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Note to attendees




Introducing the Reframed Initiative

The Reframed Initiative is working with designers,
builders, owners, financiers, and policy-makers to
scale up deep retrofits.

Together, we can address the housing crunch and
climate emergency.

LEARN MORE: pembina.org/reframed
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https://www.pembina.org/reframed

Deep retrofits are:

e Healthy: cleaner air, improved comfort

e Resilient: ready for extreme weather
and earthquakes

e Low-carbon: use renewable energy and
carbon smart materials
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Let's scale up solutions that:

e Keep rent affordable
e Minimize disruption to tenants
e Return value to owners and investors
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New primer

DOWNLOAD: |
pembina.org/pub/solar-powered-retrofits

Solar panels

and deep retrofits

To achieve our climate and housing goals, we need to streamline how we retrofit existing
homes and buildings and identify additional sources of capital to pay for these upgrades.
Solar photovoltaic (PV) panels generate clean electricity and could free up future cash flows,
thereby helping finance more comprehensive retrofits, This primer examines key factors
affecting this business case, with a focus on the B.C. context.

The photovoltaic picture in B.C.

The B.C. government’s CleanBC climate plan prioritizes
shifting buildings, transportation, and industry from
fossil fuels to clean electricity and other renewable energy
sources. Electrifying the transportation sector alone will

with energy storage, it can improve resilience to power
failures.

Asof 2018, 1,770 solar PV Systems were installed in
B.C. for a combined capacity of 14 megawatts (MW) —
less than 1% of Canada’s 3,095 MW of total installed
capacity. B.C’s only uti lity-scale installation is the
LI-MW SunMine in Kimberley, though two more are in
development.

The business case for commercial and residential solar
PV is rapidly improving, and the cost becomes more

Solar PV can be installed as part of building retrofits.

Businesscase for integrating
solar in deep retrofits

BC Hydro’s residential and c ial ¢ s are
Permitted to connect a solar py system to the electricity
grid through the net metering program. Each system must
be sized to meet no more than the previous 12 months’

allowable capacity. Solar PV systems have lifespans of
about 30 years. In B.C., well-designed Systems can pay for
themselves in §-12 Yyears, potentially freeing up 20 years”
worth of utility savings that could be reinvested inthe
building.

The potential for solar py to contribute to a net positive
business case depends on:

* The site-specific solar potential, based on the
building location, shading, orientation, structural
load capacity, roof characteristics, and distance to the
electrical room.

Whether enough generation capacity can be installed
to justify the system’s costs without breaching BC
Hydro’s net metering cap.

Whether on-site generation will displace electricity

underestimate the savings)

Securing the panels 5o as to not compromise the
integrity of the roof assemb > which could invalidate
the warranty (e-g-using ballast rather than fixed
anchor systems).

Prompt grid connection and system commissioning to
avoid Opportunity costs of lost generation.

Ongoing System maintenance and monitoring to
€nsure optimal operation.



https://pembina.org/pub/solar-powered-retrofits
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v'Canada’s largest PV Equipment Distributor
v'Barrie, Montreal, Edmonton and Victoria Offices
v'Edmonton, Calgary, Victoria, Vancouver, Toronto, Barrie warehouses
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QUANTITY PRICING
AND NO
INFRASTRUCTURE

ABOUT
MURB Installed Costs

AN
FEMBINA HES @

\/_/

» Hardware costs

Modules
ELECTRICAL » M Od § | e, I nverte s, watt (72 | # of Total Installed S/watt
PERMIT . cell) modules | Watts DC | Cost (Retail) | (Retail)
COMMERCIAL- Racki ng 400 68 27200 | $69,380.24 | $2.55
$221 400 112 44800 | $98,906.80 | $2.21
RESIDENTIAL- » Soft costs 400 224 89600 | $174,527.74 | $1.95
$172 Installation Labour 400 338 135200 | $255,102.49 | $1.89
400 375 150000 | $281,612.02 | $1.88

Permitting &
Interconnection

BC HYDRO NET Customer Acquisition

METER FEE IS
TYPICALLY $0

$2.55/w - $1.88/w

Source: HESpv

Assumed low permit and interconnection
fees, rectangular layout, module level
electronics (SolarEdge) , no accessories for
additional functionality, ballasted roof mount



ABOUT
LCOE — LEVELIZED COST OF ENERGY

25 YEAR —
WARRANTY

PERIOD INSTALLED COST

HIGH MODULE :
TO INVERTER — . $$
RATIO —p | =

- = o

LOW TILT WITH
NO TRACKING
BALASTED MOUNT

Solar Panels

Solar Inverter

kWh

STANDARD MODULE
NOT BIFACIAL

MODULE LEVEL T ——— S
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LIFETIME ENERGY

ELECTRONICS



Source: BC HYDRO &
NSPOWER

BC HYDRO

SMALL GENERAL

SERVICE
$0.1240 per kWh.

RESIDENTIAL

Step 1

Step 2

institute
LCOE - UTILITY PRICING
A
SOLAR PV SYSTEMS

Modules

watt (72 #tof | Total Watts | S/watt LCOE
cell) modules DC (Retail) | S/kWh
400 68 27200 52.55 $0.0977
400 112 44800 62.21 $0.0846
400 224 89600 $1.95 $0.0746
400 338 135200 $1.89 $0.0723
400 375 150000 $1.88 $0.0723

$0.0935 per kWh for first 1,350 in
an average two month billing
period (22.1918 kWh per day).

$0.1403 per kWh over the 1,350
Step 1 threshold.

NOVA SCOTIA POWER

SMALL GENERAL SERVICE

$0.16350 per kilowatt hour for the first 200
kilowatt hours per month

$0.14536 per kilowatt hour for all additional
kilowatt hours

RESIDENTIAL
$0.15805 per kWh.




THINGS TO REMEMBER A/

35 Green Jobs per MW S
25 of those jobs are installers

IGURE 5: RENEWABLE ENERGY EMPLOYMENT BY TECHNOLOGY
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— - Pembina Reframed Lab: Solar Panels & Deep Retrofits June 24 2020

ENGINEERING

Aspirational Ideas, Practical Implementation.
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Reframed Objective

“Working in partnership, we will demonstrate the
technical and economic feasibility of whole-building
retrofit solutions that integrate seismic and fire
safety, energy efficiency, decarbonization, and
climate adaptation upgrades.”

https://www.pembina.org/reframed




Overview

We Provide High Performance Building Solutions that:

e Reduce Operating Costs
° Improve Comfort
e  Decarbonize Building Operations




Services

Study Plan
° Passive House & Net Zero ° High Performance Building & Net
Feasibility Studies Zgro De;ign Con§ulting
e Building Condition Assessments e  AirBarrier Planning
Energy Studies e  Strategic Energy Planning
Design Optimize
*,
=
“’ Mechanical Engineering :0‘ Building Recommissioning
PHPP Energy Modelling 0‘ Measurement & Verification

y /
A\
A\ \ 1\
A\ \\
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PH & Net Zero Design
CaGBC Zero Carbon Certification

Blower Door Testing
Thermal Imaging & Flow Metering



Team

We have assembled a team of
Energy & Engineering
Professionals that are passionate
about making a positive impact
for our clients and the
environment.

Founding Principal

Ben Mills

Lead Energy Engineer

Steve Fetterly

Principal

Kenneth McNamee

W

N
-

Project Coordinator

Dilara Omur

Senior Engineer

Jason Le

Energy Engineer

Zaina Abdul

Sustainability Specialist

Natasha Samson

Energy Operations Manager

Jeff Clarke-Janzen



Deep
Experience

MURB, Passive, Net Zero,
Commercial, Health Care,
Recreation, Institutional.

Deep Retrofits +
New Construction.

All electrification projects.

Part 9: Passive House

MURB: Passive House

Part 9: Passive House

Comm NC: Geothermal

Comm NC: VRF
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Market Trends

Decarbonization

The Government of British Columbia has defined the following key carbon reduction targets:

Baseline

60% Reduction
2007 has been defined as the year against which Target of reducing carbon
future Carbon emissions will be compared. emissions by 60 percent by 2040

40% Reduction 80% Reduction
Target of reducing carbon

Target of reducing carbon
emissions by 40 percent by 2030

emissions by 80 percent by 2050



Ladner, BC/ 38 Units / 2-bed + 3-bed / 3+-storey / 70,000 sq.ft. / Built 1982

ENGINEERING ¢
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Deep Retrofit Project. -



Step 2/ Exterior insulation / Air Sealing / Roof / Heat Pump MUA / Heat Pump DHW

ENGINEERING

Deep Retrofit Project.




Deep Retrofit / Electrification

Ladner MURB




" EXTERIOR VAL ¥
T (/) GvP 8D,

ST eeERToN
UNATH, 2 L STUDS
7O BE (3B X0, (2X4)
€305 »..SR(W) oc
58X [52.(X6).8. 405,
BB

Existing
Conditions

Typical for the vintage. 2x4 Exterior Walls Tar & Gravel to Torch On Double Glazed
R-12 Batt Insulation R-28 Batt Insulation Aluminum Windows

Unheated Rooftop Fans Washroom Exhaust Fans Natural Gas DHW Boiler
Corridor Ventilation Door Undercuts Storage Tanks



Proposed
Retrofit

Step 2. Full Electrification.

- TYPICAL |
i
I

|
‘\}\ 1 NEW 12P.T. 81

R
‘\‘\‘N‘\‘]‘\‘\“U\ |

EXISTING 12 G

TYPICAL
NEW VINYL SIC
NEW 12P.T.S1
NEW 76 ROXU
NEW VAPOUR

New R-12 Batt Insulation
+3” Roxul + Vinyl Siding

Rooftop Heat Pump MUAs
Corridor Ventilation

uuuuuuuuu 1oN

2x2.5" Polylso (R-31+)
New Air/Vapour Barrier

Continuous WC Exhaust
Door Undercuts

Double Glazed
Vinyl Windows

DHW Heat Pump (CO2)

Storage Tanks




Equipment

Ventilation

Key Characteristics:

Heat Pump MUA annual COP of 3.5

Electric resistance backup below -1C

3 MUAs (Total of 4,700 cfm)

Ability for heating + cooling + scheduling
38 Continuous WC Exhaust Fans

Baseline comparison vs. Gas Rooftop MUAs




Financial

Ventilation

Key Characteristics:

$266,850 (Project)

$38,991 (Incremental)

565 GJ/yr (Gas Savings)

25,560 kWh/yr (Elec Increase)
28t CO2e (Carbon “Comparison”)
7.5 years (Simple Payback)
$23,764 (Net Present Value)

13% (IRR)

$30,000

$20,000

$10,000

$(10,000)

$(20,000)

$(30,000)

$(40,000)

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033



Equipment

Domestic Hot Water

Key Characteristics:

Heat Pump MUA annual COP of 4

6 x 14.5 MBH heat pumps installed in L1 Parkade
4 x 120 gal tanks installed in L1 Mech Room
Ensure cold entering water to maximize COP
Baseline comparison vs. 2 new storage tanks
Incentives via CleanBC / SHRSP




Financial

Domestic Hot Water

Key Characteristics:

$131,260 (Project)

$67,053 (Incremental)

753 GJ/yr (Gas Savings)
41,833 kWh/yr (Elec Increase)
37 t CO2e (Carbon Reduction)
11.5 years (Simple Payback)
$2,178 (Net Present Value)
4% (IRR)

$10,000

S-

$(10,000)

$(20,000)

$(30,000)

$(40,000)

$(50,000)

$(60,000)

$(70,000)

11

12

13

14

15



Financial

Retrofit Bundle

Key Characteristics:

$398,110 (Project)

$106,044 (Incremental)

1,318 GJ/yr (Gas Savings)
67,393 kWh/yr (Elec Increase)
65t CO2e (Carbon Reduction)
9.7 years (Simple Payback)
$25,943 (Net Present Value)
7% (IRR)

$120,000
$100,000
$80,000
$60,000
$40,000
$20,000
S-

$(20,000)
$(40,000)
$(60,000)
$(80,000)
$(100,000)

$(120,000)

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033



Metering / Structural

Critical Next Steps




Financial

Retrofit Bundle

Key Characteristics:

$398,110 (Project)

$106,044 (Incremental)

1,318 GJ/yr (Gas Savings)
67,393 kWh/yr (Elec Increase)
65t CO2e (Carbon Reduction)
9.7 years (Simple Payback)
$25,943 (Net Present Value)
7% (IRR)

$120,000
$100,000
$80,000
$60,000
$40,000
$20,000
S-

$(20,000)
$(40,000)
$(60,000)
$(80,000)
$(100,000)

$(120,000)

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033



Financial

Retrofit Bundle with Solar

Key Characteristics:

$398,110 (Project)

$106,044 (Incremental)

$3,115 (Positive Cash Flow Year 1)
1,318 GJ/yr (Gas Savings)

67,393 kWh/yr (Elec Increase)
137,314 kWh/yr (Elec Production)
65t CO2e (Carbon Reduction)
$95,731 (Net Present Value)

15% (IRR)

$120,000
$100,000
$80,000
$60,000
$40,000
$20,000
S-

$(20,000)
$(40,000)
$(60,000)
$(80,000)
$(100,000)

$(120,000)

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033



Thank youl.

bmills@impacteng.ca | 778.233.7978










About

Penfolds Roofing and Solar is the largest solar installer in Metro
Vancouver of complete solar solutions for residential homes and
commercial buildings.

Not all solar systems are created equal. Penfolds uses the most
advanced commercially viable components to build solar systems
optimized for our BC climate.

Our systems have no moving parts and require very little maintenance

over their 30+ year life, all while maximizing power production per dollar
invested.
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Solar

-Solar Myths
-Case Study

-Financial Savings

> PEFOLDS
ROOFING &SOLAR







| | | e -
b - | \ U \ e PR X n 3 1 - H 3 I
1 ‘ T L : = L 1 ] N | _.“'_‘-, ) g ] e ) ) - k
| A / < ' r
W J i - : ? ) Mg | - ; t y | <4 i 3 3 - il
v d ) o ol Y 4 2 1 -~ 5 ) | b 4 = | |
a8 AAAN _ : : = - . B e U0 o A - — - - X =
, : N B “ . . | At l ; \ - - 4 o 4 ¥ 9 - . - 4
- ' ‘ _‘ =z - - . ! N ‘ A Y R | = T
\ — il 1y ¥ X . X y : ’ A0 - ‘. . 2 y . . ; . . - . = v -- 1
' S W ‘ ¥ ¢ | | : ) 7 - A . a : .
: : { - % §) i / i ) & - ‘ :
i | 3 ! i J - L - .
$ 2 | § ; e AT e i | - ) 1 -
) ! ': f 3 s { { ! | 1.} if' : . .
=1f e s Nyl —=k o ‘ f = s B - ] )
: e S SRt Al Lt
L g . " 7 e e L Y P
e ~ y F N e Ty i i i o
- I : ' I e o G e b o 1]
, k 3 - g 3
5 i = e .
! 1 5 I e —————— " - .
N V) 3 . . . - - =
ROOFING &SOLAR



‘ PENFOLDS*
30 8 ROOFING & SOLAR



Long Summer

Summer Solstice:
Vancouver - 16 hours 15 minutes
Los Angeles - 14 hours 25 minutes
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Canada
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Outperforming a World Leader:

Berlin: 912kWh
Vancouver: 1140 kWh

25% more power produced




No Need for

Direct sun is best, but...

Solar PV panels generate power from
ambient or diffused light

Even on a dark, rainy December day,
solar panels in Vancouver will generate |
power

Every minute of every day, solar PV
produces power

PENFOLDS*

ROOFING &SOLAR
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No Batteries

M PENFOLDS”
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Net Metering
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Net Metering

PENFOLDS*

ROOFING &SOLAR



Free Real-Time
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Incentives

PST Exempt

Federal Solar Tax Incentive:
Write Off 100% in Year Installed

Free Program

<, TS
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Financing

Vancity Home Energy® Loan

Add to Mortgage

> _ . PENFOLDS®
ROOFING & SOLAR
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ANNUAL (Roof)

Iradiance 1,220 kWh/m?/yr

Solar Access 99%
TOF 87%
TSRF 86%

Hover over the roof or panels
to see values at a point




Current Power

Common Area: Residential Rate

Yearly Costs: $10,016
.. Yearly Energy: 69,521 kWh
Monthly Electricity Usage Monthly Average: 5,793 kWh
6 MWh
$800
5 MWh
$600
4 MWh
3 MWh
$400
2 MWh
$200
1 MWh
0 kwWh $0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Energy 111 Bill
6186 5618 6319 6138 5761 5440 5436 5400 5625 5895 5751 5952 kWh
893 808 913 886 830 782 782 776 810 850 828 858 $

@ PENFOLDS®
ROOFING &SOLAR



After Retrofit Power

Common Area: Residential Rate

Yearly Costs: $20,047
hiv El . Yearly Energy: 136,911 kWh
Monthly Electricity Usage Monthly Average: 11,409 kWh
$2.5k
15 MWh
$2k
10 MWh $1.5k
$1k
5MWh
$500
0 kWh $0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Energy | Bill
13200 12290 13246 11907 10366 8499 8101 8065 8290 10047 17085 15815 kWh
1,938 1,801 1,944 1,744 1515 1,238 1,178 1,173 1,206 1,468 2516 2326 $

@ PENFOLDS®
ROOFING &SOLAR



Step 1:9.35¢ per kWh

Step 2: 14.03¢ per kWh

{’ BCHydro

> _ . PENFOLDS®
ROOFING & SOLAR




Hydro Rates Keep

25.0% $3,000
% change in
residential bills
[nominal, not
$2,500 adjusted for
20.0% inflation)*
$2,000

v

T 15.0%

g -

E

= $1,500 _5

: :

= 10.0% o«

S m

- $1,000 s
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E 197319751977 1979 1981 1983 1985 1987 1989 1991 Rg? 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 S‘

10 Year Cumulative Bill Impact 1973 to 1982 was 113%

*Assumes a 1,000 kWH residential customer and includes the impacts of general rate increases (prior to 1982 BC Hydro set its own
rate increases, after 1982 general rate increases were approved through RRAs by the BCUC), rate structure impacts (ie. includes
bill impacts as a result of rate re-structuring) and other charges (ie. rate rider, etc).
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The Cost Of

Without solar, the cost of the same amount of power from Hydro:

Over the next 20 years:
$615,004

Over the next 30 years:
1,180,005

<, TS
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The Cost Of

Without solar, the cost of the same amount of power from Hydro:

Over the next 20 years:
$615,004

Over the next 30 years:
1,180,005

Solution: Go Solar for $266,400

<, TS
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Meet Your

PENFOLDS*

ROOFING &SOLAR
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Meet Your
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Solar

137,314 kWh 100%

Energy Energy Offset
MWh
20
15
5
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Consumption [l Production
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Financial

Assumptions: 4.3% utility rate escalation, 2% discount rate, not for profit

Edit &, Export XLSX
CASH wer
Project Life @ 30 years Default FinanCing Cumulative Cashflows v &
e $392,118.58 $1,459.96 12.31 Years
Utility Bill Savings are Taxed? @ No Lifetime Savings Year 1 Monthly Payback Period 600,000
Savings 400,000
Degradation @ 0.7 % per year
: 200,000
$266,400.00 S 266,400.00 -.“llll
S0 -
Avg O&M Costs @ §0.00 per year Cash Payment System Cost IIIIII..-H 20 30
-200,000
Cashflow Discount Rate @ 29
& E X
LOANS xport XLS
1 - Add tO Mortgage (2020) Annual Cashflows v @
§378,525.28 $1,195.11 2.5% S
Lifetime Savings Monthly Payment Interest Rate 40,000

$0.00 $266,400.00 25 Years w Illl“
Downpayment Loan Principal Loan Term
0 5 10 15 20 25 30

<, TS
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Financial

Assumptions: 4.3% utility rate escalation, 2% discount rate, for profit

New Incentive Edit
28% of system cost CASH . Export XLSX
Default Financing Cumulative Cashflows v @
Edit $465,247.99 $1,459.96 9.38 Years
Lifetime Savings Year 1 Monthly Payback Period 600,000
Savings
Project Life @ 30 years 400,000
$266,400.00 $ 266,400.00 200000 _““'llll
_— |
Utility Bill Savings are Taxed? @ No Cash Payment System Cost o Illl.-'_ 10 20 30
-200,000
Degradation @ 0.7 % per year
Avg O&M Costs @ $ 0.00 per year
LOANS & Export XLSX
Cashflow Discount Rate @ %
o 1 - Add to Mortgage (2020) Annual Cashflows v &
$451,654.69 $1,195.11 25% $
Lifetime Savings Monthly Payment Interest Rate 60,000
$0.00 $266,400.00 25 Years 40,000

Downpayment Loan Principal Loan Term 20,000 IIIIIIII
0 -----.-...lllllllllll
5 10 15 20 25 30

0

More v
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Financial

Assumptions: 4.3% utility rate escalation, 2% discount rate

Financed 100% as mortgage-style loan
2.5% over 25 years

Net Present Value
$378,525
(after paying off loan)

LCOE
10¢ kWh
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Summary

Solar lowers your operating costs
Solar lowers your GHG footprint
Solar creates positive cashflow
Use savings for deeper retrofit or

Make existing retrofits more attractive and bankable

GO SOLAR!
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linsert corny joke here]
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Upcoming Reframed Lab

e Request for proposals expected in summer 2020

e Multi-disciplinary teams will design solutions for
low-rise residential buildings in B.C.’s Lower
Mainland or Victoria area

e Six-month exploration lab with support from
climate, energy, and health experts

REGISTER YOUR INTEREST: pembina.org/reframed



https://www.pembina.org/reframed

Integrated design teams

e Architects

e Building science, electrical, mechanical, and structural
engineers

e Contractors, builders, and retrofitters
e Manufacturers, fabricators, and suppliers
e Modeling and data capture specialists

e Monitoring and control equipment specialists

REGISTER YOUR INTEREST: pembina.org/reframed



https://www.pembina.org/reframed

Solutions of particular interest

e Prefabricated exterior wall and roof panels

e High-efficiency and low-carbon mechanical systems

e Roofing solutions that integrate on-site renewable electricity
e Storage and/or renewable thermal generation

e Seismic upgrades

e Climate adaptation measures

e System controls and performance monitoring

REGISTER YOUR INTEREST: pembina.org/reframed



https://www.pembina.org/reframed

Reframed Tech Series

Embodzed carbon
& deep retrofits

July 22, 2020

[® JOIN THE WEBINAR: pembina.org/ReframedTechSeries
#Reframed
PEMBINA
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Contact us

A

~—reframed@pembina.org ===,

Lol iciamed:=

Register as a s

.................................

ign up for updates.

.................................
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