SPE-900-13

_—_—
\@ i

Solar photovoltaic rooftop-instal’'ation
best practices guideline



https://www.stdhive.com/standards/csa-spe-900-13-pdf/

Legal Notice

This document is provided by the Canadian Standards Association (operating as “CSA Group”) as a convenience only.

Disclaimer and exclusion of liability

This document is provided without any representations, warranties, or conditions of any kind, express or implied, including, without
limitation, implied warranties or conditions concerning this document’s fitness for a particular purpose or use, its merchantability, or its
non-infringement of any third party’s intellectual property rights. CSA Group does not warrant the accuracy, completeness, or currency
of any of the information published in this document. CSA Group makes no representations or warranties regarding this document'’s
compliance with any applicable statute, rule, or regulation.

IN NO EVENT SHALL CSA GROUP, ITS VOLUNTEERS, MEMBERS, SUBSIDIARIES, OR AFFILIATED COMPANIES, OR THEIR EMPLOYEES,
DIRECTORS, OR OFFICERS, BE LIABLE FOR ANY DIRECT, INDIRECT, OR INCIDENTAL DAMAGES, INJURY, LOSS, COSTS, OR EXPENSES,
HOWSOEVER CAUSED, INCLUDING BUT NOT LIMITED TO SPECIAL OR CONSEQUENTIAL DAMAGES, LOST REVENUE, BUSINESS
INTERRUPTION, LOST OR DAMAGED DATA, OR ANY OTHER COMMERCIAL OR ECONOMIC LOSS, WHETHER BASED IN CONTRACT,
TORT (INCLUDING NEGLIGENCE), OR ANY OTHER THEORY OF LIABILITY, ARISING OUT OF OR RESULTING FROM ACCES™ TO OR
POSSESSION OR USE OF THIS DOCUMENT, EVEN IF CSA GROUP HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DANAGES,
INJURY, LOSS, COSTS, OR EXPENSES.

In publishing and making this document available, CSA Group is not undertaking to render professional or other ser-icez or o1 an behalf
of any person or entity or to perform any duty owed by any person or entity to another person or entity. The afori..2ton in this
document is directed to those who have the appropriate degree of experience to use and apply its contents, and CSA C-oup accepts no
responsibility whatsoever arising in any way from any and all use of or reliance on the information contained in 1 is document.

Intellectual property rights and ownership

As between CSA Group and the users of this document (whether it be in printed or electronic form). CS; Groug is the owner, or the
authorized licensee, of all works contained herein that are protected by copyright, all trade-marks (e. ~ept «s oinerwise noted to the
contrary), and all inventions and trade secrets that may be contained in this document, wheth{: o nct sucii inventions and trade secrets
are protected by patents and applications for patents. Without limitation, the unauthorized use, nodil cation, copying, or disclosure of
this document may violate laws that protect CSA Group’s and/or others’ intellectual property and n.y give rise to a right in CSA Group
and/or others to seek legal redress for such use, modification, copying, or disclosure. Tc the extent permitted by licence or by law, CSA
Group reserves all intellectual property rights in this document.

Patent rights

Attention is drawn to the possibility that some of the elements of this doccmerimay e the subject of patent rights. CSA Group shall
not be held responsible for identifying any or all such patent rights. Users of v is dczument are expressly advised that determination of
the validity of any such patent rights is entirely their own responsibility.

Use of this document

This document is being provided by CSA Group for informational and non-commercial use only. If you do not agree with any of the
terms and conditions contained in this Legal Notice, you may nc  use “his document. Use of this document constitutes your acceptance
of the terms and conditions of this Legal Notice.


https://www.stdhive.com/standards/csa-spe-900-13-pdf/

Standards Update Service

SPE-900-13
June 2013

Title: Solar photovoltaic rooftop-installation best practices guideline
Pagination: 72 pages (viii preliminary and 64 text), each dated June 2013

To register for e-mail notification about any updates to this publication

e go to shop.csa.ca

¢ click on CSA Update Service

The List ID that you will need to register for updates to this publication s 2422604.

If you require assistance, please e-mail techsupport@csagioup org or call 416-747-2233.

Visit CSA Group's policy on privacy at csagroup.or 1/lejal to find out how we protect your
personal information.


https://www.stdhive.com/standards/csa-spe-900-13-pdf/



https://www.stdhive.com/standards/csa-spe-900-13-pdf/

SPE-900-13
Solar photovoltaic rooftop-installation
best practices guideline

W~ Group

N 48

™A trezooma. % of the Canadian Standards Association, operating as “CSA Group”

Published in June 2013 by CSA Group
A not-for-profit private sector organization
5060 Spectrum Way, Suite 100, Mississauga, Ontario, Canada L4W 5N6
1-800-463-6727 ® 416-747-4044

Visit our Online Store at shop.csa.ca


http://shop.csa.ca
https://www.stdhive.com/standards/csa-spe-900-13-pdf/

GENENTAL D CHlog,
& “, %“@& .
@%? RS " BIO'GAS
Teyy, b o ’&%330\4&//// ENERG Y

Viron®Y
120%

CSA Group prints its publicc tions on Rolland Enviro100, which contains 100% recycled post-consumer fibre, is
Ecologo and Pre<essed Chlorine Free certified, and was manufactured using biogas energy.

To purchase sta.xdards and related publications, visit our Online Store at shop.csa.ca or call toll-free
1-800-462-6727 or 416-747-4044.

ISLN $78-1-77139-260-0

© 2013 CSA Group

All rights reserved. No part of this publication may be reproduced in any form whatsoever
without the prior permission of the publisher.


https://www.stdhive.com/standards/csa-spe-900-13-pdf/

© 2013 CSA Group Solar photovoltaic rooftop-installation best practices guideline

Contents

Subcommittee on Best Practices for Solar Photovoltaic (PV) Rooftop Installations vi

Preface viii

1 Scope 1

2 Reference publications 2

3 Definitions 3

4 Structural requirements 6

4.1

4.2

4.2.1
4.2.2
4.2.3
4.2.4
4.2.5
4.2.6
4.2.7

4.2.8
4.2.9
4.3
4.3.1
4.3.2
43.3
4.3.4
4.4
4.4,
4.4.2
4,43
4.4.4
4.4.5
4.4.6
4.4.7
4.4.8
4.4.9
4410
4.5
4.5.1
4.5.2
453
4.6
4.0.1
4.15.2
1.6.3
4.6.4
4.7
4.7.1
4.7.2

June 2013

General 6

Structural loads 7

General 7

Solar loading on a rooftop 7

Dead loads 7

Live loads due to use and occupancy 7

Live loads due to snow, ice, and rain 8

Live loads due to wind 9

Live loads due to earthquakes for Part 4 buildings and jurisai<tic ns requiring earthquake design for
residential structures 17

Importance factors for Part 4 buildings 712

Load combinations 12

Design and structural resistance of photovoltaic moc 'les and racks 12
Component durability 72

Component and connection strength and deflecuar 72
Ballasted racks 12

Thermal expansion and contraction of racis 12

Design and resistance of building componeits 13

General 13

Wood frame (Part 9 and Part 4 '+

Prefabricated wood trusses 4

Open-web steel joists (OW'SD " 715

Steel frame, steel deck,an i/or standing seam roofs 16
Concrete suspended sl.'ss 21d pre-stressed hollow core slabs 76
Masonry walls 17

Lateral load resistir » systems 17

Cladding 18

Foundaticis 18

Existing wuila'ngs 19

Gener.! 19

Site investigation checklist 79

De ‘ign criteria for buildings designed to previous codes — Upgrades 20
Inspaction 20

Serieral 20

Pre-commissioning inspection 20

Building inspection 20

Array inspection 21

Drawings 22

Minimum requirements for mechanical installation drawings 22
Minimum requirements for permit drawings 23

)


https://www.stdhive.com/standards/csa-spe-900-13-pdf/

SPE-900-13 © 2073 CSA Group

5 Waterproofing and durability evaluation of photovoltaic integration on commercial
roofs 24

5.1 General 24

5.2 Checklists 24

6 Roof access 24

6.1 General 24

6.2 Access, pathways, and smoke ventilation 25

6.2.1 General 25

6.2.2 Residential detached, semi-detached, and attached dwellings 25

6.2.3 Buildings others than residential detached, semi-detached and attached dwellings 26
6.3 DC cable locations 27

6.4 System identification 27

6.4.1 Sign/emblem 27

6.4.2 System markings 27

7 Firerisks 27

7.1 Fire performance of photovoltaic system and roof covering material 27
7.2 Fire test exposure classes 27
7.3 Stand-off mounted photovoltaic modules 28

8 Lightning and surge protection 28
8.1 Lightning and photovoltaic 28
8.1.1 General 28

8.1.2 Risk 28

8.2 Lightning 29

8.2.1 Direct strikes 29

8.2.2 Indirect strikes 29

8.3 Instrumentation 29

8.3.1 Instrumentation wiring 29

8.3.2 Data acquisition systems 29

8.4 Design considerations 30

8.4.1 General 30

8.4.2 ACwiring 30

8.4.3 String and parallel string photcvoicric:-module wiring 30
8.4.4 Power cabling 30

8.4.5 Racking 30

8.5 Protection equipment / 3

8.5.1 Lightning protectior sys“eris 31
8.5.2 Surge arrestors 21

8.5.3 Maintenance <32

9 Climbing ris’<s . 32
10 Avalanchu risks 32

11 ‘Mal~tnance-related risks 32
171 Mocules and arrays 32
17.0.1  safety 32

11.1.2 Periodic maintenance 33
*1.1.3 Cleaning and inspection 33
11.2  Power conversion systems 34
11.3  Balance of system 34

1v June 2013


https://www.stdhive.com/standards/csa-spe-900-13-pdf/

© 2013 CSA Group Solar photovoltaic rooftop-installation best practices guideline

Annexes

A — Wind and snow testing — Guidelines for small- scale and full-scale testing 35

B — Checklist for waterproofing and durability evaluation of photovoltaic integration on commercial
roofs 46

C — Roof access 53

D — Photovoltaic system maintenance log sheets 60

E — Bibliography 64

Figures

1 — Photovoltaic cell (truncated corners indicate cell was cut from single-crystal cylindrical ingot, i.e.,
monocrystalline silicon); photovoltaic module with 36 cells; photovoltaic array with 10 modu'=s (not
to scale) 5

— Site investigation checklist — Existing structures 19

— Structural mechanical installation checklist 22

— Electrical installation checklist 22

— Structural drawing checklist 23

— Photovoltaic module interconnection diagram checklist 23

— Electrical installation drawings checklist 24

NOAWnALWN

June 2013 |4


https://www.stdhive.com/standards/csa-spe-900-13-pdf/

SPE-900-13

© 2013 CSA Group

Subcommittee on Best Practices for
Solar Photovoltaic (PV) Rooftop
Installations

D. Nixon

D. Moses

J. Aitchison

B. Baskaran

T. Cupido

G. Doudak

S. Douglas

W. Fritz

S. Gamble

W. Johnston

P. Kalinger

R. Kelly

M. Ng

I. Po'ock

D. \revatt

Toronto and Region Conservation Authority, Chair
Downsview, Ontario

Moses Structural Engineers Inc., Vice-Chair
Toronto, Ontario

Jones Brown Inc.,
Toronto, Ontario

National Research Council Canada,
Ottawa, Ontario

IRC Building Sciences Group Inc.,
Mississauga, Ontario

University of Ottawa,
Ottawa, Ontario

International Association of Elc<tncal w.cpectors,
Toronto, Ontario

Schletter Inc.,
Tucson, Arizona, USA

Rowan Williams Da ‘1es & Irwin Inc.,
Guelph, Ontaria

CanSIA,
Ottawa, Ontaio

Céneuian Roofing Contractors’ Association,
Ottu'a, Ontario

Schletter Canada Inc.,
Windsor, Ontario

Ontario Ministry of Community Safety & Correctional
Services,
Toronto, Ontario

Preformed Line Products (Canada) Limited,
Cambridge, Ontario

University of Florida,
Gainesville, Florida, USA

June 2013


https://www.stdhive.com/standards/csa-spe-900-13-pdf/

© 2013 CSA Group

Solar photovoltaic rooftop-installation best practices guideline

J. Sager

J. Salmon

R. Singlehurst

E. Stephenson

C. van Zeyl

M. Tumkur

June 2013

Natural Resources Canada,
Ottawa, Ontario

John B. Salmon Holdings Inc.,
Kitchener, Ontario

Ottawa, Ontario

hbSolar Canada Inc.,
Hornby, Ontario

van Zeyl Energy Inc.,
Oakville, Ontario

CSA Group,
Mississauga, Ontario

Project Manager



SPE-900-13 © 2073 CSA Group

Preface

This is the first edition of the CSA SPE-900, Solar photovoltaic rooftop-installation best practices guideline.
CSA SPE-900 has been developed as a guideline, and does not contain any mandatory language. It
provides guidance and best practices for solar photovoltaic rooftop-installation.

CSA Group acknowledges that the development of this Guideline was made possible, in part, by the
financial support of the following:
(a) Axis Property;
(b) BCHydro;
(c) Hydro Quebec;
(d) Manitoba Hydro;
(e) Ontario Ministry of Energy; and
(f) SaskPower.

This Guideline was prepared by the Subcommittee on Best Practices for Solar Photovoltaic (PV) Rooftop
Installations under the jurisdiction of CSA Strategic Steering Committee on Performance, Energy Efficiency,
and Renewables.

Notes:

(1) Use of the singular does not exclude the plural (and vice versa) when the sense allows.

(2) Although the intended primary application of this Guideline is stated in its Scope, it is important to note that it remains
the responsibility of the users of the Guideline to judge its suitability for their particular purpose.

(3) To submit a proposal for change, please send the following information to inquiries@csagroup.org and include
“Proposal for change” in the subject line:
(a) Standard designation (number);
(b) relevant clause, table, and/or figure number;
(c) wording of the proposed change; and
(d) rationale for the change.

|4 June 2013
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Solar photovoltaic
rooftop-installation best practices
guideline

1 Scope

1.1

There is a need in the Canadian marketplace for guidance on solar photovoltaic rooftop installation, as

photovoltaic modules are not currently addressed in many of the building codes. This guideline is

intended to outline best practices for rooftop solar photovoltaic systems by addressing the following:

(a) structural analysis of the building itself resulting from the solar photovoltaic system installation;

(b) structural analysis of the solar photovoltaic racking;

(c) flammability of rooftop solar photovoltaic mounting systems;

(d) preventing water penetration of the roofing system due to the installation of a solar photovoltaic
system,;

(e) climbing hazards associated with solar photovoltaic system installations;

(f) avalanche hazards (due to snow and wind loads) associated with solar photovoltaic installation; and

(g) safe roof access for first responders (i.e., fire fighters) in the event of an emergency or maintenance
personnel (e.g., electricians, window cleaners, or other service personnel)

1.2

This guideline is intended to be used by solar photovoltaic system designers, installers, system owners,
local building officials, fire departments, insurers, project financiers, etc.

1.3

The values given in SI (metric) units are the standard. Any values given in parentheses are for information
only.

1.4

This guideline addresses rooftop solar photovoltaic systems only. It is applicable to residential, institutional,
commercial, and industrial (ICI) buildings with either flat roofs or pitched roofs. While the focus is on
rooftop-mounted systems, some of the principles described herein can be applied to photovoltaic systems
mounted to facades, carports, awnings, sound barriers, and other building structures. This guideline will
also examine different roofing materials and systems, including membranes, standing-seam metal roofing,
steel high-rib roofing, steel shingle, asphalt, tile, slate, cedar shakes, and green roofs. Lastly, it will take into
consideration the structure itself, including the structural systems and type of building materials (e.g.,
wood-frame rafters and joists, prefabricated wood trusses, structural steel beams and joists, and other
systems in steel, masonry, concrete, and wood).

1.5

It is important to note that this guideline does not address solar photovoltaic system electrical hazards, as
these issues are addressed by the Canadian Electrical Code, Part | (CEC). However, this guideline does direct
the user to the appropriate sections of the CEC as required. In addition, this guideline does not address
building-integrated solar photovoltaic systems (BIPV).
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