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TERMS OF USE

This document and associated documents and files are intended for use by Clean Air Partnership to assess the
potential feasibility of energy systems at this site. This document and associated documents and files are not
intended for use beyond this purpose. Rathco ENG Ltd. and Clean Air Partnership accept no responsibility for
the use whatsoever of this document and associated documents and files by third parties. The content
provided in this document includes confidential information regarding intellectual property owned by Rathco
ENG Ltd. and Clean Air Partnership. By submitting this study, we would ask that Clean Air Partnership ask
permission prior to sharing any and all of the content in this document. This document is not to be made public
without prior consent from both Rathco ENG Ltd. and Clean Air Partnership.

This document is being shared as a Word document at the request of Clean Air Partnership to support the
development of the training program and toolkit being made by Clean Air Partnership. Any changes made to
the meaning or interpretation of the document will need to be reviewed by Rathco ENG.
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EXECUTIVE SUMMARY

CAP engaged Rathco to provide 10 Proof of
Concept studies across ten participating
developers to assess the business case for low
carbon and net-zero energy solutions. These
studies investigated low carbon alternatives for
space heating, cooling, and domestic hot water
(DHW) heating.

Comparison metrics included the life cycle cost
measure levelized cost of energy (LCOE), capital
costs, operating costs, and GHG emissions.

Archetypes

This project looked at different building archetypes
to investigate low carbon solutions for a range of
building types. Three main archetypes were
considered:

1. High-Rise
2. Mid-Rise
3. Townhome

Scenarios

Subsets of the following scenarios were considered
across the ten studies:

1. Business-As-Usual (BAU)

2. Geo-Exchange (Geo)

3. Geo-Exchange with District Energy
System (DES)

4.  Wastewater Energy Exchange (WEE)

5. Higher Performance Building

6. All-Electric

7.  Air-Source Heat Pump (ASHP)

High-Rise

The overall takeaway for high-rise buildings is that
emissions reductions can be achieved with slight
cost premiums using a variety of different
mechanical system options. The general trend
showed that geo-exchange tended to have the
lowest life cycle cost and about 50% emissions

(RATHCO)
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reductions for the thermal energy system, with only
a slight cost premium relative to the BAU.

Higher emissions reductions are possible by further
electrification of the DHW system or peak heating
system, but these strategies tended to increase the
costs significantly (both capital and operating
costs).

LCOE Comparison - High-Rise
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HRI1, HR2, and HR3 refer to the results of three
different High-Rise archetype studies.

Mid-Rise

The overall takeaway for Mid-Rise buildings is the
same as for High-Rise buildings. Generally, the
most cost-effective decarbonization option is geo-
exchange with life cycle costs similar to the BAU.
Slight savings in operating costs offset the higher
upfront capital costs. About 50% emissions
reductions are typical in these projects for the
thermal energy systems. There may also be a case
for envelope improvements for additional
emissions reductions.

Full electrification of space heating and DHW
heating was found to be significantly more
expensive.
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LCOE Comparison - Mid-Rise
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MR1, MR2, and MR3 refer to the results of three
different Mid-Rise archetype studies.

Townhome

The overall takeaway for townhomes is that
decarbonization currently comes at a cost
premium relative to the BAU. The most promising
scenarios included ASHPs. High-efficiency ASHPs
or hybrid ASHP systems with natural gas furnace
backup are the top performing options, with
natural gas DHW heaters. These systems allowed
for GHG emissions reductions for the thermal
energy system of about 50%.

Higher emissions reductions were possible with
fully electric systems; however, the life cycle cost of
these systems was significantly higher than the
BAU. When comparing full electrification to hybrid
approaches, the life cycle cost premium of full
electrification was similar to hybrid systems for the
amount of emissions reductions given that
electrification can much more significantly reduce
emissions. So, the choice of system is dependent on
the goals of the development by weighing the
costs against the emissions reductions.
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TH1, TH2, TH3, and TH4 refer to the results of four
different Townhome archetype studies.

Disclaimer

Note that costs and emissions in this study are
for thermal energy systems only (and envelope
upgrades where noted). The costs are not for the
full building construction or operation. The
emissions do not include non-thermal energy
uses such as lighting or plug loads.
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1 INTRODUCTION

CAP engaged Rathco to provide 10 Proof of Concept studies across ten participating developers to assess the
business case for low carbon and net-zero energy solutions. The details of the business case (location, building
owner, developer) have been removed in this final report. The findings of the Proof of Concept studies will
support a municipal low carbon training guide and municipal recommendations for streamlining Right of Way
(ROW) access for low carbon systems.

This final report summarizes the different archetypes used in the studies (described in the next section) and
compares the results of the different low carbon scenarios. The goal of these studies is to identify the most
financially feasible low carbon scenario for each identified archetype. The following sections will provide a
description of the archetypes, low carbon scenarios, and comparison results for the Levelized Cost of Energy
(LCOE), capital cost, operating cost, and GHG emissions.

Note that costs and emissions in this study are for thermal energy systems only (and envelope upgrades
where noted). The costs are not for the full building construction or operation. The emissions do not
include non-thermal energy uses such as lighting or plug loads.
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2 ARCHETYPE DESCRIPTIONS

This project looked at different building archetypes to investigate low carbon solutions for a range of building
types. Three main archetypes were considered:

1. High-Rise
2.  Mid-Rise
3. Townhome

2.2 High-Rise

The High-Rise archetype is a multi-unit residential building. It has a gross floor area (GFA) of 30,000 m2 or
higher. The following table shows the details of the High-Rise case studies. The number of buildings indicates
the total number of buildings included in the district energy scenario analysis, where each building was
assumed to be identical except where noted.

Table 1: High-Rise Case Studies

ID GFA (m2) Number of Buildings
HR1 ‘ 37,350 3
HR2* ‘ 37,350 9
HR3 78,100 3

*The HR2 case study investigated a mixed archetype development, combining the HR1 archetype with the MR1
archetype described in the next section. One high-rise and eight mid-rise buildings were included. It has been
included in the high-rise category due to overall density assumed at the site.

2.3 Mid-Rise

The Mid-Rise archetype is a multi-unit residential building. It has a GFA of 3,000-15,000 m2. The following table
shows the details of the Mid-Rise case studies. The number of buildings indicates the total number of buildings
included in the district energy scenario analysis (where applicable), where each building was assumed to be
identical.

Table 2: Mid-Rise Case Studies

ID GFA (m2) Number of Buildings
MR1 13,750 8
MR2 3,716 1
MR3 9,510 3

(RATHCO) ‘
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2.4 Townhome

The townhome archetype is a single-family home and can be found in many arrangements such as row
townhomes or stacked townhomes. The townhome archetype has a GFA of 100-200 m2. The following table
shows the details of the townhome case studies. The number of buildings indicates the total number of
townhomes included in the district energy scenario analysis (where applicable), where each townhome was
assumed to be identical.

Table 3: Townhome Case Studies

ID GFA (m2) Number of Townhomes
TH1 174 389
TH2 187 818
TH3 108 144
TH4 150 1
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3 SCENARIO DESCRIPTIONS

Before initiating any of the ten studies, a set of energy scenarios was pre-agreed with CAP to be modelled in
all studies. These scenarios included:

Business-As-Usual

Geo-Exchange

Geo-Exchange with District Energy
Wastewater Energy Exchange
Higher Performmance Building

G NENINEE

While the studies were being completed, it became clear that some alternate scenarios should also be
considered. Additional scenarios such as All-Electric and Air-Source Heat Pump (ASHP) scenarios were added.
As the additional scenarios were not investigated from the project onset, there are fewer sets of results. For
example, in an attempt to find the most optimal low carbon energy scenario for townhomes, the final
townhome study included various ASHP scenarios that had not been modelled previously.

This section generally describes the range of scenarios considered in the ten studies. There may have been
slight differences in the approach between studies that are not captured in this summary report.

The High-Rise and Mid-Rise archetypes generally used similar systems within the energy scenarios, so they are
summarized together. The townhome scenarios are presented separately.

3.2 Business-As-Usual
3.2.1 High-Rise and Mid-Rise

There were two options for the business-as-usual (BAU) case in the high-rise and mid-rise archetypes. The first
included in-suite heat pumps as the terminal units in the space heating and cooling system; the other included
fan coil units as the terminal units. Currently both in-suite heat pumps and fan coil units are utilized in the
Southern Ontario market, this report intends to reflect this trend. The diagrams in this subsection show the
difference between in-suite heat pumps and fan coil units. The remainder of the scenarios may use either of
these systems, any variations will be described via text, please use the diagrams below as reference.

In-Suite Heat Pumps

This business-as-usual scenario utilized a condensing natural gas boiler for space heating, a natural gas
domestic hot water (DHW) heater, and a fluid cooler system for cooling loads. The in-suite units were heat
pumps.

In-suite heat pumps are a common terminal unit in multi-unit residential buildings in some markets in Ontario,
such as Toronto, where there are higher energy performance standards. These in-suite heat pumps are not air
conditioners; they are water-source units that connect to a water loop in the building that has heat injection
from boilers and heat rejection from fluid coolers (in the BAU scenario).

(RATHCO) 6
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Figure 1: BAU - High-Rise and Mid-Rise (In-Suite Heat Pumps)

Fan Coil Units

The business-as-usual scenario utilized a condensing natural gas boiler for space heating, a natural gas DHW
water heater, and a chiller/cooling tower system for cooling loads. The in-suite units were fan coil units.

f_-
[% Cooling Tower
Ny

Gas Boiler
-
bos N N Chill
Water m . nler
Heater .: @:
)
Fan Coil
Unit

Legend
Heating Loop
Cooling Loop
DHW

&

LITT

Figure 2: BAU — High-Rise and Mid-Rise (Fan Coil Units)
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3.2.2 Townhome

The business-as-usual was modelled using a conventional natural gas furnace for space heating, natural gas
DHW water heater, and air conditioner (AC) for cooling loads.

Legend

Home Heating

DHW

) Air Home Cooling
=] Conditioner

DHW: Domestic Hot Water
NG “Ine NG: Natural Gas
DHW =

Heater Furnace

Figure 3: BAU — Townhome

33 Geo-Exchange

Geo-exchange uses the ground as a thermal battery to heat and cool buildings. Boreholes are drilled to access
the earth's stored heat, with circulating fluid transferring heat between the ground and the building for heating
or cooling. The "borefield" is the area where boreholes are located, and its size depends on the building's peak
and annual heating and cooling load, as well as the available drilling space.

3.3.1 High-Rise and Mid-Rise

For the studies, geo-exchange systems were typically modelled to meet peak space cooling and hybridized in
heating. A gas DHW heater would provide DHW. It should be noted that the performances of geo-exchange
systems are entirely dependent on ground conditions, which vary across Ontario and were not available for
these studies. Appropriate assumptions were made based on ground conditions from nearby projects.

As with the BAU, there were multiple options for building mechanical system, including either in-suite heat
pumps or fan coil units. The type of system impacted the equipment needed in the scenario. Fan coil systems
required a central heat pump to be connected to the geo-exchange system.

(RATHCO] 8
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Figure 4: Geo-Exchange - High-Rise and Mid-Rise (Fan Coil Unit Example)
3.3.2 Townhome

Typically, the geo-exchange system for a townhome was modelled to meet peak space heating and cooling.
DHW would be provided by a gas DHW heater, therefore it would not influence the Geo sizing. For high-rise
buildings (as described above), geo is often sized for cooling and hybridized for heating. This would technically
be challenging for townhomes as each townhome would have to have peak heating equipment (i.e. furnace)
in addition to the geo heat pump, resulting in additional capital and operation and maintenance conducted
by the townhome owner. This could also potentially result in the misuse of the peaking boiler.
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Legend

Home Heating/Cooling

Geothermal Ground Loop

DHW
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Loop

\

Figure 5: Geo-Exchange - Townhome

3.4 Geo-Exchange District Energy

The Geo-Exchange District Energy System (DES) scenario combines geo-exchange technology with a DES. The
DES utilizes the ground temperature as a source and sink for heating and cooling. These systems circulate a
fluid through a geothermal borefield to either absorb or reject heat. Depending on the time of year, geothermal
fluid supply temperatures can range from about 0-30 °C. The geothermal borefield is connected to district
supply and return pipes buried in the ground or located in below grade parking levels which and terminate at
heat exchangers or heat pumps located at each connected customer to provide heating and cooling.

The DES can either be an ambient DES, with temperatures similar to those of the fluid in the borefield, or a hot
and chilled water DES, which has higher temperatures in heating and lower temperatures in cooling. An
ambient DES does both heating and cooling through the same network of pipes. A hot and chilled water
system does heating from one network and cooling through a separate network. Heat pumps are required at
each building in an ambient DES (such as in-suite heat pumps). In a hot and chilled water DES, the geo-
exchange system is connected to a centralized heat pump to lift and lower temperatures as needed; therefore,
the buildings do not need heat pumps and can use fan coil units.

Each building would require an energy transfer station — a type of heat exchanger (or heat pump) that connects
the DES pipes with the customer.

3.4.1 High-Rise and Mid-Rise

For High-Rise and Mid-Rise developments, the borefield was typically designed to meet peak cooling demands,
while peak heating and DHW would be supplied by supplementary equipment, such as boilers. Ontario
buildings typically experience higher demands for heating than cooling throughout the year, requiring some
of annual heating loads to be met by supplementary equipment to maintain the ground temperature over 30
years. An auxiliary boiler would be necessary to provide the remaining annual and peak heating and DHW
loads.
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It was assumed that geo-exchange and DES equipment could be housed in the lower levels of one of the
connected buildings, so no additional central plant building would be needed.

Gas Water Gas Water
Heater Heater

i [ Heat
* Pump Legend
2 Units
————— Heat Pump Loop
8 DHW

Geo-Exchange Loop

DES Piping
i 3 N
i N | T— ETS: Energy Transfer Station
S Gas DES: District Energy System
ETS

Boiler

‘ | i IGeoBorefied

Figure 6: Geo-Exchange DES - High-Rise and Mid-Rise (In-Suite Heat Pump Example)

3.4.2 Townhome

For townhomes, the Geo DES scenario combines geo-exchange technology with a fourth-generation DES. A
fourth-generation DES utilizes hot and chilled water temperatures in its distribution piping. Energy sources, in
this case geo heat pumps, can produce these water temperatures, which can be 50-70 °C for heating and 5-10
°C for cooling. These systems have four pipes buried in the ground that can provide heating and cooling to

each connected customer.

The HVAC system of the homes connected to a Geo DES system would be fan coil units (forced air system).
The borefield in the Geo DES scenario is typically sized to meet peak cooling loads, although there may be cases
where it is possible to size for peak heating as well. A gas DHW heater would provide DHW loads and peak

heating loads if needed.

A central plant building housing the required DES mechanical equipment is likely required.
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Figure 7: Geo-Exchange DES - Townhome

3.5 Wastewater Energy Exchange
3.5.1 District Energy

In most of the studies, the wastewater energy exchange scenario used a district energy system. It would use
untreated wastewater as a heat source (heating) or heat sink (cooling). This technology would be paired with a
heat pump system to provide heating and cooling to the connected buildings in the DES (either a centralized
heat pump or distributed heat pumps at each building, as discussed for the Geo DES scenario in Section 3.4).
Infrastructure is installed in sewer lines to direct sewage flow through a heat exchanger. In heating mode, heat
is transferred from the wastewater to the heating system through the heat exchanger. The heating systems
are always hydraulically separated from the wastewater - i.e. there is no transfer of liquid, only energy.

Rathco estimated the average flow rate based on the predicted flow rates for the future developments as well
as existing flow rates in sewer pipes in the area as defined in the functional servicing reports (if available). The
wastewater energy exchange (WEE) system was typically not able to provide enough capacity for peak heating
or cooling. Therefore, it was necessary to include equipment for peak heating, peak cooling, and DHW. This
auxiliary peak heating and cooling equipment was modelled as gas boilers, water heaters, and fluid coolers.
Note that the performance of the WEE system is highly dependent on the resource available at the site. Actual
capacities of the sewer systems included in these studies were unknown and would affect the sizing of the
WEE system as well as auxiliary equipment.

A similar type of system could be connected to a single building. This type of approach may only be feasible for
larger buildings.

The application of district energy in this scenario to townhomes versus high-rise or mid-rise developments
would follow the same approach as discussed for Geo DES in Section 3.4.
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Figure 8: WEE DES (Fan Coil Unit Example)

3.5.2 Standalone

In this scenario, the wastewater energy exchange system would connect to the building sanitary system
instead of a sewer. This technology would be paired with a heat pump system to provide heating and cooling
to the building. Infrastructure is installed to connect to the building wastewater lines to direct sewage flow
through a heat exchanger and heat pump. This kind of system is most suitable for High-Rise and Mid-Rise.

Rathco estimated the average flow rate based on the number of units in the building. The WEE system would
not meet any of the DHW, heating or cooling peak loads, and also due to the nature of fluctuating wastewater
flows, it was necessary to include equipment for peak heating, DHW, and cooling, modelled as gas boilers,
chillers, and cooling towers. Note that the performance of the WEE system is based on estimates for DHW flow.
The actual capacity of the sanitary system was not available and would affect the sizing of the WEE system as
well as auxiliary equipment.
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Gas DHW
Heater
WEE
3.6 Higher Performance
3.6.1 High-Rise and Mid-Rise

The Higher Performance scenario was typically similar to the BAU scenario with the exception of an upgrade
to the building envelope. The cost for the envelope upgrade was calculated using the GFA of the building and
applying an appropriate window to wall ratio. The improved building envelope was modelled to decrease the
heating demands and slightly increase the cooling demands. Envelope changes can have a range of impact to

% Cooling Tower

Chiller

Fan coil
Unit
Legend
Building Sanitary
Heating Loop
Cooling Loop
DHW

HX — Heat Exchanger
HP - Heat Pump

Ground

Figure 9: WEE Standalone (Fan Coil Unit Example)

the heating and cooling demands and should be considered on a case-by-case basis in projects.

In cases where the BAU included fan coil units, the Higher Performance scenario also included an upgrade to

in-suite heat pumps to reduce natural gas consumption.
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Figure 10: Higher Performance — High-Rise and Mid-Rise

An alternate heating and cooling strategy was used in one study, which used all electric heating equipment,
including air-source heat pumps (ASHPs) and electric boilers/water heaters (similar to the All-Electric scenario
in the next section) in combination with the improved envelope.

3.6.2 Townhome

The Higher Performance scenario for townhomes replaced equipment dependent on natural gas with
electricity-dependent ones: air-source heat pumps (ASHP), electric furnaces, and electric water heaters for
DHW. The ASHP was typically sized for 100% cooling and partial heating, resulting in a need for peak heating
equipment, which was modelled as an electric heating coil in the central air-handler. It was assumed that
electrical panels in the homes would be able to handle electrical peaks — further study is recommended to
indicate if an upgrade will be required.

Additionally, an envelope upgrade was added to this scenario, which would decrease the heating demands
and slightly increase the cooling demands.
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Figure 11: Higher Performance - Townhome
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The last townhome study also investigated a hybrid ASHP with a natural gas furnace backup for space heating
and a natural gas water heater instead of electrifying all systems in an effort to determine if hybrid approaches
were more economical. The envelope upgrade was also included.

3.7 All-Electric
3.7.1 High-Rise and Mid-Rise

The All-Electric scenario replaced equipment dependent on natural gas with electricity-dependent ones: a
central air-source heat pump(s) (ASHP), electric boiler, and electric water heaters for DHW. The ASHP was
typically sized to meet 100% of the cooling loads however this meant that the ASHP would not be able to meet
the full heating loads. The remaining space heating loads and DHW heating would be met with electric boilers
and water heaters. The in-suite units in this scenario would be fan coils since the central air-source heat pump
would negate the need for in-suite heat pumps. It was assumed that electrical panels in the building would
be able to handle electrical peaks — further study is recommended to indicate if an upgrade will be required.

In some cases, the DHW system also used a DHW ASHP with electric water heater backup.

Air-Source
Heat Pump
|
Electric .
=S = Electric
Water )
| 4
Heater ] Boiler
Legend
8 8| |Fan Coil Legend
@6 l 1 Units Heating Loop

Cooling Loop

%E 8 - DHW
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Figure 12: All-Electric — High-Rise and Mid-Rise
3.7.2 Townhome

This scenario replaced equipment dependent on natural gas with electricity-dependent ones: air-source heat
pumps (ASHP), electric furnaces, and electric water heaters for DHW.

The ASHP for this scenario is sized for 100% cooling and partial heating, resulting in a need for backup electric
heating coils. It was assumed that electrical panels in the homes would be able to handle electrical peaks -
further study is recommended to indicate if an upgrade will be required.

(RATHCO] e

ENG



Proof of Concept Scenarios: Municipality and Developer Archetype

Legend
Home Heating/Cooling
— DHW

Home Heating

DHW: Domestic Hot Water

= .

GE Air-Source
I e —— Heat Pump
DHW Electric
Heater D: ID: IFurnacei

Figure 13: All-Electric - Townhome

In the final townhome study, a high efficiency ASHP was included in this All-Electric scenario to avoid the need
for electric furnace/electric coil peak heating.

3.8 Other Air-Source Heat Pump Scenarios

3.8.1 High-Rise and Mid-Rise

Hybrid ASHP

A hybrid ASHP scenario was also investigated for High-Rise and Mid-Rise. ASHPs would provide full peak and
annual cooling and only partial heating, which would require some natural gas boilers to meet peak heating

demands. Domestic hot water (DHW) is provided by natural gas water heaters. In-suite fan coils are used to
distribute the heating and cooling in the apartment units.
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Figure 14: Hybrid ASHP - High-Rise and Mid-Rise
3.8.2 Townhome

Hybrid ASHP

In a Hybrid ASHP scenario for townhomes, an outdoor ASHP unit is connected to an indoor air handler similar
to a standard air conditioning system with the exception that the heat pump can provide heating in addition
to cooling. The efficiency of the heat pump is driven by the ambient air temperature and in heating mode, this
efficiency will decrease as the outdoor air temperature drops. For times of the year when heat pump heating
is not sufficient to meet the full load, a backup gas furnace is used to supplement the heating capacity.
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Figure 15: Hybrid ASHP - Townhome

High Efficiency ASHP

For townhomes, both a standard ASHP and a higher efficiency (HE) ASHP scenario were investigated in the
final study to investigate alternate strategies that may be more financially feasible. The HE ASHP scenario also
utilized a heat pump to heat and cool the townhome; however, this scenario modelled a more efficient unit
that was able to provide all the heating throughout the year. The HE ASHP was sized to meet 100% of the
heating loads on design day, however this meant that the was slightly oversized for cooling. Since the high
efficiency heat pump was able to meet the full heating load at low ambient temperatures, a gas furnace was
not required for backup heating. Additionally, the heat pump was also more efficient in cooling mode, and so
electricity usage for cooling was reduced.
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Figure 16: HE ASHP — Townhome
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VREFE System

Finally, the last study also considered a variable refrigerant flow (VRF) system for townhomes. The VRF scenario
was very similar to the HE HP scenario, the only difference being that the VRF unit is a different style of heat
pump which is even more efficient and offers tighter control of heating and cooling. This type of unit was also
able to provide the full heating capacity without the need for a backup gas furnace.
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Figure 17: VRF — Townhome
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4 FINDINGS

Note that the level of detail for these proof-of-concept studies corresponds to AACE Class 5 level of detail cost
estimates.

4.1 LCOE

The cost of energy for each modelled scenario is summarized in the form of the Levelized Cost of Energy (LCOE),
representing the life cycle cost an energy system. The LCOE included the following categories, applicable to
the thermal energy system only.

Note that the consumer carbon tax was cancelled in April 2025, so the final studies did not include carbon tax.
For results comparison in this report, all results are presented without carbon tax. See Appendix A for results
with carbon tax, where applicable.

Operating Costs Maintenance Costs

/

Replacement Costs

RN

Fuel / Electricity Costs

Total
Initial Capital Costs TE i Carbon Tax
over /
lifetime
Total costs over lifetime $
LCOE = = —
LCOE Is the levelized Total heating and cooling energy MWh
cost of energy delivered over lifetime

Note that costs in this study are for thermal energy systems only (and envelope upgrades where noted).
The costs are not for the full building construction and operation.

411 High-Rise

Without carbon tax, the BAU was consistently the lowest life cycle cost energy option, with some low carbon
options only slightly more expensive. The Geo, Geo DES, WEE DES, and Higher Performance scenarios were all
only marginally higher than the BAU, indicating that any of these options would be worthwhile exploring in
more detail on specific projects.
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The general trend was that Geo was the best low carbon scenario. The WEE DES was found to be better than
Geo in one study; however, this is entirely dependent on wastewater resource availability, location, and building
location for district energy network lengths.

The All-Electric scenario was found to be about twice the life cycle cost of the BAU, largely due to high electricity
costs.

LCOE Comparison - High-Rise
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Figure 18: High-Rise Archetype LCOE Comparison
4.1.2 Mid-Rise

In the Mid-Rise archetype studies, the life cycle cost for Geo and the BAU tended to be similar. The Geo DES
was marginally more expensive.

In two of the three studies, the WEE DES was also marginally more expensive than the BAU. In the MR2 study,
the WEE system was a standalone non-DES solution. This resulted in significantly higher life cycle costs,
showing the benefits of scale when considering wastewater energy solutions.

The Higher Performance scenario was also marginally more expensive than the BAU. The exception for this was
again with MR2 where the Higher Performance scenario also included an ASHP system which resulted in much
higher costs.

The All-Electric system was consistently much more expensive over the life cycle of the projects.

The MR2 study also considered a Hybrid ASHP system, which resulted in higher costs than the BAU, although
it was the second lowest cost low carbon solution within the MR2 study after Geo.
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LCOE Comparison - Mid-Rise
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Figure 19: Mid-Rise Archetype LCOE Comparison

413 Townhome

The common finding across the townhome archetype studies was that the BAU was the lowest life cycle cost
energy system option. While the results were dependent on the circumstances of each project, the Geo, Geo
DES, and WEE DES scenarios tended to be much more expensive than the BAU. The All-Electric scenario was
also consistently more expensive than the BAU.

The Higher Performance scenario tended to be more expensive than the BAU. The study where the Higher
Performance scenario performed the best for LCOE was TH4, the final townhome study. In this study, natural
gas backup heating and hot water equipment was used instead of electric, showing the cost benefits of going
with natural gas equipment.

The final study (TH4) also investigated alternative scenarios to find better decarbonization options. It was found
that any of the scenarios (Higher Performance, All-Electric, Hybrid ASHP, VRF, or High Efficiency (HE) ASHP)
would be a good option for decarbonization at a slight cost premium.

Note that these results do not include carbon tax. If carbon tax were included, the LCOE of the BAU would
increase and make the low carbon scenarios more favourable in comparison.
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LCOE Comparison - Townhomes
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Figure 20: Townhome Archetype LCOE Comparison

4.2 Capital Cost

Note that costs in this study are for thermal energy systems only (and envelope upgrades where noted).
The costs are not for the full building construction.

4.2.1 High-Rise

All of the low carbon scenarios had higher capital costs compared to the BAU, by up to 50%. The lowest capital
costs were the Higher Performance and WEE DES scenarios. The Higher Performance scenario used most of
the same mechanical equipment, therefore had similar costs. The cost premium was largely due to envelope
upgrades and in some cases an upgrade from fan coil units to in-suite heat pumps. The WEE DES scenario
varied the most in cost premium due to its site-specific sizing.

Geo was consistently 20-25% more expensive than the BAU. The Geo DES scenario was the most expensive due
to the combination of a high cost borefield plus the additional district energy system requirements. The All-
Electric scenario was also significantly more expensive than the BAU due to the high cost of heat pumps.
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Additional Capital Cost above BAU - High-Rise
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Figure 21: High-Rise Archetype Capital Cost Comparison

4.2.2 Mid-Rise
The only scenario that has lower capital costs than the BAU was the Hybrid ASHP scenario in MR2, with

marginally lower costs.

Aside from the MR2 study, the Higher Performance had the smallest increase in costs. The MR2 study also
included ASHPs in this scenario, resulting in significantly higher capital costs.

The Geo scenario saw capital cost premiums of 10-30%. The Geo DES scenario was significantly more expensive,
with premiums of 50-70% relative to the BAU.

The WEE scenario saw cost premiums of 20-50% for the DES cases, and about 75% for the standalone case
(MR2). The All-Electric scenario had higher capital costs than the BAU by 30-60%.
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Additional Capital Cost above BAU - Mid-Rise
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Figure 22: Mid-Rise Archetype Capital Cost Comparison
4.2.3 Townhome

The Geo, Geo DES, and WEE DES generally saw significantly higher capital costs compared to the BAU, at 150%
to 450% additional cost. This was due to the high cost of district energy pipes, building connections, and geo-
exchange borehole drilling/piping. The Higher Performance scenario varied based on the assumptions. The All-
Electric scenario ranged from on par with the BAU to twice the capital cost. The Hybrid ASHP, VRF, and HE
ASHP were all close to the capital cost of the BAU.
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Additional Capital Cost above BAU - Townhome
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Figure 23: Townhome Archetype Capital Cost Comparison

4.3 Operating Cost

Note that costs in this study are for thermal energy systems only. The costs are not for the full building
operation.

4.3.1 High-Rise

Without the carbon tax increasing the BAU operating costs, there were only marginal benefits in operating
cost reductions for some of the scenarios. Geo had slightly lower operating costs than the BAU in two out of
the three studies. The Higher Performance scenario also had slightly lower or about equal operating costs to
the BAU due to lower thermal energy demands.

The two DES scenarios both saw slight operating cost premiums relative to the BAU. This was due in part to
the additional operating and maintenance costs of additional equipment.

The All-Electric scenario was significantly more expensive to operate than all other scenarios due to the much
higher electricity costs. Using electricity to meet peak heating demands often meant the requirement to add
electric boiler capacity, which tends to incur larger peak demand charges from the electrical utility for larger
electricity users. These types of charges do not apply to small customers such as single-family homes. This is
dependent on the project location and rate structure of the local utility.
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Additional Operating Cost above BAU - High-Rise
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Figure 24: High-Rise Archetype Operating Cost Comparison

4.3.2 Mid-Rise

The largest reduction in operating costs was for the Higher Performance scenario, with the exception of MR2
which also included an ASHP. The lower energy demands due to the higher performing envelope resulted in
lower combined costs for fuel and electricity. These Higher Performance results had savings relative to the BAU
of 5-15%.

The Geo scenario also saw operating cost reductions from the BAU by less than 10%. The Geo DES scenarios
had marginally higher operating costs.

The WEE scenario had variable operating costs compared to the BAU, with up to 50% operating cost premium
for the standalone WEE case in MR2. This shows that standalone systems are typically more costly to operate
than DES wastewater energy systems.

The Hybrid ASHP scenario had slightly higher operating costs than the BAU due to slightly higher electricity
costs, while still using natural gas for some space heating and all DHW heating. Meanwhile, the All-Electric
scenario had more than twice the operating costs of the BAU due to significantly higher electricity
consumption and peak demand charges.
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Figure 25: Mid-Rise Archetype Operating Cost Comparison
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The operating costs for all low carbon scenarios were higher than the BAU, with one outlier. The outlier was the
WEE DES for one study, where a low sewer capacity resulted in high natural gas use for heating, thus allowing
for cost savings relative to the BAU.

Note that these results do not include carbon tax. If carbon tax were included, the operating cost comparison
would be more favourable for the low carbon scenarios.

(RATHCO)

29



Proof of Concept Scenarios: Municipality and Developer Archetype

Additional Operating Cost above BAU - Townhome
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Figure 26: Townhome Archetype Operating Cost Comparison (Without Carbon Tax)

4.4 GHG Emissions

Note that emissions in this study are for thermal energy systems only. The emissions do not include non-
thermal energy uses such as lighting or plug loads.

4.4.1 High-Rise

The highest emissions reductions were seen with the All-Electric scenario. Then, the two geo-exchange
scenarios saw about 50% emissions reductions for the thermal energy system. The WEE DES and Higher
Performance scenarios both generally relied on natural gas for significant portions of space heating and DHW
heating, resulting in lower emissions reductions. The WEE emissions reductions would be higher if a larger
capacity resource was available near the project site.
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GHG Comparison - High-Rise
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Figure 27: High-Rise Archetype GHG Emissions Comparison

4.4.2 Mid-Rise

All of the low carbon scenarios showed emissions reductions relative to the BAU. The All-Electric scenario
showed the most reductions by eliminating natural gas equipment. The Higher Performance scenario for MR2
also showed significant reductions with similar electrification strategies plus a higher performing envelope.

The remainder of the scenarios saw variable emissions reductions of up to 65% from the BAU.

(RATHCO] .

ENG



Proof of Concept Scenarios: Municipality and Developer Archetype

GHG Comparison - Mid-Rise
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Figure 28: Mid-Rise Archetype GHG Emissions Comparison

4.4.3 Townhome

All of the low carbon scenarios had lower thermal energy system emissions than the BAU. The Geo scenarios
saw modest savings due to the need for borefield balancing, which means that geo-exchange provides about
equal heating and cooling in a year. So, there was still the need for natural gas heating, plus natural gas water
heating.

The WEE DES scenario generally assumed that there was not enough wastewater flow to serve all of the
heating needs, resulting in significant use of natural gas and limiting the emissions reductions.

The ASHP scenarios that still used natural gas (including Higher Performance for TH4) also had modest savings
of about 50%.

The best performing scenarios for emissions reductions were All-Electric and the Higher Performance
scenarios, which did not use natural gas equipment (except TH4 Higher Performance).
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GHG Comparison - Townhomes
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Figure 29: Townhome Archetype GHG Emissions Comparison

4.5 Cost of Emissions Reductions

The final category looks at the life cycle cost impact of the emissions reductions achieved in the low carbon
scenarios modelled across the studies. It combines the results of the LCOE and GHG Emissions categories from
Sections 4.1 and 4.4 to evaluate the most cost-effective route to achieving emissions reduction across the three
archetypes. Note that these results do not include carbon tax.

Note that costs in this study are for thermal energy systems only (and envelope upgrades where noted).
The costs are not for the full building construction and operation.

4.5.1 High-Rise

In the High-Rise archetype, the most cost-effective way to achieve GHG emissions reductions was generally the
Geo scenario. The Geo DES, WEE DES, and Higher Performance scenarios had mid-range results. The All-
Electric scenario had a large cost premium.

In the HR3 study, the WEE DES proved to be slightly more cost-effective than Geo at achieving emissions
reductions (although the WEE scenario was not able to achieve as large of reduction as Geo in that study). This
shows that a WEE DES may be a good option for some projects based on the local resources available.
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LCOE Premium for Emissions Reductions - High-Rise
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Figure 30: High-Rise Archetype LCOE Premium for GHG Emissions Reductions

4.5.2 Mid-Rise

The Mid-Rise results were similar to the High-Rise results. Geo-exchange was the most economical approach
to achieving emissions reductions. At this scale, DES or WEE systems did not prove to be a lower cost option
for achieving emissions reductions.

The Higher Performance scenario showed some promise for reducing emissions cost-effectively, but this
should be investigated on a case-by-case basis given the differences in results between studies.

The All-Electric and Hybrid ASHP scenarios were generally much more expensive routes to achieving emissions
reductions.
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LCOE Premium for Emissions Reductions - Mid-Rise
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Figure 31: Mid-Rise Archetype LCOE Premium for GHG Emissions Reductions

*The MR2 WEE scenario did not result in significant emissions reductions from the BAU. Therefore, the LCOE
premium to achieve emissions reductions was much higher than the scale of this graph due to high capital
and operating costs, so it was removed as an outlier for ease of reviewing the meaningful results.

453 Townhome

Across all of the scenarios considered for townhomes, those that included ASHPs were found to be the lowest
cost options to achieve GHG emissions reductions, whether it was the hybrid approach or full electrification.
Geo-exchange, wastewater energy, and district energy solutions were not found to be cost-effective means to
achieving emissions reductions at this scale.
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LCOE Premium for Emissions Reductions - Townhome

C

S 45

Q

S5 40

?

g 35

(V]

2E

o ~

D 325

8§ 0 BTH]
TH2

55

€€ 10 mTH3

[0)

a 5 I TH4

g 0

B QQ’O Q/% Q/% o@ 6\0 \2? QQg \29

Q Q RS & S S
& & & RN 2
o D {\OK V\\ & N
K\Q"’ )
\é\@

Figure 32: Townhome Archetype LCOE Premium for GHG Emissions Reductions

4.6 Overall Takeaways
4.6.1 High-Rise

The overall takeaway for high-rise buildings is that emissions reductions can be achieved with slight cost
premiums using a variety of different mechanical system options. The general trend showed that geo-
exchange tended to have the lowest life cycle cost and about 50% emissions reductions for the thermal energy
system, with only a slight cost premium relative to the BAU.

Higher emissions reductions are possible by further electrification of the DHW system or peak heating system,
but these strategies tended to increase the costs significantly (both capital and operating costs).

In the earlier studies, carbon tax was included in the analysis. The inclusion of carbon tax made the Geo scenario
more economical than the BAU due to the higher operating costs in the BAU.

4.6.2 Mid-Rise

The overall takeaway for Mid-Rise buildings is the same as for High-Rise buildings. Generally, the most cost-
effective decarbonization option is geo-exchange with life cycle costs similar to the BAU. Slight savings in
operating costs offset the higher upfront capital costs. About 50% emissions reductions are typical in these
projects for the thermal energy systems. There may also be a case for envelope improvements for additional
emissions reductions.

Full electrification of space heating and DHW heating was found to be significantly more expensive.
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In the earlier studies, carbon tax was included in the analysis. The inclusion of carbon tax made the Geo scenario
more economical than the BAU due to the higher operating costs in the BAU.

4.6.3 Townhome

The overall takeaway for townhomes is that decarbonization currently comes at a cost premium relative to the
BAU. The most promising scenarios included air-source heat pumps. Either high-efficiency ASHPs or hybrid
ASHP systems with natural gas furnace backup are the top performing options, with natural gas DHW heaters.
These systems allowed for GHG emissions reductions for the thermal energy system of about 50%.

Higher emissions reductions were possible with fully electric systems; however, the life cycle cost of these
systems was significantly higher than the BAU. When comparing full electrification to hybrid approaches, the
life cycle cost premium of full electrification was similar to hybrid systems for the amount of emissions
reductions given that electrification can much more significantly reduce emissions. So, the choice of system is
dependent on the goals of the development by weighing the costs against the emissions reductions.

4.6.4 Results Variability

Note that there was some variability in the results within the archetypes. Some key sources of this variability
were:

1. Scenario Variation: The most common source of variation was due to differences in the scenario
assumptions as described in this report (i.e, different equipment).

2. Energy Demands: These archetypes were based on actual developments in Ontario and thus
represent a range of different available products in the real estate market. Heating, cooling, and
domestic hot water demand intensities were estimated to reflect the goals and design intent of
each development. This resulted in differences in equipment sizing and utilization.

3.  Development Layout/Assumptions: The layout of the development impacted the total district
energy piping costs (i.e., lower density or more spacing between buildings results in longer pipe
lengths for connection).

4, Rates: Electricity and natural gas rates varied depending on location and time of the study.
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APPENDIX A: RESULTS DATA

The following sections summarize the results from each study. Since the carbon tax was cancelled in 2025,
studies that were completed prior were re-evaluated without the carbon tax and have two sets of results for
LCOE and operating costs. The results without carbon tax were used in the main body of this report to reflect
the current pricing in place. Four studies (HR3, MR2, MR3, TH4) were completed after the carbon tax was
cancelled and therefor do not have results with carbon tax.

Thermal Demands

Table 4: Thermal Energy Demands per Archetype Building

GFA (m2) Heating (MWh) Cooling (MWh) DHW (MWh)

HR1 37,350 1,681 1,046 1,121
HR2 *One HR1 building + eight MR1 buildings

HR3 78,100 3,515 2,187 2,343
MR1 13,750 550 399 385
MR2 3,716 186 104 m
MR3 9,510 652 271 386
TH1 174 7.0 5.0 4.9
TH2 187 9.4 56 3.0
TH3 108 6.8 25 29
TH4 150 6.0 4.4 4.2

*Note that the higher performance scenario used slightly different heating and cooling demands to account
for the improved envelope.
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HR1

With Carbon Tax

Table 5: HR1 Results with Carbon Tax

BAU

Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 167 157 178 172 174 304
Capital Cost ($) 4.4 M 54 M 62M 49 M 46 M 59 M
Operating Cost 2025 ($/yr) 262 k 229 k 262 k 269 k 241 k 580 k
GHG Emissions (kg/m2) 15 8 7 10 10 3
Table 6: HR1 Results without Carbon Tax
Without Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 136 142 165 151 151 304
Operating Cost 2025 ($/yr) 221k 212 k 248 k 245k 218 k 580 k
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 0.8 3.8 36 36 14.5
HR2
Table 7: HR2 Results with Carbon Tax
With Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 179 167 198 197 203 315
Capital Cost ($) 19.0M 231M 27.7 M 235 M 21.0 M 246 M
Operating Cost 2025 ($/yr) 1,051 k 901 k 1,060 k 1,101 k 951 k 2,234 k
GHG Emissions (kg/m2) 14 7 7 N 9 3

(RATHCO)
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Table 8: HR2 Results without Carbon Tax

Without Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 149 153 184 174 180 315
Operating Cost 2025 ($/yr) 896 k 841k 1002k 1,002k 867 k 2234k
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 0.7 53 9.8 7.3 15.5

HR3
Table 9: HR3 Results without Carbon Tax
Without Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 150 172 210 158 172 295
Capital Cost ($) 1.3 M 13.8 M 162 M 1.8 M 13.0M 161 M
Operating Cost 2025 ($/yr) 542 k 603 k 705 k 554 Kk 547 k 1,224 k
GHG Emissions (kg/m2) 15 8 7 N 10 3
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 33 83 2.6 52 12.2

MRI1
Table 10: MR1 Results with Carbon Tax
With Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric

LCOE ($/MWh) 189 178 203 196 218 328
Capital Cost ($) 19M 23M 2.8 225M 20M 25M
Operating Cost 2025 ($/yr) 102 k 87 k 97 k 100 k 90 k 21N k

GHG Emissions (kg/m2) 13 6 7 1 9 3

(RATHCO)
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Table 11: MR1 Results without Carbon Tax

Without Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 160 164 190 173 195 328
Operating Cost 2025 ($/yr) 88 k 82 k 91k 91k 82k 21 k
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 0.6 4.5 51 8.3 16.1
MR2
Table 12: MR2 Results without Carbon Tax
Without Carbon Tax BAU Hybrid Geo WEE Higher All
ASHP Performance Electric
LCOE ($/MWh) 250 268 247 390 372 363
Capital Cost ($) 0.8M 0.8 M 1.0 M 15M 16 M 12M
Operating Cost 2025 ($/yr) 46 k 52 k 43 k 67 k 53k 99 k
GHG Emissions (kg/m2) 13 n 7 12 1 2
LCOE Premium for Emissions N
Reductions ($/MWh/kg/m2) N/A 2l O3 105 &

*The MR2 WEE scenario did not result in significant emissions reductions from the BAU. Therefore, the LCOE
premium to achieve emissions reductions was extremely high due to high capital and operating costs, so it

was removed as an outlier for ease of reviewing the meaningful results.

(RATHCO)
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MR3

Table 13: MR3 Results without Carbon Tax

Without Carbon Tax BAU

Geo Geo WEE Higher All
DES Performance Electric
LCOE ($/MWh) 146 157 187 190 166 300
Capital Cost ($) 15M 20M 26 M 22M 1.7 M 2.4 M
Operating Cost 2027 ($/yr) 93 k 91 k 97 k 17 k 82k 207 k
GHG Emissions (kg/m2) 19 12 n 7 14 4
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 1.6 51 36 4] 9.9
TH1
Table 14: TH1 Results with Carbon Tax
With Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 229 397 524 397 416 309
Capital Cost ($) 22 k 75 k 120 k 93 k 66 k 32k
Operating Cost 2024 ($/yr) 1,400 1,800 1,900 1,400 1,500 2,000
GHG Emissions (kg/m2) il 6 5 6 2 2
Table 15: TH1 Results without Carbon Tax
Without Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 190 383 512 381 416 309
Operating Cost 2024 ($/yr) 1,300 1,700 1,900 1,300 1,500 2,000
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 35.0 51.4 36.2 22.7 12.0

(RATHCO)
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TH2
Table 16: TH2 Results with Carbon Tax
With Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 185 3N 233 218 284 276
Capital Cost ($) 22 k 69 k 57 k 53 k 70 k 34 k
Operating Cost 2024 ($/yr) 1,400 1,900 1,300 1,100 2,000 2,300
GHG Emissions (kg/m2) 13 4 4 N 2 3
Table 17: TH2 Results without Carbon Tax
Without Carbon Tax BAU Geo Geo WEE Higher All
DES DES Performance Electric
LCOE ($/MWh) 157 303 227 193 284 276
Operating Cost 2024 ($/yr) 1,300 1,800 1,200 1,000 2,000 2,300
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 17.8 82 292 12.2 1.9
TH3
Table 18: TH3 Results with Carbon Tax
With Carbon Tax BAU Geo Geo WEE All
DES DES Electric
LCOE ($/MWh) 227 503 329 400 294
Capital Cost ($) 16 k 77 k 49 k 55 k 32k
Operating Cost 2024 ($/yr) 1,300 2,100 1,400 1,800 1,200
GHG Emissions (kg/m2) 18 7 8 8 3
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Table 19: TH3 Results without Carbon Tax

Without Carbon Tax BAU Geo Geo WEE All
DES DES Electric
LCOE ($/MWh) 193 492 316 385 294
Operating Cost 2024 ($/yr) 1,100 2,000 1,300 1,700 1,200
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 269 12.3 20.2 6.6

TH4
Table 20: TH4 Results without Carbon Tax
Without Carbon Tax BAU Hybrid Higher HE VRF All
ASHP Performance ASHP Electric
LCOE ($/MWh) 167 189 217 188 207 207
Capital Cost ($) 17 k 19 k 20 k 17 k 21k 16 k
Operating Cost 2025 ($/yr) 1,100 1,300 1,200 1,300 1,400 1,500
GHG Emissions (kg/m2) 13 8 6 6 6 1
LCOE Premium for Emissions
Reductions ($/MWh/kg/m2) N/A 45 75 31 5.9 33
[RATHCO] “
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LCOE Comparison with Carbon Tax

LCOE Comparison - High-Rise (with Carbon Tax)
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Figure 33: High-Rise Archetype LCOE Comparison with Carbon Tax
LCOE Comparison - Mid-Rise (with Carbon Tax)
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Figure 34: Mid-Rise Archetype LCOE Comparison with Carbon Tax
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Figure 35: Townhome Archetype LCOE Comparison with Carbon Tax

Operating Cost Comparison with Carbon Tax
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Figure 36: High-Rise Archetype Operating Cost Comparison with Carbon Tax
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Additional Operating Cost above BAU (with Carbon Tax)
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Figure 37: Mid-Rise Archetype Operating Cost Comparison with Carbon Tax
Additional Operating Cost above BAU (with Carbon Tax)
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Figure 38: Townhome Archetype Operating Cost Comparison with Carbon Tax
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APPENDIX B:

Note that assumptions varied between the studies, depending on the archetype, location, and date of the

study, etc.

Description

ASSUMPTIONS

Table 21: Key Assumptions Summary

Assumption

Notes/Source

Project Life Cycle

Contingency

Natural Gas Variable Cost

Natural Gas Fixed Cost

Electricity — Variable

Electricity Capacity Charge

Natural Gas Emissions Intensity

Grid Electricity Emissions
Intensity

Inflation

Natural Gas Escalation Rate

Electricity Escalation Rate

(RATHCO)

30 years

25%

$0.18-0.29/m3

$25-27/month (small consumer)

$80-85/month (large consumer)

$129-180/MWh

$14-18/kwW

189.9 kg CO2e/m3

50 kg CO2e/MWh

2.5%

3%

3%

Generic assumption
Added to capital cost

Depending on location and
time of study

Depending on size of consumer

Depending on archetype,
location, and time of study

Depending on archetype
(applies to larger buildings
only), location, and time of

study

Ontario Building Code SB-10
(2017), Division 3

Ontario Building Code SB-10
(2017), Division 3

Generic assumption, applies to
all costs other than those with
escalation rates described
below

Industry standard assumption

Industry standard assumption



