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Oakville Community Energy Strategy (CES)

Summary
Future Garforth ™
g Energy International
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Oakyville CES 2016 Baseline

Customer Energy Usel 37/M GJ

Report Notes

AFrom Oakville Community
Energy Strategy

CES Oakville - Source Energy Usage - by Sector 2016

Residential
33%

AThis is the total source
energy used by the Town
in 2016.

Alt includes the conversion
and transmissions losses
to deliver the energy to the

T . end-user.
ransportatlon
28% AFocus of A Home
Feasibility St

increasing efficiency of

Institutional Residential sector.

8%

Town of Oakville
1.35%

Commercial
15%

Industrial

15%

Garforth ™
Fut :
g Feroy 27% Conversion Loss International
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Oakyville CES 2016 Baseline

Utility Energy Use 1 37M GJ

CES Oakville - Source Energy Usage - by Utility 2016 Report Notes

\ AFrom Oakville Community
atural Gas
32% Energy Strategy

Diesel conversion .

0,5% ADarker colour is energy
delivered to the end user,
lighter colour is conversion

loss.

Diesel
5% _
Natural Gas conversion AElectricity carries the bulk
of the conversion and
distribution losses. Most
electricity conversion loss
comes from thermal power
generation using natural

gas and nuclear.

Gasoline conversion
2%

Electricity

508 ANote: Natural gas end-use

is more than twice
electricity end-use.

Gasoline
21%

Electricity conversion
23%

>
Fut : Garforth
g Feroy 27% Conversion Loss International
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Oakyville CES 2016 Baseline

Utility Cost by Sector i $ 620M

Future
Energy
Oakyville

CES Oakville - Energy Cost - by Sector 2016

Institutional
7%

Commercial
12%

Transportation
48%

Industrial
10%

At Least $490M Leaves Town

Report Notes

AFrom Oakville Community
Energy Strategy

AThese are the total energy
costs by end-user sector in
the Town in 2016.

ATransportation costs are
for gasoline, diesel, and
electricity for Evs.

ARemaining sectors are
costs for natural gas and
electricity.

AThe vast majority of the
end-user payment does
not contribute to local
economic activity.

AFocus of f@AHome

Feasibility
reduction of costs from
Residential sector.

Garforth b

International

Energy Productivity Solutions



Oakyville CES 2016 Baseline

Energy Cost by Utility 1T $ 620M

CES Oakville - ' - Energy Cost - by Utility 2016 Report Notes
Diesel AFrom Oakville Community
8% \ . Natural Gas Energy Strategy
e 16%

AThese are the total energy
costs by utility for all end-
uses in the Town in 2016.

ANote: Natural gas costs
are less than half of
electricity costs.

Gasoline
40%

Electricity
36%

' Future Garforth
‘ Energy International
Oakyville Energy Productivity Solutions 6




Oakyville CES 2016 Baseline

GHG Emissions by Utility T 1.3M Tonnes

CES Oakville - GHG Emissions - by Utility 2016 Report Notes
Diesel AFrom Oakville Community

9% \ B Energy Strategy

AThese are the total energy-
related GHG emissions by
utility for all end-uses in
the Town in 2016.

ANote: Electricity causes
less than one-twentieth of
GHG emissions.

Natural Gas
48%

Gasoline
39%

Electricity
4%

_ Garforth
" Elrilg:; 6.6 tonnes CO2e for Every Resident Inizrogational
Oakville

Energy Productivity Solutions 7




Oakyville CES Baseline

GHG Emissions by Sectori 1.3M Tonnes

CES Oakville - GHG Emissions - by Sector 2016 Report Notes

AFrom Oakville Community
Energy Strategy

Residential
27%

AThese are the total energy-
related GHG emissions by
end-user group in the

Town in 2016.
ANote: Transportation
Institutional including personal vehicles
5% is half of all emissions.

AEmissions for all other
sectors are from natural
gas and electricity.

Commercial AFocus of f@AHome

Feasibility St
reduction of GHG
emissions from

Residential sector.

Transportation
48%

Industrial
12%

_ Garforth ™
F
a Eﬁl‘i;‘? 6.6 tonnes CO2e for Every Resident International
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Oakyville CES

Existing Homes & Buildings Strategy

A CES Targets Reparotes
4 Retrofit 8096 of Homes oy Sty oo
A Retrofit 60% of Buildings | | |
A Efficiency gain ~30% /gretrofit - 2020'by Oakulle Councl
FEO/OETF sub-
A Recommendaﬂon committees classified
A Create new Efficiency Retrofit Entity SEIIY S ZUly
A Offer standard retrofits by property type following this Stra?egic
A Deliver via quality-controlled contractors guidance as 2 of 17 high
A Payment using property tax increment Fltoltly P2,
_using LIC mechanism T or similar AFocus of fiHome
A Third-party financing cemal Bl Y
A EPLs available when rented or sold I;rrzjeocts P SReetrgﬁﬁizg
A Sheridan to develop work-force programs existing Homes.
Benefits
A Increased property value
A Reduced energy costs
A Higher contractor margins
A Increased local employment
A Business opportunity in other communities
Fery Most Property Retrofitted By 2041 ﬁlc}:(;j;f‘orf;’gonal

Oakyville Energy Productivity Solutions 9



Oakville Home Energy Retrofit Feasibility Study

Project Working Team

-
Future Garf orth .
g Energy International
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Oakville Home Energy Retrofit Feasibility Study

Project Working Team (PWT)

A Rija Rasul
A Senior Climate Officer, Town of Oakuville

A Chris Tyrrell
A Senior Advisor, Oakville Hydro (Oakville Enterprise Corp.)

A Robert Kerr
A Project Manager, Engagement Lead, Garforth International Canada Inc.

A Peter Garforth
A Business Strategy, Garforth International Canada Inc.

A Gerd Fleischhammer

A Energy, GHG, Economic Integration, Garforth International Canada Inc.
A Ajit Naik

A Energy & Building Systems Engineer, Garforth International Canada Inc.

A Cindy Palmatier
A Project Coordinator/Administration, Garforth International Canada Inc.

)
Future Garforth
ﬁ Energy International
Oakyville Energy Productivity Solutions 11




Oakville Home Energy Retrofit Feasibility Study

Community Leads / Sponsors

A Oakville Energy Task Force
A Harry Shea i Co-chair
A Michelle McCollum 7 Co-Chair

A Future Energy Oakuville
A John Matthiesen i Chairman
A Wayne Steffler i Board Member
A Lisa Kohler i Board Member
A Zaheer Muhammad i Board Member
A Executive Director (open position)

A Town of Oakuville
A Councillor Peter Longo

A TBD
>
Future Garforth
q Energy International
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Oakville Home Energy Retrofit Feasibility Study

Feasibility Study Scope

-
Future Garf orth .
g Energy International
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Oakville Home Energy Retrofit Feasibility Study

Contribution to CES Targets

A Meet performance levels to support CES 2041 Targets
A By 2051 existing homes sector will be: Report Notes

AStudy goals aligned at

A 60% less carbon intensive Feasiiity Sudy Kiekeoft.
A 35% more source energy efficient e Sl e 2ol e
A 20% mOI’e Wa.ter EffICIent ANote: Water efficiency is

A ~ . . . included in Study.
AHomeowner so uti |l 1ty sSavi Aoceddee T

not individual retrofits.

A Investors & Lenders receive attractive returns AStuty does ot alocate
A Lenders i Provincial 20-year bond + 1% s woud be an agreed
A Investors i Similar to other municipal utilities ASt udy leaves ope
(TBD in detailed BP Phase) s‘t’iiitt;iqut'htkh

options possible.

A Contractors gain volume and margins
A Town Corporation exposed to no unacceptable financial risks

Y
Future ~ : Garforth
(l’ Energy Al mpl ementati on at Scal e Internaiional
Oakyville Energy Productivity Solutions 14



Oakville Home Energy Retrofit Feasibility Study

Preliminary Scope

A Town / Community
A Utility savings i cost and usage
A GHG savings
A Local employment
A Alignment with CES

A Typical Homeowners
A Ultility cost and usage savings
A Net cost savings

A Program Entity
A Business structure
A Profit & Loss / Balance Sheet items

A Typical Contractor Partner
A Enhanced revenues and margins

A Investors & Lenders
A Interest and potential dividends

Future
gEnergy Level of Assessment

Oakyville

nDet ai

Garforth -

Internacional

Energy Productivity Solutions



Oakville Home Energy Retrofit Feasibility Study

Overall Scope / Targets

A Properties Report Notes
AOakvilleds 81,000 existing homes AStudyscope alignedat
A Energy & Water Use in 2019 Feasibility Study Kick-off
~ . ANote: First retrofits are
A Timeframe assumed in 2023, 3 years
A Operational Start i July 2022 (CES 2020) f;g;::]‘gt?ot::”'g'”a' CES
A Target Achievement i 2051 (CES 2041) Aol
Financial horizon to 2061
A Financial horizon i 2051 plus 10 (CES N/A) to complete later retrofits.
A Returns ANote: Study analytical
A Lenders i Ontario 20-year bond + 1% (~ 4.25%) oo T oo
A ECIUIty Partners - TBD FEO Retrofit Priority
A Town'i Dividend - TBD Project addressing
A Homeowner i Total payments < Utility Cost Saving o tonal buldings.
A Non-residential Energy Retrofits Ainvestor returns and Town
A Tools structured for Non-Residential (NR-OEER) Feasibility Stud dividends will be allocated
y y in subsequent planning.

A Beyond Oakville
A Other communities (outside of initial scope)

Future Garforth

)
ﬁ Energy International
Oakville

Energy Productivity Solutions 16




Oakville Home Energy Retrofit Feasibility Study

Level of Detall

A General
A Feasibility Study supports Go/No-Go Decision to start detailed Business Plan

A Level of Detall
A Targeted home categories and penetration rate and profile
A Recommended packages and pricing
A Utility cost savings and homeowner payments
A Program Entity
A Marketing & Sales Plan
A Investments
A Operating costs and structure
A Contracting and Materials Partners
A Ownership options
A Investors
A Avallable Cash Flow for Dividends
A Operating capital and interest

A Engagement & Awareness Indicators for Community and Stakeholders

A GHG reductions

A Governance and Policy
Future Garforth ™
Energy International

Oakyville Energy Productivity Solutions 17



Oakville Home Energy Retrofit Feasibility Study

Multiple Perspectives

A Program Entity
A Profit & Loss
A Balance Sheet
A Cash flow

A Typical Homeowners
A Utility savings I cost and usage
A Net cost savings

A Typical Contractor & Material Partner
A Enhanced revenues and associated costs

A Investors & Lenders
A Interest and potential Dividends

A Town / Community

A Utility savings i cost and usage
A GHG savings
A Local employment

Future
‘ Energy
Oakville

Report Notes

AStudy scope aligned at
Feasibility Study Kick-off

ANote: First retrofits are
assumed in 2023, 3 years
later than the original CES
assumptions.

AFinancial horizon to 2061
to complete later retrofits.

ANote: Study analytical
tools and approaches are
prepared for the second
FEO Retrofit Priority
Project addressing
commercial and
institutional buildings.

Alnvestor returns and Town
dividends will be allocated
in subsequent planning.

Garforth -

International
Energy Productivity Solutions



Oakville Home Energy Retrofit Feasibility Study

Energy Planning Districts

-
Future Garf orth .
g Energy International
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1

Community Energy Strategy

Energy Planning Districts

Future
Energy
Oakyville

Report Notes

AFrom Oakville Community
Energy Strategy

AThese were aligned with
the Town planning staff
based on the best
available land-use and
employment planning
outlooks.

AStudy mapped property
and 2019 baseline to these
same EPDs.

AStudy assessed retrofit
efficiency outcomes for
Town as a whole.

Garforth

International

nergy Productivity Solutions
Energy Productivity Solut
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Oakville Home Energy Retrofit Feasibility Study

2019 Baseline Maps (Examples)

e )
Future Garf orth
g Energy International
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Oakville Home Energy Retrofit Feasibility Study
Residential Mapping i 2019 Parcels with Homes by Age

B PRE-1955
1955-1974
W 1975-1997
B 1998-2011
B PosT-2011
B
‘F\;\“"
bl .
T ] )
Fut : Garforth
Energy Example of Many Possible Maps International
Energy Productivity Solutions 22
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Oakville Home Energy Retrofit Feasibility Study
Residential Mapping i 2019 Parcels with Homes by Type

B U HIGH
B U ow
B MumiD
TH
SSD

B0

_ Garforth
’r Elrj.teti; Example of Many Possible Maps Inﬁfg&tional
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Oakville Home Energy Retrofit Feasibility Study

Target Markets & Penetration

-
Future Garf orth .
g Energy International
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Oakville Home Energy Retrofit Feasibility Study

Target Markets

A Potential
A All 81,000 existing Homes in 2019

A Prioritization - Type
A Single Family - Highest
A Single Family semi-detached - High
A Single-Family Townhomes - Medium
A Other - Lower
A Prioritization 1 Age
A Older to newer
A Prioritization i Ownership
A Owner occupied i Highest i median income or above
A Owner occupied i High T below median income
A Housing Associations T High
A Landlords - Lower

e
Future Garforth
g Energy International
Oakyville Energy Productivity Solutions 25




Oakville Home Energy Retrofit Feasibility Study

2019 Baseline Archetypes

-
Future Garf orth .
g Energy International

Oakyville Energy Productivity Solutions 26




Oakville Home Energy Retrofit Feasibility Study

Baseline Archetypes - Background

A Home archetypes created
A MPAC 2019 data sorted by 6 types of home
A Each type sorted by 5 age bands aligned with Ontario Building Code
A MPAC area data used to estimate number if homes
A Spatial mapping by home type / age / location / EPD

A Utility Baseline Modelling
A RETScreen modelled for each archetype
A RETScreen modelled for 4 age bands (pre-74 & pre-55 combined)
A Calibrated by senior energy building and community energy modelers
A End-use and utility demand indexes derived for each archetypes
A Aggregated use matched to 2019 water, gas, electricity metered data

Garforth -

V Future :
J Energy International

Oakyville Energy Productivity Solutions 27




Single (Detached, Semi, Town)

Archetype Characteristics i 2019 Baseline

Type:Singlefamily home with, attic roof, woodrame walls, slafon-grade
foundation, and metaframe windows. Served by furnace and split AC units.
# Floors:2

Area:223 SM

Window-to-Wall Ratio:15%

Pre 1975 1975-1997 1998-2011 Post-2011

Window Properties U-3.52 [SI] U-2.96 [SI] U-1.99[SI] U-1.40 [S]]
Wall Properties R1.06 [SI] R1.49[Sl] R3.03[Sl]] R4.24[SI]
Roof Properties R1.04[SI] R2.01[SI] R5.24[Sl]] R6.15[Sl]
Heating Efficiency 78% 78% 80% 84%
Cooling Efficiency 3.13 COP 3.13 COP 3.97 COP 4.10 COP

Lighting Power Density 3.88W/SM 3.88W/SM 257 W/SM  2.57 W/SM

Equipment Power Density 6.53 W/SM  6.53W/SM 4.74 W/SM  3.97 W/SM

Infiltration 6.5ACH50 5.0 ACH50 4.0ACH50 3.5ACH50

Future : Garforth -
g Feroy Calibrated RETScreen Models International
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Multi-Unit Low-Rise Apartment

Archetype Characteristics - Baseline

Type:18-unit apartment with attic roof, , steel frame walls, slab-grade
foundation, and metaframe windows. Served by furnace and split AC units.
# Floors3

Area:2,007 SM

Window-to-Wall Ratio:16%

Pre 1975 1975-1997 1998-2011 Post-2011

Window Properties U-3.52[SI] U-296([SI] U-1.99[SI] U-1.40 [SI]
Wall Properties R-1.06 [SI] R-1.49 [SI] R-3.03 [SI] R-4.24 [5I]
Roof Properties R-1.04 [SI] R-2.01[SI] R-5.87 [SI] R-7.33 [S1]
Heating Efficiency 78% 78% 80% 84%
Cooling Efficiency 3.13COP  3.13COP  3.97 COP 4.10 COP
Lighting Power Density 3.88 W/SM 3.88 W/SM  1.55 W/SM 1.55 W/SM

Equipment Power Density 12.68 W/SM 12.68 W/SM 9.76 W/SM 6.69 W/SM

Infiltration 6.5 ACH50 5.0 ACH50 4.0 ACH50 3.5 ACH50

Future : Garforth »
a Feroy Calibrated RETScreen Models International

Oakuville Note: Baumann Consulting Inc Proprietary Information Energy Productivity Solutions 29




Multi-Unit Mid-Rise Apartment

Archetype Characteristics - Baseline

Type: 3%unit apartment building with buitup roof, steel frame walls, slain-grade
foundation, and metaframe windows. Served furnaces and split AC units.

# Floors4
Area: 2,823 SM
Window-to-Wall Ratio:20%

Pre 1975 1975-1997

Window Properties U-3.52[SI] U-3.00(sI]
Wall Properties R-1.06 [SI] R-1.49 [SI]
Roof Properties R-2.80[SI] R-2.80[SI]
Heating Efficiency 78% 78%
Cooling Efficiency 3.13COP  3.13COP

Lighting Power Density 5.79 W/SM 5.79 W/SM

Equipment Power Density 12.68 W/SM 12.68 W/SM

Infiltration 6.5 ACH30 5.0 ACH50

1998-2011
U-2.51[81]
R-3.03 [SI]
R-5.05 [SI]
80%

3.69 COP
5.23 W/SM

5.00 W/SM

4.0 ACH50

Post-2011

U-1.40 [SI]

R-4.24 [SI]
R-6.17 [SI]
84%

3.78 COP
4.07W/SM

3.34 W/SM

3.5 ACH50

Garforth

>
" E‘I::LL;;/ Calibrated RETScreen Models International

Oakuville Note: Baumann Consulting Inc Proprietary Information
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Oakville Home Energy Retrofit Feasibility Study

Retrofitted Archetypes

-
Future Garf orth .
g Energy International
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Oakville Home Energy Retrofit Feasibility Study

Retrofitted Archetypes - Background

A Retrofitted Archetypes i Energy Use
A Standardized retrofit applied to each of 24 archetypes
A Performance modelled for each archetype
A Calibrated by senior energy building and community energy modelers
A End-use and utility demand indexes derived for each archetypes

A Retrofitted Archetypes i Current Cost
A Retrofit cost estimated using 2021 industry data for GTA
A Current GTA Cost Index derived for each archetype

A Oakville Home Energy Retrofit Project i Cost Productivity
A Scale cost productivity gains estimated relative to current market
A Applied to aggregated flow of retrofits

Garforth -

V Future :
J Energy International
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Oakville Home Energy Retrofit Feasibility Study

Background - Estimating Current Costs

A Installation & Material
A GTA RS Means where available
A Market estimates where RS Means unavailable
A Adjustment for clear market mismatch

A Engineering & Contingencies included
A RS Means Recommendations for
AEngineering
A Contingency
AArchitectural for AGreening of Bui

A Harmonized Sales Tax
A Applied on all costs

Garforth -

' Future :
‘ Energy International
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Single (Detached, Semi, Town)

Archetype Characteristics - Retrofitted

Type:Singlefamily home with, attic roof, woodrame walls, basement, and metal
frame windows. Served by furnace and split AC units.

# Floors:2

Area:223 SM

Window-to-Wall Ratio:15%

Pre 1975  1975-1997 1998-2011 Post-2011

Window Properties U-1.0[SI] U-1.0[SI] U-1.0 [SI] U-1.0 [S]]
Wall Properties R1.06 [SI] R1.49 [SI] R3.03 [SI] R4.24[SlI]
Roof Properties R6.10[SI] R6.10[SI] R6.10 [SI] R6.15 [SI]
Heating Efficiency 96% 96% 96% 96%
Cooling Efficiency 4.10COP 4.10 COP 4.10 COP 4.10 COP
Lighting Power Density 1.5W/SM 1.5 W/SM 1.5 W/SM 1.5 WISM

Equipment Power Density 4.97 W/SM 4.97 W/SM 3.97 W/SM 3.05 W/SM

Infiltration 4.6 ACH50 3.5 ACHS50 2.8 ACH50 2.5 ACH50

Retrofit Cost Index $252/m2 $239/m2 $207/m2 $149/m2

Future : Garforth -
g Feroy Current GTA Market Retrofit Costs International

Oakuville Note: Baumann Consulting Inc Proprietary Information Energy Productivity Solutions 34




Multi-Unit Low-Rise Apartment

Archetype Characteristics - Retrofitted

Type:18-unit apartment with attic roof, , steel frame walls, slab-grade
foundation, and metaframe windows. Served by furnace and split AC units.
# Floors3

Area:2,007 SM

Window-to-Wall Ratio:16%

Pre 1975 1975-1997 1998-2011 Post-2011

Window Properties U-1.0 [SI] U-1.0 [SI] U-1.0 [SI] U-1.0[S]]
Wall Properties R1.06[SI] R21.49[Sl] R3.03[SI] R4.24 [SI]
Roof Properties R6.10[SI] R6.10[Sl] R6.10[SI] R7.33[SI]
Heating Efficiency 96% 96% 96% 96%
Cooling Efficiency 4.10 COP 4.10 COP 4.10 COP 4.10 COP

Lighting Power Density 1.5 W/SM 1.5 W/SM 1.5 W/ISM 1.5 W/ISM
Equipment Power Density 9.51 W/SM  9.51 W/SM  7.40 W/SM 5.09 W/SM

Infiltration 4.6 ACH50 3.5ACH50 2.8 ACH50 2.5 ACH50

Retrofit Cost Index $304/m2 $295/m2 $274/m2 $199/m2

Future ; Garforth »
a Feroy Current GTA Market Retrofit Costs International

Oakuville Note: Baumann Consulting Inc Proprietary Information Energy Productivity Solutions 35




Multi-Unit Mid-Rise Apartment

Archetype Characteristics - Retrofitted

Type: 31unit apartment building with buitup roof, steel frame walls, slain-grade
foundation, and metaframe windows. Served furnaces and split AC units.

# Floors4

Area: 2,823 SM

Window-to-Wall Ratio:20%

Pre 1975 1975-1997  1998-2011 Post-2011

Window Properties U-1.0[SI] U-1.0[SI] U-1.0[SI] U-1.0 [S]]
Wall Properties R-1.06 [SI] R1.49 [SI] R3.03[SI] R4.24 [SI]
Roof Properties R6.10[SI] R6.10[S]] R6.10[SI] R6.17 [SI]
Heating Efficiency 96% 96% 96% 96%
Cooling Efficiency 4.10 COP 4.10 COP 4.10 COP 4.10 COP

Lighting Power Density 1.5 W/SM 1.5 W/SM 1.5 W/SM 1.5 W/ISM
Equipment Power Density 9.51 W/SM 951 W/SM  3.75 W/SM 2.50 W/ISM

Infiltration 46 ACH50 3.5ACH50 2.8 ACH50 2.5 ACH50

Retrofit Cost Index $267/m2 $261/m2 $246/m2 $152/m2

Future ; Garforth -
g Feroy Current GTA Market Retrofit Costs International

Oakuville Note: Baumann Consulting Inc Proprietary Information Energy Productivity Solutions 36




Future
Energy
Oakyville

Oakville Home Energy Retrofit Feasibility Study

2019 Residential Energy Use Baseline

Garforth -
International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

Source Energy Usage by Home Type - Baseline 2019

R-OEER - Source Energy Usage by Home Type - Baseline 2019 Report Notes

AFrom Home Retrofit
Feasibility Study

AThis shows source energy
use for each of the 6 home
types.

AThis includes conversion

MU HIGH and transmission losses.
12%

ANote: Single and semi-

SD
73% detached homes make up
three-quarters of the
energy use.
MU LOW
2%
MU MID
2%
SSD
3%
»
Garforth

" Eﬁg; 13 TJ per year and 61 GJ/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

Site Energy Usage by Home Type - Baseline 2019

Future
Energy
Oakyville

SD
75%

R-OEER - Site Energy Usage by Home Type - Baseline 2019

MU HIGH
10%

MU LOW

9 TJ per year and 43 GJ/cap in 2019

Report Notes

AFrom Home Retrofit
Feasibility Study

AThis shows site, or
metered, energy use for

each of the 6 home types.

ANote: Single and semi-
detached homes are now
four-fifths the energy use

ANote: There is nearly a

third of conversion losses.

Garforth -

International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

GHG Emissions by Home Type - Baseline 2019

R-OEER - GHG Emissions by Home Type - Baseline 2019 RepOI‘t Notes

AFrom Home Retrofit
Feasibility Study

AThis shows the GHG
emissions caused by each
of the 6 home types.

MU HIGH AThese emissions are
10% caused by the use of
natural gas and electricity.

ANote: Single and semi-
detached homes cause

SD MU LOW : e
four-fifths of the emissions.

7%

» _ Garforth T
'! Eﬁeﬁ, 402,000 mt per year and 1.9 mt/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

Source Energy Usage by Home Age - Baseline 2019

R-OEER - Source Energy Usage by Home Age - Baseline 2019 Report Notes

AFrom Home Retrofit

Built 1998 to 2011
Feasibility Study

27%

Built 2012 and later AThis shows source energy
13% use for each of the 5 age
groupings.

AThis includes conversion
and transmission losses.

ANote: Homes over about
25 years old are well over

Built pre 1955 half the energy use.

4%

Built 1955 to 1974
15%

Built 1975 to 1997
41%

Fut . Garforth ™
g Feroy 13 TJ per year and 61 GJ/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

Site Energy Usage by Home Age - Baseline 2019

R-OEER - Site Energy Usage by Home Age - Baseline 2019 Report Notes

Built 1998 to 2011 AFrom Home Retrofit
26% Feasibility Study

AThis shows site, or
13%
each of the 5 age groups.

ANote: Homes over about
25 years old make up well
over half the energy use.

Built pre 1955
4%

Built 1955 to 1974

Built 1975 to 1997
16%

41%

Fut . Garforth ™
% Feroy 9 TJ per year and 43 GJ/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

GHG Emissions by Home Age - Baseline 2019

R-OEER - GHG Emissions by Home Age - Baseline 2019 RepOI‘t Notes

AFrom Home Retrofit
Feasibility Study

Built 1998 to 2011
25%

AThis shows energy-related
Built 2012 and later GHG emissions caused by
11% each of the 5 age groups.

ANote: Homes over about
25 years old account for
nearly two-thirds of the
GHG emissions.

Built pre 1955
5%

Built 1975 to 1997

42%
Built 1955 to 1974

17%

y _ Garforth ™
" uture 402,000 mt per year and 1.9 mt/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

Source Energy Usage by Utility - Baseline 2019

R-OEER - Source Energy Usage by Utility - Baseline 2019 Report Notes

AFrom Home Retrofit
Feasibility Study

AThis shows the source
energy use by utility type
of the Townéds h
20109.

AThis includes conversion
and distribution losses.

ANote: Source energy
demand for natural gas is
about half the total.

Natural Gas
54%

Electricity
46%

Fut . Garforth ™
g Feroy 13 TJ per year and 61 GJ/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

Site Energy Usage by Utility - Baseline 2019

R-OEER - Site Energy Usage by Utility - Baseline 2019 Report Notes

AFrom Home Retrofit
Feasibility Study

AThis shows the site, or

Natural Gas
metered energy uses by

74%
utility type of
homes in 2019.

ANote: Site energy demand
for natural gas is now
nearly three-quarters of
the total.

Electricity
26%

Fut . Garforth ™
g Feroy 9 TJ per year and 43 GJ/cap in 2019 International
Oakville

Energy Productivity Solutions 45




Oakville Home Energy Retrofit Feasibility Study

GHG Emissions by Utility - Baseline 2019

R-OEER - GHG Emissions by Utility - Baseline 2019 Report Notes

Natural Gas
93%

AFrom Home Retrofit
Feasibility Study

AThis shows the energy-
related GHG emissions
caused by the T
homes in 2019.

ANote: The GHG emission
caused by natural gas is
well over 90% of the total.

ANote: Personal vehicles,
the other major GHG
emissions source for
households, is not included
in the scope of the
Feasibility Study.

Electricity
7% ‘
; Garforth
g Fery 402,000 mt per year and 1.9 mt/cap in 2019 International
Oakyville Energy Productivity Solutions 46
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Future
Energy
Oakyville

Oakville Home Energy Retrofit Feasibility Study

2019 to 2051 Residential Energy Use Baseline / Base
Case & Efficient Case

Garforth -
International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

Energy Balance -Total 13 M GJ

R-OEER - Energy Balance - Base Case 2051

( Source ) [ Site

Onsite Conversion )

Boilers/
Furnaces

Environment

Solar
Collectors

Natural Gas

Heatpumps/
El. Heating

Chillers/
Split Units

Photovoltaic

Electricity

Natural Gas

Grid Electricity

Future

| Enduse

Other
Electricity

Heating
&
SHV

Cooling

Useful Energy

Unused Energy

Energy
Oakuville

Report Notes

AFrom Home Retrofit
Feasibility Study

AThis energy flow picture is
call ed a ASar
Di agr amo

AOn the left are the
sources of energy to
provide the heating,
cooling, lighting and other
uses i n the T
existing homes in 2051
assuming no retrofits

ANote: The Environment
source is energy extracted
from the air or ground. In
the Base Case it is air
extraction by AC units.

ANote: The #fAgr
conversion and
distribution losses.

Garforth

International
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Oakville Home Energy Retrofit Feasibility Study

Energy Balance -Total 8.8 M GJ

Future
Energy
Oakyville
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Natural Gas

R-OEER - Energy Balance - Retrofit Case 2051

Onsite Conversion )

Boilers/
Furnaces

Solar
Collectors

Heatpumps/
i El. Heating

Chillers/
Split Units

Photovoltaic

Electricity

| Enduse

Other
Electricity

Heating
&

SHV

Useful Energy

Cooling

Unused Energy

Report Notes

AFrom Home Retrofit
Feasibility Study

AThis energy flow picture is
call ed a fnSar

Di agr amo

AOn the left are the
sources of energy to
provide the heating,

cooling, lighting and other
uses in the 7
existing homes in 2051

assuming most are
retrofitted.

ANote: The Environment
source is energy extracted

from the air or ground.

In

this case it is air extraction
by both AC units and heat

pumps.

ANote: The
a smaller share of the
total.

Garforth

International

nergy Productivity Solutions
Energy Productivity Solut

Agr
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2051 Residential Retrofit Case plus PV & Solar Thermal

Energy Balance -Total 8.4 M GJ

Future
Energy
Oakyville
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Natural Gas

R-OEER - Energy Balance - Retrofit Case plus PV & Solarthermal SHW - 2051
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Unused Energy

Report Notes

AFrom Home Retrofit
Feasibility Study

AThis energy flow picture i
called a @S

S
an k

AOn the left are the sources

of energy to provide the

heating, cooling, lighting and

ot her wuses
existing homes in 2051
assuming most are

i n

retrofitted and assumes a

reasonable uptake of PV

and solar thermal options.

ANote: The Environment

source is energy extracted
from the air or ground. In

this case it is air extraction
by both AC units and heat

pumps.

ANot e: The
smaller share of the total

Garforth

International

nergy Productivity Solutions
Energy Productivity Solut

igr
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Future
Energy
Oakyville

Oakville Home Energy Retrofit Feasibility Study

2019-2051 Base Case Energy Use & Emissions

Garforth -
International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

Source Energy Use by Home Type - 2019 to 2051

R-OEER - Base Case - Source Energy Use by Home Type - 2019 to 2051 Report Notes
17.5 .
AFrom Home Retrofit
Feasibility Study
AThis shows the annual
140 source energy use from

2019 to 2051 by the 6

home types.
_ ANote: The Base Case
S 105 | assumed the average
o] efficiency of t
I~ home in 2019 remains
£ unchanged through 2051.
o
S 70 -
L
ksl
e

3l = = 2 ® E R R E R E R R R R EE R EEEEREECREERERTGERZEZEI

0.0 -
2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

MU HIGH U LOW s MU MID TH SSD s SD — = Base Case Total

Futur . : Garforth ™
g Feroy 13 TJ in 2019 to 13 TJ in 2051 International
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Oakville Home Energy Retrofit Feasibility Study

Site Energy Use by Home Type - 2019 to 2051

R-OEER - Base Case - Site Energy Use by Home Type - 2019 to 2051 Report Notes

12,5 AFrom Home Retrofit

Feasibility Study

AThis shows the annual site
energy use from 2019 to
2051 by the 6 home types.

ANote: The Base Case
assumed the average

10.0

&

S s efficiency of t
a home in 2019 remains

E unchanged through 2051.

E

&

LICJ 5.0

8

o

2.5

0.0 -
2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

mm MU HIGH VU LOW = VU MID = SD = = Base Case Total

Future Garforth -
g Feroy 9 TJin 2019to 9 TJ in 2051 International

Oakyville Energy Productivity Solutions 53




Oakville Home Energy Retrofit Feasibility Study

GHG Emissions by Home Type - 2019 to 2051

R-OEER - Base Case - GHG Emissions by Home Type - 2019 to 2051 Report Notes

600 AFrom Home Retrofit

Feasibility Study

AThis shows the annual site
energy-related GHG
emissions from 2019 to
2051 by the 6 home types.

ANote: The Base Case
assumed the average
efficiency of t
home in 2019 remains
unchanged through 2051.

AThe overall emissions
profile is based on
changes in GHG content
of network gas and grid
electricity as estimated by

480

360 -

240 -

120

GHG Emissions in 1,000 metric tons per year

Enbridge and TAF.
° -2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051
s MU HIGH = U LOW m \U MID TH SSD mm SD = == Base Case Total
o 402,000 mt in 2019 to 363,000 mt in 2051 Garforth
1 Energy : ’ International
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Oakville Home Energy Retrofit Feasibility Study

GHG Emissions by Utility - 2019 to 2051

R-OEER - Base Case - GHG Emissions by utility - 2019 to 2051 Report Notes

600 AFrom Home Retrofit
Feasibility Study

AThis shows the annual site
energy-related GHG

480 emissions from 2019 to

2051 from the utility uses

by the Townds h

existing in 2019.

AGHG content of network
gas is expected to reduce
as biogas and Hydrogen is
added to the network.

AGHG content of grid
electricity is expected to
increase as more marginal
natural gas generation is
required.

ANote: The Base Case
assumed the average
efficiency of t
home in 2019 remains
unchanged through 2051.

360 -

240 -

120

GHG Emissions in 1,000 metric tons per year

2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

0

mmmm Natural Gas mmmm Electricity = = Base Case Total

Fut . ; Garforth T
g Feroy 402,000 mt in 2019 to 363,000 mt in 2051 International
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Oakville Home Energy Retrofit Feasibility Study

2019-2051 Base Case Pricing Outlooks

Garforth b

International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

Residential Utility & Carbon Pricing - General

AFuture utilitiesd prices drive

A Feasibility Study includes Lower & Higher Price Outlooks for
natural gas, water & electricity from 2019 to 2051

A Estimates based on multiple sources/projects

ACarbon (GHG) <cost is assumed ta
forecast

A Confidence levels in current outlook are medium to high

A Invasion of Ukraine could put upward pressure on gas and
electricity prices

A Upward pressure makes retrofits more attractive

Garforth -

’V Future .
‘ Energy International

Oakyville Energy Productivity Solutions




Oakville Home Energy Retrofit Feasibility Study

Residential - Higher & Lower Outlook

R-OEER - Energy Price Outlook for Residential Customers - 2019 to 2051

750 7 250
Gas - Lower Price Range . 4
Gas - Higher Price Range . Ve | 505
— FElectricity - Lower Price Range 7
. . . 7’
— — Electrcity - Higher Price Range /
600 | Y- " 9 = 200
—— Carbon Tax
- 175
s
S450 150 £
@ =
£ i
3 125 Q
£ ¢
3300 100 O
@
c
w - 75
150 - 50
- 25
0 0

2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

Future : : Garforth -
g Feroy Range of Future Price Risks International
Oakville

Energy Productivity Solutions 58




1

Oakville Home Energy Retrofit Feasibility Study

Residential - Higher & Lower Outlook

Future
Energy
Oakyville

Water Price in $/m3

R-OEER - Price Outlook for Water - 2019 to 2051

12

10

0 T T T T T T T T T T T T T T T
2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

Range of Future Price Risks

Garforth »

International
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Oakville Home Energy Retrofit Feasibility Study

2019-2051 Baseline & Base Case Costs

Garforth -
International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

Energy Cost by Utility - Baseline 2019

R-OEER - Energy Cost by Utility - Baseline 2019 Report Notes

AFrom Home Retrofit
Electricity Feasibility Study

56%

AThis shows the utility costs
for all the Tov
2019.

ANote that water is included
in this picture as part of the
Studydés agreed

ANote that natural gas is
about a quarter of the total
cost, while being three-
quarters of the site energy
use, and over 90% of the
GHG emissions.

Natural Gas
26%

Fut . Garforth ™
g Feroy $240M and $1,110/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

Cost by Utility - 2019 to 2051

Future
Energy
Oakyville

Energy Cost in Million $ per year

1,250

1,000

750

500

250 +

0

R-OEER - Base Case - Cost by utility - 2019 to 2051

Decreasing GHG-Index Gas Lower Energy Price Range

2019

2021 2023

mmmm Natural Gas

2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

. Electricity mm \Water s GHG = == Base Case Total

$240M in 2019 to $600M in 2051

Report Notes

AFrom Home Retrofit
Feasibility Study

AThis shows the lower
expected utility and GHG
costs for all
homes existing in 2019
from 2019 to 2051
assuming no change in
average efficiency.

ANote this is more than
doubling for the
approximately 81,000
homes.

Garforth

International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

Cost by Utility - 2019 to 2051

R-OEER - Base Case - Cost by utility - 2019 to 2051 Report Notes
1,250 .
Decreasing GHG-Index Gas Higher Energy Price Range AFrom_ I-_|c_)me B
Feasibility Study
AThis shows the higher
1,000 expected utility and GHG

costs for all t
homes existing in 2019

from 2019 to 2051

assuming no change in

average efficiency.

ANote this is more than a
fourfold increase for the
approximately 81,000
homes.

'l
’Il

Pd
I, I

750 <
’ ‘

500

Energy Cost in Million $ per year

,'l \
O-

2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

mmmm Natural Gas . Electricity W ater e GHG = == Base Case Total

Fut . . Garforth T
g Eﬁe‘i;‘? $240M in 2019 to $1,100M in 2051 International
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Oakville Home Energy Retrofit Feasibility Study

Energy Cost by Home Age - Baseline 2019

R-OEER - Energy Cost by Home Age - Baseline 2019 Report Notes

AFrom Home Retrofit

Built 1998 to 2011 Feasibility Study

28%

Built 2012 and later AThis shows the utility costs

15% for all the Tov
existing in 2019 by the 5

age groups.

ANote: Homes over 25
years old make up over
half of the current costs.

Built pre 1955
4%

Built 1955 to 1974
14%

Built 1975 to 1997
39%

Future : Garforth -
g Feroy $240M and $1,110/cap in 2019 International
Oakville
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Oakville Home Energy Retrofit Feasibility Study

Energy Cost by Home Type - Baseline 2019

R-OEER - Energy Cost by Home Type - Baseline 2019 RepOI‘t Notes

AFrom Home Retrofit
Feasibility Study

AThis shows the utility costs

for alll t he Touw
existing in 2019 by the 6
types.

MU HIGH
11%

ANote: Single and semi-
detached homes are three-
quarters if the current
utility cost.

SD
2%

MU LOW

SSD
3%

Fut . Garforth ™
g Feroy $240M and $1,110/cap in 2019 International
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Oakville Home Energy Retrofit Feasibility Study

Cost by Home Type - 2019 to 2051

1,250

1,000

750

500

Energy Cost in Million $ per year

0

250 +

R-OEER - Base Case - Cost by Home Type - 2019 to 2051

Decreasing GHG-Index Gas Lower Energy Price Range

mesnnERREERERRNRRNRRERRNRRNRRNEE]

2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051

s MU HIGH m MU LOW s VU MID TH SSD = SD = = Base Case Total

Future
‘ Energy

Oakville

$240M in 2019 to $600M in 2051

Report Notes

AFrom Home Retrofit
Feasibility Study

AThis shows the expected
lower annual utility and
carbon (GHG) costs from
2019 to 2051 for all the
Townds homes
2019 by the 6 types.

ANote: This is more than
doubling for the
approximately 81,000
homes.

Garforth

International

Energy Productivity Solutions
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Oakville Home Energy Retrofit Feasibility Study

Cost by Home Type - 2019 to 2051

R-OEER - Base Case - Cost by Home Type - 2019 to 2051 Report Notes
1,250 .
Desrensing GHGndox & e AFrom Home Retrofit
ecreasing -lnadex Gas Igher Energy Price Range Feas|b|||ty Study
AThis shows the expected
1,000 higher annual utility and

carbon (GHG) costs from

2019 to 2051 for all the
Townds homes ex
2019 by the 6 types.

ANote: This is more than a
fourfold increase for the
approximately 81,000
homes.

750

500

250-II

2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051
s MU HIGH m MU LOW s VU MID TH SSD = SD = = Base Case Total

Energy Cost in Million $ per year

0

Fut . . Garforth ™
g Eﬁe‘i;‘? $240M in 2019 to $1,100M in 2051 International

Oakyville Energy Productivity Solutions 67




Oakville Home Energy Retrofit Feasibility Study

Standardized Retrofit Package

e )
Future Garf orth
g Energy International
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Oakville Home Energy Retrofit Feasibility Study

Retrofit Background

A Principal
A Entity offers comprehensive package with attractive bundled price
A Customer pricing is based on age, type and size of house
A Entity and contactor manage variance risks
A Audits only done on exception basis
A Customer has limited flexibility to customize package
A Prior work may be credited if it meets suitable specifications

A Package alternatives
A Package with more efficient natural gas and AC replacement
A Package with heat-pump replacement for current format and AC

A Package add-ons
A Added over-timeii nst al l ed nwhile crew on site
A High probability early i Solar PV, Solar Thermal, EV charger
A Feasibility Study does not include add-ons in financial assessments
A Study Tool can simulate PV and solar thermal uptake in overall energy and
emissions balances.

™
Fut - Garforth
% Eﬁetig; he nlLaw of International
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Oakville Home Energy Retrofit Feasibility Study

Core Package - Version A or B

Measures Comment
Windows -- Replace to global best Code Practice
Weatherizing -- Weatherstrip all doors and other openings

Insulate attic -- Upgrade to target U-value

Insulate other -- Allocation for high-impact measures

Upgrade AC
Upgrade gas furnace -- Type replacement of natural gas furnace
-- Replace AC/Furnace with air-based heat pump

-- Type replacement of natural gas or electric water heater

-- 100% bulb replacements

New air-heat pump
Replace water heater
LED lighting

Smart strips

Occupancy sensors

Lo-flow faucets/showers

--nWater Senseodo performance
--nWater Senseodo performance

L
Garforth

)
% E‘r‘lte‘;;, Pricedin$/m2-iEasy tiEaBwyy to Sel International
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WC flow regulator

Smart thermostat




