Urban Solar Rooftop Utility Feasibility

Study for City of Vancouver

st City Scholar, 2018

Prepared by: M.K. Anand, UBC Greene
Prepared for: Nicole Chan, Junior

r, Neighborhood Energy Utility,

Enginee

ring Services

Enginee

August, 2018



This report was produced as part of the Greenest City Scholars (GCS) Program, a partnership between the

City of Vancouver and The University of British Columbia, in support of the Greenest City Action Plan.

This GCS project was conducted under the mentorship of City staff. The opinions and recommendations in
this report, and any errors, are those of the author, and do not necessarily reflect the views of the

City of Vancouver or The University of British Columbia.

The following are the official partners and sponsors of the Greenest City Scholars Program:

& UBC[ THE UNIVERSITY OF BRITISH COLUMBIA
CITY OF ' GREENEST e

VANCOUVER | €% CITY W sustainability

Acknowledgements
The author would like to thank the following individuals for their contribution, feedback, and
support throughout this project.

City of Vancouver: Nicole Chan, Ashley St. Clair, Chris Barber, Sean Pander, lan Neville, Craig
Edwards.

Terratek Inc., Penfolds Inc., Rikur Energy, BC Hydro, University of British Columbia

City of New Westminster



Contents

Executive Summary 1
Introduction 4
Solar Technology 5
Solar prices and viability 6
Project Scope 6
Project Methodology 7
Independent Electricity Generation in British Columbia 8
BC Hydro agreements 8
Electricity resale in British Columbia 9
Ownership Models 9
Option 1: City-owned Roof Model 10
Option 2: Third Party Roofs 11
Option 3: University of British Columbia Partnership 12
Technical Feasibility 13
Financial Analysis for Ownership Models 16
Option 1: City-owned Roofs 16
Option 2: Third Party Roofs 18
Option 3: UBC Partnership 19
Summary of financial analysis and recommendations 21
Lessons learned from installed examples 22
New Westminster 22
PV Feasibility Study for Sample location 23
Possible locations for Solar farms 27
Community partners 28
Conclusion and Recommendations 28
References 30
Appendix A — Sample RetScreen Financial Model (City Owned Ownership Model, ScenarioC) 32
Appendix B — Major learnings from suppliers 37
Appendix C- Roof Structural considerations 39
APPENDIX D — BC Hydro Historical Price Escalation Rates 45




Urban Solar Rooftop Utility | Anand

Executive Summary

Vancouver has a goal to have zero emission new buildings by 2030 [1] and for 100% of the city’s
energy to come from renewable energy by 2050 [2], as per the Renewable City Strategy. To
support these goals, the city is exploring solar energy generation on underutilized rooftop spaces
and business models that would make this possible. This report investigates administrative and
legal structures of successfully operating rooftop solar utilities and co-operatives, including
ownership models and rate structures. It also provides options for models that could be
implemented in Vancouver under the umbrella of a City-owned solar energy utility, including the
identification of business drivers, administrative and legal limitations, incentives, and exceptions
that could benefit the City. This report also explores the options the City has for partnerships
with BC Hydro and the University of British Columbia for establishing a Solar Energy utility.
A technical and financial feasibility study was done establishing how much energy could be
generated by the typical array, panel requirements, space restrictions, operations and
maintenance (O&M) expenses, replacement costs, and revenue sharing options. Options to
generate portion of the O&M expenses through additional panels were also explored. Financial
metrics including net present value (NPV) and payback period were calculated for different
scenarios and a sensitivity analysis was performed optimizing for variables like revenue sharing
and personnel hours.
The three business models explored were:

1. City-owned roof model: 100 KW solar farms established on roofs of City-owned

buildings connected with BC Hydro’s net metering program.
2. Third party roof model: 100 KW solar farms established on third-party owned buildings
with power purchase agreements (PPA) and net metering agreements.
3. UBC Model: 1 MW solar farms established on UBC-owned rooftops with PPA and a BC

Hydro standing offer program agreement.
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In each model, three cost scenarios were evaluated:
1. Low-Cost scenario: Using optimistic values for costs based on the low end of spectrum
quoted by local suppliers and high BC hydro escalation rate values.
2. High Cost scenario: Using pessimistic values for costs based on the higher end of
spectrum quoted by local suppliers and low BC hydro escalation rate values.
3. Typical solar installation scenario: Using values for discount rate, escalation rate
commonly used by local suppliers instead of values commonly used in City calculations.
This scenario also doesn’t include revenue like grants from a developer or costs like
personnel hours, revenue back to developer/strata society since these are not typical to
a solar installation project.
The results indicate that both the city owned roof and third-party roof model can be
commercially viable with positive net present values, especially if a typical solar installation

scenario is pursued which the city-owned model yielding higher returns with less complexity.

A summary table of the results can be seen below in Table 1.

City-owned Least complex with most reward if

roof “Typical solar installation” scenario is
pursued.

Third Party $18K $5K $12K More complex than City-owned roof

owned roof option with less return.

UBC Model $103K $436K This option also involves costly and

lengthy interconnection studies with BC

Hydro.

Table 1: Summary table of the results comparing all options and cost scenarios

Following the analysis, specific locations were identified and evaluated as possible locations for
establishing 100 KW solar farms. A more in-depth feasibility study was performed on Manitoba
Works yard based on its electricity consumption and location characteristics like roof area

available, shading, roof orientation etc. 3D models and a possible layout for a 100 KW were
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created with the help of Rikur Energy and presented in the report. Manitoba yards was found to
have adequate space and a suitable energy demand profile for an installation for a 100 KW solar

farm. Structural roof assessments have to be performed to confirm roof acceptability.

The key recommendations based on the analysis would be to pursue the City-owned roof strategy
first and to structure the project based on the “Typical solar installation” scenario where
personnel costs and revenue sharing are not costs to the project. Further recommendations for
the city include exploring community-based participation and exploring government incentives

for capital solar projects.
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Introduction

The City of Vancouver is looking to meet two ambitious goals in the upcoming future as per the
Renewable City Strategy:

e All new buildings to have no operational greenhouse gas emissions by 2030 [1].

e All energy produced in the city to come from renewable sources by 2050 [2].
To meet these goals, the City is exploring options to leverage underutilized roof spaces by
adding electricity-generating solar panels, which would be owned and operated by the City of
Vancouver.
The electricity consumed in British Columbia and the city of Vancouver primarily comes from BC
Hydro. While the electricity from BC Hydro is 98% from renewable sources, there is still 2% non-

renewable energy that needs to be offset to claim zero emissions from electricity consumption.

The Zero Emissions Building Plan (ZEBP) [1] provides a roadmap for developers to implement
improvements and is aligned with the BC step code which is a provincial guide to energy
improvements that can be adopted by municipalities. A target for total energy use intensity is
established within the “2017 Metrics research Full Report” [8] that is the target for developers
to meet. The solar energy utility can help developers meet this target of 100 kWh/m?/year
energy (electricity and heating) shown in Table 2 by offsetting emissions from electricity

consumption through solar energy generation.
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nergy " Thermal Energy Total Eergy ~ Estimated Annual Estimated Cost
Modelling& Demand Intensity Use Intensity Energy Savings Impact
Airtightness Target Target (over BCBC (% Increase in

Testing (kWhim2/yr) (kWhi/m2/yr) Baseline) Construction Costs)

Step 1
Enhanced Required
Compliance

No target No target Up to 20% 0-2%

45 130 Up 0 40% 2-5%
30 120 Up to 50% 5-10%
15 (" 100) Up to 60% Insufficient data

Commercial (Group D & E)

No target No target N/A N/A

Compliance
30 150 N/A N/A
20 120 N/A N/A

Table 2: Energy Step Code Implementation recommendations and targets [8]

Solar Technology

Photovoltaic (PV) devices or cells connected in chains and arrays are used to make panels called
solar panels. These then convert sunlight into electrical energy. PV systems can be arranged
modularly and with each cell having a capacity of 1 or 2 watts of power, they can meet large
electrical needs. Other components of a PV system include the mounting system for the panels,
possible tracking system so that the panels point towards the sun and components that convert
direct-current (DC) electricity produced by the panels into alternating-current (AC) electricity
that can be used by most commonly used devices. Figure 1 shows a typical schematic of a

rooftop solar arrangement.
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Figure 1: Typical solar rooftop schematic [3]
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Solar prices and viability

The cost of solar energy has been declining recently and is nearly the cheapest the method of
generating electricity in North America. The cost of generating one MWh of electricity is now

approaching 50 USD/MWHh increasing the viability of solar generation (see Figure 2).

The average cost of energy in North America

M Solar W Wind Nuclear Coal M Gas

Dollars per megawatt hour

$400
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$300
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Figure 2: Price of Solar generation - s
compared to other sources [4] e o o s aos s ars wore o
Source: Lazard levelized cost of energy analysis BUSINESS INSIDER

Project Scope

The project scope involved exploring the possibility of establishing a City-owned Solar energy
utility from the perspective of helping developers meet the ZEBP by offsetting the non-

renewable component of their electricity consumption. As part of meeting policy, developers
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would provide the initial capital costs of a solar farm that would offset the 2% of electricity
consumption that comes from non-renewable sources. The building occupants would get a
nominal share of the revenue generated by the savings from solar electricity generation. The
project scope involved the following sections:

1. Background research

2. Ownership Models

3. Technical Feasibility
4. Financial analysis
5

Location analysis and possible partners

Project Methodology

The project methodology for each section of the project scope are as follows:
1. Background Research

The administrative and legal structures of successfully operating rooftop solar utilities and co-
operatives were investigated including ownership models and rate structures.

2. Exploring options for different ownership models

This involved identification of business drivers that could support a solar farm utility owned by
the city. Administrative and legal limitations that could affect the ownership model were
investigated, including but not limited to the sale of power to BC Hydro and compliance with
British Columbia Utility Commission (BCUC) regulations.

3. Determining the technical feasibility

For determining the energy goal to be met by one solar farm, offsetting the emissions from the
electricity generation for one new residential building (50 floors +) was chosen to be a base
case. Certain assumptions had to be made and validated regarding the floor area, height and
energy consumption of a building based on typical values. This requirement was used to then
model a solar farm that would offset the non-renewable energy consumption from one such

higher building.
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The technical feasibility also included:

e Determining how much power a PV array could produce based on Vancouver’s solar
potential.

e Optimizing panel array for panel mounting, roof requirements, maintenance or replacement
activities and ease of relocating equipment.

e Determining the capital requirements including bulk cost of panels, grid connection and
installation costs for optimized arrays. Include estimated replacement costs and lifetime of
arrays.

4. Performing a financial analysis for each cost scenario

A financial analysis was performed for each ownership model that would meet the needs of the
base case while analyzing the technical feasibility and financial health. Optimization was
performed on input variables including personnel cost and revenue stream to building
residents. This was performed using the software RETScreen a clean energy management
software suitable for feasibility analysis for solar projects developed by the Government of
Canada. A financial analysis tool was built in Excel based on the values from RetScreen to allow

for ease in future modelling.
5. Locations and possible partners

Potential rooftops in the city were identified that would be ideal first locations for establishing
a solar farm that meet the technical, financial, legal and administrative constraints analyzed.
Some possible partners in the city were identified by approaching socially responsible

corporations that may consider buying solar panels or shares in a Vancouver based solar utility.

Independent Electricity Generation in British Columbia

BC Hydro agreements

BC Hydro allows for independent power producers who generate solar electricity to connect to
their grid using a variety of programs that are differentiated based on the size of projects [5]:

1. Standing Offer program for projects 1 MW and above
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2. Micro Standing Offer program (100 KW — 1 MW)

3. Net metering program (<100 KW)
Of these options, net metering is the most feasible for the city since the application is much
simpler than options like the standing offer program. The standing offer program is also on hold
pending legislative review and it involves expensive interconnection studies to ensure that the
large amount of electricity entering the grid from the facility will not create instability for BC
Hydro transmission. Under the net metering program, an independent power producer can
generate electricity from solar sources to be consumed on site. Any extra electricity will be sent
back to the grid and credits against the electricity bill will be earned and paid out by BC Hydro
at the end of the year to the owner of the net metering application. For qualification for the net
metering program, the project has to be under 100 KW per AC meter and at the time of
application, the project must demonstrate that the electricity consumption matches generation

over the period of a year.

Electricity resale in British Columbia

While the resale of electricity is restricted in British Columbia under the Clean Energy Act and
regulated by the BCUC, there is an exception [6] granted by the BCUC where small renewable
energy (solar or wind) projects under S500K are allowed to resell electricity using a PPA. Since
a 100 KW farm (the maximum allowed under the net metering program) generally falls under
the S500K limit (validated through supplier consultation) for capital costs under the exception,
this exception can be used by the City as an option to generate revenue under different

ownership models that are covered in further sections.

Ownership Models

Numerous ownership models were explored for establishing a solar energy utility. Given the
scope of this project and the technical and legal constraints in the City of Vancouver the

following options were analyzed.
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Option 1: City-owned Roof Model

One of the big variables with establishing an urban rooftop solar energy utility is the cost and

conditions for using underutilized roof spaces in the city. In Toronto for example, a typical

commercial roof space used for solar generation under the feed-in tariff program costs as much

as $25,000 per year in rent [7]. This would be an additional expense for the solar energy utility

and should be avoided if possible. Additionally, mounting solar panels on third party roofs

introduces risk to the Project regarding liability and requires complex negotiation. Therefore,

this option looks at City-owned buildings where rental expenses and roof usage agreements

would not be an issue.

The roles of each stakeholder are shown in Figure 3 and outlined below:

The Developer: Provides the initial capital for the installation of the solar farm that will
offset the 2% of non-renewable electricity generation to meet ZEB policy requirements.
Revenue from power generation is shared with the building occupants.

City-owned Roof: Provides the roof space for the solar facility and receives clean power
to help meet energy needs with self-generated clean electricity. The revenue generated
is the energy purchases that are offset that is generated using solar. The City-owned
building roof will be evaluated for structural integrity. The building will be connected to
the grid using the BC Hydro Net Metering Agreement.

Solar Energy Utility: Collects the offset revenue from the facility hosting the solar panels,
oversees the operations and maintenance of the solar facility and provides revenue
sharing to the building residents. The utility also signs the net metering agreement with
BC Hydro. The building can also use the facility as an educational tool to demonstrate
solar electricity generation to the public.

BC Hydro: Provides the necessary interconnections required for connecting the solar
facility to the grid and receives clean electricity generated by the solar facility. At the
end of one year of generation, should there be any excess generation with respect to

consumption, BC Hydro pays back the solar energy utility at an agreed cost of electricity.
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BC Hydro Net
Dev. gets offset Metel}ilng
cheque Agreement
Offset r' N
Electricity is

2% offset by L 5 goes to grid and
buying panels building gets REC

revenue
(L 77
(L7 7
D ( /3
Buildings upto . < Electricity generated

City Owned Building

Figure 3: Schematic of City-owned Roof option [12]

Option 2: Third Party Roofs

While there are numerous City-owned roofs like work yards, community centers, public
libraries that would fall under Option 1, the City might decide to explore options beyond City
owned roofs to underutilized roof spaces owned by third parties.

The stakeholders are the same as Option 1 except instead of City-owned roofs hosting the solar
facility, it will be third party owned roofs. There will be a PPA signed between the solar energy
utility and the third party, agreeing to a cost of electricity sale. This could be based on
avoidance of cost increase in electricity rate relative to BC Hydro escalation rate or it could be
priced at a slight discount to the commercial rate paid to BC Hydro. The third-party roof owner
benefits by having a lower cost of electricity and the positive publicity that comes with having a
solar facility on their property without having to pay the upfront capital costs. The City benefits
by avoiding cost prohibitive rental agreements. The third party will be connected to the BC
Hydro grid using the standard net metering agreement. Figure 4 shows a schematic of the third-

party roof option.
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Figure 4: Third party roof option [12]

Option 3: University of British Columbia Partnership

The University of British Columbia (UBC) has two grids within its campus — the Academic and
Market housing grids. UBC has an interest in increasing its resiliency, increasing energy
generation on campus and improving energy efficiency on campus. A developer backed solar
energy farm on rooftops in campus could be a win-win proposition for both the City and UBC.
Figure 5 shows a schematic of such a facility.

UBC would host a large solar facility on its rooftops and a PPA would be drawn up between the
solar energy utility and UBC stating a negotiated cost of electricity.

The Solar energy utility and UBC would have an agreement with BC Hydro to produce this

energy and conduct any interconnection studies needed as required.
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Figure 5: UBC Partnership option [12]

Technical Feasibility

To ensure technical feasibility of the project, requirements were established for the energy
production goal for a single solar facility. Assumptions were made about the capabilities of the
solar facility based on available City information and information from local suppliers. Through
calculation, the feasibility of meeting the energy requirements was analyzed.

Table 3 shows the assumptions, calculations and results for establishing the technical feasibility

for the base case solar facility.

Energy Calculation

1 Target Total Energy 100 kWh/m2/year This target [8] establishes the
usage by building energy consumption goal to be

met by developers.
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% of total energy usage | 85% A thermal energy demand target
to be from electricity of 15 kWh/m2/year [8] leaves 85
usage % left for electricity usage.
Average floor area of a | 45,000 m? Estimate floor area based on
typical new multi-unit other approved higher buildings
residential higher in the City of Vancouver.
building

Percentage of 2% Validated by BC Hydro Carbon

electricity from BC
Hydro currently
generated from non-

renewable sources

Neutral Action Report [10]

Total electrical energy

consumed

3,825,000 kWh/year

Calculated

2% of total electrical
energy consumed and
what needs to be offset
by solar energy

generation

76,500 kWh/year

Base Case solar energy

requirement

Typical solar

generation potential in

1100/KW installed

Validated from several local solar

energy suppliers

Vancouver

100 KW solar farm 110,000 KWh/ year | 100 KW is maximum generation
generation potential allowed trough BC Hydro

Excess electrical 33,500 kWh/year This represents a 30% oversizing.

generation beyond goal

of offsetting building

This extra generation can be used

to offset operations and
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electricity generation

emissions

maintenance costs of running the

facility.

Area Calculation

1 Area needed for typical

rooftop solar facility

16 m2/ KW installed

Validated from several local solar

energy suppliers

2 Typical area needed for

100KW solar facility

1600 m2or 17222 ft2

Calculated

Equipment selection

1 Solar Panels

LG 300W panels,
16% efficiency

A wide variety of solar panel
manufacturers and capacities
exist. This model was picked
since it was in the middle of the
spectrum in terms of price,
capacity, availability and

efficiency.

2 Inverters (converting

DC current into AC

Micro-inverters (1

per 4 panels) are

Studies show that micro-

inverters are less like to fail and

components. 40
years chosen as

project life.

current) recommended over | are cheaper to replace when they
central inverters to do fail, improving the overall
improve the reliability of the system [11].
reliability of the
system.
3 Warranty and project 25 -30 years Since all major components in a
life warranty on most solar facility are under warranty

and there are few moving parts,
a project life of 40 years is

reasonable.

Table 3: Assumptions, calculations and results of technical feasibility study
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Financial Analysis for Ownership Models

Option 1: City-owned Roofs

Three possible scenarios were examined for each of the ownership models:

e Alow-cost model (optimistic) with capital costs on the lower end of the spectrum
quoted by local suppliers and seen by actual installed facilities. O&M costs (mainly
cleaning) is estimated to be half that of the higher cost option. An electricity escalation
rate of 3.5 % was chosen at the low end based on historical average escalation rate of
4%.

e A high cost model (conservative) with capital costs on the higher end of the spectrum
qguoted by suppliers and actual installed facilities was chosen. O&M and replacement
costs are estimated to be double that of the low-cost model. An electricity escalation
rate of 3% is chosen resulting in lower revenue generated from offset of electricity
through solar.

e A model was built around what a typical solar installer would quote for a similar project.
This also means the initial capital costs for the project will not be paid for by a developer
and be borne by the City. This eliminates costs like personnel costs, revenue back to the
developer/strata society and uses values of 5% for electricity escalation rate and 3 %
discount rate (both values assumed commonly by suppliers like Penfolds Roofing and
Solar and Terratek).

Results: We see that if we optimize for personnel costs and revenue back to the developer, we
achieve $5000/ year and $2000/ year respectively while maintaining positive net present
values. We also see payback times of 18.9 years if the project was a typical solar installation

with a $250,000 NPV.
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100 KW

FACILITY

Capital

o&M
(Cleaning)

Personnel

Replacement
costs

Revenue back

Escalation
rate

Discount rate

Net Present
Value

Payback
Period

Offset Panels
revenue

LOW COST

(A)

$2.5/Watt

$2000/yr.

50005/yr.

$10,000/
20 yrs.

$2000 /yr.

3.5%

6%

$70,401

$3350 in
Year 1

HIGH COST

(B)

$3.5/Watt

$4000/yr.

5,000$/yr.

$20,000/
20yrs.

$2000/yr.

3%

6%

$3157

$3350 in
Year 1

Table 4: Option 1 City-owned Roof Model

TYP. SOLAR

INSTALLER (C)

$2.75/Watt

$2000

0%

$10,000/
20yrs.

$0

5%

3%

$258,746

18.9 yrs.

$3350 in Year
1
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NOTES

Local supplier average

New West solar garden and

supplier info

Optimized for maximum value

possible with a positive NPV

Micro-inverters and movement of
panels during roof replacement

considered. Information from

suppliers.

Optimized for maximum value

possible with a positive NPV

BC Hydro historical values (See

Appendix D) and supplier info

City values and supplier info

All optimized values iterated to

maximize NPV.

Since under scenario A and B
developers pay capital cost,

payback is immediate. Payback is
calculated for Scenario C which

doesn’t have developer grant

This value is for year 1. Revenue
escalates with escalation of BC

Hydro rate
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Option 2: Third Party Roofs

The same scenarios were examined for option 2 — third party roofs. The difference in the
analysis is that an additional value is to be optimized for - the cost of electricity the solar energy
utility can afford to sell to third party roof owners. Finding this value gives the lowest possible
value the City can sell electricity for to third party roof owners and still maintain a positive NPV.
This allows the city to avoid cost prohibitive rental expenses for commercial roof space and
provides third party roof owners with solar electricity without having to source the capital costs
themselves.

Results: Optimizing for the cost of electricity, the City can afford to sell electricity at a maximum
discount of 8 ¢c/kWh and 6 c¢/kWh if the project was completed without personnel and revenue

sharing costs. Positive net present values are possible in all scenarios with a payback time of 27

years for the scenario where the City pays for the capital costs without a developer.

100 KW LOW COST | HIGH COST | TYP.SOLAR NOTES
FACILITY (A) (B) INSTALLER (C)

Capital $2.5/Watt  $3.5/Watt  $2.75/Watt Local supplier average
O&M New West solar garden and
(Cleaning) $2000/yr.  $4000/yr.  $2000 supplier info
Optimized for maximum value
ATETE, LG L f 6 possible with a positive NPV
Micro-inverters and movement of
Replacement $10,000/ $20,000/ $10,000/ panels during roof replacement
costs 20 yrs. 20yr. 20yr considered. Information from

suppliers.

Optimized for maximum value

Revenue back  $2000 /yr. $2000/yr. S0 possible with a positive NPV

Escalation o o o BC Hydro historical values (See
rate 3.5% 3% >% Appendix D) and supplier info
Discount rate 6% 6% 3% City values and supplier info
PPA cost of Optimized for maximum value
electricity g OGN | BEAR possible with a positive NPV
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Net Present

Value $18,918 $5197
Payback i i

Period

Offset Panels $2680 in $3283 in
revenue Year 1 Year 1

Table 5: Option 2- Third Party Roof Model

Option 3: UBC Partnership

$12,883

27 yrs.

$2010 in
Year 1

Urban Solar Rooftop Utility | Anand

All optimized values iterated to
maximize NPV.

Since under scenario A and B
developers pay capital cost,
payback is immediate. Payback is
calculated for Scenario C which
doesn’t have developer grant

This value is for year 1. Revenue
escalates with escalation of BC
Hydro rate

In the UBC partnership model, we consider a 1 MW solar facility for the following reasons:

e There is only one meter for the academic housing side of campus so if a solar facility is

being considered, one facility that meets the standing offer program requirements set

out by BC Hydro [5] is more cost effective than numerous facilities.

e The electricity generation need is large and a larger facility will make more impact on

their generation goals.

e The underutilized roof space is large enough to support 1 MW capacity installations.

Instead of cost of electricity like in option 2, we optimize for levelized cost of electricity (LCOE)

along with the personnel hours and revenue back to the developers/strata society.

Result: The low-cost option LCOE is calculated to be 5.7 ¢/kWh which is an attractive option.
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1MW
FACILITY

Capital

Electricity
rate

0o&M
(Cleaning)

Personnel

Replacement
costs

Revenue
back

Escalation
rate

Discount
rate

LCOE

LOW COST

(A)

$2.5/Watt

6.5 c/kWh

$20,000/yr.

$5000/yr.

$100,000/
20 yrs.

$15,000
Jyrs.

3.5%

6%

5.7 ¢/kWh

HIGH COST
(B)

$3.5/Watt

6.5 c/kWh

$40,000/yr.

$5,000/yr.

$200,000/
20yrs.

$20,000/yrs.

3%

6%

9.5 c/kWh

SOLAR
INDUSTRY

(€

$2.75/Watt

6.5 c/kWh

$20,000/yr.

S0

$100,000/
20yrs.

S0

5%

3%

15.2 c/kWh

Urban Solar Rooftop Utility | Anand

BULK
SOLAR (D)

$2 /Watt

10 ¢/ kWh

20,0005/ yr.

S0

$100,000/
20yrs.

S0

5%

3%

12 c/kWh

Local supplier average

Benchmark for cost of
electricity to UBC is 6.5
¢/kWh. 10 ¢/kWh is
industry average for
commercial facility and
is for illustration of
impact of electricity rate
on values

New West solar garden
and supplier info

Optimized for
maximum value
possible with a positive
NPV

Micro-inverters and
movement of panels
during roof
replacement
considered.
Information from
suppliers.

Optimized for
maximum value
possible with a positive
NPV

BC Hydro historical
values (See Appendix
D) and supplier info

City values and supplier
info

Optimized for
maximum value
possible with a positive
NPV
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Table 6: Option 3 UBC Partnership Model

Summary of financial analysis and recommendations

A summary of the financial analysis options and cost scenarios, their advantages and
disadvantages and recommendations are presented below in Table 7.

owned

roof

2) Third
Party
owned

roof

$18K

$5K

$12K

Low

complexity

There are
not as
many City-
owned
buildings
as third-

party roofs

This is the option that is
recommended the city
pursue first due to the
low complexity and
reasonable returns that

can be achieved

to be used
as
locations
High volume of | Low It is recommended that
possible roofs | returns the city pursue this
in city and option second due to
medium the high volume of
complexity | roofs available.
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3) UBC $804K $103K $436K High return High This is recommended
Model potential complexity | to pursue last given the
and complexity of

unknowns | interconnection studies
with BC Hydro and
competition with BC
Hydro low levelized

cost of electricity.

Table 7: Summary of financial analysis and recommendations

Lessons learned from installed examples

New Westminster

The city of New Westminster recently inaugurated their urban solar garden, a community
owned solar project installed on City property. The following are valuable insights for the City of
Vancouver to consider while establishing a solar energy utility.

e The cost of engineering and marketing personnel hours spent setting up the solar
garden was accounted for under the City’s energy saving initiative and not under the
solar garden budget. The City of Vancouver should consider distributing the personnel
hours for the solar energy utility under their other energy related initiatives.

e The operations and maintenance of the solar garden was agreed to be taken on by the
New Westminster utility and the costs were not accounted in the solar garden budget.

Considering operations and maintenance activities on the solar facility is not extensive,
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these activities could be part of the regular maintenance schedules of the city of

Vancouver owned buildings.

PV Feasibility Study for Sample location

Manitoba Public Works Yards is a large facility with multiple buildings owned by the city (See
Figure 8) and was chosen as a sample location for the following reasons:

e The facility is City-owned with no additional complexity involved with rent or having to
sign a PPA and has management interest to add solar generation on top of their
facilities.

e There is a total of 14,000 m? of roof space available amongst the 3 main buildings onsite
for mounting a 100KW solar farm on top of the facilities, which only requires 1600 m? of
area.

e There is significant electricity consumption (see Figure 8) at the meter at Manitoba

yards ensuring that there will be little risk of solar power generation exceeding energy
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consumption at Manitoba Yards and violating the terms of the net metering agreement
with BC Hydro.
e |tis recommended the city perform a structural analysis to evaluate roof acceptability
for a solar facility. Guidelines for structural considerations of solar installations on roofs
is referenced in Appendix C
A map of the roof on Manitoba Works Yard is shown below in Figure 8 with available area.

There are three potential buildings that can be utilized for solar generation.

W/68th"Ave

Manitoba St

BUILDING 1 : z P ]
9700 m2 .

”
available area 3
: -
o ] - T & -— .

SAWS70th'A

Manitoba WofksVard

— -

BUILDING 3:
1500 m2 available area

ManitobaiSt

BUILDING 2:
3800 m2 available area

Figure 7: Location map at the Manitoba Yard Works

The electricity consumption of Manitoba yards is shown below in Figure 8 for 2015 obtained

from the City of Vancouver.
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Figure 8: Electricity generation at the Manitoba Works yard in 2015
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Electricity Usage (Kwh)

Jun July

The results for the financial analysis were as follows:

100 KW

FACILITY

Capital

o&M
(Cleaning)

Personnel

Replacement
costs

Revenue back

Escalation
rate

LOW COST
(A)

$2.5/Watt

$2000/yr.

$5000/yr.

$10,000/
20 yrs.

$2000 /yr.

3.5%

HIGH COST

(B)

$3.5/Watt

$4000/yr.

$5,000/yr.

$20,000/
20yrs.

$2000/yr.

3%

TYP. SOLAR

INSTALLER (C)

$2.75/Watt

$2000

$0

$10,000/
20yrs.

$0

5%

Aug Sep Oct Nov Dec

Local supplier average

New West solar garden and
supplier info

Optimized for maximum value
possible with a positive NPV

Micro-inverters and movement of
panels during roof replacement
considered. Information from
suppliers.

Optimized for maximum value
possible with a positive NPV

BC Hydro historical values (See
Appendix D) and supplier info
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Discount rate 6% 6% 3% City values and supplier info

Net Present All optimized values iterated to

Value Sl D e D EEEAE maximize NPV.
Since under scenario A and B
developers pay capital cost,
::::’i:ZCk - - 18.9 yrs. payback is immediate. Payback is

calculated for Scenario C which
doesn’t have developer grant

This value is for year 1. Revenue
escalates with escalation of BC
Hydro rate

Offset Panels $3350 in $3350 in $3350 in Year
revenue Year 1 Year 1 1

Table 8: Manitoba Works Yard PV feasibility study results

Results: Manitoba Yard is an ideal location for setting up a solar facility, provided the roof is able to
support the load. The net present value for the project is positive in all cost scenarios and the electricity
consumption by the facility is high enough that all energy produced on site will be consumed, thus

making this a good candidate for the net metering program.

A possible schematic for panel installation on Manitoba Yards is shown on Building 3.

100 KW farm layout on Building 3.
Available area 1500 m2

Figure 9: Overhead possible layout for solar panels on Manitoba yards by Rikur Energy
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Figure 10: Possible layout in 3D for solar panels on Manitoba yards by Rikur Energy

Possible locations for Solar farms

Following the recommendations from the financial analysis of pursuing the City-owned roof
ownership model, Evans Yard and National Yard (shown in Figure 11 and 12) are further options
for future solar facility locations that meet the area requirement for hosting a 100KW solar
facility.

Figure 11: Evans Yard location:
Available Area — 3900 m?
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Figure 12: National
Yard location: Available
3 area: 1500 m?

Community partners

Local businesses were contacted to gauge interest in participation in supporting a rooftop solar
utility either through grants to offset initial capital costs or through their sustainability program.
Local businesses like Vancity and Quad real requested the City send further information
through a formal proposal and would be good partners to approach due to their sustainability

values with once a concrete approach has been formalized.

Conclusion and Recommendations

Based on the technical feasibility study, ownership model exploration and financial analysis of
cost scenarios, it is recommended that the City pursue the creation of a solar energy utility by
building 100KW solar farms on City-owned roofs first since this is the least complex and has a
higher net present value compared to the third party owned roof option. The UBC ownership
model should be explored to fully understand the complexities and the costs involved in the

interconnection studies with BC Hydro.
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The following next steps for the city to explore in the path to establishing the solar energy

utility:

Evaluate if the project can be conducted without personnel costs and revenue share
back to the developers. Following the model of New Westminster, the hours spent of
initial project development was borne by the City energy saving program. This was a
significant cost saving to the project. Since developers are benefitting from a means to
meet the ZEBP targets, it might be acceptable to not have the revenue sharing program
as well.

Explore models where the initial capital costs are not borne by developers. Higher
building approvals are rare and if solar farms can be supported through other means like
community support, local businesses or grants, it should be explored.

Considering that the trend for BC Hydro’s electricity generation is towards cleaner
energy, the City should consider if the energy generated by solar could be an offset to

the energy burned by heating through natural gas.
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Appendix A — Sample RetScreen Financial Model (City Owned

Ownership Model, Scenario C)

RETScreen - Location

Site r

ence conditions

Climate data location Canada - British Columbia - Vancouver Harbour Cs ®

Subscriber: The University of British Columbia - Educational Use Only

Facilty location

Canada - BC - Vancouver

Legend B ol
©) ity tocaton
Climate data location PGCIf’C Ocean
ver
Kalispel
Seattie Spolane
l’ bing Tae © 2018 Microsoft Corporation © 2018 HE?
Unit Climate data location Facility location Source
Latitude 493 492
Longitude 1231 1231
Climate zone 4C - Mixed - Marine - User-defined
Elevation m - 3 45 Ground - Ground
Heating design temperature °C - 05 Ground
Cooling design temperature € - 243 Ground
Earth temperature amplitude °C - 17.8 NASA
Daily solar Heating Cooling
radiation - Atmospheric degree-days degree-days
Month Air temperature _ Relative humidity _Precipitation horizontal pressure Wind speed _Earth temperature 18 °C 10°C
kG - % mm v kWhmid v kPa - m/s M % - c-d - oc-d
January 55 83.5% 30525 113 935 43 23 388 0
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May 133 66.7% 9008 537 935 29 96 146 102
June 16.1 63.5% 7603 566 9356 29 134 57 183
July 185 56.8% 4406 597 938 28 166 0 264
August 183 56.5% 49.12 5.18 937 28 163 0 257
September 154 611% 8051 3.99 937 29 1.8 78 162
October 109 741% 20519 220 9356 36 62 220 28
November 73 83.2% 28305 127 934 42 12 321 0
December 54 83.0% 286.62 092 935 41 25 391 0
Annual 1.2 71.2% 1,947.55 346 235 3.4 63 2,501 1,002
Source Ground NASA NASA NASA NASA NASA NASA Ground Ground
Measured at m v 10 0
Climate data
7 25
2
£
= F20
g
3 g
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£
£ Fo §
] o
3 <
5
3 Es
>
7
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ol Daily solar radiation - horizontal - AN Air temperature v

Page 32



RETScreen - Facility

Facility information

Facility type
Type
Description

Prepared for

Prepared by

Facility name
Address
City/Municipality
Province/State
Country
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Subscriber: The University of British Columbia - Educational Use Only

( Power plant
( Photovoltaic
[ Feasibility Study- Solar Utility Rooftop Farm \

( City of Vancouver

( MK.Anand

Rooftop Solar Farm J
Address |
Vancouver |

BC |

Canada )

Gas turbine

Technology

- combined cycle - Natural gas -|

Photovoltaic - Tracking system
Reciprocating engine - Diesel (#2 oil)
Reciprocating engine - Natural gas -

Reciprocating engine - Biogas/Landfill gas |

Gas turbine - Natural gas -

Hydro turbine -

Photovoltaic |

Solar thermal power

Steam turbine - Coal |

Steam turbine - Biomass/MSW

Wind turbine -

Wind turbine - Offshore

i
Benchmarko
0000 0025 0050 0075 0100 0125 0150 0175 0200 0225 0250 0275 0300 0325 0350 0375 0400 0425 0450
nits [ sawh v
Benchmark | 010 v/
( RETScreen - Default -]

Note: Typical cost values in Canadian $ as of January 1, 2016. Purchasing power parity (Exchange rate) approximately 1.25 CAD = 1 USD.

RETScreen - Energy Model

Power plant - Photovoltaic - Feasibility Study- Solar Utility Rooftop Farm

(®) Fuels & schedules

(®) Technology
4/ Power

Photovoltaic
() summary

] Include system?

& Fuels

& Electricity and fuels

Subscriber: The University of British Columbia - Educational Use Only

& Capacity  Electricity Inital costs ex:::::iz“ Fuel cost (’(i“‘:'l:::;’ :a';“b:':k s';:":dme,
Electricity exported to grid [~ mwh s s $ yr
Power
Photovoltaic 100 101 275,000 10,109 0 0 272
Total 100 101 275,000 10,109 [ o 272
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RETScreen - Cost Analysis Subscriber: The University of British Columbia - Educational Use Only

Initial costs (ci Quantity Amount i Amount

Feasibility study
Feasibility study cost ¥ $ - $ =
Subtotal: $ & $ —
Development
_ | | Development cost ¥ 1 $ E $ -
Subtotal: $ 5 s ,
Engineering
credit v $ - $ -
Subtotal: $ - $ -
Power system
Photovoltaic kw 100 $ 2,750 $ 275,000 $ -
Road construction km ¥ s o $ =
Transmission line km ot $ - $ -
Substation project $ - $ -
Energy efficiency measures project s - $ -
User-defined cost v $ = $ =
Subtotal: $ 275,000 100.0% $ .
Balance of system & miscellaneous
Spare parts % 00% $ ols 0 $ -
Transportation project $ - $ -
Training & commissioning p-d s - $ -
User-defined CostiTs $ = $ =
Contingencies % $ 275,000 $ - $ -
Interest during construction $ 275,000 $ - $ -
Subtotal: $ 0 0.0% $ =
$ 275,000 100.0% $
Annual costs (credits) Unit Quantity Unit cost Amount % Amount
oam
(® show data s 0 s )
Parts & labour project $ - $ -
Contingencies % 5.0% $ 0$ 0 $ -
(-] [cteaning cost v 1 $ 2,000 $ 2,000 $ -
B Employee cost ¥ 1 $ 0/$ 0 $ N
(-] [cheque back cost ¥ 1 $ ols 0 $ -
(=) [rent cost v 1 $ ols 0 $ -
Subtotal: $ 2,000 $ -
Annual savings Unit Quantity Unit cost Amount % Amount
Savings cost ¥ 0 $ 0/$ 0 $ B
Subtotal: $ 0 $ &
Periodic costs (credits) Unit Year Unit cost Amount % Amount
Inverter replacement cost v 20 $ 10,000 $ 10,000 $ -
N
End of project life @& v $ -
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RETScreen - Financial Analysis Subscriber: The Uni ity of British Columbia - Ed ional Use Only
Costs| Savings | Revene Yearly cash flows
General Initial costs Year Pre-tax Cumulative
Inflation rate % 2% || Power system 100% $ 275,000 $ $
Discount rate % 3% || Balance of system & miscellaneous 0% $ 0 0 -275,000 ~275,000 -
Reinvestment rate % 6% . 1 8,574 ~266,426
Project life B 20 Total initial costs 100% $ 275,000 2 9,064 -257,361
A i osts and debt " 3 9,580 -247,781
Finance RIS NG SRS 4 10,123 -237,659
Incentives and grants $ 0 o&m $ 2,000 5 10,694 -226,965
Debt ratio % 0% Total annual costs $ 2,000 s 11295 215670
i 11,927 -203,743
Income tax analysis O Periodic costs (credits) 8 12,592 -191,151
Inverter replacement - 20 yrs $ 10,000 ° 13292 177,859
10 14,028 -163,831
A _— r m 14,803 -149,028
nnual savings and revenue 12 15618 133410
Savings $ 0 13 16,475 -116,935
Electricity export revenue $ 10,109 14 17,376 -99,559
Towl ! N d $ 10.109 15 18,324 -81,235
otal annual savings and revenue A
Electricity export revenue 16 19,521 6114
. 17 20,369 -41,545
i .y P g TS oo Financial viability 18 21,472 20073
ecincllyexportiste /! : Pre-tax IRR - equity % 63% 19 22,631 2,558
Electricity export revenue $ 10109 1 pretax MIRR - equity % 61% || 20 8,991 11,549
Electricity export escalation rate % 5% Pre-tax IRR - assets % 63% 21 25132 36,681
GHG reduction revenue Pre-tax MIRR - assets % 6.1% 22 26,479 63,160
G GhiGisdhe o i 23 27,896 91,056
ross. re uctfon tCO/yr e i 1o 2 29,386 120,442
Gross GHG reduction - 40 yrs tCO, 44 p pay! y! - 25 30951 151393
GHG reduction revenue $ 0 || Equity payback yr 189 26 32,597 183,990
27 34,328 218318
Other revenue (cost) O Net Present Value (NPV) $ 258,746
Annual life cycle savings $/yr 11,194 23 36,146 A5ddoa
Clean Energy (CE) production revenue O 29 38,058 292,522
Benefit-Cost (B-C) ratio 19 30 40,068 332,590
Debt service coverage No debt 31 42,180 374770
32 44,399 419,169
GHG reduction cost $/tCO,  -10,067 33 46733 465,902
Energy production cost $/kWh ¥ 0.152 34 49,184 515,086
35 51,761 566,847 v
Yearly cash flows
150,000 — 1,200,000
100,000 — 1,000,000
20000051 800,000 —|
0 e
; 600,000 —
o 50,000 — 2
a = 400000
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Emission analysis
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Subscriber: The University of British Columbia - Educational Use Only

GHG emission

2 —

0.5

GHG emission (tCO)
|

factor GHG emission

Base case electricity system (Baseline) (excl. T&D) T&D losses factor
Country - region Fuel type tCO,/MWh ¥ % tCO,/MWh
Canada - British Columbia N Other N 0.011 7.0% 0.012
Electricity exported to grid MWh 101 T&D losses 7.0%
GHG emission

Base case tCO, 1.2

Proposed case tCO, 0.1

Gross annual GHG emission reduction tCO, 1.1

Base case

Proposed case

Ill Gross annual GHG emission reduction (93%)

1.1 tCO, is equivalent to

Cars & light trucks not used

0.2

GHG reduction revenue

GHG reduction credit rate

$/tCO,
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Appendix B — Major learnings from suppliers

Suppliers contacted:

Terratek, Penfolds, Blue Pond, Rikur Solar, BC Solar Energy, VREC, Reconsulting (consultants for

renewable energy policy)

Major learnings:

Typical quoted install cost is $2.5-$ 2.75 /Watt. If the grid connections are complex it can
rise up to $3.5/Watt. On bulk installations without grid connection complexity, under $2
is also a possibility.

1100 kWh/ KW install is average generation for Vancouver that was quoted by many
suppliers.

Cleaning the solar panels is not a necessity in Vancouver since the rain is actually cleaner
than the tap water that would be used. Maximum annually $2000 can be budgeted if
needed.

Personnel hours are usually not accounted for in solar project installation costs since the
mobile applications constantly monitor performance and give alerts

Suppliers advised that it is hard to recover savings from 3rd party roof owners by solar
energy generation. It was advised that it is better to sell electricity at an agreed price
than charge rent under BCUC exception [6]

Central 3 phase inverters from companies like companies like Solar edge are in the
$20,000 price range but micro inverters are in the $500 price range and the probability
is low all of them will fail at once. It is recommended to go with micro-inverters to save
on replacement costs and improve reliability.

It should be considered if the roof is going to be replaced within the time period of the
solar project lifetime. If so although it is uncommon to account for this in the costs of a

solar quote, once supplier with roofing experience mentioned there could be costs
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associated with lifting solar panels off the roof and storing while the roof is being
replaced.

The Industry commonly uses a discount rate of 3% in its net present value calculations.
The industry typically applies a BC hydro escalation rate of 4-6% depending on the
supplier.

There is a tax credit called accelerated capital cost allowance (ACCA) tax credit can be
exploited by for profit organizations to pay off capital expenses for solar projects over 5
years.

Numerous solar panel manufacturers were recommended including LG, Canadian Solar
etc. in the 300-440 W capacity range. It can be investigated if the suppliers are ethical

and follow good labor practices before the panels are chosen.
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Appendix C- Roof Structural considerations

&5 CANAIM

BUILDINGS

STRUCTURAL CONSIDERATIONS - ROOF
TOP SOLAR PANELS:
FOR NEW OR EXISTING BUILDINGS

By Michael Holleran, Eng.

December 2011
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BUILDINGS

TABLE OF CONTENTS

Structural considerations: roof top solar panels
Considerations for roof top solar panel installation
Characteristics of open web steel joists and steel deck
Design requirements for fabrication

Conclusion

SUMMARY

Criteria to be considered for the installation of roof top solar panels: system
additional self weight, snow drift load, wind pressure, and original and
future design loads.
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STRUCTURAL CONSIDERATIONS: ROOF TOP SOLAR PANELS

With the advent of the green technologies and environmental energy directives, solar
panels are becoming more and more popular. Different jurisdictions, such as Ontario,
had introduced incentive programs and green focused by-laws on new construction.
The Canadian market, and more noticeably the Ontario market for solar photovoltaics
(PV) have developed steadily over the past decades, and swiftly over the past years,
with the financially lucrative FIT (Feed-in Tariff) and MicroFit programs.

The popular FIT and MicroFIT programs, administered by the Ontario Power Authority,
pay property owners up to $0.80 per kilowatt hour for solar generated electricity. With
returns on investment up to 20%, depending on the type of system installed, these
systems appear to be beneficial and profitable. Due to these incentive programs, there
is a growing interest in installing solar panels on roof tops, either a water heating or
photovoltaic system. The weights of these systems and their method of construction can
vary and must be contemplated during the design phase.

Considerations for roof top solar panel installation

When installing solar panels on roof tops there are structural considerations to be
investigated and analyzed. Solar panels can be placed on new or existing buildings.
Solar panels can easily and inexpensively be incorporated at the time of design for new
or future construction. The structural system can be designed to accommodate the
additional loading from the system self weight (dead load), snow build-up, and wind
uplift. Existing buildings must be investigated due to the additional loading caused by
the solar panels. Since many agencies regulating the building codes have modified the
base snow load, it must be validated in addition to considering the weight of the solar
panels. All future loading must be considered and all structural elements must be
analyzed from the roof deck to the foundation.
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Characteristics of open web steel joists and steel deck

Many existing buildings being considered for midsize and large solar roof top systems
are constructed with open web steel joists (OWSJ) and steel deck. Generally speaking,
the joists are located at a spacing that allows for an efficient deck thickness. The deck
may have limited additional capacity and therefore must be analyzed utilizing the
manufacturer’'s drawings and field measurements. If the deck is deemed to have
inadequate capacity, a cost effective remediable repair to increase the strength can be
coordinated with your local Canam office.

OWSJ's are proprietary products engineered and manufactured by the joist
manufacturer. Steel joists are commonly used in the construction industry due mainly
their efficient design. Typically, each manufacturer such as Canam, designs their
products to meet the design loads set forth by the building designer. Unless the building
designer has allowed for additional load capacity, the steel roof joists will be designed
as efficiently as possible to meet code requirements, leaving minimal additional strength
capacity.

Analyzing existing OWSJ’s without the manufacturer’'s design calculations is an onerous
and tedious process. The manufacturer’s design and fabrication processes allow for
material changes within the chords and webs. Since steel thicknesses may differ by 0.5
mm, the field measurements must be surveyed accurately. For additional information on
measuring existing joists, please refer to the InfoTech Express article Field
measurement for existing joists requiring reinforcement.

Design requirements for fabrication

The OWSJ designer may change the joist design based on load considerations so the
design cannot be determined only by a basic visual inspection. Two similar joists could
have numerous differences in the welding, and web and chord thicknesses and
therefore must be correctly measured for comparison purposes. It is recommended to
validate the manufacturer’s joist tag to ensure that they are indeed identical.

The grade of steel used in the original fabrication may be difficult to determine as well.
Canam has published a steel grade table as a guide for our products: History of steel
grades used in joist and joist girder fabrication. It is recommended to contact your local
Canam office since steel grades could vary for specific projects or on the inventory
available at the time of manufacture.

A standard roof system with a total unfactored load of 2.5 kPa (depending on the
region) could be subjected to an additional solar panel load in the 0.4 kPa range. Since
the OWSJ’s will certainly not have 16% of additional capacity, remedial measures must
be untaken if the building design loading cannot be reduced. The joists can be
strengthened by traditional welding methods, which can cause disturbances to the
occupants of the building, or a non-welding solution can also be investigated.
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It must be noted, that other structural elements must be reviewed in conjunction with the
OWSJ's and the deck. Elements such as the joist girders, beams, columns, load
bearing walls and foundations must also be investigated.

Conclusion

In conclusion, solar panels added to existing roofs must be analyzed thoroughly. By
adding even a relatively small amount of additional weight, such as solar panels, all
structural elements must be reviewed and analyzed completely. Since the National
Building Code of Canada modified the base snow load from time to time, this factor
should be considered in conjunction with the additional load applied to the structure.
The exact placement of solar panels can cause additional snow build-up and uplift
which affect the structural elements. With respect to Canam’s products such as OWSJ’s
and steel deck, these additional loads can cause structural elements to be
overstressed.

Canam has assisted in developing reinforcement solutions to both OWSJ’s and deck to
increase their existing capacity. These solutions are offered through both a welded and
non-welded process. Please contact Canam for further information on these solutions or
any of our other products and services.

Canam'’s trained professional employees are always available to provide assistance
with engineering support and guidance.
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Should you require additional information, wish to meet with one of our
representatives or experts to learn more about our products and services or
to organize a lunch and learn, please call: 1-866-466-8769.

Thank you for your interest in Canam-Buildings products!

www.canam-construction.com
Canam-Buildings

270, chemin Du Tremblay
Boucherville (Québec)

J4B 5X9

Canam Group is a North American expert in the design, fabrication and installation of
construction products and solutions for the erection of commercial, institutional and
multi-residential buildings. Its Canam-Buildings business unit designs and fabricates
steel joists and girders, steel deck, the Hambro composite floor system, Econox
prefabricated buildings and Murox insulated wall panels. Thanks to its BuildMaster fast-
track construction process, Canam-Buildings works in concert with all project partners to
ensure that customer jobsites are safe and free of any surprises.

© Canam Group Inc.
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APPENDIX D — BC Hydro Historical Price Escalation Rates
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