infiltration reduction)

8760

Eleccooling = Z Elechourly (10)
h=1
qc
Ehourly = ﬁ X Op X Hcooling X E (10a)
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Where:
Annual Electricity impacts - due to the reduction of cooling load
Eleccooling = (kWh/yr)
Hourly Electricity Impacts- due to the reduction of cooling load
Elechourly = (kWh)
qc = Rate of heat transfer through doorway without vestibule (kW)
COP = Seasonal COP, cooling
E = Air Curtain effectiveness

5. Calculation of the energy required (electricity)

dc = Po X Q X (hoc - hic)

Where:

Q = Airflow rate through the doorway (m?%/s)
hoc = Outside enthalpy-cooling season (k]J/kg)
hic = Inside enthalpy-cooling season (kJ/kg)

po = Density of air density (kg/m?)
ASSUMPTIONS

(11)

Table 4 provides a list of assumptions utilized in the measure savings algorithm to derive the
stipulated savings values listed in Table 1 above.

Table 4 Assumptions

Variable Definition

Value and Unit

Source/Comments

Absolute indoor temperature

temperature (K)

Ti_heating | (K). Heating Temperature various Hourly profile based on 2020
Setpoint Schedule NECB Heating Temperature
Setpoint Schedule [11] and the
Absolute indoor temperature fraction of the hour the truck is
Ti—cooting (K). Cooling Temperature various engaged at the door.
Setpoint Schedule
T Absolute outdoor . Hourly profile based on CWEC
5 various

2020, London, ON [12]

Ontario TRM
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. Calculated based on a sample
HR Hour per day door is open 1.70 hr/day of 128 survey
Calculated based on average
Fraction of the hour the traffic characteristics of a
Op truck is enaaaed at the door various sample of 128 survey, HR and
9ag 2020 NECB hourly Occupancy
Schedule [11]
Weekdays only operation Full week operation
Hours of day Weekday Weekend Weekday Weekend
1-5 18 18 18 18
Ti—neating 6 20 18 20 20
(1) 7-20 22 18 22 22
21-24 18 18 18 18
1-5 26 26 26 26
Ti—cooti
cooting 6-20 24 26 24 24
(0)
21-24 26 26 26 26
1-8 0 0 0 0
0, 9-16 0.21 0 0.21 0.21
17-24 0 0 0 0
Density of outdoor air (at or Hourly calculation based on
Po near sea level) CWEC 2020, London, ON [12]
Pressure that acts to
balance inflows and Assumed that no system will
Ap, . . 0 ;
outﬂowsl lncludlng balance inflows and outflows
mechanical systems (Pa)
Pressure coefficient when
GM | windis at 0° 06
Pressure coefficient when
%@ | wind is at 180° 03
[3]
Pressure coefficient when
%® | wind is at 90° 065
Pressure coefficient when
G | wind is at 270° 065

12
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U Hourly wind speed various Hourly profile based on CWEC
met 2020, London, ON [12]
Atmospheric boundary layer
Omet thickness from a nearby 270m
meteorological station
Height at which the .
Hopet anemometer that records 9m Based on Te[r 1r'§|]n Category 3
Unpe: is located
Local building terrain from
Amet the nearby meteorological 0.14
station
s Local atmospheric boundary 370 m
layer thickness Based on Terrain Category 2
[13]
a Local building terrain 0.22
gipr)ecn‘lc gas constant for dry 287.05 J/kg.K
[14]
Specific gas constant for 461.52 J/kg.K
water vapor
s Shelter factor 07 ﬁa{sﬁed on Shelter Class 3 [15],
Calculated based on average
Gap width between the top traffic characteristics of a
W of the truck and the top of 39.8in (1.01 m) sample of 128 survey and
the dock door adjusted to the %opening of
the door
Gap width between the side
Wey of the truck and the side of 37.2in (0.94 m)
the dock door
Cp Specific heat of air 1,000 J/(kg-K) Common assumptions table
Hourly calculation based on
Inside enthalov for coolin indoor properties of the air
hi. Py 9 Various (cooling temperature setpoint
season . ;
schedule, and indoor relative
humidity) 4

¢ Enthalpy is estimated using a polynomial approximation based on dry-bulb temperature and relative

humidity, adapted from a simplified method found in an online source

(https://www.mrexcel.com/board/threads/excel-formula-for-calculating-airs-enthalpy-from-dry-bulb-

temperature-and-relative-humidity.871843/). While this approach is not fully rigorous, a due diligence

Ontario TRM
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Outside enthalpy for cooling

Hourly calculation based on
outdoor properties of the air

hoe season various (dry bulb temperature and
relative humidity) from CWEC
2020, London, ON [12] 4
Indoor relative humidity 30% Common assumptions table
. - : Average value from sample of
H Average building height 27t (8.2m) 94 projects
. . : 75% (Range between
E Effectiveness of air curtain 60% - 90%) 7]
Eff gf%r(:ri?neclyal heating system 80% Common assumptions table
COP Commercial cooling system 3.8 Common assumptions table
seasonal COP
g Acceleration due to gravity 9.81 m/s? (32.2 ft/sec?) | Common assumptions table
Airflow rate conversion from 3
md/s to CFM 2,119 CFM/m3/s [18]
Density conversion factor
from metric to imperial, 0.062428 (Ib/ft3)/(kg/m3) | [19]
multiply by
Conversion factor from Watt 1 Watt = 3.412 Btulhr | [20]
to Btu/hr
Enthalpy rate conversion
factor from imperial to 2.326 kJ/kg/Btu/lb [21]
metric, multiply by
ggsergy density of natural 35,738 Btu/m? Common assumptions table
Conversion from HP to kWh 0.7457 KW/HP Common assumptions table
Door size (W’ x H’)
10’ x 10’ 12’ x 12’ 14’ x 14’ 16’ x 16’ 18’ x 18’ 20’ x 20’
hq(ft) 10 12 14 16 18 20
wy(ft) 10 12 14 16 18 20
Totalh, 3 3 4 4 6 6

comparison against standard online tools using approved psychrometric methods showed an average
deviation of 0.1%, which is considered acceptable for this analysis.

14
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SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings and electrical impact values for
the installation of air curtains on two of the shipping & receiving doors (“Drive-in” doors) in a
retail store that operated weekdays only. The sizes of the door are: 10'x10” and 14'x14’

Annual Gas Savings:

1 (10'x107) + 1 (14'x14") = 3,927 m?®/yr + 5,325 m3/yr = 9,252 m?®/yr

Annual Electrical Impact:

1 (10'x10") +1 (14'x14") =290 + 574 = 864 kWh/yr

The total annual gas savings is 9,252 m?/yr and the total electrical savings is 864 kWh/yr

USES AND EXCLUSIONS

This measure is restricted to the installation of Air Curtains on shipping and receiving doors
classified as Drive-in door as described on this document. If other mechanisms that combat
infiltration at the shipping/receiving door are present, such as door seals, this measure is not
eligible. In addition, the docking area must be directly heated by natural gas fueled equipment
during winter months and the inside temperature of the area must be maintained at a
comfortable level while docking doors are used.

MEASURE LIFE

The measure life is 15 years. [22]

INCREMENTAL COST

The purchase and installation cost for air curtains is summarized in the table below. [23]

Table 5. Incremental Cost

Door size (W’ x H’)
Description
10x10 12x12 14x14 16x16 18x18 20x20
Ave. Total cost $8,855 | $11,703 | $13,599 | $22,840 $26,621 | $32,862
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Version Date and Revision History

Version 2.1 (minor update)
OEB Filing Date March 19, 2026
OEB Approval Date

Commercial > Space Heating - Air Curtains for Pedestrian doors > New
Construction/Retrofit

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition
Measure Category New Construction (NC) Retrofit (R)
Baseline Door with no Air Curtain or Vestibule
Technology 1
Baseline Door with no Air Curtain and with Vestibule
Technology 2
Efficient Air curtain that meets the minimum standards of the Air Movement and Control
Technology Association International, Inc. (AMCA)
Market Type Commercial
Door size (W’ x H’)
Annual Natural 3'x7’ 6'x7" 6'x8’ 2x (3'x7") 2x (6'x7") 2x (6'x8")
Gas Saving-
without vestibule
(m3/yr per door)- 1,062 2,124 2,374 2,124 4,249 4,749
week day’
Annual Natural
Gas Saving- with
vestibule (m3/yr 680 1,360 1,520 1,360 2,719 3,039
per door)- week
day
Annual Natural
Gas Saving-
without vestibule 489 978 1,094 978 1,957 2,187
(m3/yr per door)-
all week?

1 Weekday refers to buildings that operates less than 7 days in a week. For example: Small Office, Medium office, Primary School,
Secondary School, Outpatient Health Care. This identifier is applicable to Natural Gas Savings and Electricity impacts for both with
and without vestibule

2 All week refers to buildings that operates 7 days in a week. For example: Standalone Retail, Strip Mall -large store, Strip Mall -
small store, Quick Service Restaurant, Sit-down Restaurant, Small Hotel, Mid-rise Apartment. This identifier is applicable to Natural
Gas Savings and Electricity impacts for both with and without vestibule
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Parameter Definition

Annual Natural

Gas Saving- with
vestibule (m3/yr 313 626 700 626 1,252 1,400

per door)- all week

Annual Electric
Impact- without
vestibule (kWh/yr 250 454 528 499 908 1,056
per door)- week
day

Annual Electric
Impact- with
vestibule (kWh/yr 150 256 303 301 512 606
per door)- week
day

Annual Electric

Impact- without
vestibule (kWh/yr 94 168 197 188 336 393

per door)- all week

Annual Electric
Impact- with

vestibule (KWh/yr 56 92 110 112 183 220
per door)- all week
Measure Life 15 years
| t I C t " " " " " L] " L] " L] " L]
(g‘;&rge” al Los 3'x7 6'x7 6'x8 2x (3'X7") | 2x(6'x7") | 2x (6'x8")
Vestibule $2,525 $3,433 $3,433 $4,005 $5,261 $5,261
Without
Vestibule $2,780 $4,800 $4,800 $4,515 $7,995 $7,995
Average
Incremental Cost $2,653 $4,117 $4,117 $4,260 $6,628 $6,628
($ CAD)
This measure is restricted to the installation of Air Curtains on Pedestrian doors. In
addition:
Restrictions . The space must be heated by natural gas-fueled equipment during the
winter months.
¢ New Construction applications for which the Air Curtains have been
installed instead of the vestibule are not eligible.
OVERVIEW

Air Curtains are typically mounted above doorways and separate indoor and outdoor
environments with a stream of air strategically engineered to strike the floor with a particular
velocity. This air flow prevents outdoor air infiltration (heat, moisture, dust, fumes, insects),
while also permitting an unobstructed entryway for pedestrians. Figure 1 illustrates the
schematic design for a typical air curtain installation at a pedestrian door.
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Figure 1. Air Curtain Installation 3

The units serve to reduce the infiltration of outdoor air at the entrance points and reduce the
heating and cooling requirements. The Natural Gas and Electrical Savings are calculated using
engineering best practices algorithm from ASHRAE and are reported in meters cubed per year
per door (m?/yr per door) and in kilowatt hours per year per door (kWh/yr per door)
respectively.

APPLICATION

This measure provides incentives for installing air curtains on pedestrian doors of commercial

facilities

BASELINE TECHNOLOGY

The current baselines are shown in Table 2.

Table 2. Baseline Technology

Scenario Requirement
Baseline Technology 1 Exterior doorway without vestibule or air curtain
Baseline Technology 2 Exterior doorway with vestibule and no air curtain

EFFICIENT TECHNOLOGY

Air curtains that meet the requirements as shown in Table 3:

3 Mlustration downloaded from http://www.mitzvahenge.com/Non Re Circulating Air Curtains.htm on 10/14/2014.
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Table 3. Efficient Technology

Scenario Requirement

All Air Curtain that has been tested in accordance with
ANSI/AMCA 220 [1]

ENERGY IMPACTS

The primary energy impact associated with the installation of air curtains is a reduction in
natural gas usage or electricity resulting from reduced infiltration of cold air or hot air that
needs to be heated or cooled when it enters a building. Table 1 provides annual energy savings,
differentiated by door type.

There is an electric penalty associated with the addition of an air curtain due to the air curtain’s

fan. In air-conditioned spaces, the overall electric penalty is reduced due to a reduced air-
conditioning load. No water consumption impacts are associated with this measure.

NATURAL GAS SAVINGS ALGORITHM

Natural gas energy savings are achieved by determining the difference between heat lost at a
doorway before and after the addition of an air curtain during the heating season. In order to
characterize the natural gas savings, the calculation approach from ASHRAE Fundamentals
Chapters 16 and 24 have been applied.

1. Calculation of the infiltration across gaps

Infiltration into a building is introduced by pressure differences across the envelope caused by
driving forces (wind and stack effects), specific gap geometry, general building leakage and
mechanical system. For uniform indoor air temperatures, the formulas for pressure across a
building gap for a given time period are given below.

2
Wind pressure: Py = W, X py X ”7 (1) 2]
_ (Ti B To)
Stack pressure: Py = —p, X —T X g X (Hyp, — H) (2) [3]
i
Pressure difference
Ap = Py + Pr — Ap; (3) [4]

across each gap:

Where:

Wind surface pressure relative to outdoor static pressure in undisturbed

Py = flow (Pa)

4 Ontario TRM



Commercial — Air Curtains for Pedestrian doors— NC/R

Wy =  Wind surface pressure coefficient (dimensionless)
po = Density of outdoor air (kg/m?)
U = Wind speed (m/s)
Pr = Stack pressure (Pa)
T, = Absolute outdoor temperature (K)
T; = Absolute indoor temperature (K)
g =  Gravitational acceleration (m/s?)
Hyp, = Height of neutral pressure plan (m)
H = Height of point of interest above reference plane* (m)
Ap = Pressure difference across each gap (Pa)
Ap, - Pressure that acts to balance inflows and outflows, including mechanical

systems (Pa)

1a. Calculation of the Wind surface pressure coefficient [5] and Wind speed

if cosd > 0, then: if cosd < 0,then:
( [C,(1) + C,(2)] x (COSZB)%B ] ( [C,(D) + €, (2)] X (COSZH)% ] )
W, (6) = 1] +[6,() - ¢, @] x (cosd)s W, (6) = 1] —[6,() - ¢, (@] x (cost)s 5]
+[C,(3) + C,(4)] X (sin?6)? +[C,(3) + C,(4)] % (sin?6)?
+[C,(3) — C,(4)] x sind +[C,(3) — C,(4)] x sind
1b
U=sxUy ( [6;
Ame o
o = e (7220) % (5) o
Hypp, = H7* (1d)
la. Where
0 = Wind direction (°)
Cp,(1) = Pressure coefficient when wind is at 0°
C,(2) = Pressure coefficient when wind is at 180°
C,(3) = Pressure coefficient when wind is at 90°

4 Reference plane = ground level
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Cp(4)

Amet

H*

Pressure coefficient when wind is at 270°

Wind speed (m/s)

Shelter factor applicable to the given gap (dimensionless)
Effective wind speed (m/s)

Wind speed from the nearby meteorological station (m/s)

Atmospheric boundary layer thickness from the nearby meteorological
station (m)

Height at which the anemometer that records Uy, is located, usually 10
m above ground level (33 ft)

Local building terrain from the nearby meteorological station
(dimensionless)

Undisturbed wind height (m)
Atmospheric boundary layer thickness (m)

Local building terrain (dimensionless)

1b. Calculation of the height of the point of interest above reference plane

hgq

= le
H > (1e)
Where:
hg = Door height (m)
2. Calculation of the airflow through openings
2|A
Q=CpxAx <|m> (4) 8]
Po
Cp = 0.40 + 0.0045|T; — T,| (4a) [9]
Where:
Q = Airflow rate (m%/s)
Cp = Discharge coefficient for openings (dimensionless)
A = Cross-sectional area of opening (m?)
T; = Absolute indoor temperature (K)
T, = Absolute outdoor temperature (K)
6 Ontario TRM
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2a. Calculation of the cross-sectional area of opening

A =hg; Xwy X %opening (4b)
Where:
A = Total gap area per door dock (m?)
hg = Door height (m)
wg = Door width (m)
%opening =  Average % opening area of the door when traffic goes through

3. Calculation of the energy required (natural gas)

qs = Q X po X Cp X (T; = Tp) (5) [10]
Where:
qs = Sensible heat load (W)
C, = Specific heat of air (J/(kg.K)
pPo =  Density of outdoor air (kg/m?)
T; = Absolute indoor temperature (K):

Ti_heating = heating Temperature Setpoint Schedule
Ti_cooting= cooOling Temperature Setpoint Schedule

T, =  Absolute outdoor temperature (K)

4. Calculation of the natural gas savings for Baseline 1- Door with no Air Curtain and no

Vestibule.
8760
NGsaving = Z NGhourly (6)
h=1

s

NGhourly =3412 X m X Op X Hheating X E (68)
Where:
NGsaving =  Annual Natural Gas Savings (m?/yr per door)
NGpoury =  Hourly Natural Gas Savings (m3/hr)
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H heating

Eff
E

35,738
3.412

Multiplier to account for hours of the day that the pedestrian
traffic is engaged at the door. The multiplier is 1 (or a fraction of
the hour), at the specific hours of the day the truck in engaged
at the door and 0 for all other hours (dimensionless)

Multiplier to account for hours of the year when the heating
system is enabled. The multiplier is 1 when the outside air
temperature is below the heating system balance point
temperature and 0O for all other hours (dimensionless)

Heating System efficiency (dimensionless)

Air Curtain effectiveness (dimensionless)

Energy density of natural gas (Btu/m?)

Conversion factor from Watt to Btu/hr (1 Watt = 3.412 Btu/hr)

5. Calculation of the natural gas savings for Baseline 2- Door with no Air Curtain and

with Vestibule.

8760

NGsaving = Z NGhourly—vastibule

h=1

NGhourly—vastibule =3412x

qp = qs X (1 =VE)

Qa =qp X (1 —E)

Where:
N Gsaving
N Ghourly

dp
qa

(@ — qa)

35,738 X Eff Op X Hheating

Annual Natural Gas Savings (m®/yr per door)

Hourly Natural Gas Savings (m3/hr)

Sensible heat load- accounting for vestibule effectiveness (W)
Sensible heat load- accounting for air curtain effectiveness (W)

Multiplier to account for hours of the day that the pedestrian
traffic is engaged at the door. The multiplier is 1 (or a fraction of
the hour), at the specific hours of the day the truck in engaged
at the door and 0 for all other hours (dimensionless)

Ontario TRM

()

(7a)

(7b)

(7¢)



Commercial — Air Curtains for Pedestrian doors— NC/R

Multiplier to account for hours of the year when the heating
system is enabled. The multiplier is 1 when the outside air

Hheating = temperature is below the heating system balance point
temperature and O for all other hours (dimensionless)
Eff = Heating System efficiency (dimensionless)
E = Air Curtain effectiveness (dimensionless)
VE = Vestibule effectiveness (dimensionless)
35,738 = Energy density of natural gas (Btu/m?3)
3412 = Conversion factor from Watt to Btu/hr (1 Watt = 3.412 Btu/hr)

ELECTRIC SAVINGS ALGORITHMS

Electricity impact is determined by the total electric effect during heating and cooling season.
This is the sum of all effects described below: Electrical penalty - heating season due to the
operation of the fan on the air curtain, Electrical saving - cooling season due to the reduction of
cooling load (infiltration reduction) and Electrical penalty - cooling season due to the operation
of the fan on the air curtain.

1. Calculation of the total Electricity impact
Etotar = Elecfan—c + Elecfan—h + Eleccooling (8)

Where:

E Total Electricity impact due to the operation of the air curtain
total (kWh/yr)

Annual Flectricity Penalty- due to the operation of the fan on the air

Elecsgy- =
Jan=e curtain during the cooling season (kWh/yr)
Elec _ Annual Electricity Penalty- due to the operation of the fan on the air
fan-=h curtain during the heating season (kWh/yr)
Annual Electricity Savings= due to the reduction of cooling load
E leccooling =

(kWh/yr)

2. Calculation of the Electricity penalty - heating season due to the operation of the fan
on the air curtain

8760

Elecfan—h = Efan-n )
h=1

Efqn—n = —HP X 0.7457 X 0, X Hpeqsing (9a)

Ontario TRM
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Where:
Elec B Annual Electricity Penalty- due to the operation of the fan on
fan=h the air curtain during the heating season (kWh/yr)
E B Hourly Electricity Penalty- due to the operation of the fan on
fan=h the air curtain during the heating season (kWh)
HP = Air curtain fan electric input power (hp)
0.7457 = Conversion factor (1 horsepower = 0.7457 kilowatt)
Multiplier to account for hours of the day that the pedestrian
0. - traffic is engaged at the door. The multiplier is 1 (or a fraction of
b the hour), at the specific hours of the day pedestrians are
engaged at the door and 0 for all other hours (dimensionless)
Multiplier to account for hours of the year when the heating
system is enabled. The multiplier is 1 when the outside air
H heating =

temperature is below the heating system balance point
temperature and 0O for all other hours (dimensionless)

3. Calculation of the Electricity penalty - cooling season due to the operation of the fan
on the air curtain

8760
EleCfan_c = Z Efan—c (10)
h=1
Efan—c = —HP X 0.7457 X 0, X Heoo1ing (10a)
Where:
Elec B Annual Electricity Penalty- due to the operation of the fan on
fan=c the air curtain during the cooling season (kWh/yr)
E B Hourly Electricity Penalty- due to the operation of the fan on
fan-c the air curtain during cooling season (kWh)
HP = Air curtain fan electric input power (hp)
0.7457 = Conversion factor (1 horsepower = 0.7457 kilowatt)
Multiplier to account for hours of the day that the pedestrian
0. - traffic is engaged at the door. The multiplier is 1 (or a fraction of
, =

the hour), at the specific hours of the day pedestrian are
engaged at the door and 0 for all other hours (dimensionless)
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Multiplier to account for hours of the year when the cooling
system is enabled. The multiplier is 1 when the outside air
temperature is above the cooling system balance point
temperature and O for all other hours (dimensionless)

Hcooling =

4. Calculation of the electrical saving - cooling season due to the reduction of cooling
load (infiltration reduction) for Baseline 1. Door with no Air Curtain and no Vestibule

8760

Eleccooling = Esavings—l (11)
h=1
q

Esavings—l = ﬁ X Op X Hcooling xE (11a)

Where:
B _ Hourly Electricity Savings- Cooling Season due to the reduction of cooling
savings—1 load for Baseline 1 (kWh)
_ Rate of heat transfer through doorway without vestibule - cooling season
COP = Seasonal COP, cooling
E = Air Curtain effectiveness (dimensionless)

5. Calculation of the electrical saving - cooling season due to the reduction of cooling
load (infiltration reduction) for Baseline 2. Door with no Air Curtain and with

Vestibule
8760
Eleccooling = Esavings—z (12)
h=1
(9a — ge)
Esavings—z = Tpe X Op X Hcooling (12a)
qa = qc % (1 —VE) (12b)
qe =qa X (1 —E) (12¢)
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Where:

Esavings—z
dc

9a

de

E
VE

Hurly Electricity Savings- due to the reduction of cooling load during
cooling season for Baseline 2 (kWh)

= Rate of heat transfer through doorway without vestibule (kW)

Sensible heat load cooling season - accounting for vestibule effectiveness
(kW)

Sensible heat load cooling season - accounting for air curtain effectiveness
(kW)

= Air Curtain effectiveness (dimensionless)

=  Vestibule effectiveness (dimensionless)

6. Calculation of the energy required (electricity)

qc = Po X Q
Where:

Q
hOC
hic

Po
ASSUMPTIONS

X (hoc - hic) (13)

Airflow rate through the doorway (m?s)
= QOutside enthalpy-cooling season (kJ/kg)
= Inside enthalpy-cooling season (kJ/kg)

= Density of air density (kg/m?)

Table 4 provides a list of assumptions utilized in the measure savings algorithm to derive the
stipulated savings values listed in Table 1 above.

Table 4. Assumptions

Variable Definition Value and Unit Source/Comments
_ Hourly calculation based on
0 Density of outdoor CWEC 2020, London, ON
o :
air [11]
12 Ontario TRM
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Variable Definition Value and Unit Source/Comments
Pressure that acts to
balance inflows and Assumed that no system
Ap; | outflows, including 0 will balance inflows and
mechanical systems outflows
(Pa)
Absolute indoor
temp.erature (K). various
Ti—heating | Heating .
Temperature Hourly profile based on
Setpoint Schedule 2020 NECB Heating
Absolute indoor Temperature Setpoint
temperature (K). Schedule [12]
Ti—cooting | Cooling various
Temperature
Setpoint Schedule
Fraction of the hour Door-opening frequency
Op the pedestrian is various estimation by building type
engaged at the door from PNNL [13]
Weekdays only operation Full week operation
Hours of day Weekday Weekend Weekday Weekend
1-5 18 18 18 18
Ti_heating 6 20 18 20 20
(0) 7-20 22 18 22 22
21-24 18 18 18 18
1-5 26 26 26 26
Ticooting 6-20 24 26 24 24
(0 21-24 26 26 26 26
1-6 0 0 0 0
7 0.01 0 0.01 0.01
8 0.52 0 0.05 0.05
9 0.08 0 0.01 0.01
10 0.08 0 0.01 0.01
11 0.08 0 0.05 0.05
12 0.08 0 0.05 0.05
0 13 0.11 0 0.07 0.07
P 14 0.08 0 0.07 0.07
15 0.08 0 0.05 0.05
16 0.49 0 0.05 0.05
17 0.34 0 0.05 0.05
18 0.11 0 0.07 0.07
19 0.04 0 0.04 0.04
20 0 0 0.04 0.04
21 0 0 0.06 0.06

Ontario TRM
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Variable

Definition

‘ Value and Unit

Source/Comments

22-24 |

0 | 0

0.01 \ 0.01

Absolute outdoor
temperature (K)

Hourly profile based on
CWEC 2020, London, ON
[11]

Cp (D)

Pressure coefficient
when wind is at 0°

0.6

(p(2)

Pressure coefficient
when wind is at 180°

(3)

Pressure coefficient
when wind is at 90°

-0.65

Cp(4)

Pressure coefficient
when wind is at 270°

-0.65

[5]

Umet

Hourly wind speed

Hourly profile based on
CWEC 2020, London, ON
[11]

(Smet

Atmospheric
boundary layer
thickness from a
nearby
meteorological
station

270 m

Hmet

Height at which the
anemometer that
records U, is
located

9m

Amet

Local building
terrain from the
nearby
meteorological
station

0.14

Based on Terrain Category
3 [14]

Local atmospheric
boundary layer
thickness

370 m

Local building
terrain

0.22

Based on Terrain Category
2 [14]

Shelter factor

0.7

Based on Shelter Class 3
[15], [16]

Specific heat of air

1,000 J/(kg-K)

Common assumptions table

Inside enthalpy for
cooling season

Hourly calculation based on
indoor properties of the air
(cooling temperature
setpoint schedule, and
indoor relative humidity)

5 Enthalpy is estimated using a polynomial approximation based on dry-bulb temperature and relative

humidity, adapted from a simplified method found in an online source

(https://www.mrexcel.com/board/threads/excel-formula-for-calculating-airs-enthalpy-from-dry-bulb-

temperature-and-relative-humidity.871843/). While this approach is not fully rigorous, a due diligence

14

Ontario TRM



Commercial — Air Curtains for Pedestrian doors— NC/R

Variable Definition Value and Unit Source/Comments
Hourly calculation based on
outdoor properties of the air

h Outside enthalpy for (dry bulb temperature and
o¢ cooling season relative humidity) from
CWEC 2020, London, ON
[11]s
o ;
::/eear?)?‘?hé gsgrmng Calculated based on the
%opening . 69% average traffic and door
when traffic goes dimensions
through
. . Door size (W’ x H’) .
Variable | Definition Door size (W’ x H’)
3'x7’ 6'x7" 6'x8'
hq Dock door height (ft) 7 ’ 8 Based on standard door
Wy Dock door width (ft) 3 6 6 sizes
Hp | prourtain 1115 1/8 1/8 [17]
orsepower
. Average building Average value from
H height 271t (8.2m) sample of 94 EGI projects
E Effectiveness of air 75% (Range between 60% - [18]
curtain 90%)
Effectiveness of
VE vestibule S [19]
Commercial heating o :
Eff system efficiency 80% Common assumptions table
Commercial cooling
COP system seasonal 3.8 Common assumptions table
COP
9 Acceleration due to 9.81 m/s? (32.2 ft/sec?) Common assumptions table
gravity
Airflow rate
conversion from 2,119 CFM/m3/s [20]
m3/s to CFM
Density conversion
factor from metric to 0.062428 (Ib/ft3)/(kg/m3) [21]
imperial, multiply by
Conversion factor _
from Watt to Btu/hr 1 Watt = 3.412 Btu/hr [22]
Enthalpy rate
conversion factor 2.326 kJ/kg/Btu/lb [23]
from imperial to
metric, multiply by
Energy density of 35,738 Btu/m?3 Common assumptions table
natural gas

comparison against standard online tools using approved psychrometric methods showed an average
deviation of 0.1%, which is considered acceptable for this analysis.

Ontario TRM
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Variable Definition Value and Unit Source/Comments
t%o;\/\ﬁrsmn from HP 0.7457 KW/HP Common assumptions table

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings and electrical impact values for
the installation of air curtains on two pedestrian doors with vestibules in a retail store. There are
two (6'x8") doors with vestibules.

Annual Natural Gas Savings:

2 (6'x8") =1,400 m®/yr = 1,400 m3/yr

Annual Electrical Impact:

2 (6'x8’) =220 kWh/yr = 220 kWh/yr

The total natural gas savings is 1,400 m3/yr and the total electrical savings is 220 kWh/yr

USES AND EXCLUSIONS

This measure is restricted to the installation of Air Curtains on Pedestrian doors. In addition:
e The space must be heated by natural gas fueled equipment during winter months.

e New Construction applications for which the Air Curtain have been installed in lieu of
the vestibule are not eligible.

MEASURE LIFE

The measure life is 15 years [24].

INCREMENTAL COST

The purchase and installation cost for air curtains is summarized in the table below. Table 5.
Incremental Cost

Table 2 Incremental cost

Door size (W’ x H’)
Definition
37" 6'x7" 6'x8' 2x (3'x7') | 2x (6'x7") | 2x (6'x8")
Vestibule $2,525 | $3,433 | $3,433 $4,005 $5,261 $5,261
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Without Vestibule $2,780 | $4,800 | $4,800 $4,515 $7,995 $7,995

Average Incremental

cost (§ CAD) $2,653 | $4,117 | $4,117 $4,260 $6,628 $6,628
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Commercial > Space Heating - Condensing Make-Up Air Unit (MUA) - New
Construction/Time of Natural Replacement

Table 1 below provides a summary of the key measure parameters and savings

coefficients.

Table 1. Measure Key Data

Parameter

Definitions

Measure Category

New Construction (NC)

Time of Natural Replacement (TNR)

Baseline Technology

80% Thermal Efficiency Conventional Make-Up Air Unit

Efficient Technology = 90% Thermal Efficiency, Condensing Make-Up Air Unit
Market Type Commercial
Condensing MUA C . Multi-Residential and
ommercial
Type Long Term Care
Annual Natural Gas Savings Constant Speed 0.35 0.79
Rate (m3/CFM)
2 Speed 1.05 2.11
VFD 1.75 2.59
Constant Speed 0 0
Annual Electric Savings Rate 2 Speed 133 170
(KWh/CFM) pee ' '
VFD 2.22 2.42
Measure Life 20 Years
Constant Speed 2 Speed VFD
Incremental Cost ($ CAD)
$870+$0.66/CFM $870+$1.01/CFM $870+$1.02/CFM




Commercial - Condensing Make-Up Air Unit - NC/TNR

Parameter Definitions

Only condensing make-up air units installed in commercial, multi

residential or long term care facilities are eligible for the incentive.
Applies to air flows from 1,500 CFM up to 14,000 CFM. Systems

with Demand Control Ventilation will not qualify. Retail is not

Restrictions - . ;
eligible for this measure. Savings factors are based on base case
unit delivering the total fresh air flow from the MUA unit during
operation. Air Handling Units (AHU) with return, reheat and
cooling are not eligible.

OVERVIEW

The measure is for the installation of natural gas condensing make-up air (MUA) units
with a thermal efficiency of 90% or higher in commercial buildings. Similar to
condensing furnaces, high efficiency make-up air units achieve savings through the
utilization of a sealed, super insulated combustion chamber, more efficient burners, and
multiple heat exchangers that remove a significant portion of the waste heat from the
flue gasses. Because multiple heat exchangers are used to remove waste heat from the
escaping flue gas, most of the vapor in the flue gas condenses and must be drained.

The measure also covers 2 speed and variable speed equipped models. MUAs with the
ability to modulate incoming outside air during periods of reduced occupation reduce
fuel consumption by reducing load on the equipment.

APPLICATION

The measure is for the installation of condensing make-up air units which have
efficiencies that are higher than code requires. Commercial make-up air units are
performance rated by their thermal efficiency (TE). This is a measure of the operating
efficiency of the make-up air unit and is defined as the energy out, or the energy
transferred to the hot air, divided by the energy in, or the energy contained within the
fuel.

BASELINE TECHNOLOGY

Canada’s Energy Efficiency Regulations require that new commercial (= 225,000 Btu/hr)
hot air heating equipment have a rated thermal efficiency (TE) of at least an 80% [1]. For
NC/TNR installations, the baseline technology is considered to be the minimum
efficiency required by the regulations effective January 1, 2014.
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Table 2. Baseline Technology

Type Thermal Efficiency

Gas Make-Up Air Unit 80%

EFFICIENT TECHNOLOGY

The efficient technology is a condensing make-up air unit with a thermal efficiency
rating equal to, or higher than 90%. This is typically the minimum efficiency available
for a condensing make-up air unit [2] [3].

Table 3. Efficient Technology

Type Thermal Efficiency

Gas Condensing Make-Up Air Unit =2 90%

ENERGY IMPACTS

The primary energy impact associated with the installation of condensing make-up air
unit in this service territory is a reduction in natural gas usage resulting from the unit’s
improved efficiency.

There are electrical savings impacts associated with the measure when the unit installed
is equipment with two speed or variable speed capability. These options also lead to
additional savings from reducing the outside air during heating and cooling seasons.

No water consumption impacts are associated with this measure.

NATURAL GAS SAVINGS ALGORITHMS

The measure natural gas savings are calculated using an assumed load profile for each
type of equipment, typical meteorological year 2 (TMY) data for London, Ontario [4],
and the difference in assumed efficiencies for the equipment. The assumed load profiles
were developed by Agviro Inc. [5] and are shown in Table 5 in the “Assumptions”
section. The binned weather data is shown in Table 6.

The natural gas savings factor attributed to this measure is calculated using the
following formulas:
T,

Heat Load Rate = Z 1.08 A X bin X (T, — T,)
50

Btu
r°F CFM

And,
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where,

NG Savings Factor =

Heat Load Rate
1.08

bin

Ts
To

NG Savings Factor

VBase
VEE

Btu

35,738 2=
m

TEbase
TEgE

Heat Load Rate Viase VeE )
35 738@ TEbase TEEE
1) m3

= Annual heating load per CFM of MUA rated air flow
capacity assuming no modulation (Btu/yr/CFM)

= 60 min/hr x 0.239 Btu/ Ibm-F specific heat of air x 0.074
lbm/ft? density of dry air (Btu/hr-F-CFM)

= Annual hours in each five degree temperature bin'
(hr/yr), see Table 6 (use appropriate column for
appropriate building type)

= Supply air temperature set point (°F)
= Qutside air temperatures (°F)

= Annual gas savings factor resulting from installing the
new condensing MUA (m?/yr)/CFM

= Baseline fan motor speed (%)
= Energy efficient fan motor speed (%)

= Conversion of rated heating capacity from Btu/hr to

m?’/hr, common assumptions table
= Baseline equipment thermal efficiency (%)

= Efficient equipment thermal efficiency (%)

ELECTRIC SAVINGS ALGORITHM

Electric energy savings are achieved if the MUA are equipped with 2 stage or VFD fan
motor controls. The savings factors in Table 1 are averaged across all fan sizes from
Table 7.

The electric savings from reducing the speed of a motor is derived using affinity laws.
Affinity laws describe the relationship between motor power and speed, which say that
the power output of a motor theoretically has a cubic relationship with motor speed. In
actuality there are losses and the exponent defining the relationship is typically
somewhere between 2.0 and 3.0 [6]. For this review, a value of 2.5 was used.

In addition there are losses inherent to the VFD that must be accounted for. These are
typically larger at lower motor sizes and lower speeds, but are typically less than 10%.
For this review a penalty of 5% was taken for all VFD applications [7].

1 Tabulated from TMY2 weather data for London, Ontario from: https://energyplus.net/weather-
location/north_and_central_america_wmo_region_4/CAN/ON/CAN_ON_London.716230_CWEC
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The savings are calculated from the daily load profiles in Table 5 by assuming the profile
is valid for the entire year. This utilizes the following equation which is summed over
the hours of the day. The methodology of this equation is to calculate motor power
consumption at each hour of the day, assuming constant speed for the hour and
multiply by 365 for a full year of operation. This assumes that the daily load profile in
Table 5 is accurate for all days of the year [8].

24 hrs

Motor kWh Rate = (Vy, — V) x 365 days X hp X O.746k—W + CFM
e yr  (n—=VFDp) hp
Where,
Motor kWh Rate = Annual electric savings rate due to the motor modulation
(kWh/CFM)
Vn = Speed of the motor for each hour of the day (%)
X = Affinity law exponent
365 d;: > = Number of days in the year
hp = Power input of the fan motor (hp)
n = Fan motor efficiency (%)
VFD, = Penalty for the VFD (%)
0.746 ’;—]:: = Conversion from hp to kW
CFM = CFM of MUA (ft3/min), see Table 7

Added to this, are the cooling energy savings that are derived from reduced ventilation
loads using 2-speed and VFD options. These are calculated similarly to the natural gas
savings by summing the cooling load in British Thermal Units and applying a cooling
system efficiency using the following formula.

To

) Btu )
Cooling Load Rate = Z 1.08m X bin X (T, — Ty)

And,
Btu kW
Cool kWh Rate = Cooling Load Rate X (Vggse — VEgg) + 12,000—— X 0.924—
ton ton
Where,
Cool kWh Rate = The annual cooling load per CFM of MUA rated air flow

capacity assuming no modulation (Btu/yr/CFM)
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bin = Annual hours in each five degree temperature bin?
(hr/yr), see Table 5

Ts = Supply air temperature set point (°F)

T, = Qutside air temperatures (°F)

Cool kWh Rate = The electrical cooling savings rate per CFM of MUA
rated air flow capacity assuming no modulation
(kWh/yr/CFM)

Vsase = Baseline fan motor speed (%)

Vg = Energy efficient fan motor speed (%)

12,000 % = Conversion of Btus to tons of cooling

0.924 % = Assumption for efficiency of MUA cooling across all

ton

equipment types (kW/ton)

The total electric savings rate is then calculated by adding the electric savings rate from
the motor and from the reduced cooling load.

kWh Savings Rate = Motor kWh Rate + Cool kWh Rate
Where,
kWh Savings Rate = Total electrical savings rate per CFM (kWh/yr/CFM)

Motor kWh Rate = Annual electric savings rate due to the motor modulation
(kWh/CEM)
Cool kWh Rate = The electrical cooling savings rate per CFM of MUA
rated air flow capacity assuming no modulation
(kWh/CFM)
ASSUMPTIONS

The assumptions used to calculate the savings coefficient are shown in Tables 4.

Table 4. Assumptions

Variable Definition Inputs Source
T Supply air temperature set point 68°F Commont:;zumphons
x Affinity law exponent 25 [9]
VFD, Percent penalty for VFD losses 5% [7]

2 Tabulated from TMY2 weather data for London, Ontario from: https://energyplus.net/weather-
location/north_and_central_america_wmo_region_4/CAN/ON/CAN_ON_London.716230_CWEC
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Variable Definition Inputs Source
n Fan motor efficiency 90% [10]
Assumption for efficiency of MUA
cooling across all equipment 0.924 kW/ton [11]
types

The load profiles used for the natural gas and electric savings calculations are shown in
Table 5.

Table 5. Load Profiles for Multi-Residential/Long Term Care and Commercial Facilities [5]

Load Profiles
Healthcare and Hotels Commercial
Hour of the

Day Base 2 stage VFD Base 2 stage VFD
1 100% 50% 50% 0% 0% 0%
2 100% 50% 50% 0% 0% 0%
3 100% 50% 50% 0% 0% 0%
4 100% 50% 50% 0% 0% 0%
5 100% 50% 50% 0% 0% 0%
6 100% 50% 50% 0% 0% 0%
7 100% 100% 100% 0% 0% 0%
8 100% 100% 100% 0% 0% 0%
9 100% 100% 70% 100% 75% 50%
10 100% 100% 70% 100% 75% 50%
11 100% 100% 70% 100% 75% 50%
12 100% 100% 100% 100% 75% 50%
13 100% 100% 100% 100% 75% 50%
14 100% 100% 70% 100% 75% 50%
15 100% 100% 70% 100% 75% 50%
16 100% 100% 70% 100% 75% 50%
17 100% 100% 100% 100% 75% 50%
18 100% 100% 100% 100% 75% 50%
19 100% 100% 100% 100% 75% 50%
20 100% 100% 100% 100% 75% 50%
21 100% 50% 50% 0% 0% 0%
22 100% 50% 50% 0% 0% 0%
23 100% 50% 50% 0% 0% 0%
24 100% 50% 50% 0% 0% 0%
Averade Al | 100.0% | 79.2% | T1.7% 100% 75% 50%

Table 6 shows the binned weather data.

3 Only during hours that ventilation is being provided.
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Table 6. Binned Weather Data for London Ontario [4]

Hours In Each Bin
(all hours of the

Midpoint year)* (hours) —
Temperature (°F) of | Multi-Residential Hours In Each Bin
5°F bin (+2.5°F, - and Long-Term (8am to 8 pm)°®
2.5°F) Care (hours) — Commercial
97.5(36.4°C) 0 0
92.5 (33.6°C) 8 8
87.5 (30.8°C) 59 59
82.5 (28.1°C) 225 216
77.5 (25.3°C) 407 378
72.5 (22.5°C) 593 385
67.5 (19.7°C) 772 401
62.5 (16.9°C) 717 293
57.5 (14.2°C) 758 317
525 (11.4°C) 649 298
475 (8.6°C) 625 269
425 (5.8°C) 643 268
375 (3.1°C) 697 294
325 (0.3°C) 672 307
27.5 (-2.5°C) 649 304
22.5 (-5.3°C) 501 259
17.5 (-8.1°C) 352 159
12.5 (-10.8°C) 237 107
7.5 (-13.6°C) 122 47
2.5 (-16.4°C) 61 9
2.5 (-19.2°C) 13 2
-7.5 (-21.9°C) 0 0
FEEHTE JEEE0 188,974 hr °F 83,612 hr °F
Hours72
Couling Degiee 11,144 hr °F 9,802 hr °F
Hours72

The assumed fan horsepower for each fan size is shown in Table 7.

Table 7. Fan Size and Associated Fan Power [5]

Fan Flow (CFM) | Fan power (hp)
1,700 1

3,300 2

6,000 3

9,000 5

14,000 8.5

4 Hours of operation based on multi-residential and long-term care load profile.
5 Hours of operation based on commercial load profile.

Ontario TRM



Commercial - Condensing Make-Up Air Unit - NC/TNR

SAVINGS CALCULATION EXAMPLE

The example below shows how to calculate gas savings achieved from installing one
1,700 CFM condensing MUA equipped with a VFD in a commercial building.

The heat load rate is calculated first and the sum of the bin hours times the temperature
difference is shown.

Heat Load Rate = 1.08 —— s x 83,612 hr °F = 90,301 -
earvoag rate = Ay or crm < O AT T = RN CEM
And the calculation for the natural gas savings factor then becomes,
NG Savi F 90,301 Btu/CFM 100% 50%\ 175 m3
avings Factor = BT (80% —90%) =175
35,738 <
m
Therefore, annual natural gas savings are:
3
Annual NG Savings = 1,700 CFM x 1.75 = 2,983 m3

CFM

The annual motor electric savings are calculated also from a summation, which is not
easily shown explicitly, but is shown in equation form here,

24 hrs

Motor kWh Rate = 2 (Vh - Vh2'5) X 365 days X L hp X 0_746k_W =1700 CFM
- yr  90% — 5% hp ’
kWh
= 1'86_CFM

The electric savings from the reduced cooling load are calculated similarly to those for
the natural gas savings, but using cooling system efficiencies instead of heating system
efficiencies.

><9802h°F>—10586 Btu
SUE T )= 20980 ey

Cooling Load Rat —(108 Btu
00 lng oa ate = . h’r OF CFM

And,
Cool kWh Rate = 10,586Bi x (100% — 50%) + 12,000% X 0.924k—W = 0_41@
CFM ton ton CFM
The total electrical savings rate is then:
Wh kWh

kWh Savi R t6—186kWh+041k =2.27
avings Rates = 1.86 —r + 041~ = 2.27 -

There for the annual electric savings are:

kWh
Annual kWh Savings = 1,700 CFM X 2.27W = 3,857 kWh

¢ Note, this value was calculated for the entire range of assumed horsepower sizes and averaged to get 1.60kWh/CFM.
Individual sizes vary from the average slightly.
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USES AND EXCLUSIONS

To qualify for this measure the condensing MUA must be gas-fired, have a thermal
efficiency of at least 90% and be installed in a new commercial facility or replace failed
equipment. The unit airflow shall be between 1,500 CFM up to 14,000 CFM. Systems
with Demand Control Ventilation will not qualify. Retail is not eligible for this measure.

MEASURE LIFE

The ASHRAE handbook states that the typical design life of commercial heating
equipment is 20 years [12].

INCREMENTAL COST

The incremental costs were developed in a study by Agviro Inc. for use by Enbridge Gas
Distribution and Union Gas on a per CEM basis.

Table 8. Incremental Cost [5]

Condensing MUA and 2 Condensing MUA and VFD
Condensing MUA Speed Motor Motor
$870+$0.66/CFM $870+$1.01/CFM $870+$1.02/CFM
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Table 1 provides a —summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

Parameter Definition
Measure Name . Time of Natural Replacement
Category identifier | New Construction (NC) (TNR)
Non-condensing natural gas-fired storage water heater have
an input rate of = 75 kBtu/hr but < 105 kBtu/hr, have rated
Stor nominal volume of < 120 US gallon, use single-phase power,
DHV?/ aSEF and limit water temperatures to < 180°F
Baseline UEF = 0.8107-0.00021Vs UEF = 0.6597-0.00024Vs
Technology
Natural gas-fired commercial storage water heater with input
Storage rate = 75 kBtu/hr. Other than described in baseline Storage
DHW TE | DHW_UEF
TE =90% TE = 80%
Condensing natural gas-fired storage water heater have an
input rate of = 75 kBtu/hr but < 105 kBtu/hr, have rated
Storage nominal volume of < 120 US gallon, use single-phase power,
DHW UEF | and limit water temperatures to < 180°F, with minimum
- efficiency:
Efficient
Technology UEF =0.86
Condensing natural gas-fired commercial storage water
Storage heater have an input rate of = 75 kBtu/hr other than described
DHW TE | in efficient Storage DHW_UEF, with minimum efficiency:

TE = 95% TE = 92%




Commercial — Condensing Storage Water Heater - NC/TNR

Parameter Definition
Market Type Commercial
Utilization Category*
Name Measure Efficiency . .
Identifier | Category level = LEe T SIED
UEF = 0.86 2.515 4.103 5.699
TNR
DHW_UEF NG UEF =0.86 0.584 0.952 1.323
Annual Natural UEF = 0.89 0.869 1.417 1.968
Gas Savings
Rate (m3 per TE =92% 1.137 1.855 2.577
i‘;%tjt/)hr of rated TNR | TE = 95% 1422 | 2319 | 3221
Storage -
DHW_TE TE=97% 1.611 2.628 3.651
NG TE = 95% 0.421 0.687 0.954
TE=97% 0.590 0.962 1.336
*See Table 2 for utilization categories by facility type
Measure Life 15 years
Incremental Cost | 290 KBtu/hr input rating and below $2,591
(3 CAD) Above 250 KBtu/hr input rating $4,464
- This measure applies to the installation of condensing natural gas storage
Restrictions : : A
water heaters in commercial facilities.

OVERVIEW

The measure involves installing natural gas fueled condensing storage water heaters for hot
water production in commercial facilities. Non-condensing storage water heaters are not
eligible under this measure.

Natural gas fueled non-condensing commercial storage water heaters typically consist of an
insulated storage tank and a vented burner. The burner is typically located at the bottom of the
tank with a flue running straight up and exiting at the top of the tank. This allows for some
cooling of the exhaust gas and associated transfer of energy to the hot water.

A primary difference in the design of condensing storage water heaters is the inclusion of a
secondary heat exchanger. The exhaust is routed through this secondary heat exchanger before
exiting the tank. This further cools the exhaust to the point where water vapor contained in the
exhaust gas condenses, transferring the heat of vaporization to the water in the tank, and
significantly improving efficiency.

The condensate removed from the flue gases is corrosive, so the heat exchanger and condensate
drain system must be constructed of non-corrosive material, adding to the cost of the unit.
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The savings values reported in Table 1 result from the differential in the minimum efficiency
required by regulation and the average efficiency values derived by the AHRI and ENERGY
star data base of equipment sold in Canada.

There is continuous heat loss from the storage water heater tanks to the surrounding space. The
magnitude of this storage or stand-by loss is largely dependent upon the size of the storage tank
and the level of tank insulation and does not differ between condensing and non-condensing
models.

The natural gas savings algorithm and the associated variables are presented in the Natural Gas
Savings Algorithm section.

APPLICATION

This measure applies to the installation of natural gas condensing storage water heaters in
commercial facilities for either new construction or time of natural replacement measure
category. The units provide hot water for entire commercial facilities, or in some cases for
selected loads within the facility.

Water heaters are a regulated product in Ontario, Canada. Commercial natural gas-fired storage
water heater means a stationary gas-heated water container that uses propane or natural gas for
fuel, has an input rate of greater than 21.97 kW (75,000 Btu/h) and has a Vr of at least 76 L (20
US gallons) as described by the government of Canada in the Energy Efficiency Regulation. [1]

This measure applies to the following type of commercial natural gas-fired storage water
heaters:

1. Commercial gas-fired storage water heaters that have an input rate of > 21.97 kW (75,000
Btu/h) but < 30.5 kW (105,000 Btu/h), have a Vr of <454 L (120 US gallons), use single-
phase power and limit water temperatures to < 82°C (180°F). “Storage DHW_UEF" is the
name identifier used throughout this document.

2. Commercial gas-fired storage water heaters, other than those described in item 1.
“Storage DHW_TE” is the name identifier used throughout this document.

BASELINE TECHNOLOGY

The baseline technology for NC measure category is a natural gas fueled storage water heater,
with input rate 75 kBtu/hr. and greater, providing the hot water needs for all or portions of
commercial facilities.

The baseline technology for TNR measure category is a non-condensing natural gas fueled
storage water heater, rated 75 kBtu/hr. and greater, providing the hot water needs for all or
portions of commercial facilities.

The performance parameter (thermal efficiency or uniform energy factor) is defined by the
federal and provincial regulations given the input rate of the water heater [1]:
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1. For commercial gas-fired storage water heater with an input rate of > 75,000 Btu/hr but <
105,000 Btu/hr and nominal volume of 20 US gallons or more up to 120 US gallons, the
performance parameter used to define the efficiency is the Uniform Energy Factor
(UEF). The minimum requirement for replacement units is UEF = 0.6597-0.00024 Vs,
whereas for other than replacement units the minimum requirement is UEF = 0.8107-
0.00021 Vs. This defines the baseline for time of natural replacement and new
construction measure categories-respectively for natural gas-fired storage water heaters
with name identifier “Storage DHW_UEF”.

2. For commercial gas-fired storage water heater, other than those described in item 1
above, the performance parameter used to define the efficiency is Thermal Efficiency
(TE). The minimum requirement for replacement units is TE = 80%, whereas for other
than replacement units the minimum requirement is TE = 90%. This defines the baseline
for time of natural replacement and new construction measure categories-respectively-
for natural gas-fired storage water heaters with name identifier “Storage DHW_TE”.

EFFICIENT TECHNOLOGY

The high efficiency technology is a natural gas fueled condensing storage water heater. The
performance parameter (thermal efficiency or uniform energy factor) is defined by the federal
and provincial regulations given the input rate of the commercial gas-fired water heater:

1. For commercial natural gas-fired storage water heater with name identifier “Storage
DHW_UEF” as described in the Baseline Technology section, the efficient technology is
a condensing gas-fired storage water heater with minimum UEF = 0.86 for new
construction and for natural replacement measure categories.

2. For commercial natural gas-fired instantaneous water heater, with name identifier
“Storage DHW_TE” as described in the Baseline Technology section, the efficient
technology is a condensing gas-fired storage water heater with minimum TE = 95% for
new construction and TE=92% for natural replacement measure categories, respectively

[2] [3].

Units must be certified to the appropriate CSA standard such as: CSA 4.3/ANSI Z21.10.3, or
CSA P3-04, DOE 10 CFER Part 430.

ENERGY IMPACTS

Natural gas savings are achieved as a result of the higher overall average efficiency of the
condensing storage units.

The natural gas algorithms and the associated variables are presented in the Natural Gas
Savings Algorithm section.
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Neither electric, nor water consumption impacts associated with this measure were assessed.

NATURAL GAS SAVINGS ALGORITHMS

These average thermal efficiencies and EFLH values are used to derive savings values
representing the annual natural gas savings (m® per kBtu/hr. input rating) associated with the
increase in the efficiency values for each utilization category based on the following algorithm.

Natural Gas Savings = EFLH X (M —1)/NG,,
Nbaseline

Where,

Natural Gas Savings =Annual natural gas savings factor expressed as m® per
kBtu/hr. input rating of the new condensing storage water
heater

EFLH =Annual Equivalent Full Load Hours for the utilization
category (hours)

Tproposed =The average efficiency for condensing storage water
heater efficient technology.

Tbaseline =The average efficiency for the baseline storage water
heater

NG, = Natural gas energy content (kBtu/hr/m?)

ASSUMPTIONS

The 2023 ASHRAE HVAC Applications Handbook provides typical peak hourly demand and
average daily hot water consumption data for several building types. [4] A 2012 Enbridge Gas
funded study [5] indicates that water heaters are generally sized based on peak 15-minute
demands with an oversizing factor applied. The same study includes data indicating the peak
15-minute demand can be estimated as 140% of the peak hourly demand. These values were
used to derive Equivalent Full Load Hours (EFLH) values using the following algorithm.

1
X
Demandpeak 15 minute X OSfactor

EFLH = Demandgyg. daity X Days per year

Where,
EFLH = The annual EFLH (hours/year)

Demandgyg. daity = The reported average daily service hot water demand for a
specific building type (US gallon/occupant-day) [4]
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Demandpeak 15 minute

Days per year

= The peak 15-minute service hot water demand for a specific

building type (US gallon/occupant-hour) [4] [5]

OSfactor

minute peak demand (130%) [5]

= Typical storages water heater oversizing factor relative to 15-

= The number of days per year when the facility is operational

Table 2 provides the EFLH values derived from this data and a description of typical building
types and end uses for each utilization category.

Table 2. Utilization Categories and EFLH Values

Typical End Uses

Facility Types

Lavatories (hand washing),
kitchenette, custodial uses

Elementary schools, office,
retail, churches

Low to moderate use

showers, fast food kitchen

Secondary schools, fast
food restaurant,
dormitories, other

Category EFLH
Low Utilization 271
Medium Utilization 442
High Utilization 614

High use showers, full

commercial kitchen, laundry

Fitness center, full-service
restaurant, hotels, in
patient health care, multi-
residential

Table 3 provides a list of assumptions utilized in the measure savings algorithms to derive the
savings factors listed in Tables 1 above.

Table 3. Assumptions

Variable Definition Inputs Source/Comments
Based on data from the ASHRAE
: HVAC Application Handbook [4]
EFLH Annual equivalent ul load Table 2 as shown in EFLH formula in the
P Natural Gas Savings Algorithm
section.
Baseline efficiency for name NC UEF = 0.80"
identifier “Storage DHW_UEF” | TNR UEF = 0.65" Energy Efficiency Regulation for
TJbaseline 5 Commercial gas-fired storage
Baseline efficiency for name NC TE =90% water heaters [1].
identifier “Storage DHW_TE” TNR TE = 80%

! Baseline technology, UEF=0.80 and 0.65 was obtained by substitution of Vs =58 US gallons (average storage volume
of units available in the market) into UEF = 0.8107-0.00021Vs and UEF = 0.6597-0.00024V’s as per regulation for NC

and TNR measure categories respectively.
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Variable Definition Inputs Source/Comments
Efficient technology Efficiency NC/ UEFE = 0.86 Two levels of efficiency identified
for name identifier “Storage - from the qualifying equipment
DHW_UEF’ TNR | UEF =089 | jyailable in the market [6], [7]
NC TE=95%
Mlproposed Efficient technology Efficiency TE=97% Ej:fnet:?igé Ifer\c/)?rllstg;efzgllﬁn;y
for name identifier “Storage TE=92% : t i blq ; tr): 9 ket
DHW TE” INR TE= 959 equipment available in the marke
- =907 8], [9]
TE=97%
NGec Energy density of natural gas 35.738 kBtu/m3 Common assumptions table

Water heater storage Volume

58 Us gallons

Average storage volume of units
available in the market [6], [7]

SAVINGS CALCULATION EXAMPLE

The example below illustrates the savings calculation for the installation of a condensing
storage water heater with rated input capacity of 400 kBtu/hr and TE = 95%. at time of natural

replacement in a full-service restaurant.

Table 2 above indicates that installation in a full-service restaurant is in the high utilization
category, with a savings value from Table 1= 3.221 m? per kBtu/hr. rated input capacity.

Annual natural gas savings attributed to this high utilization category installation is calculated

as:

m3 kBtu 3
3.221 /kl}jtu X 400 —— =1,289m
r

USES AND EXCLUSIONS

This measure applies to natural gas-fueled condensing storage water heaters installed in
commercial facilities and serving all or part of the service water heating load. This is applicable
to measure categories new construction and time of natural replacement installation. The

replacement of a preexisting tankless water heater is not eligible.

MEASURE LIFE

The measure life is 15 years. [10]
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INCREMENTAL COST

There are several sources of information reflecting incremental cost associated with residential
condensing water heaters but no previous studies reflecting commercial installations were
located.

The incremental cost of equipment reported in Table 6 below resulted from an internet search of
manufacturers and retailers websites. Retail pricing data for forty condensing and non-
condensing units of various size showed relative consistent incremental equipment cost delta
ranging between $1,600 and $2,000 for units under 250 kBtu/hr input capacity, with a significant
increase to around $3,000 for units with input capacity in excess of 250 kBtu/hr. Table 6 reflects
the average incremental equipment cost for units in each of these size categories. The
incremental installation cost is taken from an incremental cost study completed for six efficiency
programs in the northeast US during 2011 [11], and is consistent with data from other studies.

Table 6. Incremental Cost?

Incremental Cost of Incremental Cost of
Input Rating Equipment Installation® Total Incremental
250 KBtu/hr and CAD $2,432 [12] [13]
below [14] $159 [11] $2,591
Above 250 CAD $4,306 [12] [13]
kBtu/hr [14] $159 [11] $4,464
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OEB Filing Date April 30, 2024
OEB Approval Date

Commercial > Space Heating - Condensing Unit Heater > New Construction/Time of
Natural Replacement

Table 1 below provides a summary of the key measure parameters and savings based on

the rated input of the unit.

Table 1. Measure Key Data

Parameter Definitions

New Construction (NC)

Measure Catego
gory Time of Natural Replacement (TNR)

Baseline Technology 80% Thermal Efficiency, 78% Annual Efficiency
Efficient Technology 90% Thermal Efficiency, 89% Annual Efficiency
Market Type Commercial, Multi-residential

New Construction 4.62 m? per kBtu/hr input rating

Annual Natural Gas Savings Rate

(m? /kBtu/hr) Time of Natural 6.52 m3 per kBtu/hr input rating
Replacement
30 -<125 125 — <225
KBtu/hr KBtu/hr 225 - <325 kBtulhr
Annual Electric
Impacts (kWh/year) NC -173 kWh -310 kWh -320 kWh
TNR -244 kWh -438 kWh -451 kWh
Measure Life 18 years
Incremental Cost ($ CAD) $16.07 per kBtu/hr input rating
Restrictions Must be a new commercial installation of a condensing unit heater
OVERVIEW

The measure is for the installation of a condensing unit heater in commercial facilities. A
condensing unit heater is a power-vented unit with a primary, non-condensing heat
exchanger, followed by a secondary heat exchanger in which waste heat from the flue

gases is recovered. As heat is extracted from the flue gases, some water vapor
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condensation occurs in the flue gases. To avoid damage to the unit heater from the
corrosive condensate, the heat exchanger is made of a corrosion-resistant material (e.g.,

stainless steel) and has a condensate drain connection. [1]

The anticipated savings from this measure are calculated utilizing an algorithm. The
algorithm and the associated variables are presented in the sections “Natural Gas

Savings and Electric Energy Savings Algorithms”.

APPLICATION

The measure covers the installation of condensing unit heaters in commercial settings.
Condensing unit heaters are rated by their thermal efficiency, which is a measure of the
unit’s operating efficiency. Thermal efficiency is defined as the energy out, or the energy
contained in the hot air, divided by the energy in, or the energy contained within the

fuel.

BASELINE TECHNOLOGY

Canadian building code requires unit heaters to be manufactured with at least 80%
thermal efficiency, which is assumed to be the baseline for the measure shown in Table 2
[2]. The annual efficiency was estimated from the thermal efficiency using the ASHRAE
103 AFUE estimation software [1].

Table 2. Baseline for Condensing Unit Heaters

Type Efficiency
80% Thermal Efficiency [2] [3]

78% Annual Efficiency [1]

Non-Condensing Unit Heater

EFFICIENT TECHNOLOGY

The efficient technology is a condensing unit heater with a thermal efficiency of 90%
shown in Table 3. The annual efficiency was estimated from the thermal efficiency using
the ASHRAE 103 AFUE estimation software [1].
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Table 3. Efficient Technology for Condensing Unit Heater

Type Efficiency
90% Thermal Efficiency

89% Annual Efficiency [1]

Condensing Unit Heater

ENERGY IMPACTS

The primary energy impact associated with the installation of condensing unit heaters in
this service territory is a reduction in natural gas usage resulting from the unit heater’s
improved efficiency. Electric energy usage increases because of a higher capacity vent
motor used on the condensing unit heaters compared with standard unit heaters. No

water consumption impacts are associated with this measure.

NATURAL GAS SAVINGS ALGORITHMS

The measure gas savings are calculated using an assumption for the equivalent full load
hours (EFLH) and the difference in assumed efficiencies for the equipment. To calculate
the annual measure savings, the savings factor calculated in this section and presented

in Table 1 must be multiplied by the input capacity of the condensing unit heater.

The natural gas savings factor attributed to this measure is calculated using the

following formula:

EFLH ( AEgg 1)

NG Savings Factor = PITITRe

35.738 2% \Bpase
m
where,
NG Savings Factor = Annual gas savings (m®/yr per kBtu/hr of new unit heater
input capacity)

EFLH = Equivalent full load hours (hr/yr)
35.738 k:;u = Conversion of rated heating capacity from kBtu to m?
AEpgse = Baseline equipment annual efficiency (%)
AEgg = Efficient equipment annual efficiency (%)
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ELECTRIC IMPACT ALGORITHMS

Condensing unit heaters use more electricity than comparably sized non-condensing
units. The measure electric energy penalty is calculated using the same assumption for
EFLH as used in the natural gas savings and shown in Table 4. The electric consumption

assumptions are shown in Table 5.

The electric energy penalty value attributed to this measure is calculated using the

following formula:
Annual kWh Penalty = EFLH X (Elect,gse — Electpg)
where,

Annual kWh Penalty = annual electric energy penalty resulted from installing

the new unit heater (kWh/yr)

EFLH = Equivalent full load hours (hr/yr)

Electpgse = Electrical power of the baseline unit (kW)

Electgg = Electrical power of the condensing unit heater (kW)
LiST OF ASSUMPTIONS

The assumptions used to calculate the savings coefficient are shown in Table 4.

Table 4. Assumptions List

Variable Definition Inputs Source
Equivalent full load hours for
EFLHy a unit heater — new 1,172 hrs Common assumptions table
construction

Equivalent full load hours for
EFLH g a unit heater — time of natural 1,651 hrs Common assumptions table
replacement

The average electrical power values in Table 5 are researched from power ratings for a

variety of units.

Table 5. Average Electrical Power [1]

Size Range* Baseline (kW) Efficient (kW)
30 — <125 kBtu/hr 0.155 0.301**
125 — <225 kBtu/hr 0.392 0.657
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Size Range* Baseline (kW) Efficient (kW)
225 — <325 kBtu/hr 0.747 1.020

*Size range deviates slightly from reference [1] which is based on actual units’ sizing and capacities available
at the time and should not affect the electrical power values.
**Value extrapolated from 125 — 225 kBtu/hr and 225 - 300 kBtu/hr size range.

SAVINGS CALCULATION EXAMPLE

The example below shows how to calculate gas savings achieved from installing one

condensing unit heater with a rated input of 162.5 kBtu/hr in a new building.

NG savi _ M (%) Ly m kBtu/hr i
savings factor = @ X (?% - ) = 4.62 m>/year per kBtu/hr input
m3
. yr kBtu m3
Annual NG savings = 4.62 X 162.5 =751—
kBtu hr yr

hr

The annual electric penalty is:

Annual kWh Penalty = 1,172 hrs X (0.392 — 0.657) kW = —310 kWh

USES AND EXCLUSIONS

To qualify for this measure, the condensing unit heater must be gas-fired, be installed in
commercial facilities, and meet or exceed the minimum efficiency as shown in section

“Efficient Technology” above.

MEASURE LIFE

The measure life attributed to this measure is 18 years. [4]
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INCREMENTAL COST

The incremental cost of buying a condensing instead of non-condensing unit heater is
$16.07 per kBtu/hr'. [1]

REFERENCES

[1] Natural Gas Technologies Centre, "'DSM Opportunities Associated with Unit
Heaters," Union Gas, Boucherville, QC, 2009.

[2] Province of Ontario, "Ontario Regulation 509/18, Energy and Water Efficiency -
Appliances and Products, Schedule 3, Section 1.29.iv.," Government of Canada,
Consolidation period from 4 August 2021. [Online]. Available:
https://www.ontario.ca/laws/regulation/1805094#BK13. [Accessed Sept 2021].

[3] G. 0. Canada, "Gas-fired unit heaters," [Online]. Available:
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-regulations/guide-

canadas-energy-efficiency-regulations/gas-fired-unit-heaters/6945. [ Accessed
September 2021].

[4] Econoler, "Evaluation Du Programme PE225 - Aerotherme a Condensation," Gaz
Metro, 2016.

! The incremental costs for a condensing unit heater were derived from the NGTC report, reference [1];
however, the size ranges used in this substantiation document deviate from the reference. Due to a lack of
data on the current state of the market, the cost is based on the size ranges reported in the reference
document and adjusted for inflation at the rate of 1.85%. Inflation rates retrieved from

https://www.bankofcanada.ca/rates/related/inflation-calculator/.
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Table 1 provides a summary of the key measure parameters and savings coefficients
differentiated by facility type.

Table 1 Measure Key Data

Parameter Definitions
Measure ) . .
category Retrofit (R), Time of Natural Replacement (TNR), and New Construction (NC)
Unscheduled ventilation system with Provides constant volume ventilation that meets the
natural gas fueled heating minimum outdoor air requirement for full occupancy as
Baseline specified in Table 6-1 of ASHRAE Standard 62.1-2022. [1]
Technology I . Designed and operating in a manner that provides the
Sch?dulleg %/en:}latlon system with natural minimum outdoor air requirement as specified in Table 6-1
gas fueled healing of ASHRAE Standard 62.1-2022 [1], but is scheduled to
turn off ventilation during unoccupied periods.
I . Ventilation rate during the occupied periods of the building
Efficient Detmar|1d Coptrcljl gint'lit'on system with schedule is modulated in response to actual CO2
technology hatural gas-fueled heating concentrations, as measured with an appropriately located
COz2 sensor.
Market type Commercial
Space Type Space type subcategory (all spaces Unscheduled | Scheduled
category included) baseline baseline
. . Public libraries, Educational facilities libraries,
Libraries Office Buildings main entry lobbies 0.548 0.082
Annual ) Office space, Office computer room (not
Natural Gas Office printing), Bank vaults/ safe deposit 0.307 0.034
Savings' Office Buildings Office Buildings reception areas, Other 0.907 0.218
(m3/ft2) Reception areas Buildings reception areas ' :
Conference/meetin Office Buildings conference/meeting space,
9 | Office Buildings breakrooms, Office Buildings 1.525 0.387

space_Office

telephone/data entry, Legislative chambers,

! Please note that the annual natural gas savings and electricity impact are specific to the conditioned space floor area and is does
not refers to the entire building conditioned floor area. Therefore, for implementation purposes of the savings/impacts in table 1, the
floor area of the specific conditioned qualifying space must be collected.
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Conference/meeting

Other Buildings conference/meeting space,

Hotels/Motels/Resorts/Dormitories/Multi- 1.314 0.391
space_Other Resi : . . )
esidential main lobbies/prefunction
Senior/Nursing/Long . . o
~Term Care Facility Senior/Nursing/Long-Term Care Facility 1257 0.632
(Common Areas)
(Common Areas)
Restaurants dining Restaurant dining rooms, Fast Food and Quick 3430 1705
> . L . .
rooms Service, Bars and Nightlife Venues
Bowling alley . L g
(seating) Bowling alley (seating) 2.059 1.010
Warehouse Warehouse 0.200 0.001
Exercise Gymnasium, Sports arena (play arena), Game 1024 0413
Center/Sports Arena | arcades, Sport court, Health club/weight rooms ' '
Health club aerobics Hea[th club aerobu?s room, Yoga/Pilates 3.755 2 021
room studio, Dance studio
Sports gnd Sportsland eqertalnment Spectator areas, 4.842 2558
Entertainment Gambling casinos
Disco/dance floors Disco/dance floors 9.207 5.052
Public Assembly Museums/galleries, Museums (children's), Mall 1673 0.494
Spaces common areas
Public Assembly Courtrooms 1.853 0.508
Spaces_Courtrooms
. Hotels/Motels/Resorts/Dormitories/Multi-
Multipurpose Residential multipurpose assembly space, 2.892 0.906
assembly .
Beauty and nail salons
Multiourpose Sports and Entertainment stages/studios,
purp Educational facilities multi-use assembly?,
assembly  Arts & Publi S o : 3.690 1.215
Sport ublic Ass.embly paces agd|tor|um seating
area, Public assembly lobbies®
Placeg of religious Places of religious worship 3.228 0.967
worship
Retail/Sales space, Pharmacy (prep. area),
Retail Barbe.rshop, Manufacturing where ha;ardous 0917 0.163
materials are not used, Pet shops (animal
areas)
Retail_Supermarket/ | Supermarket, Grocery store, Convenience 0.471 0.099
Grocery store store
Retail_Coin- Coin-operated laundries 1.085 0.247
operated laundries
Primary Education Classrooms (ages 5-8),
Educational Educational Facilities Computer lab,
Facilities Educational Facilities Media center, 1.633 0.338

Educational Facilities Art classroom,
Educational Facilities Wood/ metal shop

2]t does not include kitchen area/space

3 It refers to the seating that is usually in the open space

4 It does not include Educational facilities Gymnasium

5 It does not include Office Buildings main entry lobbies, Banks lobbies, Public assembly lobbies,
Hotels/Motels/Resorts/Dormitories/Multi-Residential main/prefunction lobbies
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Secondary
Education Secondary Education Classroom 2.142 0.515
Classroom
Primary/Secondary
Education Primary/Secondary Education Gymnasium 1.314 0.206
Gymnasium
Post-Secondary
Education Post-Secondary Education Classroom 2.613 0.717
Classroom
Post-Secondary
Education Lecture Post-Secondary Education Lecture Hall 5.758 1.654
Hall
Other Educational Music/theater/dance classrpom, Dayca're
Facilities (through age 4), Daycare sickroom, Science 1.872 0.397
laboratories, University/College laboratories
Hotels. Motels Hotels/ Motels/Resorts/Dormitories
R ’ ’ bedroom/living room/barracks sleeping areas,
esorts, Uni . - 0.300 0.300
Dormitories® mversﬂy/CoIIgge bedroom/living room and
barracks sleeping areas
Multi-Residential” Multi-Residential bedroom/living room/barracks 0.158 0.158
sleeping areas
Laundry rooms (central) or within dwelling units
Laundry room for: Hotels, Motels, Resorts, Dormitories, 0.610 0.082
University/College, Multi-Residential
. Coffee stations?®, Photo studios, Banks, Bank
Sosgggscsommermal lobbies, Sorting/ Packing/Light assembly, 0.692 0.128
Break rooms
Unscheduled | Scheduled
Space Type Similar Space Types baseline baseline
. . Public libraries, Educational facilities libraries,
Libraries Office Buildings main entry lobbies 0.085 0.053
, Office space, Office computer room (not
Office printing), Bank vaults/ safe deposit 0.062 0.016
Annual Office Buildings Office Buildings reception areas, Other 0.219 0.105
Electricity Reception areas Buildings reception areas ' '
Impacts'® Conf /meet Office Buildings conference/meeting space,
(KWh/ft2) on ereonf‘?? MEeNG | office Buildings breakrooms, Office Buildings 0.376 0.187
space_utlice telephone/data entry, Legislative chambers,
Conference/meeting Other Buildings conference/meeting space,
space_Other Hotels/Motels/Resorts/Dormitories/Multi- 0.376 0.187
- Residential main lobbies/prefunction
_S_I?er}ﬁr/(r:\l:rr:npglclﬁﬁ;g Senior/Nursing/Long-Term Care Facility 0316 0.254

(Common Areas)

(Common Areas)

¢ Please note that this refers only to floor area from living room and bedroom.
7 It does not include Hotels/Motels/Resorts/Dormitories/College/University bedroom/living room and barracks sleeping areas. In
addition, please note that this refers only to floor area from living room and bedroom within an in-suite/apartment in a multi-family

building.

8 It does not include warehouse.
9 This refers to an enclosed space dedicated for coffee stations, like a business area etc. Coffee station as part of a very open and/or
multi-function space does not qualify

10 Annual Electricity impacts are not applicable to system with free cooling economizer as electricity savings will be less than

presented in table 1.
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Restaurants dining

Restaurant dining rooms, Fast Food and Quick

rooms'" Service, Bars and Nightlife Venues 0.396 0.313
Bowling alley . .
(seating) Bowling alley (seating) 1.073 0.846
Warehouse Warehouse 0.639 0.501
Exercise Gymnasium, Sports arena (play arena), Game 0.034 0.000
Center/Sports Arena | arcades, Sport court, Health club/weight rooms ' '
Health club aerobics Hea[th club aeroblgs room, Yoga/Pilates 0.285 0.205
room studio, Dance studio
Sports and Sports and Entertainment Spectator areas,
. : . 1.231 1.003
Entertainment Gambling casinos
Disco/dance floors Disco/dance floors 1.570 1.269
Public Assembly Museums/galleries, Museums (children's), Mall 3.054 2 507
Spaces common areas
Public Assembly 1 &4 rtrooms 0.400 0.321
Spaces_Courtrooms
Multiourpose Hotels/Motels/Resorts/Dormitories/Multi-
purp Residential multipurpose assembly space, 0.468 0.245
assembly .
Beauty and nail salons
. Sports and Entertainment stages/studios,
Multipurpose . - .
Educational facilities multi-use assembly,
assembly_ Arts & ; o . 0.722 0.588
Public Assembly Spaces auditorium seating
Sport : ;
area, Public assembly lobbies
Placeg of religious Places of religious worship 0.955 0.789
worship
Retail/Sales space, Pharmacy (prep. area),
Retail Barbe.rshop, Manufacturing where ha;ardous 1170 0.499
materials are not used, Pet shops (animal
areas)
Retail_Supermarket/ | Supermarket, Grocery store, Convenience
0.157 0.106
Grocery store store
Retail Coin- Coin-operated laundries 0.089 0.064
operated laundries
Primary Education Classrooms (ages 5-8),
Educational Educational Facilities Computer lab,
e Educational Facilities Media center, 0.217 0.160
Facilities . s
Educational Facilities Art classroom,
Educational Facilities Wood/ metal shop
Secondary Secondary Education Classroom
Education 0.401 0.180
Classroom
Primary/Secondary
Education Primary/Secondary Education Gymnasium 0.552 0.274
Gymnasium
Post-Secondary
Education Post-Secondary Education Classroom 0.705 0.381
Classroom
Post-Secondary
Education Lecture Post-Secondary Education Lecture Hall 1.581 0.880

Hall

111t does not include kitchen area/space
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Music/theater/dance classroom, Daycare
(through age 4), Daycare sickroom, Science 0.463 0.211
laboratories, University/College laboratories

Other Educational
Facilities

Hotels/ Motels/Resorts/Dormitories
Hotels, Motels, bedroom/living room/barracks sleeping areas,

Resorts, Dormitories | University/College bedroom/living room and 0.157 0.157
barracks sleeping areas
Multi-Residential2 Multi-Residential bedroom/living room/barracks 0.103 0.103

sleeping areas

Laundry rooms (central) or within dwelling units
Laundry room for: Hotels, Motels, Resorts, Dormitories, 0.089 0.053
University/College, Multi-Residential

Coffee stations', Photo studios, Banks, Bank
lobbies, Sorting/ Packing/Light assembly, 0.155 0.062
Break rooms

Other Commercial
spaces'®

Measure life

15 years

Incremental
Cost ($)

Retrofit Time of Natural Replacement/New Construction

$900 x n + $1,690 $900 x n + $590

Where " n " is the number of sensors

Restrictions

This measure is intended for self-calibrating sensors or other types of sensors whose calibration
warranty period by the manufacturer is 15 years or more.

Systems equipped with heat recovery capabilities are not eligible for this prescriptive measure.
Applications with free cooling economizers are eligible for this prescriptive measure’®.

For new construction applications, this measure is not eligible to buildings/spaces where Demand
Control Ventilation (DCV) is required by current building code.

OVERVIEW

Buildings require adequate ventilation to remove carbon dioxide and pollutants resulting from
activities occurring within the space and maintain acceptable levels of indoor air quality. This
ventilation is typically accomplished by introducing a quantity of outside air sufficient to dilute
the pollutants, while the same quantity of “contaminated” air is removed from the building
through either passive or active means of building exhaust

The minimum required ventilation rate is typically established during the design process based
on applicable building codes and anticipated occupancy patterns. Consideration is also given to

12 It does not include Hotels/Motels/Resorts/Dormitories/College/University bedroom/living room and barracks sleeping areas

13 It does not include warehouse

14 This refers to an enclosed space dedicated for coffee stations, like a business area etc. Coffee station as part of a very open and/or
multi-function space does not qualify

15 The electricity impacts presented in table 1 are not applicable to system with free cooling economizer.
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any special building functions expected to generate higher levels of pollutants, such as various
manufacturing processes and sustained high levels of human activity.

Heating, cooling, and maintaining acceptable humidity levels for the incoming ventilation air
represent a significant component of the overall building energy consumption. This energy is
typically much greater than the sum of all envelope losses or surface heat transfer from the
building. Excessive ventilation can be extremely costly, with little if any associated benefit.

Demand control ventilation (DCV) is a control strategy that automatically modulates outside air
dampers to control the quantity of outside air being introduced to a space based on the “demand”
or the level of contaminants being produced within the space. In most spaces the optimum
ventilation rate fluctuates in direct proportion to occupancy and the level of activity within the
space.

There can be many different types of indoor air pollutants specific to the particular building
activities. One common pollutant found in all occupied spaces is Carbon dioxide (CO:), which is
produced by humans through respiration. CO: levels expressed in parts per million (ppm) is a
good indicator of overall indoor air quality in most spaces. Exceptions include spaces where
specific process-related pollutants dominate. Thus, CO: levels, expressed in parts per million
(ppm), are typically used as the control variable for DCV systems.

APPLICATION

This measure pertains to the implementation of DCV, based on CO: concentrations within an
individual space of a commercial building. Installations covered under this TRM section are
incorporated as part of either a retrofit into existing functional ventilation systems, as part of a
time of natural replacement project, or as part of a new construction project.

Typical DCV implementation includes:

e Sensors: the installation of one or more CO: sensors in appropriate locations within the
space or appropriately located with accessibility in the return air duct.

e Dampers: motorized outside air dampers that can modulate to align with ventilation
required.

e Fans: variable speed fan with variable frequency drive (VFD) or electronically
commutated motor (ECM).

e Controls: the sensor outputs are provided to an automated control system with a
programmed sequence of operation that modulates the outside air damper position,
controlling the ventilation rate in response to CO: concentrations. The controller can be
part of the facility’s building automation system or an independent control device,
integrated within the HVAC equipment.

e HVAC equipment: typically, DCV control is implemented with a packaged roof top unit
(RTU), air handling unit (AHU), or make-up air unit (MUA).
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Demand Control Ventilation (DCV) can be applied to complex systems - such as multi-zone and
variable air volume (VAV) configurations. The energy savings and impacts outlined here are
based on a typical DCV setup, as described above. However, this measure isn’t limited to that
specific design: any DCV installation that’s properly commissioned and calibrated to adjust
outdoor-air intake in each commercial space according to actual occupancy will achieve
comparable performance.

BASELINE TECHNOLOGY

The baseline technology is represented by a, constant volume ventilation system, with natural
gas-fueled heating, designed and operating in a manner that provides the minimum outdoor air
requirement as specified by the data provided in Table 6-1 of ASHRAE Standard 62.1-2022. [1]

These minimum-design outdoor air ventilation rates are intended to meet ventilation
requirements when the space is at the anticipated peak occupancy level. ASHRAE Standard
62.1, Table 6-1 provides default occupancy density values for various space types, along with
values representing the minimum ventilation per person and per unit of area served by the
system.

Two baseline scenarios are identified:

e Unscheduled baseline: the system provides the minimum outdoor air requirement on
a continuous basis throughout the occupied and unoccupied periods of the building
schedule.

e Scheduled baseline: the system provides the minimum outdoor air requirement on a
continuous basis throughout the occupied periods of the building schedule, and it does
not provide ventilation during the unoccupied periods of the building schedule'®.

Table 2 presents the baseline requirements.

Table 2 Baseline Technology

Type Requirement

Provides constant volume ventilation that meets the
Unscheduled ventilation system | minimum outdoor air requirement for full occupancy as
with natural gas-fueled heating specified in Table 6-1 of ASHRAE Standard 62.1-
2022. [1]

Designed and operating in a manner that provides the
minimum outdoor air requirement as specified in Table
6-1 of ASHRAE Standard 62.1-2022 [1], during the
occupied periods, but is scheduled to turn off
ventilation during unoccupied periods.

Scheduled ventilation system
with natural gas fueled heating

16 Some systems may have a fixed minimum outside air damper position, (typically 5% OA), to allow for a minimum level of
ventilation even during unoccupied hours. As long as this minimum is present in both the baseline and efficient scenarios (with
DCV implemented), it has no impact on the resulting measure savings.
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EFFICIENT TECHNOLOGY

The efficient technology is represented by the baseline ventilation system with appropriately
located CO: sensors, controllers, and control algorithms established to limit the maximum
outdoor air ventilation rate to that based on the ASHRAE 62.1, Table 6-1 prescribed values,
equivalent to the continuous occupied period ventilation provided by the baseline system.

The CO2 sensors measure CO:2 concentrations and provide an output signal to stand-alone control
devices specific to the ventilation system. The controllers will accept the input from the sensors
and generate a corresponding output signal to the outside air damper actuators, adjusting the
damper positions as necessary. Table 3 presents the efficient system requirements.

Table 3: Efficient Technology

Type Requirement

Demand Control ventilation Ventilation rate to the space during the occupied periods
(DCV) system with natural gas- | of the building schedule is modulated in response to
fueled heating actual CO2 concentrations, as measured with an

appropriately located CO2 sensor. Ventilation is turned
off during unoccupied periods.

ENERGY IMPACTS

The primary energy impact associated with the implementation of DCV is lower heating fuel
consumption resulting from a reduction in the quantity of outside air introduced into the space
during the heating season. Table 1 provides annual natural gas savings values (m3/ft? area served)
differentiated by space type. The savings are based on climate data for London, Ontario, using
the Canadian Weather Year for Energy Calculation (CWEC). [2].

DCV also impacts electricity consumption for space cooling by reducing the quantity of outside
air introduced into the space during the cooling season. Annual Electric impact values (kWh/ft?)
differentiated by space type are provided in Table 1.

There is no water consumption impact associated with this measure.

NATURAL GAS SAVINGS ALGORITHM

The annual natural gas savings calculations for each space type is based on a spreadsheet tool
originally developed as part of the Enermodal DCV market research study [3]. The spreadsheet
tool’s multi-step algorithm is used to predict annual energy savings for spaces. Resource
Innovations has updated this tool to include updated weather information [2], and additional

space types.

The specific steps in the spreadsheet algorithm are as follows:
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1. Design Airflow: Determine the maximum anticipated occupancy and the associated design
outside airflow rate that is required by code [1] at this peak occupancy. This represents the
baseline condition whenever the space is occupied.

OcCpesi
Imperial: Flowpesing = ﬁ X R, + R, (1)
i _ OCCDesing (1a)
Metric: Flowpesing = oo XRy,+ R,
where,
Flowpesing =  The design ventilation airflow rate (cfm/ft2) or (L/s/m?)
Ocen.. _ The design occupants per 1000 ft? or per 100 m? (from 2022 ASHRAE
besing 62.1, Table 6-1)
R _ The occupant ventilation rate, cfm or L/s per person (from 2022
b ASHRAE 62.1, Table 6-1)
R _ The area ventilation rate, cfm per ft? or L/s/m? (from 2022 ASHRAE
a =

62.1, Table 6-1)

2. DCV Airflow: Apply the appropriate occupancy schedule [4] and determine space occupancy
and the associated outside air flow rate (cfm) on an hourly basis for the efficient case condition
during occupied periods with DCV implemented.

Occpesi
Flowpey = ﬁ X Ry, X %0cc + R, 2)
Where,
Flowpcy = The hourly efficient case ventilation airflow rate (cfm/ft?)
9%0cc Percent of peak design occupancy, typical occupancy schedule for
0

the specified space type [4]
3. Input Energy Requirement

60 x FlOWDesing X Pair X CpAir X (Ti—heating - Tdb) X Hrheating

NGhourty-base = 35,738 X Eff ©

NG 60 x FlOWDCV X Pair X CpAir X (Ti - Tdb) X Hrheating 4
Hourly—EE 35738 X Eff ( )
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where,

NGHourly—base

NGHourly—EE

60

Pair

CpAir

Ti—heating

Tdb

H rheating

35,738

Eff

The input heating energy requirement per hour for the
baseline (m3/hr/ft?)

The input hating energy requirement per hour for the DCV
case (m3/hr/ft?)

Conversion factor (min/hr)

The density calculated from typical weather data
representing each hour in the specific climate zone (Ib/ft%)

The specific heat of air (Btu/lb-°F)

Indoor heating setpoint temperature (°F) — schedule-based
temperature setback

Outdoor dry bulb temperature (°F)

Multiplier to account for hours of the year when the heating
system is enabled. The multiplier is 1 when the outside air
temperature is below the heating system balance point
temperature and 0 for all other hours

Energy density of natural gas (Btu/m?)

The average heating system efficiency (%)

Annual Natural Gas Savings: Sum the hourly results to determine the annual natural gas

input of the baseline and efficient case conditions and deduct the annual efficient case natural
gas input from the baseline value to determine the predicted annual natural gas savings in

m3/ft2.
8760 8760
NGSavings = 2 NGHourly—EE - z NGHourly—base (5)
0 0
where,
NGsapings The annual natural gas savings (m3/year/ft?)
8760

The sum of the efficient case (DCV) hourly natural gas
consumption (m?®/year/ft?)
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_ The sum of the baseline hourly natural gas consumption
Z NGHourly—base - (m3/year/ft2)

5. Calibration Factors: Original DCV measure savings employed a calibration factor to modify
the annual savings calculated by the methodology described above. The calibration factors
represent the percentage difference in the estimated savings for DCV by the spreadsheet-
based analysis and the building energy models developed in EnergyPlus. These calibration
factors were used to determine a single calibration factor that is applied to all space types
covered in Table 1.

NGSavings—calibrated = NGSavings X Calibration factor (6)

ELECTRIC IMPACTS ALGORITHMS

The annual electric impact calculations use a similar approach to the natural gas savings
algorithm. The spreadsheet tool’s multi-step algorithm is used to predict annual electric impacts
for individual spaces.

The specific steps in the spreadsheet algorithm are as follows:

6. Cooling Input Energy Requirement.

60 X FZOWDesing X Pair X CpAir X (hoc - hic) X Hrcooling

Elechourty-pase = ERR x 1,000 7
60 X Flowpcy X pair X CPair X (hoc - hic) X Hrcooling
Elecyourty-ge ERR x 1,000 “
Elecyouriy-base _ The cooling energy requirement per hour for the baseline
(KWh/ft2)
Elechouriy-kE _ The cooling energy requirement per hour for the DCV case
(kWh/ft?)

Enthalpy of outdoor air'’, calculated from typical weather data

h =
o¢ representing each hour in the specific climate zone (Btu/Ib)

17 To calculate Enthalpy of moist air (total heat content) based on dry bulb temperature (Tdb) and relative humidity (RH) using
a fourth-degree polynomial approximation was used, to avoid complex iterative or lookup tables. Source:
https://www.mrexcel.com/forum/excel-questions/871843-excel-formula-calculating-airs-enthalpy-dry-bulb-temperature-relative-
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Hrcooling

EER =

Enthalpy of indoor air, calculated at setpoint temperature and
indoor relative humidity (Btu/Ib)

Multiplier to account for hours of the year when the cooling
system is enabled. The multiplier is 1 when the outside air
temperature is above the cooling system balance point
temperature and O for all other hours.

The average cooling system Energy Efficiency Ratio
(Btu/hr/Watt)

7. Annual Electricity Impacts: Sum the hourly results to determine the annual electricity input
of the baseline and efficient case conditions and deduct the annual efficient case natural gas
input from the baseline value to determine the predicted annual electricity impact in kWh/ft2.

8760 8760
Eleclmpacts = Z EleCHourly—EE - Z EleCHourly—base (9)
0 0
where,
Elecimpacts =  The annual electricity impacts (kWh/year/ft?)
8760
The sum of the efficient case (DCV) hourly electricity
z EleCHourly—EE = . KWh ft2
~ consumption ( [year/ft?)
8760

z EleCHourly—base
0

The sum of the baseline hourly electricity consumption
(kWh/year/ft?)

humidity.html While this approach is not fully rigorous, a due diligence comparison against standard online tools using approved
psychrometric methods showed an average deviation of 0.1%, which is considered acceptable for this analysis.
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ASSUMPTIONS

Table 4 provides a list of assumptions used in the calculations of the natural gas savings and

electricity impacts.

Table 4: Assumptions

Parameter Value Units Reference
Heating Temperature Setpoint Schedule various °C
(Ti—heating)
Cooling Temperature Setpoint Schedule . oC Hourly profile based on 2020
(Ti-cooting) various NECB Heating Temperature
Percent of peak design occupancy, taken from Setpoint Schedule [3]
building typical occupancy schedule for the various %
specified space type (%0cc)
Hourly profile based on
Outdoor temperature (T,;) various °C CWEC 2020, London, ON
[6]
Variable Schedule Hours Weekday Saturday Sunday
1-6 0% 0% 0%
7 10% 0% 0%
8 70% 0% 0%
9-11 90% 0% 0%
A 12-13 50% 0% 0%
14-16 90% 0% 0%
17 70% 0% 0%
18 30% 0% 0%
19-22 10% 0% 0%
23-24 0% 0% 0%
%0cc 1 10% 30% 30%
2-8 0% 0% 0%
9 10% 10% 0%
10 20% 20% 10%
11 50% 50% 40%
B 12 90% 90% 50%
13 80% 80% 50%
14 50% 50% 40%
15-16 20% 20% 20%
17 30% 30% 20%
18 60% 60% 50%
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19-20 90% 90% 70%
21 90% 90% 50%
22 60% 60% 30%
23 40% 60% 10%
24 30% 50% 10%
1-7 0% 0% 0%

8 10% 10% 10%
9 20% 20% 20%
10 50% 50% 50%
11 50% 60% 60%
c 12 70% 80% 80%

13-15 70% 90% 90%
16 80% 80% 80%
17 70% 70% 70%
18 50% 50% 50%

19-20 30% 20% 0%

21-24 0% 0% 0%
1-7 0% 0% 0%

8 10% 0% 0%

9-11 90% 0% 0%

12-15 80% 0% 0%

5 16 50% 0% 0%
17 20% 0% 0%
18 10% 0% 0%

19-21 30% 0% 0%
22 10% 0% 0%

23-24 0% 0% 0%
1-6 63% 63% 63%

7 49% 49% 49%

8-9 28% 28% 28%

. 10-15 14% 14% 14%
16 21% 21% 21%

17-19 35% 35% 35%

20-21 49% 49% 49%
22 56% 56% 56%
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23-24 63% 63% 63%
1-6 90% 90% 90%
7 70% 70% 70%
8 40% 50% 50%
9 30% 50% 50%
10-16 30% 50% 50%
17 50% 70% 70%
18-24 90% 90% 90%
17 0% 0% 0%
8 0% 0% 20%
9 0% 0% 40%
10-11 0% 10% 80%
12 0% 10% 40%
13 0% 40% 20%
14 0% 60% 0%
15 10% 80% 0%
16 10% 60% 0%
17 10% 40% 0%
18 40% 20% 0%
19 80% 40% 0%
20-21 80% 80% 0%
22 60% 60% 0%
23 40% 40% 0%
24 10% 10% 0%
1-5 18 18 18
6 20 18 18
7-20 22 18 18
21-24 18 18 18
; 1 22 22 22
i-heating 2-7 18 18 18
8 20 20 18
9 22 22 20
10-22 22 22 22
23-24 22 22 18
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1-6 18 18 18
7 20 20 18

8 22 22 18

9 22 22 20
10-18 22 22 22
19-20 22 22 18
21-24 18 18 18
1-6 18 18 18
7 20 18 18
8-22 22 18 18
23-24 18 18 18
1-6 18 18 18
7 20 20 20
8-24 22 22 22
1-6 18 18 18
7 20 20 20
8-24 22 22 22
1-6 18 18 18
7 18 18 20
8-9 18 18 22
10 18 20 22
11-13 18 22 22
14 20 22 18
15-23 22 22 18
24 18 18 18
1-5 24 26 26
6-20 24 26 26
21-24 28 26 26
1-7 26 26 26
T, cooting 8 24 24 26
9-22 24 24 24
23-24 24 24 26
1-6 26 26 26
7-18 24 24 24
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19-20 24 24 26
21 26 26 26
1-6 26 26 26
D 7-22 24 26 24
23-24 28 26 28
F 1-24 24 24 24
G 1-24 24 24 24
1-6 26 26 26
7-13 26 26 24
! 14-23 24 24 26
24 26 26 26
Commercial heating system efficiency 80 % Common assumptions table
Specific gas constant for dry air 287.05 J/kg.K 7]
Specific gas constant for water vapor 461.52 J/kg.K
Energy Density of Natural Gas 35,738 Btu/m3 Common assumptions table
Indoor relative humidity 30 % Common assumptions table
Cooling seasonal COP 3.81 Common assumptions table
%e;:;itgl ’C%Tj\llteizﬁ;ogyfactor from metric to 0.062428 (Ib/frtil/)(kg/ 8]
Specific heat of air 0.24 Btu/lb-°F setumptions table

Conversion factor for the specific heat of air

1 Btu/lb-°F = 4186.8

[9] Converting between

J/kg-K commonly used Units
Average values from
analysis and comparison
Calibration factor 0.9285 between engineering

calculations and 21 building
energy models developed in
EnergyPlus

Space type

Occupancy schedule

Office

Office Buildings Reception areas

Conference/meeting space_Office

Warehouse

Public Assembly Spaces_Courtrooms

Other Commercial spaces

Schedule A

Long-Term Care Facility (Common Areas)

Restaurants dining rooms

Bowling alley (seating)

Exercise Center/Sports Arena

Health club aerobics room

Schedule B

[4]
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Sports and Entertainment

Disco/dance floors

Libraries

Conference/meeting space_Other

Public Assembly Spaces

Multipurpose assembly

Multipurpose assembly _ Arts & Sport Schedule C

Retail

Retail_Supermarket/Grocery store

Retail_Coin-operated laundries

Laundry room

Educational Facilities

Secondary Education Classroom

Primary/Secondary Education Gymnasium

Schedule D
Post-Secondary Education Classroom
Post-Secondary Education Lecture hall
Other Educational Facilities
Hotels, Motels, Resorts, Dormitories Schedule F
Multi-Residential Schedule G
Places of religious worship Schedule |

SAVINGS CALCULATION EXAMPLE

DCV with CO:z sensors was installed in 3 Secondary Education classrooms and a secondary
Education gym that were operating under constant volume ventilation (unscheduled baseline).
The floor area of the spaces where the DCV with CO: sensors was installed is as follows:

e floor area classrooms 1 & 2 = 500 ft2 each
e floor area classroom 3 = 600 ft2
e floor area gymnasium = 3,600 ft?

Assessing the floor area, annual natural gas savings and electricity impact for the applicable
spaces: The 3 classrooms can be assessed under the DCV space type “Secondary Education
Classroom:

o The annual natural gas savings from Table 1 = 2.142 m?/{t?
o The annual electricity impacts from Table 1 = 0.552 kWh/ft?

o The total floor area = (2 x 500) + (1 x 600) = 1,600 ft?

3

m
NGsapings—classrooms = 1,600 ft? x 2.142 }? = 3,427 m3/yr
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, kWh
Eleclmpacts—clasrooms = 1,600 ft* x 0.552 ft2

The gymnasium can be assessed under DCV space type “Primary/Secondary Education
Gymnasium”

=883 kWh/yr

o The annual natural gas savings from Table 1 = 1.314 m3/ft?
o The annual electricity impacts from Table 1 =0.299 kWh/ft?

o The total floor area = 3,600 ft2
3

m
NGsapings—gym = 3,600 ft? x 1314 ]? = 4,730 m3/yr

) kWh
Elecimpacts—gym = 3,600 ft* x 0.299 = 1,076 kWh/yr

I

Total annual natural gas savings and electricity impacts

3 3 3

NG = 3,427 + 4,730 — = 8,158 —
Savings—gym — 9 yr ’ yr ) yr

kWh kWh kWh
Eleclmpacts—gym = 883y—r + 1’076}1_7" = 1’960:)1_7"

USES AND EXCLUSIONS

To qualify for this measure, DCV must be implemented for an individual space within a
commercial building, ventilation system with natural gas fueled heating that previously operated
to provide constant ventilation meeting at least the minimum outdoor air requirements specified
by 2022 ASHRAE 62.1 Table 6-1.

Systems equipped with energy or heat recovery capabilities are not eligible for this measure.

This measure is intended for self-calibrating sensors or other types of sensors whose calibration
warranty period by the manufacturer is 15 years or more.

MEASURE LIFE

The standard measure life attributed to this measure is 15 years. [10] The 15-year measure life is
intended for self-calibrating sensors or other types of sensors whose calibration warranty period
by the manufacturer is 15 years or more.

Although physical components of the ventilation system can be expected to last longer, energy
savings persist only as long as sensors and other components of the DCV system remain in
calibration and functioning as intended.
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Self-calibrating sensors are widely available and used in prescriptive applications as covered by
this substantiation document. The calibration warranty period for these sensors is 15 years or

more, depending upon the manufacturer.

INCREMENTAL COST

Table 5 presents the measure incremental cost. This table summarizes DCV incremental cost
information gathered from interviews with different vendors. [11]

Table 5: Measure Incremental Cost

Measure Category Equipment cost Installation cost Total Incremental cost
Retrofit $900 x n + 1,10018 $590 $900 x n + $1,690
NC/TNR $900 x n $590 $900 x n + $590

Where "n " is the number of sensors
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Table 1 provides a summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

New Construction (NC)

Measure Category

Retrofit (R)
Baseline No destratification system
Technology
Efficient HVLS destratification fans
Technology
Market Type Commercial

Fan Diameter (ft)
12 14 16 18 20 22 24

Annual Natural NC 661 900 1,175 1,487 1,836 2,222 2,644
Gas Savings (m?/
fan) R 893 1,215 1,587 2,009 2,480 3,001 3,571
Measure Life 15 years

Fan Diameter (ft)

Incremental Cost ($ CAD)

12t0 18

$12,090

Incremental Cost ($ CAD)

20 to 24

$13,312
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Parameter Definition

Restrictions

This measure is restricted to HVLS fans with minimum diameter of 12 feet for use in
warehousing-type’ buildings with a minimum of 22-foot ceilings.

These spaces affected by destratification fans must be heated by ceiling mounted natural
gas forced air space heating systems including unit heaters.

In addition, this measure is restricted to heated enclosures (space affected by the
destratification) that are floor level thermostatically temperature controlled, and space
heating system located at roof level. If other mechanisms that combat stratification such as
radiant heaters and/or high velocity vertical throw unit heaters are present in the influence
area where destratification fan will be installed, this measure is not eligible.

It is assumed that the building is operating without night setbacks.

Installation must follow manufacturer recommendations sufficient to effectively destratify
the entire space. Only for the purpose of the savings captured in table 1 of this document,
the number of fans installed in the space should not exceed:

Building length(ft) X Building width(ft) X Sgestratifiea

Aroof_fan

Please see table 2 for Sgegratifiea aNd Ayoor ran Values.

OVERVIEW

This measure is for the installation of large diameter HVLS (High Volume Low Speed) ceiling

fans in commercial warehouse-type spaces for both new construction and retrofits applications.

Typically, in warehouse-type spaces, the thermostat is located at floor level where people work,
and the space heater is located at ceiling level. As there is a call for heat by the floor level
thermostat, heat is introduced into the space by the space heating equipment such as ceiling
mounted horizontal flow unit heaters or forced air heaters. Unless there is a means to direct the
hot air to the ground, the heated air remains at ceiling level and forms a temperature layer with
the warmest air at the ceiling and the coolest at the floor. With air temperature at the ceiling
being hotter than air temperature at ground level where the thermostat is located, there is a
greater heat loss through the ceiling and walls compared to an evenly mixed air temperature
throughout the height of the space.

The installation of HVLS destratification fans helps to decrease thermal stratification of the air by
pushing the warmer air at the ceiling to the ground creating comfort for the people working while

bringing the colder air at ground level to the ceiling to be heated. This convection effect mixes the

I Warehousing-type of buildings refers to the space temperature setting, on average 69°F.

2 Ontario TRM
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air in the space reducing thermal stratification and providing comfort at floor level. Figure 1
illustrates air mixing and resulting uniform air temperature distribution caused by the

destratification fans.

Natural gas savings are calculated using an engineering algorithm and are reported in meters

cubed per fan (m%/fan)

Figure 1: Stratification vs. Destratification?

Stratification Destratification

APPLICATION

This measure provides incentives for installing HVLS destratification fans in commercial
warehouse-type facilities where the space heating system is located near the ceiling level with a
thermostat or other temperature-based HVAC control system is in place at the floor level. The
fans serve to reduce the stratification of heated air in a space with a high ceiling and therefore

reduce space heating requirements.

BASELINE TECHNOLOGY

The baseline case is a space without destratification fans nor other mechanisms that combat

stratification, such as radiant heaters and/or high velocity vertical throw unit heaters.

EFFICIENT TECHNOLOGY

The energy efficient case is a space with HVLS destratification fans of a minimum diameter of 12

feet.

2 Photograph downloaded from http://www.allseasonshire.eu/blog/thermal-destratification-explained/ on 10/1/2014.
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ENERGY IMPACTS

Stratification can result in ceiling temperatures significantly higher than temperatures at floor
level. As a result, thermostats are typically set higher to maintain temperatures which are
comfortable for employees near the floor which in turn results in greater gas usage for heating.
HVLS Destratification fans are designed to move large volumes of air at slow rates. This air
churning moves the warmer air near the ceiling downward which equalizes the temperature
within the space and benefits the employees comfort levels on the floor. Natural gas savings are
achieved due to the difference in heat loss through the roof and walls by conduction and heat loss

via infiltration and ventilation before and after destratification.
No water consumption impacts are associated with this measure.

Any electrical costs associated with the operation of the destratification fans would be offset by
the reduced use of auxiliary heating equipment such as blower motors on space heating

equipment.

NATURAL GAS SAVINGS ALGORITHMS

The following algorithm was used to calculate the natural gas impact in cubic meters per fan. The
total natural gas savings, NG Savings, is calculated based on the heat loss reduction through the

roof, walls, and infiltrations/ventilation due to the installation of HVLS destratification fan.

(AQroof+AQwall+ AQvent) X hrshs

NG Savings = EDyg X
where,
NG Savings = Annual Natural Gas Savings (m?fan)
AQroof =  Heat loss reduction through the roof after destratification (Btu/h)
AQwan =  Heat loss reduction through exterior walls after destratification (Btu/h)
AQuyent =  Heat loss reduction via infiltrations/ventilation after destratification (Btu/h)
hrsns = Annual operating hours based on the heating season (h), see table 2
EDyg = Energy density of natural gas, see table 2
n =  Commercial heating system efficiency, see table 2

4 Ontario TRM
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Heat Loss Reduction Through the Roof

The heat loss reduction through the roof is based on the difference in heat loss through the roof

before and after destratification:

AQroof = qroof_bd — 9roof_ad
= Uroof X Aroof_fan X (troof_ibd - to) - Uroof X Aroof,fan X (troof_iad - to)

= Uroof X Aroof_fan X (troof_ibd - troof_iad)

where,
Qroof_bd = Heat loss through the roof before destratification (Btu/h)
Qroof_ad = Heat loss through the roof after destratification (Btu/h)
Uroor = Average heat transfer coefficient for the roof (Btu /ft>°F-h), see table 2
Aroof_fan = Area of roof influenced by destratification fans (ft?), see table 2
to = Outside air temperature (°F), not used in calculation
troof_ibd = Average temperature of the roof, indoor, before destratification (°F), see table 2
troof _iad = Average temperature of the roof, indoor, after destratification (°F), see below

To determine the average indoor air temperature at the ceiling before and after destratification,

the following equations are used:

(troof_ibd X Hah) + (ttstat X th)

Froof.iad = (Han + Hpn)
where,
troof_ibd = Temperature at ceiling before destratification (°F), see table 2
Lestat = Thermostat temperature setting (°F), see table 2
Hap = Height above heaters to roof (ft), see table 2
Hpp = Height below heaters to floor (ft), see table 2

Heat Loss Reduction Through the exterior walls.

The heat loss reduction through the exterior walls is based on the difference in heat loss through

the walls before and after destratification:

Ontario TRM 5
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AQwan = Qwailba — Qwall_ad

= Uwall X (Ratiowr X Aroof_fan) X (twall_ibd - to)
- Uwall X (Ratiowr X Aroof_fan) X (twall_iad - to)

= Uwqu X (Ratiowr X Aroof_fan) X (twall_ibd - twall_iad)

where,

dwali_bd = Heat loss through the walls before destratification (Btu/h)

Awall_ad = Heat loss through the walls after destratification (Btu/h)

Uwau = Average heat transfer coefficient for the walls (Btu /ft>-°F-h), see table 2

Ratioy, = Roof to wall influence ratio, see table 2

to = Outside air temperature (°F), not used in calculation

twall_ipd = Average temperature of the wall, indoor, before destratification (°F), see
below

twall_iad = Average temperature of the wall, indoor, after destratification (°F), see
below

To determine the average indoor air temperature at the walls before and after destratification, the

following equations are used:

Buildingy qpg X (troof_ibd - ttstat)
2 X (Htstat—roof)

twall_ibd = troof_ibd —

Buildingy _qpg X (troof_iaa - ttstat)
2x (Htstat—roof)

twall iad = troof_iad -

where,
Lestat =  Thermostat temperature setting (°F), see table 2
Buildingy gyq = Average Building height (ft), see table 2
Histat—roof =  Height above thermostat to roof (ft), see table 2

6 Ontario TRM
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Heat Loss Reduction via Infiltration and Ventilation

The heat loss reduction via infiltration and ventilation as a result of destratification is based on
the stack effect principles and is the difference in heat loss over the entire building shell before
and after destratification. Air leakage, through doors, roof penetrations, and building envelope
material can be significant in older buildings, whereas newer buildings will have tighter
envelopes but have mandatory code requirements to provide ventilation. Destratification results
in consistent indoor temperatures generally reducing the indoor temperatures where this leakage
or ventilation occurs, resulting in energy savings. Research papers on this subject have stated that
“Not accounting for this heat loss due to ventilation in estimating energy savings from

destratification can lead to significant errors”. [1]

The following equation is used to calculate the savings in ventilation heat loss due to
destratification measures within the building. For simplicity an Air-Change-per Hour (ACH)
process is used, and it is assumed that infiltration and ventilation is equal on all building

envelope surfaces.

AQuent = Qvent_bd — Qvent_ad

AQuent = 0.018 X ACH,, X A,oof fan X Building,,

avg

Ratiowr X (twall_ibd - twall_iad) + (troof_ibd - troof_iad)

X (1 + Ratio,,, )
where,
Qvent_bd = Heat loss through infiltration before destratification (Btu/h)
Qvent_ad = Heat loss through infiltration after destratification (Btu/h)
0.018 = Heat capacity of air times 60 minutes (Btu.h/°F.ft%/h)
ACH, = Air changes per hour (1/h), see table 2
Buildingy g4 = Average Building height (ft), see table 2
ASSUMPTIONS

Table 2 provides a list of assumptions utilized in the measure savings algorithm to derive the

stipulated savings values listed in Table 1 above.

Ontario TRM 7
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Table 2. Assumptions

Variable Definition Value Source/Comments
Balance Point 55°F (12.8°C) Based on CWEC data for
hrs Heating hours London, ON (2020).
hs per year 6.019 Annual hours on heating
' hours below 56°F [2]
EDyg Enirg’tﬁg?r;itsy of 35,738 Btu/m? Common assumption
Commercial
n heating system 80% Common assumption
efficiency
Avi;rr:r?;:reat Retrofit New Construction New Construction based
U o o .12 o .2 on NECB (weighted
roof coefficient for the | 0-090 (gt;/ogz h-ft 0.026(25%/8;: h-it average based on number
roof of buildings per climate
Average heat zo.ne) 31
transfer 0.064 Btu/oF-h-ft2 | 0.045 Btu/oF-h-ft2 Retrofit based on
Uwau coefficient for the (R-16) (R-22) Enbridge destratification
wall Custom projects?®
Fan Diameter (ft) Aroof_fan (%)
12 2,900
Area of roof 14 3,947 Extr]%rl)lglv?/:ﬁd gajggoonr? the
4 influenced by 16 5,156 9eq -
reeffan | destratification 18 6,525 10257 x 7 x (5 x Dran o)
fans 2
20 8,056
22 9,748
24 11,600 Based on a field study [1]
On average,. 75% Based on average data
s o of the entire 0.75 from Enbridge
destratified | gpace had been ' destratification Custom
destratified projects
Ratio of wall to Based on average data
. from Enbridge
Ratioy, rbqof ta tr)er?ll;)r 0.37 destratification Custom
subject buildings projects?

3 Data from the Enbridge custom projects (between 2011 and 2020) was used to develop the average insulation level for retrofit

building which have utilized the destratification energy savings measure.

4 The ratio of wall area divided by roof area used the following average dimensions: Building height = 31 ft, Building width = 294 ft,
Building length = 366 ft. The roof area = 107,787 ft?, and the Wall area = 40,310ft?
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height

Variable Definition Value Source/Comments
Average
temperature of Based on average of data
troof_ibd the roof before 84.82°F from El:)t?(r)l%g(;ﬁscustom
destratification
Thermostat Based on average of data
Lestat temperature 69°F from Enbridge custom
setting projects
H Height above o6t Assuming a ceiling height
tstat=roof | thermostat to roof of 31ft5 [4]
Height ab Minimum requirements
eight above
Hgp, heaters o roof 8 ft are 8 fisitl ifr:;n[gi‘loor or
Minimum requirements
H Height below 23 it are 8 feet from floor or
bh heaters to floor ceiling [5]. Assuming a
ceiling height of 31ft.
o Based on average of data
Buildingy qvg Average Building 31 ft from Enbridge custom

projects

ACH,,

Air Changes per
hour

Retrofit New Construction

0.13 0.12

Retrofit: Based on
average of data from
Enbridge custom projects

NC: based on ASHRAE
62.1, 2022

SAVINGS CALCULATION EXAMPLE

The example below illustrates the savings value for the installation of 12, 20ft diameter HVLS

destratification fans in a new commercial warehouse. The room has a 31-foot ceiling, the building
length = 376 ft, and the building width =299 ft.

From Table 1, verify the maximum number of fans restriction:

Building length(ft) X Building width(ft) X Sgestratifiea

#Fans =

A

r00f fan

5 ASHRAE standard 55-2010 indicates that people generally occupy the area between the floor and 6ft level above the floor. It is
assumed that thermostats are generally located 5ft above the floor. Based on Enbridge custom projects, the average height of the

building is 31ft.
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376ftx299ftx0.75

6
8,056ft2 11

#Fans =

While the facility installed 12 fans as recommended by manufacturer, the maximum number of
fans allowed to be claimed using table 1 savings is 11.

Natural Gas savings = 11 X 1,836 m3/fan/yr = 20,199 m3/yr

USES AND EXCLUSIONS

This measure is restricted to fans with a minimum diameter of 12 feet for use in warehousing-
type’ commercial buildings with a minimum of 22-foot ceiling. These spaces affected by
destratification fans must be heated by ceiling mounted natural gas forced air space heating
systems including unit heaters and an unobstructed thermostat with no other mechanisms that

combat stratification, such as radiant heaters and high velocity vertical throw unit heaters.

In addition, this measure is restricted to heated enclosures (space affected by the destratification)
that are floor level thermostatically temperature controlled, and space heating system located at
roof level. If other mechanisms that combat stratification such as radiant heaters and/or high
velocity vertical throw unit heaters are present in the influence area where destratification fan

will be installed, this measure is not eligible.
It is assumed that the building is operating without night setbacks.

Installation must follow manufacturer recommendations sufficient to effectively destratify the
entire space. Only for the purpose of the savings captured in table 1 of this document, the

number of fans installed in the space should not exceed:

Building length(ft) X Building width(ft) X Sgestratifiea

Aroof_fan

Please see assumptions table for Sgestratifiea ANd Arpor ran values.

¢ The calculated value is 10.5 rounded up to 11 as # of fans installed are only whole numbers
7 Warehousing-type of buildings refers to the space temperature setting, on average 69°F.
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MEASURE LIFE

The measure life is 15 years [6].

INCREMENTAL COST

The purchase and installation cost for destratification fans will vary depending on the available
electrical infrastructure and the need for specialty lifts for high ceilings. The approximate
incremental cost (for equipment and installation) of a destratification fan for 20 to 24 feet
diameters fans were derived using historical program participant invoices from Enbridge’s
program and for fans 12 to 18 ft diameter estimates from distributor data collection was used.

Table 3 presents a summary of the incremental cost.

Table 3. Incremental cost ($ CAD)

Equipment Installations Incremental cost
Fan size (ft)
cost ($ CAD) cost ($ CAD) ($ CAD)
1210 18 $6,850 $5,240 $12,090
20to 24 $9,568 $3,744 $13,312

REFERENCES

[1] Richard Aynsley, Ph.D., Member ASHRAE, "Saving Heating Costs in Warehouses," ASHRAE
Journal, Vols. Vol.47, No.12, no. December 2005, pp. 46-50.

[2] "Government of Canada, Canadian Weather Year for Energy Calculation (CWEC)," 2020.
[Online]. Available: http://climate.weather.gc.ca/prods_servs/engineering_e.html. [Accessed
2025].

[3] G. 0. Canada, "National Energy Code of Canada for Buildings," 2020.
[4] "ASHRAE 55-2010".

[5] CAN/CSA-B149.1-05, Natural Gas and Propane Installation Code, 2007.
[

6] GDS Associates, Inc., "Measure Life Report Residential and Commercial/Industrial Lighting
and HVAC Measures," p. C-16, June 2007.

[7] "2014 Database for Energy-Efficient Ressources".
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Version Date and Revision History

Version 1.0

OEB Filing Date January 8, 2020

OEB Approval Date | January 9, 2020

Commercial > Space Heating - Dock Door Seals - Retrofit

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

Retrofit (R)

Baseline Technology 1

Dock door with deteriorated seals

Baseline Technology 2

Dock door without seals

Efficient Technology Dock Door Seals as described on this document
Market Type Commercial
Door size (H' x W')
8'x 8 8'x9’ 8'x 10’ 10" x 10’
Annual Natural Gas Saving - 1897 1977 2 041 1736
Baseline 1 (m®/yr per door) ’ ’ ’ ’
Annugl Naturasl Gas Saving - 4853 4,988 5,087 4501
Baseline 2 (m®/yr per door)
Annual Electrical Impact -
Baseline 1 (kWh/yr per door) 451 481 509 433
Annual Electrical Impact -
Baseline 2 (kWh/yr per door) 1,155 1,214 1,269 1,123
Measure Life 10 years
Door size (H' x W')
I |
ncremental Cost 8x8 8x9 8 x 10’ 10" x 10’
Incremental cost ($ CAD)- from
Baseline 1 $1,425 $1,580 $1,617 $2,968
Incremental cost ($ CAD)- from
Baseline 2 $1,263 $1,417 $1,455 $2,615
This measure is restricted to the replacement of existing
deteriorated seals or the addition of new seals to existing
dock door that do not have any type of seal in place. If
other mechanisms that combat infiltration at the
- shipping/receiving door are present, such as air curtains,
Restrictions

this measure is not eligible. In addition, the docking area
must be directly heated by natural gas fueled equipment
during winter months and the inside temperature of the
area must be kept at a comfortable level while docking
doors are used.




Commercial — Dock Door Deals—R

OVERVIEW

At the shipping/receiving dock and during loading/uploading operations, the dock door opens,
and infiltration losses occur through the gap between the truck and the door. For heated spaces,
natural gas savings are achieved when this gap is reduced by replacing deteriorated seals
operating beyond their useful life or adding new seals to existing dock doors that do not have
them. A review of historical custom project data from the utilities! demonstrates a common
practice of not replacing dock sealing systems after they have reached the end of their useful
service life. For this study, two baselines were defined: dock door with deteriorated seals
(baseline 1), and dock door without seals (baseline 2)

The natural gas savings (m?) are calculated using a combination of field depressurization tests?
results and engineering calculation approach from ASHRAE Fundamentals Chapters 16 and 24.

APPLICATION

This measure provides incentives for replacing deteriorated seals or adding new seals to
existing dock door that do not have any type of seals in place. Two type of seals are
recommended based on door size and industry standards (best practices) for effectively
reducing the infiltration losses at the shipping and receiving door and during
loading/uploading operations.

Compression seals: a wide pad that surrounds the dock is compressed by the trailer “sealing”
the gap between the truck and the dock door. This is a fixed pad dock seal with a minimum
400z vinyl cover. (figure 1)

Shelters-type seals: a curtain-like seal (minimum 400z vinyl) with a foam frame that
compresses against the sides and top of the trailer box. (figure 2)

Figure 1 Compression seals?® Figure 2 Shelter-type seals*

Compression seals are recommended for the 8'x8’, 8x9” and 8'x10” door sizes while shelter is
recommended for 10'x10” dock doors.

1 Refers to the former Union Gas Ltd. and Enbridge Gas Distribution (the utilities)

2 Performed by Enermodal Engineering [2]

3 Images courtesy of Frommelt Industries of Canada Inc.

4Image downloaded from https://www.speedtechequipment.com/used-equipment/ on 10/31/2019
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BASELINE TECHNOLOGY

The baseline is shown in Table 2.

Table 2. Baseline Technology

Scenario

Requirement

Baseline Technology 1

Dock door with deteriorated seals

Baseline Technology 2 Dock door without seals

EFFICIENT TECHNOLOGY

Dock door seal for shipping and receiving door that meet the requirements as shown in Table 3:

Table 3. Efficient Technology

Door size (H' x W')

Requirement

8 x'8 Compression-type seal — a wide pad that surrounds the dock is
. compressed by the trailer “sealing” the gap between the truck and
8'x'9 the dock door. This is a fixed pad dock seal with a minimum 400z
8" x 10 vinyl cover
10'x "0 Shelters-type seal- a curtain-like seal (minimum 400z vinyl) with a

foam frame that compresses against the sides and top of the trailer
box

ENERGY IMPACTS

The technology serves to reduce the infiltration of outdoor air at the entrance points (gap
between the dock door and the truck) consequently reducing the heating requirements.

NATURAL GAS SAVINGS ALGORITHMS

In order to characterize the natural gas savings, field depressurization tests results® have been

combined with the calculation approach from ASHRAE Fundamentals Chapters 16 and 24.

1. Calculation of the infiltration across small gaps

Infiltration into a building is introduced by pressure differences across the envelope caused by
driving forces (wind and stack effects), specific gap geometry, general building leakage and

5 Performed by Enermodal Engineering [2]
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mechanical system. For uniform indoor air temperatures, the formulas for pressure across a
building gap for a given time period are given below. [1]

2

Uy

Py =poX—-
T, — T

1

Ap = s? X W, X Py + H X Pr + Ap;

Where:
Py = Reference wind parameter (Pa)
Po = Density of outdoor air (kg/m?)
Uy = Local average wind speed (m/s)
Pr = Stack effect parameter (Pa/m)
g = Gravitational acceleration (m/s?)
T, = OA temperature heating system enabled (K)
Ty = Space temperature setpoint for warehouse-type of building (K)
Ap = Pressure difference across each gap (Pa)
s = Shelter factor applicable to the given gap (dimensionless)
W, = Wind surface pressure coefficient (dimensionless)
H = Gap height relative to the neutral pressure plane (m)

Pressure that acts to balance inflows and outflows, including mechanical
systems (Pa)

2. Calculation of the airflow through openings [1]

ZAp)

Q:thXAX (
Po

Cgn = 0.40 + 0.0045 X |T, — T,|

Where:

Q = Total airflow rate through the doorway- heating season (m?/s)

Ontario TRM
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Discharge coefficient for openings during heating season

C =
dh (dimensionless)

A

Cross sectional area of opening (m?)

2a. Calculation of the opening area for Baseline 1. Dock door with deteriorated seals

A; =Ay + Apg
Ayy =2 X (hg —w¢) X we

Ahl = Wq X W,

Where:
Ay; = Vertical gap area for Baseline 1 (m?)
hg = Dock door height (m)
w, = Gap width for Baseline 1 (m)
Ay; =  Horizontal gap area for Baseline 1 (m?)
wg = Dock door width (m)
A; = Total gap area per door dock for Baseline 1 (m2)

2b. Calculation of the cross-sectional area of opening for Baseline 2. Dock door without
seals

Ay = Ayy + Ay
Ay, =2 X (hd - Wcl) X Weo

Apy = Wy X Wgy

Where:

Ay, = Vertical gap area for Baseline 2 (m?)

Gap between the top of the truck and the top of the dock door for

Wer T Baseline 2 (m)

w _ Gap between the side of the truck and the side of the dock door
ez for Baseline 2 (m)

Ay, = Horizontal gap area for Baseline 2 (m?)

Ontario TRM
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A, = Total gap area per door dock for Baseline 2 (m?)

3. Calculation of the energy required (natural gas)

qS=QXp0XCpX(Ti—TO)

Where:
qs = Rate of heat transfer through doorway- heating season (W)
Cp = Specific heat of air (J/(kg.K)
Q = Total airflow rate through the doorway- heating season (m?/s)
T, = OA temperature heating system enabled (K)
Ti =  Space temperature setpoint for warehouse-type of building (K)

4. Calculation of the natural gas savings

_ qs dayhs
NG—3.412><35'738><HR>< Eff X E
Where:

NG = Annual Natural Gas Savings (m®/yr per door)

HR = Hour per day that the door is open (hr/day)
dayps = Heating days per year (day/year)

Eff = Heating System efficiency (dimensionless)

E = Dock door seal effectiveness (dimensionless)

Es compression seals effectiveness and E, shelter effectiveness
35,738 = Energy density of natural gas (Btu/m?3)
3412 = Conversion factor from Watt to Btu/hr (1 Watt = 3.412 Btu/hr)

Ontario TRM
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ELECTRIC SAVINGS ALGORITHM

Electrical saving - cooling season due to the reduction of cooling load (infiltration reduction).

Where:

Esavings

dc
SEER

days
1,000

Where:

dc
—— X E X X X
SEER E X HR X day,

Esavings =

1000

Electrical Savings - Cooling Season due to the reduction of cooling load

(kWh/yr)

Rate of heat transfer through doorway without vestibule (Btu/hr)

Energy efficiency ratio of cooling system (kBtu/kWh)
Dock door seal effectiveness (dimensionless)
Cooling days per year (day/year)

Conversion factor (1,000 Btu = 1 kBtu)

qc = 60 X pg X Qac X (hoc - hic)

Conversion factor (min/hr)

Total airflow rate through the doorway- cooling season (CFM)
Outside enthalpy - cooling season (Btu/Ib)

Inside enthalpy - cooling season (Btu/Ib)

Density of dry air (Ibm/ft?)

2Ap.

(0]

Qac = 2,119 X A X Cyc X

Conversion factor (1 m3/s =2119 CFM)

opening area (m?)

Discharge coefficient for openings during cooling season (dimensionless)

Density of dry air (kg/m?)
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Where:

Ap;

ASSUMPTIONS

Uyc?
Pyc = po X ZC
T, — Tj
Pre = g X po X %]
oc

Apc = s% X Wy X Py + H X Pr¢ + Apy

Reference wind parameter-cooling season (Pa)

Density of dry air (kg/m?)

Local average wind speed-cooling season (m/s)

Stack effect parameter - cooling season (Pa/m)

Gravitational acceleration (m/s?)

OA temperature heating system enabled - cooling season(K)
Space temperature setpoint for warehouse - type of building (K)
Pressure difference across each gap - cooling season (Pa)
Shelter factor applicable to the given gap (dimensionless)

Wind surface pressure coefficient - cooling season (dimensionless)
Gap height relative to the neutral pressure plane (m)

Pressure that acts to balance inflows and outflows, including mechanical
systems (Pa)

Table 4 provides a list of assumptions utilized in the measure savings algorithm to derive the
stipulated savings values listed in Table 1 above.

Table 4. Assumptions

Variable Definition Value and Unit Source/Comments

Densﬂy 9f outdoor 1.256 kg/m?3 (0.078 lbm/ft3) Common assumptions table®

0 air (heating season)

0 "

Qensﬂy .Of outdoor 1.163 kg/m?3 (0.073 lbm/ft3) Common assumptions table
air (cooling season)
Space temperature

T; setpoint-warehouse 69°F (293.7K) Common assumptions table
type of building

¢ Pending Ontario TRM v4 approval-common assumption table
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Variable Definition Value and Unit Source/Comments
OA temperature
T, heating system 34.8°F (274.7K) Common assumptions table
enabled
OA temperature
Toc cooling system 77.0°F (298.1K) Common assumptions table
enabled
s Shelter factor 0.7 Based on Shelter Class 3 [2]
Wind surface
w, pressure coefficient 0.12 Calculated value based on
for heating season and approach in [1] and
- based on CWEC weather
Wind surface data for London, ON (version
Woe pressure coefficient 0.19 2016) [3]
for cooling season
Gap width between
the sides of the Based on average of data
w, truck and the sides 4.21in (0.11 m) from the utilities dock door
of the door (top and seals custom projects [2]
sides) for Baseline 1
Gap width between
the top of the truck .
Wet and the top of the 8.881in (0.23 m)
dock doo Calculated based on standard
- truck [4] and standard door
Gap width between sizes [2]
the side of the truck :
Wez and the side of the 16.71in (0.42m)
dock door
Gy Specific heat of air 1,000 J/(kg-K) Common assumptions table
hic Insm!e enthalpy for 21.46 Btu/lb Common assumptions table
cooling season
Roc OUtS."de enthalpy for 30.95 Btu/lb Common assumptions table
cooling season
HR Hour per day door is 7.23 hriday 2]
open
Average wind ) )
Uy velocity for heating 2.60 m/s (5.81 mph) Calculated using the wind
season profile law [2] and based on
- CWEC weather data for
Average wind London, ON (version 2016)
Uye velocity for cooling 2.82 m/s (6.31 mph) 3]
season
. Average building
H height 271t (8.2m) [2]
Discharge
coefficiegnt for Calculated using ASHRAE
Can opening during 0.49 algorithm [1]and based on
heating season CWEC weather data for
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Variable Definition Value and Unit Source/Comments
Discharge London, ON (version 2016)
Coe goefﬂment for 0.38 (3]
pening during
cooling season
Effectiveness of 729
compression seals 0
: Effecti f 2]
ectiveness o o
shelters 57%
Eff Commermgll heating 80% Common assumptions table
system efficiency
SEgr | Commercial cooling 13 kBtu/kWh Common assumptions table
system efficiency
g Accgleratlon due to 9.81 m/s? (32.2 ft/sec?) Common assumptions table
gravity
Airflow rate
conversion from 2,119 CFM/m3/s [5]
m3/s to CFM
Energy density of 35,738 Btu/m?3 Common assumptions table
natural gas
Conversion from HP :
0.7457 KW/HP Common assumptions table
to kWh
dayps y::rtmg days per 221 Common assumptions table
day,s ;:eO:r“ng days per 40 Common assumptions table
. L. Door size (W’ x H’)
Variable | Definition Source/Comments
8x8 | 8x9 8x10 10x10
hy Dock door height (ft) 8 9 10 10
Based on standard door sizes
Wy Dock door width (ft) 8 8 8 10

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings for a retail store that replaced the
existing deteriorated seals on 2 of their 8'x 8 shipping & receiving dock doors with new
compression seals.

Nat. Gas savings =2 (8'x8") = 1,897 m3/yr per door x 2 doors = 3,794 m3/yr
Electrical savings =2 (8'x8") = 451 kWh/yr per door x 2 doors = 902 kWh/yr

The total annual natural gas savings is 3,794 m3/yr and the total electrical savings is 902 kWh/yr

Ontario TRM 10
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USES AND EXCLUSIONS

This measure is restricted to the replacement of existing seals or the addition of new seals to
existing dock door that do not have any type of seal in place. If other mechanisms that combat
infiltration at the shipping/receiving door are present, such as air curtains, this measure is not
eligible. In addition, the docking area must be directly heated by natural gas fueled equipment
during winter months and the inside temperature of the area must be maintained at a
comfortable level while docking doors are used.

MEASURE LIFE

The measure life is 10 years. [6]

INCREMENTAL COST

The purchase and installation cost for dock door seals is summarized in the table below. [7]

Table 5. Incremental Cost

Description Door size (W’ x H’)
8x8 8x9 8x10 10x10
Seal cost ($ CAD) $775.20 | $929.63 | $967.07 | $1,788.41
Installation cost- Baseline 1 $650.00 | $650.00 | $650.00 | $1,179.30
Installation cost- Baseline 2 $487.50 | $487.50 | $487.50 | $826.90
Total incremental cost ($ CAD) - Retrofit $1,425 $1,580 | $1,617 $2,968
Total incremental cost ($ CAD) - New Install $1,263 $1,417 | $1,455 $2,615

REFERENCES

[1] ASHRAE Handbook Fundamentals (SI edition) Chapter 16, 2018.
[2] Enbridge Gas Inc., "Technology Assessment- Dock Door Seals," OEB, Chatham, ON, 2019.

[3] "Government of Canada, Canadian Weather Year for Energy Calculation (CWEC)," 2016.
[Online]. Available: http://climate.weather.gc.ca/prods_servs/engineering_e.html. [Accessed
01 11 2018].

[4] "cerasis 2015 Trailer Guide," 2015. [Online]. Available: https://cerasis.com/wp-
content/uploads/2015/08/2015TrailerGuide.pdf. [Accessed 10 10 2019].
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[5] "The Engineering ToolBox," [Online]. Available: https://www.engineeringtoolbox.com/flow-
units-converter-d_405.html. [Accessed 10 10 2019].

[6] MichaelsEnergy, "Final Report: Custom Measure Life Review (Michaels No.:06717AAN),"
OEB, Toronto, 2018, May 10.

[7] Northern Dock Systems, "Incremental cost data-Request a quote," Mississauga, 2019.
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Table 1 provides a summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

Parameter Definition
Measure New Construction (NC) is required by Ontario Building Code
Category Time of Natural Replacement (TNR)
Baseline ERV with Minimum 55% Energy Recovery Effectiveness as per Ontario
Technology Building Code 2017, Supplement SB-10 January 1, 2017
ERV with Minimum 65% Sensible Heat Recovery Effectiveness’ and
63% Total Energy Recovery Effectiveness at 32°F
Efficient ERV with Minimum 75% with Sensible Heat Recovery Effectiveness and
Technology 73% Total Energy Recovery Effectiveness at 32°F
ERV with Minimum 85% Sensible Heat Recovery Effectiveness and
83% Total Energy Recovery Effectiveness at 32°F
Market Type Commercial
Gas Savings
Measure Building Tvpe Rate Group Averagszir:o:p e
Efficiency 9lyp (m3working 9

CFM), £,, 1 (m3working CFM)
» ©EE
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Parameter Definition
Multi-Family,
Health Care and 0.97 High Use 0.97
Annual Gas Nursing Homes
Savings Rate with
a Minimum ERV
Sensible Heat Hotels 0.69
Recover :
Effective)rqess of Restaurant 0.50 Medium Use 0.54
65%, &pg 1 (M%/ Retalil 0.42
working CFM)?
Office 0.37
Warehouse 0.35 Low Use 0.34
School 0.31
Gas Savings
Measure Rate ’ Group RTEEED ey (e
. . Building Type 3 . Savings
Efficiency (m°/working 3 .
CFM), £, 2 (m3/working CFM)
Multi-Family,
Health Care and 1.94 High Use 1.94
Annual Natural Nursing Homes
Gas Savings with
a Minimum ERV Hotels 1.38
Sensible Heat :
Recovery Restaurant 1.00 Medium Use 1.08
Effectiveness of Retail 0.84
75%, egg 2 (M3/ ]
Off 0.74
working CEM)’ <
Warehouse 0.70 Low Use 0.69
School 0.62
Gas Savings
Measure Rate ’ Group PUERER SR
e Building Type 3 . Savings
Efficiency (m°/working 3 .
CFM), £, 3 (m3/working CFM)
Multi-Family,
Annual Natural Health Care and 2.91 High Use 2.91
Gas Savings with | Nursing Homes
a Minimum ERV
Sensible Heat Hotels 2.08
Recovery Medium Use 1.62
Effectiveness of Restaurant 1.51
Retail 1.26
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Parameter Definition

85%, ez 3 (M3/ Office 1.11

working CFM)' Warehouse 1.06 Low Use 1.03
School 0.93

Measure Life 14 Years

Incremental
Costs ($ CAD)

$1.00 per CFM at gg 1

$2.00 per CFM at gg 2

$3.00 per CFM at gg3

Restrictions

This measure is not eligible in areas where:

The ERV unit has a sensible effectiveness of less than 65% at
32°F,

100% of the exhaust air must be evacuated from the building in
order to avoid cross contamination, and therefore 100% fresh air is
required such as described in OBC section 1.1.1.4.

No recirculation is allowed by codes or standards. For instance, any
limitations as per CSA Z317.2_10 (Special Requirements for
Heating, Ventilation, and Air Conditioning (HVAC) Systems in
Health Care Facilities)

Contaminants (gases and vapors) may be present and the ERV
may bring them back into the breathing zone

Systems where DCV or scheduled setbacks are used during
operated hours?

OVERVIEW

An energy recovery ventilator (ERV) refers to heat exchanger equipment that is
designed to transfer heat and moisture between the building exhaust air and the outside
supply air. During the heating season, this raises the temperature of the outside supply
air through heat transfer within the heat exchanger and typically adjusts the humidity of
the supply air through moisture transfer. By doing so, the amount of energy wasted in

heat through the exhaust air stream is reduced and energy is saved through decreased
load on the building heating system. ERVs are available as desiccant rotary wheels or
membrane plate exchangers [1].

Figure 1 is an illustration of a wheel-type energy recovery ventilator and functionality.
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Figure 1: Energy Recovery Ventilator*

WIHTER CONDITIONS

SUPFLY AR
83°F i
45°F Wm

RETURN AIR EXHALST AIR
el N ZI°F 8
447 D T0°F v

4 Ontario TRM



Commercial - Incremental Energy Recovery Ventilation - Code Baseline - NC/TNR

APPLICATION

The performance of the ERV can be quantified by its total effectiveness, which is a
function of both its sensible and latent effectiveness. Sensible refers to heat transfer and
latent refers to moisture transfer. Sensible effectiveness is defined as the ratio of actual
heat energy captured to the maximum heat energy that could be captured. Latent
effectiveness is defined as the ratio of actual moisture transferred to the maximum
moisture that could be transferred. Total effectiveness is defined similarly as the ratio of
actual energy transferred to the total energy transferred. These values are determined
during testing and both vary with temperature and moisture differences. Other
performance parameters to be considered are the pressure drop over the ERV, and the
method of frost control [2].

BASELINE TECHNOLOGY

The baseline is considered to be a building operating with the use of an ERV as per
Ontario Building Code 2017 (SB-10), as shown in Table 2. [3] [4]

Table 2. Baseline for Energy Recovery Ventilators

Type Efficiency

ERV with 55% Energy Recovery Effectiveness per Ontario

ERV Building Code (OBC)

EFFICIENT TECHNOLOGY

The efficient technology is defined as an ERV with a sensible heat recovery effectiveness
of at least 65% as shown in Table 3. Note, ENERGY STAR requires that qualifying ERVs
have a minimum rated sensible effectiveness of 60% at -13°F (-25°C) and 65% at 32°F
(0°C) [5].

Table 3. Efficient Technology for Energy Recovery Ventilators

Type Efficiency

ERV ERV with Minimum 65% Sensible Heat Recovery
e Effectiveness and 63% Total Energy Recovery

EE Effectiveness at 32°F at working airflow (CFM)
ERV ERV with Minimum 75% with Sensible Heat Recovery
) Effectiveness and 73% Total Energy Recovery

EE Effectiveness at 32°F at working airflow (CFM)
ERV ERV with Minimum 85% Sensible Heat Recovery
£.3 Effectiveness and 83% Total Energy Recovery

EE Effectiveness at 32°F at working airflow (CFM)

Ontario TRM 5



Commercial - Incremental Energy Recovery Ventilation - Code Baseline - NC/TNR

ENERGY IMPACTS

Heat and moisture are recovered from the outgoing exhaust air and added to the
incoming supply air. Natural gas savings are achieved because the supply air arrives at
the building heating equipment at a higher enthalpy than it would without an ERV. This
means that less energy is required to heat the supply air to the set point temperature.

There are potential cooling electric savings that are possible with an ERV. However,
those savings have not been quantified.

NATURAL GAS SAVINGS ALGORITHMS

The following algorithms are used to calculate the gas impact in cubic meters and are
formulae from ASHRAE Heating, Ventilating and Air Conditioning Systems and
Equipment Handbook 2012, chapter 26 [2]. The ASHRAE equations make the following
assumptions: no vapor condensation within the ERV, no cross transfer of anything but
moisture, no heat gains from fan motors, and equal supply and exhaust air flow rates.

The energy saved by an ERV is a function of the heat and moisture transfer rates
through the heat exchanger and the length of time it operates. The heat and moisture
transfer can be calculated from the enthalpy difference between the supply and exhaust
air entering the ERV, the total effectiveness of the ERV, the physical properties of air,
and the flow rate through the ERV. A defrost factor must also be considered to account
for the time that exhaust air is diverted through the core in order to prevent freezing,
which impedes the operation of the ERV.

Since the efficient technology is defined by the sensible heat recovery effectiveness, an
assumption for the total recovery effectiveness is needed to calculate the energy savings
for the measure. By comparing rated values of sensible heat recovery and total recovery
effectiveness from the Air Conditioning, Heating and Refrigeration Institute (AHRI)
database, [6] a relationship was developed between the two. This relationship is shown
in Figure 2.
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Figure 2. Total Effectiveness Versus Sensible Effectiveness
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Sensible effectiveness

Total recovery effectiveness is approximately two percent less than heat recovery
effectiveness. For instance, based on a sensible heat recovery effectiveness of 65%, a total
recovery effectiveness of 63% is assumed for the efficient technology in this measure.

The natural gas savings rates in Table 1 are calculated using the following formulae.

weeklyhrs
hrs = hrs;, X T hrs
168
week
and,
60min (ggg — 53%) p F
NG Savings = hrs X X X X (hs —h))x (1 - )
hr n 35,738 B_t;i 100%
m
Where,
hrs = Annual hours that the ERV is expected to be in use (hours/year)
hrspg = Number of hours in the heating season (hours/year)
weeklyhrs = Number of weekly operating hours (hours/week)
16822 = Number of hours in a week
week

NG Savings = Annual natural gas savings per CFM of ERV (m3/CFM/year)

60:; i = Conversion from minutes to hours
€EE = Total effectiveness of the high efficiency ERV (%)°
n = The efficiency of the building’s heating system (%)

Ontario TRM 7
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p = Density of air at 72°F (Ibm/ft?)
35,738 % = Conversion from Btu to m® of natural gas
hs = Enthalpy of the inside (exhaust) air entering the ERV (Btu/Ib)
hy = Enthalpy of the outside (supply) air entering the ERV (Btu/Ib)
DF = Defrost control de-rating factor (%)
53% = ERV Baseline Total Effectiveness

ASSUMPTIONS

Table 4 shows the list of assumptions used in the algorithms sections.

Table 4. Assumptions

Variable Definition Value Source
Hours in Heating Season, 55°F Common
hrshs Balance Temperature® 6,019 hrs assumptions table
- . o [6] and analysis in
eeel Total minimum effectiveness 63% this document
- . o [6] and analysis in
g2 Total minimum effectiveness 73% this document
- . o [6] and analysis in
€gg3 Total minimum effectiveness 83% this document
. . Common
3
p Density of the exhaust air 0.0741 Ibm/ft assumptions table
Efficiency of gas fired heating 80% Common
n equipment assumptions table
hy Avergge e_nthalpy of o_utS|de (supply) 11.82 Btu/lb
air during the heating season Common
assumptions table
hs Average enthalpy of inlet exhaust air 22.72 Btu/lb
RH+ Average outdoor relative humidity 76.6% Common
for heating season ’ assumptions table
RH3 Average indoor relative humidity 30% [9], [2]
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Variable Definition Value Source

DF Defrost control de-rating factor 5% [11, [2], [9], [10]
Average temperature of outside

T (supply) air during the heating 34.8 °F Common
season (OA temperature heating ' assumptions table

system enabled)
Average temperature of inlet Common
T3 exhaust air (Space temperature 68°F

setpoint)

assumptions table

The assumed weekly hours of operation for different building types are given in Table 5.

Table 5. Hours of Weekly Operation [9]

Building Type Hours of\ﬁ::;ation per
Multi-Family 168

Health Care 168

Nursing Home 168

Hotel 120
Restaurant 87

Retail 73

Office 64
Warehouse 61

School 54

EXAMPLE

For this example, it will be assumed that a new health care facility installs an ERV unit
working at 500 CFM with a total effectiveness of 73%. In this case the ez 2 is applicable.

hrs "
)
hrs = 6,253 hrs X —Whee" = 6,253
16822 year
week
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and,
) hrs 60 min by, (73% — 53%) 1
NG Savings = 6,253 o X p X 0.0741F X 80% X B
y 0 35,7383
x (22 728% 1182 Btu) x (1 5% ) —201™

b, b, 100%/  ~ " CFM - year

Therefore,

3 m3

NG Savings = 500 CFM x 2.01

— = 1,007
CFM - year year

USES AND EXCLUSIONS

Note measure is intended for buildings with an existing ERV, or new construction
buildings required to have an energy recovery system. For buildings without an existing
ERYV, or new buildings not required to have an energy recovery system, please see
supporting measure with no ERV baseline. Also:

e Measure not applicable to areas and rooms where 100% fresh air is required.

e Measure not applicable to areas and rooms where no recirculation is allowed by
codes or standards. For instance, CSA Z317.2_10 (Special Requirements for
Heating, Ventilation, and Air Conditioning (HVAC) Systems in Health Care
Facilities).

e Measure not applicable to areas and rooms where contaminants (gases and
vapors) may be present and the ERV may bring them back into the breathing
zone.

e Measure not applicable to systems where no DCV or scheduled setbacks are
required.

MEASURE LIFE

A 14-year measure life is recommended by DEER is based on KEMA-XENERGY’s
Retention Study of PG&Es 1996-1997 Energy Incentive Program. This study tracked
installed equipment over 6 years and used statistical analysis to calculate EUL [11].

INCREMENTAL COST

The incremental costs, representing differences in equipment costs, between baseline
units meeting minimum code efficiency and high efficiency units are $1.00 per cfm at
65%, $2.00 at 75%, and $3.00 at 85% efficiency® [12]
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COMMERCIAL — ENERGY RECOVERY VENTILATION (ERV) (No ERV
BASELINE) — NEW CONSTRUCTION/RETROFIT

Version Date and Revision History

Version

2.3 (minor update)

OEB Filing Date March 19, 2026

OEB Approval Date

Commercial-> Space Heating > Energy Recovery Ventilation> New
Construction/Retrofit

Table 1 provides a summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

Parameter Definitions
Measure New construction (NC), ERV not required by Ontario Building Code
Category Retrofit (R)
Baseline
Technology No ERV
ERV with Minimum 55% Sensible Heat Recovery Effectiveness' and
53% Total Energy Recovery Effectiveness at 32°F
ERV with Minimum 65% Sensible Heat Recovery Effectiveness and
Efficient 63% Total Energy Recovery Effectiveness at 32°F
Technology ERV with Minimum 75% with Sensible Heat Recovery Effectiveness and
73% Total Energy Recovery Effectiveness at 32°F
ERV with Minimum 85% Sensible Heat Recovery Effectiveness and
83% Total Energy Recovery Effectiveness at 32°F
Market Type Commercial
Gas:atvmgs Average Group
- 2 ate Gas Savings (m%/
Building Type (m*/working Group o
g CFM),
CFM), gz 1 e 1
EE

1 This measure is eligible for commercial buildings where Energy Star does not apply (the applicable OBC code is

Supplementary Standard SB-10).

Some commercial buildings are required by SB-10 to have Energy Recovery Ventilation or Heat Recovery Ventilation with
a minimum of 55% sensible effectiveness. For buildings with no code requirement, systems that bring efficiency up to
code level (55% sensible effectiveness) are eligible.
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Parameter Definitions
Multi-Family, Health
Annual Gas Care and Nursing 5.14 High Use 5.14
Savings Rate with Homes
a Minimum ERV
Sensible Heat Hotels 3.67
Recovery Restaurant 2.66 Medium Use 2.85
Effectiveness of
55%, Retail 2.23
3 .
ggl\;)ﬁm / working Office 1.96
Warehouse 1.87 Low Use 1.82
School 1.65
Gas Savings Average Group
Rate Gas Savings
Building Type (m3/working Group (m3/working
CFM), ¢, 2 CFM),
Egg 2
Annual Gas
Savings Rate with MUltl-Famlly, Health
a Minimum ERV Care and Nursing 6.11 High Use 6.11
Sensible Heat Homes
Recovery
Effectiveness of Hotels 4.36
65%, Restaurant 3.16 Medium Use 3.39
egg 2 (M3 working
CFM)! Retail 2.65
Office 2.33
Warehouse 2.22 Low Use 217
School 1.96
Gas Savings Average Group
Rate Gas Savings
Building Type (m3/working Group (m3/working
CFM), CFM),
egp 3 €gg 3
Annual Gas
Savings Rate MUIt|'Fam|ly, Health
With a Minimum Care and Nursing 7.08 High Use 7.08
ERV Sensible Homes
Heat Recovery
Effectiveness of Hotels 5.05
75%, Restaurant 3.66 Medium Use 3.93
egg 3 (M3 working
CFM)’ Retail 3.07
Office 2.70
Warehouse 2.57 Low Use 2.51
School 2.27
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Parameter Definitions
Gas Savings Average Group
Rate Gas Savings
Building Type (m3/working Group (m3/working
CFM), CFM),
Epp 4 Epp 4
Annual Gas
Savings Rate with MUItl'Fam”y, Health
a Minimum ERV Care and Nursing 8.04 High Use 8.04
Sensible Heat Homes
Recovery
Effectiveness of Hotels 575
85%, Restaurant 417 Medium Use 4.47
egg 4 (M3 working
CFM)! Retail 3.50
Office 3.06
Warehouse 2.92 Low Use 2.86
School 2.59
Electric Average Group
A Impact Rate Electric Impact
Building Type |\ \hiworking |  GroUP (kWh/working
CFM) CFM)
Multi-Family, Health
Care and Nursing -5.00 High Use -5.00
Annual Electric Homes
Impact? (kWh/ Hotels -3.57
working CFM) ,
Restaurant -2.59 Medium Use -2.78
Retail -2.17
Office -1.90
Warehouse -1.81 Low Use -1.77
School -1.61
Measure Life 14 Years

Incremental First
Cost ($ CAD)

gpp 1

Integrated ERV

Standalone or Bolt-On ERV

$4.86/CFM

$7.80/CFM

Incremental Cost
($ CAD)

$4.86 + $1.00 per CFM at g5 2

$7.80 + $1.00 per CFM at g5 2

$4.86 + $2.00 per CFM at g5 3

$7.80 + $2.00 per CFM at g5 3

2 The electric impact does not apply when the ERV unit is installed as part of an integrated HVAC package.
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$4.86 + $3.00 per CFM at e;;4 $7.80 + $3.00 per CFM at g4

This measure is not eligible in areas where:
+ ERV s required by building code,

*  100% of the exhaust air must be evacuated from the building in
order to avoid cross contamination, and therefore 100% fresh air is
required such as described in OBC section 1.1.1.4.

o * No recirculation is allowed by codes or standards. For instance, any
Restrictions limitations as per CSA Z317.2_10 (Special Requirements for
Heating, Ventilation, and Air Conditioning (HVAC) Systems in Health
Care Facilities),

+ Contaminants (gases and vapors) may be present and the ERV may
bring them back into the breathing zone-

+ Systems where DCV or scheduled setbacks are used during
operated hours?

OVERVIEW

An energy recovery ventilator (ERV) refers to heat exchanger equipment that is
designed to transfer heat and moisture between the building exhaust air and the outside
supply air. During the heating season, this raises the temperature of the outside supply
air through heat transfer within the heat exchanger and typically adjusts the humidity of
the supply air through moisture transfer. By doing so, the amount of energy wasted in
heat through the exhaust air stream is reduced and energy is saved through decreased
load on the building heating system. ERVs are available as desiccant rotary wheels or
membrane plate exchangers. [1].

One of the components of ERVs is circulation fans, which are typically high efficiency
electrically commutated motors. These will consume more electrical energy in cases
where the ERV unit is added to the existing HVAC system as a standalone or bolt-on
unit [1]- No penalty is assigned if the ERV is integrated as part of the HVAC packaged
system installed in new construction because the higher efficiency of the new fans
compensates for the additional static pressure. Figure 1 is an illustration of a wheel-type
energy recovery ventilator and functionality.

3 These configurations require that projects be submitted as custom measures.
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Figure 1: Energy Recovery Ventilator*
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4 From http://www.acelaenergy.com/aloha/products/energy-recovery/, 12/10/2014.
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APPLICATION

The performance of the ERV can be quantified by its total effectiveness, which is a
function of both its sensible and latent effectiveness’. Sensible refers to heat transfer and
latent refers to moisture transfer. Sensible effectiveness is defined as the ratio of actual
heat energy captured to the maximum heat energy that could be captured. Latent
effectiveness is defined as the ratio of actual moisture transferred to the maximum
moisture that could be transferred. Total effectiveness is defined similarly as the ratio of
actual energy transferred to the total energy transferred. These values are determined
during testing and both vary with temperature and moisture differences. Other
performance parameters to be considered are the pressure drop over the ERV, and the
method of frost control [2].

BASELINE TECHNOLOGY

The baseline is considered to be a building operating without the use of an ERV as
shown in Table 2. This implies that no energy recovery is taking place between the
incoming outside supply air and the exhausting inside air.

Table 2. Baseline for Energy Recovery Ventilators

Type Efficiency

No ERV No Energy Recovery

EFFICIENT TECHNOLOGY

The efficient technology is defined as an ERV with a sensible heat recovery effectiveness
of 55%, 65%, 75%, and 85% as shown in Table 3. Note, ENERGY STAR requires that
qualifying ERVs have a minimum rated sensible effectiveness of 60% at -13°F (-25°C)
and 65% at 32°F (0°C) [3].

Table 3. Efficient Technology for Energy Recovery Ventilators

Type Efficiency

ERV Minimum 55% Sensible Heat Recovery
Effectiveness and 53% Total Energy Recovery

egpl Effectiveness at 32°F at working airflow (CFM)
ERV Minimum 65% Sensible Heat Recovery

P Effectiveness and 63% Total Energy Recovery
EE

Effectiveness at 32°F at working airflow (CFM)
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Type Efficiency

ERV Minimum 75% with Sensible Heat Recovery
Effectiveness and 73% Total Energy Recovery

€gp3 Effectiveness at 32°F at working airflow (CFM)
ERV Minimum 85% Sensible Heat Recovery

el Effectiveness and 83% Total Energy Recovery
EE

Effectiveness at 32°F at working airflow (CFM)

ENERGY IMPACTS

Heat and moisture are recovered from the outgoing exhaust air and added to the
incoming supply air. Natural gas savings are achieved because the supply air arrives at
the building heating equipment at a higher enthalpy than it would without an ERV. This
means that less energy is required to heat the supply air to the set point temperature.

An electrical penalty is incurred due to the operation of ERV fans or increased load on
central fans, except when the ERV is integrated as part of the HVAC package. There are
potential cooling electric savings that are possible with an ERV. However, those savings
have not been quantified.

NATURAL GAS SAVINGS ALGORITHMS

The following algorithms are used to calculate the gas impact in cubic meters and are
formulae from ASHRAE Heating, Ventilating and Air Conditioning Systems and
Equipment Handbook 2012, chapter 26 [2]. The ASHRAE equations make the following
assumptions: no vapor condensation within the ERV, no cross transfer of anything but
moisture, no heat gains from fan motors, and equal supply and exhaust air flow rates.

The energy saved by an ERV is a function of the heat and moisture transfer rates
through the heat exchanger and the length of time it operates. The heat and moisture
transfer can be calculated from the enthalpy difference between the supply and exhaust
air entering the ERV, the total effectiveness of the ERV, the physical properties of air,
and the flow rate through the ERV. A defrost factor must also be considered to account
for the time that exhaust air is diverted through the core in order to prevent freezing,
which impedes the operation of the ERV.

Since the efficient technology is defined by the sensible heat recovery effectiveness, an
assumption for the total recovery effectiveness is needed to calculate the energy savings
for the measure. By comparing rated values of sensible heat recovery and total recovery
effectiveness from the Air Conditioning, Heating and Refrigeration Institute (AHRI)
database, [4] a relationship was developed between the two. This relationship is shown
in Figure 2.
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Figure 2. Total Effectiveness Versus Sensible Effectiveness
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Total recovery effectiveness is approximately two percent less than heat recovery
effectiveness.

The natural gas savings' rates in Table 1 are calculated using the following formulae.

weeklyhrs
hrs = hrs;, X  hrs
168 —
week
and,
NG Savi s x 2O EbE P (hy—h)x(1——E
avings = hrs — X 3—hy -
hr n 35738 B_tg 100%
m
Where,
hrs = Annual hours that the ERV is expected to be in use (hours/year)
hrsys = Number of hours in the heating season (hours/year)
weeklyhrs = Number of weekly operating hours (hours/week)
168 22 = Number of hours in a week
week

NG Savings = Annual natural gas savings per CFM of ERV (m?/CFM/year)
Gogin = Conversion from minutes to hours
EpE = Total effectiveness of the high efficiency ERV (%)°
n = The efficiency of the building’s heating system (%)
p = Density of air at 72°F (Ibw/ft°)

5 Note, for this analysis the rated total effectiveness is being used as an average total effectiveness.
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Btu

35,738— = Conversion from Btu to m® of natural gas

hs = Enthalpy of the inside (exhaust) air entering the ERV (Btu/Ib)
hy = Enthalpy of the outside (supply) air entering the ERV (Btu/lb)
DF = Defrost control de-rating factor (%)

ELECTRIC ENERGY PENALTY ALGORITHMS (FOR ERVS ADDED To AN
EXISTING SYSTEM)

The electric penalty is based on the ENERGY STAR minimum fan efficiency
requirements of 0.83 W/CFM. Using this value, and the calculated hours of ERV
operation from the natural gas algorithms, the kWh electric penalty can be calculated
using the following equation.

The kWh fan penalty analysis presumes that the system has an automatic bypass
damper so that there is no added pressure drop during hours when heat recovery is not

needed.
kWh penalty = —0.83£ X hrs =+ 1000K
CFM kw
Where,
kWh penalty =The annual electric penalty per CFM of ERV capacity
(kWh/CEM/year)
0.83 % = Minimum efficacy to be qualified for ENERGY STAR (1.20
CEM/W)
hrs = Annual hours that the ERV is expected to be in use (hours/year)

ASSUMPTIONS

Table 4 shows the list of assumptions used in the algorithms sections.

Table 4. Assumptions

Variable Definition Value Source
Hours in Heating Season, 55°F Common
hrsns Balance Temperature® 6,019 hrs assumptions table

® The annual heating hours, and average outside air temperature, assume an average building balance temperature of
55°F, which is the temperature at which neither heating nor cooling is required. The actual balance point for a particular
application will vary based on building construction, internal loads, HVAC system zoning, and other factors.
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Variable Definition Value Source
. . o [4] and analysis in
cgel Total minimum effectiveness 53% this document
. . o [4] and analysis in
EEp2 Total minimum effectiveness 63% this document
. . o [4] and analysis in
&pp3 Total minimum effectiveness 73% this document
. . o [4] and analysis in
g4 Total minimum effectiveness 83% this document
. . Common
3
o Density of the exhaust air 0.0741 lbm/ft assumptions table
Efficiency of gas fired heating 80% Common
n equipment assumptions table
hy Avergge epthalpy of ogtS|de (supply) 11.82 Btu/lb
air during the heating season Common
assumptions table
h; Average enthalpy of inlet exhaust air 22.72 Btu/lb
Fan -
. Assumed fan efficiency 0.83 W/ICFM [3]
Efficiency
. - Common
o,
RH+ Average outdoor relative humidity 76.6% assumptions table
RHs Average indoor relative humidity 30% [7], [2]
DF Defrost control de-rating factor 5% [11[2118] [7]
Average temperature of outside
T (supply) air during the heating 34 8°F Common
! season (OA temperature heating ' assumptions table
system enabled)
Average temperature of inlet Common
Ts exhaust air (space temperature 68°F . bl
setpoint) assumptions table

The assumed weekly hours of operation for different building types are given in Table 5.

7 All air-to-air heat recovery equipment requires frost control in colder climates to prevent freeze-up of exhaust air

condensate on heat exchange components. There are different types of frost control methods and depending on the
defrost control system, annual heat recovery estimates should be reduced by 5% to 15%. The cited Nexant document
specifically considers the factor for Ontario (p. 6-47 and 6-48) and recommends 5% as a conservative value.

10
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Table 5. Hours of Weekly Operation [7]

Building Type Hours of\ﬁg:;ation per
Multi-Family 168

Health Care 168

Nursing Home 168

Hotel 120
Restaurant 87

Retail 73

Office 64
Warehouse 61

School 54

EXAMPLE

For this example, it is assumed that a new health care facility installs an ERV unit
working at 500 CFM with a total effectiveness of 63%. In this case the eg2 is applicable.

hrs
168" hrs
hrs = 6,019 hrs x —Week _ ¢ 919
168105 year
week
and,
NG Savi 6,019 hrs 60mun 0.0741 b ! (22 72 Btu 11.82 Btu)
= X x 0. B —  x|(2272—-11.82—
awmgs = o0 ear * " hr fte Btu b b
35,738 =% m m
(1- ) = a1
100%/ CFM - year
Therefore,
3 3

NG Savi =500 CFM X 611 — = 3,053
avings CFM - year year

The electrical penalty can be calculated as the following.
hrs 1kW kWh

w
kWh lty =500 CFM x —0.83 —— x 6,019 X = 498
penaity CFM year  1000W ' year
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USES AND EXCLUSIONS

e Restriction for New Building Construction: This measure is not applicable to
buildings in which an ERV is required by Ontario Building Code. [9] Note please
see supporting measure that utilizes code minimum as baseline for these
scenarios.

e Restriction for New Building Construction: This measure is not applicable to
systems serving health care spaces indicated in Table 1 because heat recovery is
required by CSA Z317.2-01

MEASURE LIFE

A 14-year measure life is recommended by DEER and is based on KEMA-XENERGY’s
Retention Study of PG&Es 1996-1997 Energy Incentive Program. This study tracked
installed equipment over 6 years and used statistical analysis to calculate EUL [10].

INCREMENTAL COST

Table 6 demonstrates the first incremental cost of energy recovery ventilators. The first
incremental costs were developed by ERS using RSMeans and were corroborated with
manufacturer data. The costs for integrated systems were found to be $4.86/CFM for
ERVs integrated into HVAC systems and $7.80/CFM for standalone systems [11]. The
increased cost from integrated to standalone or bolt-on systems is due to the additional
materials and equipment required and the added labor for integrating the standalone or
bolt-on system with the existing ventilation system.

The first costs represent the incremental costs between no ERV and 55% efficient units.
Additional incremental costs between high efficiency units are $1.00 per CFM at 65%,
$2.00 at 75%, and $3.00 at 85% efficiency?® [12].

Table 6. Incremental Cost® [11]

Measure Type Cost
First Cost Integrated
First Cost Bolted-on

$7.80/CFM

systems

8 Based on a manufacturer’s estimate that typical incremental installed cost premium for 85% efficiency heat recovery
units are $3.00 /cfm greater than for 50% efficiency units.

9 Converted to CAD based on Daily Currency Converted for Bank of Canada, as of 11/30/2016.
(http://www .bankofcanada.ca/rates/exchange/daily-converter/)
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Commercial >Food Service > ENERGY STAR Convection Oven — Full Size
->New Construction/Time of Natural Replacement

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definitions

Measure Category

New Construction (NC)

Time of Natural Replacement (TNR)

Baseline Technology

A conventional, full-size single, standard depth convection oven

Efficient Technology A full-size ENERGY STAR rated convection oven
Market type Commercial
Annual Natural Gas 954 m@
Savings (m3) m
Annual Electric
Savings (kWh) 44.2 kWh
Measure Life 12 years
Incremental Cost
3 $1,200

CAD)

Restrictions

Restricted to full sized, single, standard depth convection ovens using
natural gas.

OVERVIEW

Convection ovens are used in commercial and institutional food service preparation as
an alternative to conventional ovens. As food cooks in a conventional oven, it is
surrounded by a layer of cooler air due to the lower temperature of the food item(s)

being cooked. Convection ovens differ from conventional ovens in that a motorized fan




Commercial - ENERGY STAR Convection Oven - Full Size - NC/TNR

(or blower) pulls in air from the oven cavity, heats it, and distributes it back into the
oven cavity, resulting in a faster and more even cooking process. Convection ovens are
thermostatically controlled appliances. The oven is left on during operations and cycles
on and off to maintain the desired temperature setting. [1] This measure focuses on full
size commercial convection ovens. Convection ovens consume natural gas when they
are pre-heating, idling and cooking. “Standard gas convection ovens have a 30% cooking
energy efficiency and an idle energy rate of 19,000 Btu/h, whereas ENERGY STAR
certified gas convection ovens must meet the specification requirements of 46% cooking
energy efficiency and idle energy rate of 12,000 Btu/h.” [2]

APPLICATION

This measure applies to the installation of a full size ENERGY STAR qualifying
convection oven in commercial and industrial food processing settings. Convection
ovens are designed to cook food within a heated enclosed space, with the food being
manually placed into the oven and removed when the cooking process is complete.

BASELINE TECHNOLOGY

The baseline technology is a full size single, standard depth convection oven that is not
ENERGY STAR rated.

EFFICIENT TECHNOLOGY

The efficient technology is a full size, single, standard depth convection oven that is
ENERGY STAR rated. Table 2 shows the requirements for this measure.

Table 2. Efficient Technology [2]

Type ENERGY STAR Requirements

ENERGY STAR Convection Idle rate < 12,000 Btu/hr and cooking energy efficiency
Oven - Full Size, single, of 2 46%

standard depth

ENERGY IMPACTS

The primary energy impact associated with the installation of a full-size single, standard
depth ENERGY STAR convection oven is a reduction in natural gas required during pre-
heating, idling, and cooking. ENERGY STAR qualified gas convection ovens must meet
the specification requirements of 46% cooking energy efficiency and idle energy rate of
12,000 Btu/h. The savings are achieved through reduced cooking time and lower idle
energy rate.

There are electric savings resulting from decreased operating hours of the convection fan
due to the reduced cooking time.
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NATURAL GAS SAVINGS ALGORITHM

The energy savings algorithm compares the annual energy usage of the standard
convection equipment and ENERGY STAR qualifying convection ovens. To determine
total energy usage, the calculation must determine the energy consumed in the pre-
heating, cooking, and idling modes.

The algorithm is based upon the methodology utilized by the Food Service Technology
Center. The calculation to determine the energy usage of baseline and ENERGY STAR
ovens is as follows:

NG Usage = Days X (Daily Preheat + Daily Idle + Daily Cooking )

where,

NG Usage = the amount of natural gas used by the oven annually in
Btu/year

Days = the number of days per year the oven is in use

Daily Preheat = the amount of natural gas used to preheat the oven daily
in Btu/day

Daily Idle = the amount of natural gas used when the oven is in idle
mode in Btu/day

Daily Cooking = the amount of natural gas used when the oven is cooking
in Btu/day

The “Daily Idle” usage is calculated by the following equation:
Daily Idle = Idle Time X Idle Rate
where,
Idle Time = length of time the unit is idle per day in hours.
Idle Rate = energy consumed during idling in Btu/hr

The idle time is calculated by subtracting the preheat time and the times the ovens are in
heavy load cooking mode from the number of hours the equipment is on per day. This
is shown in the following expression:

Idle Time = Total Operating Hours — Preheat Time — Daily Cooking Time

where,
Total Operating Hours = length of time in hours where unit is turned on
Preheat Time = length of time in hours when unit is in preheat
mode
Daily Cooking Time = length of time in hours where unit is cooking

The daily cooking time is calculated with the following equation:
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Food Weight

Daily Cooking Time = Production Capacity
where,
Food Weight = average quantity of food cooked in unit per day in
Ibs/day

Production capacity = the maximum production rate of the appliance while
cooking in accordance with the heavy-load cooking test in
Ibs/hr
Finally, the daily energy consumed during cooking is calculated as follows:
Food Weight x ASTM Energy to Food Rate

Daily Cooking Time = Ef ficiency
where,
Food Weight = average quantity of food cooked in unit per day
in Ibs
ASTM Energy to Food Rate = rate at which energy is transferred to food in
Btu/lb
Efficiency = efficiency of the unit

The savings is then calculated from the difference between the baseline and efficient

cases.
1m3
NGsavings = (NG Usagepgseiine — NG Usagegngrey star) X m
where,
NGsapings = annual reduction in natural gas consumption in
m?/year
NG Usagepgsetine = annual energy usage of a conventional oven in
Btu/year
NG Usagegnerey sTar = annual energy usage for an ENERGY STAR oven
in Btu/year

ELECTRIC SAVINGS ALGORITHMS

The electric savings result from the reduction in fan energy from the reduced cooking

time. The electric savings are calculated as follows:
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EleCSavings = (Daily COOkiTlg TimeConventional - Daily COOking TimeENERGY STAR)

kw
X HPfgp X 0.7457E X Days

Where,

Elecsqpings = annual reduction in electric consumptions in
kWh/year

Daily Cooking Timeconyentionar = Cooking time for a conventional convection

oven in hours

Daily Cooking Timegygrgy star = Cooking time for an ENERGY STAR convection

oven in hours

HPfan = Horsepower of convection fan
Days = the number of days per year the oven is in use
ASSUMPTIONS

The assumptions used to calculate natural gas savings are shown in Table 3.

Table 3. Assumptions

Parameter Baseline Effli-cl:ig:\cy Source
Food service days per year 344 assuﬁw%?&?table
Preheat Time (hrs) 0.20 [3]
Total Operating Hours (hrs) 12 [4]
Preheat Energy (Btu/day) 19,000 11,000 [5]

Idle Time (hrs/day) 10.4 10.6 Calculated
Idle Rate (Btu/hr) 18,000 11,758 [5]
Food Weight (Ibs/day) 100 [5]
,(A\BStI/I?/tI))Energy to Food Rate 250 [5], [6], [7]
Production Capacity (Ibs/hr) 70 83 [5]
Efficiency 30% 46% [2]
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High

Parameter Baseline Effici Source
iciency
Convection oven fan power? 0.75 hp
i Common
3
Energy density of natural gas 35,738 Btu/m assumptions table

SAVINGS CALCULATION EXAMPLE

The example below illustrates how the savings value is determined for an ENERGY
STAR convection oven — full size, single, standard depth, with typical hours of usage.

Daily Conventional Convection Oven Usage:

Btu
Daily Preheat = 19,000 —
day
lbs
. . . 100 day hrs
Daily Cooking Time = ———— =143 —
lbs day
0%
r
hrs hrs hrs hrs
Idle Time =12——-02——-143—=104—
day day day day
Daily Idle = 10.4 hrs x 18 OOOBtu = 186,686 Btu
any fate = 25 day ’ hr " day
lbs Btu
Daily Cooking = ey * 207 _ 83,333 0%
Y g= 30% — 9 ey

Btu Btu Btu days Btu
NG Usage = (19,000— + 186,686 — + 83,333—) X 344 —— = 99,422,536
day day day year

year

Daily ENERGY STAR Convection Oven Usage:

Btu
Daily Preheat = 11,000—
day

! Looking at several manufacturers’ websites, the convection fan range in size from 0.5 hp to 0.75 horsepower.
(http://montaguecompany.com/uploads/documents/Vectaire-Full-Size-Gas-Convection-Double-Oven-Models-2-70-and-2-
115-Spec-Sheet.pdf, http://www.centralrestaurant.com/Gas-Convection-Oven---Double-Stack-120000-BTU-Snorkel-Gas-
¢105p29049.html, http://www.garland-

group.com/docs/uploaded/gar/products/G GO SS CONVECTION MC0G10SD.pdf

http://www.blodgett.com/blodgett products/dfg-100-es/)

Ontario TRM 6



Commercial - ENERGY STAR Convection Oven - Full Size - NC/TNR
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100-4bs. lbs
) ) ) day hrs
Daily Cooking Time = ———— = 1.20——
83 lbs d
hr
hrs hrs hrs hrs
Idle Time =12——-02—-1.20——=10.6——
day day day day

hrs Btu Btu
Daily Idle = 10.6 — X 11,758 — = 124,578 —
day hr

day

lbs Btu
Daily Cookin, _ 100y * 25075 _ 543485
Y 9= 46% " Tday

Btu Btu Btu days Btu
NG Usage = (11,000— + 124,578 —+ 54,348—) X 344 —— = 64,334,544
day day day year year

Natural Gas Savings:
3

, = —_ X ——=
NGsapings = (99,422,536 — 64,334,544) 73800 954year

Electric Savings:

EleCSavings = (Daily COOking TimeCOnventional - Daily COOking TimeENERGY STAR)

kW  Days
X HPfqpn X 0.7457—HP X Yoar
Elecsgpings = (1.43 hours —-1.20 hourS) X 0.75 HP X 0.7457—kW X 344 _days =442 kWh
gs day day hp year
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USES AND EXCLUSIONS

To qualify for this measure the full size, single, standard depth convection oven must be
utilized for food preparation or processing with natural gas as its energy source and
must be ENERGY STAR rated.

MEASURE LIFE

The measure life attributed to this measure is 12 years. [5]

INCREMENTAL COST

The incremental cost is summarized in the table below. [8]

Description Cost CAD (%)
Baseline cost $4,279
Energy Efficient cost $ 5,479
Incremental cost $1,200
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Table 1 shows the key measure parameters including the savings for each type of

dishwasher.

Table 1. Measure Key Data

Parameter

Definitions

Measure Category

New Construction, Time of Natural Replacement

Baseline A non-ENERGY STAR® rated dishwasher
Technology
Efficient An ENERGY STAR® rated! dishwasher
Technology
Market Type Commercial
Savings
Dishwasher Type Natural Gas (m?®) | Electric (kWh) Water (liters)
High Temperature Dishwashers
Annual Natural Gas | |Under Counter 285 2,767 41,995
. 3 . -
Savings (m3) gtatlonary Single Tank 1,262 6,032 185,951
Annual Electric oor
. Single Tank Conveyor 1,167 7,599 171,888
Savings (kWh) .
Multi Tank Conveyor 2,970 14,386 437,533
Annual Water Low Temperature Dishwashers
Savings (liters) Under Counter 438 1,405 64,458
Stationary Single Tank 2.846 046 419,302
Door
Single Tank Conveyor 2,546 3,474 375,028
Multi Tank Conveyor 3,447 3,375 507,851
Dishwasher Type High and Low Temperature (years)
Under Counter 10
Measure Life Stationary Single-Tank 15
Door
Single-Tank Conveyor 20
Multi-Tank Conveyor 20

1 Based on qualifying products under ENERGY STAR Commercial Dishwasher Product Criteria V 3.0
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Parameter Definitions
Dishwasher Type High Temperature Low Temperature
Under Counter $2,538 $293
Incremental cost Stationary Single-Tank $1.247 $830
($ CAD) Door
Single-Tank Conveyor $2,570 $0
Multi-Tank Conveyor $1,216 $1,216
Restrictions Commercial facilities with natural gas hot water heating.
OVERVIEW

Dishwasher types are broken into two primary categories: high temperature and low
temperature. High temperature dishwashers use a booster water heater to heat the
already hot tap water to a minimum of 180°F [1] as required by Ontario’s Health
Protection and Promotion Act, O. Reg 493/17 [2]. At these temperatures, hard-to-remove
residues like lipstick and grease are dissolved without the need for additional sanitizing
chemicals. These dishwashers have the additional benefits of shorter wash cycles and
less water use per cycle. Low temperature dishwashers require chemical sanitizers and
may require multiple cycles to clean hard to remove residues. Low temperature
dishwashers are less expensive than high temperature models. For this measure, booster

heaters are assumed to be electric, as they are most prevalent, although natural gas
booster heaters are available.

Besides high and low temperature categories, dishwashers can be further categorized by
the volume of dishes or the number of racks they handle. Types of dishwashers in order
of increasing capacity are under-counter, stationary rack, and rack conveyer. Under-
counter types are like residential dishwashers and can handle up to 35 racks per hour.

Stationary rack or pull-down-hood dishwashers are suitable for small commercial

settings and can handle up to 80 racks an hour. Conveyer dishwashers pull racks

through on a conveyer system and can handle up to 400 racks per hour [3].

Conveyer-type dishwashers are configured with either one tank for circulation water or
several; one for each stage of the wash cycle (wash, rinse, and sanitize). Multiple-tank
dishwashers can handle up to 600 racks per hour and have different ENERGY STAR
requirements from their single-tank counterparts.

ENERGY STAR-qualified dishwashers are performance rated for water use per rack and
idle power draw. Each type of dishwasher has its own product qualification criteria as
outlined in Table 3. The water consumption values are a key component used in the
calculation of energy consumption for dishwashers.
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APPLICATION

This applies to the installation of ENERGY STAR-rated? dishwashers in a commercial
setting.

BASELINE TECHNOLOGY

The baseline technology is a standard dishwasher that does not meet the ENERGY STAR
criteria due to their low efficiency and high idle energy rate.

EFFICIENT TECHNOLOGY

ENERGY STAR-rated dishwashers must have idle energy and water consumption rates
as defined in Table 2.

Table 2. ENERGY STAR Energy Efficiency Requirements for Commercial Dishwashers [4]

High Temperature Efficiency Low Temperature Efficiency
Requirements Requirements
Machine Type Water Water
13 [Erere Consumption Gl [Enoe Consumption
1 1
Rate (kW) (GPR)? Rate (kW) (GPR)?
Under Counter <0.30 kW <0.86 GPR <0.25 kW <1.19 GPR
Stationary
Single Tank <0.55 kW <0.89 GPR <0.30 kW <1.18 GPR
Door
g'”g'e Tank < 1.20 KW <0.70 GPR < 0.85 kW <0.79 GPR
onveyor
E"“”'p'e Tank < 1.85 kW <0.54 GPR < 1.00 KW <0.54 GPR
onveyor

" 1dle results should be measured with the door closed and represent the total idle energy consumed by the machine
including all tank heater(s) and controls. Booster heater (internal or external) energy consumption should not be part
of this measurement unless it cannot be separately monitored per the ENERGY STAR Test Method [4].

2 GPR = gallons per rack

ENERGY IMPACTS

Natural gas and electrical savings are achieved because the higher efficiency equipment
requires less heated water and typically less electricity for each load than its baseline
non-ENERGY STAR counterpart.

2 Based on qualifying products under ENERGY STAR Dishwashers Product Criteria V 3.0 [4]
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NATURAL GAS, WATER, AND ELECTRICAL SAVINGS ALGORITHMS

The following algorithms are referenced from the ENERGY STAR Commercial Kitchen
Equipment Calculator for dishwashers.

The natural gas savings are a function of the water saved by the energy efficient
technology, and the electrical savings are a result of lower idle energy rates.

First, the annual water consumption is calculated for both the baseline and ENERGY
STAR-rated dishwashers based on the water use per rack (GPR) and the number of racks
washed per day (RPD). Next, the heat input required to raise the water to the desired
temperature (Qin) is calculated on a per gallon basis. Finally, the fuel savings (natural
gas) are calculated using results from the previous calculations.

Water Savings Algorithms

1. Calculation of the water consumed by the dishwasher

Water = GPR X RPD X days

where:
Annual water consumption of the dishwasher
Water =
(gallons/year)
Gallons per rack water consumption of dishwasher
GPR =
(gal/rack)
RPD = Racks washed per day (racks/day)
days = Annual days of operation (days/year)

2. Calculation of the Annual water savings

Watersqyings = Water, — Waterg

where:
Watersqpings = Annual water savings (gallons/year)
Water, _ Annual water consumption of the baseline
dishwasher (gallons/year)
Annual water consumption of the ENERGY STAR
Waterg =

dishwasher (gallons/year)
Natural Gas Savings Algorithms

1. Calculation of the water temperature increase that is satisfied by the
building’s water heating system

AT =Ty — Toue
where:

AT = Temperature increase required by building heating

4 Ontario TRM



Commercial - ENERGY STAR Dishwashers - NC/TNR

system to heat city supply water to feed hot water tank
(°F)

City supply water temperature (°F)

Commercial hot water tank temperature (°F)

TIn

Tout

2. Calculation of the water heater natural gas consumption

anzATXCPX

pP
EffGas

where:
Qm Water heater specific energy consumption (Btu/gal)

AT = Temperature increase required by building heating
system to heat city supply water to feed hot water tank

(°F)

Cp = Specific heat of water (Btu/lb °F)
p = Density of water (Ib/gal)
Effeas = Building water heating system efficiency (%)

3. Calculation of the natural gas savings

an X Watersavings

NGsavings = 35 738

where:
NGsapings = Natural Gas savings (m%/yr)
Watersqpings = Annual water savings (gallons/year)
35,738 = Energy density of natural gas (Btu/m?)

Electricity impact Algorithms

Dishwashers use electricity while idle, called the idle energy rate (IER), and are
performance rated for this parameter by ENERGY STAR. The electricity consumption of
a dishwasher can be calculated from the idle energy rate and by calculating the amount
of time that the machine spends idle.

1. Calculation of electricity consumption of a dishwasher

T™WT
Elec = IER X (hrs X days — days X RPD X W)
where:
Elec = Annual electricity consumption (kWh)
IER = Idle energy rate (kW)
hrs = Average daily operation (hours/day)
days = Annual days of operation (days/year)
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RPD
TWT
60

Racks washed per day (racks/day)
Typical wash time (minutes)
Conversion factor (min/hr)

2. Calculation of electricity impact

Elecsavings—ldle = Elecy, — Elecg

where:

Elecsavings—ldle
Elec,

Elecg

Annual electricity impact (kWh/yr)

= Annual electricity consumption for the baseline
dishwasher(kWh/yr)
Annual electricity consumption for the ENERGY
STAR dishwasher(kWh/yr)

For high temperature models there is also an electric component that is attributable to
the booster heater, which is responsible for heating the supply water from 140°F to
180°F. The energy required to heat the water the additional 40°F is calculated in a way
similar to that for the primary natural gas water heater by first calculating the kWh per
gallon required to raise the temperature of the water the desired amount.

3. Calculation of the water temperature increase that is satisfied by the electrical

booster heater

ATgoost = Tset — Tout
where:

ATBoost =

Tset

Tout

Temperature difference between the primary water
heater setpoint and the booster heater high temperature
setpoint (°F)

Booster heater high temperature setpoint (°F)
Commercial hot water tank temperature (°F)

4. Calculation of the booster heater electricity consumption

QBoost = ATgoost X Cp

where:

QBoost

ATBoost =

p

X
Ef feiec X 3,412

Energy required to raise the temperature of the water
from the primary water heater set point to the high
temperature set point of the booster heater (kWh/gallon)
Temperature difference between the primary water
heater setpoint and the booster heater high temperature
setpoint (°F)
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Cp = Specific heat of water (Btu/Ib °F)

p = Density of water (Ib/gal)

Ef friec = Efficiency of the electrical booster heater (%)
3,412 = Conversion factor (Btu/kWh)

5. Calculation of the booster heater electricity impacts

Elecgoost = Qpoost X Watersavings

where:
Elecpoost = Annual electricity impacts from the booster heater
(kWh/yr)
Watersayings = Annual water savings (gallons/year)

6. Calculation of the booster heater total electricity impacts- High Temp
dishwasher

Elecsavings = Elecsavings—ldle + EleCBoost

where:
Elecsapings = Total annual electricity impacts for high temp.
dishwasher (kWh/yr)
Elecpoost = Annual electricity impacts from the booster heater
(kWh/yr)

Elecsqpings—1ate = Annual electricity impact (kWh/yr)

ASSUMPTIONS

Table 3 shows the list of common assumptions used in the savings algorithm.

Table 3. Assumptions

Inputs for Baseline

Variable Definition and Energy Efficient Source/Comments
Options
Cr Specific heat capacity of water 1.00 Btu/lb °F Commont:;seumptlons
p Density of water 8.29 Ib/gal (US) Commont:;seumptlons
Tin City supply water temperature 47 4°F Commont:t?lzumptlons
T Commercial hot water tank 140°F Common assumptions
out temperature table

Commercial hot water booster

Tset heater high temperature setpoint 180°F 2]
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Inputs for Baseline

Variable Definition and Energy Efficient Source/Comments
Options

Effons qur]mermal water heating 83.6% Common assumptions
efficiency table

Effelec Electric booster heater efficiency 98% [5]

hrs Average daily operation 12 hrs [6]

days Food service days per year 344 days Commont:;séumptlons
Conversion factor 60 min/hr

Energy density of natural gas

35,738 Btu/m?3

Common assumptions
table

Conversion factor (kWh to Btu)

3,412 Btu/kWh

Common assumptions
table

Conversion factor (gallons to liter)

3.78541 liter/gallon

Common assumptions
table

Table 4 shows the assumptions used for racks washed per day.

Table 4. Assumptions for Racks Washed Per Day [5]

Dishwasher Type- High Racks Washed Per

and Low Temperature (rack/day)
Under counter 75
Stationary single-tank door 280
Single-tank conveyor 400
Multi-tank conveyor 600

Table 5 shows the assumptions used for typical wash times.

Table 5. Assumptions for Typical Wash Time Minutes [5]

DlplEsie e Temﬂ:agrgture Tem:;::";ture
Under counter 20 20
Stationary single-tank door 1.0 1.5
Single-tank conveyor 0.3 0.3
Multi-tank conveyor 0.2 0.3

Non-ENERGY STAR-rated dishwashers are assumed to have the parameters shown in
Table 6. The baseline value is derived from the ENERGY STAR commercial kitchen

Ontario TRM




Commercial - ENERGY STAR Dishwashers - NC/TNR

equipment calculator [7], which cites EPA/Food Service Technology Center’s equipment
specification research, 2013, as their source.

Table 6. Baseline Technology Assumptions [5]

High Temperature Efficiency Low Temperature Efficiency
Machine Tvpe Water Water
yp 'ng?k‘j”’g)'}’ Consumption 'ng?k‘j”’g)'}’ Consumption
(GPR)? (GPR)?

Under Counter 0.76 1.09 0.50 1.73
Stationary
Single Tank 0.87 1.29 0.60 2.10
Door
Single Tank 1.93 0.87 1.60 1.31
Conveyor

Multiple Tank 2,59 0.97 2.00 1.04
Conveyor

" 1dle results should be measured with the door closed and represent the total idle energy consumed by the machine
including all tank heater(s) and controls. Booster heater (internal or external) energy consumption should not be part
of this measurement unless it cannot be separately monitored per the ENERGY STAR test method [4].

2 GPR = gallons per rack

ENERGY STAR-rated dishwashers parameters shown in Table 7 have been derived from
the ENERGY STAR-rated data. [8]

Table 7. ENERGY STAR Average Performance Parameters [5]

High Temperature Efficiency Low Temperature Efficiency
Machine Tvpe Water Water
yp Iglaet:?k‘w;y Consumption Igl:t:?kevv;y Consumption
(GPR)? (GPR)?
Under Counter 0.25 0.66 0.07 1.07
Stationary
Single Tank 0.41 0.78 0.05 0.95
Door
angle Tank 1.03 0.54 0.59 0.59
onveyor
Multiple Tank 174 0.41 0.91 0.39
Conveyor ) ' ) )

1 Idle result should be measured with the door closed and represent the total idle energy consumed by the machine
including all tank heater(s) and controls. Booster heater (internal or external) energy consumption should not be part
of this measurement unless it cannot be separately monitored per the ENERGY STAR test method [4].

2 GPR = gallons per rack
There are two important assumptions that should be considered before making the
savings calculations:

1. All high temperature boosters are assumed to be electric.

2. Primary water heating systems are assumed to be natural gas.
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SAVINGS CALCULATION EXAMPLE

The example calculations are shown below, it assumes that an ENERGY STAR-rated

high temperature single-tank conveyor dishwasher will be installed.
Water Savings

1. Calculation of the water consumed by the dishwasher

gallons racks days gallons
Water, = 0.87 X 400 X 344 = 119,712
day yr
gallons racks days gallons
Watery = 0.54 x 400 X 344 = 74,304
day yr yr

2. Calculation of the Annual water savings

gallons gallons gallons
Watersgyings = 119,712 — 74,304 = 45,408 o
gallons liter liter
Watersqpings = 45,048 X 3.78541 Jallon =171,888 o

Natural Gas Savings

1. Calculation of the water temperature increase that is satisfied by the

building’s water heating system

AT = 140°F — 47.4 °F = 92.6°F

2. Calculation of the water heater natural gas consumption

b
8.29 —7—
Btu gallon Btu
=92.6°F x 1 X =918.2
Qun Ib - °F 0.836 gallon

3. Calculation of the natural gas savings

918.2 B 45 40g94ilons 3
gallon yr m

NGsapings = B = 1,167
35,738~ y

Electricity impact

1. Calculation of electricity consumption of a dishwasher

hrs days days rack 0.3 min
Elec, = 1.93kW x| 12— x 344 — 344 X 400 X -
day yr yr day = gomin
hr
kWh
= 6,639 ——
yr
10 Ontario TRM
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hrs days days rack 0.3 min
Elecp = 1.03kW x| 12— x 344 — 344 x 400 X -
day yr yr day = gomin
hr
kWh
= 3,543 ——
yr

2. Calculation of electricity impact

kWh
Elecsavings—ldle = 3,096y—r

Since this is a high temperature model there is also an electric component that is

attributable to the booster heater.

3. Calculation of the water temperature increase that is satisfied by the electrical

booster heater

ATgopse = 180°F — 140°F = 40°F

4. Calculation of the booster heater electricity consumption

b
8.29 —7—
Btu gallon kWh
Qpoost = 40°F x 1 X = 0.0992
lb-°F Btu gallon
0.98 x 3,412—kWh

5. Calculation of the booster heater electricity impacts

kWh gallons
Elecpyost = 0.0992 X 45,408 = 4'503y_r

gallon

6. Calculation of the booster heater total electricity impacts- High Temp

dishwasher

kWh kWh kWh
Elecsavings = 3,096}/_7‘ + 4,503}/_7‘ = 7'599)1_7"

USES AND EXCLUSIONS

The installed dishwasher must be ENERGY STAR-qualified and installed in a

commercial setting.

MEASURE LIFE

Table 8 shows the measure life for each type of dishwasher.

Ontario TRM
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Table 8 Equipment Lifetime (Years) [4] [9]

Dishwasher Type ':Irlgr:::;tl:‘?:v
Under counter 10
Stationary single-tank door 15
Single-tank conveyor 20
Multi-tank conveyor 20

The equipment lifetimes were derived from the Food Service Technology Center (FSTC),
which contributed to the development of the ENERGY STAR U.S. calculator. No lifetime
distinction was identified relative to the sanitation method (high or low temperature) or
to the efficiency (ENERGY STAR-qualified or not) of the dishwashers.

INCREMENTAL COST

Table 9 shows the equipment incremental costs for each type of dishwasher.

Table 9. Incremental Costs?® [9]

Dishwasher Type High Temperature Low Temperature
Under counter $2,538 $293
Stationary single-tank door $1,247 $830
Single-tank conveyor $2,570 $0
Multi-tank conveyor $1,216 $1,216

Incremental costs were obtained from the ENERGY STAR commercial kitchen
equipment energy savings calculator.
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Natural Replacement

Commercial > Food Service > ENERGY STAR Fryer-> New Construction/Time of

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

New Construction (NC), Time of Natural Replacement

(TNR)

Baseline Technology

A non-ENERGY STAR® rated Fryer

Efficient Technology An ENERGY STAR® rated’ Fryer

Market Type Commercial
Standard Vat Large Vat

Annual Natural Gas Savings (m3/yr per vat) 1,466 1,709

Incremental Cost (CAD $ per vat) $2,657 $3,113

Measure Life 12 years

Restrictions Restricted to commercial facilities with standard or large
open-vat natural gas fryers for food service.

OVERVIEW

Fryers are used in commercial and institutional food service preparation for frying food in heated oil.

Despite being available in a range of configurations, most fryers share a common design. The food is

immersed in a vat that holds the oil, which is typically heated by atmospheric or infrared gas burners

underneath the vat, or via “fire tubes” running through the kettle wall. The heating elements are

controlled by a thermostat. The vat holds enough oil so that the food is supported by displacement of

! Based on qualifying products under ENERGY STAR Commercial Fryer Key Product Criteria V3.0 [1]
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the oil, rather than by the bottom of the vessel. There are three primary types of fryers: open deep-fat
fryers, pressure fryers, and specialty fryers. Open fryers are the most common.

During food service operations the fryers are turned on at the beginning of the day and turned off at
the end of the shift; the fryer cycles on and off to maintain the desired temperature setting.

APPLICATION

This measure applies to ENERGY STAR? qualifying open-vat fryers in commercial and institutional
food processing settings. A fryer is designed to cook food in heated oil. The fryer consumes natural gas
during three modes: preheat — at the beginning of the shift when the fryer is turned on and the oil is
raised from room temperature to cooking temperature, idling — maintaining the temperature of the
cooking oil between cooking, and cooking — restoring heat to the oil when cold foods are dropped in
the fryer.

ENERGY STAR fryers save energy by offering shorter cook times and higher production rates through
advanced burner and heat exchanger designs. Fryer vat insulation reduces standby losses resulting in a
lower idle energy rate.

BASELINE TECHNOLOGY

The baseline technology is an open-vat commercial fryer that does not meet the ENERGY STAR
Commercial Fryer Key Product Criteria, Version 3.0 [1]. Key energy consumption metrics include
cooking-energy efficiency and idle rate when tested according to American Society for Testing and
Materials (ASTM) Standard F1361, Standard Test Method for the Performance of Open-Vat Fryers [2] and
ASTM F2144, Standard Test Method for Performance of Large Open-Vat Fryers [3]

EFFICIENT TECHNOLOGY

The Efficient technology is an open-vat fryer that meets ENERGY STAR Commercial Fryer Key Product
Criteria V 3.0 (Rev. December 2020). This includes vat sizes: standard, large, and split.
ENERGY STAR Commercial Fryer Key Product Criteria V 3.0 distinguishes fryer sizes as follows:
e Standard Fryer: A fryer with a vat that measures > 12 inches and < 18 inches wide and has a
shortening capacity > 25 pounds and < 65 pounds.
e Large Vat Fryer: A fryer with a vat that measures > 18 inches and < 24 inches wide and has a
shortening capacity > 50 pounds.
e Split Vat Fryer: A standard or large vat fryer with an internal wall that separates the vat into
two equal sides.

2 Based on qualifying products under ENERGY STAR Commercial Fryer Key Product Criteria V3.0 [1]
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Error! Reference source not found.2 summarizes the minimum criteria for ENERGY STAR qualifying
gas fryers. [1]

Table 2 Efficient Technology?®

Heavy-Load Cooking
Fryer Type Energy Efficiency Idle Energy Rate
Standard Vat = 50% < 9,000 Btu/hr
Large Vat = 50% < 12,000 Btu/hr

ENERGY IMPACTS

ENERGY STAR fryers require less natural gas during preheating, idling, and cooking. Natural gas
savings are achieved through reduced cooking input rate and lower idle energy rate. There are no
electric impacts for this measure.

NATURAL GAS SAVINGS ALGORITHM

The industry standards for evaluating fryers are ASTM F1361, Standard Test Method for the Performance
of Open-Vat Fryers [2] and ASTM F2144, Standard Test Method for Performance of Large Open-Vat Fryers [3].
The results of these testing procedures form the basis for the energy savings calculation of open-vat
fryers. Annual energy consumption is also greatly affected by the hours of operation per day, days
operating per year, and number of preheats per day.

The algorithm is based upon methodology used by the Food Service Technology Center (“FSTC”); one
of the leading commercial foodservice compliance and certification testing labs and source of energy
efficiency information for the foodservice industry. The calculation to determine the daily energy usage
of baseline and ENERGY STAR open-vat fryers is as follows:

1. Calculation of the daily natural gas consumed by the fryer

Eday = Ecooking + EIdle + Epre—heat

where:
Eqay = Daily energy consumption- Natural Gas (Btu/day)
Ecooking = Daily energy consumption cooking mode- Natural Gas (Btu/day)
Eidie = Daily energy consumption idle mode- Natural Gas (Btu/day)
Epro-neat _ Daily energy consumption pre-heat mode- Natural Gas

(Btu/day)

3 Includes split vat fryers
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1a. Calculation of the daily natural gas consumed by the fryer- cooking mode

Lbfood X Efood

E cooking = Eff

where:

Lbfooa = Pounds of Food Cooked per Day (Ib/day)

E _ ASTM Energy to Food Rate, this is the energy absorbed by food product
food ~ during cooking (Btu/Ib)

Eff = Heavy-Load Cooking Energy Efficiency (%)

1b. Calculation of the daily natural gas consumed by the fryer- idle mode

Lb TP
Ejqe = Idle x <Ton — S0l up x >

pc " 760

where:

Idle = Natural Gas Idle Energy Rate (Btu/hr)

Ton = Operating Hours per Day- fryer (hr/day)
Lbfooa = Pounds of Food Cooked per Day (Ib/day)
PC = Production Capacity (Ib/hr)

npP = Number of Preheats per Day (preheats/day)
TP = Preheat Time (min/preheat)

1c. Calculation of the daily natural gas consumed by the fryer- preheat mode

Epre—heat = NP X EP

where:
npP = Number of Preheats per Day (preheats/day)
EP = Preheat Energy (Btu/preheat)

2. Calculation of the annual natural gas consumption for baseline and ENERGY STAR fryers
NGysage = Eqay % days

where:
N Gusage

Annual natural gas consumption by the fryer (Btu/year)

Eqay Daily energy consumption- Natural Gas (Btu/day)
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days = The number of days per year the fryer is in use (day/yr)

3. Calculation of the natural gas savings

(NGusage_b - NGusage_E)

NGsavings = 35,738
where:
NGsapings—tiernr = Annual natural gas savings (m?/year)

NGysage » = Annual natural gas consumption of the baseline fryer (Btu/year)
Annual natural gas consumption of the ENERGY STAR fryer

N Gusage_E =
(Btu/year)

35,738 = Energy density of natural gas (Btu/m?)
ASSUMPTIONS

The Food Service Technology Center has tested multiple baseline and efficient gas fryers per the ASTM
standard test methods. [2] [3] The baseline fryers are units that do not meet the ENERGY STAR
Commercial Fryers Criteria, V3.0. Key energy consumption metrics include cooking energy efficiency
and idle energy rate when tested in accordance with ASTM F1361 [2] or F2144 [3]. Baseline energy
consumption for fryers has been taken from the average of the FSTC dataset (which is unpublished due
to proprietary manufacturer data) that does not meet the ENERGY STAR product criteria.

The assumptions used to calculate energy savings are shown in Tables 3 and 4.

Table 3 Standard Vat Fryer Assumptions

Performance Parameters B:nsotzlg:e E';EEgY Unit Source
Preheat Time 11.7 10.5 min/preheat [4]
Preheat Energy 16,186 10,072 Btu/preheat [4]

Idle Energy Rate 12,952 5,765 Btu/h [4]
Heavy Load Cooking Energy Efficiency 36 55 % [4]
Production Capacity 56 66 Ib/hr [4]
Pounds of Food Cooked per Day 150 Ib/day [5]
ASTM Energy to Food- Fryers 577 Btu/lb [2]
Number of Preheats per Day 1

Operating Hours/Day 12 hr/day [6]
Food Service Days/Year 344 day/yr a;:;:nmn;ct)ign
Conversion factor (min to hr) 60 min/hr

Conversion factor (Btu to m?) 35,738 Btu/m3 aggrmrg(t)ign
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Table 4 Large Vat Fryer Assumptions

Performance Parameters B'?n‘:i::;e EgEEgY Unit Source
Preheat Time 1.1 12.7 min/preheat [4]
Preheat Energy 21,997 16,613 Btu/preheat [4]

Idle Energy Rate 20,425 7,860 Btu/h [4]
Heavy Load Cooking Energy Efficiency 46 59 % [4]
Production Capacity 100 93 Ib/hr [4]
Pounds of Food Cooked per Day 150 Ib/day [5]
ASTM Energy to Food- Fryers 577 Btu/lb [3]
Number of Preheats per day 1

Operating Hours/Day 12 hr/day [6]
Food Service Days/Year 344 dayl/yr agggqmrg(t)ign
Conversion factor (min to hr) 60 min/hr

Conversion factor (Btu to m3) 35,738 Btu/m?3 a;:;:nmn;ct)ign

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings calculations for the replacement of a
conventional fryer with an ENERGY STAR standard, single vat fryer.

Calculation of the daily natural gas consumption for baseline equipment

lb Btu
. ~ 150_day X 577—lb a0 417Bﬂ
cooking—base — 0.36 - ’ day
lb min
150 — 11.7 ——
Btu hr d reheat heat Btu
Ergto-pase = 12,952— x [ 12— — ay _4P x — PTee@ ) _ 118,206——
hr day 56& day 60 TN day
hr hr
Btu
Epre—heat—base = 16;186M
E = 240 417Btu + 118,206 btu + 16,186 bru _ 374,808 Btu
day=base " day " day " day " day
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Calculation of the daily natural gas consumption for ENERGY STAR equipment

b Btu
. _ Py, Bt
cooking—ES — 0.55 - ) day
b min
150 — 10.5 ———

Btu hr d reheat heat Btu

Ergteps = 5,765 —x | 12— — ay _4P x —Preteat ) oo 5e9-2""

hr day b day min day

66 pr 60 7

Btu
Epre—ES = 10,072 dT‘)/

E = 157,364 Btu + 55,069 Btu + 10,072 Btu = 222,504 Btu
day-ES = 7 day ’ day ’ day " day

Annual Natural Gas Savings Standard, Single Vat Fryer:

Btu Btu day
(374,808@ — 222,504 m) X 344W m3/yr
NGsavigns = B = 1,466
tu vat
35,738W

USES AND EXCLUSIONS

To qualify for this measure, the fryer must be utilized for food preparation or processing with natural
gas as its fuel source and must, at a minimum, be ENERGY STAR rated based on ENERGY STAR
Commercial Fryer Key Product Criteria V3.0. [1]

MEASURE LIFE

The measure life attributed to this measure is 12 years. [5]

INCREMENTAL COST

The incremental cost is shown in the table below.

Table 5 Fryer Incremental Cost [7]

Description Standard Vat Large Vat
Incremental cost CAD ($) per vat $2,657 $3,113
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

New Construction (NC), Time of Natural Replacement
(TNR)

Baseline Technology

A non-ENERGY STAR® rated Steam cooker

Efficient Technology An ENERGY STAR® rated' Steam cooker

Market Type Commercial

Annual Natural Gas Savings (m3/yr per steamer) 8,461

Annual Water Savings (liters/yr per steamer) 1,109,458

Incremental Cost (CAD $ per steamer) $3,045

Measure Life 12 years

Restrictions Restricted to natural gas steam cookers (5-pans or
larger in size) that have either a connectionless or

steam-generator design
OVERVIEW

Steam cookers are used in commercial and institutional food service preparation to cook foods that do not

need to form a crust. The steamer resembles an oven where food is steamed in a sealed cavity.

The steam can be delivered to the cavity in several different ways. These can be categorized into two main
groups: pressure-less steamers and pressure steamers. In a pressure-less steamer, steam is injected through

! Based on qualifying products under ENERGY STAR Commercial Steam cooker Product Criteria V 1.2 [1]
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openings in the sides of the cooking compartment, which allows the cooking compartment door to be
opened at any time during the cooking procedure. Pressure steamers use steam that has been pressurized
to 5 to 15 psi, which requires the cooking compartment to be depressurized before it can be opened.

The steam being supplied to the compartment may be produced in several ways:

e Boiler steamer: The steamer has an external boiler (relative to the cooking compartment) that
generates potable steam.
o Pressure-less steamer: The compartment is openly connected to a condensate drain and the
pressure in the compartment is at or slightly above atmospheric pressure.
o Pressurized steamers: The pressurized steam is delivered as demanded by control settings.
Compartment must be depressurized before it is opened.
e Steam generator: The steam generator is located within or connected to the cooking cavity,
generating steam at (or slightly above) atmospheric pressure.
e “Connectionless” Steamer: the steam is produced by boiling water delivered directly to a reservoir
located within the cooking compartment prior to operation.

There are several steam cooker configurations which include: countertop models, wall-mounted models,
and floor models mounted on pedestal or cabinet-style base. Commercial steamers come in different sizes
in terms of number of pans and compartments, but steamers holding six or more pans are the most

common.

APPLICATION

This measure applies to the installation of natural gas fueled ENERGY STAR rated? steam cookers (5-pan
or larger in size) in commercial and institutional food preparation. The food is manually placed into the
steamer and removed when the cooking is complete. Steam cookers consume natural gas when they are
pre-heating, idling, and cooking.

ENERGY STAR rated steam cookers offer shorter cook times, higher production rates, and reduced heat
loss due to better insulation and more efficient steam delivery system.

BASELINE TECHNOLOGY

The baseline technology is a standard boiler-based steam cooker that does not meet the ENERGY STAR
criteria due to their low efficiency and high idle energy rate.

2 Based on qualifying products under ENERGY STAR Commercial Steam cooker Product Criteria V 1.2 [1]
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EFFICIENT TECHNOLOGY

The efficient technology is an ENERGY STAR rated steam cooker that meets ENERGY STAR Commercial
Steam Cooker Key Product Criteria V 1.2 [1]. Table 2 summarizes the minimum criteria for ENERGY STAR
qualifying steam cookers.

Table 2 Efficient Technology

Heavy-Load Cooking

Pan Capacity Energy Efficiency

Idle Energy Rate

5-pan = 38% < 10,450 Btu/hr
6-pan and larger = 38% < 12,500 Btu/hr

ENERGY IMPACTS

The energy impact associated with the installation of an ENERGY STAR steam cooker is a reduction in
natural gas required during pre-heat, idle and cooking modes.

ENERGY STAR qualified steam cookers idle rate requirement varies with the size of the steamer. The
savings are achieved through shorter cook times, higher production rates, improved steam delivery, and
reduced heat loss due to better insulation.

Water savings are also achieved through reduced consumption of steam during shorter cooking times and
reduced condensate draining. There are no electric impacts for this measure.

NATURAL GAS SAVINGS ALGORITHM

The industry standard for evaluating steam cookers is the American Society for Testing and Materials
(ASTM) F1484, Standard Test Method for Performance of Steam Cookers [2]. The performance of steamers is
determined by preheat time, preheat energy consumption, idle energy consumption, cooking energy
consumption, cooking energy efficiency, and production capacity. The results of this testing procedure
form the basis for the energy savings calculation of steam cookers.

The energy savings algorithm is calculated by determining and comparing the annual energy usage in
baseline and ENERGY STAR steam cookers. To determine total energy usage, the calculation must
determine the energy consumed during pre-heating, cooking, and idling modes.

Ontario TRM 3



Commercial - ENERGY STAR Steam Cooker— NC/TNR

The algorithm is based upon the methodology utilized by the Food Service Technology Center (“FSTC”);
one of the leading commercial foodservice compliance and certification testing labs and source of energy

efficiency information for the foodservice industry. The calculation to determine the daily energy usage of
baseline and ENERGY STAR steamer is as follows:

1. Calculation of the daily natural gas consumed by the steamer

Eday =

where:

1a.

1b.

Ecooking + Eldle + Epre—heat

Eqay = Dalily energy consumption- Natural Gas (Btu/day)

Ecooking = Daily energy consumption cooking mode- Natural Gas (Btu/day)
Erqe = Dalily energy consumption idle mode- Natural Gas (Btu/day)
Epre—heat = Daily energy consumption pre-heat mode- Natural Gas (Btu/day)

Calculation of the daily natural gas consumed by the steamer- cooking mode

_ Lbfood X Efood

E cooking — E f f

where:

Lbgooa = Pounds of Food Cooked per Day (Ib/day)

Efooa = ASTM Energy to Food Rate, this is the energy absorbed by food product
during cooking (Btu/lb)

Eff = Heavy-Load Cooking Energy Efficiency (%)

Calculation of the daily natural gas consumed by the steamer- idle mode
Eiqle = Idlegcryar + 1dleresigual
where:

ldlegeryar Natural gas consumed when the unit is idling-actually (Btu/day)

ldleresiaual Natural gas consumed in manual mode during idling-residual (Btu/day)

Actual idling
Lbfooa TP
ldlegeryar = (1 — Y%manual mode) XIdle X | Top — PC —nP X E
where:
Ymanuaimode = Percentage of time the unit is injecting steam in the cavity but is not

cooking
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Idle = Natural Gas Idle Energy Rate (Btu/hr)

Ton = Operating Hours per Day- steam cooker (hr/day)
Lbgooa = Pounds of Food Cooked per Day (Ib/day)

pPC = Production Capacity (Ib/hr)

npP = Number of Preheats per Day (preheats/day)

TP = Preheat Time (min/preheat)

Residual idling

PC X E Lb TP
food food
Idleresidual = %Manual mode X Eff 2 < on — %0 — nP >

where:

Percentage of time the unit is injecting steam in the cavity but is not

%M anual mode .
cooking

Efood =

during cooking (Btu/lb)
Eff = Heavy-Load Cooking Energy Efficiency (%)
Ton = Operating Hours per Day- steam cooker (hr/day)
Lbgooa = Pounds of Food Cooked per Day (Ib/day)
PC = Production Capacity (Ib/hr)
npP = Number of Preheats per Day (preheats/day)
TP = Preheat Time (min/preheat)

1c. Calculation of the daily natural gas consumed by the steamer- preheat mode

Epre-heat = nP X EP

where:
npP = Number of Preheats per Day (preheats/day)
EP = Preheat Energy (Btu/preheat)

ASTM Energy to Food Rate, this is the energy absorbed by food product

2. Calculation of the annual natural gas consumption for baseline and ENERGY STAR steamers

NGysage = Eqay X days
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where:
NGysage = Annual natural gas consumption by the steam cooker (Btu/year)
Eaay = Daily energy consumption- Natural Gas (Btu/day)
days = The number of days per year the steam cooker is in use (day/yr)

3. Calculation of the natural gas savings

(NGusage_b - NGusage_E)

NGsavings = 35.738
where:
NGsapings = Annual natural gas savings (m?/year)
NGysage » = Annual natural gas consumption of the baseline steam cooker (Btu/year)
Annual natural gas consumption of the ENERGY STAR steam cooker
N Gusage_E =
(Btu/year)
35,738 = Energy density of natural gas (Btu/m?)

WATER SAVINGS ALGORITHM

The amount of water saved annually is the difference between the baseline and efficient case water
consumption. Steamer annual water consumption is a function of the water consumed while in preheat,
cooking and idle modes.

Waterympac = 3.78541 X (Water Usagepqseiine — Water Usagegygreystar) X Ton X days

where,

Watetimpac = Annual water impact (L/year)

Whyasetine = Annual water consumption for the baseline steamer (gal/hr)
WeNERGYSTAR = Annual water consumption ENERGY STAR steamer (gal/hr)
3.78541 = Conversion factor (L/gal)

Ton = Operating Hours per Day (hr/day)

days = The number of days per year the steamer is in use
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ASSUMPTIONS

The Food Service Technology Center has tested multiple baseline and efficient gas steamers per the ASTM
standard test methods. [2] Key energy consumption metrics include cooking energy efficiency and idle
energy rate when tested according to ASTM F1484. Baseline energy consumption for steamers has been
taken from the average of the FSTC dataset (which is unpublished due to proprietary manufacturer data)
that does not meet the ENERGY STAR product criteria.

The assumptions used to calculate natural gas savings are shown in Table 3.

Table 3 Steam Cooker Assumptions

Performance Bleli?jlg:e EgEEgY Unit Source
Preheat Time 12.8 13.7 min/preheat [3]
Preheat Energy 19,476 11,021 Btu/preheat [3]

Idle Energy Rate 8,195 4,384 Btu/h [3]
Heavy Load Cooking Energy Efficiency 21% 44% % [3]
Production Capacity 175 122 Ib/hr [3]
Average Water Consumption Rate 76 5 gal/hr [3]
,Ii’/lirccj;:ntage of Time in Constant Steam 90% 0% % [4]
Pounds of Food Cooked per Day 100 Ib/day [4]
ASTM Energy to Food- Steam cooker 105 Btu/lb (2]
Number of Preheats per day 1

Operating Hours/Day 12 hr/day [5]
Food Service Days/Year 344 day/yr ascsouan;ﬁgn
Conversion factor (min to hr) 60 min/hr

Conversion factor (Btu to m3) 35,738 Btu/m3 aggrmrg(t)ign

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings and water impact for the replacement of a
conventional steam cooker with an ENERGY STAR steam cooker.

Calculation of the daily natural gas consumption for baseline equipment

lb Btu
IOOM X IOSW Btu

Ecooking—base = 021 = 50,000@
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b min b Btu
hr 100 day preheat 12.8 preheat 175 hr X 105 b
Idleyyse = | 12— — -1 X . x[(1- 09) %8195+ 0.9 x
day ;510 day 60 TR 0.21
hr hr
Btu
Idlebase = 892,391@
Btu
Eyre—heat = 19'476@
E 50,000 Btuday + 892,391 btu + 19,476 Btu 961,867 btu
— = ] uaa ] 5 1] -5 = ] 5
day—base y day day day
Calculation of the daily natural gas consumption for ENERGY STAR equipment
lb Btu
100 7ay X 10575~ Btu
Ecooking—ES = 0.44 = 23'864d7¢,y
1002 13.7 Ib Btu
hr day preheat ' preheat 17SH X 105 b
Idlegg = | 12— — - X . X [(1— 0.9) x 4,384 + 0.9 x
day lb day min 0.44
122W 60 hr

Btu
IdleES == 48,014 —

day
Btu
Eyre—heat = 11'021@
E = 23,864 Btuday + 48 014Btu+11 021Btu = 82 898Btu
day—ES — ) uaay ) day ) day - ) day
Annual Natural Gas Savings:
Btu Btu day
(961,867W — 82,898 m) X 3447 m3 /yr
NGapigns = Biu = 8,461ﬁ
35,738 2t steam cooker
m
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Annual Water Savings:

3.78541liter (76 —5)gal hr day
X X 12 X 344 —— = 1,109,458 L /yr
gall hr day yr

Watetimpac =

UsESs AND EXCLUSIONS

To qualify for this measure, the steam cooker must be utilized for food preparation or processing

with natural gas as its fuel source and must, at a minimum, be ENERGY STAR rated based on ENERGY
STAR Commercial Steam Cooker Key Product Criteria V1.2. [1] The measure is limited to steam cookers
that have either a connectionless or steam-generator design.

MEASURE LIFE

The measure life attributed to this measure is 12 years. [4]

INCREMENTAL COST

The incremental cost is shown in the table below.

Table 4 Steam Cooker Incremental cost [6]

Description Incremental cost

Incremental cost CAD ($) per steamer $3,045

REFERENCES

[1] ENERGY STAR, "Commercial Steam Cooker Program Requirements, Version 1.2," [Online]. Available:
https://www.energystar.gov/sites/default/files/asset/document/comm-steamers-prog_req_draft_v1.2.pdf.
[Accessed March 2022].

[2] American Society for Testing and Materials (ASTM), Standard Test Method for Performance of Steam Cookers,
West Conshohocken, PA: ASTM Designation F1484. In Annual Book of ASTM Standards, 2019.
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[3] Frontier Energy, "Global Data-Comparison Database — Baseline and Energy-Efficient Gas Steamers," Food
Service Technology Center (FSTC), San Ramon, 2022.

[4] Food Service Technology Center, "California Energy Wise - Gas Steamer Energy Savings Calculator," [Online].
Available: https://caenergywise.com/calculators/natural-gas-steamers/#calc. [Accessed March 2022].

[5] Ontario Food Services Market Survey. [Interview]. November 2018.

[6] Pricing from major online retailers, [Online]. Available: https://www.katom.com,
https://www.webstaurantstore.com, https://www.culinarydepotinc.com. [Accessed April 2022].
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COMMERCIAL — INCREMENTAL HEAT RECOVERY VENTILATION (HRV) (55%
EFFECTIVENESS BASELINE) — NEW CONSTRUCTION/TIME OF NATURAL

REPLACEMENT

Version Date and Revision History

Version

2.3 (minor update)

OEB Filing Date March 19, 2026

OEB Approval Date

Commercial > Space Heating - Incremental Heat Recovery Ventilation >
New Construction/Time of Natural Replacement

Table 1 provides a summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

New construction (NC) where HRV is required by Ontario Building Code
Time of Natural Replacement (TNR)

Baseline HRV with Minimum 55% Sensible Heat Recovery Effectiveness as per
Technology Ontario Building Code 2017, Supplement SB-10 January 1, 2017
HRV with Minimum 65% Sensible Heat Recovery Effectiveness! at 32°F
Efficient . - . :
HRV with Minimum 75% Sensible Heat Recovery Effectiveness at 32°F
Technology
HRV with Minimum 85% Sensible Heat Recovery Effectiveness at 32°F
Market Type Commercial
Gas Savings Aéerage C::‘roup
as Savings
LT Building Type RED (ST (m*working
Efficiency (m3/working CFM)
CFM), ez 1
Annual Natural Gas Multi-Family,
Savings Rate with a | Health Care and 0.71 High Use 0.71
HRV with Minimum Nursing Homes
65% Sensible Heat
Recovery Hotels 0.51

! This measure is eligible for commercial buildings where Energy Star does not apply (the applicable OBC code is

Supplementary Standard SB-10).




Commercial - Incremental Heat Recovery Ventilation - Code Baseline - NC/TNR

Parameter Definition
Effectiveness at
32°F, g5 1 Restaurant 0.37 Medium Use 0.39
(m?/ working CFM) Retail 0.31
Office 0.27
Warehouse 0.26 Low Use 0.25
School 0.23
Gas Savings ST C:iroup
Gas Savings
Measure Building Type Rate Group (m3/working
Efficiency (m3/CFM),
CFM)
Epg 2
Multi-Family,
Health Care and 1.42 High Use 1.42
Annual Natural Gas | Nursing Homes
Savings Rate with a
HRYV with Minimum Hotels 1.01
75% Sensible Heat .
Recoovery Restaurant 0.73 Medium Use 0.79
Effectiveness at Retail 0.62
32°F, eg 2
Offi 0.54
(m3 working CFM) e
Warehouse 0.51 Low Use 0.50
School 0.46
Gas Savings Aéerage C::‘roup
as Savings
Measure Bullding Type Rate Group (m3working
Efficiency (m3/working CFM)
CFM), ez 3
Multi-Family,
Health Care and 213 High Use 213
Annual Natural Gas | Nursing Homes
Savings Rate with a
HRV with Minimum Hotels 1.52
85% Sensible Heat .
Recoovery Restaurant 1.10 Medium Use 1.18
Effectiveness at Retail 0.92
32°F, €z 3
Offi 0.81
(m3/working CFM) Ice
Warehouse 0.77 Low Use 0.75
School 0.68
Measure Life 14 Years

$1.00 per CFM at gz 1
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Parameter Definition

Incremental Cost ($ $2.00 per CFM at ep; 2

CAD) $3.00 per CFM at g5:3
This measure is not eligible in areas where:

* The HRV unit has an effectiveness of less than 65%,

+ 100% of the exhaust air must be evacuated from the building in
order to avoid cross contamination, and therefore 100% fresh air
is required such as described in OBC section 1.1.1.4.

* No recirculation is allowed by codes or standards. For instance,

Restrictions any limitations as per CSA Z317.2_10 (Special Requirements
for Heating, Ventilation, and Air Conditioning (HVAC) Systems in
Health Care Facilities),

» Contaminants (gases and vapors) may be present and the HRV
may bring them back into the breathing zone

+ Systems where DCV or scheduled setbacks are used during
operated hours?

OVERVIEW

A heat recovery ventilator (HRV) refers to heat exchanger equipment that is designed to
transfer sensible heat from the building exhaust air to the outside supply air. The
temperature of the outside supply air is raised by the heat transferred from the exhaust
air stream within the heat exchanger. By doing so, the amount of heat energy lost

through the exhaust air stream is reduced and energy is saved through decreased load
on the building heating system [1].

Figure 1 shows an example and a schematic of an HRV.

2 These configurations require that projects be submitted as custom measures.
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Figure 1: Heat Recovery Ventilator?

Hot
Fresh air in aract ate
Cool air Warmed
xchaust frash air

APPLICATION

The measure covers the installation of heat recovery ventilators in commercial settings.
The performance of the HRV can be quantified by its sensible effectiveness, which is
defined as the ratio of actual heat energy captured to the maximum heat energy that
could be captured. This is a value determined during testing and varies with
temperature difference. Sensible heat recovery effectiveness is not to be confused with
total effectiveness which is a measure of the heat and moisture transfer. All references to
effectiveness within this document refer to sensible effectiveness, not total effectiveness.
Other performance parameters to be considered are the pressure drop over the HRV,
and the method of frost control for the heat exchanger [2].

BASELINE TECHNOLOGY

The baseline is considered to be a building operating with the use of an HRV as per
Ontario Building Code 2017 (SB-10) and as shown in Table 2. [3] [4]

3 From http://www.nfan.co.uk/what are heat recovery systems, 12/15/2014
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Table 2. Baseline for Heat Recovery Ventilators

Type Efficiency

HRV with 55% Sensible Heat Recovery Effectiveness per

HRV Ontario Building Code (OBC)

EFFICIENT TECHNOLOGY

The efficient technology is defined as an HRV with a sensible heat recovery effectiveness
of at least 65% as shown in Table 3. Note, ENERGY STAR requires that qualifying HRVs
have a minimum rated sensible effectiveness of 60% at -13°F (-25°C) and 65% at 32°F
(0°C) [5].

Table 3. Efficient Technology for Heat Recovery Ventilators

Type Efficiency

HRV HRV with Minimum 65% Sensible Heat Recovery
epel Effectiveness at 32°F at working airflow (CFM)
HRV HRV with Minimum 75% Sensible Heat Recovery
Epp2 Effectiveness at 32°F at working airflow (CFM)
HRV HRV with Minimum 85% Sensible Heat Recovery
Epe3 Effectiveness at 32°F at working airflow (CFM)

ENERGY IMPACTS

Heat is recovered from the outgoing exhaust air and added to the incoming supply air.
Natural gas savings are achieved because the incoming supply air arrives at the building
heating equipment at a higher temperature than it would without an HRV. This means
that less energy is required to heat the supply air to the set point temperature.

NATURAL GAS SAVINGS ALGORITHMS

The following algorithms are used to calculate the gas impact in cubic meters and are
formulae from ASHRAE Heating, Ventilating and Air Conditioning Systems and
Equipment Handbook 2012, Chapter 26 [2]. The ASHRAE equations make the following
assumptions: no vapor condensation within the HRV, no cross leakage, no heat gas from
fan motors, and equal supply and exhaust air flow rates.

The energy saved by an HRV is a function of the heat transfer rate through the heat
exchanger and the length of time it operates. The heat transfer rate can be calculated
from the temperature difference between the supply and exhaust air entering the HRV
the average effectiveness of the HRV, the physical properties of air and the flow rate
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through the HRV. A defrost factor must also be considered to account for the time that
exhaust air is diverted through the core in order to prevent freezing, which impedes the
operation of the HRV.

The natural gas savings rates in Table 1 are calculated using the following formulae.

weeklyhrs
hrs = hrs;, X W
168
week
and,
60min (egg — 55%) Cp F
NG Savings = hrs X X p X X X (T3 —Ty) x(1— )
hr n 35,738 B_tg 100%
m
Where,
hrs = Annual hours that the HRV is expected to be in use (hours/year)
hrsys = Number of hours in the heating season (hours/year)
weeklyhrs = Number of weekly operating hours (hours/week)
16822 = Number of hours in a week
week
NG Savings = Annual natural gas savings per CFM of HRV (m?/CFM/year)
60$in = Conversion from minutes to hours
EpE = Sensible effectiveness of the high efficiency HRV (%)
n = The efficiency of the building’s heating system (%)
Cp = Specific heat of air (Btu/lbm-°F)
p = Density of air at 72°F (Ibm/ft?)
35,738 % = Conversion from Btu to m® of natural gas
T; = Temperature of the inside (exhaust) air entering the HRV (°F)
Ty = Average outside temperature during heating hours (°F)
DF = Defrost control de-rating factor (%)
ASSUMPTIONS

Table 4 shows the list of assumptions used in the algorithms sections.
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Table 4. Assumptions

Variable Definition Value Source
Hours in Heating Season, 55°F Common
hrshs Balance Temperature* 6,019 hrs assumptions table
gppl Minimum sensible effectiveness 65%
g2 Minimum sensible effectiveness 75%
g3 Minimum sensible effectiveness 85%
. . Common
3
p Density of the exhaust air 0.0741 lbm/ft assumptions table
Efficiency of gas fired heating o Common
n ; 80% .
equipment assumptions table
e . o Common
Cp Specific heat of air 0.240 Btu/lbm-°F assumptions table
DF Defrost control de-rating factor 5%° [7118] [9] [10]
Average temperature of outside
T (supply) air during the heating 34.8°F Common
season (OA temperature heating ’ assumptions table
system enabled)
Average temperature of inlet Common
T3 exhaust air (Space Temperature 68°F .
) assumptions table
Setpoint)

The assumed weekly hours of operation for different building types are given in Table 5.

Table 5. Hours of Weekly Operation [10]

Building Type Hours of\ﬁg:;ation per
Multi-Family 168
Health Care 168
Nursing Home 168

4 The annual heating hours, and average outside air temperature, assume an average building balance temperature of
55°F, which is the temperature at which neither heating nor cooling is required. The actual balance point for a particular
application will vary based on building construction, internal loads, HVAC system zoning, and other factors.

5 All air-to-air heat recovery equipment requires frost control in colder climates to prevent freeze-up of exhaust air
condensate on heat exchange components. There are different types of frost control methods and depending on the
defrost control system, annual heat recovery estimates should be reduced by 5% to 15%. The cited Nexant document
specifically considers the factor for Ontario (p. 6-47 and 6-48) and recommends 5% as a conservative value for the base
case scenario.
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Building Type Hours of\ﬁg:':ation per
Hotel 120
Restaurant 87

Retail 73

Office 64
Warehouse 61

School 54

EXAMPLE

For this example, it will be assumed that a new health care facility installs an HRV unit
working at 500 CFM with a sensible effectiveness of 75%. In this case the €52 is
applicable.

hrs

hrs 168 ——— hrs
hrs = 6,019 week — 6,019
year 168 year
week
and,
Btu
, hrs  60min by, 75% —55% 02407 —f
NG Savings = 6,019 X x 0.0741 —= % 5 X B

year hr ft 80% 35738 ngi

0, 3

=142 ————
100%) CFM - year

X (68°F — 34.8°F) x (1 -

Therefore,
3 3

NG Savi =500CFM X142 ———=170
avings CFM - year year

USES AND EXCLUSIONS

This measure is intended for buildings with an existing HRV, or a new construction
building that requires a heat recovery system. For buildings without an existing HRV, or
new buildings not requiring a heat recovery system, please see supporting measure with
no HRV baseline. Other restrictions include:

e Measure not applicable to areas and rooms where 100% fresh air is required.
e Measure not applicable to areas and rooms where no recirculation is allowed by
codes or standards. For instance, CSA Z317.2_10 (Special Requirements for
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Heating, Ventilation, and Air Conditioning (HVAC) Systems in Health Care
Facilities).

e Measure not applicable to areas and rooms where contaminants (gases and
vapors) may be present and the HRV may bring them back into the breathing
zone.

e Measure not applicable to systems where no DCV or scheduled setbacks are
required.

MEASURE LIFE

A 14-year measure life is recommended by DEER is based on KEMA-XENERGY’s
Retention Study of PG&Es 1996-1997 Energy Incentive Program. This study tracked
installed equipment over 6 years and used statistical analysis to calculate EUL [11].

INCREMENTAL COST

The incremental costs, representing differences in equipment costs, between baseline
units meeting minimum code efficiency and high efficiency units are $1.00 per CFM at
65%, $2.00 at 75%, and $3.00 at 85% efficiency® [12].
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Version Date and Revision History

Version 2.3 (minor update)
OEB Filing Date March 19, 2026
OEB Approval Date

Commercial> Space Heating > Heat Recovery Ventilation-> New
Construction/Retrofit

Table 1 provides a summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

Parameter Definition

Measure New construction (NC) where no HRV is required by Ontario Building Code
Category Retrofit (R)

Baseline No HRY

Technology

HRV with minimum 55% Sensible Heat Recovery Effectiveness! at 32°F

Efficient HRV with minimum 65% Sensible Heat Recovery Effectiveness at 32°F

Technology HRV with minimum 75% Sensible Heat Recovery Effectiveness at 32°F

HRV with minimum 85% Sensible Heat Recovery Effectiveness at 32°F

Market Type Commercial
Gas Savings Average Group
Rate Gas Savings
Building Type (m3/working Group (m3/working
CFM), CFM)
eep 1 gpp 1

1 This measure is eligible for commercial buildings where Energy Star does not apply (the applicable OBC code is
Supplementary Standard SB-10).

Some commercial buildings are required by SB-10 to have Energy Recovery Ventilation or Heat Recovery Ventilation with
a minimum of 55% sensible effectiveness. For buildings with no code requirement, systems that bring efficiency up to
code level (55% sensible effectiveness) are eligible.
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Parameter Definition
Multi-Family, Health
Annual Gas Care and Nursing 3.90 High Use 3.90
Savings Rate Homes
with a Minimum Hotels 278
HRV Sensible ;
Heat Recovery Restaurant 2.02 M‘EJdSI:m 2.16
Effectiveness of -
55%. Retail 1.69
eggp 1 (m3/ Office 1.48
orking CFM
working ) Warehouse 1.41 Low Use 1.38
School 1.25
Gas Savings Average Group
Rate Gas Savings
Building Type (m3working Group (m3working
CFM), CFM)
Annual Gas €55 2 £eg 2
Savings Rate Multi-Family, Health
with a Minimum Care and Nursing 4.61 High Use 4.61
HRV Sensible Homes
Heat Recovery
Effectiveness of Hotels 3.29 _
65%, Restaurant 2.38 Medium 2.56
egg 2 (m3/ _ Use
working CFM) Retail 2.00
Office 1.75
Warehouse 1.67 Low Use 1.64
School 1.48
Gas Savings Average Group
Rate Gas Savings
Building Type (m3/working Group (m3/working
Annual Gas CFM), CFM)
Savings Rate €gr 3 €pr 3
with a Minimum - :
HRV Sensible MUltl-Famlly, Health ,
Heat Recovery Care and Nursing 5.31 High Use 5.31
Effectiveness of Homes
75%, Hotels 3.80
working CFM) Restaurant 2.75 Mtzdslgm 2.95
Retail 2.31
Office 2.02 Low Use 1.89
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Parameter Definition
Warehouse 1.93
School 1.71
Gas Savings Average Group
Rate Gas Savings
Building Type (m3/working Group (m3/working
CFM), CFM)
Annual Gas €z 4 £gp 4
Savings Rate Multi-Family, Health
with a Minimum Care and Nursing 6.02 High Use 6.02
HRV Sensible Homes
Heat Recovery
Effectiveness of Hotels 4.30 '
85%, Restaurant 3.12 Medium 3.35
epg 4 (M3 ' Use
working CFM) Retail 2.62
Office 2.29
Warehouse 2.19 Low Use 2.14
School 1.94
Electric Impact Average Group
- Rate Electric Impact
Building Type (kWhiworking | C°rUP (KWh/working
CFM) CFM)
Multi-Family, Health
Care and Nursing -5.00 High Use -5.00
Annual Electric Homes
Impact? (kWh/ Hotels -3.57
working CFM) ;
Restaurant -2.59 Medium -2.78
Use
Retail -2.17
Office -1.90
Warehouse -1.81 Low Use -1.77
School -1.61
Measure Life 14 Years

First Incremental
Cost ($ CAD)

egp 1

Integrated HRV

Standalone or Bolt-On HRV

$5.35/CFM

$8.28/CFM

2 The electric impact does not apply when the HRV unit is installed as part of an integrated HVAC package.
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Parameter Definition
$5.35 + $1.00 per CFM at &g 2 $8.28 +$1.00 per CFM at &g 2
Incremental Cost
$5.35 + $2.00 per CFM at g5 3 $8.28 +$2.00 per CFM ateg; 3
($ CAD)
$5.35 + $3.00 per CFM at g4 $8.28 +$3.00 per CFM ateg4

This measure is not eligible in areas where:
e HRVis required by building code,

e 100% of the exhaust air must be evacuated from the building in
order to avoid cross contamination, and therefore 100% fresh air
is required such as described in OBC section 1.1.1.4.

¢ No recirculation is allowed by codes or standards. For instance,
Restrictions any limitations as per CSA Z317.2_10 (Special Requirements
for Heating, Ventilation, and Air Conditioning (HVAC) Systems in
Health Care Facilities),

e Contaminants (gases and vapors) may be present and the HRV
may bring them back into the breathing zone

e Systems where DCV or scheduled setbacks are used during
operated hours?

OVERVIEW

A heat recovery ventilator (HRV) refers to heat exchanger equipment that is designed to
transfer sensible heat from the building exhaust air to the outside supply air. The
temperature of the outside supply air is raised by the heat transferred from the exhaust
air stream within the heat exchanger. By doing so, the amount of heat energy lost
through the exhaust air stream is reduced and energy is saved through decreased load
on the building heating system [1].

One component of HRVs includes circulation fans, which are typically high efficiency
electrically commutated motors. These will consume more electrical energy in cases
where HRV unit is added to the existing HVAC system as a standalone or bolt-on unit
[1]. No penalty is assigned if the HRV is integrated as part of the HVAC packaged
system installed at retrofit or new construction because the higher efficiency of the new
fans compensates for the additional static pressure.

3 These configurations require that projects be submitted as custom measures.
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An important distinction to make for an HRV is that it does not transfer moisture between
the air streams like an energy recovery ventilator would. Figure 1 shows an example and
a schematic of a heat recovery ventilator.

Figure 1. Heat Recovery Ventilator*

o Hot
Fresh airin axtract air
Cool air Warmed
exhaust fresh air

APPLICATION

The measure covers the installation of heat recovery ventilators in commercial settings.
The performance of the HRV can be quantified by its sensible effectiveness, which is
defined as the ratio of actual heat energy captured to the maximum heat energy that
could be captured. This is a value determined during testing and varies with temperature
difference. Sensible heat recovery effectiveness is not to be confused with total
effectiveness which is a measure of the heat and moisture transfer. All references to
effectiveness within this document refer to sensible effectiveness, not total effectiveness.
Other performance parameters to be considered are the pressure drop over the HRV,
and the method of frost control for the heat exchanger [2].

4From http://www.nfan.co.uk/what are heat recovery systems, 12/15/2014
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BASELINE TECHNOLOGY

The baseline is considered to be a building operating without the use of a HRV as shown
in Table 2. This implies that no heat is being recovered between the exhausted inside air
and the incoming outside supply air.

Table 2. Baseline for Heat Recovery Ventilators

Type Efficiency
No HRV No Heat Recovery

EFFICIENT TECHNOLOGY

The efficient technology is an HRV with a sensible effectiveness of 55%, 65%, 75%, and
85% as shown in Table 3. Note, ENERGY STAR requires that qualifying HRVs have a
minimum rated effectiveness of 60% at -13°F (-25°C) and 65% at 32°F (0°C) [3].

Table 3. Efficient Technology for Heat Recovery Ventilators

Type Efficiency

HRV Minimum 55% Sensible Heat

e 1 Recovery Effectiveness at 32°F at
EE working airflow (CFM)

HRV Minimum 65% Sensible Heat

€2 Recovery Effectiveness at 32°F at
EE working airflow (CFM)

HRY Minimum 75% with Sensible Heat

£ 3 Recovery Effectiveness at 32°F at
EE working airflow (CFM)

HRVY Minimum 85% Sensible Heat

o d Recovery Effectiveness at 32°F at
EE working airflow (CFM)

ENERGY IMPACTS

Natural gas savings are achieved because the incoming supply air arrives at the building
heating equipment at a higher temperature than it would without an HRV. This means
that less energy is required to heat the supply air to the set point temperature.

An electrical penalty is incurred due to the operation of HRV fans or increased load on
central fans, except when the HRV is integrated as part of the HVAC package.

6 Ontario TRM
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NATURAL GAS SAVINGS ALGORITHMS

The following algorithms are used to calculate the gas impact in cubic meters and are
formulae from ASHRAE 2012, chapter 26 [2]. The ASHRAE equations make the
following assumptions: no vapor condensation within the HRV, no cross leakage, no
heat gas from fan motors, and equal supply and exhaust air flow rates.

The energy saved by an HRV is a function of the heat transfer rate through the heat
exchanger and the length of time it operates. The heat transfer rate can be calculated
from the temperature difference between the supply and exhaust air entering the HRV
the average effectiveness of the HRV, the physical properties of air and the flow rate
through the HRV. A defrost factor must also be considered to account for the time that
exhaust air is diverted through the core in order to prevent freezing, which impedes the
operation of the HRV.

weeklyhrs
hrs = hT'ShS X W
168 ———
week
and,
NG Savi hrs x SO EEE o X (T3 — Ty) X (1 F)
avings = hrs pRX—=X———p 3 —T; ~100%
N 35,738 = 0
Where,
hrs = Annual hours that the HRV is expected to be in use (hours/year)
hrs, = Number of hours in the heating season (hours/year)
weeklyhrs = Number of weekly operating hours (hours/week)
16822 = Number of hours in a week
week

NG Savings = Annual natural gas savings per CFM of HRV (m%/CFM/year)

60:;”1 = Conversion from minutes to hours

p = Density of air at 72°F (Ibm/ft?)

EpE = Sensible effectiveness of the high efficiency HRV (%)°

n = The efficiency of the building’s heating system (%)

Cp = Specific heat of air (Btu/lbm-°F)

35,738% = Conversion from Btu to m® of natural gas

T, = Temperature of the inside (exhaust) air entering the HRV (°F)
T, = Average outside temperature during heating hours (°F)

DF = Defrost control de-rating factor (%)

5 Note, for this analysis the rated effectiveness is being used as an average effectiveness.
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ELECTRIC ENERGY PENALTY ALGORITHMS (FOR HRVs ADDED TO AN
EXISTING SYSTEM)

The electric penalty is based on the ENERGY STAR minimum fan efficiency
requirements of 0.83 W/CFM. Using this value, and the calculated hours of HRV
operation from the natural gas algorithms, the kWh electric penalty can be calculated
using the following equation.

The kWh fan penalty analysis presumes that the system has an automatic bypass
damper so that there is no added pressure drop during hours when heat recovery is not
needed.

w w
kWhpenalty = —0.83—— X hrs +~1000—

CFM kW
Where,
kWh penalty = The annual electric penalty per CFM of HRV capacity
(KWh/ft3/min/year)
0.83—— = Minimum efficacy to be qualified for ENERGY STAR (1.20
CFM/W)
hrs = Annual hours that the HRV is expected to be in use (hours/year)
ASSUMPTIONS

Table 4 shows the list of assumptions used in the algorithms sections.

Table 4. Assumptions

Variable Definition Value Source
. . o Common
hrs,, Hour;. in Heating Season,655 F 6,019 hrs assumptions
alance Temperature
table
eppl Sensible effectiveness 55%
Epp2 Sensible effectiveness 65%
€gg3 Sensible effectiveness 75%
epptd Sensible effectiveness 85%
Common
p Density of the exhaust air 0.0741 Ibm/ft3 assumptions
table

® The annual heating hours, and average outside air temperature, assume an average building balance temperature of
55°F, which is the temperature at which neither heating nor cooling is required. The actual balance point for a particular
application will vary based on building construction, internal loads, HVAC system zoning, and other factors.
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Variable Definition Value Source
. . Common
Commercial Heating System o )
n Efficiency 80% assumptions
table
Common
Cp Specific heat of air 0.240 Btu/lbm°F assumptions
table
Average temperature of outside
(supply) air during the heating Common
T . 34.8°F assumptions
1 season (OA temperature heating
table
system enabled)
Average temperature of inlet Common
Ts exhaust air (Space temperature 68°F assumptions
setpoint) table
Fan -
Efficiency Assumed fan efficiency 0.83 W/CFM [3]
DF Defrost control de-rating factor 5% [11, [2], [6], [7]

The assumed weekly hours of operation for different building types are given in Table 5.
Table 5. Hours of Weekly Operation [6]

Sl e Hours ofvc\;sz':ation per
Multi-Family 168

Health Care 168

Nursing Home 168

Hotel 120
Restaurant 87

Retail 73

Office 64
Warehouse 61

School 54

7 All air-to-air heat recovery equipment requires frost control in colder climates to prevent freeze-up of exhaust air
condensate on heat exchanger components. There are different types of frost control methods and depending on the
defrost control system, annual heat recovery estimates should be reduced by 5% to 15%.
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EXAMPLE

For this example, it is assumed that a new health care facility installs an HRV unit
working at 500 CFM with a total effectiveness of 65%. In this case the g2 is
applicable.

hrs y
rs
hrs = 6,019 hrs x — €€k — ¢ 919
hrs year
168
week
and,
Btu
_ hrs  60min b, 65% 0240 —=p
NG Savings = 6,019 ar X s X 0'0741f? X 30% X B
y ° 35738
X (68°F — 34.8°F) % (1 >% ) =4.61 i
' 100%/  CFM - year
Therefore,
3 3
NG Savi =500CFM X 4.61 ——— = 2,303
avings CFM -year '~ year
The electrical penalty can be calculated as the following.
KWh penalty = 500 CFM x —0.83—— x 6,019 - x —W_ _ _; 49 Wh
penatty = TUCFM year ~ 1000w year

USES AND EXCLUSIONS

e Restriction for new building construction: This measure is not applicable to
buildings in which an HRV is required by the Ontario Building Code (SB-10) [8].
Note, please see supporting measure that utilizes code minimum as baseline for
these scenarios.

e Restriction for new building construction: This measure is not applicable to
systems serving health care spaces indicated in Table 1 because heat recovery
is required by CSA Z317.2-01

MEASURE LIFE

A 14-year measure life is recommended by DEER and is based on KEMA-XENERGY’s
Retention Study of PG&Es 1996-1997 Energy Incentive Program. This study tracked
installed equipment over 6 years and used statistical analysis to calculate EUL [9].
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INCREMENTAL COST

Table 6 demonstrates the incremental cost of heat recovery ventilators. ERS used
RSMeans corroborated with manufacturer data to determine the first costs for integrated
systems at $5.66/CFM and for standalone or bolt-on units at $8.76/CFM. These costs
values are also supported by the 2010 Nexant review of the measure. The additional
cost for standalone or bolt-on units is due to the additional materials and equipment
required, as well as the labor associated with integrating the standalone or bolt-on
system with the existing ventilation system [10].

The first costs represent the incremental costs between no HRV and 55% efficient units.
Additional incremental costs between high efficiency units are $1.00 per CFM at 65%,
$2.00 at 75%, and $3.00 at 85% efficiency® [11].

Table 6. Incremental Cost® [6] [10]
Measure Type Cost

First Cost Integrated $5.35/CFM
units .

First Cost Bolted-on

$8.28/CFM
systems
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CoOMMERCIAL — HIGH EFFICIENCY CONDENSING FURNACE — NEW
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Version Date and Revision History
Version 2.1

OEB Filing Date August 7, 2024
OEB Approval Date

Commercial > Space Heating - High Efficiency Condensing Furnace - New
Construction /Time of Natural Replacement

Table 1 below provides a summary of the key measure parameters and savings
coefficient.

Table 1. Measure Key Data

Parameter Definitions

New Construction (NC)
Measure Category

Time of Natural Replacement (TNR)

Baseline Technology 95% AFUE
Efficient Technology 97% AFUE
Market Type Commercial, Multiresidential
3 .
New Construction 0.690 m?3 per kI?ttu/hr input
Annual Natural Gas Savings capacity
3
Rate (m*/kBtu/hr) Time of Natural 0.973 m3 per kBTU input
Replacement capacity
Measure Life 18 years
Incremental Cost ($ CAD) $188
- Must have a rated efficiency of at least 97% and must be a
Restriction

standalone furnace

OVERVIEW

The measure is for the installation of high efficiency condensing furnaces with an annual
tuel utilization efficiency (AFUE) of 97% or higher in commercial buildings. High
efficiency gas furnaces achieve savings through the utilization of a sealed, super
insulated combustion chamber, more efficient burners, and multiple heat exchangers




Commercial - High Efficiency Condensing Furnace - NC/TNR

that remove a significant portion of the waste heat from the flue gases. Because multiple
heat exchangers are used to remove waste heat from the escaping flue gasses, most of
the flue gasses condense and must be drained.

APPLICATION

The measure is for the installation of condensing furnaces which have efficiencies that
exceed code requirements. Commercial furnaces are typically categorized as being of an
input capacity greater than 225 kBtu/hr and are performance-rated by their thermal
efficiency. Investigation into the commercial furnace market shows that furnaces greater
than 225 kBtu/hr are not made with efficiencies greater than 82% [1]. Because there is no
large, high efficiency commercial furnace equipment, this measure is intended to
support the purchase of smaller, less than 225 kBtu/hr, high efficiency furnaces.

Furnaces less than 225 kBtu/hr are performance rated by their annual fuel utilization
efficiency or AFUE. This is a measure of the seasonal performance of the equipment and
is a more comprehensive system efficiency than combustion or thermal efficiency
measurements.

BASELINE TECHNOLOGY

Canada’s Energy Efficiency Regulations require that new furnaces under 225 kBtu/hr
and using single phase electric current to have at least a 95% AFUE [2]. The baseline
technology is the minimum efficiency required by the regulations established December
12, 2019.

Table 2. Baseline Technology AFUE

Type AFUE

Gas Condensing Furnace 95%

EFFICIENT TECHNOLOGY

The efficient technology is a condensing furnace with an AFUE rating equal to, or higher
than 97%.

Table 3. Efficient Technology AFUE

Type AFUE

Gas Condensing Furnace 97%

2 Ontario TRM
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ENERGY IMPACTS

The primary energy impact associated with the installation of condensing furnaces in
this service territory is a reduction in natural gas usage resulting from the furnace’s
improved efficiency.

Canada’s Energy Efficiency Regulations now require that new residential furnace fans
have a Fan Efficiency Rating (FER), rated in Watts/cfm [3]. In order to comply with the
regulation, it will, in most cases, require a change from a permanent split capacitor
(PSC) motor to an electronically commutated motor (ECM). The Ontario Building Code
requires that all furnaces installed in new construction with permit pull dates after
December 31, 2014 use brushless direct current motors (also known as electronically
commutated motors, or ECMs). Such motors are significantly more efficient than
traditional permanent split capacitor (PSC) type motors. With this code elevation there is
no electricity savings associated with the ECMs often installed with new condensing
furnaces [4].

No water consumption or electric impacts are associated with this measure.

NATURAL GAS SAVINGS ALGORITHMS

The measure gas savings are calculated using a common assumption for the equivalent
full load hours (EFLH) and the difference in assumed efficiencies for the equipment. The
annual natural gas savings for a given size furnace can be calculated by multiplying the
rated input of the furnace times the savings factor’.

The natural gas savings factor attributed to this measure is calculated using the
following formula:

. EFLH AFUEgg
NG Savings Factor = X ( — )

35.73g KB \AFUEpqse
m
where,
NG Savings Factor = Annual gas savings per input capacity resulting from
installing the new furnace (m?/yr)/(kBtu/hr)
EFLH = Equivalent full load hours (hrs), see Table 4
35.738 kB’;u = Conversion of rated heating capacity from input kBtu/hr
m
to m3/hr, common assumptions table
AFUE}pgse = Baseline equipment thermal efficiency (%), see Table 2

! The Regulations are defined based on Btu/hr of gas input and residential boilers and most commercial heating
equipment are also rated based on input capacity. Note that some furnace manufacturers rate the capacity based on
Btu/hr output. For example, spot checks of manufacturer literature in August 2014 found that Trane, and Bryant publish
furnace capacity based on output; Carrier and Rheem list input capacity. Increase the savings by 5% if output capacity is
the basis.
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AFUEgg = Efficient equipment thermal efficiency (%), see Table 3

ASSUMPTIONS

The assumptions used to calculate the savings coefficient are shown in Table 4.

Table 4. Assumptions

Variable Definition Inputs Source
EFLH Equivalent full NC 1,172 hours Common assumptions
load hours TNR 1,651 hours table

SAVINGS CALCULATION EXAMPLE

The example below shows how to calculate gas savings achieved from installing one
condensing furnace in a newly constructed building with a rated input of 110 kBtu/h
from the savings factor in Table 1.

NG Savinas F 1172 hrs 97% _0.690 (m*/yr)
avings Factor = Bty X (95% - ) = Y Biil
35.738——
m hr
And,
m3
Annual NG savings = ner <W> 1108 _ 76 m3
nnua savings = W X T = m
hr

USES AND EXCLUSIONS

To qualify for this measure the condensing furnaces must be gas-fired, have an AFUE of
at least 97% and be installed in a new commercial facility. The measure applies to
standalone furnaces and not to heating systems that are part of rooftop units or to
unvented make-up air heaters.

MEASURE LIFE

The measure life attributed to this measure is 18 years [5] [6]. Expert opinions and
studies cited by NRCAN are 15, 18, and 20 years [7]. The ASHRAE handbook states that
most heat exchangers have a design life of 15 years and the design life of commercial
heating equipment is about 20 years [8]
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INCREMENTAL COST

The measure incremental cost is $188> based on the average difference in incremental
cost between 95 AFUE and 97 AFUE residential furnaces. [9]
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

New Construction (NC), Time of Natural Replacement (TNR)

Baseline Technology

A conventional underfired broiler

A high-efficiency underfired broiler: low idle energy rate (<

Efficient Technology 22,000 Btu/hr per linear foot) while maintaining 600°F when
tested according to ASTM F1695 [1]
Market Type Commercial
Broiler Width

2-foot 3-foot 4-foot 5-foot 6-foot
o oo braiiery . onee 1757 | 2,636 3,515 4,393 5,272
Measure Life 12 years
Incremental Cost $1.264 | $1.868 | $2,948 | $3,820 $4,134
($ CAD! broiler)

Restrictions

natural gas, 2-feet wide or larger

Restricted to commercial/institutional food service broilers using




OVERVIEW

Underfired broilers (often referred to as “char-broilers”) are among the most energy-intensive
pieces of equipment in commercial kitchens. A workhorse on the production line, underfired
broilers are used for a range of tasks from marking or searing food to cooking large volumes to
finishing/expediting items to order. Underfired broilers consist of a cooking grate suspended
above a radiant heat source that contains burners spaced every four to twelve inches. Utilizing
high temperature radiant heat, broilers produce a characteristic taste and aroma that cannot be
achieved through other cooking processes.

Underfired broilers are operated by user-adjustable manual controls that adjust the volume of
gas flowing to the burners. The Food Service Technology Center (FSTC) monitored baseline and
efficient equipment with various underfired broiler designs at nine different sites representing
different types of operations. [2] The study found that most broilers are operated at high input
rates over long operating periods.

The new generation of underfired broilers are all infrared (IR) designs and achieve higher
effective broiling temperatures with lower energy input ratings. These energy-efficient
underfired broilers can make a significant impact on an operation by utilizing radiant heat more
effectively, resulting in higher productivity with lower energy use.

The industry standard for evaluating underfired broiler energy consumption and performance
is the American Society for Testing and Materials (ASTM) Standard F1695, Standard Test Method
for Performance of Underfired Broilers. [1] This standard defines the specific ways that underfired
broilers must be tested to document temperature uniformity, preheat energy consumption, idle
energy use, and cooking energy efficiency and production capacity.

APPLICATION

Commercial broilers are one of the most energy intensive kitchen appliances due to their high-
energy usage and long operating hours.

There are multiple types and sizes of underfired broilers to fit different applications. This
measure is applicable to 2-foot wide or larger broilers that meet the efficiency criteria. The key
energy consumption metric for efficient underfired broilers is a low idle energy rate (22,000
Btu/hr per linear foot) while maintaining 600°F when tested according to ASTM F1695. [1]

BASELINE TECHNOLOGY

The baseline technology is a conventional underfired broiler with atmosphere burners. Broiler
energy usage can be characterized based on the normalized energy use per hour per linear foot



length. Key energy consumption metrics include high idle energy rate (>22,000 Btu/hr per linear
foot) while maintaining 600°F when tested according to ASTM F1695. [1]

EFFICIENT TECHNOLOGY

The efficient technology is defined as an energy-efficient underfired broiler. The key energy
consumption metric for efficient underfired broilers is a low idle energy rate (< 22,000 Btu/hr
per linear foot) while maintaining 600°F when tested according to ASTM F1695.

ENERGY IMPACTS

Efficient broilers require less natural gas during the preheat and cook/idle modes. Natural gas
savings are achieved through advanced burner designs that provide more heat to the broiling
area with lower operating energy consumption rates. There are no electric impacts for this
measure.

NATURAL GAS SAVINGS ALGORITHM

The industry standard for evaluating underfired broilers is ASTM F1695, Standard Test Method
for Performance of Underfired Broilers. [1] The performance of underfired broilers is determined by
preheat time, preheat energy consumption, and idle energy consumption (full burn load).
Broiler idle energy rate is the same as cooking energy rate because they are manually controlled
and always left on due to high throughput. The algorithm is based upon methodology used by
the FSTC. The calculation to determine the daily energy usage of baseline and energy-efficient
underfired broilers is as follows:

1. Calculation of the daily natural gas consumed by the underfired broiler

Eday = Lcooking + Epilot + Epre—heat

where,
Egay = Daily energy consumption- Natural Gas (Btu/day)
Ecooking = Daily energy consumption cooking mode- Natural Gas
(Btu/day)
Epitot = Daily energy consumption by the underfired broiler’s pilot-
Natural Gas (Btu/day)

E Daily energy consumption pre-heat mode- Natural Gas
pre—heat =
(Btu/day)



1a. Calculation of the daily natural gas consumed by the underfired broiler-
cooking mode

TP
Ecooking = Fioqa X (Ton —nP X —)

60
where,
Floaa = Full Burn Load (Btu/hr)
Ton = Operating Hours per Day (hr/day)
nP = Number of Preheats per Day (preheats/day)
TP = Preheat Time (min/preheat)
60 = Conversion factor minutes to hours (min/hr)

1b. Calculation of the daily natural gas consumed by the underfired broiler’s pilot

Epitor = Pilot X Ty

where,

Epitor = Daily natural gas consumption by the underfired broiler’s pilot
(Btu/day)

Pilot — Rate of natural gas consumption by the underfired broiler’s pilot
(Btu/hr)

Ton = Operating Hours per Day (hr/day)

1c. Calculation of the daily natural gas consumed by the underfired broiler-
preheat mode

Epre—heat = NP X EP

where,
npP = Number of Preheats per Day (preheats/day)
EP = Preheat Energy (Btu/preheat)

2. Calculation of the annual natural gas consumption for baseline and energy-efficient
underfired broilers



NGysage = Eqay X days
where,
NGusage =

E day =

days =

Annual natural gas consumption by the underfired broiler
(Btu/yr)

Daily energy consumption- Natural Gas (Btu/day)

The number of days per year the underfired broiler is in
use (day/yr)

3. Calculation of the natural gas savings

_ (NGusage_b - NGusage_E)
NGsavings - 35738
where,
NGsapings = Annual natural gas savings (m3/yr)
G Annual natural gas consumption by the baseline underfired broiler
N usageb = (Btu/yr)
NG _Annual natural gas consumption by the energy-efficient
usage-b underfired broiler (Btu/yr)
35,738 = Energy density of natural gas (Btu/m?)
ASSUMPTIONS

The Food Service Technology Center has tested multiple baseline and efficient gas underfired
broilers per the ASTM standard test method. [1] Key energy consumption metrics include
cooking energy efficiency and full load burn rate when tested according to ASTM F1695. Field
data was accompanied by controlled laboratory testing of thirteen different models of
underfired broilers using the industry standard test method. [3] Baseline energy consumption
for underfired broilers has been taken from the average of the FSTC dataset (which is
unpublished due to proprietary manufacturer data) that does not meet the efficient technology

criteria.

The assumptions used to calculate natural gas savings are shown in Table 2.



Table 2 Underfired Broiler Assumptions: 3-foot

Baseline Energy-
Performance Efficient Unit Source
Model
Model
Preheat Time 20.7 194 min/preheat [3]
Preheat Energy 35,183 32,700 Btu/preheat [3]
Idle Energy Rate (full burn load) 82,259 58,721 Btu/hr [3]
Pilot Energy Rate 759 900 Btu/hr [3]
Number of Preheats per Day 1
Operating Hours/Day 12 hr/day [4]
Food Service Days/Year 344 day/yr common
assumption
Conversion factor (min to hr) 60 min/hr
Conversion factor (Btu to m3) 35,738 Btu/m3 common
assumption

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings calculation from the replacement
of a 3-foot conventional underfired broiler with an energy-efficient underfired broiler.

Calculation of the daily natural gas consumption for baseline equipment

min
E _ 82,2592 o [ o T _ jpreheat * preheat | _ 958,729 0%
cooking—base = ©4, T X day — day X " pro = ! M
hr
Btu hr Btu
Epilot—base = 759? X 12@ = 9’108@
Btu
Epre—heat—base = 35;183@

E = 958,729 Btu + 9,108 btu + 35,183 Btu _ 1,003,020 btu
day—base — ) day ’ day ’ day -4 ) day

Calculation of the daily natural gas consumption for efficient equipment

19.4 min
Btu hr preheat ““preheat Btu
Ecooking—gg = 58,721—X | 12— —1 X , = 685,666 ——
hr day day 60 TN day

hr



E — 9002« 12" _ 10,800 2t
pilot=EE = hr day ' day

Btu
Epre-gg = 32,700m

E = 685,666 Btu + 10,800 Btu + 32,700 Btu = 729,166 Btu
day-EE = " day T day " day T day

Annual Natural Gas Savings 3-foot Underfired Broiler:

(1,003,020% — 729,166 d’%‘,) x 344%
NGsavigns = Btu = 2,636 m3/yr
35,738~ 3

Using the average annual natural gas savings for a 3ft underfired broiler calculated above, the
natural gas savings were normalized per linear ft of broiler width. This results in a normalized
savings of 879 m3/yr per linear foot of broiler width. The normalized savings per linear foot is
then used to extrapolate the annual savings to all common underfired broiler sizes: 2ft, 3ft, 4ft,
5ft and 6ft. An example of this calculation for a 2ft underfired broiler is shown below and the
extrapolated, normalized savings per common broiler size are summarized in Table 3.

3

yr-ft

2ft x 879 = 1,757 m3/yr

Table 3 Normalized Annual Natural Gas Savings - Underfired Broiler

Description 2-ft 3ft 4ft 5ft oft

Normalized annual nat. gas savings

1,757 2 1 4 272
(m3/yr per underfired broiler) 73 /636 3515 393 >

USES AND EXCLUSIONS

To qualify for this measure, the broiler must be utilized for food preparation or processing with
natural gas as its fuel source and must meet the energy efficiency criteria for commercial
underfired broilers by having an idle energy rate < 22,000 Btu/hr per linear foot while
maintaining 600°F when tested in accordance with ASTM F1695. [1]



MEASURE LIFE

The measure life attributed to this measure is 12 years. [2]

INCREMENTAL COST

The incremental cost is shown in the table below.

Table 4 Underfired Broiler Incremental Cost [5]

sroterwan | neementlcon,
2-foot $1,264
3-foot $1,868
4-foot $2,948
5-foot $3,820

REFERENCES

[1] American Society for Testing and Materials (ASTM), "Standard Test Method for the
Performance of Underfired Broilers," American Society for Testing and Materials (ASTM)
F1695, West Conshohocken, PA, 2020.

[2] D. Livchak, "Energy-Efficient Underfired Broilers," Pacific Gas and Electric Company, San

Francisco, CA, 2017.

[3] Frontier Energy, "Global Data-Comparison Database - Baseline and Energy-Efficient Gas
Underfired Broilers," Food Service Technology Center, San Ramon, CA, 2021.

[4] Ontario Food Services Market Survey. [Interview]. November 2018.

[5] Pricing from major online retailers, [Online]. Available: https://www.katom.com,
https://www.webstaurantstore.com, https://www.culinarydepotinc.com. [Accessed April

2022].
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Table 1 provides a summary of the key measure parameters and savings values based on the
efficient technology.

Table 1. Measure Key Data

Parameter Definitions
Measure category New Construction (NC)
Baseline technology 2.0 gpm

1.5 gpm
Efficient technology

1.25 gpm
Market type Multi-residential

Efficient Technol Savi
Annual natural gas fclent Techinology avings
savings per showerhead 1.25 gpm 23.2
3
(meyr) 1.5 gpm 15.5
Annual water impact per 1.25 gpm 7,775
showerhead (liters/yr) 1.5 gpm 4,107
Measure life 10 years
Utility to use actual per showerhead cost in the year when savings are
Incremental cost claimed. Likewise, installation costs to be determined similarly, based on
utility in-field experience.
This document is applicable to low-flow showerheads that have been
Restrictions installed by way of direct installation in multi-residential households where
sampling confirms the base case is equal to or less efficient than 2.0 gpm.

OVERVIEW

In multi-residential households, one of the ways to reduce domestic hot water heating costs is
by reducing the amount of hot water use. Installing low-flow showerheads can have a
noticeable impact on a building’s hot water consumption. The savings that can be achieved are
attractive since this measure is relatively inexpensive and easy to implement.

Low-flow showerheads restrict the flow of the water while maintaining water pressure.
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APPLICATION

This measure pertains to the implementation of low-flow showerheads in multi-residential
households.

BASELINE TECHNOLOGY

The baseline technology is a showerhead with a flow of 2.0 gpm. [1]

EFFICIENT TECHNOLOGY

The efficient technology is a low-flow showerhead with a flow rate of 1.5 gpm or lower.

ENERGY IMPACTS

The primary energy impact associated with implementation of low-flow showerheads is a
reduction in natural gas resulting from a reduction in the hot water consumption. There is an
additional reduction in water consumption associated with this measure.

NATURAL GAS SAVINGS ALGORITHM

This algorithm outlines a methodology to determine the energy consumption as a function of a
showerhead’s rated flowrate. It is based on the methodology developed by Navigant
Consulting using data from a SAS statistical billing analysis study with the specific purpose of
determining the impact of low-flow showerheads for single family homes in Ontario.

The SAS study [2] analyzed the gas consumption in Enbridge territory over the course of two
years for 178 single family households which included a control group, a low-flow group, and a
treatment group which had high-flow showerheads in the first year of the study. After a year
into the study, showerheads in the treatment group were replaced with low-flow fixtures of 1.25

gpm.
The study resulted in two groups of savings: homes with showerheads that had pre-existing

showerheads with full-on flow rates, or nominal/rated flow rates, between 2.0 gpm to 2.5 gpm
and homes with showerheads with full-on flow rates greater than 2.5 gpm.

The full-on flow rate groups in the SAS sample and their associated savings levels per
household are shown in Table 2:

2 Ontario TRM
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Table 2. Savings from SAS Study [2] [3]

Average of Nominal Rated Nominal Flow Annual Annual Savings Per
Rated RatengJ:Iow Flow of Low-flow Reduction Savinas Nominal gpm Flow
Flow Rate 1 Showerhead (gpm) 3 ? Reduction (m3/gpm)
Rates (gpm) (m?)
(gpm)
201025 2.40 1.25 115 46.4 40.3
gpm
>2.5 gpm 3.09 1.25 1.84 87.8 47.7

The average reduction in annual natural gas use in each household was 44.0 m® per gpm
reduction in rated showerhead flow rate. Using this relationship, the gas savings can be
calculated for any combination of baseline and high efficiency showerheads, if rated flow rate is
known. The average number of showers was 2.06 per household. Using this factor, we can
adjust the saving to a per showerhead basis.

m3
Single family savings (yr. showerhead)
m3
~ 44 o h?)]usehold X (baseline rated gpm — high ef ficiency gpm)
B showerheads
2.06 household
This results in a savings calculation of:
m3
Single family savings <yr. showerhead)
m3
=214 s X (baseline rated gpm — high ef ficiency gpm)

gpm - showerhead

Based on data from Enbridge Gas (for the 2015 program year)?, there are 1.02 showerheads per
multifamily residence. Furthermore, for multi-residential homes, Navigant Consulting
proposed an adjusted savings based on number of occupants per household to reflect
differences in patterns of use and have conservatively assumed that, on average, the seasonal
efficiency of the gas devices are similar. [4] The average number of people per single home in
the referenced study in the treatment group, or where low-flow showerheads were installed,
was 2.75 people per household. The average number of people in a multi-residential residence
(weighted by type: buildings over 5 stories and for buildings of five stories or less) is 1.9 people.

The showering behaviors of the residents in single family homes as compared to multifamily
home should be similar, if not equal. Rather, the proportion of people per showerhead will be
the driving factor in the savings.

1 The average flow rate used here is from actual bag tested flow rate data provided by Enbridge Gas for the corresponding year of
the SAS study (2007). [4]

2 The savings presented here are from a SAS study, which analyzed consumption of households over two years, beginning in 2007.
(3]

3 According to Enbridge Gas data for the program year of 2015, as of November 12, 2015, there had been 7,280 showerheads
replaced in 7,127 apartments, totaling about 1.02 showers per suite.

Ontario TRM 3
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. . . MF People ) . ) SF People
Multif amily Savings X ——— = Single family savings X ——

Based on these factors, the adjustment can be made as follows:

SF People 1

X

MF People
We know the savings per showerhead for single family homes as determined above, thus the
relationship reduces to:

Multifamily Savings = Single family savings X

Multif amily Savings

m3

yr

=214
gpm - showerhead

X (baseline rated gpm

~ high ef ficiency gpm) x SF People X yr—so o

The relationship (natural gas savings approach described in sub doc above) should be
expressed as follow:

Multif amily Savings
m3
yr _
=214 < (basel o
gpm - showerhead (baseline rated gpm
high effici ><SF People
igh efficiency gpm) VF Poople

Unit of measurement analysis for proposal

m3

yr
gpm - showerhead

3
people m
X (gpm — gpm) X _)y_r per showerhead

Multif amily Savings—

Applying all the factors above: the resulting savings per showerhead for multi-residential is:

Multif amily Savings

m3

yr

=214
gpm - showerhead

X (baseline rated gpm — high ef ficiency gpm)

X 2.75 le X ———
peopte 1.9 people
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Multif amily Savings
m3
r .
=214 X (basel ted
gpm - showerhead (baseline rated gpm
hiah o o 2.75 People
igh efficiency gpm) 1.9 People
Where:
3
m
44.0 yr- gpm y SFpeople R m?
2.06showerhead MF,eopie yr - gpm - showerhead

household

This is the ratio of the average reduction in annual natural gas rate
(consumption per rated showerhead flow rate) use in each household from the
single-family residential study, over the average number of showers per
household from the single-family residential study.

21.4

Resulting in:
m3
Multif amily Savings <F per showerhead)

3
3107~
= ngZ X (baseline rated gpm — high ef ficiency gpm)

Where:

m3
yr - gpm - showerhead

31.0 _ This is the adjustment ratio of the average reduction in annual natural gas rate
(consumption per rated showerhead flow rate) use in each household from the
single-family residential study to the multi-family household natural gas
savings rate per showerhead.

WATER SAVINGS ALGORITHM

The SAS study only presented natural gas savings for the region but did not report water
savings. Another algorithm was used to determine the water savings:

days L
S Ppl x Sh x 365W X T X (Flpgse — Flogr) X 3.785W
g5 = Number of Showerheads
Where,
Savings = Annual water savings per showerhead (L/yr per

showerhead)

Ontario TRM 5
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Ppl =Number of people per household

Sh = Showers per capita per day

365 = Days per year

T = Showering time (minutes)

Flpgse = As-used flow rate with base equipment (gpm) —

Calculated from equation from Summit Blue Study

Flosr = As-used flow rate with efficient equipment (gpm) —
Calculated from equation from Summit Blue Study

Number of Showerheads =Number of showerheads

Flygse and Fl,ff are the “as-used” flow rate. The nominal flowrate is the flow the showerhead
will deliver at full flow at 80 psi. However, based on Enbridge flow rate bag test data, the flow
for installed fixtures varies from the rated flow rate of the showerhead. [3] [5] [6].

The following regression based on a study in 443 California homes of+ weighted regression
analysis of as-used flow compared to full-on flow rate:

As — Used Flow Rate* = 0.542 X Nominal Flow Rate + 0.691 [5]

Where,
As — Used Flow Rate = Actual flow of installed showerhead
Nominal Flow Rate = Rated flow listed on the showerhead
ASSUMPTIONS

Table 3 provides assumptions used in the natural gas calculation.

Table 3. Constants and Assumptions for Natural Gas Savings Calculation

Assumption Value Source
Average persons per multi family 19 Common
residence (2016) ) assumptions table

Average number of showerheads per
multi-family residence

Average number of people per single
family residence in SAS study 2.75 [2]
treatment group

Average number of showers per single
family residence in SAS study 2.06 [2]
treatment group

1.02 Enbridge Gas data

4 The lower limit of this equation is 1.25 gpm due to water pressure limitations. As the showerhead flow rate is reduced, the full-on
flow will approach the as-used flow since as there is a limit to the acceptable flowrate. [5] As such, the algorithm assumes that a
showerhead with a full-on flow rate of 1.25 gpm also has an as-used flow of 1.25 gpm. Actual flow rates lower that 1.25 gpm can be
assumed to result in longer showers, negating additional savings.

6 Ontario TRM
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Table 4 provides a list of constants and assumption used in the derivation of the water savings
values.

Table 4. Constants and Assumptions for Water Savings Calculation

Assumption Value Source
Average persons per multi family 19 Common assumptions
residnce (2016) ' table

Number of showerheads per residence 1.02 Enbridge Gas data
Showers per capita per day 0.75 [5]

Average showering time per day per 7.6 [5]
showerhead (minutes) minutes

SAVINGS CALCULATION EXAMPLE

The scenario for the gas savings is as follows. A showerhead will be replaced with a 1.5 gpm
showerhead for a multi-residential residence.

Natural Gas Savings

Using the equation above for the replacement of a baseline 2.0 gpm showerhead with a 1.5 gpm
showerhead,

3
m
Annual natural gas savings (y_r per showerhead)

m3/yr
gpm - showerhead

=31.0

X (baseline rated gpm — high ef ficiency gpm)

3
m
Annual natural gas savings (y—rper showerhead) = 31.0 X (2.0 —1.5)

3
m
Annual energy savings = 15.3 P

Water Savings

Water Savings

showers
people person mins days
=19————%x0.75 X 7.6 X 365
MF household day shower year
y (1 78 gallons L5 gallonS) « 3.785 liters 102 showerhead
' min ' j gal = " MF household
liter
= 4,107

" per showerhead

Ontario TRM
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USES AND EXCLUSIONS

To qualify for this measure, low-flow showerheads must be installed in multi-residential
households where sampling confirms the base case is equal to or less efficient than 2.0 gpm.

MEASURE LIFE

The measure life attributed to this measure is 10 years. [5]

INCREMENTAL COST

The incremental cost for this measure could not be determined by looking at big-box retailer
data. The driver for higher cost of fixtures is the available features of the showerheads.
However, the previous substantiation sheet based the incremental cost on bulk purchases by the
utility for program implementation. Since the incremental cost of the measure in the previous
substantiation sheet is based on actual cost to the utility, it is the most accurate data. This
method is consistent with other TRMs. Table 5 presents the measure incremental cost.

Table 5. Measure Incremental Cost

Measure Category Incremental Cost ($)

Utility to use actual per showerhead cost in the year when

All measure . . . . X
) savings are claimed. Likewise, installation costs to be
categories - . PV, .
determined similarly, based on utility in-field experience.
REFERENCES
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Table 1 provides a summary of the key measure parameters and savings values based on the
efficient technology.

Table 1. Measure Key Data

Parameter Definitions
Measure category Retrofit (R)
Baseline technology 2.5 gpm

1.5 gpm
Efficient technology

1.25 gpm
Market type Multi-residential

Efficient Technol Savi
Annual natural gas fclent Technology avings
savings per showerhead 1.25 gpm 38.7
3
(meyr) 1.5 gpm 31.0
Annual water impact per 1.25 gpm 11,734
showerhead (liters/yr) 1.5 gpm 8,068
Measure life 10 years
Utility to use actual per showerhead cost in the year when savings are
Incremental cost claimed. Likewise, installation costs to be determined similarly, based on
utility in-field experience.
This document is applicable to low-flow showerheads that have been
Restrictions installed by way of direct installation in multi-residential households where
sampling confirms the base case is equal to or less efficient than 2.5 gpm.

OVERVIEW

In multi-residential households, one of the ways to reduce domestic hot water heating costs is by
reducing the amount of hot water use. Installing low-flow showerheads can have a noticeable
impact on a building’s hot water consumption. The savings that can be achieved are attractive
since this measure is relatively inexpensive and easy to implement.

Low-flow showerheads restrict the flow of the water while maintaining water pressure.
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APPLICATION

This measure pertains to the implementation of low-flow showerheads in multi-residential
households.

BASELINE TECHNOLOGY

The baseline technology is a showerhead with a flow of 2.5 gpm. [1]

EFFICIENT TECHNOLOGY

The efficient technology is a low-flow showerhead with a flow rate of 1.5 gpm or lower.

ENERGY IMPACTS

The primary energy impact associated with implementation of low-flow showerheads is a
reduction in natural gas resulting from a reduction in the hot water consumption. There is an
additional reduction in water consumption associated with this measure.

NATURAL GAS SAVINGS ALGORITHM

This algorithm outlines a methodology to determine the energy consumption as a function of a
showerhead’s rated flowrate. It is based on the methodology developed by Navigant Consulting
using data from a SAS statistical billing analysis study with the specific purpose of determining
the impact of low-flow showerheads for single family homes in Ontario.

The SAS study [2] analyzed the gas consumption in Enbridge territory over the course of two
years for 178 single family households which included a control group, a low-flow group, and a
treatment group which had high-flow showerheads in the first year of the study. After a year
into the study, showerheads in the treatment group were replaced with low-flow fixtures of 1.25

gpm.
The study resulted in two groups of savings: homes with showerheads that had pre-existing

showerheads with full-on flow rates, or nominal/rated flow rates, between 2.0 gpm to 2.5 gpm
and homes with showerheads with full-on flow rates greater than 2.5 gpm.

The full-on flow rate groups in the SAS sample and their associated savings levels per household
are shown in Table 2:

2 Ontario TRM
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Table 2. Savings from SAS Study [2] [3]

Average of Nominal Rated Nominal Flow Annual Annual Savings Per
Rated Rated%low Flow of Low-flow Reduction Savinas Nominal gpm Flow
Flow Rate 1 Showerhead (gpm) 3 ? Reduction (m3/gpm)
Rates (gpm) (m?)
(gpm)
201025 2.40 1.25 115 46.4 40.3
gpm
>2.5 gpm 3.09 1.25 1.84 87.8 47.7

The average reduction in annual natural gas use in each household was 44.0 m® per gpm
reduction in rated showerhead flow rate. Using this relationship, the gas savings can be
calculated for any combination of baseline and high efficiency showerheads, if rated flow rate is
known. The average number of showers was 2.06 per household. Using this factor, we can adjust
the saving to a per showerhead basis.
m>
m3 44 y:n X (baseline rated gpm — high ef ficiency gpm)
Single family savings (y_r> gp

showerheads

2.06 household

This results in a savings calculation of:

m3
Single family savings <F>

m3

=214 Jpm- sh}cl)T\;t/erhead X (baseline rated gpm — high ef ficiency gpm)

Based on data from Enbridge Gas (for the 2015 program year)?, there are 1.02 showerheads per
multifamily residence. Furthermore, for multi-residential homes, Navigant Consulting proposed
an adjusted savings based on number of occupants per household to reflect differences in
patterns of use and have conservatively assumed that, on average, the seasonal efficiency of the
gas devices are similar. [4] The average number of people per single home in the referenced
study in the treatment group, or where low-flow showerheads were installed, was 2.75 people
per household. The average number of people in a multi-residential residence (weighted by type:
buildings over 5 stories and for buildings of five stories or less) is 1.9 people.

! The average flow rate used here is from actual bag tested flow rate data provided by Enbridge Gas for the corresponding year of the
SAS study (2007). [4]

2 The savings presented here are from a SAS study, which analyzed consumption of households over two years, beginning in 2007.
(3]

3 According to Enbridge Gas data for the program year of 2015, as of November 12, 2015, there had been 7,280 showerheads replaced
in 7,127 apartments, totaling about 1.02 showers per suite.

Ontario TRM 3
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The showering behaviors of the residents in single family homes as compared to multifamily
home should be similar, if not equal. Rather, the proportion of people per showerhead will be
the driving factor in the savings.

) ) ) MF People ] ] ] SF People
Multif amily Savings X ——— = Single family savings X ——

Based on these factors, the adjustment can be made as follows:

SF People 1

X

MF People
We know the savings per showerhead for single family homes as determined above, thus the
relationship reduces to:

Multif amily Savings = Single family savings X

Multif amily Savings

m3

yr

=214
gpm - showerhead

X (baseline rated gpm

~ high ef ficiency gpm) x SF People X yr—pec

The relationship (natural gas savings approach described in sub doc above) should be expressed
as follow:

Multif amily Savings
m3
yr _
=214 % (b ] rod
gpm - showerhead (baseline rated gpm

SF People

— high ef ficiency gpm) X m

Unit of measurement analysis for proposal

m3

yr
gpm - showerhead

3
people m
X (gpm — gpm) X _)F per showerhead

Multif amily Savings—

Applying all the factors above: the resulting savings per showerhead for multi-residential is:

Multif amily Savings

m3

yr

=214
gpm - showerhead

X (baseline rated gpm — high ef ficiency gpm)

X 2.75 le X ———
peopie 1.9 People
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Multif amily Savings
m3
=214 yr X (baseline rated gpm
~ """ gpm - showerhead gp
hiah o 9 2.75 People
igh ef ficiency gpm) 1.9 People
Where:
3
m
MOy gom SFoeopte m’
5 0g Showerhead = MFye,p, yr - gpm - showerhead
"~ household
214

This is the ratio of the average reduction in annual natural gas rate
(consumption per rated showerhead flow rate) use in each household from the
single-family residential study, over the average number of showers per
household from the single-family residential study.

Resulting in:

m3
Multif amily Savings <y_r per showerhead)

= 31.0 X (baseline rated gpm — high ef ficiency gpm)
Where:

m3
yr - gpm - showerhead

31.0 _ Thisis the adjustment ratio of the average reduction in annual natural gas rate
(consumption per rated showerhead flow rate) use in each household from the
single-family residential study to the multi-family household natural gas
savings rate per showerhead.

WATER SAVINGS ALGORITHM

The SAS study only presented natural gas savings for the region but did not report water
savings. Another algorithm was used to determine the water savings:

days
year
Number of Showerheads

L

Ppl X Sh X 365 gal

X T X (Flygse — Flops) % 3.785
Savings =

Where,

Savings = Annual water savings per showerhead (L/yr per
showerhead)
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Ppl =Number of people per household

Sh = Showers per capita per day

365 = Days per year

T = Showering time (minutes)

Flpgse = As-used flow rate with base equipment (gpm) —

Calculated from equation from Summit Blue Study

Flosr = As-used flow rate with efficient equipment (gpm) —
Calculated from equation from Summit Blue Study

Number of Showerheads =Number of showerheads

Flygse and Fl,ff are the “as-used” flow rate. The nominal flowrate is the flow the showerhead
will deliver at full flow at 80 psi. However, based on Enbridge flow rate bag test data, the flow
for installed fixtures varies from the rated flow rate of the showerhead. [3] [5] [6].

The following regression based on a study in 443 California homes of+ weighted regression
analysis of as-used flow compared to full-on flow rate:

As — Used Flow Rate* = 0.542 X Nominal Flow Rate + 0.691 [5]

Where,
As — Used Flow Rate = Actual flow of installed showerhead
Nominal Flow Rate = Rated flow listed on the showerhead
ASSUMPTIONS

Table 3, provides assumptions used in the natural gas calculation.

Table 3. Constants and Assumptions for Natural Gas Savings Calculation

Assumption Value Source
Average persons per multi family 19 Common
residence (2016) ' assumptions table

Average number of showerheads per
multi-family residence

Average number of people per single
family residence in SAS study 2.75 [2]
treatment group

Average number of showers per single
family residence in SAS study 2.06 [2]
treatment group

1.02 Enbridge Gas data

4 The lower limit of this equation is 1.25 gpm due to water pressure limitations. As the showerhead flow rate is reduced, the full-on
flow will approach the as-used flow since as there is a limit to the acceptable flow-rate. [5] As such, the algorithm assumes that a
showerhead with a full-on flow rate of 1.25 gpm also has an as-used flow of 1.25 gpm. Actual flow rates lower that 1.25 gpm can be
assumed to result in longer showers, negating additional savings.

6 Ontario TRM



Multi-Residential — Low-Flow Showerheads —-R

Table 4 provides a list of constants and assumption used in the derivation of the water savings
values.

Table 4. Constants and Assumptions for Water Savings Calculation

Assumption Value Source
Average persons per multi family 19 Common assumptions
residnce (2016) ) table

Number of showerheads per residence 1.02 Enbridge Gas data
Showers per capita per day 0.75 [5]

Average showering time per day per 7.6 [5]
showerhead (minutes) minutes

SAVINGS CALCULATION EXAMPLE

The scenario for the gas savings is as follows. A showerhead will be replaced with a 1.5 gpm
showerhead for a multi-residential residence.

Natural Gas Savings
Using the equation above for the replacement of a baseline 2.5 gpm showerhead with a 1.5 gpm
showerhead,
m3
Annual natural gas savings (y_r per showerhead)

m3/yr

= 31.0
gpm - showerhead

x (baseline rated gpm — high ef ficiency gpm)

3
m
Annual natural gas savings (y—rper showerhead ) =31.0 X (2.5—-1.5)

3
m
Annual natural savings = Sl'oy_r per showerhead

Water Savings

Water Savings

showers
people person mins days
=19——%x0.75 X 7.6 X 365
MFhousehold day shower year
gallons gallons liters showerheads
X (2.05 - - 1.5 - ) % 3.785 +1.02—————
min min gal MF household
liter
= 8,068

" per showerhead
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USES AND EXCLUSIONS

To qualify for this measure, low-flow showerheads must be installed in multi-residential
households where sampling confirms the base case is equal to or less efficient than 2.5 gpm.

MEASURE LIFE

The measure life attributed to this measure is 10 years. [5]

INCREMENTAL COST

The incremental cost for this measure could not be determined by looking at big-box retailer
data. The driver for higher cost of fixtures is the available features of the showerheads. However,
the previous substantiation sheet based the incremental cost on bulk purchases by the utility for
program implementation. Since the incremental cost of the measure in the previous
substantiation sheet is based on actual cost to the utility, it is the most accurate data. This method
is consistent with other TRMs. Table 5 presents the measure incremental cost.

Table 5. Measure Incremental Cost

Measure Category Incremental Cost ($)

Utility to use actual per showerhead cost in the year when

All measure . . . . ) .
categories savmgs are_cls_nmed. Likewise, m_stalllat!on costs t_o be
determined similarly, based on utility in-field experience.
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COMMERCIAL — OzZONE LAUNDRY TREATMENT — NEW CONSTRUCTION/
RETROFIT

Version Date and Revision History

Version 2.1 (minor changes)

OEB Filing Date November 14, 2022

OEB Approval Date November 14, 2022

Commercial > Water Heating > Ozone Laundry Treatment > New
Construction/Retrofit

Table 1 provides a summary of the key measure parameters with savings coefficients.

Table 1. Measure Key Data

Parameter Definitions
New Construction (NC)
Measure Category Retrofit (R)
Baseline Technology Commercial laundry with no ozone treatment system
Efficient Technology Ozone treatment system for commercial laundry
Market Type Commercial, Multi-residential
Annual Natural Gas Washer Natural Gas Electric Water Savings
Savings? Tvoe Savings Factor | Savings Factor | Factor - WSF
yp - NGSF (m¥/lb) - ESF (kWh/Ib) (L/Ib)
Annual Electric Savings Extractor
Annual Water Savings Washers 0.0376 0.00211 210
Tunnel 0.0295 0.00150 1.29
Washers
Measure Life 15 years
Incremental Cost Washer Type Incremental Cost
($ CAD) Washer extractor — < 60 Ibs $15,714
Washer extractor — > 60 Ibs and < 500 $35,714
lbs '
Washer extractor — = 500 Ibs $44,286
Tunnel washer — < 120 Ibs $71,429
Tunnel washer —> 120 Ibs and < 500 $150,000
lbs ’
Tunnel washer — 2500 Ibs $228,571

! Multi-residential building must have commercial extraction or tunnel washers.
2 To derive Annual Savings (for natural gas, electric, and water), the savings factor must be multiplied by
washer capacity and annual loads. See Natural Gas Savings Algorithms section for further details.



Commercial — Ozone Laundry Treatment - NC/R

Parameter Definitions
Restrictions This measure is restricted to commercial clothes washers using water
heated by natural gas. Washers dedicated to cleaning heavily soiled
laundry are not eligible.
OVERVIEW

In the commercial laundry industry, ozone is generated via a corona discharge or an ultraviolet
light. The ozone dissolves in water temperatures ranging from cold to ambient, and activates
the detergents, improving their activity and leading to stronger cleaning capabilities. The
improved cleaning action results in hot water savings, and as a result, natural gas savings.
However, since the solubility of ozone is low and its decomposition is faster at higher
temperatures (38°C/100°F), the use of ozone is not recommended for heavily soiled laundry,
which requires hotter water.

An important consideration with the use of ozone systems is laundry worker safety. Ozone
exposure is regulated worldwide. The exposure limits for workers in Canadian facilities is
limited to 0.12 parts per million over a time-weighted average of a one-hour period. The
installation of an ozone system usually includes the installation of an ozone sensor to ensure
that unsafe levels are not reached [1]. Figure 1 shows the schematics of a laundry system
equipped with an ozone treatment system.

Figure 1. Washer Extractors — Example Schematic
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APPLICATION

This measure is for installing an ozone system on a commercial clothes washer. There is no
distinction between the retrofit and new construction project types for this measure, as the
applicable assumptions are the same.
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Commercial — Ozone Laundry Treatment - NC/R

BASELINE TECHNOLOGY

The baseline for this measure is standard commercial laundry equipment that does not utilize
ozone laundry treatment and uses natural gas for water heating.

EFFICIENT TECHNOLOGY

The efficient case for this measure is ozone laundry treatment equipment installed on
commercial laundry equipment using natural gas for water heating.

ENERGY IMPACTS

The primary savings produced by installing an ozone treatment system are hot water savings
from reduced cycles and more efficient cleaning. Natural gas is saved from the reduced hot
water demand, in addition to water savings. Although the ozone system consumes additional
electricity, electric savings are also realized due to the reduced cycles required per load.

NATURAL GAS SAVINGS ALGORITHMS

The savings for this measure are determined utilizing a savings calculator developed by NGTC
(Natural Gas Technology Center) [2]. The factors are determined by calculating the water saved
from installing an ozone generating system on a washer.

The following algorithm is used to calculate the actual gas impact in cubic meters from the
natural gas savings factor.

A(m3) = NGSF x WC x Load

Where,
NGSF = Natural gas savings factor; see Table 1 (m?/lbs)
WC = Washer capacity; see application (Ibs/load)
Load = Annual loads processed by the washer; see application (loads/yr)

ELECTRIC SAVINGS ALGORITHMS

The following algorithm is used to calculate the electric impact in kilowatt-hours from the
electric energy savings factor.

A(kWh) = ESF X WC X Load
Where,
ESF = Electric savings factor, (kWh/(lbs))
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WC = Washer capacity; see application (Ibs/load)

Load = Annual loads processed by the washer; see application (loads/yr)

WATER SAVINGS ALGORITHMS

The following algorithm is used to calculate the water impact from the water savings factor.

A(L) = WSF x WC x Load

Where,

WSF = Water savings factor; see Table 1 (L/lbs)

WC = Washer capacity; see application (Ibs/load)

Load = Annual loads processed by the washer; see application (loads/yr)
ASSUMPTIONS

Table 2 shows the list of assumptions utilized in the calculations spreadsheet to derive the
savings factors in Table 1. Ozone laundry systems cannot use high temperature water since
ozone breaks down above 35°C [3]. It is also notable that there is broad range of water recycling
capability from commercial machines depending on the rigor of the recycling purification
methods. About 30% to 50% of the water can be reused. For this analysis, a recycling rate of 30%
is assumed at that will result in a conservative estimate [4] . For this analysis, operating
conditions used to calculate the energy consumption per pound of laundry were evaluated
using input data from representatives of an ozone laundry products manufacturer and a large
linen services company. These operating conditions are assumed to be typical for industrial
laundry facilities. The difference in water savings between facilities that have a 30% rate of
recycling and a facility that does not have recycling at all is negligible — about 0.1 L/Ib.
Therefore, water savings calculated here can be applied to facilities without recycling systems
as well.

Table 2. Assumptions

Variable Value Sources
Average city or inlet water Common

8.53 C (47.35 F)

temperature assumptions table
Commercial water heating o Common
- 83.6% :
efficiency assumptions table
Ratio of water recycled 30.0% [5]
Water temperature for 20.0°C [4] [3]

medium soil (ozone)
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SAVINGS CALCULATION EXAMPLE

The natural gas savings for a 120 pound per load tunnel washer where the estimated annual
loads are estimated to be 30 loads per hour for 8 hours a day for 350 days a year can be
calculated in the following fashion.

The annual number of loads is:

loads hr days loads
Annual Loads = 30 X 8 X 350 = 84,000
hr day yr

The annual natural gas savings are:

m*) b loads m3
A(m3) = 0.0295 x 120 X 84,000 —— = 297,360 —
lb yr yr

load
The annual electric and water savings can be calculated similarly to be:
Electric savings = 15,120 kWh/yr
Water savings = 13,003,200 L /yr

USES AND EXCLUSIONS

Residential-style clothes washers do not qualify for this measure. Commercial washers that
process heavily soiled laundry do not qualify for this measure because of the higher water
temperatures utilized.

MEASURE LIFE

The measure life is 15 years [4].

INCREMENTAL COST

Table 4 shows the incremental costs associated with the two different types of washers and
grouped into two different sized bins each.

Table 4: Incremental Costs [4] [6] [7] [8]°

Washer Type Incremental Cost
Washer extractor — < 60 Ibs $15,714
Washer extractor — > 60 Ibs and < 500 Ibs $35,714

3 Converted to CAD based on Daily Currency Converted for Bank of Canada, as of 1/22/2016.
(http://www .bankofcanada.ca/rates/exchange/daily-converter/)
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Washer Type Incremental Cost
Washer extractor — = 500 Ibs $44,286
Tunnel washer — < 120 Ibs $71,429
Tunnel washer — > 120 Ibs and < 500 Ibs $150,000
Tunnel washer — 2 500 Ibs $228,571

Capital and installation incremental costs were obtained from interviews with manufacturer
sales representatives. Please note that installed system costs can be highly variable, especially
for the tunnel washer systems which tend to be custom installations. The size and cost of the
ozone system are primarily determined by the amount of water being used and the level of soil

in the laundry but can also be affected by the type and arrangement of the washers.

REFERENCES

[1]

2]
[3]

[4]

[5]

[6]

[7]
[8]

K. Charles, R. Magee, D. Won and E. Lusztik, "Indoor Air Quality Guidelines and
Standards, pg 10," National Research Council Canada March 2005. [Online]. Available:
https://nrc-publications.canada.ca/eng/view/object/?id=c597c638-536c-4ed9-b99c-
20eb102a3bc0. [Accessed October 2021].

J. R. G. Riopelle, Redacted - Final Report DSM Ozone Laundry Calculator, 2009, updated 2014.

Laundry Consulting, "Ozone Laundry Systems," [Online]. Available:
http://laundryconsulting.com/solution/green-laundry-technology/ozone-laundry-
systems/. [Accessed April 2014].

Natural Gas Technologies Centre, "DSM OPPORTUNITIES ASSOCIATED WITH OZONE
LAUNDRY TREATMENT (FOR HOSPITALITY AND HEALTH CARE FACILITIES), p.5,"
Union Gas, Boucherville, November 25, 2009.

Alliance for Water Efficiency, "Laundries and Dry Cleaning Operations," [Online].
Available:
http://www.allianceforwaterefficiency.org/uploadedFiles/Resource_Center/Library/non_r
esidential EBMUD/EBMUD_WaterSmart_Guide_Laundries_Dry-
Cleaning_Operations.pdf. [Accessed April 2014].

EcoTex, Interviewee, Manufacturer. [Interview]. May 1, 2014, conducted by ERS.
O. Del, Interviewee, Manufacturer. [Interview]. May 12, 2014, conducted by ERS.
Articlean, Interviewee, Manufacturer. [Interview]. May 14, 2014, conducted by ERS.

Ontario TRM
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Table 1 provides a summary of the key measure parameters and savings coefficients.

Table 1. Measure Key Data

Parameter Definition
Measure New Construction (NC), Time of Natural Replacement (TNR)
Category
Name L
identifier Eelpiien
Baseline Tankless DHW | Storage Water Heater, that has an input rate =75 kBtu/hr up to 105 kBtu. Rated
Technology | < 200 kBtu/hr nominal volume = 20 up to 120 US gallons.
NC Uniform Energy Factor (UEF) = 0.8107-0.00021Vs
TNR  Uniform Energy Factor (UEF) = 0.6597-0.00024Vs
Tankless DHW | Storage Water Heater, that has an input rate 275 kBtu/hr or greater,
>
2 200 kBtu/hr NC Thermal efficiency (TE) = 90%, Stand-by Loss (Btuh/hr)
0.84(Q/800+110Vo)
TNR  Thermal efficiency (TE) = 80%, Stand-by Loss (Btuh/hr) Q/800 +110Vo
Efficient Tankless DHW | Condensing Tankless Water Heater, has an input rate 275kBtu/hr up to
Technology | < 200 kBtu/hr <200kBtu/hr.
NC UEF = 0.95, negligible stand-by losses.
TNR  UEF =2 0.90, negligible stand-by losses.
Tankless DHW | Condensing tankless water heater, has an input rate 200kBtu/hr. and greater.
> 200 kBtu/hr .-
NC TE = 96%, negligible stand-by losses.
TNR  TE = 94%, negligible stand-by losses.
Market Commercial

Type




Commercial - Condensing Tankless Water Heaters — NC/TNR

Parameter Definition
Meas o Efficiency Savings
Name ure Efficient (m?/ kBtu/hr. input) New tankless Storage
identifier Cate Technolog - - water heater Input | Savings
y Low | Mediu | High rate (kBtu/hr) (m3)
gory m
INR UEF=0.90 | 1.918 | 3.128 | 4.349 200 912
Tankless DHW _ <
< 200 KBtu/hr UEF =0.95 | 2.299 | 3.748 | 5.211
Annual NC | UEF=0.95 | 0.922 | 1.503 | 2.090 | <200 178
gztsura' TE=94% | 0.862 | 1.405 | 1.954 | =200 to < 1,000 351
Savings TNR | TE=96% | 0.985| 1.606 | 2.233 | =1,000 to < 2,500 521
3
Egttj/éﬂ/ Tankless DHW TE=98% |1.108 | 1.807 | 2512 | 22,500 867
m®) = 200 kBtu/hr TE=96% | 0.328 | 0.535 | 0.744 | 2200 to < 1,000 295
NC TE=98% | 0438 | 0.714 | 0.992 | = 1,000 to < 2,500 438
= 2,500 728
Measure 20 years
Life
Incremental New construction $1,030
Cost ($ Time of Natural
CAD) Replacement $3,030
- This measure applies to the installation of natural gas condensing tankless water heaters in
Restrictions . _
commercial facilities.
OVERVIEW

The measure involves installing natural gas condensing tankless water heaters for hot water
production in commercial facilities. Non-condensing tankless water heaters are not eligible
under this measure.

Tankless, also called instantaneous or on-demand, water heaters provide hot water without
using a storage tank. There is nominal “storage”, in the form of water in the coil, but it is
typically less than 2 gallons and standby losses can be considered negligible. This reduced
storage capacity results in the need for higher capacity burners to generate the flow of hot water
necessary to serve equivalent peak loads. This translates to higher equipment and installation
costs for these units.

The savings from installing condensing tankless hot water units result from two factors: a
higher average efficiency (uniform energy factor or thermal efficiency-depending on the input
rate of the water heater) and the elimination of the standby losses associated with the storage
units.
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Thermal Efficiency

Condensing water heaters reclaim a significant quantity of thermal energy from exhaust gases,
improving the overall efficiency by up to 10% over non-condensing models.

The annual savings values attributed to the increased thermal efficiency are reported in units of
m® natural gas per kBtu/hr. rated input capacity of the tankless unit. The savings values are
differentiated by the anticipated utilization level of the water heater based on the type of facility
where it is installed.

Uniform energy Factor

The Uniform Energy Factor (UEF) describes how much energy a similar water heater uses and
how much energy is used to power the water heater itself. The EUF is used for water heater
units with less than 200 kBtu/hr whereas thermal efficiency is retained to quantify the efficiency
of larger water heater units.

Standby Losses

There is continuous loss from storage water heaters to the surrounding space, with the magnitude
of this loss largely dependent upon the size of the storage tank.

Annual savings values attributed to the elimination of standby loss for tankless units are
reported in units of m?® and are differentiated by the input capacity of the tankless units being
installed.

For most commercial installations, storage water heaters are in mechanical spaces that are not
intentionally maintained at the temperature of the occupied space, and savings resulting from
reduced standby losses does not add to the space heating load for the facility. The savings are
not de-rated to reflect any increase in the overall facility space heating load.

The algorithms and the associated variables are presented in the “Natural Gas Savings
Algorithm” section.

APPLICATION

This measure applies to the installation of tankless natural gas water heaters in commercial
facilities for either new construction or time of natural replacement measure category. The units
provide hot water for the entire commercial facility, or in some cases for selected loads within
the facility.

Water heaters are a regulated product in Ontario, Canada by both the Federal and provincial
governments. For the purpose of these Regulations, a gas-fired instantaneous water heater is
one of the following types [1]:

(a) household, if it has an input rate of less than 58.56 kW (200,000 Btu/h), has a Vr of no
greater than 7.6 L (2 US gallons) and is designed to provide hot water at a temperature
no greater than 82°C (180°F); or

(b) commerecial, if it is not described in paragraph (a).
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Commercial - Condensing Tankless Water Heaters — NC/TNR

This measure applies to the following type of water heaters installed in commercial facilities:

1.

Commercial gas-fired instantaneous water heater means a flow-activated water heater
that uses natural gas for fuel, has an input rate greater than 58.56 kW (200,000 Btu/h),
has a Vr greater than 7.6 L (2 US gallons) and is designed to provide hot water at a
temperature greater than 82°C (180°F). [1]. “Tankless DHW > 200 kBtu/hr” is the name
identifier used throughout this document.

Household gas-fired instantaneous water heater means a flow-activated water heater
that uses natural gas, has an input of 21.97 kW (75,000 Btu/h) and greater but less than
58.56 kW (200,000 Btu/h), has a Vr of no greater than 7.6 L (2 US gallons) and is designed
to provide hot water at a temperature no greater than 82°C (180°F). “Tankless DHW <
200 kBtu/hr” is the name identifier used throughout this document.

Where, L = Litres
Vr = the rated nominal volume, typically used in marketing material
Vs = the measured storage volume as defined in the testing standard

Q = the nameplate input rate in Btu/hr

BASELINE TECHNOLOGY

The baseline technology for NC measure category is a natural gas fueled storage water heater,
rated 75 kBtu/hr. and greater, providing the hot water needs for all or portions of commercial
facilities.

The baseline technology for TNR measure category is a non-condensing natural gas fueled
storage water heater, rated 75 kBtu/hr. and greater, providing the hot water needs for all or
portions of commercial facilities.

The performance parameter (thermal efficiency or uniform energy factor) is defined by the

federal and provincial regulations given the input rate of the water heater [2]:

1.

For commercial gas-fired storage water heater with an input rate of > 75,000 Btu/hr but <
105,000 Btu/hr and nominal volume of 20 US gallons or more up to 120 US gallons, the
performance parameter used to define the efficiency is the Uniform Energy Factor
(UEF). The minimum requirement for replacement units is UEF = 0.6597-0.00024 Vs,
whereas for other than replacement units the minimum requirement is UEF = 0.8107-
0.00021 Vs. This defines the baseline for time of natural replacement and new
construction measure categories-respectively- for Instantaneous water heaters with
input rate less than 200,000 Btu/hr

For commercial gas-fired storage water heater, other than those described in item 1
above, the performance parameter used to define the efficiency is Thermal Efficiency
(TE). The minimum requirement for replacement units is TE = 80%, whereas for other
than replacement units the minimum requirement is TE = 90%. This defines the baseline

Ontario TRM



Commercial - Condensing Tankless Water Heaters - NC/TNR

for time of natural replacement and new construction measure categories-respectively-
for Instantaneous water heaters with input rate > 200,000 Btu/hr.

EFFICIENT TECHNOLOGY

The high efficiency technology is a natural gas fueled condensing tankless water heater.
Tankless water heaters with input rating of 200 kBtu/hr. or greater are considered commercial
units, but smaller units are frequently installed in commercial facilities to serve all the service
water needs, or selected end uses. Units with input capacity of 75 kBtu/hr. [3] [4] or greater are
eligible for this measure. Units must be certified according to the appropriate CSA standard
such as: CAN/CSA P.7-10, CSA 4.3/ANSI 721.10.3, or DOE 10 CFR Part 431.

The performance parameter (thermal efficiency or uniform energy factor) is defined by the
federal and provincial regulations given the input rate of the instantaneous (tankless) water
heater:

1. For gas-fired instantaneous water heater with an input rate of < 200,000 Btu/hr, the
performance parameter used to define the efficiency is the Uniform Energy Factor
(UEF). [5]

2. For commercial gas-fired instantaneous water heater, with an input rate of > 200,000
Btu/hr, the performance parameter used to define the efficiency is Thermal Efficiency
(TE). [1]

Table 2 summarizes the efficient technology minimum requirement for time of natural
replacement and new construction measure categories for Instantaneous water heaters.

Table 2. Efficient technology minimum requirement

Input rate Measure Category Performance parameter
Time of natural replacement (TNR) UEF = 0.90
< 200 kBtu/hr
New Construction (NC) UEF 2 0.95
Time of natural replacement (TNR) TE =2 94%
2200 kBtu/hr
New Construction (NC) TE 2 96%

ENERGY IMPACTS

Natural gas savings are achieved because of the higher overall average efficiency of the
condensing tankless units and elimination of storage or standby losses when compared to the
baseline technology.

Neither electric, nor water consumption impacts associated with this measure were assessed.
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NATURAL GAS SAVINGS ALGORITHMS

The efficiency and EFLH values are used to derive savings values representing the annual
natural gas savings (m? per kBtu/hr. input rating) associated with the increase in the efficiency
values for each utilization category based on the following algorithm.

Efficiency Savings = EFLH X (M —1)/NG,,

Nbaseline
Where,
Efficiency Savings =Annual natural gas saving in m? per kBtu/hr. input rating
of condensing tankless water heater
EFLH =Annual Equivalent Full Load Hours for the utilization
category (hours/yr) (see Table 3)
Nproposed =Efficiency for tankless water heater efficient technology
Nbaseline =The average Efficiency for baseline storage water heater
NG, = Natural Gas Energy content (kBtu/m?)

The stand-by loss equation from the Energy Efficiency Regulations [2] was used to determine
annual stand-by losses for the new construction and time of natural replacement baseline
storage water heaters.

Qpaseli
SLpasetine (TNR) = (% + 110X 'V, baseline) X HR

Qpaseli
SLpasetine wNe) = 0.84 x (% + 110X |V, baseline) X HR
Where,
SLpaseline = The calculated stand-by losses from the storage water heater
(Btu/yr.)
Qpaseline = The input energy rating for the storage water heater (Btu/hr.)!
Vo baseline = The storage capacity of the storage water heater (gallons)>
HR = The stand-by-losses hours per year (hr/yr)

! Input energy ratings for the equivalent storage units are equal to 65% of the tankless input rating.

2 For tankless units less than 200 kBtu/hr. input rating, the equivalent storage water heater tank capacity
is assumed to be 50 gallons. For tankless units of 200 kBtu/hr. and greater input rating, the equivalent
storage water heater tank capacity is assumed to be 100 gallons.
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The total savings are the sum of the savings associated with the efficiency differential and the
eliminated standby losses.

Total Savings = Ef ficiency Savings X Input rate of new water heater
+ Eliminated Standby Losses

ASSUMPTIONS

The 2023 ASHRAE Application Handbook provides typical peak hourly demand and average
daily hot water consumption data for several building types. [6] A 2012 Enbridge Gas funded
study [7] indicates that water heaters are generally sized based on peak 15-minute demands
with an oversizing factor applied. The same study includes data indicating the peak 15-minute
demand can be estimated as 140% of the peak hourly demand. These values were used to derive
Equivalent Full Load Hours (EFLH) values using the following algorithm.

1
X
Demandpeak 15 minute X OSfactor

EFLH = Demandgyg. daity X Days per year

Where,
EFLH =The annual EFLH (hours/year)

Demand g, qaity = The reported average daily service hot water demand for a
specific building type (US gallon/occupant-day) [6]

Demandpeqi 15 minute = The peak 15-minute hot water demand for a specific building
type (US gallon/occupant-hour) [6] [7]

OStactor = Typical tankless water heater oversizing factor relative to 15-
minute peak demand (200%)3 [7]

Days per year = The number of days per year when the facility is operational

Table 3 provides the EFLH values derived from this data and a description of typical building
types and end uses for each utilization category.

3 This value is on the higher end of the range of typical oversizing for storage water heaters. Storage
water heaters can be more closely sized to the peak load than tankless units. In the case of tankless water
heaters there is no buffer, such as a hot water tank, to meet the demand.
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Table 3. Utilization Categories and EFLH Values

Category EFLH Typical End Uses Facility Types
Low Utilization 176 Lgvatorles (hand wgshlng), Elementary schools, office,
kitchenette, custodial uses retail, churches
Low to moderate use Secondary schools, fast
Medium Utilization 287 . food restaurant,
showers, fast food kitchen oo
dormitories, other
Fitness center, full-service
. e High use showers, full restaurant, hotels, in
High Utilization 399 commercial kitchen, laundry | patient health care, multi-
residential

Table 4 provides a list of assumptions utilized in the measure savings algorithms to derive the
savings values listed in Table 1 above.

Table 4. Assumptions

Variable Definition Value Source/Comments
Based on data from the
ASHRAE HVAC Application
Annual equivalent full load Handbook [6] as shown in
EFLH hours of operation Table 3 EFLH formula in the Natural
Gas Savings Algorithm
section.
Baseline efficiency for NC UEF = 0.804
name identifier “Tankless . )
<200 kBtu/hr” TNR UEF = 0.65* Energy Efficiency Regulation
Tbaseline : — — for Commercial gas-fired
Baselme efﬂqency for NC TE =90% storage water heaters [2]
name identifier “Tankless =
200 kBtu/hr’ TNR TE = 80%
Efficient technology NC UEF = 0.95
Efficiency for name EF =
identifier “Tankless <200 TNR v 0.90
kBtu/hr” UEF =0.95
. ) NG TE = 96% Program admin level of
ropose ]
PP Efficient technology TE = 98% efficiency target
Efficiency for name Z
identifier “Tankless =200 TE =94%
kBtu/hr TNR TE = 96%
TE = 98%

4 Baseline technology, UEF=0.80 and 0.65 was obtained by substitution of Vs =50 US gallons (average storage volume
of units available in the market) into UEF = 0.8107-0.00021Vs and UEF = 0.6597-0.00024V’s as per regulation for NC
and TNR measure categories respectively.
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Variable Definition Value Source/Comments
. . . Water heater sizing
Q aseline 9
basel Input rating for equivalent Assumed t.o be 65_/0 of tankless quidelines from AMEC 2012
storage water heater input rating
report [7]
NG Natura;o(i?:nltinergy 35.738 kBtu/m?3 or 35,738 Btu/m3 | Common assumption table
Volume of equivalent 50 gallons for tankless units less | Supported by manufacturers
Vo baseline storage water heater than 200 kBtu/hr., 100 gallons specifications data and sizing
storage for larger tankless units tools for typical storage units
Input rate range Value
(kBtu/hr) (Btu/hr)
Average Input rate of Energy
Star rated tankless water
<200 182,641 heater sold in Canada < 200
Average input rating kBtu [8]
tankless water heater 2200 to < 1,000 533,150 | Average Input rate of Energy
Star rated tankless water
=1,000 to < 2,500 1,449,960 .
heater sold in Canada = 200
22,500 3,307,769 | kBtu [9]

SAVINGS CALCULATION EXAMPLE

The example below illustrates how savings would be calculated for a time of natural
replacement tankless water heater with rated input capacity of 400 kBtu/hr. and TE = 94% in a
full-service restaurant.

Table 3 above indicates that installation in a full-service restaurant is in the high utilization
category, with a savings value from Table 1 of 1.945 m? per kBtu/hr. rated input capacity, and
standby loss value of 351 m?.

Annual natural gas savings attributed to this installation are calculated as:

kBtu
1.945 m3/ka X 400——+351m? = 1,132m?
hr

USES AND EXCLUSIONS

This measure applies to natural gas-fueled condensing tankless water heaters installed in
commercial facilities and serving all or part of the service water heating load. This is applicable
to measure category new construction and time of natural replacement installation. TNR
measure category where the preexisting unit was a natural gas-fired non-condensing storage
water heater. The replacement of a preexisting non-condensing tankless water heaters is not
eligible.
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MEASURE LIFE

The measure life is 20 years. [10]

INCREMENTAL COST

The incremental cost data is taken from California’s 2023 eTRM documentation. [11]Incremental
costs were derived based on the efficiency values outlined in Table 2.

Incremental costs vary based on the efficiency of the baseline technology and replacement
technology for smaller commercial units (75-200 kBtu). In addition to varying incremental costs
based on efficiency, larger unit (>200 kBtu) incremental costs were also shown to vary based on
sizing between the two technologies.

Table 7. Incremental Cost®

Type Material Installation Total

New Construction $580 $450 $1,030
Natural

Replacement $2,580 $450 $3,030
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Table 1 provides a summary of the key measure parameters and savings coefficient.

Table 1. Measure Key Data

Parameter Definition
Measure Catedor New Construction (NC)
gory Time of Natural Replacement (TNR)
Baseline Technology Constant volume commercial kitchen ventilation
Efficient Technology Automated, variable/demand flow, commercial kitchen ventilation
Market Type Commercial
Hood Capacity Savings
Annual Natural Gas Savings Up to 5,000 CFM 4,307 m® per year
(m?) 5,001 — 10,000 CFM 10,768 m3 per year
10,001 — 15,000 CFM 17,947 m3 per year
Hood Capacity Savings
Up to 5,000 CFM 15,865 kWh per year
Annual Electric Impacts (kWh)
5,001 - 10,000 CFM 22,364 kWh per year
10,001 — 15,000 CFM 29,586 kWh per year
Measure Life 15 years
Hood Capacity Incremental Cost
Up to 5,000 CFM $5,490
Incremental Cost ($ CAD)
5,001 — 10,000 CFM $13,725
10,001 — 15,000 CFM $22,875
Restrictions Limited to spaces with natural gas fueled space heating and
commercial kitchen hoods with capacity of 15,000 CFM or less.




Commercial — Kitchen-Demand Controlled Ventilation — NC/TNR

OVERVIEW

Commercial Kitchen Ventilation (CKV) systems exhaust smoke, flue gases, heat and cooking
odors. Traditional systems use simple on/off fan motor controls that operate at full flow
regardless of the quantity of contaminants to be exhausted. Make up air is supplied by a
dedicated make-up air unit, or from a whole building ventilation system, either directly
through ductwork, or indirectly from adjoining spaces. Commercial Demand Controlled
Ventilation (DCV) systems are added to CKV systems to modulate the flow in response to the
rate that contaminants are generated.

DCV systems are typically comprised of: a variable frequency drive to control fan motor speed;
a sensor or sensors to determine the level of contaminants; a controller or processor to interpret
the sensor signal and send a corresponding signal to the drive; and some form of user interface.
There are several manufacturers of kitchen DCV systems including Accuerex, Aerco Industries,
CaptiveAire, Green Energy Hoods, Greenheck, Halton, Melink, Noveo, and Spring Air. [1]

There are several strategies for sensing the level of contaminants and modulating the exhaust
flow-rate, with sensors that detect the exhaust stream opacity and/or temperature being the
most common. Other types of control are based on a time schedule, or on feedback from
appliances indicating their operating status. Controls are calibrated to modulate fan speed and
exhaust flow between full rated capacity when high levels of contaminants are present and
minimum flow when no contaminants are detected.

Energy savings are associated with reductions in fan power, space heating, and space cooling
loads.

APPLICATION

This measure applies to new commercial kitchen exhaust hoods with rated capacity of not more
than 15,000 CFM, equipped with DCV systems as described above. Spaces must be heated with
natural gas to qualify for this measure.

BASELINE TECHNOLOGY

A new constant volume kitchen exhaust hood with rated capacity not greater than 15,000 CFM.

EFFICIENT TECHNOLOGY

The efficient technology is a commercial kitchen demand controlled ventilation system with
rated capacity not greater than 15,000 CFM, consisting of sensor(s) that determine the level of
contaminant in the exhaust air stream, a controller that processes inputs from the sensor(s), and
variable frequency drives that receive a signal from the controller and modulate the exhaust
and make up air fans to optimize flow rates.
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ENERGY IMPACTS

The reduction in the requirement for make-up air results in natural gas savings during the
heating season and electric energy savings during the cooling season. In addition, there is
significant electric energy savings associated with reduced fan speeds. There is no water usage
impact associated with this measure.

NATURAL GAS SAVINGS ALGORITHMS

Natural gas savings result from reduced exhaust and corresponding make-up air flow rates.
The savings values reported in Table 1 are derived using accepted engineering principles and
empirical data taken from published case studies representing seventeen commercial kitchen
DCYV installations. [2] [3] [4] [5]

Because the savings are directly dependent upon hood exhaust capacity expressed in CFM,
saving values are provided for three ranges of size, with the savings value based on the
midpoint of flow range category.!

Data from the case studies includes measured average fan input power data for operation under
constant volume (baseline) conditions and with DCV systems installed (efficient case). This data
was used in conjunction with the fan affinity laws to calculate the average the percent reduction
in fan speed and air flow for the seventeen installations as follows.

% Flow Reduction = ((Flow Baseline — Flow EE)/Flow Baseline) x 100%

% Flow Reduction = (1 — (Flow EE/Flow Baseline)) x 100%

Affinity law: (Flow Efficient / Flow Baseline)? = (FPefscient/F Peaseiine), OT
(Flow Efficient / Flow Baseline) = (FPefcient/ F Poasetine)333

. . , FPerricient 0333
Substituting leads to: % Flow Reduction = [1 - (—) ] X 100%

FPpaseline
Where,
% Flow Reduction = =The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)
FPygseline = The average total, (exhaust hood and make up air) fan power for
the baseline condition. (kW)
FPetricient = The average total, (exhaust hood and make up air) fan power for

the efficient case. (kW)

1 Because hood with capacity less than 1,000 CFM are rarely installed, the midpoint of the 0 - 5,000 CFM
category was set at 3,000 CFM.
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This resulted in a percent reduction in flow for each of the nineteen case studies ranging from
14.9% to 42.5% with an overall average percent reduction of 25.7%.

The overall average heating load associated with the introduction of outside air was determined
using an Outdoor Air Load Calculator tool [6], developed by The Food Service Technology
Center. Annual heating loads expressed in Btu per CEM of outside air were determined using
climate data representing London, Ontario and North-Bay, Ontario, with heating season
temperature set-points of 22.2°C (72°F), and a daily operating schedule of 6:00 AM through
10:00 PM.

A 2014 distribution of kitchen DCV projects provided by the utilities reflected approximately
70% of installations in areas represented by the London weather data, with 30% represented by
North-Bay. These values were used with the London and North-Bay annual heating load to
derive a weighted-average annual heating load value of 159,733 Btu per CFM.

This value was used in the following equation to derive natural gas savings values for each of
the three kitchen exhaust hood size categories.

(OAHL X Capacity x % Flow Reduction)

NG Savings =
(Effheating X ECNG)
Where,
NG Savings = Annual natural gas savings (m?)
OAHL = The weighted average annual outdoor air heating load (Btu/year
per CFM)
Capacity = The midpoint of the kitchen hood size range (CFM)
% Flow Reduction  =The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)
Ef freating = Efficiency of the space heating system (80%)
ECyg = Energy content of natural gas (35,738 Btu/m?)

This equation was used to calculate the natural gas savings for the midpoint of each kitchen
hood capacity category as shown in Table 2 below.

Table 2. Natural Gas Savings

Hood Capacity Savings
(CFM) (m?® per Year)
3,000 4,307
7,500 10,768
12,500 17,947
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ELECTRIC SAVINGS ALGORITHMS

Electric energy savings associated with this measure primarily result from a reduction in fan
energy associated with VFD controlled modulation of the exhaust hood and make-up air fans.
Additional electric savings result from reduced cooling load associated with a decrease in
outside air introduced to the space during the cooling season.

Data reflecting system capacities and average baseline fan energy for seventy-one case-studies
revealed a relatively consistent increase in fan power relative to system capacity.? The values
were plotted against system capacity and revealed a roughly linear relationship described by
the following equation.

Fan Input Powery seiine = 0.3955 X System Capacity + 3.286
Where,

Fan Input Powerygseiine = The baseline unitary input power (kW)
System Capacity = The rated capacity of the kitchen exhaust hood (CFM)

This equation was used to calculate the baseline input fan power for the midpoint of each
kitchen hood capacity category as shown in Table 3 below.

Table 3. Baseline Input Fan Power

Hood Capacity Baseline Input
(CFM) Fan Power (kW)
3,000 4.47
7,500 6.25
12,500 8.23

The values from table two, the average 25.7% flow reduction derived above, and the fan affinity
laws were then used to predict the average input power with the DCV system installed, for the
midpoint of each capacity category using the following equation.

FPgtficient = FPpaseline X (1 — %Flow Reduction)?

Where,
FPefricient = The average total, (exhaust hood and make up air) fan power for
the efficient case. (kW)
FPyaseline = The average total, (exhaust hood and make up air) fan power for

the baseline condition. (kW)

2 Combining case studies from five references results in seventy-one case studies, excluding outliers. The five references are [2], [3],
[4], [5], and [8].
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% Flow Reduction  =The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)

The annual fan power savings for each exhaust hood capacity category was then calculated as
follows:

FP Savings = (praseline - FPefﬁCl-ent) X Annual Hours
Substituting the above equation for FPeff;ciens leads to the following:

FP Savings = (FPygsetine — FPpasetine X (1 — %Flow Reduction)®) x Annual Hours

Where,
FP Savings = The annual fan power electric savings (kWh/Year)
FPfricient = The average total, (exhaust and make up air) fan power for the
efficient case. (kW)
FPyaseline = The average total, (exhaust and make up air) fan power for the
baseline condition. (kW)
Annual Hours = The annual operating hours of the system (5,950 Hours/Year)?

The resulting fan power savings are shown in Table 4 below.

Table 4. Fan Power Savings

Hood Capacity Savings
(CFM) (kWhlyear)
3,000 15,695
7,500 21,941
12,500 28,881

Cooling season energy savings are calculated in the same manner as the heating season savings
with cooling equipment efficiency and electricity energy content substituted for the heating
efficiency and natural gas energy content values. The algorithm is as follows.

(OACL X Capacity x % Flow Reduction)
(Effcooling X ECElec)

Cooling Savings =

Where,

Cooling Savings = Annual cooling energy savings (kWh)

3 Seventeen hours per day, 350 days per year based on seventy-two field data. [8]
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OACL = The weighted average annual outdoor air cooling load (Btu/Year
per CFM)

Capacity = The midpoint of the kitchen hood size range (CFM)

% Flow Reduction  =The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)

Ef feooting = Efficiency of the space cooling equipment (COP = 3.8)

EC,i0c = Energy content of electricity (3,412 Btu/kWh)

The resulting savings for each exhaust hood size category were added to the fan power savings
to derive the overall electric savings values reflected in Table 5 below. These values are added
to the fan savings from Table 3 to derive the total electric savings reported in Table 1.

Table 5. Cooling Savings

Hood Capacity Savings
(CFM) (kWhlyear)
3,000 169
7,500 423
12,500 706

ASSUMPTIONS

Table 6 provides a list of assumptions utilized in the measure savings algorithms provided
above and leading to the savings values listed in Table 1.

Table 6. Assumptions

Variable Definition Value Inputs Source

The average reduction Derived from empirical fan
%Flow in exhaust hood flow o ;
Reduction rate as a % of rated o6 input power data frqm [21 [3] [4] []

. seventeen case studies.
capacity

Unitary Fan Baseline fan input 0.3955 x Derived from empirical fan
Input Power power per CFM of 1000 CFM input power data from [2] [3] [4] [5]
baseline exhaust hood capacity + 3.286 eleven case studies.

The annual outdoor air

heating load for the 159,733 | \Veather data for London
OAHL . . and North Bay, specified [6]
service territory. Btu/CFM operating hours
(Btu/CFM) perating
The annual outdoor air
cooling load for the 2,856 Btu/ Weather data for LoqQon
OACL h . and North Bay, specified [6]
service territory. CFM operating hours
(Btu/CFM) perating
Effrieating Commercial heating 80% Common
Ontario TRM 7
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Variable Definition Value Inputs Source
system efficiency assumptions
table
Effoo: Commercial cooling 13 SEER as(s:,l?nn:nt]i?;s
Cooling system efficiency 3.8 COP tabFI)e
; Common
Energy Density of 35,738 )
ECne Natural Gas Btu/m?3 assumptions
table
. 3412 Common
ECelec Conversion of Btu/kWh Btu’/kWh assumptions
table
. 17 hours per day, 350
Annual Hours Annua|_|| Operating 5,950 days per year, consistent [8]
ours . )
with seventy-two field data

SAVINGS CALCULATION EXAMPLE

The example below illustrates how savings values are calculated for the 5,000 - 10,000 CFM
exhaust hood size category.

Capacity = Midpoint of size category: 7,500 CFM

(OAHL X Capacity X % Flow Reduction)
(Effheating X ECNG)
= (159,733 Btu/ CFM x 7,500 CFM x 25.7%)/ (80.0% X 35,738 Btu/m?3)

NG Savings =

=10,768 m? per year
FP Savings = (FPygsetine — FPpasetine X (1 — %Flow Reduction)®) x Annual Hours
= (6.25 kW - 6.25 kW x (1 —25.7%)? x 5,950 hours per year
= 21,941 kWh per year
(OACL X Capacity x % Flow Reduction)
(Ef feooting % ECgiec)

Cooling Savings =

= (2,856 Btu/CFM x 7,500 CFM X 25.7%) / (3.8 x 3,412 Btu/kWh)
=423 kWh per year

USES AND EXCLUSIONS

This measure applies to new commercial kitchen exhaust hoods with rated capacity of not more
than 15,000 CFM that are equipped with DCV systems as described above. Spaces must be
heated with natural gas to qualify for this measure.
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Projects for new DCKYV system of greater than 15,000 CFM rated capacity should be reviewed
under custom project guidelines.

“Short-circuit” hoods that utilize the hood as a plenum for unconditioned make-up air are not
eligible for this measure.

MEASURE LIFE

The measure life is 15 years. [9]*

INCREMENTAL COST

Cost data provided for seventy-two field data reflected an average installed measure cost of
$3.66 per CFM of hood capacity for retrofit installations [8]. There was no breakdown between
equipment and installation and no data reflecting incremental cost for new installations could
be located. One resource [4] estimated the incremental cost for new installation at 50% of the
average retrofit cost. Applying 50% of the average total cost from the seventy-two field data to
the midpoint of the three size categories leads to the incremental cost values reported here.

Table 7: Incremental Cost ®

Incremental
Category Cost
Up to 5,000 CFM $5,490
5,001 — 10,000 CFM $13,725
10,001 — 15,000 CFM $22,875

4 Measure life documentation for Kitchen DCV was not found. The CPUC DEER database provides measure life of 15 years for
VEDs controlled with CO? sensors.

5 Adjusted for CPI inflation based on U.S. Bureau of Labor Statistics (https://www.bls.gov/data/inflation_calculator.htm) and
converted to CAD based on Annual Currency Converted for Bank of Canada, as of 11/20/2023.

(https://www .bankofcanada.ca/rates/exchange/currency-converter/)
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Table 1 provides a summary of the key measure parameters and savings coefficient.

Table 1. Measure Key Data

Parameter Definition
Measure Category Retrofit (R)
Baseline Technology Constant volume commercial kitchen ventilation
Efficient Technology Automated, variable/demand flow, commercial kitchen ventilation
Market Type Commercial
Hood Capacity Savings
Annual Natural Gas Savings Up to 5,000 CFM 4,307 m® per year
(m?) 5,001 — 10,000 CFM 10,768 m? per year
10,001 — 15,000 CFM 17,947 m? per year
Hood Capacity Savings
Annual Electric Impacts (kWh) Up to 5,000 CFM 10,865 kIWh per year
5,001 — 10,000 CFM 22,364 kWh per year
10,001 — 15,000 CFM 29,586 kWh per year
Measure Life 15 years
Hood Capacity Incremental Cost
Up to 5,000 CFM $10,980
Incremental Cost ($CAD)
5,001 — 10,000 CFM $27,450
10,001 — 15,000 CFM $45,750
Restrictions Limited _to spaces with natqral gas fL_JeIed space heating and
commercial kitchen hoods with capacity of 15,000 CFM or less.
OVERVIEW

Commercial Kitchen Ventilation (CKV) systems exhaust smoke, flue gases, heat and cooking

odors. Traditional systems use

simple on/off fan motors controls that operate at full flow
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regardless of the quantity of contaminants to be exhausted. Make up air is supplied by a
dedicated make-up air unit, or from a whole building ventilation system, either directly
through ductwork, or indirectly from adjoining spaces. Commercial Demand Controlled
Ventilation (DCV) systems are added to CKV systems to modulate the flow in response to the
rate that contaminants are generated.

DCV systems are typically comprised of variable frequency drives to control fan motor speed; a
sensor or sensors to determine the level of contaminants; a controller or processor to interpret
the sensor signal and send a corresponding signal to the drives; and some form of user
interface. There are several manufacturers of kitchen DCV systems including Accuerex, Aerco
Industries, CaptiveAire, Green Energy Hoods, Greenheck, Halton, Melink, Noveo, and Spring
Air. [1]

There are several strategies for sensing the level of contaminants and modulating the exhaust
flowrate, with sensors that detect the exhaust stream opacity and/or temperature being the most
common. Other types of control are based on a time schedule, or on feedback from appliances
indicating their operating status. Controls are calibrated to modulate fan speed and exhaust
tlow between full rated capacity when high levels of contaminants are present and minimum
flow when no contaminants are detected.

Energy savings are associated with reductions in fan power, space heating, and space cooling
loads.

APPLICATION

This measure applies to existing constant volume commercial kitchen exhaust hoods with rated
capacity of not more than 15,000 CFM that are retrofit with DCV systems as described above.
Spaces must be heated with natural gas to qualify for this measure.

BASELINE TECHNOLOGY

A constant volume kitchen exhaust hood with rated capacity not greater than 15,000 CFM.

EFFICIENT TECHNOLOGY

The efficient technology is a commercial kitchen demand controlled ventilation system with
rated capacity not greater than 15,000 CFM, consisting of sensor(s) that determine the level of
contaminant in the exhaust air stream, a controller that processes inputs from the sensor(s), and
variable frequency drives that receive a signal from the controller and modulate the exhaust
and make up air fans to optimize flow rates.

2 Ontario TRM
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ENERGY IMPACTS

The reduction in the requirement for make-up air results in natural gas savings during the
heating season and electric energy savings during the cooling season. In addition, there are
significant electric energy savings associated with reduced fan speeds.

There is no water usage associated with this measure.

NATURAL GAS SAVINGS ALGORITHMS

Natural gas savings result from reduced exhaust and corresponding make-up air flow rates.
The savings values reported in Table 1 are derived using accepted engineering principles and
empirical data taken from published case studies representing seventeen commercial kitchen
DCYV installations. [2] [3] [4] [5]

Because the savings are directly dependent upon hood exhaust capacity expressed in CFM,
saving values are provided for three ranges of size, with the savings value based on the
midpoint of each flow range category.!

Data from the case studies includes measured average fan input power data for operation under
constant volume (baseline case) conditions and with DCV systems installed (efficient case). This
data was used in conjunction with the fan affinity laws to calculate the average % reduction in
fan speed and air flow for each of the seventeen installations as follows.

% Flow Reduction = ((Flow Baseline - Flow Efficient)/Flow Baseline) x 100%
% Flow Reduction = (1 - (Flow Efficient /Flow Baseline)) x 100%

Affinity law: (Flow Efficient / Flow Baseline)’ = (FPesicient/FPpaseline)
Or, (Flow Efficient / Flow Baseline) = (FPeficient/FPpaseline)*333
. FPofficient 0333
Substituting leads to: % Flow Reduction = [1 - (—) ] x 100%
FPpaseline
Where,
% Flow Reduction  =The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)
FPyaseline = The average total, (exhaust hood and make up air) fan power for
the baseline condition. (kW)
FPefficient = The average total, (exhaust hood and make up air) fan power for

the efficient case. (kW)

1 Because hood with capacity less than 1,000 CFM are rarely installed, the midpoint of the 0 - 5,000 CFM category was set at 3,000
CFM.
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This resulted in a percent reduction in flow for each of the seventeen case studies ranging from
14.9% to 42.5% with an overall average percent reduction of 25.7%.

The overall average heating load associated with the introduction of outside air was determined
using an Outdoor Air Load Calculator tool [6], developed by The Food Service Technology
Center. Annual heating loads expressed in Btu per CFM of outside air were determined using
climate data representing London, Ontario and North-Bay, Ontario, with heating season
temperature set-points of 22.2°C (72°F), and a daily operating schedule of 6:00 AM through
10:00 PM.

A 2014 distribution of kitchen DCV projects provided by the utilities reflected approximately
70% of installations in areas represented by the London weather data, with 30% represented by
North-Bay. These values were used with the London and North-Bay annual heating load to
derive a weighted-average annual heating load value of 159,733 Btu per CFM.

This value was used in the following equation to derive natural gas savings values for each of
the three kitchen exhaust hood size categories.

(OAHL X Capacity x % Flow Reduction)

NG Savings =
(Effheating X ECNG)
Where,
NG Savings = Annual natural gas savings (m?)
OAHL = The weighted average annual outdoor air heating load (Btu/year
per CFM)
Capacity = The midpoint of the kitchen hood size range (CFM)
% Flow Reduction  =The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)
Ef freating = Efficiency of the space heating system (80%)
ECyg = Energy content of natural gas (35,738 Btu/m?)

This equation was used to calculate the natural gas savings for the midpoint of each kitchen
hood capacity category as shown in Table 2 below.

Table 2. Natural Gas Savings

Hood Capacity Savings (m? per
(CFM) Year)
3,000 4,307
7,500 10,768
12,500 17,947
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ELECTRIC SAVINGS ALGORITHMS

Electric energy savings associated with this measure primarily result from a reduction in fan
energy associated with VFD controlled modulation of the exhaust hood and make-up air fans.
Additional electric savings result from reduced cooling load associated with a decrease in
outside air introduced to the space during the cooling season.

Data reflecting system capacities and average baseline fan energy from seventy-one case-studies
revealed a relatively consistent increase in fan power relative to system capacity.? The values
were plotted against system capacity and revealed a roughly linear relationship described by
the following equation.

Fan Input Powery se1ine = 0.3955 X System Capacity + 3.286

Where,
Fan Input Powerygseiine = The baseline unitary input power (kW/1000 CEM)
System Capacity = The rated capacity of the kitchen exhaust hood (1000
CFM)

This equation was used to calculate the baseline input fan power for the midpoint of each
kitchen hood capacity category as shown in Table 3 below.

Table 3. Baseline Input Fan Power

Hood Capacity Baseline Input
(CFM) Fan Power (kW)
3,000 4.47
7,500 6.25
12,500 8.23

The values from table two, the average 25.7% flow reduction derived above, and the fan affinity
laws were then used to predict the average input power with the DCV system installed, for the
midpoint of each capacity category using the following equation.

FPefricient = FPyasetine X (1 — % Flow Reduction)?

Where,
FPefficient = The average total, (exhaust hood and make up air) fan power
for the efficient case. (kW)
FPyaseline = The average total, (exhaust hood and make up air) fan power

for the baseline condition. (kW)

2 Combining case studies from five references results in seventy-one case studies, excluding outliers. The five references are [2], [3],
[4], [5], and [8].

Ontario TRM 5



Commercial — Kitchen Demand Controlled Ventilation — R

% Flow Reduction = The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)

The annual fan power savings for each exhaust hood capacity category was then calculated as
follows:
FP Savings = (FPbase”ne - FPefﬁCl-ent) X Annual Hours

Substituting the above equation for FP,ff;cien: leads to the following:

FP Savings = (FPygsetine — FPpasetine X (1 — %Flow Reduction)®) x Annual Hours

Where,
FP Savings = The annual fan power electric savings (kWh/Year)
FPefficient = The average total, (exhaust and make up air) fan power for the
efficient case. (kW)
FPyaseline = The average total, (exhaust and make up air) fan power for the
baseline condition. (kW)
Annual Hours = The annual operating hours of the system (5,950 Hours/Year)?

The resulting fan power savings are shown in Table 4 below.

Table 4. Fan Power Savings

Hood Capacity Savings
(CFM) (kWhlyear)
3,000 15,695
7,500 21,941
12,500 28,881

Cooling season energy savings are calculated in the same manner as the heating season savings
with cooling equipment efficiency and electricity energy content substituted for the heating
efficiency and natural gas energy content values. The algorithm is as follows.

(OACL x Capacity X % Flow Reduction)
(Effcooling X ECElec)

Cooling Savings =

Where,

Cooling Savings = Annual cooling energy savings (kWh)

3 Seventeen hours per day, 350 days per year based on seventy-two field data. [8]
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0OACL

Capacity

% Flow Reduction

Effcooling
ECelec

= The weighted average annual outdoor air cooling load (Btu/Year
per CFM)

= The midpoint of the kitchen hood size range (CFM)

=The average % reduction in the exhaust flow rate resulting from
the DCV installation (% of baseline flow)

= Efficiency of the space cooling equipment (COP = 3.8)
= Energy content of electricity (3,412 Btu/kWh)

The resulting savings for each exhaust hood size category were added to the fan power savings
to derive the overall electric savings values reflected in Table 5 below. These values are added
to the fan savings from Table 3 to derive the total electric savings reported in Table 1.

Table 5. Cooling Savings

Hood Capacity Savings
(CFM) (kWhlyear)
3,000 169
7,500 423
12,500 706

ASSUMPTIONS

Table 6 provides a list of assumptions utilized in the measure savings algorithms provided
above and leading to the savings values listed in Table 1.

Table 6. Assumptions

Variable Definition Value Inputs Source
9%Flow The average reduction in Derived from empirical fan
) . exhaust hood flow rate 25.7% input power data from [2] [3] [4] [5]
Reduction o . .
as a % of rated capacity seventeen case studies.
Unitary Fan Baseline fan input power 0.3955 x Derived from empirical fan
Input Power per CFM of exhaust 1000 CFM + input power data from [2] [3] [4] [5]
baseline hood capacity 3.286 eleven case studies.
The annual outdoor air
heating load for the 159,733 | Weather data for London
OAHL ) . and North Bay, specified [6]
service territory. Btu/CFM operating hours
(Btu/CFM) perating
The annual outdoor air
cooling load for the 2,856 Weather data for LoqQon
OACL ; . and North Bay, specified [6]
service territory. Btu/CFM operating hours
(Btu/CFM) perating
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Variable Definition Value Inputs Source
Commercial heatin Common
Effreating - 9 80% assumptions
system efficiency
table
Effoos: Commercial cooling 13 SEER ascsﬁmmtioonns
Cooling system efficiency 3.8 COP P
table
i Common
Energy Density of 35,738 )
ECne Natural Gas Btu/m?3 assumptions
table
3412 Common
ECelec Conversion of Btu/kWh Btu/kWh assumptions
table
17 hours per day, 350
Annual Hours | Annual Operating Hours 5,950 days per year, consistent [8]
with seventy-two field data

SAVINGS CALCULATION EXAMPLE

The example below illustrates how savings values are calculated for the 5,000 - 10,000 CFM
exhaust hood size category.

Capacity = Midpoint of size category: 7,500 CFM

(OAHL x Capacity X % Flow Reduction)

(Effheating X ECNG)
= (159,733 Btu/CFM X 7,500 CFM X 25.7%) / (80.0% x 35,738 Btu/m?)

=10,768 m? per year

NG Savings =

FP Savings = (FPygsetine — F Ppasetine X (1 — %Flow Reduction)®) X Annual Hours
=(6.25 kW - 6.25 kW x (1 -25.7%)%) x 5,950 hours per year
= 21,941 kWh per year
(OACL X Capacity x % Flow Reduction)
(Ef feooting X ECgiec)

Cooling Savings =

= (2,856 Btu/CFM x 7,500 CFM X 25.7%) / (3.8 x 3,412 Btu/kWh)
=423 kWh per year

USES AND EXCLUSIONS

This measure applies to existing constant volume commercial kitchen exhaust hoods with rated
capacity of not more than 15,000 CFM that are retrofit with DCV systems as described above.
Spaces must be heated with natural gas to qualify for this measure.
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Projects for existing DCKYV system of greater than 15,000 CFM rated capacity should be
reviewed under custom project guidelines.

“Short-circuit” hoods that utilize the hood as a plenum for unconditioned make-up air are not
eligible for this measure.

MEASURE LIFE

The measure life is 15 years. [9]*

INCREMENTAL COST

Cost data provided for seventy-two field data reflected an average installed measure cost of
$3.66 per CFM of hood capacity [8]. Applying this value to the midpoint of the three size
categories leads to the incremental cost values reported here.

Table 7: Incremental Cost °

Incremental
Category Cost
Up to 5,000 CFM $10,980
5,001 - 10,000 CFM $27,450
10,001 — 15,000 CFM $45,750

4 Measure life documentation for Kitchen DCV was not found. The CPUC DEER database provides measure life of 15 years for
VEDs controlled with CO? sensors.

5 Adjusted for CPI inflation based on U.S. Bureau of Labor Statistics (https://www.bls.gov/data/inflation_calculator.htm) and
converted to CAD based on Annual Currency Converted for Bank of Canada, as of 11/20/2023.

(https://www .bankofcanada.ca/rates/exchange/currency-converter/)
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition
Measure Category New Construction (NC) Time of Natural Replacement (TNR)
Baseline Technology A conventional single or double rack oven
Efficient Technology An ENERGY STAR rated single or double rack oven
Market Type Commercial
Single Double
forul Naturl G Savngs
Measure Life 12 years
Single Double
Incremental Cost (CAD $) $1,544 $2,591
Restriction Restricted to rack ovens using natural gas.
OVERVIEW

Rack ovens are used in commercial sectors like institutional, and retail food service operations
for high-volume production of bakery food items. Rack ovens consist of a thermally insulated
chamber inside which hot air, heated by either natural gas or electricity, is circulated at high
volumes throughout the cavity. Convection is the primary mode of baking; however, certain
rack oven models offer limited steam injection capabilities. The characteristic feature of rack
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ovens is a mechanism to rotate the pans inside the oven cavity during baking. This helps the
oven to provide more control and consistency during the baking process.

Most rack ovens (single rack and double rack) have a removable, or roll-in, rack trolley to
facilitate loading and unloading large volumes of product. Each roll-in rack can accommodate
up to 15 full-size sheet pans of product at a time. Rack ovens are generally used to cook breads,
cakes, pies, cookies, and other bakery items. These ovens are commonly found in grocery retail,
K-12 commissary kitchens, and hotel kitchens with some present in quick-service and full-
service restaurants.

Based on full size sheet pans, single and double rack oven can be grouped in the following size
categories: Single (15 pans, 1 per level, roll-in rack) and Double (30 pans, 2 per level, roll-in
rack). Single and double rack ovens are the most common types of rack oven on the market.
Single rack ovens accommodate one rack trolley that can hold up to 15 pans (at 102 mm
spacing). Double rack ovens accommodate two 15-pan single rack trolleys, or a 30-pan double
rack trolley. Double rack ovens have a slightly wider footprint than single rack ovens but offer
significantly greater production capacity.

Natural gas rack ovens must be ventilated for flue combustion products and cooking cavity
effluent during door openings. Single and double rack ovens are usually equipped with a hood
for capturing door-opening effluent. Rack ovens utilize a fan motor for exhaust which is
included in the oven’s energy usage. For indirect-fired ovens, flue combustion products are
exhausted separately using a direct vent with an external fan motor, which is not included in
the oven’s energy consumption. Flue exhaust rates vary from 300 to 500 cfm and are adjusted
using dampers during oven installation since they may have a significant effect on burner
performance.

APPLICATION

This measure applies to the installation of single and double rack ENERGY STAR® qualifying
ovens in the commercial sector like institutional and retail food service operations and the fuel
source is natural gas. [1]

BASELINE TECHNOLOGY

The baseline technology is a conventional single or double rack oven that does not meet the
ENERGY STAR Commercial Oven Key Product Criteria. [1]
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EFFICIENT TECHNOLOGY

Energy-efficient single and double rack ovens must comply with ENERGY STAR Commercial
Oven Key Product Criteria v2.2. [1]

ENERGY IMPACTS

The primary energy impact associated with the installation of a single or double rack ENERGY
STAR rack oven is a reduction in natural gas required during preheating, idling, and cooking.
Savings are achieved through reduced cooking energy consumption and a lower idle energy

rate.

There are associated electric savings resulting from a lower average input rate of electrical
components including the blower fan and rack rotation motors.

NATURAL GAS SAVINGS ALGORITHM

The industry standard for rack oven energy use and cooking performance is ASTM F2093,
Standard Test Method for the Performance of Rack Ovens [2]. The results of this testing procedure
form the basis for the energy savings calculation of rack ovens. Annual energy consumption is
also greatly affected by the hours of operation per day, days operating per year, number of
preheats per day, and pounds of food cooked per day.

The algorithm is based upon the methodology used by the Food Service Technology Center.

1. Calculation of the daily natural gas consumed by the rack oven

E _ (Lbfood X Efood)

x J—
+ Idle <T0n PC 0

Lb TP
—Jo0d _np x —>+nP x EP

where,

Egqy = Daily energy Consumption- Natural Gas (Btu/day)
Lbsooq = Pounds of Food Cooked per Day (Ib/day)

o ASTM Energy to Food Rate, this is the energy absorbed by food product
food during cooking (Btu/lb)

Eff = Heavy-Load Cooking Energy Efficiency (%)

Idle= Natural Gas Idle Energy Rate (Btu/hr)

Ton = Operating hours per day (hr/day)
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PC = Production Capacity (Ib/hr)

TP = Preheat Time (min/preheat)

nP = Number of preheats per day (preheats/day)
60 =60 min/hr

EP = Preheat Energy (Btu/preheat)

2. Calculation of the annual natural gas consumption for baseline and ENERGY STAR
rack ovens

NGysage = Eqay X days

where,

NGysage = Annual natural gas consumption by the rack oven (Btu/year)
days = The number of days per year the rack oven is in use (day/yr)

3. Calculation of the natural gas savings

(NGusage_b - NGusage_E)
NGsavings = 35 738

where,

NGggpings = Annual natural gas savings (m?/year)
NGysage p = Annual natural gas consumption of the baseline oven (Btu/year)

Annual natural gas consumption of the ENERGY STAR rack oven

NG =
usage-t (Btu/year)

35,738= Energy density of natural gas (Btu/m?3)

ELECTRIC SAVINGS ALGORITHM

1. Calculation of the daily electricity consumed by the rack oven

Eday—elec = ldlegiec X Top
where,

Egay—etec = Daily energy Consumption- Electricity (kWh/day)

Idleg,. = Electricity Idle Rate (kW)
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2. Calculation of the annual electricity consumption for baseline and ENERGY STAR

rack ovens

Elecusage = Eday—elec X days

where,

Elecysqge = Electricity consumed by the rack oven annually (kWh/year)

days = The number of days per year the rack oven is in use (day/yr)

3. Calculation of the electricity impact.

Elecsavings = Elecusageb - ElecusageE

where,

Elecsavings =

Elecusageb =

Elecusages™ (kWh/year)

ASSUMPTIONS

Annual electrical impact (kWh/yr)

Annual electricity consumption of the baseline oven (kWh/year)

Annual electricity consumption of the ENERGY STAR rack oven

The assumptions used to calculate energy savings are shown in Tables 1 and 2.

Table 1. Single Rack Oven Assumptions

Performance Poode. | Efficiont sodel | SOUTCe
Preheat Time (min/preheat) 229 17.2 [3]
Preheat Energy (Btu/preheat) 54,674 42,584 [3]

Idle Energy Rate- Natural Gas (Btu/hr) 25,610 19,567 [3]

Idle Energy Rate- Electricity (kW) 0.95 0.75 [3]
Heavy Load Cooking Energy Efficiency (%) 44% 51% [3]
Production Capacity (Ib/hr) 138 [3]
Operating hours per day (hr/day) 12 [4]
Food service days per year (day/yr) 344 ags(,)ungwrgggn
Number of preheats per day (preheats/day) 1 [4]
Pounds of food cooked per day (Ib/day) 474 [4]
ASTM Energy to Food (Btu/Ib) 239 [2]
Energy density of natural gas (Btu/m3) 35,738 agsun:nrgggn
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Table 2 Double Rack Oven Assumptions

Preheat Time (min/preheat) 25.1 16 [3]
Preheat Energy (Btu/preheat) 85,361 64,707 [3]
Idle Energy Rate- Natural Gas (Btu/hr) 32,749 22,632 [3]
Idle Energy Rate- Electricity (kW) 1.49 1.04 [3]
Heavy Load Cooking Energy Efficiency (%) 53% 56% [3]
Production Capacity (Ib/hr) 282 [3]
Operating hours per day (hr/day) 12 [4]
Food service days per year (day/yr) 344 agsoun%r;ggn
Number of preheats per day (preheats/day) 1 [4]
Pounds of food cooked per day (Ib/day) 948 [4]
ASTM Energy to Food (Btu/lb) 239 [2]
Energy density of natural gas (Btu/m?3) 35,738 agsoun%r;ggn

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings and electrical impact due to the
replacement of a conventional rack oven with an ENERGY STAR- rated rack oven - single rack
size.

Annual natural gas savings:

m3/yr
1 oven x 914 /y =915 m3/yr
ove
Annual Electrical Impact:
kWh/yr
1 oven X 826 ———— = 826 kWh/yr
oven

USES AND EXCLUSIONS

To qualify for this measure, the single or double rack oven must be utilized for food preparation
or processing with natural gas as its energy source and must be ENERGY STAR rated v2.2. [1]
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MEASURE LIFE

The measure life attributed to this measure is 12 years. [5]

INCREMENTAL COST

The incremental cost is summarized in the table below. [6]

Table 3 Rack Oven Incremental cost
Description Single Rack Oven Double Rack Oven

Baseline cost $30,036 $36,890
Energy Efficient cost $31,580 $39,481
Incremental cost $1,544 $2,591
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

New Construction (NC), Time of Natural

Replacement (TNR)

Baseline Technology

A conventional combination oven

Efficient Technology An ENERGY STAR rated! combination oven
Market Type Commercial

6-14 pan 15-28 pan 29+ pan
Annual Natural Gas Savings (m3/yr per oven) 1,104 1,295 1,048
Annual Natural Gas Savings- weighted average? (m3/yr 1186
per oven) ’
Annual Electric Impact (kWh/yr per oven) 72 4,747 485
Annual Electric Impact- weighted average (kWh/yr per 2088
oven) ;
Annual Water Impact (L/yr per oven) 209,664 51,684 599,459
Annual Water Impact- weighted average (L/yr per oven) 145,120
Incremental Cost (CAD $ per oven) $3,941 $5,007 $8,507
Incremental Cost-- weighted average (CAD $ per oven) $4,440
Measure Life 12 years

Restrictions

Restricted to combi ovens using natural gas.

! Based on qualifying products under ENERGY STAR Commercial Oven Key Product Criteria V2.2 [2]

2 Weighted based on segment and equivalent pan size [3]
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OVERVIEW

An oven can be simply described as a fully enclosed, insulated chamber used to heat food.
Commercial combination ovens (also known as “combi ovens”) offer more options with their ability to
add steam to the oven cavity. In addition to baking and roasting, a combination oven is also capable of
steaming, proofing, and reheating various food products. Foods can be cooked in a convection dry
heat-only mode, a steam-only mode, and a combination of dry heat and steam modes. The
programmability of combination ovens also allows food to be cooked partially in one mode at a
certain temperature, then finished in another mode at a different temperature. For example, a turkey
can be cooked in combination mode at low temperature for several hours, then increased to a higher
temperature in dry heat mode to finish. With competition rising amongst equipment manufacturers,
new designs that incorporate time-saving features via sophisticated control packages are continually
being introduced in the market.

Combination ovens are available in a variety of sizes ranging from 6-pan countertop models to 40-pan
roll-in models. Combi oven sizes are based on the capacity to accommodate 30.5 x 50.8 x 6.4-cm (12 x
20 x 2%2-inch) hotel pans. Half-size models can accommodate one column of hotel pans and 23 x 33-cm
(half-size) sheet pans, while full-size models can accommodate two columns of hotel pans and 46 x 61-
cm (full-size) sheet pans.

Combi oven performance is determined by applying ASTM F2861 Standard Test Method for the
Performance of Combination Ovens in Various Modes [1]. The ASTM standard test method is considered
the industry standard for quantifying energy consumption, efficiency, and cooking performance of
combination ovens.

APPLICATION

This measure applies to the installation of ENERGY STAR rated combi ovens qualifying under
ENERGY STAR Commercial Oven Key Product Criteria V2.2 in commercial food settings. Combi
ovens are designed to cook food within a heated, enclosed space by convection with hot air blowing
on the product. These ovens are different from convection ovens because they also generate steam via
a separate boiler compartment or inside the cavity itself. Food can be cooked in a humid, fully
saturated cooking cavity, or a dry air-only cavity, or a combination thereof.

BASELINE TECHNOLOGY

The baseline technology is a combination oven that does not meet the ENERGY STAR Commercial
Oven Key Product Criteria, Version 2.2 [2]. Key energy consumption metrics include cooking-energy
efficiency and idle rate when tested according to ASTM F2861.
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EFFICIENT TECHNOLOGY

Combi ovens are among the most advanced designed appliances in the commercial oven

category. Efficient designs employ advanced burners with automatically adjustable airflow that
optimizes burner efficiency based on ambient and cooking cavity conditions. Recent advancements in
combi oven technology reduced water consumption by controlling moisture inside the cavity. This is
achieved through either direct or indirect humidity measurements. A reduction in water consumption
is a reduction in energy consumption since all water entering the cavity must be heated either directly
using a boiler or indirectly by evaporation from a hot cavity surface.

Key energy consumption criteria include cooking energy efficiency and idle rate in both convection
and steam modes according the ASTM F2861 [1]. Energy-efficient models must be at a minimum
ENERGY STAR rated combi ovens based on ENERGY STAR Commercial Oven Key Product Criteria
V2.2 [2]. Table 2 summarizes the efficient technology threshold.

Table 2 Efficient Technology Threshold [2]

Convection Steam Mode Convection Steam
Pan Capacity Mode Efficiency Idle Rate (Btu/h)* | Idle Rate (Btu/h)*
(P)* Efficiency
6-14 pan
15-28 pan = 56% =2 41% < 150P+5,425 < 200P+6,511
29+ pan

*|dle rate only includes gas energy, P = Pan capacity

ENERGY IMPACTS

The primary energy impact associated with the ENERGY STAR combi oven is a reduction in natural
gas required during preheating, idling, and cooking. The savings are achieved through reduced
cooking input rate and lower idle energy rate. The biggest driver for energy savings is a reduced
steam idle rate. ENERGY STAR combi ovens will also improve electricity consumption from motors
distributing heat in the cooking chamber.

NATURAL GAS SAVINGS ALGORITHM

The industry standard for energy use and cooking performance of combi ovens is ASTM F2861,
Standard Test Method for the Performance of Combination Ovens [1]. The results of this testing procedure
form the basis for the energy savings calculation of combination ovens. Annual energy consumption is
also greatly affected by the hours of operation per day, days operating per year, number of preheats
per day, and pounds of food cooked per day.
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The algorithm is based upon methodology used by the Food Service Technology Center (“FSTC”); one
of the leading commercial foodservice compliance and certification testing labs and source of energy
efficiency information for the foodservice industry. The calculation to determine the daily energy
usage of baseline and ENERGY STAR combi ovens is as follows:

1. Calculation of the daily natural gas consumed by the oven

Eday = Ecooking + EIdle + Epre—heat

where,
Eaay = Daily energy Consumption- Natural Gas (Btu/day)
Daily energy Consumption cooking mode- Natural Gas
Ecooking (Bt /d
u/day)
Elae = Daily energy Consumption idle mode- Natural Gas (Btu/day)
Daily energy Consumption pre-heat mode- Natural Gas
Epre—heat =

(Btu/day)

la. Calculation of the daily natural gas consumed by the oven- cooking mode

Lbfood X %conv X Efood_conv Lbfood X %steam X Efood_steam

Feooking = Ef feons Ef rceam
where,
Lbgoq = Pounds of Food Cooked per Day (Ib/day)
Y%conv = Percentage operating time in convection mode (%)
Ero0d.cons _ ASTM Energy to Food Rate, this is the energy absorbed by food
- product during cooking — convection (Btu/Ib)
%steam = Percentage operating time in steam mode (%)

ASTM Energy to Food Rate, this is the energy absorbed by food

E
food_steam product during cooking — steam (Btu/Ib)

EffCOTL‘U

Effsteam

Heavy-Load Cooking Energy Efficiency- convection mode (%)

Heavy-Load Cooking Energy Efficiency- steam mode (%)

1b. Calculation of the daily natural gas consumed by the oven- idle mode

Ontario TRM 4



Commercial - ENERGY STAR Combi Oven— NC/TNR

Ergie = ldlecony X Yoconv X Tygie + 1dlegioqm X Y%steam X Tygie

Expanded, that is

Lbfood Lbfood )
PCconv PCsteam 60

Erate = (Udlecony X Y%conv + Idlegipqm X Y%steam) X <Ton -

where,

Idlecony = Natural Gas Idle Energy Rate- convection mode (Btu/hr)
Y%conv = Percentage operating time in convection mode (%)
ldlegtoam = Natural Gas Idle Energy Rate- steam mode (Btu/hr)
Y%steam = Percentage operating time in steam mode (%)

Trd1e = Idle time (hr/day)

Ton = Operating hours per day- oven (hr/day)

Lbgoq = Pounds of Food Cooked per Day (Ib/day)

PC.onv = Production Capacity- convection mode (Ib/hr)
PCstoam = Production Capacity- steam model (Ib/hr)

nP = Number of preheats per day (preheats/day)

TP = Preheat Time (min/preheat)

1c. Calculation of the daily natural gas consumed by the oven- preheat mode

Epre—neat = NP X (%conv X EP,op, + %steam X EPgtpqm)

where,

npP = Number of preheats per day (preheats/day)

Y%conv = Percentage operating time in convection mode (%)

EP.ony = Preheat Energy- convection mode (Btu/preheat)
%steam = Percentage operating time in steam mode (%)

EPgteam = Preheat Energy- steam mode (Btu/preheat)

2. Calculation of the annual natural gas consumption for baseline and ENERGY STAR combi
ovens
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NGysage = Eqay X days

where,
NGysage = Annual natural gas consumption by the combi oven (Btu/year)
Eaay = Daily energy Consumption- Natural Gas (Btu/day)
days = The number of days per year the combi oven is in use (day/yr)

3. Calculation of the natural gas savings

(NGusage_b - NGusage_E)

NGsavings = 35,738
where,
NGsapings = Annual natural gas savings (m3/year)

NGysage » = Annual natural gas consumption of the baseline oven (Btu/year)
Annual natural gas consumption of the ENERGY STAR combi oven

N Gusage_E =
(Btu/year)

35,738 = Energy density of natural gas (Btu/m?3)

ELECTRIC SAVINGS ALGORITHM

1. Calculation of the daily electricity consumed by the oven

Egay—etec = Ton X (%conv X Idlegiec cony T Yosteam X Idleelec_steam)

where,
Egay—elec = Dalily Electricity consumption by the oven- (kWh/day)
Ton = Operating hours per day- oven (hr/day)
Y%conv = Percentage operating time in convection mode (%)
ldlegiec cony = ldle Energy Rate- convection mode (kW)

Y%steam Percentage operating time in steam mode (%)

ldlegiec steam = 1dle Energy Rate- steam mode (kW)

2. Calculation of the annual electricity consumption for baseline and ENERGY STAR combi
ovens
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Elecusage = Eday—elec X days
where,

Elecysqge = Electricity consumed by the combi oven annually (kWh/year)
days = The number of days per year the combi oven is in use (day/yr)

3. Calculation of the electricity impact

Elecsavings = Elecusageb - ElecusageE

where,
Elecsqpings = Annual electrical impact (kWh/yr)

Elecysage, = Annual electricity consumption of the baseline oven (kWh/year)

Elecysqge,= Annual electricity consumption of the ENERGY STAR combi oven (kWh/year)

WATER SAVINGS ALGORITHM

1. Calculation of the annual water consumption for baseline and ENERGY STAR combination
ovens:

Wise = Wigre + Wcooking
Water Usage = 3.78541 X Y%steam X Wise X Ton X days

where,

W se = Average Water Consumption Rate (gal/h)

Whaie = Idle Average Water Consumption Rate (gal/h)

Weooking = Cooking Average Water Consumption Rate (gal/h)

Water Usage = The amount of water used by the combi oven annually (L/year)
3.78541 = Conversion factor (L/gal)

Y%steam = DPercentage operating time in steam mode (%)

Ton = Operating hours per day (hr/day)

days = The number of days per year the combination oven is in use

2. Calculation of the water consumption impact

Watersavings = Water Usagebaseline — Water UsageENERGYSTAR
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where,

Watersqyings = Annual water impact (L/year)

Annual water consumption for the baseline combi oven

Water Usagepgsetine (L/year)

Annual water consumption ENERGY STAR combi oven

Water Usagegngreystar = (Ljyear)

ASSUMPTIONS

Combi ovens are split into three categories based on pan capacity: 6-14 pans, 15-28 pans, and 29+ pans.
A representative size combi oven was chosen for each category based on the most popular combi
ovens sold for each category. All pan sizing is based on 30.5 x 50.8 x 6.4-cm full-size steam pan (also
known as Gastronome GN1/1). Combi ovens come in two sizes based on width and depth: full-size
(accommodating two steam pans front-to-back per level) and half-size (accommodating one steam pan
per level). Combi ovens come in three sizes by height: 6-pan, 12-pan, and 20-pan (roll-in). The matrix
below shows the most popular combi oven sizes.

Table 3 Most Common Combi Oven Sizes

Ovens for different manufacturers may differ in each category *1 pan per level based on cavity
dimensions and rack spacing. An oven may be marketed based on sheet pan capacity that may differ

Levels Half width Full width
6 levels 6 pans 12 pans
10 levels 10 pans 20 pans
20 levels (roll in) | 20 pans 40 pans

from steam pan capacity due to narrower depth.

Table 4 Representative Size Combi Ovens

Size Category | Representative Popular Description Also, Could Be
Size
6-14 pan 12-pan Six-Pan Full-Size Twelve-Pan Half-Size
15-28 pan 20-pan Ten-Pan Full-Size Twenty-Pan Half-Size, Roll-In
29+ pan 40-pan Twenty-Pan Full-Size, Roll-In N/A

The assumptions used to calculate energy savings are shown in Tables 5 to 7.
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Table 5 Combi oven assumptions size 6-14 pan

Performance lef:jlg:e EfficI:Ei:‘ra\:gl\X; del Unit Source
Preheat Time 8.92 6.04 min/preheat [3]
Preheat Energy- convection mode 9,844 6,022 Btu/preheat [3]
Preheat Energy- steam mode 9,310 4,889 Btu/preheat [3]
Convection Idle Energy Rate 8,585 4,965 Btu/h [3]
Convection Idle Energy Rate 0.39 0.38 kW [3]
Convection Cooking Energy Efficiency 50 59 % [3]
Convection Production Capacity 129 120 Ib/hr [3]
Steam Idle Energy Rate 21,530 6,869 Btu/h 3]
Steam Idle Energy Rate 0.38 0.36 kW [3]
Steam Cooking Energy Efficiency 38 50 % [3]
Steam Production Capacity 201 194 Ib/hr [3]
Idle Water Consumption Rate 14.32 3.56 gal/h [3]
Cooking Water Consumption Rate 13.96 6.83 gal/h [3]
Operating Hours/Day 12 hr/day [3]
Food Service Days/Year 344 day/yr ascsoun%rgggn
Number of Preheats per Day 1 preheat/day (3]
Pounds of Food Cooked per Day 389 Ib/day (3]
Percentage Time in Steam Mode 75 % [3]
Percentage Time in Convection Mode 25 % [3]
ASTM Convection Mode Energy to Food 250 Btu/lb [1]
ASTM Steam Mode Energy to Food 105 Btu/lb [1]
Conversion factor (min to hr) 60 min/hr
Conversion factor (Btu to m?3) 35,738 Btu/m3 asC;)len;ct)ign
Conversion factor (US gallons to L) 3.78541 L/gal [4]
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Table 6 Combi oven assumptions size 15-28 pan

Performance Bﬁii::;e EfficI:Ei:‘ra\:gl\Xo del Unit Source
Preheat Time 10.59 3.84 min/preheat (3]
Preheat Energy- convection mode 5,417 8,538 Btu/preheat [3]
Preheat Energy- steam mode 11,403 6,219 Btu/preheat [3]
Convection Idle Energy Rate 8,600 6,591 Btu/h [3]
Convection Idle Energy Rate 1.83 0.65 kW [3]
Convection Cooking Energy Efficiency 69 61 % [3]
Convection Production Capacity 163 201 Ib/hr [3]
Steam Idle Energy Rate 44,454 6,152 Btu/h [3]
Steam Idle Energy Rate 1.81 0.67 kW [3]
Steam Cooking Energy Efficiency 38 51 % [3]
Steam Production Capacity 205 257 Ib/hr [3]
Idle Water Consumption Rate 6.75 2.10 gal/h [3]
Cooking Water Consumption Rate 8.20 8.44 gal’h [3]
Operating Hours/Day 12 hr/day [3]
Food Service Days/Year 344 daylyr agg?mn;%r;n
Number of Preheats per Day 1 preheat/day (3]
Pounds of Food Cooked per Day 725 Ib/day (3]
Percentage Time in Steam Mode 75 % [3]
Percentage Time in Convection Mode 25 % [3]
ASTM Convection Mode Energy to Food 250 Btu/lb [1]
ASTM Steam Mode Energy to Food 105 Btu/lb [1]
Conversion factor 60 min/hr
Conversion factor (Btu to m?3) 35,738 m3/Btu ascngmrg?ign
Conversion factor (US gallons to L) 3.78541 L/gal [4]
Table 7 Combi oven assumptions size 29+ pan
Performance Heeelne _E.nergy- Unit Source
Model Efficient Model
Preheat Time 6.61 6.62 min/preheat (3]
Preheat Energy- convection mode 18,286 14,829 Btu/preheat (3]
Preheat Energy- steam mode 15,667 13,864 Btu/preheat (3]
Convection Idle Energy Rate 15,845 9,704 Btu/h (3]
Convection Idle Energy Rate 1.33 1.04 kW (3]
Convection Cooking Energy Efficiency 56 61 % (3]
Convection Production Capacity 374 403 Ib/hr (3]
Steam Idle Energy Rate 29,334 10,736 Btu/h (3]
Ontario TRM 11




Commercial - ENERGY STAR Combi Oven— NC/TNR

Performance B:nii::;e EfficI:Ei:?\:gl\X; del Unit Source
Steam Idle Energy Rate 1.08 1.02 kW (3]
Steam Cooking Energy Efficiency 53 54 % (3]
Steam Production Capacity 598 487 Ib/hr (3]

Idle Water Consumption Rate 26.90 4.30 gal/h (3]
Cooking Water Consumption Rate 38.50 9.95 gal/h (3]
Operating Hours/Day 12 hr/day [3]
Food Service Days/Year 344 dayl/yr a;:;:nmn;ct)ign
Number of Preheats per Day 1 preheat/day [3]
Pounds of Food Cooked per Day 1,450 Ib/day [3]
Percentage Time in Steam Mode 75 % (3]
Percentage Time in Convection Mode 25 % (3]
ASTM Convection Mode Energy to Food 250 Btu/lb (1]
ASTM Steam Mode Energy to Food 105 Btu/lb (1]
Conversion factor (min to hr) 60 min/hr

Conversion factor (Btu to m3) 35,738 m3/Btu aggrmnp])(t)ign
Conversion factor (US gallons to L) 3.78541 L/gal [4]

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings, electrical and water impact due to the
replacement of a conventional combi oven with an ENERGY STAR combi oven — 40 pan size.

Annual natural gas savings:

1 oven x 1,048

Annual Electrical Impact:

1 oven X 485

Annual Water Impact:

1 oven X 599,459 ——— = 599,459 L/yr
oven

USES AND EXCLUSIONS

m3/yr
/y = 1,048 m3/yr
ven
kKWh/yr
KWhIYT _ 4gs kwh/yr
oven

L/yr

To qualify for this measure, the combi oven must be used for food preparation or processing with
natural gas as its fuel source and must, at a minimum, be ENERGY STAR rated based on ENERGY
STAR Commercial Oven Key Product Criteria V2.2. [2]
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MEASURE LIFE

The measure life attributed to this measure is 12 years. [5]

INCREMENTAL COST

The incremental cost is summarized in the table below.

Table 8 Combi Oven Incremental cost [6]

Description 6-14 pan 15-28 pan 29+ pan
Energy Efficient cost $24,132 $34,489 $51,415
Baseline cost $20,191 $29,482 $42,908
Incremental cost $3,941 $5,007 $8,507
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Version Date and Revision History

Version History 1.0

OED Filing Date November 14, 2022
OEB Approval Date

Commercial > Food Service > ENERGY STAR Griddle > New Construction/Time
of Natural Replacement

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition
Measure Category New Construction (NC)
Time of Natural Replacement (TNR)

Baseline Technology A non-ENERGY STAR® Griddle
Efficient Technology An ENERGY STAR® certified! Griddle
Market Type Commercial
Annual Natural Gas Savings 439
(m3/yr per ft of griddle width)
A .

nnual Natur.al Gas Savings 1974
(m3/yr per griddle)
In.cremental Cost ($ CAD/yr per ft of griddle $1.096
width)
I tal Cost
ncremental Cos | $4 581
($ CAD /yr per griddle)
Measure Life 12 years
Restrictions Restricted to single-side griddles using natural gas.

1 Based on qualifying products under ENERGY STAR Commercial Griddles Key Product Criteria V1.2 (REV DEC 2020) [3]
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OVERVIEW

Griddles are used throughout the commercial foodservice and hospitality industry as workhorse
appliances that cook food by direct contact with a heated surface. Griddles are used to crisp and
brown foods such as potatoes and breads, sear vegetables, and proteins, and for warming and
toasting sandwiches and buns. The relatively simple design of a griddle can have very different
performance characteristics.

Griddles vary in size, input rate, heating method, griddle-plate construction, and control strategy.
All designs cook via contact with a heated metal plate that has splashguards attached to the sides
and rear and a shallow trough to guide grease and scraps into a holding tray. The griddle plate is
heated from underneath by gas burners or electric elements, and controls are generally located on
the front of the appliance.

The industry standard for evaluating griddle energy consumption and performance is the American
Society for Testing and Materials (ASTM) F1275 Standard Test Method for Performance of Griddles [1]
and the ASTM F1605 Standard Test Method for Performance of Double-Sided Griddles [2]. These standard
test methods define the specific ways that griddles must be tested to document temperature
uniformity, preheat energy consumption, idle energy use, cooking energy efficiency and production

capacity.

APPLICATION

This measure applies to the installation of ENERGY STAR rated griddles (natural gas, single-side
griddles) based on qualifying products under ENERGY STAR Commercial Griddles Key Product
Criteria V1.2 [3] in commercial food settings.

BASELINE TECHNOLOGY

The baseline technology is a griddle that does not meet the ENERGY STAR Program Requirements
for Commercial Griddles, Version 1.2. Key energy consumption metrics includes cooking-energy
efficiency and idle rate when tested according to ASTM test methods.

EFFICIENT TECHNOLOGY

ENERGY STAR Griddles feature a lower idle energy rate than traditional griddles. Several other
innovations, such as thermostatic controls, different plate materials, double-sided cooking,
advanced burner technology and entirely new heating designs, also give newer griddle models a
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higher energy-to-food ratio than traditional griddles. This means that more of the energy being
supplied to heat the surface is used for cooking the food and less energy is wasted.

Energy-efficient models must be ENERGY STAR rated Griddles based on ENERGY STAR
Commercial Griddle Key Product Criteria V2.1 [3]. Table 2 summarizes the efficient technology
threshold.

Table 2 Efficient Technology Threshold

Idle Energy Rate * Cooking Energy-Efficiency

<2,650 Btu/h per ft? Reported

*|dle rate only includes gas energy

ENERGY IMPACTS

ENERGY STAR Griddles require less natural gas during preheating, idling, and cooking. Natural
gas savings are achieved through reduced cooking input rate and lower idle energy rate.

NATURAL GAS SAVINGS ALGORITHM

The industry standard for evaluating griddle energy consumption and performance is the American
Society for Testing and Materials (ASTM) F1275 Standard Test Method for Performance of Griddles [1].
The results of this testing procedure form the basis for the energy savings calculation of griddles.
Annual energy consumption is also greatly affected by the hours of operation per day, days
operating per year, number of preheats per day, and pounds of food cooked per day.

The algorithm is based upon methodology used by the FSTC. The calculation to determine the daily
energy usage of baseline and ENERGY STAR griddles is as follows:

1. Calculation of the daily natural gas consumed by the griddle

Eday = cooking + Eldle + Epre—heat

where:
Eday = Daily energy Consumption- Natural Gas (Btu/day)
. _ Daily energy Consumption cooking mode- Natural Gas
cooking (Btu/day)
Erdie = Daily energy Consumption idle mode- Natural Gas (Btu/day)
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1a.

1b.

1c.

Daily energy Consumption pre-heat mode- Natural Gas

Epre—
pre—heat (Btu/day)

Calculation of the daily natural gas consumed by the griddle- cooking mode

Lbfood X Efood

Ecooking = Eff

where:

Lbsooa = Pounds of Food Cooked per Day (Ib./day)

Eood _ ASTM Energy to F00.d Rate, this is the energy absorbed by food
product during cooking (Btu/Ib.)

Eff = Heavy-Load Cooking Energy Efficiency (%)

Calculation of the daily natural gas consumed by the griddle- idle mode

Ejqie = Ag X Idle x <Ton - Ll;,;?d —nP x %)

where:

A = Surface cooking area of the griddle (ft2)

Idle = Normalized Natural Gas Idle Energy Rate (Btu/(hr-{t2))

Ton = Operating hours per day (hr./day)

Lbgooa = Pounds of Food Cooked per Day (Ib./day)

PC = Production Capacity (Ib./hr)

npP = Number of preheats per day (preheats/day)

TP = Preheat Time (min/preheat)

60 = Conversion factor minutes to hours (min/hr.)

Calculation of the daily natural gas consumed by the griddle- preheat mode

Epre—neat = nP X EP

where:
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npP Number of preheats per day (preheats/day)

EP

Preheat Energy (Btu/preheat)

2. Calculation of the annual natural gas consumption for baseline and ENERGY STAR

griddles
NGysage = Eaay X days
where:
NGysage = Annual natural gas consumption by the griddle (Btu/year)
Eqay = Dalily natural gas consumption by the griddle (Btu/day)
days = The number of days per year the griddle is in use (day/yr)

3. Calculation of the natural gas savings

(NGusage_b - NGusage_E)

NGsavings = 35,738
where:
NGsapings = Annual natural gas savings (m3/year)

NGysage » = Annual natural gas consumption of the baseline griddle (Btu/year)
Annual natural gas consumption of the ENERGY STAR griddle

N Gusage_E =
(Btu/year)

35,738 = Energy density of natural gas (Btu/m?3)
ASSUMPTIONS

The Food Service Technology Center has tested multiple baseline and efficient gas griddles per the
ASTM standard test methods for 3-foot and 4-foot-wide griddles [4]. The baseline griddles are units
that do not meet the ENERGY STAR Commercial Griddle Criteria for Griddles, V1.2. Key energy
consumption metrics include cooking-energy efficiency and idle energy rate when tested according
to ASTM F1275 [1] or F1605 [2]. Baseline energy consumption for griddles has been taken from the
average of the FSTC dataset (which is unpublished due to proprietary manufacturer data) that does
not meet the ENERGY STAR product criteria. For this analysis, a depth of two feet is used in the
calculations as a standard depth for a representative griddle.

Double-sided griddles were not included in these natural gas savings calculations, as there was not
sufficient lab testing data to substantiate input assumptions required in the calculations.
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Operational input assumptions were determined based on the results of the end-user online market

survey that was administered in November 2018 to Enbridge Gas commercial customers in Ontario

[4]. The survey concluded that normalized average operating hours across different market

segments were 12 hours per day.

The assumptions used to calculate energy savings are shown in Tables 3 and 4.

Table 3 Griddle Assumptions: 3 foot

Baseline

Energy-Efficient

Performance Unit Source
Model Model

Preheat Time 18 15 min/preheat [4]
Preheat Energy 20,044 17,410 Btu/preheat [4]
Normalized Idle Energy Rate 3,145 2,330 Btu/(h.ft?) [4]
Heg\(y Load Cooking Energy 33 44 % [4]
Efficiency
Production Capacity 35 47 Ib/hr [4]
Griddle Width or Length (ft) 3 ft [4]
Griddle Depth 2 ft Standard size
Operating Hours/Day 12 hr/day [4]

i common
Food Service Days/Year 344 day/yr assumption table
Number of Preheats per Day 1 preheat/day [4]
Pounds of Food Cooked per Day 100 Ib/day [4]
ASTM Energy to Food - griddles 475 Btu/lb [1]
Conversion factor (min to hr) 60 min/hr
Conversion factor (Btu to m3) 35,738 Btu/m?3 common

assumption table
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Table 4 Griddle Assumptions: 4 foot

Baseline  Energy-Efficient

Performance Unit Source
Model Model

Preheat Time 194 13.8 min/preheat [4]
Preheat Energy 33,300 21,737 Btu/preheat [4]
Normalized Idle Energy Rate 4,673 2,281 Btu/(h.ft?) [4]
Heg\(y Load Cooking Energy o4 41 % [4]
Efficiency
Production Capacity 35 51 Ib/hr [4]
Griddle Width (length-ft) 4 ft [4]
Griddle Depth 2 ft Standard size
Operating Hours/Day 12 hr/day [4]

i common
Food Service Days/Year 344 day/yr assumption table
Number of Preheats per Day 1 preheat/day [4]
Pounds of Food Cooked per Day 133 Ib/day [4]
ASTM Energy to Food - griddles 475 Btu/lb [1]
Conversion factor (min to hr) 60 min/hr
Conversion factor (Btu to m?) 35,738 Btu/m3 common

assumption table

SAVINGS CALCULATION EXAMPLE

The example below illustrates the average annual natural gas savings calculations for the
replacement of a conventional griddle with an ENERGY STAR griddle.

Annual NG usage for a 3-ft wide conventional griddle:

lbs Btu
E _ ay P 143,939 2
cooking — 339 = , m
lbs mins
100 = 1g_mun
reheat
Ejqie =6 ft?x3,145———x | 12 hrs — day P . __preheat
hrs - ft? lbs day mins
35— 60 ——
hrs hrs
Eyppo = 166,865 0
Idle — 1] day
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preheat Btu Btu

Epre_ =1 x 20,044 = 20,044 ——
pre-heat day preheat

day

E = 143,939 Btu + 166,865 Btu + 20 044Btu = 330,848 Btu
day = 257 day T day T day 7T day

Btu
NGysage = 330,848m X 344 days = 113,811,749 Btu/yr

Annual NG usage for a 3-ft ENERGY Star griddle, 4-ft conventional griddle and 4-ft ENERGY Star
griddle are calculated in the same way as shown above, yielding the following savings.

Annual NG savings for an average 3-ft wide griddle:

(113,811,749 2% — 89,400,393 °%) 3
NGoapings = 7T T/ 683
savings 35,738 yr
Annual NG savings for an average 4-ft wide griddle:
(203,300,723 2% — 117,996,611 22%) 3
NGsavings = Y = 2,387 —
35,738 yr

Using the average annual natural gas savings for 3ft and 4ft calculated above, the natural gas
savings were normalized per linear ft of griddle width. This results in a normalized savings of 439
m?/yr per linear ft of griddle width. The normalized savings per linear ft is then used to extrapolate
the annual savings to all common griddle sizes: 2ft, 3ft, 4ft, 5ft and 6ft. An example of this
calculation for 2ft griddle is shown below and the extrapolated, normalized savings per common
griddle size are summarized in table 5.

3

m
2ft x 439 =877 m3
fEx 439 ~ = = 877 m?/yr

Table 5 Normalized annual natural gas savings

Description 2-ft 3ft 4ft 5ft oft
Normalized annual nat. gas savings 877 1,316 1,754 2,193 2,631
(m3/yr per griddle)

Lastly, a weighted average across all common griddle sizes is calculated resulting in annual average
3

savings of 1,974 ——.
yr
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USES AND EXCLUSIONS

To qualify for this measure, the griddle must be utilized for food preparation or processing with
natural gas as its fuel source and must be ENERGY STAR rated based on ENERGY STAR
Commercial Griddle Key Product Criteria V1.2. [3]. This is not applicable to double-sided griddles.

MEASURE LIFE

The measure life attributed to this measure is 12 years. [5]

INCREMENTAL COST

The incremental cost is summarized in the table below. [4]

Table 5 Griddle Incremental cost

Description $ CAD/yr per Griddle $ CAD/yr per ft of Griddle Width
Incremental Cost $4,581 $1,096
REFERENCES

[1]

(2]

3]

[4]

5]

American Society for Testing and Materials (ASTM), Standard Test Method for Performance of
Griddles, West Conshohocken, PA: ASTM Designation F1275-14. In Annual Book of ASTM Standards,
2020.

American Society for Testing and Materials (ASTM), Standard Test Method for Performance of Double
Sided Griddles, West Conshohocken, PA: ASTM Designation F1605-14. In Annual Book of ASTM
Standards, 2019.

ENERGY Star, "Commercial Griddles Key Product Criteria v 2.1, (Rev. Dec. 2020)," 2021. [Online].
Available:
www.energystar.gov/products/commercial_food_service_equipment/commercial_griddles/key prod
ucts_criteria.. [Accessed 05 2021].

Frontier Energy, "Technology Assessment Report. Commercial Gas Energy Star Griddles," Frontier
Energy Inc, San Ramon, 2021.

ENERGY Star, Food Service Technology Center (FSTC), "Commercial Kitchen Equipment Calculator,"
ENERGY Star, 2021.
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter Definition

New Construction (NC)
Time of Natural Replacement (TNR)

Measure Category

Ovens that don’t meet the efficiency criteria or have no

Baseline Technology efficiency rating

Cooking Efficiency

Cooking Chamber Area (in?) Requirement!

Efficient Technology <1520 37%

21520 45%
Market Type Commercial

Small Conveyor Oven Large Conveyor Oven
Chamber Area <1520 in? Chamber Area 2 1520 in?
An?ual Natural Gas Savings 562 1,519
(m3/yr per conveyor oven)
Annual Electricity Impact
(kWh/yr per conveyor oven) 619 2,601
Incremental cost
859 1,994

($ CAD/yr per conveyor oven) $ $
Measure Life 12 years

Restricted to conveyor ovens using natural gas and tested in

Restrictions accordance with ASTM F1817.

! performance of conveyor oven determined when tested in accordance with ASTM F1817, Standard Test Method for Performance of Conveyor
Ovens [1]



Commercial - Efficient Conveyor Oven— NC/TNR

OVERVIEW

A conveyor oven consists of a baking chamber inside which food is cooked from top and bottom while
being moved through the chamber on a belt. They are highly flexible and can be used to bake or roast a
wide variety of products including pizza, casseroles, meats, breads, and pastries. The result is a fast, simple

process that achieves consistent results, while minimizing the impact of the operator.

Conveyor ovens are available in many different sizes and configurations, with the main differences being
overall belt width and cooking chamber length. They are available in small enough sizes to satisfy low-
volume and in large enough sizes to meet the demands of high-volume delivery operations. Most conveyor
ovens can be stacked up to three units high, significantly increasing production capacity without requiring

increased floor space.

The industry standard for evaluating conveyor oven energy consumption and performance is the
American Society for Testing and Materials (ASTM) F1817 Standard Test Method for Performance of
Conveyor Ovens. The standard test method defines the specific operations, preheat time, energy

consumption, idle energy use, cooking-energy efficiency, and production capacity. [1]

Gas conveyor ovens are heated by one or more of the following methods: infrared (IR) radiation,
conduction, forced convection, and high velocity air impingement. IR conveyor ovens employ a high
temperature heat source that radiates heat towards the food product as it passes through the oven cavity.
Conduction-based designs use a conveyor with ceramic or stone sections that are heated to approximately
500°F to cook the product from the bottom up. Forced convection designs use a blower to circulate the air
within the oven cavity. The most common conveyor design uses hot air impingement. Air impingement
ovens employ a series of baffles and plenums to intensify and focus the air movement within the oven
cavity towards the food load. These high-velocity jets of hot air hit the food and force heat into the product

much more quickly than is possible using more traditional convection designs.

In recent years, more manufacturers are producing conveyor oven models with energy saving measures,
such as advanced controls, internal air baffles, improved insulation, and air barriers between the end of
the baking chamber and the oven entrance and exit. Each of these design improvements help to reduce
energy use both during cooking and when the unit is idling. Energy efficient conveyor ovens feature a
lower idle energy rate than traditional conveyor ovens and utilize more of the energy being supplied to

the cooking chamber for cooking the food product.

APPLICATION

This measure applies to the installation of natural gas Efficient Conveyor Ovens in commercial food

settings as per qualifying criteria derived in the Efficient Technology section.
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BASELINE TECHNOLOGY

The baseline technology is a conveyor oven that does not meet the criteria specified in the Efficient
Technology section or does not have a cooking efficiency performance rating. Key energy consumption

metrics include cooking-energy efficiency and idle rate when tested according to ASTM F1817. [1]

EFFICIENT TECHNOLOGY

Table 2 presents the key cooking energy efficiency criteria for energy-efficient gas conveyor ovens.
Performance of conveyor oven determined when tested in accordance with ASTM F1817, Standard Test

Method for Performance of Conveyor Ovens [1].

Table 2 Efficient Technology Threshold

Cooking Chamber Cooking Chamber Area (in?) Cooking Efficiency
Requirement
Small Conveyor Oven <1520 37%
Large Conveyor Oven 21520 45%

ENERGY IMPACTS

Energy Efficient Conveyor Ovens require less natural gas during preheating, idling, and cooking. Natural

gas savings are achieved through reduced cooking input rate, lower preheat and idle energy rates.

Electricity savings are achieved through reduced motor power usage. The efficient conveyor ovens have
controls for the conveyor speed and therefore the conveyor can be turned off when the equipment is not

in use.

NATURAL GAS SAVINGS ALGORITHM

The industry standard for energy use and cooking performance of conveyor ovens is ASTM F1817,
Standard Test Method for Performance of Conveyor Ovens [1]. The results of this testing procedure form the
basis for the energy savings calculation for conveyor ovens. Annual energy consumption is also greatly
affected by the hours of operation per day, days operating per year, number of preheats per day, and
pounds of food cooked per day. The amount of food cooked per day will be different for each size category

of conveyor ovens.

The natural gas savings algorithm is based upon methodology used by the Food Service Technology Center
(FSTC).

1. Calculation of the daily natural gas consumed by the oven
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Eday = Ecooking + EIdle + Epre—heat

where:
Eaay = Daily energy consumption- Natural Gas (Btu/day)
Daily energy consumption cooking mode- Natural Gas
Ecooking = (Btu/da
y)
Erqie = Daily energy consumption idle mode- Natural Gas (Btu/day)
Daily energy consumption pre-heat mode- Natural Gas
Epre—heat =

(Btu/day)

1a. Calculation of the daily natural gas consumed by the oven- cooking mode

_ Lbfood X Efood

Ecooking = Eff

where:

Lbfooa = Pounds of Food Cooked per Day (Ib/day)

Eood _ ASTM Energy to F00.d Rate, this is the energy absorbed by food
product during cooking (Btu/Ib)

Eff = Heavy-Load Cooking Energy Efficiency (%)

1b. Calculation of the daily natural gas consumed by the oven- idle mode

Lb TP
Ejqe = Idle X <Ton - 1’; 2‘“” —nP x E)

where:

Idle = Natural Gas Idle Energy Rate (Btu/hr)

Ton = Operating hours per day- oven (hr/day)
Lbfooa = Pounds of Food Cooked per Day (Ib/day)
PC = Production Capacity (Ib/hr)

npP = Number of Preheats per day (preheats/day)
TP = Preheat Time (min/preheat)

1c. Calculation of the daily natural gas consumed by the oven- preheat mode

Eyre—heat = NP X EP
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where:

nP

EP

Number of Preheats per day (preheats/day)

Preheat Energy (Btu/preheat)

2. Calculation of the annual natural gas consumption for baseline and efficient conveyor

ovens
where:
N Gusage
Eday
days

NGusage = Egqay X days

Annual natural gas consumption by the conveyor oven
(Btu/year)

Daily energy Consumption- Natural Gas (Btu/day)

The number of days per year the conveyor oven is in use
(day/yr)

3. Calculation of the natural gas savings

where:

N Gsavings

N Gusage_b

N Gusag e_E

35,738

(NGusage_b - NGusage_E)
NGsavings = 35 738

Annual natural gas savings (m?/year)
Annual natural gas consumption of the baseline oven (Btu/year)

Annual natural gas consumption of the efficient conveyor oven
(Btu/year)

Energy density of natural gas (Btu/m?)

ELECTRIC SAVINGS ALGORITHM

1. Calculation of the daily electricity consumed by the oven

Eday—elec = Ton X Idlegiec

where:
Eqay—elec = Daily Electricity consumption by the oven (kWh/day)
Ton = QOperating hours per day- oven (hr/day)
Idlege, = Idle Energy Rate- electricity (kW)
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2. Calculation of the annual electricity consumption for baseline and efficient conveyor ovens

Elecusage = Eday—elec X days
where:

Elecysqge = Electricity consumed by the conveyor oven annually (kWh/year)

days = The number of days per year the conveyor oven is in use (day/yr)

3. Calculation of the electricity impact

Elecsavings = Elecusageb - ElecusageE

where:
Elecsqpings = Annual electrical impact (kWh/yr)

Elecysqge, = Annual electricity consumption of the baseline oven (kWh/year)

Elecysqge,= Annual electricity consumption of the efficient conveyor oven (kWh/year)

ASSUMPTIONS

The assumptions used to calculate energy savings are shown in Tables 3 and 4.

Table 3 Small Single-Deck Conveyor Oven Assumptions (chamber area <1520 in?)

Performance B'?n‘:%l:;e EfficI:Ei:f\:gl\)l,; del Unit Source
Preheat Time 18 11 min/preheat [2]
Preheat Energy 25,769 17,506 Btu/preheat [2]

Idle Energy Rate - natural gas 44,571 40,735 Btu/h [2]

Idle Energy Rate - electricity 0.50 0.35 kW [2]
Cooking Energy Efficiency 25 40 % [2]
Production Capacity 108 228 Ib/hr [2]
Operating Hours/Day 12 hr/day [2]

Food Service Days/Year 344 day/yr assu?w?pr)rt]i?r??able
Number of Preheats per Day 1 preheat/day [2]
Pounds of Food Cooked per Day 196 Ib/day [2]

ﬁvs;l\él Energy to Food — conveyor 190 Btu/lb 1]
Conversion factor (min to hr) 60 min/hr

Conversion factor (Btu to m3) 35,738 Btu/m3 commor:aabslzumption
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Table 4 Large Single-Deck Conveyor Oven Assumptions (chamber area 21520 in?)

Performance Bhanizlg:e Eﬂiclfi:ﬁ:gnx; del Unit Source
Preheat Time 9 10 min/preheat [2]
Preheat Energy 19,457 23,519 Btu/preheat [2]

Idle Energy Rate - natural gas 53,647 40,434 Btu/h [2]

Idle Energy Rate - electricity 1.15 0.52 kW [2]
Cooking Energy Efficiency 38 47 % [2]
Production Capacity 258 312 Ib/hr [2]
Operating Hours/Day 12 hr/day [2]

Food Service Days/Year 344 day/yr assu(r:r?ggir:r?rt]able
Number of Preheats per Day 1 preheat/day [2]
Pounds of Food Cooked per Day 268 Ib/day [2]

,g\vse'l;ll\s/l Energy to Food — conveyor 190 Btu/lb 1]
Conversion factor (min to hr) 60 min/hr

Conversion factor (Btu to m?3) 35,738 Btu/m3 common:aabslzumption

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings and electrical impact due to the
replacement of a conventional conveyor oven with an efficient conveyor oven with a large chamber

area.

Annual NG savings for a large, single-deck conveyor oven:

lb Btu
| 26845 X 190" Bt
Ecooking - 38% = 133,928@
lb min
2682 g__mi
Btu reheat Btu
Eygpe = 53,6472 % | 12 hr — — 9 _ 1P « _Preheat) _ cgo0202
hr lb day 60 day
258h_
r
E =1 preheat X 19,457 Btu = 19,457 Btu
pre=heat = = day """ preheat 7 day
E,. = 1339280 + 580,020 02 + 19.457 5 — 733,406 02
day = 2227 day T day day "7 day
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Btu m3
NGusage = 733,406@ X 344 days = 252,291,624;

Annual NG usage for a large, single-deck ENERGY Star conveyor oven is calculated in the same way
as shown above, yielding the following savings.

3 3
(252,291,624’”— ~ 197,991,752 m—) 3
NGsavings = 24l ") = 1519—
savings 35,738 ] yr

The average annual NG savings for a large, single-deck conveyor oven is:
m3/yr

oven

Annual Electrical Impact for a large, single-deck conveyor oven:

1 oven X 1,519 =1,519 m3/yr

hr kWh
Eday—elec = 120@ x 1.15 kW = 13.8 W

kWh kWh
Elecusage = 138@ X 344 days = 4’747}1_7"

Annual electricity usage for a large, single-deck ENERGY Star conveyor oven is calculated in the same
way as shown above, yielding the following savings.

kWh kWh kWh
Elecsavmgs = 4'747:)1_1" - 2'147:)1_1" = 2’601}1_7‘

The average annual electrical impact for a large, single-deck conveyor oven is:

kWh/yr
1 oven x 2,601 ———— = 2,601 kWh/yr
oven

USES AND EXCLUSIONS

To qualify for this measure, the conveyor oven must be utilized for food preparation or processing
with natural gas as its fuel source and must be tested according to ASTM F1817 [1] to determine its
performance parameters.

MEASURE LIFE

The measure life attributed to this measure is 12 years. [3]
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INCREMENTAL COST

The incremental cost is summarized in the table below. [2]

Table 5 Conveyor Oven Incremental cost

Description Small Conveyor Oven Large Conveyor Oven
Chamber Area <1520 in> | Chamber Area 21520 in2
$ CADl/yr $ CAD/yr
Incremental Cost $859 $1,994

REFERENCES

[1] American Society for Testing and Materials (ASTM), Standard Test Method for Performance of Conveyor
Ovens, West Conshohocken: ASTM Designation F1817-17. In Annual Book of ASTM Standards, 2020.

[2] Frontier Energy, "Technology Assessment Report. Commercial Gas Energy Efficient Conveyor Ovens,"

Frontier Energy Inc, San Ramon, 2021.

[3] Food Service Technology Center, "Food Service Technology Center. Life-Cycle & Energy Cost Calculator:
Conveyor Ovens," [Online]. Available: http://www.fishnick.com/saveenergy/tools/calculators/. [Accessed

June 2020].
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

New Construction (NC), Time of Natural Replacement (TNR)

Baseline Technology

A conventional conveyor broiler

Efficient Technology A high-efficiency conveyor broiler with a catalyst and an idle input
rate less than the rates listed below or a dual stage or modulating
gas valve with a capability of throttling the input rate below the idle

rates’ listed below, while maintaining 600°F when tested in
accordance with ASTM F2239 [1]
Conveyor Broiler Width (in.) Idle Energy Rate (Btu/h)
<22 <40, 000
22" - 26" <60, 000
> 26" <70, 000
Market Type Commercial
Conveyor Broiler Width
< 22” 22” - 26” > 26”

Annual Natural Gas Savings

(m3/yr per conveyor broiler) 1,954 3,070 3,768

Annual Electricity Impact

(kWh/yr per conveyor broiler) 2,443 3,839 4712

1 Or any other method of achieving input rates below the idle rates specified in Table 3




Parameter Definition

Measure Life 12 years

Incremental Cost $3,1 54 $3,933 $4,586
($ CAD/ conveyor broiler)

Restricted to commercial/institutional food service conveyor broilers

Restrictions :
using natural gas.

OVERVIEW

Broilers are a workhorse in commercial kitchens. Utilizing high temperature radiant heat, broilers
produce a characteristic taste and aroma that cannot be achieved through other cooking
processes. Conveyor broilers represent a modern innovation on the traditional broiler design by
incorporating automation, reducing dedicated labour, and increasing cooking consistency. These
appliances can be used for a variety of concepts and menu types but are ideally suited to broiling
uniform meat products (such as hamburgers and chicken breasts) in large quantities.

Conveyor broilers operate by transporting food on a steel belt (or chain) through a high-
temperature cooking chamber with radiant heat sources located above and below the belt. The
belt carries the food product through the cooking cavity and deposits the cooked product into a
collection tray. Conveyor broilers can be configured as a pass-through design where food is
placed on the belt at one end and exits on the opposite end; or return design where food is placed
on the belt, flows through the cooking chamber and it is returned to the loading side by a return
belt or chute.

A standard feature on many conveyor broilers is a secondary conveyor belt that is used to toast
hamburger buns. The conveyor carries the buns beneath an electric resistance heated bun platen,
located below the main broiler chamber, and is commonly heated by electric elements.

Commercial conveyor broilers vary in size, input, number of cooking lanes, and capacity.
Conveyor broilers can be configured with single or multiple belts, depending on the flexibility
desired. A recent innovation incorporates a catalyst above the broiler to reduce the grease
particulate emissions from the broiling process.

The industry standard for evaluating conveyor broiler energy consumption and performance is
the American Society for Testing and Materials (ASTM) Standard F2239, Standard Test Method for
the Performance of Conveyor Broilers [1]. This standard defines the specific parameters that conveyor
broilers must be tested at to document temperature uniformity, preheat energy consumption, idle
energy use, cooking energy efficiency and production capacity.



APPLICATION

There are multiple types and sizes of conveyor broilers to fit different applications. They may be
designed for continuous or batch cooking. Conveyor broilers are sized based on the number of
cooking lanes. Some conveyor broilers are equipped with a single conveyor belt for the entire
cooking chamber, while others offer multiple cooking belts to accommodate different cook times
in the same chamber. Most conveyor broilers maintain an average cavity temperature between
600°F and 700°F (315 — 371°C) and operate at a constant input rate.

In recent years, manufacturers are producing conveyor broiler models with energy saving
measures, such as emissions catalysts, more efficient burner designs and waste energy
recuperation. This measure is restricted to conveyor broilers using natural gas that meets the
energy-efficient criteria shown in the Efficient Technology section.

BASELINE TECHNOLOGY

The baseline technology is a conventional conveyor broiler that does not meet the criteria
specified in the Efficient Technology section.

EFFICIENT TECHNOLOGY

The key energy consumption metric for efficient conveyor broilers is a low idle energy rate as per
Table 3, while maintaining 600°F when tested according to ASTM F2239. The efficient technology
must have a catalyst and an idle input rate less than the rates listed in Table 3 or a dual stage or
modulating gas valve with a capability of throttling the input rate below the idle rates listed in
Table 3, while maintaining 600°F when tested in accordance with ASTM.

Table 2 Efficient Technology

Conveyor Broiler Width (in.) Idle Energy Rate (Btu/h)
2-Lane Width (< 22”) <40, 000
3-Lane Width (22" - 26”) <60, 000
4-Lane Width (> 26”) <70, 000

ENERGY IMPACTS

Efficient conveyor broiler models utilize energy recovery strategies to capture waste heat as it
exists the broiler chamber and refocus the waste heat back down onto the food product. The
convective heat transfer maximizes the heat to the food product and allows the burner size to be



reduced substantially over traditional radiant-only designs. The recycled heat also warms a
toasting platen and reduces the supplemental electricity required to heat the secondary bun
toasting platen.

NATURAL GAS SAVINGS ALGORITHM

The industry standard for evaluating conveyor broilers is ASTM F2239, Standard Test Method for
Performance of Conveyor Broilers. [1] The performance of conveyor broilers is determined by
preheat time, preheat energy consumption, and idle energy consumption (full burn load). Most
conveyor broilers maintain an average cavity temperature between 600°F and 700°F (315 - 371°C)
and operate at a constant input rate. These types of conveyor broilers do not differentiate between
cooking and idle operation. [2] . The algorithm is based upon methodology used by the Food
Service Technology Center (“FSTC”). The calculation to determine the daily energy usage of
baseline and energy-efficient conveyor broilers is as follows:

1. Calculation of the daily natural gas consumed by the conveyor broiler

Eday = Lcooking + Epre—heat

where,
Eqay = Daily energy consumption- Natural Gas (Btu/day)
Ecooking = Daily energy consumption cooking mode- Natural Gas
(Btu/day)
Daily energy consumption pre-heat mode- Natural Gas
Epre—heat =
(Btu/day)

1a. Calculation of the daily natural gas consumed by the conveyor broiler-
cooking mode

TP
Ecooking = Floaa X (Ton —nP X 5)

where,

Fioad = Full Burn Load (Btu/hr)

Ton = Operating Hours per Day (hr/day)

nP = Number of Preheats per Day (preheats/day)
TP = Preheat Time (min/preheat)

60 = Conversion factor minutes to hours (min/hr)

1b. Calculation of the daily natural gas consumed by the conveyor broiler- preheat
mode



Epre—heat = NP X EP

where,
nP = Number of Preheats per Day (preheats/day)
EP = Preheat Energy (Btu/preheat)

2. Calculation of the annual natural gas consumption for baseline and energy-efficient
conveyor broilers

NGysage = Eqay X days

where,
NGysqage = Annual natural gas consumption by the conveyor broiler
(Btu/yr)
Eday = Daily energy consumption- Natural Gas
days = The number of days per year the conveyor broiler is in use

(day/yr)

3. Calculation of the natural gas savings

(NGusage_b - NGusage_E)

NGsavings = 35 738
where,
NGgapings = Annual natural gas savings (m3/yr)
G Annual natural gas consumption by the baseline conveyor broiler
N usage_b = (Btu/yr)
NG _Annual natural gas consumption by the energy-efficient conveyor
usage-t broiler (Btu/yr)
35,738 = Energy density of natural gas (Btu/m?)

ELECTRICITY SAVINGS ALGORITHM

Standard conveyor broilers operate continuously during the day with the heat source constantly
energized. The most typical designs utilize infrared gas burners to heat the broiling chamber and
electric motors to drive the conveyor through the chamber. A secondary chain runs beneath the
main cooking chamber with electrically heated platens for toasting buns.

The annual electric energy impact is the difference between the baseline and efficient equipment
energy consumption conveyor broiler



1. Calculation of the daily electricity consumed by the conveyor broiler

Eday—elec = Ton X Idlegec

where:
Eqay—eiec = Daily energy consumption- Electricity (kWh/day)
Ton = Operating Hours per Day (hr/day)
Idlegec = Idle Energy Rate- Electricity (kW)

2. Calculation of the annual electricity consumption for baseline and energy-efficient
conveyor broilers

Elecusage = Eday—elec X days

where:
Elec _ Electricity consumed by the conveyor broiler annually
usage (kWh/year)
davs The number of days per year the conveyor broiler is in use
Y (day/yr)

3. Calculation of the electricity impact

Elecsavings = Elecusageb - ElecusageE

where:
Elecsqpings = Annual electrical impact (kWh/yr)
Elec = Annual electricity consumption of the baseline conveyor
usagen broiler (kWh/year)
Elec = Annual electricity consumption of the energy-efficient
weager conveyor broiler (kWh/year)
ASSUMPTIONS

The Food Service Technology Center has tested multiple baseline and efficient gas conveyor
broilers per the ASTM standard test method. [1] Key energy consumption metrics include idle
energy rate while maintaining 600°F when tested according to ASTM F2239. Baseline energy
consumption for conveyor broilers has been taken from the average of the FSTC dataset (which
is unpublished due to proprietary manufacturer data) that does not meet the efficient
technology criteria.

The assumptions used to calculate natural gas savings are shown in Table 4.



Table 4 Conveyor Broiler Assumptions: 3-Lane Width (22” — 26”)

Baseline Energy-
Performance Efficient Unit Source
Model
Model

Preheat Time 184 18.6 min/preheat [3]
Preheat Energy 26,214 17,212 Btu/preheat [3]
Full Burn load 79,491 53,001 Btu/hr [3]
Electricity Cooking Rate 1.34 0.41 kw [3]
Number of Preheats per Day 1 [3]
Operating Hours/Day 12 hr/day [4]

. Common
Food Service Days/Year 344 day/yr assumption table
Conversion factor (min to hr) 60 min/hr
Conversion factor (Btu to m?3) 35,738 Btu/m?3 Common

assumption table

SAVINGS CALCULATION EXAMPLE

The example below illustrates the annual natural gas savings calculation from the replacement
of a 22” width conventional conveyor broiler with an energy-efficient conveyor broiler.

Calculation of the daily natural gas consumption for baseline equipment

18.4 min
Btu hr preheat “*preheat Btu
Ecookingp = 79491 ——Xx | 12— —1 X - =929,515—
- hr day day 60 U day
hr
£ _ preheat 26214 Btu 26214 Btu
pre-heat b = ’ preheat day

E = 929,515 Btu + 26,214 Btu = 955,729 Btu
day_ b — ’ day ) day - ) day

Calculation of the daily natural gas consumption for efficient equipment

186 min
Btu hr preheat " preheat Btu
Ecooking £ = 53,001 —x | 12——1 X . =619,582 —
- hr day day 60 min day

hr



preheat

Btu Btu
xX17,212——=17,212——
pr

Epre-neat r =1 eheat day

day

E = 619,582 Btu+ 17,212 Btu = 636,794 Btu
day E — ) day ) day - ) day

Annual Natural Gas Savings for an Average 22” Wide Conveyor Broiler:

Btu Btu day
(955,729M — 636,794 W) X 344y_r m3
NGsavings = B = 3,070 e
tu T
35,738 3 Y

Using the average annual natural gas savings for a 22” wide conveyor broiler calculated above,
the natural gas savings were normalized per linear inch of conveyor broiler width. This results
in a normalized savings of 140 m?/yr per linear inch of conveyor broiler width. The normalized
savings per linear inch is then used to extrapolate the annual savings to all common conveyor
broiler size ranges: <227, 22”- 26” and > 27”. An example of this calculation for <22” (average
width = 14") conveyor is shown below and the extrapolated, normalized savings per common
conveyor oven size ranges are summarized in Table 5.

m3
14 in x 140 — = 1,954 m3/yr
yr - in

Table 5 Normalized Annual Natural Gas Savings — Conveyor Broiler

Description <22” 227-26” >27”

Normalized annual nat. gas savings
(m3/yr per conveyor broiler)

1,954 3,070 3,768

Electricity Impact:
Calculation of the daily electricity consumption for baseline equipment

hr kWh
Eday—elec_b = 12@ X 1.34 kW = 161@

Calculation of the daily electricity consumption for efficient equipment
kWh

hr
Eday—elecfE = 12@ x 041 kW = 49@

Annual Electricity Savings for an Average 22” Wide Conveyor Broiler:



El = (16 1 kWh 49 kWh) X 344 day = 3,838 kWh
€Csavings = "~ day " day yr yr

Using the average annual electricity savings for a 22” wide conveyor broiler calculated above,
the electricity savings was normalized per linear inch of conveyor broiler width. This results in
a normalized savings of 175 kWh/yr per linear inch of conveyor broiler width. The normalized
savings per linear inch is then used to extrapolate the annual savings to all common conveyor
broiler size ranges: <227, 22”-26” and > 27”. An example of this calculation for <22” (average
width = 14”) conveyor is shown below and the extrapolated, normalized savings per common
conveyor oven size ranges are summarized in Table 6.

kWh
14 in x 175 — = 2,443 kWh/yr
yr -in

Table 6 Normalized Annual Electricity Savings — Conveyor Broiler

Description <22” 227-26” >27”
Normalized annual electricity savings 2 443 3.839 4712
(kWh/yr per conveyor broiler) ' ' ’

USES AND EXCLUSIONS

To qualify for this measure, the conveyor broiler must be utilized for food preparation or
processing with natural gas as its fuel source and must meet the energy efficiency criteria for
commercial conveyor broilers by having a low idle energy rate as shown in Table 3 while
maintaining 600°F when tested according to ASTM F2239. [1]

MEASURE LIFE

The measure life attributed to this measure is 12 years. [5]

INCREMENTAL COST

The incremental cost is shown in the table below.



Table 7 Conveyor Broiler Incremental Cost [2]

Incremental Cost

Conveyor Broiler Width (in.) ($ CAD per broiler)

<22 $3,154
22" - 26" $3,933
> 26" $4,586

REFERENCES

[1] American Society for Testing and Materials (ASTM), "Standard Test Method for the

Performance of Conveyor Broilers," American Society for Testing and Materials (ASTM)
F2239, West Conshohocken, PA, 2020.

[2] Frontier Energy, "Technology Assessment Report: Commercial Conveyor Broilers," San
Ramon, 2022.

[3] Frontier Energy, "Global Data-Comparison Database — Baseline and Energy-Efficient Gas
Conveyor Broilers," Food Service Technology Center (FSTC), San Ramon, 2021.

[4] Ontario Food Services Market Survey. [Interview]. November 2018.

[5] Food Service Technology Center, "California Energy Wise - Conveyor Broiler Energy

Savings Calculator," [Online]. Available: https://caenergywise.com/calculators/natural-gas-
conveyor-broilers/#calc. [Accessed May 2022].
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Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Parameter

Definition

Measure Category

Retrofit (R)

Baseline Technology

Non-Programmable (NPT) or Programmable Thermostat (PT)

Efficient Technology

Adaptive Thermostat

Market Type

Commercial

Annual Natural Gas
Savings (m?)

380 m?3 per device

Annual Electric impact
for buildings equipped
with air conditioning
system

995 kWh per device

Measure Life

10 years

Incremental Cost
($ CAD)

$235

This measure requires that an adaptive thermostat would replace a
conventional programmable or non-programmable thermostat serving a
natural gas-fired space heating system in a commercial building. This sub-doc

Restrictions does not apply to buildings that have or are in the process of installing a hybrid
(dual-fuel) space heating system (e.g., an electric air-source heat pump with
natural gas furnace backup, a ground-source heat pump with a natural gas
furnace backup, etc.).

OVERVIEW

Adaptive thermostats employ advanced features beyond conventional programmable
thermostats. These more sophisticated, yet easier to use devices, address key usability and
programming issues of traditional units. Functions may include monitoring weather,
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occupancy, and remote access for additional flexibility and control, an important feature when
the business plans for the day have changed.

APPLICATION

Applicable to commercial buildings, including industrial facilities, that use a natural gas heating
system. In addition, applicable to commercial buildings that have either a programmable or
non-programmable/manual thermostat.

BASELINE TECHNOLOGY

Baseline technology is defined as a non-programmable/manual thermostat or programmable
thermostat. Canada’s and Ontario’s Energy Efficiency Regulations do not currently require
thermostats of a particular type or thermostats with specific features. [1]

EFFICIENT TECHNOLOGY

Adaptive or self-learning thermostats typically have the following key features and benefits:

¢ Ease of creating schedules.

¢ Intuitive set up, typically using narrative and lifestyle related questions.

* Pro-active or forced automatic energy savings adjustment features.

* Greater control with remote web or app-based control over building’s settings if
schedule changes

* Maintenance alerts.

* Ongoing “learning” of schedules and preferences taking into account motion, humidity
levels, occupancy and temperature preferences.

While not inherently necessary for adaptive learning, most such thermostats also have wi-fi
capabilities.
For an efficient technology to be eligible as a measure, the following four key automated

features are required:

1. Proper setback scheduling.

2. Occupancy based setbacks.

3. System performance optimization.

4. Encouragement of conservation behavior.

The features are subsequently described in additional detail.
Proper Setback Scheduling

Adaptive thermostats use different levels of sophistication to reduce the difficulties inherent in
older thermostats when it comes to setting up a schedule. They typically use simpler dialogue-
based set up menus where the user is prompted with occupancy related questions. [2]

2 Ontario TRM
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Occupancy-Based Setbacks

For businesses that do not maintain a regular schedule, this feature has an automated way of
determining when a space is unoccupied. Adaptive thermostats use geofencing and occupancy
sensors to detect occupancy in the building and automatically implement temperature setback
during unoccupied periods.

System Performance Optimization

System performance optimization capabilities use analytics to run a building’s HVAC
equipment more efficiently. This is typically based on data collected from the system’s
performance, coupled with feedback on external conditions such as temperature and humidity.
While there is no direct communication between adaptive thermostats and the HVAC
equipment, the data on system performance (HVAC equipment and building envelope) is
'learned' based on how the building temperatures respond to the thermostats control signals.
This is largely an optimization of start-up and stop sequences, but also factors in feedback such
as weather forecasts and humidity measurements. [2]

Encouraging Conservation Behavior

Encouraging conservation behavior leverages the on-going relationship that an adaptive
thermostat builds to offer the occupants different forms of suggestions to conserve energy and
save money. This can range from suggestions to lower the temperature, accept a new optimized
setback schedule, or to change the furnace filter. [2]

ENERGY IMPACTS

These devices typically have sensors that monitor light, humidity levels, motion, occupancy and
temperature. Most adaptive thermostats build schedules by asking users simple questions
during setup to understand typical schedules and comfort preferences. Algorithm-based
software establishes heating and cooling schedules accordingly resulting in natural gas savings
and electric cooling savings, in some cases even modifying the schedules for additional
moderate savings.

NATURAL GAS SAVINGS ALGORITHM

Resource Innovations conducted a gas savings analysis on the Small and Medium Business
Energy Management System Innovation Pilot in May 2023. [3] The Wi-fi thermostat used in the
pilot was an adaptive thermostat. The study reflected the climate conditions for the Ontario Gas
utilities.

A total of 481 accounts participated in the program accounting for 574 thermostats. 7 of the

participating accounts did not have sufficient billing data to establish annual gas consumption
patterns before participating in the pilot. These were removed from the analysis, resulting in a
tinal analysis dataset consisting of 474 accounts. Participating accounts were primarily located

Ontario TRM 3
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in the Kitchener/Waterloo region. The analysis was based on pre and post-installation business
gas usage.

A regression model was developed to predict natural gas use based on heating degree days
(HDD) and the installation of an adaptive thermostat.

m3 = By + By X HDD + B, X Quantity + ¢

The B2 coefficient is the key parameter of interest, as it determines the impact of adaptive
thermostat installation where the Quantity term is assigned a value equal to the number of
thermostats installed in the post-installation period, and a value of zero in the pre-installation
period. The annual gas savings were then normalized to typical weather conditions based on
weather data CWEC (2020) for London, ON. [4] The normalization process involves predicting
customer-level consumption for both the pre-treatment and post-treatment periods under
identical, “typical” weather conditions. Because the weather data does not vary across periods,
it is necessary to introduce a model term that interacts the pre and post period variable (the
quantity term) and the normalized weather (the HDD term). The model specification for
weather normalized gas consumption is shown below.

m3 = By + B X HDD + 3, X Quantity + 3 (Quantity x HDD) + ¢

The estimated weather-normalized natural gas savings per thermostat installed are shown
below.

Table 2. Weather-Normalized Natural Gas Savings [3]

Normalized natural gas savings
per thermostat installed (m?*year)

380 m?/year

Figure 1: Achieved and Weather-Normalized Natural Gas Savings [3]

Ped Thamostal Savngs

B Eslimabad impact = B0% confdancs inkerval Momnalized imgect

Prosdiaim: P ofe i, F =

a H] 1 151 200 2E0 L] IE0 30 Hh S £4)

Smnual Savmgs im )
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ELECTRIC IMPACTS ALGORITHM

The Independent Electricity System Operator (IESO) retained Nexant, Inc., (now Resource
Innovations) to conduct an evaluation of its Business Programs for the 2017 evaluation cycle.
This included an impact evaluation of the same Small and Medium Business Energy
Management System Innovation Pilot. Nexant’s analysis approach utilized hourly interval and
monthly billed consumption data provided by the LDCs for all accounts known to be
participating in the pilot at the time of the data request, and for a large pool of non-participants,
to perform a difference-in-differences regression analysis using a matched control group.

The annual electricity savings attributed to the adaptive thermostat was 995 kWh per
thermostat installed. [5]

ASSUMPTIONS

Table 4 provides a list of assumptions utilized in the measure savings algorithm to derive the
stipulated savings values listed in Table 1 above.

Table 4. Assumptions

Variable Definition Value Source/Comments
HDDper Heating System Enabled 55°F(12.78°C) Common assumptions table [6]

SAVINGS CALCULATION EXAMPLE

For savings derivations and results values, see the algorithms section.

USES AND EXCLUSIONS

Not applicable to buildings that have or are in the process of installing a hybrid (dual-fuel)
space heating systems (e.g., an electric air-source heat pump with natural gas furnace backup, a
ground-source heat pump with a natural gas furnace backup, etc.).

MEASURE LIFE

Enbridge independently completed a jurisdictional scan of demand side management (DSM)
technical reference manuals (TRMs) to estimate the effective useful life of an adaptive
thermostat. It is recommended that a measure life of 10 years be used as per the results of the
Enbridge jurisdictional scan.

Ontario TRM 5
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INCREMENTAL COST

Enbridge independently completed a jurisdictional scan of demand side management (DSM)
technical reference manuals (TRMs) to estimate the incremental cost of installing an adaptive
thermostat. It is recommended that an incremental cost of $235 CAD be applied per the results
of the Enbridge jurisdictional scan.

REFERENCES

[1] Natural Resouces Canada, "Energy Efficiency Regulations by Province," [Online]. Available:
https://natural-resources.canada.ca/energy-efficiency/energy-efficiency-regulations/energy-
efficiency-regulations-province/20986. [Accessed June 2023].

[2] CEATI International, "Inventroy and Energy Savings Estimates for Residential
Programmable Thermostats," CEATI, 2014.

[3] Resource Innovations, Inc, "Memorandum - IESO's ECOBEE Pilot Natural Gas Savings
Estimation - Results,"” Submitted to Enbridge Gas Inc., 2023.

[4] Government of Canada, "Canadian Weather Year for Energy Calculation (CWEC)," 2020.
[Online]. Available: https://climate.weather.gc.ca/prods_servs/engineering_e.html.
[Accessed 30 10 2024].

[5] Nexant Inc. and NMR Group Inc., "2017 Program Evaluation: Small & Medium Business
Energy Management System Innovation Pilot," Submitted to Independent Electricity
System Operator, 2018.

[6] O. E. Board, "Technical Reference Manual (TRM) version 7," OEB, Ontario, 2022.
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Commercial > Space Heating - Hybrid Heat Pump Roof Top Unit > New
Construction/Time of Natural Replacement

Table 1 provides a summary of the key measure parameters and savings.

Table 1. Measure Key Data

Measure Category New construction (NC), or Time of Natural Replacement (TNR)
Baseline Technology Standard natural gas Roof Top Unit (RTU)
- Hybrid heat pump RTU: electric heat pump with gas furnace auxiliary heat that meets the criteria
Efficient Technology specified on the Efficient technology section
Market Type Commercial
Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
Switchover temp Switchover temp Switchover temp Switchover temp Simultaneous
41°F (5°C) 32°F (0°C) 30°F (-1.1°C) 20°F (-6.7°C) control type
Annual Natural Gas
Savings (m?/ kBtu/hr 3 13 16 27 36
Heating capacity?)
Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
Switchover temp Switchover temp Switchover temp Switchover temp Simultaneous
41°F (5°C) 32°F (0°C) 30°F (-1.1°C) 20°F (-6.7°C) control type
Staged® | VSF? Staged? VSF? Staged? VSF? Staged? VSF? VSF?
Annual Electric Impact
(kWh/ kBtu/hr Heating -5 60 -32 34 -42 24 -82 -14 -45
capacity)
Winter Peak Electric )
Impact (kW/ kBtu/hr 0.0067 0.0059 | -0.0293 | -0.0194 | -0.0318 | -0.0224 | -0.0464 | -0.0398 -0.0485
Heating capacity) ’

1 Heating capacity refers to the RTU heat pump rated heating capacity at 47°F (8.3°C) in kBtu/hr. This definition is applicable to all
parameters: Annual natural gas savings, annual electricity impacts, winter & summer peak electricity impacts and incremental cost.
2 Staged refers to standard fans (can be single speed, basic staged), and no requirements for compressor type (could be single stage,

though 2-stage).

3 VSF refers to, high efficiency-variable speed fans, and variable speed compressors.
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Parameter Definition
Summer Peak Electric
Impact (kW/ kBtu/hr 0 0.0360 0 0.0360 0 0.0360 0.0360
Heating capacity)
Measure Life 16 years
Heating Capacity (kBtu/hr) Incremental Cost ($CAD/heating kBtu/hr)
<33 $130
I tal Cost
ncremental Cos >33 and <78 $120
=78 up to and including110 $110
>110 $90
This measure is restricted to packaged single-zone hybrid* heat pump RTUs installed outdoors
for a commercial building. Multi-zone RTU or RTU paired with in-zone Variable Air Volume
Restrictions (VAV) systems are not eligible for this prescriptive measure. This measure does not apply to
split systems, standalone furnaces, make-up air units, dedicated outdoor air systems (DOAS),
buildings for which the cooling requirement is satisfied by natural gas chillers, space types that
directly serve kitchens, nor spaces that are unconditioned.
OVERVIEW

Rooftop units (RTU) are packaged HVAC equipment that can provide heating and cooling to a
space and can be found in any type of commercial building. Natural gas RTUs are one of the
most common forms of heating and cooling in commercial buildings and present large
opportunities for natural gas savings since furnace efficiency has not seen large improvements
over the last decade. Heat pump (HP) technology has been used in residential applications for
decades, but RTU manufacturers have not sold HP RTUs until recently. As the demand for
carbon reduction technology increases, manufacturers have responded with new products
utilizing heat pump technologies, including hybrid HP RTUs. Hybrid HP RTUs utilize an
electric heat pump as the main heat source but also include a gas furnace for back-up and
auxiliary heating. Natural gas savings from this measure are achieved because a large portion of
the space heating load can be shifted to a more efficient electric heat pump.

4 The Comstock energy models simulate rooftop units (RTUs) that serve individual zones within a commercial building; hence, the
savings/impact values in table 1 are most representative of single-zone RTU applications. Multi-zone RTU or RTU paired with in-
zone Variable Air Volume (VAV) systems are not eligible for this prescriptive measure. Multi-zone RTU (one RTU serving multiple
spaces within a building) would have a different energy use profile (and therefore different savings/impacts) because they are
commonly designed with in-zone reheat (e.g., a VAV box). To clarify, this is not intended to restrict the measure to single zone
buildings but is intended for single zone RTU’s. If multiple RTU’s serve the same zone (e.g. in a big box retail application) this
would still qualify for the measure because the RTUs are each serving a single zone. A single RTU serving multiple spaces within a
building will not qualify.

2 Ontario TRM
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APPLICATION

RTUs serve as the primary space heating system for an entire building or -portion of a building-
and are typically installed on a roof. Though less common, they can also be installed on the
ground outside a commercial building. This measure applies to the replacement of an existing
natural gas RTU used for space heating with a packaged single-zone hybrid heat pump RTU
installed outdoors for a commercial building or the addition of a packaged single-zone hybrid
heat pump RTU to a new construction building. The application for this measure is based on the
use case and occupancy patterns of the space the RTU serves (i.e., the space type) rather than
the entire building. For example, an RTU serving and office space within a hotel would be
defined as “Office” space type and hence assess accordingly for the applicability of this
measure.

Hybrid heat pump RTUs are required to meet more than one performance rating, as their
cooling efficiency, heat pump efficiency, and gas efficiency are all rated and regulated
separately. These requirements have been captured in the efficient technology section.

BASELINE TECHNOLOGY

RTUs in Ontario are designed and installed to provide heating and cooling in a commercial
building. The heating and cooling components of RTUs are regulated by the Federal and
Provincial government.

Table 2 describes the Baseline for the heating components and Table 3 describes the Baseline for
the cooling components of RTUs in Ontario.

Table 2. Baseline Natural Gas RTU- heating component [1]

Input Rate

Product Category

Requirement

Reference

< 225,000 Btu/hr
(65.92 kW)

Single phase, outdoor
furnaces with an integrated
cooling component

AFUES = 81%

Three-phase, outdoor
furnaces with an integrated
cooling component

AFUE = 78% or TE® = 80%

[2] Schedule 3. Furnaces
and other space heating
equipment. Section 4.2.

= 225,000 Btu/hr
(65.92 kW)

Outdoor furnaces with an
integrated cooling
component

TE=81%

[2] Schedule 3. Furnaces
and other space heating
equipment. Section 9.

(3]

5 AFUE = Annual Fuel Utilization Efficiency
¢ TE = Thermal Efficiency

Ontario TRM
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A variety of efficiency metrics are used for heat pump RTUs, which can make understanding
system performance somewhat confusing. Below is a breakdown of efficiency terms used in

Table 3. [4]

SEER = Seasonal energy efficiency ratio. SEER measures the cooling efficiency of the heat pump
over the entire cooling season. It is determined by dividing the total cooling provided over the
cooling season (in Btu) by the total energy used by the heat pump during that time (in Watt-
hours). The SEER is based on a climate with an average summer temperature of 28°C.

e SEER 2 =Seasonal energy efficiency ratio (2) — the total cooling of heat pump in Btu
during its normal annual usage period for cooling, divided by the electric power usage
in watt-hours during the same period in accordance with 10 C.F.R. Appendix ML1. [5]

e SEER =Seasonal energy efficiency ratio- the total cooling of a heat pump in Btu during
its normal annual usage period for cooling, divided by the electric power usage in watt-

hours during the same period in accordance with CAN/CSA-C656-14. [5]

EER = Energy Efficiency Ratio. The EER is similar to the COP (Table 4) and describes the steady-
state cooling efficiency of a heat pump. It is determined by dividing the cooling capacity of the
heat pump in Btu/h by the electrical energy input in Watts (W) at a specific temperature (under
designated operating conditions). EER is strictly associated with describing the steady-state
cooling efficiency, unlike COP which can be used to express the efficiency of a heat pump in

heating as well as cooling. [4]

IEER = Integrated Energy Efficiency Ratio. IEER means a single-number figure of merit
expressing cooling part-load energy efficiency for heat pump equipment that is based on
weighted operation at various load capacities of the equipment, as described in the applicable

standards referenced. [6]

Table 3. Baseline Natural Gas RTU- cooling component

e e Product Heating type | Requirement Reference
Category
Air-cooled, single | Natural Gas SEER2=>=134 [2]Schedule 4. Air
phase AC’ conditioning and
<19 kW (65,000 Btu/h) Air-cooled, three- | Natural Gas SEER 214.0 related Equipment.
phase AC Section 6. Table 1.
[5]
=19 kW and < 40 kW, Air-cooled AC Natural Gas EER =11.0 [2] Schedule 4.
265,000 Btu/h and < 135,000 IEER = 12.7 Section 8., Table 1
Btu/h Large Unitary Air
=40 kW and < 70 kW Air-cooled AC Natural Gas EER=10.8 Conditioners.
(=135,000 Btu/h and < 240,000 IEER 2 12.2 Columnitems 4, 5
Btu/h) and 6
> 70 kW and < 223 kW Air-cooled AC Natural Gas | EER=>9.8 [7]
(240,000 Btu/h and < 760,000 IEER=11.4
Btu/h)
7 Additionally, it requires a Max. Average Off Mode Electrical Power Consumption <30 W.
4 Ontario TRM
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EFFICIENT TECHNOLOGY

The efficient technology is a hybrid heat pump RTU with:

heat pump portion that meets the heating and cooling requirement presented in

table 4, and

the back-up natural gas furnace that meets the requirements presented in table 2.

In addition to the efficiency terms identified in the baseline section, below is a breakdown of
efficiency terms used in Table 4.

HSPF = Heating Seasonal Performance Factor. HSPF is a ratio of how much energy the heat
pump delivers to the building over the full heating season (in Btu), to the total energy (in
Watthours) it uses over the same period. Weather data characteristics of long-term climate
conditions are used to represent the heating season in calculating the HSPF. However, this
calculation is typically limited to a single region and may not fully represent performance
across Canada. Some manufacturers can provide an HSPF for another climate region upon

request; however typically HSPFs are reported for Region 4, representing climates similar to the
Midwestern US. Region 5 would cover most of the southern half of the provinces in Canada,
from the B.C interior through New Brunswick. [4]

e HSPF 2 (Region V) = Heating seasonal performance factor (2) (Region V) — the total
heating output of a heat pump during its normal annual usage period for heating,
divided by the total electric power input in watt-hours during the same time period in
accordance with 10 C.E.R. Appendix M1. [5]

COP = Coefficient of Performance means, for a heat pump in the heating mode, the ratio of the

rate of net heat output to the total energy input expressed in consistent units and under

designated rating conditions, as described in the standards referenced in Table 4; for

refrigerating equipment or a heat pump in the cooling mode, COP means the ratio of the rate of
heat removal to the rate of energy input in consistent units and under designated rating

conditions, as described in the standards referenced in Table 4. [6]

Table 4. Efficient Technology for hybrid heat pump RTU

. . Product Heating requirement?® Cooling Reference
Cooling capacity .
Category requirement
Air-cooled, HSPF 2 (Region V) 25.4 SEER 2 2 13.4 | [2]Schedule 4. Air
single phase conditioning and
19 kW (65,000 HP? related
< .
' . Equipment.
Btu/h) Air-cooled, HSPF 2 (Region V) =7.0 SEER = 14.0 Section 6. Tables

three-phase
HP

1and 2.
[5]

8 For units tested using the relevant AHRI Standards, all COP values must be rated at 47 °F outdoor dry-bulb temperature for air-

cooled equipment.
° Additionally, it requires a Max. Average Off Mode Electrical Power Consumption <33 W.

Ontario TRM
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. . Product Heating requirement? Cooling Reference
Cooling capacity .
Category requirement
=19 kW and <40 kW, COP at inlet air at 47°F (8.3°C) = 3.3 EER =10.8 [2] Schedule 4.

(265,000 Btu/h and < | Air-cooled HP | COP at inlet air at 17°F (-8.3°C) 2 2.25 | [EER =120 | Section8,, Table

135,000 Btu/h)

2 Large Unitary

heat pumps.
240 kW and <70 kW COP at inlet air at 47°F (8.3°C) = 3.2 EER=10.4 Heating type B,
(2135,000 Btu/h and | Air-cooled HP | cOP at inlet air at 17°F (-8.3°C) =2.05 | [IEER=11.4 | Columns 4,5, 6,
< 240,000 Btu/h) and 7.
>70 kW and <223 kW COP at inlet air at 47°F (8.3°C) = 3.2 EER=93 [7]

(2240,000 Btu/h and | Air-cooled HP | cOPp at inlet air at 17°F (-8.3°C) = 2.05 | IEER =10.4
< 760,000 Btu/h)

Other components or features of an RTU besides the efficiency metrics in Tables 3 and 4 can
impact energy consumption, such as control methodology or lower outside air switchover

temperatures, increased levels of enclosure insulation, low leakage outside air dampers, and
improved cabinet construction to reduce cabinet leakage.

This measure includes three levels or tiers of operational efficiency to drive different levels of
natural gas savings:

Tier 1: Hybrid heat pump RTU with controls enabling a 41°F (5°C) switchover
temperature.

Tier 2: Hybrid heat pump RTU with controls enabling a 32°F (0°C) switchover
temperature.

Tier 3: Hybrid heat pump RTU with controls enabling a 30°F (-1.1°C) switchover
temperature.

Tier 4: Hybrid heat pump RTU with controls enabling a 20°F (-6.7°C) switchover
temperature.

Tier 5: Hybrid heat pump RTU with controls enabling simultaneous heat pump and gas
furnace operation.

Below is an explanation for each efficiency tier.

Tier 1. This tier assumes a switchover temperature of 41°F (5°C). This means the heat
pump will operate in heating mode when outside air temperatures are at or below the
balance point temperature and will switch to the backup natural gas furnace when
outside air temperatures are at or below 41°F (5°C).

Tier 2. This tier assumes a switchover temperature of 32°F (0°C). This means the heat
pump will operate in heating mode when outside air temperatures are at or below the
balance point temperature and will switch to the backup natural gas furnace when
outside air temperatures are at or below 32°F (0°C).

Tier 3. This tier assumes a 30°F (-1.1°C) switchover temperature, which manufacturers
reported as a default setting for hybrid heat pump RTUs. This means the heat pump will
operate in heating mode when outside air temperatures are at or below the balance
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point temperature, and it will switch to the backup natural gas furnace when outside air
temperatures are at or below 30°F (-1.1°C).

e Tier 4. This tier assumes a switchover temperature of 20°F (-6.7°C). This means the heat
pump will operate in heating mode when outside air temperatures are at or below the
balance point temperature and will switch to the backup natural gas furnace when
outside air temperatures are at or below 20°F (-6.7°C).

Tier 5. This tier assumes the same hybrid heat pump RTU as Tier 1 but requires controls
that enable simultaneous operation of the heat pump and the backup natural gas to
optimize efficiency and heating capacity of the heat pump.
This measure also characterizes the electric impact of a unit that meets additional requirements
for fans and variable compressors.

o Staged: refers to a heat pump with standard fans (single speed or basic staged) and
standard compressors (could be single speed or 2-stage).

e VSF: refers to a heat pump with high efficiency-variable speed fans, and variable speed
COMpressors.

ENERGY IMPACTS

The primary energy impact associated with the installation of a hybrid heat pump RTU is the
reduction in natural gas consumption due to the use of an electric heat pump for a portion of
the heating load. However, this measure also leads to a proportional increase in electric energy
use during the heating season.

Hybrid heat pump RTUs include both an electric heat pump and a natural gas furnace, and they
can operate using either system or both simultaneously. These units can be controlled to
maximize the use of the heat pump down to specific outside air conditions, only relying on the
natural gas furnace for auxiliary heat below specific outside air temperatures when the heat
pump cannot meet the entire heating demand.

This measure includes five levels or tiers of operational efficiency, each driving different levels
of natural gas savings- ranging from the least savings at Tier 1 to the most at Tier 5. The highest
savings at Tier 5 are achieved through advanced controls that enables the operation of the heat
pump and natural gas furnace simultaneously, ensuring maximum efficiency and utilization of
the heat pump’s capacity during the entire heating season.

NATURAL GAS SAVINGS ALGORITHM

The natural gas savings for this measure are calculated using a database of commercial building
energy models. These models are used to estimate savings between a baseline gas RTU and a
hybrid HP RTU. The ComStock database is a set of thousands of detailed building energy
models developed by the U.S. Department of Energy. [8] ComStock consists of a large set of
baseline energy models designed to represent the existing commercial building stock, and a
variety of efficient measure upgrade models, including a hybrid HP RTU measure, that can be
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compared against the baseline models to estimate savings. The models use multiple data
sources to calibrate results to the building stock based on hundreds of combinations of building
characteristics, occupant behaviors, building geometry, vintage, and location.

The natural gas savings calculation includes the following steps, the first three involving
accessing the ComStock database and the last steps performing post-processing analysis of the

data to ensure the data set is representative of the Ontario building stock and the measure

definitions. Additional details on these steps can be found in the supporting report. [9]

Accessing the ComStock Database

1.

Select measure from the ComStock Database and filter database for relevant
buildings. By selecting the measure “Heat Pump RTU with Original Fuel Backup” the
ComStock database was filtered for commercial building models with packaged single-
zone RTUs with natural gas space heating source as the baseline. This building set was
further filtered for buildings within Ontario climate zones, or geographically adjacent to
Ontario. This filtering process results in a final set of 16,000 unique models used to
estimate savings.

Map each of the ComStock models in the final set to Ontario Locations. After
downloading the relevant models, map each of the ComStock models to an Ontario city
using HDD from each model’s weather input data as reference for the mapping exercise.
For example, ComStock buildings with US weather stations 726060 and 726425
(Portland/Inttnl. Jet and Sheboygan Co Mem respectively) have been mapped to Canada
weather station 712630 (Hamilton A) due to the similar HDD.

Calculate building-level natural gas savings. Each of the 16,000 models includes the
annual difference in gas and electric heating energy consumption (i.e., measure savings)
between the buildings’ energy use with the baseline natural gas RTU and the efficient
hybrid heat pump. The result is a data output from the 16,000 individual building model
runs, each with unique consumption and savings values, by building type and climate
zone.

After creating the relevant data set of energy models, additional analysis and adjustments were
performed to the data to ensure the savings are representative of the Ontario building stock and
the baseline and efficient measure definitions.

4. Normalize the savings for program implementation. The ComStock models produce an

average cubic meter of gas saved per building, by building type. The savings were
normalized by a factor that can be used to scale the savings up and down with the size
of the Hybrid heat pump RTU. Cadeo provided two normalization options for
implementation, m%ton of cooling and m?/ kBtu/hr heating capacity. It was determined
that m% kBtu/hr heating capacity has a higher correlation with natural gas savings, and
therefore it will be a better scaling factor than m?/ton of cooling. [10]

Align the results with the hybrid HP RTU efficient tiers definition. To ensure the
ComStock models” estimated savings are in alignment with the hybrid HP efficiency
tiers, adjustments are made to the savings to account for the different hybrid HP control
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strategies between ComStock and the measure’s tiers as described in the Efficient
measure section. The following step explains how was this accomplished:

e A sample of each building type was selected from the ComStock data, and the
8,760-natural gas savings profile was extracted (10 ComStock buildings).

o To reflect the effect of switchover temperature at the different tier levels, an
identifier was used to “turn off” the HP below 30°F and 20°F (tier 1 and tier 2
respectively). A natural gas savings adjustment factor was developed and
applied to the ComStock natural gas savings (Tier 3) to obtain the savings for
Tier 1 and Tier 2.

6. Natural gas saving rate (m*kBtu/hr heating capacity). A single natural gas savings
factor (m?kBtu/hr heating capacity) was determined by combining the individual
building savings in the form of weighted average. The distribution of building type in
Ontario was used as the weight and are presented in Table 5 Assumptions.

ELECTRICITY IMPACTS ALGORITHM

The approach for quantifying the electricity impact from the installation of a hybrid heat pump
RTU in Ontario used the same ComStock analysis approach described in the natural gas savings
section (Steps 1-5). Unique analysis or adjustments made for the measure electric impacts are
noted below. Additional detail on these steps can be found in the supporting report. [9]

1. For Staged: Remove fan and cooling savings. The ComStock measure definition
includes above-code cooling and fan performance requirements which aligns with VSF
units but is not applicable for Staged units. To adjust the electric impacts for Staged
units, the ComStock model’s fan and cooling impacts are removed from the calculated
electric impacts before normalizing based on the installed measure heating capacity in
kBtu/hr.

2. Reflecting the effect of switch over temperature at the different tier levels. Using the
same approach described in the Natural Gas Savings Algorithm Step 5, the electricity
impact adjustment factors by efficiency tiers (tier 1 to tier 4) were estimated, accounting
for the switchover temperature approach for each building type and if the unit is Staged
or VSFE. The output of this step is hourly kW electricity impacts per building (Elecy,), by
building type for the 10 building prototypes selected accounting for the tiers” switchover
temperature for each building type and if the unit is Staged or VSF

WINTER AND SUMMER PEAK ELECTRICITY IMPACT ALGORITHM

The approach for quantifying the electricity summer and winter peak impact from the
installation of a hybrid heat pump RTU in Ontario uses the analysis approach described in the
IESO-CDM-CE-To0l-V9-2-Feb-17-2023 tool, modified to account for negative impacts in the
summer and/or winter. [11]
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1. Calculate hourly summer and winter peak electricity impact. The following equations
were applied to the hourly profile for 10 building type prototypes (the same buildings
identified in step 5 of the natural gas savings algorithms).

Eq.1)

Eq.2)

Eq.3)

Eq.4)

Eq.5)

SAPeak—Min
SAPeak—Max
WAPeak—Min
WAPeak—Max

APSummer

Speak = IF (Sapeak—min < 0)
if True Speak = Sapeak—min

lf False Speak = Sapeak-Max

Sapeak-min = [Min(APsymmer), If (Speak—n = 0.04) ] + [Min(APsymmer), If (Spear—n = 0.05) ]
+ [Min(APSummer): If (SPeak—h = 042)] + [Min(APSummer)r If (SPeak—h = 04’9)]

Sapeak-Max = [Max(APSummer)ﬁIf (SPeak—h =0.04) ] + [Max(APSummer)' If (SPeak—h =0.05) ]
+ [Max(APSummer)' If (SPeak—h =0.42) ]
+ [Max(APSummer)' If (SPeak—h = 0-49)]

APsymmer = Speak-n X Elecy X Hrcooling

Whrear = IF Wapeak-min < 0)
if True Wpear = Wapeak—min

if False Wpeax = Wapeak-max

Wapeak—min = [Min(APWinter)' If(WPeak—h =013) ]+ [Min(APWinte‘r)'If(WPeak—h =0.24) ]
+ [Min(APWinter)' If(WPeak—h = 0-30)] + [Min(APWinte‘r)'If(WPeak—h = 0-33)]

Wapeak-max = [Max(APWinter)If(WPeak—h =0.13) | + [Max(APyinter), If(WPeak—h =0.24) ]
+ [Max(APWinter)' If(WPeak—h = 030) ] + [Max(APWinter): If(WPeak—h = 033)]

APWinter = Whpeak-n X Elech

= Summer peak electricity impact (kW)

=  Winter peak electricity impact (kW)

= Minimum alternative summer peak demand (kW)
= Maximum alternative summer peak demand (kW)
= Minimum alternative winter peak demand (kW)

= Maximum alternative winter peak demand (kW)

= Hourly alternative summer peak demand in a typical year'® (kW)

10 Assumed 8,760 hours in a typical year.

10
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Hrcooling

SPeak—h
APWinter

WPeak—h

Elecy

Cooling hour

Hrcooling = IF(Tdry—bulb > Tbalance—cooling)
If TRUE - Hrgoo1ing = 1, cooling required.

IF FALSE = Hr¢oo1ing = 0, N0 cooling required.
Alternative summer peak hour fraction
Hourly alternative winter peak demand in a typical year (kW)
Alternative winter peak hour fraction

Hourly electricity impact in a typical year (kW)

2. Align the results with the hybrid HP RTU measure efficient tiers definition. Using the
same approach described in the Natural Gas Savings Algorithm Step 5, the electric
summer and winter peak impact adjustment factor by efficiency tiers is estimated,

accounting for the tiers” switchover temperature for each building type and if the unit is
Staged or VSF.

3. Normalize the summer and winter peak electricity impact for program
implementation. Step 2 produced an average kW peak of electricity impact (summer
and winter) by building type. The peak electricity impacts (summer and winter) were
normalized by the Heating Capacity of the Hybrid heat pump RTU presented in Table 5

Assumptions.

4. Summer electricity impact rate (kW/kBtu/hr heating capacity). A single electricity
impact factor (kW/kBtu/hr heating capacity) was determined by combining the
individual building electricity impacts in the form of weighted average from step 3, and
the distribution of building type in Ontario presented in Table 5 Assumptions.

5. Winter electricity impact rate (kW/kBtu/hr heating capacity). A single electricity impact
factor (kW/kBtu/hr heating capacity) was determined by combining the individual
building electricity impacts in the form of weighted average from step 3, and the
distribution of building type in Ontario presented in Table 5 Assumptions.

ASSUMPTIONS

The measure impact analysis approach outlined in this document includes the assumptions

listed in Table 5.

Ontario TRM
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Table 5. Assumptions

Variable Definition Value gtos e CoS
Building type weight Various
Restaurant 4.6%
Office - Small, Other Commercial - Small 39.8%
Office - Large 0.7%
EGI distribution
Schools - Small, Schools - Large, Other Commercial - Large 3.8% | of commercial
building, 2023
Retail - Small, Hotel - Large, Hotel - Small, Multi-residential 41.1%
Retail - Large 1.1%
Long Term Care, Hospital 1.0%
Warehousing 7.9%
Summer and winter Peak normalizing factor: Rated Heat Pump Heating Various | ComStock
Capacity at 47°F (kBtu/hr) databased,
sample buildings
FullServiceRestaurant 211 | with hourly
profile.
RetailStripmall 1,026
SmallOffice 386
QuickServiceRestaurant 167
Warehouse 266
RetailStandalone 2,710
MediumOffice 1,431
PrimarySchool 2,406
Outpatient 306
LargeOffice 6,301

SAVINGS CALCULATION EXAMPLE

The example below shows how to calculate the natural gas savings, and electricity impact,
achieved from installing a hybrid heat pump RTU with a rated heating capacity @47°F (8.3°C) of
84,000 Btu/hr in a commercial building. This calculation is for a Tier 3 Staged unit which

12
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assumes a standard hybrid heat pump with regulated minimum efficiencies and default
switchover temperature controls.

A I[N [ Gas Savi =16 m 84kBtu_1344 3
nnual Natural Gas Savings = 16 75— X =1 m
hr
Annual Electricity | S
nnual Electricity Impacts = —42 35— X =3
hr
Winter Peak Electricity Impacts = —0.0318 W« 84 kBtu/hr = —3kW
kBtu/hr
.. _ kW _
Summer Peak Electricity Impacts = 0 RBru/nr X 84 kBtu/hr = 0 kW

USES AND EXCLUSIONS

The new RTU must be a packaged single-zone hybrid heat pump (electric heat pump with
natural gas furnace auxiliary/backup) installed outdoors on a commercial facility. This measure
does not apply to split systems, standalone furnaces, make-up air units, DOAS units, buildings
for which the cooling requirement is satisfied by natural gas chillers, space types that directly
serve kitchens, nor spaces that are unconditioned.

The Comstock energy models simulate rooftop units (RTUs) that serve individual zones within
a commercial building; hence, the savings/impact values in table 1 are most representative of
single-zone RTU applications. Multi-zone RTU or RTU paired with in-zone Variable Air
Volume (VAV) systems are not eligible for this prescriptive measure. Multi-zone RTU (one RTU
serving multiple spaces within a building) would have a different energy use profile (and
therefore different savings/impacts) because they are commonly designed with in-zone reheat
(e.g., a VAV box). To clarify, this is not intended to restrict the measure to single zone buildings
but is intended for single zone RTU’s. If multiple RTU’s serve the same zone (e.g. in a big box
retail application) this would still qualify for the measure because the RTUs are each serving a
single zone. A single RTU serving multiple spaces within a building will not qualify.

MEASURE LIFE

The measure life attributed to this measure is 16 years, based on the U.S. DOE 2016 Central Air
Conditioners and Heat Pumps (CAC/HP) Final Rule Technical Support Document (TSD) [12].

INCREMENTAL COST

The incremental equipment cost varies with unit capacity and is higher for smaller capacity
units, as summarized in Table 6 below. Additional detail on the sources of this cost data can be
found in the supporting report [9].
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Table 6. Incremental Equipment Cost for Hybrid HP RTU

Nominal rated heating Incremental Cost
capacity (kBtu/hr) ($CAD/heating kBtu/hr)
<33 $130
233 and <78 $120
278 up to and including110 $110
>110 $90
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