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ABSTRACT '

Burt Hill Kosar Rittelmann Associates has conducted a study to identify ! \

design requirements for photovoltaic modules and arrays used in commercial

and industrial applications.

Dbt~ 4Ll

Building codes and referenced standards were reviewed for their
applicability to commercial and industrial photovoltaic array installation.
Four general installation types were identified - integral (replaces

roofing), direct (mounted on top of roofing), stand-off (mounted away from

roofing), and rack (for flat or low slope roofs, or ground mounted). Each
3 of the generic mounting types can be used in vertical wall mounting systems.

This implies eight mounting types exist in the commercial/industrial sector.
g 5 Installation costs were developed for these mounting types as a function of
panel/module size. Cost drivers were identified. Studies were performed to
identify optimum module shapes and sizes and operating voltage cost drivers. . !
The general conclusion is that there are no perceived major obstacles to the

use of photovoltaic modules in commercial/industrial arrays. However, there

is no applicable building code category for photovoltaic modules and arrays
and early additional work is needed with standards writing organizations to

develop commercial module and array requirements.
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! As some obstacles could make PV extremely costly, this report makes
] recommendations to the PV industry which will facilitate a more successful !

ro product entrance into the building industry.

e . X 7 . A
LZL . T S Y. T T PR PP dog b PR E SEY © JJ.Y OO O\ i PGy S




et ST e '

e — e e wT ey

B etk e Gl oo ——

Section

TABLE OF CONTENTS

SUMMARY

INTRODUCTION
2.1 Terminology
2.2 Cost Bases
2.3 Units

BUI

LDING PROJECT SEQUENCE

PARTICIPANTS IN THE BUILDING SEQUENCE
4.1 Getting One's Foot in the Door

4.2

MOU
5.1
5.2

Completing the Tramsaction

NTING DETAILS
Introduction
Mounting Detail Descriptions

BUILDING CODES

6.1
6.2

6.3

Introduction

Correlation: Existing Code References to
Photovoltaics

Euilding Code References

6.3.1 Wall Locations

6.3.2 Roof Location

6.3.3 Ground Location

The Mechanisms for Building Code Change

REVIEW AND ELECTRICAL REQUILREMENTS
Introduction

Wiring

Grouanding

Lightning Protection

Electrical Terminatiomn

7.5.1 Standards and Codes Applicable to
Electrical Termination of Photovoltaic Systems

7.5.2 Electrical Termination Design Requirements

7.5.3 Conclusion

Introduction

Historical Background

Industrial Building Systems

Modular Conveantion

Modular Ordering System

Photovoltaic Module and Panel Size and Shape

Page Number
1-1 - 1-5

2=1 - 2-4
2-2
2-4
2-4

3-1 - 3-6

4=1 - 4-20
4=2
4-13

5-1 = 5-6
5-1
5-3

6-1 - 6-107
6-1

6-8
6-27
6-27
6-58
6-92
6-100

7=1 - 7-58
7-1
7-8
7-35
7-40
7-47

7-49
7-52
7=57

8-1 - 8-35
8-1
8-1
8-4
8-11
8-17
8-35

e

|

T ) S e b o b a5 2a i S, o

. we

BTN S



i TABLE OF CONTENTS (Contiaued)

Section
9 ECONOMIC CONSIDERATIONS (OWNER)
9.1 Introduction
9.2 1Insurance
9.3 Tax Deduction
9.4 Utility Rate Structure
9.5 Depreciation
x 10 BUILDING OCCUPANCIES
10.1 1Introduction

11 INSTALLATION COST ANALYSIS
11.1 Iatroduction
11.2 Array Costing
? 11.3 Electrical Wiring/Termination Cost
j 11.3.1 Introduction
5 11.3.2 Conductor Cost
! 11.3.3 Determination of IZR Power Loss Costs
«3.4 Termination Cost
11.3.5 Labor Cost
11.3.6 Results
11.3.7 Cost Drivers
12 OPERATION AND MAINTENANCE
12,1 Introduction
12,2 Characteristics of Maintenance
12.3 Design Criteria Affecting Maintenance

CONCLUSIONS

RECOMMENDATIONS

Page Number

9-1 - 9-19
9-1
9-2
9-5
9-9
9-14

10-1 - 10-7
10-1

11-1 - 11-50
11-1
11-1
11-13
11-13
11-19
11-22
11-24
11-25
11-25
11-48

12-1 - 12-15
12-1
12-2
12-7

13-1 = 13-4

14-1

PP T T L Rt P W



e e W T TR TR a2y T—. e 4

SECTION 1
SUMMARY

This report presents the results of a study conducted by Burt Hill Kosar
Rittelmann Associates. The objective of the study was to determine the design
; requirements for commercial/industrial photovoltaic modules and arrays. The

r : approach used in accomplishing these objectives was to review existing building
i i codes and their referenced standards for their applicabdility to commercial/
industrial photovoltaic module and array installations; to investigate the
influence of other members of the building industry; to conduct studies of
important attributes of the commercial/industrial building to the array, and
attributes of the modules and arrays to their installation; and to design and

cost a number of array mounting installation types to determine cost drivers.

The commercial/industrial building industry is large and complex with many
players whose jurisdictions may overlap and whose interests may be diametri-
cally opposed. Because of this, it is an industry which relies on laws—-
building codes--to establish a minimum level of construction to protect the
consumer. Supporting building codes (laws) are standards, which are voluntary
and help interpret and measure the law, and manuals of accepted practice, which
advocate appropriate installations and comstructions. Interpretation of the
laws (codes) is left with the local building code official, who may reject a

product if, in his estimation, it does not meel code. To become a reality,

commercial/industrial modules, arrays and photovoltaic power systems will have

] to comply with this existing framework.

To that end, existing building codes and their reference standards were reviewed
to determine what, if any, applicable requirements may be imposed on photovol-
taic modules and arrays. Although this review produced design implications for

modules and arrays, onz major result of the review is that there is no current

building code category for photovoltaic power systems. Consequently, local
building code officials can arbitrarily categorize modules and arrays so that
undue restrictions or outright rejection can occur. In the early stages of
photovoltaic development and implementation, code variances will be sought in
order to permit their use. The variance procedure will require that the

designers of the system and its components supply adequate data and information

1-1
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on photovoltaics, the system and its hardware to allow the local building code
officials to assess its safety for a given installation. To prevent the need
for variances in the future, the photovoltaic module and component manufacturers
must begin a dialog with the model code agencies for the inclusion of photovol-
taics in the code. Requirements for commercial/industrial photovoltaic power
systems and their components should be developed by the consensus process and,
since this is a new evolving technology, these requirements should be couched in
the language of performance statements that are flexible enough to permit rather

than inhibit new technology and development.

As the code development process is a lengthy one, photovoltaic module and com-
ponent manufacturers should begin immediately to incorporate into their designs
code acceptable features. Until adequate dats is available for the code offi-
cial to assess the safesty features of photovoltaic modules, it is recommended
that the design and application be limited to a single function, i.e. an
electrical generator. The code requirements become extremely stringent when
addressing roof and wall sections. This implies the limited use of integral
mounted photovoltaic modules which are shipped to the site as a composite mate-
rial, consisting of the exterior and interior skins of the building. Therefore,
simplicity in design and its application will allow the code official, who may
be uninformed with regards to photovoltaics and its application, to assess
safety. fn the future, as safety and performance data becomes available, the
module manufacturer can address new markets by designing and fabricating

multi-function devices, a building product as well as an electrical generator.

As it takes approximately four years to modify the National Electrical Code
(NEC), a photovoltaic sub-committee has been established to generate appropriate
code statements for the NEC, specifically addressing photovoltaics. The long
term classification of the photovoltaic system as a "Premanufacturered Item with
Internal Wiring" would offer the most latitude for product development while
still preserving the necessary safety requirements. This will also insure
factory quality with regard to internal panel wiring.

In addition, product approval of modules is necessary for their eventual
acceptance by local building code officials. Farly work is needed with approved

nationally recognized testing laboratories to familiarize them with photovoltaic

1-2
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modules. (Underwriters' Laboratories, Inc., is currently under contract to the

JPL/FSA project to investigate safety requirements for modules and arrays.)

Having identified the construction sequence, the participants in the building
process and following the codes and standards review, studies of important
commercial/industrial building and array attributes were conducted; and design
and costing of possible array mounting configurations were performed. An
investigation of the applications where photovoltaics were deemed most likely to
be utilized in the near term and the code restrictions on such occupancies
indicated similar restrictions on the design of photovoltaic modules and arrays.
Therefore, the costs associated with installation of photovoltaics on these
various occupancy types--shopping center, real estate office, dental office,
high school and small machine shop-—are not influerced by the specific
application. Module costs were not congidered. However, all peripheral costs
associated with the support, installation, and wiring of modules to form arrays
were studied. The array area was fixed at 14,400 square feet to permit
normalization of the results. Parametric studies of varying array voltages,
wire lengths, pauel sizes and termination types were performed. The studies, as
was the code¢ standard review, were confined to the module and array and not to

the entire photovoltaic system.

In addition to the above mentioned parametric studies, an investigation as to
the appropriate size and shape of the photovoltaic module and panel was
performed. As a result of this study, it was determined that the module size
providing the most flexibility in its ability to integrate with conventional
industrial/comnercial structural systems would be a 4' x 5' nominal module. It
is important to note that these are center line to center line dimensions and
not actual module sizes. In addition to the module requirements, the maximum
panel size was determined to be 8' x 40', which is the maximum allowable size

which is transportable by truck on the open highway. In order to provide large
panels which will be widely accepted by the design profession, visual, if ot

functional flexibility, must be designed into a panel. Therefore, intra-panel
joints become critical and should yield visual flexibility, allowing the

designer of the building to provide visual sizes and shapes other than the
supplied panel size and shape. This will eliminate the need for the

photovoltaic panel supplier to manufacturer and inventory manv panel sizes.

1-3
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From these studiea, it was determinad that an integraslly mounted array, whets
the modules act as the exterior and interior skin of the building, will bdbe

required to meet extremely stringent code requirements. Therefore, integrally
mouanted arrays and modules designed for such applicatious should not be con-
sidered until adequate data on photovoltaic safety has been gathered. 1t was
also determined that a direct mounted array, wherein modules are a waterproof

.F
|
|
]

membrane, composed of 4' x 5' modules incorporated in a 8' = 40' panel electri-
cally connected using crimp type connectors in a system whose voltage is 600
volts was optimum from a cost and aesthetic standpoint. The installed cost of
this array configuration is estimated to be $12.50 per square meter (1980
dollars). Note that this cost is extremely detail specific and does not include
the cost of the module. Standoff and rack mounted arrays were considerably more
expensive ranging from $15.52 to $24.00 per square meter for the best cases.

The additional costs associated with the rack and standoff mounting concepts are
a result of the increased materials required for the rack and standoff material.

j It 1s important to note that life cycle cost effectiveness of a photovoltaic
array may not be the oal' requirement a potential building owner will use when

oo e R e e e e e .

assessing the desirability of installing photovoltaics ou a building. Typi-
cally, developers, speculators and future owners of commercial/industrial
buildings consider initial cost as far more critical when making a determination
about equipment and building characteristics, and tend to minimize the life

1 cycle cost aspect of their evaluation. This implies the need for an aggressive

sales and marketing campaign by the photovoltaic wmanufacturer and the building
and system designer. In addition, tax credits and depreciation allowances for
photovoltaic systems will play a key role in their potential cost effectiveness

and acceptance in the commercial/industrial sector.

In a commercial/industrial sector, unlike the residential sector, it will be
possible to find photovoltaic modules mounted on wall surfaces as well as roof
surfaces. In this regard, the codes addressed the applications separately; and
module manufacturers will likewise be required to address wall mounted and roof
mounted applications in their design process. Direct mounted roof applications
will be considered roofing materials by building code inspectors. This is an
advantage because roofing materials are required to be qualified by U.L. 790,
“Tests for Fire Resistance of Roof Covering Materials”, Class A, B, or C, which

1-4
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qualifies the roofing as an entity. The roof composites, exterior surface, in

the commercial/industrial sector, msy consist of any of the three roof covering

classifications, A, B, or C, as the critical feature of the roof is the overall
composite fire rating and not the surface saterial.

Standoff and rack mounted arrays may, when sounted on walls, require firestops

behind the array to reduce the potential of flame spread. In addition,

considerations must be given to the penetrations which will occur as s result of
racks and standoff and the prodlems associated with waterproofing. As
previously identified in the Residentisl Photovoltaic Requirements Study,
DOE/JPL 955149-70/1, plastics are addressed in grest detail in the codes; and
their use should be carefully analyzed and restricted as required by the code.
Plastics must be in conformance with a code-specified test, ASTM D635,
"Flammability of Rigid Plastice Over 2.95 Inches in Thickness”.

A means of grounding and lightning protection should be provided in order to
protect persoanel from shock and the array from damage associated with & nearby

lightning strike. Work is currently uaderway at Underwriters' Laboratory to

identify the proper grounding and lightning protection systems.

Finally, modules and arrays should be designed to be maintenance-free and have a
design life of 20 years or more, which is consistent with roofing materials and
building skin materials. As praviously identified to minimize the aesthetic
effects, flexibility must be provided in the panel design to provide sizes and

shape variations visually, while limiting the number of panel sizes manufactured
and housed by the manufacturer.

1-5
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SECTION 2
INTRODUCTION

This report documents a study of design requirements for photovoltaic modules
and arrays used in commercial/industrisl/ianstitutional applications. The study
j vas performed by Burt Hill Kosar Rittelmann Associates for the Engineering Area
| of the Jet Propulsion Laboratory's Flat-Plate Solar Array Project under Coatract
! Nuaber 9355698 as a part of the U.S. Deparcment of Energy's Solar Photovoltaic
‘ Conversion Progranm.

This study emphasizes the need to and means by which the photovoltaic manufac-
turer can begin to understand the decision making process for the commercial/

industrial/inatitutional sectors pertaining to the utilization of photovoltaic
wodules, panels and arrays. The study attempts to take into account present
trends to pradict commercial/industrial/institutional building design require-

_ ments for photovoltaic modules and arrays. 7The study identifies participants
i who have an impact on the utilization of photovoltaic modules, and arrays, how
: and when they impact the design/coanstruction sequence and what the PV manufac-
turer can do to minimize each participant as a barrier to the wides:read
developzent of photovoltaic-generated power utilization.

The direct objectives of this study were:

« Ildentify crucial points and participants in the building project
sequence related to PV module and array utilization.

e ldentify mechanical and electrical design requirements for
commercial/induetrial/institutional photovoltaic wmodules and arrays.

« ldentify salient size parameters for PV modules and select optimm
examples.

o Evaluate potential operating voltages for PV arrays.

« ldentify salient economic parameters and their effect oa PV module and
array design, installation, operation and maintenance.
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To accomplish these objectives, the report acknowledges the realities of the
building industry to the photovoltaic industry. Building codes, an important
set of legal guidelines recognized by participants as the primary source of
regulatory restraint, are reviewed (as are their referenced standards) for
applicability to commercial sector photovoltaic modules and array installations,
Numerous variables impacting size, shape, materials or mounting configuration,
are analyzed. Various array mounting configurations and potential users are
studied to determine economic design criteria and resultant cost drivers. The

results of this effort are presented in this report.

2.1 TERMINOLOGY

Terminology used in the final report are illustrated in Figure 2.1. These
come from the preliminary set of photovoltaic terminology and definitions
established in 1978 by members of the Photovoltaics Program. The term
“Commercial Photovoltaic Power System" was not in the original definitionms,

but is provided for completeness.
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SOLAR CELL--THE BASIC PHOTOVOLTAIC
DEVICE WHICH GENERATES ELECTRICITY
WHEN EXPOSED TO SUNLIGHT

MODULE--THE SMALLEST COMPLETE,
ENVIRONMENTALLY PROTECTED ASSEMBLY
OF SOLAR CELLS AND OTHER COMPONENTS
(INCLUDING ELECTRICAL TERMINATIONS)
DESIGNED TO GENERATE DC POWER WHEN
UNDER UNCONCENTRATED TERRESTRIAL SUN-
LIGHT

PANEL--A COLLECTION OF ONE OR MORE
MODULES FASTENED TOGETHER, FACTORY
PREASSEMBLED AND WIRED, FORMING A
FIELD INSTALLABLE UNIT

ARRAY--A MECHANICALLY INTEGRATED
ASSEMBLY OF MODULES TOGETHER WITH
SUPPORT STRUCTURE AND OTHER COMPONENTS,
AS REQUIRED, TO FORM A FIELD INSTALLED DC
POWER PRODUCING UNIT
BRANCH

SOLAR CELL

-
!

xs

-

CIRCUIT sl il
BRANZH CIRCUIT--A NUMBER OF MODULES OR C v e e o 2
PARALLELED MOD'JLES CONNECTED IN SERIES - 3 -
TO PROVIDE DC POWER AT THE SYSTEM 1
VOLTAGE
PHOTOVOLTAIC. _ _ _ _ _ _ _ _ ___
| POWER SYSTEM

COMMERCIALPHOTOVOLTAIC POWER SYSTEM-- |
THE AGGREGATE OF ALL BRANCH CIRCUITS |
(ARRAY(5)) TOGETHER WITH AUXILIARY SYS- |
EMS (POWER CONDITIONING, WIRING, PRO- |
TECTION, CONTROL, UTILITY INTERFACE) AND |
FACILITIES REQUIRED T CONVERT TERRESTRIAL |
SUNLIGHT INTO ELECTRICAL ENERGY SUITABLE |
FOR CONNECTION TO A BUILDING'S |
ELECTRICAL DISTRIBUTION SYSTEM OR A
UTILITY ELECTRIC POWER GRID POWER

I

Figure 2.1 Commercial Photovoltaic System Terminology
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2.2

2.3

COST BASES

Costs presented in the final report are expressed in 1980 constant dollars
unless stated otherwise.

UNITS

Despite attempts to change it, the United States comnstruction industry
remains rooted in the English system of units. It is not anticipated that
the conversion of the industry to SI units will be easy or painless.

Almost all building codes and their referenced standards use English units.
Rather than indiscriminantly convert all measurements to SI units, it was
decided to leave the English units as best representative of the industry

today.

g




i e ke e

o m———

e e b TV TRES WL s -

B . L TN

SECTION 3
BUILDING PROJECT SEQUENCE

The Photovoltaic manufacturer must address a wide variety of variables in the
commercial/industrial sector if modules, panels and arrays are to be accepted on
a large scale. To address only '"regulation" per se is to ignore some critical
'reality of the building industry' issues. Before getting to an analysis of
barriers to the widespread development of photovoltaics, it is advantageous to
review the building construction progress sequence. Later sections of this
report refer to this sequence often. The sequence itself is fairly consistent

from one project to the next. It usually falls in this order:

. Opportunity Assessment - Developer formulates an idea and solicits an
Architect's services.

. Feasibility Analysis - Financial and regulatory analysis are applied to
the project.

. Project Programming - Users and Technical Consultants provide design
parameter input.

. Design and Engineering - Architects and Engineers produce final
drawings and specifications under the watchful eye of the Owner and
Developer as well as Zoning and Code Authorities,

. Costing/Bidding - Project is let out for bid to numerous Contractors
who compete for the project comstruction contract.

. Construction - Building is actually built by a variety of General
Contractors, Sub-contractors and Trades people under the supervision of
Zoning and Code Officials and the Owner through the Architect.

. Occupancy/Operation - Tenants and Managing agents assume use of the
completed building after the Code Official issues the Certificate of

Occupancy.
Figure 3.1 depicts the complexity of these overlapping participants.

The complexity of the problem does not stop there. Figure 3.2 illustrates the
magnitude of the number of actors involved nationally. Not only does the photo-
voltaic manufacturer have to convince over ten key actors before a project may

utilize the product, those actors are going to change from project to project.

-
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6. CONSULTING ENGINEERS A —y
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Duration and Entry/Exit Points of
Selected Key Actors in Building

Industry Development Process
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*BUILDING TRADE UNIONS

17 UN1ONS
‘GLINNRS 3,500,000 MEMBERS
UNITS
*CONTRACT CONSTRUCTION
GENERAL CONTRACTORS
'"':::::‘ WHO SPECIALTY CONTRACTORS
305,650 UNITS
INSURANCE CARRIERS CONTROLS
RELATED INSTITUTIONS BUILDING? \
© GOVERNMENT
STHE DESIGN PROFESSIONALS STATE AND LOCAL OFFICIALS

ARCHITECTURAL & ENGINZERING CODE EMFORCEMENT

SERVICES BOUSING AUTHORITIES
RELATED ACTIVITIES; E.G., ZONING OFFICIALS

PLANNING LICENSING & INSPECTING AI'THORITIES
21,260 + UNITS 14,000 + AGENCIES

FEDERAL GOVERNMENT
) HUD: 36 PROGRAMS DIRECTLY RELATED
OTHER DEPARTMENTS AMD AGENCIES
© KATERIALS

RAV INPUT (LUWBER, STEEL,
ALUNINUM, COPPER, CEMENT,
ETC.): ALMOST 1001 OF MATION'S
LUMBER OUTPUT, NEARLY ALL OF
CEMENT, CLAY, STONE, ASPHALT;
AND GYPSUM; WALF OF TME STEEL;
ONE-THIRD OF COPPER AND ALUNINUN.

FINISHED PRODUCTS

$ - 10,000 ONITS

Figure 3.2
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The pertinent question asked in Figure 3.2 is "who controls building?". The
answer iR - it depends upon the time frame of the project in the comstruction
sequence. There are obviously some critical points in the sequence where a
decision for or against photovoltaics is a life or death one for the product.
These will be identified below along with some strategies on how the
photovoltaic manufacturer may encourage favorable decisions. These critical
points occur where individual actors pass judgment on the suitability of the
product to achieve their own particular performance criteria. These may include
efficiency, investment return, hazard to occupant, sesthetics, maintenance,
liability risk, hazard to community, threat to established divisions of
employment or even depreciation for tax purposes.

Photovoltaic manufacturers must know at which point in the construction sequence
to supply particular actors with particular information about PV products.
Otherwise, PV manufacturers can only deluge all actors with all of the existing
data pertinent to all possible criteria and hope the actors will read it.
Another option may be to provide nothing and hope the appropriate actors ask.
Neither of these alternatives is very palatable. Therefore, amalysis of the
building project sequence and the actors involved must identify the critical
points mentioned above when specific actors need specific information about PV
products. Once this is accomplished, each actor's decision must be considered a

possible barrier to the utilization of photovoltaics.
This report will subsequently describe strategies for:

. Encouragement of decisions favoring the use of photovoltaics.
. Encouragement of decisions not eliminating the use of photovoltaics.
. Paths of further study where present strategies seem ambiguous or

unclear.

The image painted above seems to portray the building industry as the nine-
headed Hydra which sprouts two more barriers for photovoltaic manufacturers to
overcome for every one hurdled. However, there is one set of criteria which
lends order and structure to this complex system, and takes priority over even

economic criteria. These criteria are the assorted regulatory requirements

3-4
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enacted within each of the 14,000 plus agencies listed under "Government" in
Figure 3.2. Government Regulation forms the basic skeleton for the building
industry. 1If we ignore the actors themselves for a moment and focus on a
detailed view of the segment of tho building project sequence from Design to
Construction in Figure 3.3, it is easy to see that code and zoning officials
control, through an inspection/approval/permit issuance procedure, each

step.

Since regulatory compliance is necessary for any building to be constructed,
it must always rank at the top of each actor's list of design criteria
priorities. Therefore, it is necessary to comply with the codes; and the
remainder of the criteria, economic, asesthetic, or technical, are less
critical, although important. The following sections of this report will
give descriptions of the building industry, the players involved, and an
overview of building codes and standards. The primary focus will be on the
building codes as they do or do not address photovoltaic modules, panels and
arrays. As the codes do not address PV directly, interpretations of the
codes will be discussed and the potential influence these may have on the

design of PV modules, panels and arrays.
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SECTION 4
PARTICIPANTS IN THE BUILDING SEQUENCE

The number of actors in the commercial building sector is immense. They fall
into broad categories outlined under the Building Project Sequence section in
Figure 3.2. In the course of design and construction of a building, photovol-
taic modules, panels and arrays must be scrutinized and evaluated by most of the
actors in the process. These actors could include:

. Architects

. Engineers

+ Coatractors

. Subcontractors

. Building Managers

. Building Owners

. Developers

. Bankers

. Insurance Carriers
. Materials Suppliers
. Code Officials

. Zoning Officials

. Federal Safety Inspectors

. Trade Unions

Each of these actors has a varying amount of influence over the building project
and the materials and equipment which are used in the project. Only the deci-
sion of these actors to exclude photovoltaic products, or the increase in cost
of the product (through additional regulatory requirements) stand as barriers to
the utilization of photovoltaics in commercial/ industrial construction. Photo-
voltaic manufacturers must both alert designers to the advantages of available
products as well as minimize or eliminate fears associated with use of the
product. These two issues will be dealt with separately in “Getting One's Foot
in the Door" and “Completing the Transaction" below.
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4.1

GETTING ONE'S FOOT IN THE DOOR

The Design Professional:

The first order of business is to sell photovoltaics to the froant line of
the commercial/industrial construction actors, which include the building
designers, architects, engineers, planners, developers and, as will be seen
below, the code official. It goes without saying that advertising in all
of the places building materials are advertised, be it oral, verbal or
visual graphics, actually generates an interest in either a developer who
seeks to capitalize on photovoltaics or in a designer who seeks to explore

the photovoltaic potential of a project.

However, one of the top questions for designers and developers during
feasibility studies is, "Will photovoltaics pass the scrutiny of regulatory
agencies?" For the design professional, this question is closely tied to
the legal principle of negligence per se (or negligence as a matter of
law). This principle states that in the event of a building code violation

where:

. The building code enactment contemplates or eanvisions an occurrence

which would result in damage,

. Provisions of the building code were designed to avoid such an

occurrence,

. The plaintiff in a lawsuit falls under a class of persons whose

interests were intended to be protected by the building code,

. The building code violation in question was a proximate cause of the

plaintiff's injury or damage,

the design professional assumes personal liability for the consequences of

any resulting personal injury or property damage.

4-2
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These provisions would seem to protect a design professional in the cuse of
a technological innovation such as photovoltaic products which are not even
considered within the framework of existing building codes. However, the
legal principle of negligence per se may be misused. A jury may be biased
against the design professional by elevating common law nagligence,
utilizing the language of building codes, to what the lawyer claims to de
negligence per se. The jury could be further coafused by arguments that
since building codes are enacted for the protection of the public that the
design professional has violated the welfare of the plaintiff by utilizing
materials or methods not sanctioned by building codes. Thus prejudiced,
the jury may become auxious to accco’. the standard of conduct which
building codes offer. Such altered judgmeat could weigh very heavily
against the design professional when the jury establishes fault or
deteraines fair compensatics: for damages. Therefore, design professionals
have a strong disincentive, reinforced by professional liability insurance
carriers, to avoid the use of innovative products and technologies.

Frequently, as would generally be the case with photovoltaic installations,
an agreement would be negotiated with the Building Code Official or
Inspector to permit the safe use of photovoltaic modules, panels or arrayr.
However, in Johnson vs. Salem Title Company 425 P. 24 513, the Oregon State
Supreme Court rejected an architect's claim that a code officilal's approval
for a wall design, which collapsed under heavy wind loading, relieved the
architect of liability. So, even this method of new product introduction
must be cautiously and judiciously utilized by design professionals. When
a designer specifies this new product in prefereace to an established
product, however, the door to legal clajms (filed in the event of product
failure) has been unlocked.

Upon a product's failure, for whatever reason, the building owner is apt to
seek relief from the manufacturer, the installer and the specifier of the
product. However, a manufacturer can fall back on the coateatisn that the
product was never intended to be installed in the manner which the design
professional has specified. The i{nstaller may contend that he was never in
agreenment with the epocification, but faithfully upheld his end of the
contractual agreement. The design professional has no scapegoat, he has

4=3
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been charged with the legal and moral responsibility of designing and
constructing all phases of the built environment. The responsibility for
the designer's own product is graphically stated in this quotation,
extracted over ninety years ago in an age when steam heating equipment was

an ianovative product:

Hubert v. Aiker, {1890) supra, 2 NYS 711,712,

"...No one would contend that in this day an architect could shelter
himself behind the plumber, and excuse his ignorance of the ordinary
appliances for sanitary ventilation by saying that he was not an
expert in the trade of plumbing. He is an expert in carpeantry, in
cements, in mortar, in the strength of materials, in the art of
constructing the wall, the floors, the staircases, the roofs, and is
in duty bound to possess reasonahle skill and knowledge as to all
these things, and when, in the progress of civilization, new
conveniences are introduced into our homes, and become, not curious
novelties, but the customary means of securing the comfort of the
unpretentious citizen, why should not the architect be expected to
possess the technical learning respecting them that is exacted of him
with respect to osther and older branches of his professional studies?
It is not asking too much of the man who assumes that he is competent
to build a house at a cost of more than $100,000, and to arrange that
it shall be heated by steam, to insist that he shall know how to
proportion his chimney to the boiler. It is not enough for him to
say, "I asked the steamfitter," and then throw the consequences of any
error that may be made upon the employer who engages him, relying upon
his skill. Responsibility caaanot be shifted in that way."

There have developed, over the intervening years, techniques for dealing
with poteantial legal problems with respect to specification of innovative
products. If these products are to be selected with proper thought, the
potential performance of the product must be well-documented. The very
fact that a product was conscientiously documented provides a certain
security for the designer. This principle is graphically outlined in
Paxton v. Alemeda County 259 Pac. 2d 934, 938 (1953). 1In this case,
conflicting professional :xierts' testimony as to the suitability of a
particula. roofing system '-iich led to the injury of a falling workman, was
apparently decided by the presence of documentation of the architect's own
structural calculations. In fact, the law only requires the designer to
act using his best judgment in the light of present knowledge commonly held
by practicing design professionals in the same location. Even if reflec-
tion indicates an error, the design professional has performed to the

extent that the law requires.
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The recent statistics dealing with professional liadbility, percentage of

firms experiencing liability claims and resulting professional liadbility

insurance rates, underscore the importance of avoiding legal risk for a

design professional.

See Figures 4.1 and 4.2 below.
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Personal injury, as Figures 4.3 and 4.4 shov, is a relatively small ‘
percentage of claims. Although the percentage of claims for personal
injury have risen from 15.1% in the 1960 - 1964 period, to 23.6% during the
1970 - 1975 period, the percentage of claim cost had risen relatively

less.

o RPN Loy — L o 3 ¥l




DISTRIBUTION OF INCURRED LOSS

w- ¥ £ £ £
= 2
z = 2

1960-1964 19651969 19701975  1960-1975 19601964 19651969 19701375 19601975
I socie injury [ Remodial Conts [ 205 Iniury 0 sosiy twery [ Remedial conts [ 0 o0l
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One final note on personal injury: almost half (48%) of the claims against
design professionals for personal injury are filed by construction workers
or their families. This has occurred despite contracts which clearly
relieve the design professional of construction site safety procedures
responsiblity. The statistical increase of bodily injury claims can be
traced in part to rewritten worker's compensation statutes which immunize

employers from liability claims.

However, the design professional is susceptible to claims along two fronts.
There is no liability immunity from claims for possible third parties who
may be judged responsible. Many states dictate a $50,000 maximum payment
for dzath or permanent disability and claimants must sometimes look
elsewhere for additional compensation. Architects are frequently perceived

to have either the insurance or assets to suit this purpose. The second
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major source of legal claims is from the insurance company attempting to

recover monetary benefits awarded to injured workers. These suits are

brought under the right of subrogation, in the injured worker's name.

Legal counselors advise design professionals to document all phases of *

specification through construction, from the product itself to the manner

which it is applied to a building. Photovoltaic manufacturers could
provide several services which would increase the design professional's

propensity to specify that innovative products: !; 1

. Provide product information, both verbally and orally.

. Provide lists of unbiased consumers who are familiar with the same

product under similar circumstances (including owners, designers,

contractors and inspectors).

. Provide technical literature defining the strengths and limitations
of the product.

. Provide records, when questioned, of bad results or limits to the i

product's usefulness and what is being dome to correct weaknesses.

. Provide information on field representatives and services agents.

U S RT S, T Y PRy PPy e

Include information on warranties.

. Provide assurances that financial and production capacities are not

. Provide information on replacement and maintenance. Address the

: ;
being overextended. ‘

i
possibility of major destructive array failure. '

. Provide for written approval for shop drawings to verify that a PV

module is suited for a particular application.
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. Provide field supervisors for certification of installation

techniques on major projects.

. Provide installation safety procedures for contractors. Identify

safety hazards to installers.

Professional designers must be skeptical of innovative products, least they
leave themselves open for harsh penalties by the legal community. Early PV
installations will not be sanctioned within the existing framework of the
building codes. The design professional will be asked to bear the legal
and moral responsibility for the potential failure of PV modules, panels
and/or arrays. It is of paramount importance that the manufacturer of
photovoltaic products provide design professionals with as much technical
data as possible. To enable the designer to assume the risks associated
with the specification of an innovative product, the designer must be able
to rationally defend a PV installation. A product which is not regulated
by building codes must live up to minimum public expectations for personal
safety and welfare. These expectations must be interpreted by the building
code official from the building code. Such an interpretation is made on
the basis of two separate types of information. One is a comparison
between an innovative product and some particular material or assembly
referenced within the building code document. Such a comparison may be
made on the basis of similar functions or similar materials. For instance,
a sloped PV module which covered window openings, in an awning like manner,
may be required to comply with the ccde requirements for awnings. The
second type of information which building code officials may draw upon for
PV arrays to comply with existing building codes is the overall minimum
level of safety which the code affords to the public. If, in the opinion
of the code official, the array does not achieve that minimum level of
safety, the array will be disallowed. Therefore, the design professional
must work in concert with the manufacturer and the code official in the
design and subsequent approval of PV arrays prior to their normal

acceptance in the building codes.

The utilization of innovative productc such as photovoltaics suggests a

tremendous reliance on the interpretation of the code documents, as they

4-8
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exist. As a previous section on Building Project Sequence suggests, the
Building Code Official is involved continually through the project and has
ample opportunity to deny or to festrict the use of photovoltaics so that
the design professional must consider from the very conceptualization of
the project the attitude of the local code official toward this new
technology. Figure 4.5 identifies instances where PV manufacturers might

provide technical support for design professionals.

Code officials are the chief code enforcemeant authorities. They are
responsible for seeing that those engaged in the building industry adhere
to the requirements of the building code. To understand the personalities
involved, it would be valuable to understand some of the incentives and
disincentives of the office. As recently as the 1970's, the median salary

of the chief code official was $10,586, as can be seen in Figure 4.6.

Minisum and Maximm Salaries of Building Officials
by City Size: 1970

Nusber of Median Sslary of
Cities legﬁrtig Median Salar Chief Building
City Size Beginning imum Beginning Maximum Official
Over 500,000 12 12 $10,002 $15,833 $21,712
250,000~500,000 11 1 7,818 10,683 16,650
100,000-250, 000 53 52 7,869 9,956 16,017
50,000-100,000 95 95 7,993 9,995 12,750
25,000-50,000 173 179 7,636 9,653 11,693
10,000-25,000 206 220 7,134 9,085 9,387

All Cities 575 598 7,490 9,600 10,586

Source Computed from 1970 Survey of Local Building Departments by
Charles G. Field and Francis T. Ventre.

Figure 4.6

Only large cities can afford the training programs and incentives necessary
for a strong staff. Advancement in a building department is limited by its
typically small size. Generally speaking, these officials are not covered

by civil service and few belong to unions. More than 857 of all building

4-10
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officials reporting in 1970 serve without term of office, at the whim of

. .«
PRI e S,

political appointment. Helf of the remainder hold only single year ’\ki
appointments., See Figure 4.7. The code official is subjected to continual ‘

political pressure.

Chief Dullding Officish Appeinted for Term of Offics: 1970 [

Appointed for Term Number of Oities Reporting Percent i
Yo 1" 118
No 1 %3
Total %6 100.0

Souscs: Computed from 1970 Survey of Local Building Depassmeats by
Charles G. Field and Francis T. Ventre.

L e B

O g o

.
Toble 3-9 .
Term of Office for Chief Building Officlals: 1970 ‘
1
Number of Years Mamber of Cities Reporting ' Percent .
t 8 513 ;
1 2 28 21
1 ] 3 21
-4 2 21
7-18 ° 0.0
16 _1 18 ‘
Totsl us 100.0
Sousce: Computed from 1970 Servey of Local Building Departments by
' Chattes G. Field and Francis T. Ventrs.
: 5
! Y
; Table 3-10 \
Suilding Officials Covered by Civil Service or Repressated by Unicns: A
; By Location and Cty Staes: 1970 $
1
» Ol Serviee % Union Representation % }
No. No. ‘
Reporting  Yes No Reporting  Yes No ‘
i Cvatral City 154 ST 429 1 17 %)
Subwrbea 410 40 80 409 61 909
Independent 320 0 B 0 31 9%
Oty Size
Qver $00,000 1 23 2.7 13 08 62
250,000-500,000 12 33 16 1 333«
100,000-250,000 6 61 M) @ 150 859
50,000-100000 113 $1s A 113 1S s
25.000-50,000 m a9 s 220 68 92
10,000-25,000 as 24 N6 a7 29 a1
Al Gities ) 371 6 9% €S 918
Soutcs: Computed from 1970 Survey of Local Building Departments by Charies G. :
Field and Francis T. Ventre. i
Figure 4.7
; A
: !

In fact, over half of all building officials are 50 years old or older.
See Figure 4.8. Code officials tend to be professionally long lived. The

average tenure for the chief official of a department is seven years.

[SENSROLLL Y

Coupled with the fact that over 90% of the positions in building depart-

ments are appointments of one year or less and that over a quarter of
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building departments responding were one man operations, a picture of

political bureaucracy develops.

Ages of Local Officials: 1970

Number Age
Cities
Reporting 20-29 30-39 40-45 50-59 60 Total

Chief Building

Officer %0 1.6 15.6 30.8 3.8 4.2 1002
Senior Building

Officer 471 1.5 12.7 3.6 36.5 18.7 1003
Most Recently

Appointed

Building Officer 401 8.7 27.4 28.2 28.2 7.8 1002

Source Computed from 1970 Survey of Local Building Departments by
Charles G. Field and Francis T. Ventre.

Figure 4.8

The smaller the building department, the more generally susceptible to
"local" pressures and the longer innovative technologies take to be put

into use.

Occupat ional Backgrounds of Local Building Officiale: 1970

Percent Report in.

Namber Union Bldg. Non-Union General " Other
Reporting Trades Bldg. Tredes Contractor Engineer Architect Govt. Other
Chief Building
Official 815 2.8 21.4 42.4 26.8 8.6 26.8 141
Senior Building
Official 522 3.0 29.3 28.8 6.7 2.3 20.9 14.8
Most Recently
Appointed
Building Official 433 3.1 25.2 29.8 9.9 2,5 20,3 11.5

*Row totals do not equal 100X because some checked more than oae background component.
Source Ccmputed from 1970 Survey of Local Building Depactments by Charles G. Field and Francis T. Ventre.

Figure 4.9

Established building trades resist technological change as an established
political party would resist political change. These established powers
will attempt to preserve the status quo by influencing the susceptible code
official. Except in the largest of cities, code officials are unacle to
shield themselves behind bureaucratic anonymity. Photovoltaic manufac-

turers will have to overcome the established bias of local interests,

4-12
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4.2

competing manufacturers, contractors, materials suppliers, and installers

as well as the political influence which they have imposed upon building

officials against innovative products and technologies.

The burden is upon the photovoltaic manufacturer to get into the smaller
"local" areas to convince code officials of the safety and acceptability of
the PV products, frequently through local design professionals. The
manufacturer must work to establish relations with local materials
suppliers, contractors and installers simultaneously so as to develop their
own place in the established construction industry framework. Education
will be the primary activity in dealing with Building Code Agencies and

personnel.

Getting one's foot in the door is only the first step. There is a great
deal more the photovoltaic manufacturer must do before the transaction is
complete. Granted, once the design professional and the code official
select and approve photovoltaics for use, the bulk of the job of selling PV
has been accomplished. However, each of the remaining actors in the
building sequence has a certain amount of influence in possibly eliminating

or limiting the use of the product:

COMPLETING THE TRANSACTION

After convincing planners, architects, engineers, developers and code
officials as to the acceptability of photovoltaics, there are still other
actors remaining along the path to construction who threaten the eventual
utilization of the product. For example:

. Building owner may dislike the modern image that PV suggests.

. Building manager may fear service and maintenance difficulties.

. 1lnsurance carriers may refuse to cover arrays or may set premium
rates artificially high.

. Contractors and subcontractors may build in an exorbitant fear
factor when bidding a project.

. Trade unious msy compete for the rights to install PV arrays.

4~-13
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Each of these issues is developed below. The problems associated with
these issues are addressed at length, and possible strategies for the

avoidance of pitfalls are suggested.

. Building owner may dislike the modern image that PV suggests.

A building owner can reject PV for any arbitrary reason. By selling PV to
the design professional, (architect or engineer) who acts as the agent of
the owner concerning technical and aesthetic issues, the manufacturer
relinquishes to that design professional the job of securing design
approvals from the building owner. If the design professional is not fully
educated in all of the particulars of the products he is attempting to sell
to the building owner, the owner could easily be frightened away by his own
personal misconceptions. The desire for a more "traditional" or
"“classical" image, for marketing or personal reasons, can disrupt the
normal material selection process. When the architect is not capable of
proper product representation, the manufacturer must educate the building

owner more directly.

. Building manager may fear service and/or maintenance difficulties.

The building manager must devise a plan by which the PV array can be effi-
ciently maintained for both continued acceptable performance and correction
of system damage. Various maintenance tasks require decidedly different
levels of training. The quality and timing of maintenance is more crucial

in certain tasks, and as such, requires tighter organizational control.

No easy formula exists for prescribing what a PV manufacturer can do to
allay the maintenance complexity fears of the building manager. Some of
the salient variables which will determine the eventual maintenance-

managcment policy in a PV project are identified below (see also Section 12

of this report).
Some occupancies may have more serious maintenance problems than others.

For example, schools may experience higher vandalism rates, industrial

users may experience array coverplate soiling by their own smokestack
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emissions, commercial retail establishements may tend to have a small and
poorly trained maintenance staff, and a restaurant may have greasy exhaust
fumes which cloud roof mounted or adjacent arrays. A manufacturing plant
may tend to have maintenance staff experienced in both cleaning and

machinery replacement, well-trained to maintain photovoltaic arrays.

The scale of the building project may be extremely important. A large
single user or a group of smaller users may have the combined resources
necessary to achieve the appropriate blend of untrained and technically
sophisticated employees in house for the building manager to call upon.
Othervise, the manager must count on outside agencies for the cleaning,
painting, inspecting, monitoring and even scheduling. For example: a
school district with a full time maintenance staff could utilize a
district's electrician for the ingpection of the wiring system as well as
the replacement of damaged modules; the district's maintenance director
for the scheduling of periodic inspection, cleaning and evaluation; and a
custodian within the building itself to periodically clean the covering
material and inspect for physical damage. However, a small retail shop or
a doctor's office may not have a building manager and may rely on

maintenance contracts for regular building upkeep.

Studies analyzing the skills necessary for the successful operation and
maintenance of a photovoltaic array could be correlated with studies
identifying personnel and their level of training typically found in
commercial/industrial applications. This would assist photovoltaic
manufacturers in determining the type of maintenance staff or staff support
the industry must provide. Design of the module, panel and array mounting
should be considerate of future preventative and corrective maintenance

staff support.

Insurance carriers may refuse to cover arrays or set premiums
artificially high.




The photovoltaic manufacturer must consider the effect of two distinct
insurance costs. The first, with direct effect on the manufacturer, is

product liability insurance. The second, with an indirect effect on the

manufacturer, is that insurance necessary to protect the building owner

against damage loss or liability peril.

|

Product Liability Insurance:

“The law recognizes that parties in different relationships have
differing standards of care. A party handling dangerous instru-
mentalities, for example, may be held liable where injury occurs, even
under circumstances where the party was not negligent. See Corporale
v. C. W, Blakeslee & Sons, Inc. 149 Conn. 79, 175A 2d 568 (1961).

Under certain circumstances, a party may be said to warrant or

guarantee the fitness or adequacy of a product he manufactures or

sells; if the product is not fit for intended use, the party is held

S T T TR A TR - . T

liable for damages, even though there may be no proof of damages."1

: In the referenced case above, it was necessary for the court to find the .
‘ instrumentality capable of causing harm involved a risk of probable damage
or injury to the extent that it can be termed intrinsically dangerous.

While the design professional is only expected to possess the requisite

skill and knowledge and use his best judgment, despite the possible
; appearance of mistakes or defects in the plans and specifications produced,
the manufacturer is not permitted the luxury or exercising judgmeat or

discretion.

Sapers, Carl M.; Cases and Materials on Construction Law,
manuscript, copyright 1973, p. 57

4-16

R P P S M o R . o . Y . R Py SV N




* e - - - 7 TEEE T e

A G

The mechanics of procuring product liability coverage seem to be rather

clear. The manufacturer retains an insurance broker who negotiates a rate

with the insurance carrier. The procedure looks something like this:

. Manufacturer submits drawings, sketches, specifications,
performance data and anything else which can describe the product

to the insurance company.

. Engineers and technical experts for the insurance comp¢ny analyze
the product and provide comments as well as request clarifications

from the manufacturer.

. Manufacturer clarifies ambiguities in the initial presentation and
considers comments made by the insurance carrier. Manufacturer

then resubmits the presentation to the insurance company.

. Insurance company revises and completes the analysis. A rate is
quoted for the manufacturer.

This procedure is not difficult, but can be time consuming. The average
time span for initial submission to final rate quotation can range from
three months to a year. This task of data submittal, like most of the
other tasks the PV industry will need to perform, is educational in nature.
A time delay in the procurement of liability coverage at a reasonable rate
could delay the initial market infusion date. (A list of product liability
considerations to be addressed by a PV manufacturer has been developed by

Carnegie-Mellon Univ., in a recent study for JPL. DOE/JPL 955846-81/1).

Building Owner's Insurance:

The building owner must protect his interests in two basic ways. The
building owner, like the manufacturer, must be concerned with liability in
the event of personal injury or property damage associated with photovol-
taic arrays. Although the material put in place may be the responsibility
of the manufacturer and the design professional, the methods utilized to

maintain or alter the system are very important from a liability stand-

o
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point. Many warranties are voided by unauthorized maintenance work.

Design professionals, therefore have a certain amouat of protection against

liability for a product which has been substantiaslly altered through
maintenance or renovation.

The second area of protection for a building owner is from damage due to
fire or other calamity. The array is a big investment and to not insure
such that it can be replaced in the event of fire or other natural
disaster, would mean a loss of not only material goods but perhaps even

lost operation time while a substitute power source is sought.

. Contractors and subcontractors may “uild in an exhorbitant fear factor
when bidding a project.

The level of experience that a contractor has concerning the installation
cf & particular system or material assembly, affects the efficiency of the
installation. Cost overruns are rooted in unforeseen problems. Installa-
tion techniques and the cost of special equipment often drive contractors
(a conservative group in general) to pad their bids with excessive material

waste or employee training estimations.

Generaily, contractors cannot successfully bid jobs where they are unfamil-
iar with a material or system. If they are too conservative in their bdid,
then an experienced contractor will more accurately underbid, and if they
are too liberal, job costs will soon create deficits not profits. However,
in a new technology, even the competition is inexperienced. Over the
years, contractors have developed a fear factor for new techniques and

materials. This should establish competitive bids early in PV development.

By developing well defined installation guidelines and procedures by which
the contractor can accurately estimate installation time and naterials,
much of the fear factor can be eliminated. The manufacturer caan conduct
pre-bid seminars for the contractors and subcontractors to eliminate much
of the fear of the unknown. This is a common tactic in relatively young
solar thermal installations. The seminar preseantation can be a bleand of

installation methods; installation labor studics; materials price fluc-~
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tustion dats; and identification of msnufacturer's installation support
services, including warraaties, inspections, supervision and approvals. \
The manufacturer gencrally seeks to allay the fears of coantractors by

, ' correlating the innovative product with materials and assemblies with which
| the contractor will be familiar.

e mtalitia a et il

« Trade unions may compete for the rights to install PV arrays. .

Labor disputes on a building site cause not only headaches for coatractors

but costly time delays and expeasive compromise agreements. Photovoltaic

arrays are quite ambiguous in their installstion needs. The need for elz2c- |
trical connections will make them susceptible to the electrical workers

demanding union representation. The need for mechanical fastenings make

them susceptible to carpenters or sheet metal workers demands for union J

representation. Roofers could also project an argumeat for representation.

.

‘
Trade union disputes occur on the job site during construction., Generally, a
such jurisdictional disputes, as they are called, can be avoided. By ﬁ
developing international agreements which offer guidelines delineating §
specific responsibilities for specific trades, potential ambiguity is

officially resolved.

Jurisdictional disputes could occur on a national level. Poteantially
relevant trade unions should be identified early in the PV manufacturing :
process. Guidelines must be developed which outline the ::-‘es and respon-
sibilities of each trade union. There will be no benefit in prefabricating

electrical or mechanical systems if each and every union will require
representation in the field.

One way to avoid labor confusion on the job site is to depend upon the
dezign professional to specify the installer. This will attentuate the

potential for conflict on the job site. However, if the industry falls

back on this method, they will run & risk. At some time, the design

professional will inadvertently omit installation criteria. This could

lead to a jurisdictional dispute among trade unions competing for work.

i '
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This can, in turn, lead to a snowballing of labor problems on a national
level where a variety of labor unions may claim responsibilities for the
installation of photovoltaic arrays. Labor unions are extremely
conservative with regard to ianovative materials and technologies. They
fear redivision of work and obsolescence. Traditionally, the trade unions
rrovide the greatcst resistance to ianovative products. Older union
members s2e themselves as losing their inherent experience advantage to
younger workers. A poorly planned attempt to legislate an ianternational
agreement may lead to many unions requiring token representation on every

iastallation job, even when not necessary.

- Through proper fore-ight, the PV industry could take the initiative in the

authorship of an international agreement outlining jurisdictional para-
meters for all potential trade unions. These parameters would be organized
through committees of the large natiomal labor unions, such as the Trade
Council of the American Federation of Labor--Congress of International

Organizations (AFL-CIO).

The impact of the labor unions extends into the factory of a prefabricator
as well as onto the job site. In Massachusetts, plumbing in all prefabri-
cated buildings constructed must be installed by Massachusetts licensed
plumbers. 1In addition, the piping installed in a plant must be left
exposed and accessible after the building components leave the prefabri-
cation factory. Any prefabricated construction entering Massachusetts from
another state must have fixtures removed and every inch of pipe uncovered
and all piping ends capped so that the inspector of plumbing can observe

compliance with the Massachusetts State Plumbing Code.
Clearly, any advantage gained in the photovoltaics industry (economically)

through prefabrication can be lost through state or local efforts to

preserve work for their own local interest groups.
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5.1

SECTION 5
MOUNTING DETAILS

INTRODUCTION

The various mounting techniques for photovoltiac modules/panels/arrays in
the commercial/industrial sector can be thought of to consist of four
generic mounting types. These generic types have been previously developed
for the residential market (Residential Photovoltaic Module and Array
Requirement Study, JPL Contract No. 955149), however, their definitive
boundaries appear to effectively describe whatever additional characteris-~
tics a commercial array might impose. It is therefore felt that illustra-
tions and descriptions of these mounting types might be appropriate to
facilitate the understanding of any future reference to them in this

report.

It should be noted, however, taat the commercial/industrial sector offers
more flexibility for the integration of these four generic types than the
residential does. For instance, the increased use of flat roofs in the
commercial/industrial sector could lead to greater application of rack
mounted PV systems. Two further reasons why rack mounted arrays may have
much greater application in this sector are based on size and aesthetics.
The larger commercial/industrial PV arrays will require a great deal more
area than will be required for most residential applications, and
therefore, either a large roof area (most likely flat) or ground space will
be necessary. In either situation, rack mounted modules/panels will
probably appear most feasible. Additionally, the aesthetic problem
encountered in the residential sector with rack mounted arrays is less of a
concern in the commercial industrial sector. The appearance of a
"high-tech" solar PV array on a building in this sector may very well
enhance the image for which the company is striving. These are both
generalizations and may certainly not apply in every case in this sector.
Nevertheless, the reader should be aware that the commercial/industrial
sector is different from the residential sector in many ways, and that
these differences should allow the designer of the PV mounting system a

great deal more flexibility within these four generic mounting types.

5-1
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5.2

As commercial/industrial buildings can be considerably larger than residen-
tial buildings and with the prospects of photovoltaic panels functioning as
building materials, wall mounting of PV arrays must be considered. Each of
the mounting types could be used for wall mounting. Panel function and

cost will be two of the factors influencing such a decision.

MOUNTING TYPE DESCRIPTIONS

The basic mounting types were developed on the assumption that rack and
standoff mounted modules need not form a watertight membrane and that
direct and integral mounted types would be required to form a watertight
membrane for the building structure. Of equal importance, the rack and
direct mounted systems can be used to supp..* modules not capable of with-
standing normal roof loads while the modules used in standoff and integral
mountings must have the structural capability to take such design loads.

The following is a detailed description of each of the mounting types.

1. Rack Mounting. By using a rack mounted photovoltaic array, the

designer has some flexibility in the location of that array. The rack
mounted array can be located on the ground away from the building or on
the roof of the building. This mounting type might also allow for the
change of tilt angle from site to site and from season to season. This
technique also allows for structural independence of the module. That
is, the module can be designed for the minimum amount of structural
rigidity, i.e., resistance to dead loading and wind uplift, and
integrity, thus reducing the cost of the module itself. Because of
easy accessiblity, maintenance can be performed quickly and with
relative ease, thus allowing for reduction in maintenance costs.
Likewise, the costs associated with installation of the array should be

comparatively lower.

There are, however, some serious drawbacks to the rack mounting of PV
arrays. Structural costs for the supports increase as the height of
the array increases. This will cause the maximum realistic slant
height of the rack mounted arrays to be on the order of 16 ft. Rack

mounted modules at grade level are also susceptible to damage and could
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create a safety hazard. Ground mounted arrays may pose land
availability problems, as well as local zoniang ordinance problems. It
may be necessary, therefore, to install fences around ground mountd
arrays resulting in additional cost to the system. While ground
mounted arrays pose special problems, rooftop installations of rack

mounted modules also have their own inherent problems.

Standoff Mount. Elements that separate modules from the roof surface

or wall are known as standoffs. By supporting the module away from the
roof surface, air and water can pass freely under the module,
minimizing problems of mildew and roof leakage. This will aid in
cooling the photovoltaic module, thus improving module efficiency. 1In
the event of a retrofit application, tilt angle can be optimized with

the use of standoffs, thus eliminating dependence on roof pitch.

Standoff modulus will require similar resistance to dead loading and
wind uplift loading as did rack mounted modules, however, the
structural and land requirements may not be as stringent. By utilizing
a frame which has structural integrity, module integrity can be
minimized and module manufacturing costs will then be reduced. Modules
with combustible material or materials that will contribute fuel to
combustion in the event of a fire, could be of concern. They may be
interpreted as contiguous areas of plastic in which case close review

of the codes section on roof coverings must take place.

Direct Mount. Installation of direct wounted modules is accomplished

by anchoring the modules to the roof or walls. The use of this
mounting technique =liminates the need for additive structural
supports. The modules will be placed on the waterproof membrane which

is already on top of the roof sheathing, declining or wall spandral
system. There will be need for module to module and array perimeter
waterproofing and, therefore, the array will act as a waterproof
membrane., There will also be a minimal credit for replacement of some

roofing or siding materials,

>
L)




Sy TATEEETSTL

—————

c

Because of the direct mount system's intimate contact with the roof or
wall, three major problems will exist. First, cooling of this type
module will be a problem, for only the top surface will be cooled by
convection. This will, of course, decrease the module efficiency.
Second, electrical connections must be of a very unique type because
the back surface of the modules will not be exposed for interconnecting
purposes. Because of this, new and innovative techniques need to be
developed for the electrical connection of direct mounted modules.
Third, maintenance will be a problem for the replacement of modules
will be more difficult as interconnects and attachments will be
difficult to access. With the modules mounted directly to the roof or
wall surface, module tilt is, therefore, dependent on roof pitch and
requires the roof to be designed accordingly. Array area is restricted
to the overall area of the south-facing slope of the roof or the south
facade. This will present problems in applications where roof or wall

area is very limited.

This mounting type allows for a broad variety of module design possi-

bilities. The direct mounted module may be as typical as a standard
flat plate module or as specific as shingle type module. Though these
two examples are extreme cases, both are indeed examples of direct
mounted photovoltaic devices. The innovative designer will, therefore,
be able to arrive at many unique solutions to the design problem of

commercial photovoltaic modules for direct mount application.

Integral Mounts. Integral mounting places the module within the roof

or wall construction itself. Modules are attached to and supported by
the roof or wall structural framing members and serve as the finished
roof or wall surface. Due to the structural support given by the roof
sheathing, removal of that roof sheathing may require additional
structural support be given to the roof framing system. Watertightness
is critical to avoid problems of water damage and mildew. As with the
direct mounted modules, the integral mounted module's tilt angle is
determined by roof pitch, and again requires the roof be designed

accordingly. It should be mentioned that the commercial/industrial
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sector could allow for the direct or integral mount to be placed on the

wall of the building, not just the roof.

Modules to be used integrally must be constructed to the standard
building tolerances. Because the array now becomes the roof or wall
structure, modules must be designed to withstand all live loads that

are specified for commercial application.

5-6
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SECTION 6
BUILDING CODES

6.1 INTRODUCTION

European cities, at the height of the industrial revolution, were faced
with a problem of crisis proportions; planning. Modern town planning
sprang from the series of population increases and social reforms sweeping

Europe in the mid-1800's, such as the English Reform Act of 1832 and the

French and Belgian Political Revolutions. The industrial revolution caused

city populations to rapidly increase. Industry could grow even in cities
with no rivers, given the invention of the steam engine and the construc-

tion of canal systems which offered cheap transportation for even the
bulkiest, heaviest goods.

Prior to the industrial revolution, one-fifth of the English population was
urban. By 1830 the proportion of urban to rural was half. Today, only
one-fifth of the English population is rural. By 1835, the feudal

governing institutions were replaced by elected municipalities. They were

responsible for public interventions such as roads, drainage, sewerage,

housing and overall planning. H. M. Croome said of the period:

"But the more the capitalistic technique grows up, the more compli-
cated economic relationships become, the more each man's prosperity
becomes bound up with that of others whom he may never have seen, the
more necessary it is that each one's conduct of his life should come
up to certain minimum standards. The town dweller's health, for
instance, is no longer his own concern; in illness he is far more
likely to infect his neighbors than the country dweller in an isolated
cottage. Social respongibility-~the sense that we are all members of
one body--becomes more important... and so we find, following on the
development of captialism, a paradoxical situation; the individual-
ist'e idea destroys the old solidarity and makes for the growth of
capitalism, and capitalism, in turn, by increasing every individual's
dependence on his neighbor, demands a return to that same
solidarity..."}

H. M, Croome and R. J. Hammond, “Economic History of Britian", London,
1907, p. 207.
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The conditions of the cities, where open sewers fed into the water supply,
every inch of ground was built upon, roadways had no paving, domestic
animals roamed the streets and speculators dictated both housing stock
quality and price, led to the first swipe at regulatory restraint.
Epidemics which spread from neighborhood to city to country to continment

hastened these reforms. Building codes were born.
However, the problems were not wholly solved.

"“Building regulations are unique in that they are as much a statement
of social attitudes and policies as they are of engineering and
technology. To be responsive to one concern is not enough."

Early regulators in Europe found that increasing regulatory requirements
forced the poor to seek less expensive housing far from the center of towm.
Building regulations needed to be more than a statement of acceptable human

standards, they needed to be affordable.

In the United States:

"The law of building codes is grounded upon what is called the police
power of the state. The police power is the source of all authority to
enact building codes. It has never been exactly defined, and indeed
the United States Supreme Court has said that it is 'incapable of any
very exact definition.' Broadly speaking, it is the pgwer of the state
to legislate for the general welfare of its citizens,"

Some State Legislatures utilize State Building Codes as the manifestation of

the State's police power. Most, however, delegate authority to a local
governmental unit such as the municipal government. These locally

designated entities or jurisdications, as they are called, adopt a code
document as the reference document for local comstruction. These code

documents can be self-written or written by a central body. Self-written

codes require extensive research and can be quite expensive. For instance,

2 Howard Markman, FPE, "A Case for More Rational and Explicit Building
Regulations", Ventnar, New Jersey, 1978,

3 From Charles S. Rhyne, "Survey of the Law of Building Codes", 1960.
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the New York City building code, which has been recently enacted, cost over
a million dollars to develop. Generally, a code jurisdiction will adopt a
code document written by a central code official association or modify a
version of such a document. These centrally written documents are called

model building codes.

There are three model building codes which are of primary importance in the
United States. The three are: the Building Officials & Code Administrators
(BOCA) Basic Building Code, the International Conference of Building Offi-
cials (ICBO) Uniform Building Code, and the Southern Building Code Congress
(SBCC) Standard Building Code. FEach of these three codes has a particular

regional sphere of influence. The BOCA Building Code is influential in the

Northeast and Midwest (Figure 6.1).

Ok A .

//%‘ A

Shoded portions indicote orecs where local jurisdictions
hove odopted one or more of the codes.

BUILDING OFFICIALS AND CODE ADMINISTRATORS INTERNATIONAL INC. (BOCA)

Figure 6.1

6-3




influential in the Southeast (Figure

The SBCC Standard Building Code is

6.2).
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indicate areas where local jurisdictions

odopted one or more of the code: .

Shoded portions
have

SOUTHERN BUILDING CODE CONGRESS INTERNATIONAL (SBCC)

6.2
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The ICBO Uniform Building Code is
(Figure 6.3).

influential in the West and Southwest

7

Shaded portions indicate areas where local jurisdictions
hove odopted one or more of the codes.

INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS

Figure 6.3
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If the state by state coverage of the model codes is aggregated on one

map, a fair amount of overlap is observed. In tact, the utilization of each
of the three different model codes studied, in various jurisdictions across
the state, (see Ohio, Texas, Nebraska, Kansas and Oklahoma on Figure 6.4)
may lead to different code documents governing adjacent jurisdictions or

even adjacent structures.
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All three of these model building codes are analyzed below. 1In addition,
two city building codes are snalyzed to show the locally written and
locally adapted model code side of the coin. These two are the Pitteburgh
and Los Angeles building codes. The Pittsburgh Building Code is locally
written and is infrequently updated. The Los Angelea Building Code is an
adaptation of the ICBO Uniform Building Code.

The following three sections describe building codes in more detail. PV
manufacturers must be concerned with two separate phases of building code
interaction. The first is early acceptance, prior to official acceptance.
The second is actually how severely building codes will actually regulate
photovoltaic modules and arrays in the long term. The second section (6.2)
describex in depth the relevance of curreat building codes to photovoltaic
development. This is accomplished by both a description of the existing
code documents and the identification of particular items within code
documents which could be correlated to photovoltaic modules, panels and
arrays. In addition, Section 6.3 attempts to interpret the codes, as
written today, from the viewpoint of the code official. In other words,
all sections of the codes which address a device or application which a
code official may interpret as similar enough to a PV array, even if only
visually similar, have been reviewed and discussed as to its potential
impact on PV, Finally, the fourth section (6.4) describes the means by
which building codes change.

In the very near term, the information garnered from the sections on the
existing code documents is valuable for PV manufacturers. Code officials
will compare a new technology with materials and systems which they are
already familiar. By understanding the structure of existing codes, PV
manufacturers can market a product which will not be objectionable from a
regulatory point of view. It will be seen, after reviewing these sections,
that the easiest means for a manufacture to penetrate the building iandustry
marketplace has the limitation of function as one of its requirements.
Early on the program PV should provide electricity, but should not function
as a complex building component.

 seemaan
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Over the course of time, as technology and the economies of construction
change, so do the building codes. Photovoltaics, as a developing new
technology, is somewhat of an anomaly in the construction industry. The N‘hi

magnitude of utilization for photovoltaic arrays on commercial/industrial

buildings necessary for a successful program demands mention within code

documents. It also demands periodic updating to account for technological

o, o

strides in safety and performance. Likewise, as the use of the single b

function device, i.e., the PV electrical generator, becomes more widespread

and as code officials begin to accept PV hardware and its application on

buildings, manufacturers can begin to design multi-function hardware. This . ?

hardware could be as complex as a wall or roof section. The difficulties ' i
associated with the multi-functional approach become apparent when

reviewing Section 6.2. i

The photovoltaic manufacturer will have an opportunity to provide input to
the code agencies writing the future photovoltaic safety performance codes,.
They muét first understand how codes change and who has the primary
authority to alter the content of the building codes. Section 6.3
identifies some of the inherent barriers to new technology being written

into future codes. It also suggests ways to avoid such interference.

6.2 CORRELATION: EXISTING CODE REFERENCES TO PHOTOVOLTAICS

The building code official is responsible for the enforcement of the code
documents as enacted within that locality or jurisdiction. The building
department has a number of inputs into the building design and construction
sequence as shown in Figure 3.3. The duties include plan check, building [
permit issue, revisions approval, site inspection and issuance of

certificate of occupancy.

RN

Photovoltaics per se are not mentioned in any of the three model codes or |

in any of the city codes analyzed. As a result, any code official

inspecting drawings must approve or disapprove their installation on the ’

basis of correlations which can be made to other known products or

applications. Provisions are made in each of the three model codes (Figure
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6.5) and the two city codes for innovative products and applications to be
utilized.

BOCA BASIC BUILDING CODE 1981 EDITION

Secrion 101.3: Marters Not Provipep For:

ANY REQUIREMENT ESSENTIAL EOR STRUCTURAL, FIRE OR SANITARY SAFETY OF AN EXISTING
OR PROPOSED BUILDING OR STRUCTURE, OR ESSENTJAL FOR THE SAFETY OF THE OCCUPANTS
THEREOF, AND WHICH 1S NOT SPECIFICALLY COVERED BY THIS CODE, SHALL BE DETERMINED
BY THE BUILDING OFFICIAL.

Section 107.4: ALTERNATIVE MATERIALS AND EQUIPMENT

! THE PROVISIONS OF THIS CODE ARE NOT INTENDED TO PREVENT THE USE OF ANY MATERIAL

% OR METHOD OF CONSTRUCTION NOT SPECIFICALLY PRESCRIBED BY THIS CODE, PROVIDED ANY
SUCH ALTERNATIVE HAS BEEN APPROVED. THE BUILDING OFFICIAL MAY APPROVE ANY SUCH

{ ALTERNATIVE PROVIDED THE BUILDING OFFICIAL FINDS THAT THE PROPOSED DESIGN IS
SATISFACTORY AND COMPLIES WITH THE INTENT OF THE PROVISIONS OF THIS CODE, AND

z THAT THE MATERIAL, METHOD OR WORK OFFERED 1S, FOR THE PURPOSE INTEND<D, AT LEAST

! THE EQUIVALENT OF THAT PRESCRIBED IN THIS CODE IN QUALITY, STRENGTH, EFFEC™
TIVENESS, FIRERESISTANCE, DURABILITY AND SAFETY.

Figure 6.5

As can be seen above, with "approval”, anything is possible. This
“approval” is rather subjectively applied when the code official interprets
a photovoltaic array as to whether it "...complieg with the intent of the
"+ “THE BOCA BASIC CODES ARE DESIGNED TO PROTECT
PUBLIC HEALTH, SAFETY AND WELFARE THROUGH EFFICIENT AND EFFECTIVE USE OF
AVAILABLE MATERIALS AND CURRENT TECHNOLOGY." (taken from inside the fromt
cover, BOCA Basic Building Code 1981 edition).

provisions of this Code...

The code official is apt to compare the array with building materials and
subsystems more familiar to him. Correlations between photovoltaic arrays
and modules and materials and subsystems currently addressed within
existing code documents may be made on the basis of similar function or

appearance. The basic function of the photovoltalc array can be found in

- ————.a s,

the definition of photovoltaic: " capable of generating a voltage as a
result of exposure to visible or other radiation".l The resulting

1 Dictionary of Scientific and Technical Terms, McGraw~Hill Book Company,
Daniel W. Lapedes, Editor, New York ©1974, p 1116.
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current which is produced is beyond the competence of the model codes
themselves to regulate. As a result, the model codes defer judgment of
electrical installation and equipment standards to the National Electric
Code (Figure 6.6).

BOCA BASIC BUILDING CODE 1981 EDITION

SecTion 2000.3: ELECTRIC INSTALLATION STANDARDS ‘

CONFORMANCE OF INSTALLATION OF ELECTRIC CONDUCTORS AND EQuUIPMENT To NF1PA70*
LISTED IN APPENDIX A SHALL BE THE PRIMA FACIE EVIDENCE THAT SUCH INSTALLATIONS
ARE REASONABLY SAFE FOR USE IN THE SERVICE INTENDED AND IN COMPLIANCE WITH
PROVISIONS -OF THIS CODE.

* The NFIPA (NaT1onaL FIRe ProTecTioN AssociATION) ARTICLE 70 1S ALSO KNOWN AS
THE NaTional ErecTRIC CODE.

Section 20000.4: Erectric EQUIPMENT STANDARDS

THE MATERIALS, APPLIANCES AND OTHER EQUIPMENT LISTED IN PUBLISHED REPORTS OF
INSPECTED ELECTRICAL EQUIPMENT By THE UNDERWRITERS LABORATORY INc. (U.L.), anD
OTHER APPROVED AGENCIES AND TESTING ORGANIZATIONS, AND INSTALLED IN ACCORDANCE

WITH ANY INSTRUCTIONS INCLUDED AS PART OF SUCH LISTINGS, SHALL BE APPROVED AS
MEETING THE REQUIREMENTS OF THIS CODE.

Figure 6.6

Particular attention should be paid to the phrase "reasonably safe for use
in the service iantended and in compliance with provisions of this code.”
This delegates responsibility for electrical authority approval while
retaining some “approval" (or disapproval) flexibility. (See also Figure
6.5.)

GENERAL STRUCTURE OF BUILDING CODES

When sectors of the construction industry other than one or two-unit
residences are considered, the requirements governing those structures can
become very complex. Model building codes consider such things as the type
of occupant, the area of each floor and the number of stories or vertical
height in determining that level of safety necessary for the comnstituant
materials of a building.

6-10
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Building materials must achieve the level of fire resistance with
structural retention characteristics consistent with the specified
construction type illustrated in Figure 6.7. If we utilize the 1981
Edition of the BOCA Basic Building Code again, Table 401 differentiates

between some of the various structural elemeats found commonly in a

building. (Similar tables can be found in the ICBO Uniform Building Code
1979 Edition, Table 17-A and SBCC Standard Building Code 1979 Edition,
Table 600.)

Figure 6.7 outlines hours of fire resistance required for various building
assemblies. They are '"hours" as defined by a laboratory test written under
the auspices of the American Society of Testing Materials (ASTM). There
are numerous organizations such as ASTM; the American National Standards
Institute (ANSI), the Underwriters Laboratory (UL), and the National Fire
Protection Association (NFiPA), for instance, which author the procedures

for such laboratory tests. Building codes utilize results from these

tests, commonly referred to as standard tests or simply standards, as a
basis for comparison to an arbitrary minimum performance level. These
standard test procedures are not intended to depict actual stress, wear or
hazard to a product or assembly. They do, however, attempt to depict
approximate in service conditions. Frequently, building codes attempt to
restrict materials which cannot perform acceptably uuder the stress of what
may be considered the worst case; the hottest fire, the strongest wind, the
deepest snow or the most debilitating handicap. The issue of worst case

performance standards can be illustrated with an example.

Figure 6.7 depicts fire resistance ratings of structure elements in hours.
These "hours" signify hours of exposure to flame of a certaim
characteristic. A sample is prepared in a particular manner, the edge
conditions being obviously important, and mounted in a special chamber.
Flaming gas jets produce temperatures delineated in Figure 6.8 as a

function of time.
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ORIGINAL PAGE 1S
OF POOR QUALITY

FIREAESISTANCE RATIIGS OF STRUCTURE ELEMENTS Bl MOURS)

; Type of construction Section 401 0 —
E Sttucturai element Type | Type 2 Type 3 Typed
’ Notea Secuon 4020 Sechion 403 0 Seclion 4040 Section 4050
' NONCombus il N bus bd G Combustile
Meavy
Protecied F P timber | Protected | Unp od| Prosected |Unp
»
1A Bl Al D X M » X W@ L] )
Extenor walls (Section 14080 *
and Node b)
1 Fire separation of 30 or More Bearing ‘ 3 2 11 o 2 2 2 ! o
Nonbearing 0 0 0 0 0 0 0 0 0 0
fFire separation of Bearing 4 3 ? 1% 1 2 2 2 1 1
fess than €& 00 Sec 032 R
Nonbearing | 2 2 ™) 1 1 2 2 2 1 1 v o
s0e Sec S2
Fire separation of 6 of more Bearing 4 3 2 1 0 2 ? 2 1 0
dut less than 11" [ Nonbsaring | ¢ H ™11 T ? H H ¥ LN
Fue uunnonol 11 of more Bear 4 3 2 1 0 2 2 2 1 0
but less than 30 *‘ﬁ%ﬁ 3 A A (] LT B T% T LI
2 Fue walls and party walls q 3 H 2 2 2
{Section 1407 O Not less than firg grading of use group—isee Tabdle 1402}
Sections 3120.
3 R v oves (Sactons ~—— Firsreustance ratig corespondung 10 fire rading of use /oup—(ses Table 1408 ——
4 Fne of enits. exit haity
and starways (Sechon 1400 0 and Note c) 2 2 2 2 2 2 [ 2 2 H ;
S Shalts {other than exits) and eievator 2 2 1212 ? 2 2 2 1 1 ‘
ty {Sectron 1410 0 and Note ¢) L. b -
6 Ext access corridors (Note g) v o] 1'0.1 'K 1 1 1 1 1
¢
Vertical separation of tenant spaces 1 0] 1.”1 R 1 1 ° 1 0
¢
7 Dwelling unil separalions v ] IM .l LK 1 1 1 1 1 .
.
Other nonbearing partitsons o 1 o | e, l ol o 0 0 ) ¢ ¢
[
8 inlenor bearing walls. suooom
bearng wtu::‘ons than one I 4 3 2 1 ] soeSec 4040 1 0 1 0 ‘
columns_girders. trusses (other
than roof irusses) and framing | Supporting
{Section 1411.0¢ one tloot only 3 2 1% 1 0 seeSec 440 1V 0 1 0 [
mouom' 3 2 w1 [] seeSec 4040 1 0 ) (] ;
I
9 Structural members supporting walt 3 H Wl 1 0 1 1 0 1 (] 1
__ [Section 14110y Not less than fireresistance (8ling of wall Supported ——— ———— .
10 Floor Construction ncluding bedens Note ¢
! (Section 1412.0y k] 2 ] 1 0 seeSec 40d0l 1 0 1 0
’ ’ !Sulmm H wml ol ) seeSec au0 1 0 1 ]
0 lowest >~ Nolte —— Note d
11 ool construction sncluding | More than 15 but ] ]
’ beams. trusses and framing less than 20°n t 1 1 ] 0 seeSec 440( O 0 1 0
arches and roo! deck (Section | hwgh to Note ¢ Note d
14120 and Note §) fowes! member
20 or more ] I I
in hesght to 0 0 0 0 0 seeSec 440l 0 0 0 (]
3 . towes! member Note ¢ Note ¢
Notes spphicable 1 Toble 401 ¢
Wete 3 For special hegh hazard uses involving 8 higher degree of fire severity and higher ¢ of the ¢ ralmg
for structural elements shall be ncreased accordingly (see Section 600 2)
Note b. The fire separation or fire exposure i feet BS herewn hmrted appites to the distance measured from the Mung face lo the closest mtenor lol ne. the center line of
& street or public Space or an wmagwnary line fwo b on the same property (see del of fre extenor fire exposure in Section 201 0y
fiate ¢ Exit and shatt mw“cmim thiee fioor levels of less shall have  fireresistance 18ting of not less than one how (see Sections 1400 1 3 and 1410 3)
Mote 6. tn Type 3A consiruction. members M are of mateniat other than heavy imber shall have 8 hweresistance rating of not less than one hour (see Secton 122¢ 21
Bt 0. Frre treated wood. complytng with Section 1403 S 1 may be used as provided in Section 1403 § 2 (see Sechon 1405 9)
B fNote {. Where the omisson of fire protection from roof trusses. roof framng and decking 1 mun horizontal or $i0pmg (00fs in busidings of Type 1 and Type 2
consiruction immedialely above such members shall be constructed of L ngth without  specified lireresistance cating. or of
| Type 3A conslruchon 1 mm ot over frve stones or 85 leet 1t hight (see Section 1413 3) .
ote g Exit access cortidors serving 30 or fewsr occupants may have 3 zero lirsresistance rating (see Secton 8104). ¢
fion k. 11001 s 304 8 mm '
Figure 6.7
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Figure 6.8

This is a rough description of ASTM-E 119, Standard Methods of Fire Test of

Building Construction and Materials. The specimen is required to withstand

the stress of a fire hose stream in addition to the heat and flame alone.

If under these conditions an assembly or material can retain its structural
characteristics for a certain period of the time, it is rated for that

amount of time.

This standard was developed originally in 1917. 1t was based upon
experimentation with condemned buildings which were packed full of wooden
combustibles and set aflame. The curve depicted in Figure 6.8 was the
result. This curve is not typical of a fire in wmodern day buildings with
contemporary loading characteristics and furnishings. Figure 6.9 may be a

more accurate portrayal of the time dependent nature of the temperature
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of a fire in comparison with the ASTM E119 curve (shown as a dotted line).
Modern materials burn hotter than the old wood loaded test structures and

the resulting fires terminate after a shorter period of time.

TWAE-TEMPERATURE CURVE
Be00 ULN
§ 1
. - 0e o
-
i
8000| ~F 00 .3

3 Eﬂu

e 7

Figure 6.9

Many of the Standards referenced by the code official are written by
product associations, such as the National Forest Products Association
(NFoPA), American Institute of Steel Construction (AISC), American Concrete
Institute (ACI), Aluminum Association (AA), Brick Institute cf America
(BIA), or the Steel Joist Institute (SJI). Situations where such standards
are referenced within the codes are difficult to supplant with innovative
materials. Generally, when a standard test procedure is written, it tends
to depend directly upon the type of material being subjected to the test.
Fire tests can be misleading in this way. The time dependent temperature
curve illustrated in the previous example points out the differences

between what was common for constituant materials and furnishings in 1917
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and today. There are some real questions as to whether photovoltaic arrays
can be rationally compared to traditional construction with this

perfurmance test.

Further analysis of fire resistance may be found below under fire

resistance rated assemblies for both wall and roof locations.

Figure 6.10 is from the 1981 Edition of the BOCA Basic Building Code and

illustrates an area and height dependence graphically. (Similar tables can
be found in the ICBO Uniform Building Code 1979 Edition Table 5-C and 5-D

and SBCC Southern Standard Building Code 1979 Edition Table 400.)

Figure 6.7 illustrates that as building height and/or total area increases
and as the propensity for hazard in a particular occupancy type increases
(for example, assembly-theatre occupancies are inherently more hazardous
than business occupancies and are, therefore, less severely restricted),

the more restrictive the comstruction type must be.

To further complicate matters, each of the model building codes establishes
areas or zones of particular fire hazard. The terminology varies from Fire
Zone to Fire Limits to Fire District. The criteria which distinguishes
"inside Fire Limits" to "outside Fire Limits" are fairly consistent from
code to code (see Figure 6.11). The ensuing tightening of fire resistance
performance requirements within these Fire Zones, Districts or Limits are
also fairly consistent. Generally, occupancies designated High Hazard are
not permitted within Fire Limits, Wood frame and unprotected combustible
and noncombustible construction are more severely restricted within Fire

Limits.

‘ 6-15
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ORIGINAL PAGE IS
OF POOR QUALITY

HEIGHT AND AREA LIMITATIONS OF BUILDINGS
Meight limitations of bulldings [shown in upper ligure as stories and feet above grade). and area
limitations of one or two story buildings facing on one street or public space not less than 30
feet wide (shown in lower figure as area in square feet per fioor). See Note a.

Type of construchion
Type 1 Type ? Type d Type d
Use grow Non " C 3
Protecied junpro- [Weavy | Pro. [Ungro | Pro ilv‘c
Note b Protected fected |Timber [tected |ftected |iecied |tectec
Now wlw [ [» [x % |» K
S1 7S (St 0(251 30|15 20(260 30285 30(151 20181 0]
ATA - Assembly. thestres Wh 5tage and sconery WA 1140 7500 480 l_n%ﬁnﬁ‘au 5100, w°P
Withou! stage (motion §S1 881350 401281 20351 40135 @028 018t 2018 2
ATE  Assembly Mreatres m:':.m, "_'"L"{ !&nzn_nm (') .m+ 0
451 501351 40251 301181 20,751 30,25 30(181 20 161 2016 X
A2 Assombly. meght ciubs and similar uses 7200 700 37%0| 2400 3600| 3 2000 2550 120
Lecture hally recreation centers | T
A3 Assembly lerminals restaurants ofher than $51 65351 40251 30(15 40|35 40|25 W15 016 N
mght Clubs 850, 13128 A40] 12600 11580 045_0_-_54 “m
w-wunawnﬂiﬁ?-mn@n
A4 Assembly churches schools WNote ¢ M2W| 250 V40 21600| TG0 44D VXD 720
Newmel__ | ___ | Needl Gene
- | muw-wuwuwwwn’mnnnn
Susiness 34200 22500 144D 21600 19800 14400 15300 7200
65: 78 (a5t 50(28 045t 80]351 a0]25 W [28 %0715 2
F Foctery ond miusirel 20| 1500 96 14Mm| 130 $60) 102 40
§51 65351 40]351 40(251 30151 20] 281301 281301151 201181 20
W Mgh ez o e 1680 e 1140 7500 4800 7200 6 | e
§50 751451 50(251 30/ 161 20128t 20|26 30 15 2118 ]
K emonsl. esveind wood 1420 9375| 6000 9o00| 825 6000 637 WP
51 901451 80751 301161 201781 %0125 01181 201161 201
N ey L WA e T
. 51 751451 50(261 301451 035 40128 3025 30181 2
Morcantile 2800 15 9600 14w 13 o 1020 480
1 1001451 S0(381 40|45t 50 451 501251 40 351 40/261 3%
e ke Ve MY DR S S Lo
sum-svwmwmwuvwwdnunis
B2 Resdential mu-tamily 28 15 9600 14400 13200 960 10 o
| wowt| A’T'“' |
451 50(aSt 501361 404 Si 50145 S0/35 40 351 40 28 ¥
L3 Residential one and two tamily ?_‘IE '_‘91'_“." l”‘* '...i* m!j :‘
§51 681451 501261 30(4 51 S0(35 40(281 301261 30 161 2
o oo e S A S e i i i
TSt 851561 65361 40551 65451 501351 40351 40 28 X
i Hrm 23 ":ﬁ'_gpj::w' e
' Temporary mescelianeous |
¥ SO SN (S S | ]
Notes applicable to Table 505

Note 2. See the following sections for general exceptions to Table 505
Section 505 4 Allowable area reduction for multi-story buildings
Section 506 2 Allowable area increase due 10 street frontage
Section 506 3 Allowable area increase due 10 automatic fire suppression system in<tallation
Section 507 0 Unlimited area one story buildings
Section 508 1 Allowable height increase due 1o automatic fire suppression system installation
Note b. Type 1 buildings permitted unlimited tabular heights and areas are not subject to special
requirements that allow increased heights and areas for other types of construction (see Section 506 5)
Note ¢. The tabular area of one story school buildings of Use Group A-4 may be increased 200 percent
provided every classrcom has at least one door opening directly to the exterior of the building Not less
than one half of the required exits from any assembly room included in such buildings shall also open
directly to the exterior of the building (see Section 506 4)
Note d. Auditoriums in buildings of Use Group A-4 of Type 1 2A 2B 3A 3B or 4A construction may be
erected 10 65 feet in height and of Type 2C 3C or 4B construction to 45 feet in height (see Section 508 2)
Note e. For exceptions to height and area imitations of bui'dings of Use Group H see Article 6 governing
the specific use For other special fireresistive requirements governing spe :ific uses see Section 1405 0
‘ml For exceptions to height of buildings of Use Group R-2 of Types2B an.! 3B construction see Section
1
Note g. For height and area exceptions covering open parking structures see Section 628 0
Note h. For height and area exceptions covering petroleum bulk storage buildings see Section 1405 3
Mote i 11o0t=3048mm 11c0t"=0093m’

Figure 6.10
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1981 BOCA BASIC CODE
SECTION 501.2 FIRE LIMITS
THE FIRE LIMITS SHALL COMPRISE THE AREAS CONTAINING CONGESTED
BUSINESS, COMMERCIAL, MANUFACTURING, AND INDUSTRIAL USES OR
IN WHICH THE USES ARE DEVELOPING. THE LIMITS OF SUCH AREAS
ARE DESCRIBED AS BOUNDED BY (TO BE SPECIFIED).
SECTION 501.3 OUTSIDE FIRE LIMITS

ALL OTMER AREAS NOT INCLUDED IN THE FIRE LIMITS SHALL BE
DESIGNATED AS OUTSIDE FIRE LIMITS.

Figure 6.11

Fire Limits were established originally to curtail the danger of
uncontrollable conflagration in these “congested business, commercial,
manufacturing and industrial uses...” The existance of Fire Limits points
to a clear distinction betweea protection from oneself and from one's
neighbors. If statistics show photovoltaic array owners to be "bad
neighbtors”, the PV installation could result in increased cost to building
owners for less flammable comnstruction type materials both for the building
with a PV array as well as neighboring buildings. Zoning ordinances could
begin to exclude the use of phctovoltaic arrays if the danger of expensive
regulatory compliance scares away potential commercial/industrial
development prospects.

PV module cover material may be either glass or plastic. Depending upon

the type of cover material, its performance under standard test procedures
and its historical performance on buildings, the pottant material may be
scrutinized by the code official. This could make almost any module
subject to the inherent restrictions imposed on "plastic” materials.

Alithough the trend is for glass cover material, plastics may play an
important part in the future of photovoltaics. Therefore, the following
discussion will give the reader a portion of the historical development of
plastics in the building industry and, subsequently, its inclusion in the
codes. The PV module manufacturer will then be able to evaluate the
problems of product approval when plastics are uged as cover material.
Note, however, the composite of the module will ultimately be required to
meet code; not the cover material only. (See Section 6.3 for further

discussion on composites.)




In building codes which classify materials on the basis of previous

experience, any new material can present classification problems. How can

it be adequately compared to other materials already utilized and

understood within the context of the construction industry? Plastics have
been in use in the construction industry only since World War II. Clear

acrylic astrodomes originally designed for B-29 bombers began to appear in
residential applications on the west coast. Architects, code officials and

fire marshals began to hurriedly ask; "Where can this material be utilized?

T T e e g -

What safety precautions are necessary? How does it perform under emergency

L conditions?"

!
'E The first problem was the definition of a plastic. Plastic is a generic
term applied to a broad variety of synthetic materials., The word "plastic"
| does in no way accurately describe the performance characteristics of the

specific material in question.

Plastic - noun, chem. One of a large class of synthetic organic
compounds capable of being molded, extruded, cast or otherwise
fabricated into various shapes, or of being drawn into filameats for
textiles.

Plastic is a non-technical term which is popularly applied to hundreds of

materials.

“How do you provide for tke control of something as dynamic, something
as multifarious, something as heterogeneous, as this tremendous,
proliferating line of products of the chemical industry'."‘2

It was the inability of building codes to deal with the variety of
properties possessed by synthetic materials which led to a generic

"“plastic" label. Building codes discuss assemblies such as walls, roofs,

lpunk and Wagnalls Standard Encyclopedic Dictionary; J. G. Ferguson
Publishing Company, Chicago, ©1972, p. 504.

2Fritz J. Rarig, "Codes that Guide the Plastics Industry", Plastics in
Architecture, summer session, June 1967, p. 29,
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stairvells and canopies. However, they also address specific materials
themselves. Articles El¢ 'en and Twelve of the 1981 Edition of the BOCA
Basic Building Code (pp. 229-269) deal with “Matarials and Tests" and

“Steel, Masonry, Concrete, Gypsum and Lumber Construction" respectively.

Article Twenty-Four addresses Light Transmitting Plastic Construction.

In the 1976 Edition of the ICBO Uniform Building Code address materials
throughout Part VI - Engineering Regulations - Quality and Design of the

Materials of Construction. Chapters 24 - 28 address masonry, wood,
concrete, steel and aluminum., Chapter 52 addresses plastics and Chapter 54
addresses giads and glazing. 1In the 1976 Bdition of the SBCC Standard
Building, Code, Chapter 14 - 18 address masonry, steel, wood, lathing,

P g

plaster and gypsum. Chéepters 26 and 27 address light transmitting plestics
and glass.

However, unlike masonry, steel, wood, gypsum or glass, different types of

plastics show a wide range of physical performance characteristics (see
Figures 6.12 and 6.13).

Building codes have not regulated each of the materials which are commonly
termed "plastic'. There were more "plastics", even in the 1960's, :han the
sum of all different “conventional materials" regulated within the codes.
The early emphasis was on regulation which would eliminate rapid burning
plastics. A system of plastics classification which identified rapid

burning, slow burning and self-extinguishing plastics was developed.

The differences between burning rates were established through small scaie
standard test methods which, as can be seen frequently in standards, are
not intended to reflect the actual burning characteristics of the plastics
under in service fire conditions (see Figure 6.14).
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American Society for Testing
and Materials Abbreviations
Relating to Plastics (ASTM
p Standards, Vol. 27, 1968).

Term

~ Thermo-

Thermo-

Abdbreviation plastic setting

Epoxy, epoxide
Perfluoro(ethyl-
ene-propylene)
copolymer
Polycarbonate
Polyethylene
Poly(methyl
methacrylate)
Polymonochloro-
trifluoroethylene
Polypropylene
Polytetrafluoro-
ethylene

Poly(vinyl acetate)
Poly(vinyl alcohol)
Poly(vinyl butyral)
Poly(vinyl
chloride)
Poly(vinyl
chloride-acetate)
Poly(vinyl
fluoride)
Poly(vinyl formsl)
Silicone plastics

Figure 6.12
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EP

FEP
PC
PE

PMMA

PCTFE
PP

PTFE
PVAc
PVAL
PVB

PVC
PVCAc
PVF

PVFM
S1
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1 Burning Rate (ASTM D635) One end ot a ' OR|G|NAL PAGE ls
" OF POOR QUALITY

inch by z-inch by 5-inch horizontal bar of the

plasticis held in a 1-inch high Bunsen burner ﬂ
flame for 30 seconds (Figure 3.16) and the rate ! \
atwhich it burns is noted It if does notignite

after the first 30 seconds the test 1s repeated

Itis generally recommended by the industry that

any plastic that burns faster than 2-'/2 inches per

minute be excluded from building applications,

even though this rate is termed moderate Ma-

terials that burn at less than 1-'/z inches per

minute are termed slow burning. A few rates

are: acrylic, 1.0; styrene, 1.1, polyethylene, 1.0,

most nylons, vinyls, and vinylidene are self-

extinguishing.

Figure 6.14

Plastic materials are defined in terms of two categories of "approved" plastics

as defined in Figure 6.15 below:

BOCA BASIC BUILDING CODE 1981 EDITION

2400.2.1 APPROVED PLASTIC: AN APPROVED PLASTIC SHALL BE ANY THERMOPLASTIC,
THERMOSETTING, OR REINFORCED THERMOSETTING PLASTIC MATERIAL WHICH HAS A SELF
IGNITION TEMPERATURE OF 650 DEGREES F. (343.33 DEGREES C.) OR GREATER WHEN
TESTED IN ACCORDANCE WITH ASTM D1929 LisTED IN APPENDIX A, A SMOKE DENSITY
RATING NOT GREATER THAN 400 WHEN TESTED IN THE MANNER INTENDED FOR USE BY ASTM
E84 LISTED IN APPENDIX A OR NOT GREATER THAN /5 WHEN TESTED IN THE THICKNESS
INTENDED FOR USE ACCORDING TO ASTM D2843 L1STED IN APPENDIX A, AND WHICH MEETS
ONE OF THE FOLLOWING COMBUSTIBILITY CLASSIFICATIONS:

CLASS C1: PLASTIC MATERIALS WHICH HAVE A BURNING EXTENT OF 1 INcH (25
MM) OR LESS WHEN TESTED IN NOMINAL POINT 0.60 INCH THICKNESS, OR IN THE
THICKNESS INTENDED FOR USE, BY ASTM D635 LisTED IN APPENDIX A; OR

CLASS C2: PLASTIC MATERIALS WHICH HAVE A BURNING RATE OF 2.5 INCHES
PER MINUTE (1.06 MM/S) OR LESS WHEN TESTED IN NOMINAL POINT .060 INCH
THICKNESS, Ok IN THE THICKNESS INTENDED FOR USE, BY ASTM D635 LisTED IN
APPENDIX A.

Figure 6.15
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All of the building codes under study here are consistent in this regard.

To deal with the hundreds of synthetic materials and hundreds of conditions in !
which the building industry would utilize those many "plastics", dozens of
standard test methods would need to be written. Instead, building code
promulgators decided upon some small scale tests for plastics and drew an
artificial line through the test performance results. All those plastics having
tests results exceeding the artificial minimum were "approved", all those

falling short of the minimum performance line were not. q j

When the building code officials were regulating plastic materials in the codes,

e ever v,

they first considered the feelings of the fire marshal as described in Figure ¥
6.16 below.

"No building official with any sense is going to propose a code change
which has not first been approved by the fire department, particularly a
change that will provide for the use of combustible materials. We quickly
encountered from the fire officials an almost uniform response. The fire
fighter has first the problem of locating the fire and rescuing occupants. “
He must intentionally enter a building that is on fire to find out if there
is anyone to be rescued. He must locate the people that must be rescued
and carry out rescue operations. Almost simultaneously he has to determine
! how he is going to fight the fire. He must confine it as rapidly as he
} can, He is concerned about contents. He is concerned about heights and
| areas, he is concerned about windows, he is concerned about roof, wall, and
floor construction. The fire fighters said, "Look, we have no prejudice
against your materials. We want them to be used. We hope they will be :
used, but we don't want you to do anything that makes more hazardous the - ]

e o o

conditions that confront us in a building that is on fire. Our
fire-fighting equipment, our safety equipment, our extinguishing devices
are all based on the problems created by conventional materials. We are

familiar with fires. We expect to encounter difficulties in fighting fire.
We don't expect a fire to be safe. We know a fire is dangerous. We are
used to dealing with the hazards created by conventional materials., We do
not want vou to introduce anything into the building that is going to
produce an extraordinary hazard for which we are not prepared, such as a
tremendous amount of smoke or some deadly gas that will knock us out or
make it impossible for us to find the occupants of the building or which b
will kill them under conditions where they shouldn't be killed."

et e s nd il

L

Figure 6.16

lpriez J. Rarig, "Codes that Guide the Plastics Industry", Plastics in
Architecture, summer session, June 1967, p. 36-37.

6-23

e A et



Fire fighters are accustomed to current materials and systems. They are
unattracted to the prospects of hazard based upon new technologies or

materials of which they have a poor understanding.

"This is why the fire fighters insisted that we write into the codes,
as a condition of their approval, a provision that a plastic material
shall produce no more smoke than wood or paper burned under comparable
conditions and shall have products of decompnsition no more toxic in
point of concentration than those of wood or paper burred under
comparable conditions."?

However, as Albert Dietz3 points out in Figure 6.17 below:

"Because the chemical constituents of plastics are
similar to those of wood, paper, and fabrics, the
products of combustion are also similar. What
those combustion products will be in any given
fire depends not only upon the chemistry of the
materials but on the condition of burning. With
plenty of air, the principal combustion products
of most plastics, woods, papers, and fabrics are
harmless carbon dioxide and water; but with an
oxygen deficiency there may be large volumes of
carbon monoxide and smoke. Smoke evolution is
also a function of composition--some of the least
flammable plastics may give off the heaviest
smoke. If constituents such as chlorine,
fluorine, nitrogen, and sulfur are present in the
plastic, they will also be present in the gases
given off."

Figure 6.17

Therefore, the test methods established for comparison of nlastics are

seemingly subjective and should tend to favor particular plastics, mounting

configurations and combustion environments.

Plastic materials are permited in a variety of wall and roof applications

which may pertain to the end use of a photovoltaic array. Among these

are:

ZFritz J. Rarig, '"Codes that Guide the Plastics Industry', Plastics in
Architecture, summer session, June 1967, p. 38.

3Albert Dietz, "Plastics in Architecture', MIT Press, p. 72.
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WALL .
. Plastic glazing (see plastic glazir:3) ’
. Plastic veneer (see veneer)

ROOF
> . Plastic skylight (see skylight)
‘ . Plastic roofing material (see roof covering)

The broad range of properties of the various plastics utilized in
construction are only beginning to be intuitively understood. The many
types of "plastiss" and their wide range of properties make it difficult to
address all of them in the codes. Glass is the opposite case. The
properties for glass, be it heat strengthened, fully tempered, rough rolled

plate or sandblasted are consistent enough to be governed by rough, rule of

thumb comparisons to regular plate or sheet glass as a norm.

The primary concerns for glass as a material are fire safety and impact

Gl i oo

loading. Not only are the occupants of thz building in need of protection

i g . R VTITAT QTYRNTS e o .

from the glass, but passersby below glazing installations must be protected

L2k

from flying debris.

In a wall mounting condition, fire spread is the chief fire safety concern
when analyzing glass. Fire spreead can occur in one of two ways. Either
the fire car come from another building or it can come from another

location within the same building.
The following section on specific code references will:

. Define each code reference

. Describe the restrictions which building codes place on such
restrictions
. Identify PV mounting coafigurations which code officials may

logically correlate with such specific references.

-
s ma o s WwAm Lo e

A summary, conclusions and recommendations section follows the code

references themselves. In cases where correlation is logical and

justified, strategies will be suggested by which photovoltaic manufacturers

can promote such an interpretation. Conversely, when the requirements for
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compliance with building code references (which could be illogically or
unjustifiably correlated to photovoltaic modules, panels or arrays) pose a
possible threat to the long or short range market growth for PV in the

commercial/industrial sectors, strategies will be suggested for "building a

defense" against such an interpretation,

Early favorable interpretations are critical for a speedy and successful
infusion of photovoltaics into the marketplace. 1If a precedence is set for
highly restrictive performance requirements or area restrictiocns, for
instance, an "industry norm" could develop which would take time to alter.

Through education of the building industry and through proper planning,
photovoltaic manufacturers can produce products intended for particular

mounting applications that comply with existing requirements for materials

and assemblies.

During the course of this study, the attempted identification of potential
barriers within the building codes brings to light the possibility that
subjective assessment of photovoltaic products by officials from over
14,000 building agencies is apt to be difficult to predict. As a result,
it is possible only to identify poteuntial interpretations that code
officials could make and discuss the probability of that occurrence. Most
of the interpretations are dependent on the mounting configuration
(integral, direct, standoff, and rack) and location (roof, wall, or

ground). There are eight combinations of these mounting applicationms.

Mounting applications:

. INTEGRAL WALL MOUNT
. INTEGRAL ROQF MOUNT
. DIRECT WALL MOUNY

. DIRECT ROOF MOUNT

. STANDOFF WALL MOUNT
. STANDOFF ROOF MOUNT
. RACK ROOF MOUNT

.  RACK GROUND MOUNT

6-26
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6.3 BUILDING CODE REFERENCES

The information in this section has been divided into the three basic
wounting locations:

. Wall Locations
. Roof Locations
. Ground Locations

Each of these three will be discussed separately. Under each of these
headings a listing will appear which consists of topical areas/sections of

the codes which may be interpreted by a code official as similar to PV or a

PV installation. In this way a manufacturer of photovoltaic modules can

properly design his module for a desired use in preparing a defense or jus-
tification for review by the code official. Each of these three locations
is followed by a summary, conclusions and recommendations section.

6.3.1 WALL LOCATIONS:

The following list of building component assemblies may be
interpreted as having visual or functional similarities with
Integral Wall, Direct Wall or Standoff Wall Mounted PV arrays:

« Awning

« Curtainwall

. Fire resistance rated assembly
« Glazing

o Insulation

. Interior surface finish

« Maintenance equipment support
« Veneer

. Vertical passage firestopping

Along with sections of the building codes which regulate the use of
each assembly, commentary on the impact to the development of PV
markets resulting from restrictions imposed by any such correlations
is presented. Conclusions are stated addressing how much
interpretations should be encouraged or discouraged.
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AWNING:
definition:

Awnings may be either fixed or retractable structures supported
entirely from the building with no vertical supports bearing

directly on the ground.
code restrictions:

A special permit which gives the code official the opportunity to
inspect plans for awnings may be required. Although awnings may
either be fixed or retractable, they must be entirely supported
from the building without vertical support to ground (otherwise they
more resemble canopies). The covering must be 7 - 9 feet above the
sidewalk., They may be restricted in their distance of projection
horizontally. This varies from code to code. The awning may not be
permitted to extend closer than 1 - 2 feet from the curb. It may be
restricted to 5 - 7 feet from the face of the building. Above the

first story, awnings may be restricted to a 4 foot projection.

Generally, awnings are metal, glass or canvas covered. Codes
restrict frame to be of noncombustible materials (according to ASTM
E-136 Test for Noncombustibility of Elementary Materials). When

combustible framing is permitted, it is required to have a one hour

fire resistance rating (according to ASTM E-119 - Methods of Fire

Tests of Buildigggponatruction and Materials). The ICBO Uniform

Building Code, 1976 Edition permits the use of approved (see Figure

6.19) plastics for covering material. Building codes recognize the
secondary function of awnings, i.e. shading or facade decoration.
As such, they permit the covering to be a combustible uaterial

(canvas, or perhaps plastic).
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mounting configuration:

Utilization of "PV awning arrays" may be one way to address the

issue of inclination when mounting an array on a vertical wall. It

is doubtful that there is any advantage to be gained from extending

beyond the projection limits for awnings outlined above. A standoff

wall mounting configuration which has both an "awning appearance" p

and a shading function may be prone to an awning interpretation. 1If |

such an interpretation is made, the restrictions seem to be |
manageable.
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CURTAINWALL:

definition:

Curtainwalls are exterior non=bearing enclosure walls which are not

supported at each story.

code restrictions:

As such, the fire resistance requirements outlined in Figure 6.9
apply. Since a curtainwall supports its entire vertical height on a
direct ground bearing, connection with the primary structural
system of the building must be made with noncombustible, corrosion
resistant anchors. Related assembly requirements may be found under

glazing and veneers.

mounting configuration:

PV arrays integrated into a curtainwall system featuring glazing
and/or spandrel panels will be considered by designers. There are
no perceived barriers to the utilization of photovoltaic modules in
a curtainwall framework. However, the requirements for exterior
surface materials as well as structural dead, wind and earthquake

loading must be considered with curtainwall designs.
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FIRE RESISTANCE RATED ASSEMBLY:
definition:

Hours of fire resistance with structural characteristics retained is
perhaps the most basic of all U.S. building code requirements.
These "hours" are determined by ASTM E119 Methods of Fire Test of

Buildiqg_Conotruction and Materials,

The historical development of

this standard as well as the present day procedure for conduction of
the test is described in detail on Pages 6-13 to 6-15 of this
report, This test method was among the very earliest (1917) to
establish an artificial minimum "standard" by which all assemblies
would subsequently be measured for fire resistance rating. The
portion of the table from ASTM El119 relating construction type tc

exterior wall structural element is repeated for discussion in
Figure 6.18 below.

code restrictions:

FIRE RESISTAMCE RATINGS OF STRUCTURE ELBMENTS (1N MOURS)

Ve of construction sactlon 4010
Twe 1 Twe 2 Twe 3 Twe &
Structurel £lement Section 402,0 Sectlon 4U3.0 Section 404,0 Sactlon 403,0
e o - Ronconbss7ToTe | Te Teabus?TbTo TR
Protected Protected | Ueprotected | Timber Protected | Usprotected ] Protected | Usprotected
L) rLr—u x — X . X — 8
Ticferlor el [ TSectTon T0E.0
ond hote b)
TFire sporation o S0V or more] 4 3 2] 0 2 2 2 \ 0
—Wﬁ L) 0 T ] v T ] L) ] v
TTre capscetion of Tess Than TaarTng T R Y 7 1-1)? L ] 7 k] Bl Y
'Y Seo Sec 903 2
] 7 7 f-v{ — T — 7 7 — 1 Al 1
Ses Sec 303 2
¥ire separetion of &' or wore Taar] L) ) z’* L 0 L ] T ]
vt jess then 11 —m"r"'q 4 Y (v (.3 Y Y Y 3
Fire wparstlon o VIV of aore L4l L] Y 7 Y K ) } 7 A [
tut less thea 30 % | -2 V- LBl B [ Yoo Sacy =171 =T — v
404 0

Figure 6.18

The portion of interest, exterior walls--structural element, is
broken down according to two variables: proximity to other build-
ings, and bearing versus nonbcaring walls, Due to the possibility
of bearing walls losing structural strength in a fire or under the
impact load of a hose stream, they have more strict fire resistance

rating requirements, overall. Likewise, the proximity to other
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buildings is an important variable when considering fire spread; as

the proximity decreases, so do the requirements for fire resistance
(but only for nonbearing walls).

The avoidance of shading problems for PV arrays may dictate a
certain minimum separation from other buildings. Therefore, the
inherent reduction of fire resistance for nonbearing walls at
increased building separations could work to the advantage of the
photovoltaic industry. Bearing walls, however, have the strictest
requirements of any assembly listed in the building codes. ‘These
requirements do not reduce as the distance between buildings
increases as they did for nonbearing walls. Therefore, there is an
incentive to utilize a nonbearing wall to mount a PV array. The
ability to avoid a need for a fire resistance rating for the wall on
which the array is mounted could be critical in avoiding building

code conflict.

The Underwriters' Laboratories Fire Resistance Directory, January

1979 Edition, lists typical wall sectionsl. Various materials
manufacturers combine products to devise these typical wall
sections. The typical wall section is subsequently tested by the
Undervriters' Laboratories in accordance with the test procedures
outlined in ASTM E119 Methods of Fire Test of Building Construction

and Materials., If a fire rating must be attained (see Figure

6.18), there are advantages to having these wall sections "listed".

In the past five years, design professionals have been forced by
code officials to rely more and more heavily upon the hour ratings

listed in the U.L. Fire Resistance Directory for code compliance

requirements, Figure 6.19 shows an example of a fire rated wall

assembly.

lpire Resistance Directory, Underwriters' Laboratories, January 1979
Edition, pp. 472 - 559.
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ORIGINAL PAGE IS
OF POOR QUALITY

Desiga No. 0001
(Pormerly 10~4 Wr.)
Assambly Reting=-4 Nre.

1. Partition Panel Unite®-~Porcelain enamsled panele each ettached to studs of
otesl freme with three No. 8, 3/8 {n. long sheet-wetal screws. OGless-fiber

insulated panels attached on exterior face and uninsulated psnela on
fnterior face of well.

lusterlite Corp.

2. Steel Preme—Attached to masonry with 1/2-in. diem. bolts 1-1/2 in, long and
pansion hors spaced & to 9 in. on both sides of each vertical stud.
Loading not to excesd 8,910 lbs. per stud.
3. Concrete--94 1bs. (1 bag) of cement to & cu. ft. of vermiculite aggregate®
and 0.35 1be. of eir-entraining agent.
Construction Products Div., W. R. Crace & Co. of Canads, Ltd.
Ayde 4 Co., Ltd,, P,
Nyter & Lavellen
Mica Pellets, Inc.
Robinson Insulstion Co.
Vermiculite-Intermountain, Inc.
Vermiculite Products, Inc.
Zonolite Construction Products Div., W. R. Graca & Co.
$Bearing the UL Claseification Merking

Figure 6.19

The "listing" of photovoltaic modules by UL would encourage
designers to specify the products. Designers and code officials
alike have little fear of legal backlash from problems arising in UL
approved products. Designers must only show reasonable care in the
selection of materials "in the light of present knowledge" about
such materials. Code officials likewise must only show that
reasonable proof of public safety is present in the design to
approve construction. The UL classifications and listing is

considered to be adequate proof of safety to the public.
mounting configurations:

Theoretically, each wall section must be rated for fire resistance

according to the ASTM El19 test procedures referenced above. For
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years, code officials permitted layers of materials tc be applied
over fire resistance rated wall sections and assumed that the fire
resistance rating would be retained. However, in more recent years,
code officials interpret additional surface layers as altering the
thermal characteristics of the composite wall section sufficiently
to require new fire resistance ratings (e.g. a typical wall section

with a PV array attachea to the exterior).
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GLAZING:

definition:

Glazing is a term used to descridbe transparent wall panels. Glazing
requirements within building codes were originally conceived to deal
with the problems (particularly fire and impact hazard) associated
historically with glass. With the utilization of synthetic mate-
rials which were transparent, like glass, but had differeant fire and
impact characteristics, the term glazing no longer meant glass
alone. Code officials had come to understand glass and how it
performed under impact and fire loading. Glazing regulation was
entirely material specific, Different types of glass did unot per-
form radically differently. Different manufacturing processes for
glass can alter impact and fire loading characteristics depeading
upon heat strengthening or full tempering, embedding of wire mesh,
annealing, rolling or floasting processes. However, the development
of these processes has not radically altered the tbinking of code
officials about glays. 3ome types of glass are somewhat better than

others under particular forms of fire and impact loading.

The synthetic glazing materials which are curreatly under
development are transparent like glass. However, this is where much
of the correlation ends. Unlike glass, these snythetic materials

may ignite, smoke, degrade in sunlight, produce toxic emissions and

deform over time. In addition, these synthetics, unlike glass, have .

a broad range of physical properties; and there are not just a few
of these synthetics being used in the building industry or being

considered for use, there are scores, perhaps even hundreds.

code requirements:

Code officials gave up long ago attempting to regulate each of the
many synthetic meterials being considered for use in the building

industry. Code officials demanded simplification of these numerous

new synthetics. The result was a set of regulations governing the
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minimum performance of all synthetic materials. They were all

lumped together under the generic classification of "plastics".

The following discussion includes both “glass" and "plastic" mate-
rials regulated by building codes as well as wall mounted “glazing"
assemblies. The differences in requirements for plastic glazing and
glass are outlined. Much of the success of the photovoltaic
industry to produce an economical and safe product hinges on the
constituent materials of the modules. The fact that PV modules are
essentially sandwich panels which have the potential for a wide
variety of constituent materials--glass, acrylic, steel, concrete,
ethylene vinyl acetate, aluminum, polyvinyl butyral, tedlar and
silicon, to name a few--leaves the PV industry open to a very wide

range of material specific requirements found throughout the codes.

Building Codes regulate the use of glass as a glazing material on
the basis of hazard from flame spread and human impact. When
concerned with fire spread, most occupancy types require the use of
a wall panel at least 3 feet in height between glazing mounted one
over the next vertically when the building in question exceeds 3
stories in height. This wall panel or spandrel panel must equal the
rating for exterior walls found in Figure 6.9. Required ratings
depend upon the proximity of the wall to other property or
buiidings. In the case of photovoltaic arrays, due to shading
concerns, an assumption may be made that the proximity to other
structures will be in excess of 30 feet of separation. Spandrel
pan:ls are discussed in greater detail under veneers which follows.
The logic behind this vertical separation is to pr. hibit a fire from
jumping from floor to floor by breaking the window in one room and
exposing the outside of the building to flame until the window on
the next floor breaks, as glass breaks easily under exposure to

flames. (See Figure 6.20)
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“Figure 6.20

Generally speaking, windows are not permitted in walls of buildings

which are within 3 - 5 feet of each other. Window's fire resistance

must be rated at 3/4 hours if well is within 10 - 20 feet. This
fire resistance rating is established through ASTM-E119 Fire Tests

of Building Construction and Materials. Generally, a distance less 3

than twenty feet from the building lire of another structure is an
unacceptable distance for a PV array and, because of potential ’
shading difficulties, is unlikely to occur. A 3/4 hour fire

resistance rating is thus unlikely.

In most occupancy types (except perhaps Assembly and Hazardous

Divisions), approved plastics are permitted as a glazing material.

However, they are restricted to 25-30% of the wall face of the story
on which they are installed. According to the building codes,
automatic fire suppression equipment may raise the permissible area
of glazing to 50-100% of the total wall area per story. The total
square footage of glazing is limited to 12-16 square feet per panel
with a maximum of 3-4 feet of vertical height above the first story
and 10 feet on the first floor. These must be separated from story
tu situry by 3-& feet of noncombustible materiai surface finish, The

plastic materials may not be permitted at heights over 75 feet.
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Photovoltaic arrays interpreted as a plastic glazing material face
some tough restrictions. The discontinuity of the array, forced by
intermediate horizontal bands of noncombustible material, provide
some serious electrical connection problems, as well as the obvious

problem of reduced productive area.

As is seen frequently in the codes, the utilization of fire
suppression equipment relaxes a great many restrictions. This
expense is a substantial one, however, and its justification may
have to come from a number of related benefits. These could include

insurance, total area, aesthetic or other benefits.

BOCA BASIC BUILDING CODE 1981 EDITION

SECTION 201.0 GEMERAL DEFINITIONS:

PLASTIC WALL PANELS: PLASTIC MATERIALS WHICH ARE FASTENED TO
STRUCTURAL MEMBERS, OR TO STRUCTURAL PANELS OR SHEATHING, AND WHICH ARE
USED AS LIGHT TRANSMITTING MEDIA IN EXTERIOR WALLS.

Figure 6.21

Related to plastic glazing is the light transmitting plastic wall
panel, as defined in Figure 6.21. These are typically translucent
or corrugated plastics which integrate iato a similarly formed metal
sheet siding system. These panels are limited in area according to

Figure 6.22 below.

AREA LIMITATION AND SEPARATION REQUIREMENTS FOR PLASTIC WALL PANELS

Max. ¥ area Minimum separation
of ext. wall of panels
Fire separation Class of in plastic Max. sq. ft. (ft.) .
(ft.) plastic _panels single area Vertical Horizontal
Less than 6 ft. -——- NPC NP ——- ---
oft. or more Cl 10 50 8 LY
but less than 11 ft. c2 NP NP -~ -
TIFt. or more 1 5 90 [ T
but less than 30 ft. (¥4 15 70 8 4
ver (04§ L] Not Timited 30 0
c2 50 100 6b 3
Note a See Section 2403 3 for combination of glazing and wall panel area i
Note b See Section 2493 1.5 "9 s P s pernitted
Note ¢ Not permitted
Note d 1 foot = 304.8 mm. 1 square foot = 0.093 m

Figure 6.22
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Due to shading considerations, a fire separation (see Figure 6.23)
of over 30 feet ma- be assumed. Even with Cl plastics (see Figure _
6.22), only 50% of the wall face may be covered with a plastic “\]i
veneer. Although horizontal PV bands of the veneer are possible,

they must be separated vertically by a 3 to 4 foot tand of noncom-

bustible material (as determined by ASTM F136 Test for

P

] Noncomtustibility of Elementary Materials).

{
1
o

BOCA BASIC BYILDING CODE 1981 EDITION
; : secTion 201.0 GENERAL DEFINITIONS: Y
FROM TME BUILDING FACC TO THE CLOSET INTERIOR LOT LINE, TO THE CENTER

LIKE OF A STREET OR PUBLIC WAY OR TO AN IMAGINARY LINE BETWEEN TWO
BUILDINGS ON THE SAME PROPERTY.

r FIRE SEPARATION; EXTERIOR FIRE EXPOSURE: THE DISTANCE IN FEET MEASURED

Figure 6.23

As previously stated for plastic glazing, a module which extends

el
. 2

hagn

through the wall from inside surface to outside surface (found only
in some integral mounting configurations) may be the only applica-
tion where the code official may interpret the module as a plastic

F wall panel. The obvious disadvantage of limited surface area would
provide the same sort of electrical iaterconmnection and surface area
continuity problems encountered in the assessment of plastic =

glazing. : . j
mounting configuration:

Any wall mounted PV array which is inclined from vertical over 15 to

30 degrees may be subject to the requirements outlined above. The
appearance of broad expanses of glass or of plastic may lead to a f :
glazing interpretation despite the inability of PV modules to

é transmit light, the common function of glaziny materials. Integral

wall mounts would be especially susceptable to.such glazing

3 interpretations.,




INSULATION:

definition:

An insulation material is utilized in most wall sections to inhibit
heat flow, either into or out of a structure.

code restrictions:

Building codes seem to be headed in the direction of mandatory

energy savings features in the interest of public welfare. The Los

Angeles building code refers to the insulative standards set within

the California Administrative Code Title 25. However, this is only }

a possible trend. Insulation to comply with energy savings concerns i
certainly does not need to come within the PV module itself unless

the module is intended to form a prefabricated composite wall panel
which extends from inside surface material to outside surface }

material.

The building codes have another more direct public welfare concern.
Even though the material for insulation is generally protected from b
mechanical destruction with some sort of hard exterior and interior
surface finish, the insulation may potentially become involved in
combustion. Figure 6.26 identifies ten major types of insulation
material. "Combustibility" has been identified according to the

minimum standards established in ASTM E136 - Standard Test Method

! for Noncombustibility of Elementary Materials. Values for surface

spread characteristics, flame spread, fuel contribution and smoke

developed are derived from ASTM E84 ~ Test for Surface Burning

Characteristics of Building Materials results. :

S
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AST™ E136 ASTM E84 \
Insulation Flame Fuel Smoke
Materials Combustibility Spread Contrib. Developed
Cellular Glass Noncombustible 5 — 0
Cellulose Combustible 15 - 40 0 - 40 0 - 45
Fiberglass Noncombustible 15 - 20 5-15 0 - 20 i
Mineral Fiber Noncombustible 15 0 0 '
Perlite Noncombustible 0 0 0
Polystyrene Foam Combustible 5-25 5 - 80 10 ~ 400
Polyurethane Foam Combustible 25 -175 10 - 25 155 - 500
Polyisocyanurate Foam Combustible 25 5 55 - 200
Verwiculate Noncombustible 0 0 0
Urea-Based Foam Combustible 0~-25 0 - 30 0 -

10 K 1
|
Figure 6.24

Five of the ten insulations listed in Figure 6.24 are rated 1
“combustille" according to the results of ASTM E136. Of these five,

o PN, SONE A Y e s e

four are foamed plastics. These are polystyrene, polyurethane,
polyisocyanurate and urea-based foams. The other is cellulose which L

is shredded or milled wood pulp and/or recycled paper.

When analyzing glass versus plastic glazing materials, building
codes regulated the function of "glazing" based upon the material
associated traditionally with glazing: glass. The advent of
“plastics" (see glazing-~plastics, Pages 6-35 to 6-39) forced code
officials to alter their thoughts about light transmitting media.

Foamed plastics had a similar effect on insulation materials.

Typically, fire hazard is approached on a fairly vague and general E

manner as illustrated in Figure 6.25: |

BOCA BASIC BUILDING CODE 1981 EDITION

SECTION 1318.0 THERMAL AND SOUND INSULATING MATCRIALS

1318.]1 - GENERAL: INSULATING BATT3, BLANKETS, FILLS OR SIMILAR TYPES OF
MATERIALS INCORPORATED IN CONSTRUCTION ELEMENTS INCLUDING VAPOR BARRIERS

! AND BREATHER PAPERS OR OTHER COVERINGS WHICH ARE PART OF THE INSULATION,
SHALL BE INSTALLED AND USED IN A MANNER THAT WILL MOT INCREASE THE FIRE
HAZARD CHARACTERISTICS OF THE BUILDING OR ANY PART THEREOF«

Figure 6.25
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Before rhe advent of foamed plastics, prevaleant insulating materials
were mainly noncombustible natural mineral materials; mineral fiber,
fiberglass, cellular glass, perlite and vermiculite. Cellulosic
insulation has some special requirements. They must have a flame
spread rating of 25 or less when tested in accordance with ASTM E84

Test for Surface Burning Characteristics of Building Materials.

Also, they must meet the requirements outlined within CPSC Standard
16 CFR Parts 1209 and 1404; The Consumer Products Safety Commission:

Cellulose Insulation - Interim Safety Standard.

Foam plastics themselves are heavily scrutinized within building
codes. All foam plastics and foam plastic cores in manufactured
assemblies must achieve a smoke development rating of 450 according

to ASTM EB4: Test for Surface Burning Characteristics of Building

Materials. They must also have a flame spread rating of 75 or less

according to the same ASTM E84 test. A half inch gypsum barrier or
the equivalent which provides a 15 minute barrier during a fire is
required between foam plastics and habitable spaces. Such a barrier
must inhibit temperature change of over 250°F as well as remain

intact for the 15 minute period.

Some of these requirements are somewhat relaxed, although not
completely eliminated, when less fire resistive construction is
utilized (such as Types 2C, 3, or 4 in Figure 6.7) in conjunction
with fire suppression equipment. In the end, an array may be forced
to undergo full scale testing to satisfy the building code official

to demonstrate limited flame spread.

mounting conuiguration:

Over the course of time, photovoltaic modules may develop into com-
plete building component wall panels which are utilized in prefabri-
cated construction. Near term, however, the desire to expel heat
from the module as quickly as possible for electrical efficiency's
sake may preclude the use of thermal insulation materials. However,
if for some reason the PV manufacturer should include insulation

materials, the restrictions outlined above would apply.

6-42




o ————————— AT T

INTERIOR SURFACE FINISH:

e et b A

definition:
. ‘ Any material exposed to occupants on the interior of a building
which serves a decorative, acoustical or protective function must
comply with the requirements for interior surface finishes. This
includes any interior exposed comstruction.

code restrictions:

Any surface exposed to the interior space of a building, where

—

occupants will be exposed to and confined with the materials, will

need to meet some minimum requirements for the avoidance of hazard

to occupants. Code officials may be concerned with long-term
degradation of the surface wmaterials. Any flaking, peeling or dust
generation, especially where these materials are recognized as
potentially hazardous to humans when inhaled, ingested or exposed to
skin or eyes, will be disallowed. However, fire hazard is of

particular concern.

Any surface material 1/28" thick (1 mm or 35.7 wmils) which is no
more of a fire hazard than paper and applied to a noncombustible
backer will be permitted on the interior of buildings, Noncombusti-
bility is determined according to ASTM E136 Test for Noncombusti-

bility of Elementary Materials. Also, a noncombustible base covered .

with less than an eighth of an inch of combustible material having a
flame spread rating of 50 or less according to ASTM E84 Test for

Surface Burning Characteristics of Buildin; Materials will be

f permitted.

.?

{ For other interior surface materials not meeting this criteria, a
‘ smoke development rating of over 450 according to ASTM EB84 is not

acceptable, All surface finishes satisfying this requirement are
divided into three groups as described in Figure 6.26.
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BOCA BASIC BUILDING CODE 1981 EDITION OF POOR QUALITY

SECTION 1421.5.3 FLAME SPREAD CLASSIFICATIONS

THE CLASSIFICATION OF INTERIOR SURFACE FINISHES REFERRED TO MHEREIN

CORRESPOND TO FLAME SPREAD RATINGS DETERMINED Bv ASTM EB4 (IESY FOR SURFACE
AS FOLLOWS. CLASS | FLAME

SPREAD, s CLASS 11 FLAME SPREAD 20°/3, CLASS 111 FLAME SPREAD 76-200.

Figure 6.26

Figure 6.27 illustrates the various classifications of flame spread

‘permitted for required vertical exits and passage ways, corridors

providing exit access and room or enclosed spaces. ~
INTERIOR FINISH ﬂE%lRE!IﬂS”
Torr 1dors
vertical providing Rooms or §
[ 313} md‘ o it mlos:d )
Use groups passageways access spaces i
A-1 Assembly, theatres 1 1f 1d
A-2 Assemdbly, night clubs 1 1f e f
A-3 Assembly halls, terminals, !
restaurants 1 1f 1d :
A-4 Assembdly, churches, schools 1 11 111
8 Business 1 1l 111
F Factory and industrial 1 11 111
H  High hazard 1 11 1119
1-1 Institutional, restrained 1 1 1c
1-2 Institutional, incapacitated 1 11 1
M Mercantile walls, 1 11 1 .
ceflings 1 1l 11e
R-1 Residential, hotels 1 11 111
R-2 Residential, multi-family 1 11 111 F
dwellings
R-3 Residential, 1 and 2 family 11 1t 11 )
| dwellings j
S-1 Storage, moderate hazard 1 11 11 ,
S-2 Storage, low hazard 11 11 111

fote a. Requirements for rooms or enclosed spaces are based upon spaces f
enclosed in partitions of the building or structure; and where fire resistance ;
rating is required for the structural elements, the enclosing partitions shall
extend from the floor to the ceiling. Partitfons which do not comply with this
shall be considered as enclosing spaces, and the rooms or spaces on both sides
thereof shall be counted as one in determining the applicable requirements for
rooms or enclosed spaces. The specific use or occupancy thereof shall be the
governing factor regardless of the use group classification of the building or
structure. When an approved automatic fire suppression system is provided, the
interfor finish of Class 1] or 11] materials may be used in place of Class I or
11 materfals respectively, where required in the table.

MNote b. Class 111 interior finish materials may be used in places of

assembly with a capacity of 300 persons or less.

Mote c. Class 111 interior finish material may be used in administrative 5
areas. Class ]I interior finish materials may be used in fndfvidual rooms of
not over 4 persons capacity. Provisions in Note & allowing a change in
interior finish classes when fire suppression protection is provided shall not

apply.

Mote d. Class Il interfor finish materials may be used for wainscoting or
paneling for not more than 1,000 square feet of applied surface area in the
grade lobby when applied directly to a noncombustible base or over furring
st;;pa applied to 3 noncombustible base and firestopped as required by Section
Note ¢. Class 111 interfor finish materisls may be used in mercantile
occupancfes of 3,000 square feet or less gross ares used for saies purposes on
the street floor only. (Balcony permitted.)

fote f. (Lobby areas may be Class II.

Note 9. Where building hefght 1s over two stories, shall be Class II.

flote h. The classification of interior finishes referred to herein
correspond to flame spread ratings determined by ASTM E84 listed in Appendis A 1
as follows: Class I flame spread, 0-25; Class I] flame spread, 26-75; Class ;
111 flae spread, 76-200 (see 5:§tion 1421.5.3). |
Note 1. 1 squan: foot = 0.093

e

Figure 6.27
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As can be plainly seen, less hasardous occupancy use groups (such as

1 and 2 family residential, low and moderate hazard storage)

generally have lower flame spread rating requirements. On the other

! hand, where the consequences of a fire for a heavily populated or

‘ confined space (such as night clubs, prisons, theaters or hospitals)
are severe, the flame spread requirements are severe. Generally,
the flame spread requirements for horizontal and vertical
circulation paths are more stringent than those for rooms and

enclosed spaces.

The requirements for interior surface materials may be satisfied
when the "plastic" material found exposed in the room is in a layer
less than 1/28 of an inch (1 mm or 37.5 mils) thick and applied

% directly to a noncombustible layer as described above. The burden

on the PV manufacturer is to reasonably illustrate that any
“plastic" layer is, indeed, no more of a fire hazard than paper. As
is noted in Figure 6.17, products of combustion from various
plastics (as with wood and thus paper) vary as the composition of
the material and quantity of oxygean available for combustion differ.
The PV manufacturer must assemble reasonable data from various tests
which will convince code officials of the module's safety as an

interior surface finish,

mount ing configuration:

An integral wall mounted module which extends through the wall from
the outside to the inside surface of the building would be the only
mounting configuration of concern for an interior surface finish
incerpretation. Utilizing an inside surface material with a flaue
spread rating lower than Class I, oaly serves to limit the number of
potential instances where a module can be utilized. Plastic
materials utilized in light transmitting applications (see Section

6.22), or those PV modules which a code official may correlate with

plastic glazing, must meet the requirements for interior surface
! finish materials. This may be a particular concern where the module
has what may be interpreted as a "plastic'" substrate exposed to tne

'
|
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interior space. The requirements outlined in this section also
apply to thermal and acoustical insulation when exposed to the

interior sapce of the building.
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MAINTENANCE EQUIPMENT SUPPORT:
definition: \

Maintenance support structure shall be considered to be any device |
which is intended to provide structural support for the safety of |
maintenance employees (both skilled and unskilled maintenance
employees) and instailation personnel, where pertinent. This
structure may include fastening devices for straps, safety belts or
lines or it may include tracks or rails for carts, platforms or

similar maintenance equipment.

code restrictiouns:

Building codes are primarily concerned with the safety of workmen

who must maintain the PV array. Maintenance can be broken down into
two subgroups; preventative (periodic) maintenance and corrective

(sporadic) maintenance. |

Due to the potential need to clean the array or to visually inspect 3
the modules, periodic access to the array may be necessary. When
the array is to be accessed from the outside, any building over 50
feet or 4 stories in height must have anchors or other approved
safety devices for all window openings. If translated to PV, this
could mean anchors for each module or panel. These anchors must be

of approved design and of corrosion resistive materials and attached

securely to the window frame or to the exterior wall of the building
itself. This approval must be subjectively awarded or denied by the

code official. Cast iron and cast bronze are prohibited.

The additional risk of contact with electrically live parts mskes PV
module replacement inherently more hazardous than periodic

maintenance. In addition, replacement of a module may be required

as a result of the physical destruction of the module. The
resulting replacement would be more hazardous yet. Safety lines and

straps could be a4 necessity. Even if an electrical shock itself
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were not to endanger the worker directly, the increased danger of a
fall necessitates special safety precautions. Code officials are &‘l

similarly concerned about conductive materials utilized for
maintenance equipment which may increase the hazard to the worker.

mounting cvonfigurations:

Any wall mounting configurations may be required to have maintenance

support equipment if periodic maintenance is anticipated.
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VENEERS:

definition:

Veneers are thin layers of waterproof exterior surface material
which are either adhered or mechanically fastened to a structural

backer.

code restrictions:

Adhesives may be required to be one quarter to five-eighths inch
thick. They must have half of the area of the veneer directly
adhered to the backer. The total area of an adhered module may be
restricted to five square feet. The greatest single edge may be
restricted to three feet, and the maximum weight per square foot
area is fifteen pounds. If adhered modules weigh less than three
pounds per square foot, there are no dimensional or area
restrictions. Mechanical fasteners must be noncombustible and
corrosion resistant. These fastening devices must carry the
compressive and tensile wind loads applied to modules as well as the
shear loads experienced from dead loading.

Building codes address three different types of veneer msterials
which may be of general interest whea correlating veneers to PV wall
mounted arrays: metal, plastic and glass veneers.

Metal veneers must be made corrosion-resistant by coating materials,

if not inherently resistant., The veneer must be supported on an

approved metal frame which is also protected from corrosion by gal-
vanizing, paint or gsome other approved means. These approvals must

be subjectively awarded or denied by the building official. Metal

veneers may be required to be grounded as deecribed in Figure 6.28.

6-49

T T P Ry RPN I . ey . r) R S T S e me e aame dRa




hadies

S S

vy T

D s S e i - Rt atnie Dbl

BOCA BASIC BUILDING CODE 1981 EDITION
SECTION 1307.4 GROUNDING METAL VENEERS:

GROUNDING OF METAL VENEERS sn %L BUILDINGS SHALL COMPLY WITH REQUIRE-
MENTS o; ARTICLE 20 anD NFIPA 70 (THE MATIONAL ELECTRIC (ODE,
EDITION)«

Figure 6.28

Plastic veneers must be "approved plastics" as defined in Figure
6.15. Plastic veneers may not be permitted above the first story
within fire limits., Outside fire limits, plastic veneer may not be
permitted over 35 feet. Sections of plastic veneer are restricted
to 200 square feet inside fire limits and 300 square feet outside

fire limits. Such sections must be separated by four feet of
noncombustible material vertically., Material must be noncombustible

according to ASTM E136 Test for Noncombustibility of Elementary

Materials.

The ICBO Uniform Building Code permits the use of any plastic veneer

which can pass as a noncombustible material according to ASTM E136

Test for Noncombustibility of Elementary Materials or any material

which has a thickness of less than one-eighth inch which is applied
to a noncombustible backer and has a flame spread rating of 50 or

less according to ASTM EB84 Test for Surface Burning Characteristics

of Buildiggiuaterials. The maximum dimension or area of such

plastic material is not regulated. Otherwise, "approved plastics"

experience the same restrictions outlined above.

For veneers less than one inch thick, the Los Angeles building code
requires that the module be less than four square feet in area. The
greatest dimension of the module must be four feet or less. The
total area of a side or story of a building ragulated by the Los

Angeles building code is 30X coverage with a plastic veneer.
The primary code concern for glass veneers is the secure connection

of the material to the exterior structure of the building. All

codes studied suggest a combined utilization of adhesive mastics,
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corrosion resistant metal ties, and corrosion resistant metal clips.
The greatest area the module can be is ten square feet with the
greatest side being four feet. Special consideration is given to
the edge conditions of the glass. The edges themselves must be
square and not mitred. The corners of the glass must be rounded.
Joints are of similar concern, due to the consequences of fracture.
One thirty second to One-sixteenth inch is necessary for all joints.
Where the units meet a nonresilient edge, a quarter inch joint is
required. In addition, glass veneer may aot be permitted at heights

exceeding 35 feet.

In all wall mounted configurations where the PV array does not
deviate more than 15 to 30 degrces from vertical, code officials may
be prone to look at exterior surface veneer requirements for similar
materials. The two obvious issues are flame spread, as is most
strictly regulated for plastic veneers, and breakage with resulting
potential for pedestrian injury below, as is most strictly regulated
for glags. Obviously, with the exposed surface of a PV module being
either a plastic or a glass, these two related issues are the top
candidates for consideration. The restrictions associated with
plastic veneers may apply to "plastic" PV modules. As is pointed
out in a description of "plastics" as a material, if under fire
conditions the synthetic potant of a PV module makes it perform more
like a plastic, even though the cover material may be glass, the
restrictions associated with plastic veneers may be applied to the
array. The dimensional and total area restrictions associated with
plastics are fairly severe, not the least of which may be the need
to use “approved plastics". Similarly, the need to restrict the
dimension of the module to ten square feet or to a maximum edge of
four feet could hamper the development of a more economical, larger

module.
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mounting configuration:

The PV array, due to the need for occasional module replacement and
periodic maintenance will probably be mounted in a fairly unusual
mounting system which may not correlate exactly with the mounting
systems typically found for veneers addressed in the codes. Due to
the differences in mounting methods between veneers as addressed in
the codes and PV arrays, avoidance of area restrictions placed upon
glass veneers based on the propensity for the units to break,
endangering people below, may be successfully argued by the PV
manufacturer.
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‘Building codes insist that all buildings be firestopped at each v

VERTICAL PASSAGE FIRESTOPPING:

definition:

Any vertical opening which would permit the spread of flame or smoke
in the event of a fire may be required to be plugged.

« weo

code restrictions:

floor, between ceiling and roof and at least at eight foot intervals
to prevent the free spread of flame from one section of the building
to the next. Masonry walls furred with a combustible material must

be firestopped. The materials which are utilized for firestopping
must be noncombustible as determined by ASTM E-136 Standard Test for
Noncombustibility of Elementary Materials. Specific materials

permitted by the codes include: brick, concrete, gypsum, ironm,
steel, asbestos, metal lath, cement or gypsum plaster, mineral wool

and rock wool. i

mounting configurations:

S8ince fire spread prevention is the obvious motivation in the
definition of firestopping, fire dampers may be an alternative to
prevent flame passage through vertical passages. However, due to
the inherent heat generation of a photovoltaic array, a heat
sengitive damper operation mechanism may prove to bc inappropriate.

Fire dampers must meet the requirements of UL 555 Standard for Fire

Dampers. This may prove to be more expensive than firestopping but
more desirable from an array operations performance standpoint. !

Wall mounted PV arrays may be subject to these firestopping
requirements, This could pose some heat transfer problems if
cooling via ducted air from behind is employed, for instance. This
could be particularly important in a curtain wall system which is
structurally independent of the floor. Natural openings would

therefore occur from ground to roof which need to be firestopped. ‘ 4
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WALL LOCATION CONCLUSIONS:

If PV arrays are to be utilized in wall locations requiring a fire
resistance rating, PV manufacturers must consider listing PV arrays

as part of typical wall section in the Underwriters' Laboratory's

Fire Resistance Directory.

It is not difficult to picture Figure 6.19 as a typical wall section

listed in the UL Fire Resistance Directory which may incorporate a

PV module or panel as an exterior surface finish. In addition, it
is not difficult to imagine several PV manufacturers producing
similar products and sharing the expense of the UL test procedure as
concrete manufacturers in Figure 6.19, item number three have.

I1f wall mounted PV array is inclined from vertical at less than 15

to 30 degrees, wall veneers and glazing systems most resemble the
array.

There are many reasons, however, as to why either a veneer or a
glazing system are not a perfect fit. Veneers are restricted
primarily due to their combination of large weight and mounting
s.stems. PV arrays will be very light compared to most traditional
veneers. Also, the function of a veneer is to serve as a surface
£inish, which due to its exposed surface, is also true to the PV
array. Although this function is primarily the same in appearance;
materials and mounting systems for PV wall mounted arrays may mcre
closely resemble glazing systems. The function of a glazing system
is to transmit light, on the other hand, which does not occur in a
PV module.

Veneers are primarily restricted to prevent material from falling
off of a building, endangering people below. This would not be a
primary problem with PV arrays as the mounting details would

probably be more refined than veneers and weight of the PV module
would be significantly lower than most veneer materials. Glazing

systems are primarily concerned with spread of fire and with human
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impact hazard. Plastic surface materials, perhaps including pottant
materials, could cause flamespread hazards. However, if the PV
array were merely a layer over other building materials, there would
not be the same flame spread hazard that is normally associated with
glazing systems as described above under glazing.

For wall applications, there would seem to be some serious incentive
to avoid the use of "plastics" in order to avoid the restrictions
placed on plastic wall panels and glazing. To fall back on the UL
labeling or insurance industry approval of a product as described in
Figure 6.29, may circumvent such a problem. Since the elimination
of "plastic" pottant waterial is unlikely, the performance of glass
covered modules under fire conditions (or, more accurately, under
standard testing procedures for fire performance evaluation) may
loom as the single moet important question mark. If early perform-
ance in standard tests or in service demonstrates that a glass cover
breaks readily and pottant behind smokes, ignites or oozes out, the
entire module could face some of the tough area restrictions imposed
on plastics.
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Over all of these codes and standards and influencing all of
them, including those of the federal government, are the |
standards of the insurance industry. These are embodied in the .
National Building Code and the standards and recommendations of \‘\1
the National Fire Protection Association, the American !
Insurance Association, Factory Mutual, and the Factory %
Insurance Association. This again is an extra legal pattern of !
control. Those who generate these standards and codes make no
claim for them of legal status. Actually, their standards are g
accorded great weight because they are outside the tug and pull )
of political negotiation and stress and are presumed to be ’
objective because they are promulgated by persons solely

i concerned with the highest standards of fire safety and

f electrical safety. They are given great weight by building

officials who are interested in staying out of jail. It is v

axiomatic if a fixture, for example, had a UL label; no jury is

going to convict you for malfeasance becausc you permitted it !

e s eete . .

to be used despite the fact that it might not have been in
accordance with your code., There is, of course, even more
reliance on UL Standards in those localities that don't have a :
code., Almost without exception, a UL approved applicance can )
go in whether there is an applicable regulation or not. Most A
architects and engineers actually specify in terms of UL
requirements and UL labels. A good many plastics have moved
into building--courtesy of the UL label on the appliance or
fixture of which the plastic is a component noswithstanding
anything in the building code to the contrary.

Figure 6.29

Complete through-the-wall sections where the PV array contains all
materials from inside surface material will increase resistance from ‘=

regulatory restriction greatly.

Such a through-the-wall section PV panel will complicate regulatory

compliance primarily by giving more and more opportunity for the

building code official to reject the array. The code official will !

be judging interior surface finish, exterior surface finish, fire

resistance rating, electrical subsystem and insulation wmaterials and 1

unless the most stringent requirements for each is met, the chances

of various code officials rejecting the "prefabricated building

2priee Rarig, Codes that Guide the Plastics Industry, Plastics in

Architzcture, Summer Session, Massachusetts lastitute of Technology, June 1967,
Pp. 26-27.
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panel" are quite high. Remember too that the code official may be
faced with local pressure to resist the use of prefabricated ‘\;
building systems. Local carpenters and contractors may perceive an
adjustment of work allocation which leaves them with relatively less
employment. This could lead to pressure on code officials to refuse
these prefabricated panels as well. Design professionals may object
to a lack of interior surface finish selection or a lack of choice

for thermal resistance coefficients as well. These all point toward
severe disincentives in a complicated prefabricated building panel
approach to photovoltaic panel manufacture and marketing.
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The following list of building component assemblies may be inter-
preted as having visual or functional similarities with Rack Roof,
Integral Roof, Direct Roof or Standoff Roof Mounted PV arrays:

« Awning

« Fire rated assembly

« Fire stopping

« Insulation

« Interior surface finish

+ Maintenance support structure
« Roof covering

« Roof sign
o Roof structure
. Skylight

+ Vapor barrier

Along with sections of the building codes which regulate the use of
each assembly, commentary on .he impact to the development of PV
markets resulting from restrictions imposed by any such interpreta-
tional correlation is presented. Conclusions are stated addressing
how such interpretations should be encouraged or discouraged. When
the discussion(s) are similar or identical to those given earlier
under "Wall Location”, reference will be made to that section.
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AWNINGS:
definition:

The definition and code requirements for awnings, identified under
WALL LOCATIONS, AWNINGS, would apply to roof mounted PV arrays
interpreted as awnings. (See Page 6-28.)

mounting configuration:

Any array mounted at the edge joint wall and roof (see also MANSARD
ROOF, Page 6-74) may be considered to be an awning by code
officials. Code officials are particularly concerned when any part

of a building roof extends over public domain beyond the face of the
vall,
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FIRE RESISTANCE RATED ASSEMBLY:
definition:

The concept of fire resistance rating and its importance to the
regulation of fire safety in buildings is outlined in depth under
WAll LOCATIONS, FIRE RESISTANCE RATED ASSEMBLY (see Page 6-31).
Fire resistance is rated in hours of resistance with structural
integrity retained. These hours are deteramined by comparison of
actual test sample assemblies constructed and exposed to the
temperatures described in Figure 6.10 as a function of time.

code restrictions:

The building codes rate roof system fire resistances as & function
of construction type and, in some cases, of uppermost story ceiling
height as can be se2n in Pigure 6.30.

BOCA BASIC BUILDING COOE 1981 EDITION
FIRE RESISTANCE RATINGS OF STRUCTURE ELEMENTS CIM HOURS)

TI0M | 16 R’Wlﬂﬂ 2] 1-172] 1] 1| O SEE SEC. 404.0| 1] O] 1] O
BRI,
% M 1 1 | 1| 0| O SEE SEC. 404.0] O] 0] 2] O

g'u% 0 O | 0| 0| O] SEE SEC. 4040} O] Of 1} O

Notes APpLICABLE TO TaBLE
NOTE F. WMERE TME OMISSION OF FIRE mm:}m o ru » ROOF FRANING ND SECKING 1S PEANITTED, MORIZONTAL
on swm ROOFS IN BUILDINGS OF Tvee ] o CONSTRUCT 10N [MNEDIATELY ADOVE SUCH MEMBERS SHALL BE

% n?wuuu IATERIALS OF THE REQUINED STRENETH WITHOUY 4 SPECIFIED FIRE AESISTANCE
m Oon O¢ CONSTAUCTION IN BUILDINGS NOT OVER FIVE STORIES OR 63 FEET IN nEieMT (SEE ion

Figure 6.30
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Other model codes simply list a single fire resistance requirement
for roof construction. Some codes typically offer no credit (in
rating reductions) for incressed ceiling height. The values for the
1CB0 Uniform Building Code and the SBCC Standard Building Code are
practically the same as the values for roof construction at 15 feet
or less in height to lowest member depicted in Pigure 6.30.

As can be seen, there is s necessity to achieve a fire resistance
rating within the roof system to be accepted across the entire
spectrum of construction types (and thus extensively in the building
industry). 1In the past five to ten years, the building industry has
developed a greater and greater reliance upon the fire resistance
ratings assigned to particular roofing system designs (such as are
depicted in Figures 6.31, 6.32 and 6.33) as tested and published by
Underwriters Laboratories.
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Mbosive®=—Te bo used vith beord insulation. Applisd ot rete chows Dalew is 1/2 fa. wide
cidbons, apprem. 6 in. 0.C. benseth cach loyer of beard.
. Te D, 7. Geedrich Co.—0.4 gol./100 oq.ft.
Johmo-taville Corp.~~0.4 gal./100 og.fs,
Reflecto-Borrior Sales Co., Ing.~=0.4 gal./100 oq.f¢.
Nisore) ond Pider Bearde®=-Ffor ase. thichaose oad aumber of layers requived, soe belov.
min. thichanse is 2-1/16 (a. whea 1tem 1A (s wesd. Othervise, win. thishases s 1-3/6 ia,
hea pore then one leper (s required, eoch laper of beord to be offoet in Dotk direstions
feon loyer bolov o wia. of ¢ (a. in erder te lop oll jeiste.
Colotes Corp., The—1 loyers, mes. thizhaose 3 {s.
Greleo, Jnc.=2 leyore, wen. thichasse 3 {s.
Johao-toaville Corp.—Nin. 3 loyere, nes. thichunooe § la.
Owene~Corning Pibergios Corp.—] or more loyers, . thichases 3 in,
Precast Concrote Unite®--Bingle- or double-stommed, lightweight or sorpsl weight egpegete.
Soe Precost Ovncretv Unito sstepgory for namee of msavfecturere.
In Liow of Leom Nes. J ond 6, the insuleted Duilt~wp reel covering mey consist of the
folloviag:
A, Oppoum ¥ciibeord®=<| {a. totel thichasee, 34 (n. wide. The wiibesrd (s placed in the
ofhosive ond positionsd oo thet the wall beord ond precast concrete vait jeists are
amin. 6 (n.
Uuited Scotes Gypoum Co.—~Type L.
3. Noof Coveriag®=Clees A, B, or C consisting mmly of 6ais and sopholt (er ooel tar
piteh) ia slternste loyere e opocified in the Building Materiole Directory.
C. Dosmed Plastict~-Nemins) 24 in. Oy 48 ia. oise. Min. thichnoss ¥ in. lemer leger
ﬁ;“od hto“un cophalt Clond coot. Ws adhasive roquired betwesn loyses if anitiple
s are .

Sov Ohonisel Co.=Typs BN

9. Crushed Stono-<tisa. olse 3-1/2 f». mucuudl...m por 100 oq.0t. @ the

outer lager of fammed plestis.
VPoen Plast is®—(Bet Shoun)=—Optisnsl. M.M ll.l plostic lasviotion, 3 by & 1. bessde.
Nie. thichmese § fo. s, thisk ¢ la. d to veol covering by seans of eophelt
glese soat. Cove to bo tohoe to iasure preper adhesion of iosviaticn. Wea applied (o
9970 ¢hes one leyer, Sucesssive lagere ohell o iastallied ever preceding loyer vithewt
otteshmont. Covered with cvushed stong, 1-1/2 fn. nes. olse, presdé e top of Gooued
puutcu.nuol 10 ¢o 20 1b. por oq.02.

1 Ce.

Figure 6.31
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3.

4.

5.

6.

1.

Design Wo. P502
Restrained Assembly Rating--1 Hr.
Unrestrained Assembly Rating--1 Rr.

Design loading to be governed by deflection of L/360.

. ORIGINAL PAGE 1S
= OF POOR CUALITY

Clay Roofing Tiles——¥om. 14 by 9 by 3/4 in. clay roofing tiles, interlocking
lips, with two nailing holes. Mow. weight, 1.1 1b. each. Attached to roof
with 1-1/4 in. long galv. steel barbed roofing nsils. Adjacent rows
staggered 4-1/2 in.
Base Sheet~-Asphalt-saturated rag felt, Classified &9 Built-Up Roofing
Covering Materials* (vee Classified Building Materials Iodex). One layer of
43 1b. felt or two layers of 30 1b. felt. Attact.ed to roof deck with 3/4
in. long galv. steel barbed roofing nails spaced 30 in. 0.C. lengthwise and
18 in. 0.C. scross the sheets. Adjacent sheets overlapped & in.
Roof Deck--Exterior grade plywood, 3/8 in. thick. Attached to crests of
oteel deck units with 2-1/4 in. long self-drilling, self-tapping Phillips~
nsiling strips (Item 4) are used, plywood sheets attached to nailing strips
with 44 nails epaced 16 in. 0.C. along sides and 14 in. 0.C. in the field.
Railing Strips——(Optional)—~Nominel 2 by 3 in. Douglas fir lumber. Spaced
spprox. 48 in. 0.C. perpendicular to steal deck. Attached to crests of ¢
steel deck with 2-1/4 in. long self-drilling, self-tapping Phillips-hesd
steel screvs spaced 24 in. 0.C.
Minersl and Fiber Boards®*—24 by 48 by 1-1/2 in. thick. When nailing strips
are used, boards placed between snd perpendicular to nailing sctrips.

Grefco, Inc.

Johns-Manville Corp.
Steel Roof Deck-——Classified as Steel Ploor and Yore Units.* 3, 4-1/2, 6, or
7-1/2 in. deep galv. units, 12 or 24 in. wide, 20 MSC min, fluted wnits.
Welded to supports 12 in. 0.C. max. 1 Units with interlocking
standing-rib-type side joints button-punched or welded together 36 in. 0.C.
along side joints.

Inland-Ryerson Const. Prods. Co.~-Types IN, R.

Roberteon Co., H. B.~—~Types 5, 21.
Purring Channel—~No. 25 MSG galv. steel, 2-3/8 in. wide by 7/8 in. deep,
spaced 16 in. 0.C. except 6 in. 0.C. at wallboard end joints. Secured to.
oteel deck with a doudble etrand of 18 SWC galv. steel wvire, spaced 24 in.
0.C., inserted through two 1/8 in. diem. holes drilled through crest or
valleys of steel deck or to integral hanger tabs in valleys of steel deck.
Adjoining lengths of channele lapped 6 in. and tied et both ends of lap with
double strand of 18 8WC galv, steel wvire. When no cold-rolled channels are
used, max. depth berween top of furring channel and bottom of steel deck to
be 3 in. Where s large plenus depth is desired, furring chanmels wire tied
with a double strand of 18 SWGC galv. steel tie wire to 1-1/2 in. cold rolled
channels formed from 16 MSC painted steel and suspended frow steel deck with
12 WG galv. steel wire. WNo. 12 SWG wires pig-teiled through deck or
secured to integral steel deck hanger tsbs. Spacing of 1-1/2 in. cold
rolled channels not to exceed 24 in. 0.C.
Wallboard, Gypsum®--5/8 in. thick, stteched with long dimension
perpendicular to furring chennels. Wallboerd fastened to furring channels
with wallboard screws spaced ! in, and 6 in. from side joints end 12 ia.
0.C. in the field of each Doard. Wsllbosrd strip, 3 in. wide by 3/8 fa.
thick, centered over end joints on beck surface of boards. Joints may be
covered with joint tepe and compound or left uncovered.

United States Gypsum Co.~—Foil-backed Type C.
Screw, Wgllboard=-(Not Bhown)-=No. 6 Phillips-type (flathead) self-drilling,
self~tapping ecrews, 1 in. long. Screv heads may be exposed or covered with
joint compound. Screws may be driven either flush or slightly indented (mot
deeper then 1/64 in.) into the exposed surface of the wallboard.

*3¢aring the UL Classification Merking

Figure 6.32
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Design. Bo. MOS
Restrained Assembly Rating—-3 Hr.
Unrestrained Assesdly Rating=-3 Hr.

L
1
|
1. BRoof Covering®—Class A, 3 or C Built-Up Roof Covering Materisle consisting
only of felt end esphslt (or coal tar pitch) Materials in alternste layers.
B8ee Building Materisls Directory.
2. Perlite Concrete—6.2 cu. ft. perlite concrete sggregate® to %4 1b. portlend }
e:cat. and 1-1/2 pt. sir-entraining agent. Compressive strength 80 psi |
aia.
Airlice Processing Corp. of Florida }
Perlite Industries, Inc. |
Perlite Popped Products y *
Redco, Inc. .
: 3. Steel Roof Deck=~(Unclaseified)--Min. 9/16 in. deep ond 25-3/4 in. wide, i
) galv., corrugated steel deck. Min. gauge is 28 MSC continuous over three or 5
i more spans. Welded to esch joist with 14 NSC welding washers )2 in. 0.C. )
: adjacent shests overlapped one corrugation or, Clareified Steal Floor and !
) Porm Unics®=eRoncowposite 9/16, 13/16, 1-5/16, or 1-1/2 in. deep, 30 in.
| wide, galv. wnits. Mia. geuge is 28 MG for corrugated snd 22 MEG for
} . fluted wnits. Specing of welds stteching units to supporte shall not exceed
i 12 in. 0.C. Corrvugated units welded to supports through welding washers.
{ Adjecent corrugated wmits overlapped ane corrugstion. Adjacent fluted wunits
: button-punched or welded together 36 in. 0.C. along side joiats.
United Steel Deck, Inc.—~Types B, UPS, UPX.
Wheeling Corrugsting Co.—-Types B, BR, BV, DR, TP-50, TP-75, TP-123,
4. Steel Joiste~Typc 10J2 min. sise, spaced not over 4 ft. 0.C. and welded to
end supporte.
3. Bridging=-1/2 in. disa. steel bars welded to top and bottom chords of each
joiet.
6. Purring Channels—Wo. 16 MSG cold-rolled steel, 3/4 in. deep, spaced 13-1/2
in. 0.C., wire=tied to each joist with 16 SWGC galv. tie wire. Ends of
channels to clesr walls by 1/2 in.
7. Metsl Leth--Diamond mesh, 3.4 lbs. per sq. yd.
8. DPlester—fcratch and brown costs: 2 cu. ft. perlite plaster aggregate* to
100 1b. of fibered gypsum. Totsl thickness, 7/8 in. to face of lath. 3
Airlite Processing Corp. of Florida
Lallgbre Prods., Inmc.
Netro Minerale, Inc.
Mice Pellets, Inc,
Pennsylvenis Periite Corp. §
Pennsylvanis Perlite Corp. of York
Perlite of Bouston, Inc.
Perlite Nfg. Co.
Perlite Products Co. ;
Redco, Inc. 1
Supreme Perlite Co.
: Zosolite Const. Prods. Div., W. R, Grace & Co.
; #Bearing the UL Classification Marking
i .
. .
E Figure 6.33 -
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These roofing system details are taken from the 1981 Underwriters
Laboratories Fire Resistance Directory. Several manufacturers get

together and devise a standard roof section detail. Pigure 6.31 is
a good example. A sketch of the roof detail is provided. In this
case, a8 roof covering material is placed over one or more layers of
mineral and fiber boards, adhered together. This is adhered to a

sheathing material which, in turn, is adhered to precast concrete
units. Each of these items:

+ Roof cover;ng

. Mineral or fiber board
. Adhesive

. Sheathing

. Precast concrete

is described in depth. Most of these entries list a number of
manufacturers who produce an acceptable product. UL permits
manufacturers of similar products to defray the expense of the ASTM

E119 Fire Test of Building Construction and Materials necessary for

the fire resistance ratings by testing their products together. For
instance, a 1/2 inch ribbon of adhesive placed 6 inches on center

beneath each layer of board insulation can be manufactured by:

. The B. F. Gcodrich Company 0.4 gallons/100 Sq.Ft.

0.4 gallons/100 Sq.Ft.
. Reflecto Barrier Sales Co., Inc. 0.4 gallons/100 Sq.Ft.

. Johns-Manville Corporation

This is one form of flexibility that manufacturers have in
establishing a national market for a product. Potentially, PV
manufacturers may combine resources and put together typical roof
gsections with other building products manufacturers. For instance,
a precast concrete manufacturer, a concrete topping manufacturer and
insulation manufacturer may devise a roof section which features a
PV array roof covering (see ROOF LOCATIONS: Roof Covering, Section
6.3 for related requirements). Several PV manufacturers may wish to
combine products under such a UL Fire Resistance Directory listing.
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Figure 6.32 suggests such an option under Design No. P502 utilizing f
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clay tiles as a covering material.

A closer look at Figure 6.32 suggests a possible approach for PV
manufacturers interested in developing products to meet the require-

ments for current listings of "roof covering" as in Figure 6.34. ‘,
The requirements for roof covering are:

Cuass A, B or C BUILT-UP ROOF COVERING MATERIALS comnsISTING ONLY
OF FELT AND ASPHALT (OR COAL TAR PITCH) MATERIALS IN ALTERNATE

waverse  SEE Buiiping MateriALs DIRECTORY.

Figure 6.34

The Building Materials Directory is also produced by Underwriters

Laboratories, Incorporated. This document is described in detail ‘
! under ROOF LOCATIONS: Roof Coverings (see Page 6-75). However,

. conceptually; if a PV array could qualify as a rated roof covering
material, it could, potentially take the place of or be overlayed on
top of roof covering materials already commonly accepted by the
building industry.

f
|
!
In the introductory explanatory remarks for the UL Fire Resistance f
Directory, the Roof-Ceiling Assemblies notes in the General Design {

Information Section outline some of the underlying assumptions which

can be made about the Roof-Ceiling Designs (see Figure 6.35).

T DO
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ROOF-CEILING ASSEMBLIES

THE RATINGS FOR ROOFS ARE DETERMINED BY THE SAME TEST METHOD USED
FOR FLOOR RATINGS. ALL ROOFS ARE TESTED WITH Ciass C, 3-pLy
SATURATED TYPE 15 FELT ROOF COVERING APPLIED WITH HOT MOPPING
ASPHALT UNLESS SPECIFIED OTHEANISE. HOWEVER, THE RATING IS
APPLICABLE WITH CLASS A OR B BUILT-UP ROOF COVERINGS CONSISTING OF
ONLY FELT AND ASPHALT IN ALTERNATE LAYERS, ARE SUBSTITUTED.
SPECIFICATIONS FOR MUILT-UP ROOF COVERINGS USING FELT AND ASPHALT
ARE CONTAINED IN THE BuiLDing PATERIALS DIRECTORY.

IN CONTRAST TO THE ROOF COVERING, ROOF INSULATION MUST BE CAREFULLY
CONTROLLED AS TO MANUFACTURER, TYPE AMD THICKNESS AS SPECIFIED.
LESS THAN THE SPECIFIED THICKNESS COULD CAUSE Ad EARLY TEMPERATURE
END POINT ON THE TOP SURFACE WHILE A GREATER THICKNESS COULD CAUSE
EARLIER STRUCTURAL FAILURE.

Figure 6.35

UNLESS SPECIFICALLY DESCRIBED IN A DESIGN, THE ADDITION OF
INSULATION IN THE CONCEALED SPACE BETWEEN THE CEILING MEMBRANE AND
THE ROOF STRUCTURE MAY REDUCE TWE DISRUPTION OF THE CEILING MEMBRANE
AND/OR HIGHER TEMPERATURES ON STRUCTURAL COMPONENTS UNDER FIRE
EXPOSURE CONDITIONS.

RESISTANCE OF THE ROOF DECX TO UPLIFT BY MEGATIVE PRESSURE ON THE
ROOF SURFACE OR OTHER DAMAGE WHICH MAY RESULT FROM HIGH VELOCITY
WIND HAS NOT DEEN INVESTIGATED- ROOF DECK COMSTRUCTIONS CLASSIFIED
FOR WIND UPLIFT RESISTANCE ARE ILLUSTRATED IN TvE BuiLping MATERIALS
Directory.d

Figure 6.36

The importance of the specific roof covering is minimum so long as
it is a Class A, B or C rated (see Roof Coverings) covering.
However, the importance of thermal insulation in altering the
resistance of the roof section to fire is clearly indicated. Should
the photovoltaic array alter the heat traunsfer characteristics of

the rcof markedly, compliance with fire resistance guidelines may be

Y T P L TP T ey

1 Pire Resistance Directory January 1981 Edition; Underwriﬁers Laboratories,
Inc., Northbrook, Illinois, ©1981, p. 12.
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required and leeway in substitution of PV modules for other common |
building materiais may not be peraitted. &‘Ii

mounting configuration: , 1

In any instance wvhere building codes require the roof section to be

fire resistance rated, code officials may require the roof mounted
PV array to be tested along with the roof section on which it is
mounted. Rack roof mounted arrays which do aot provide poor
structural distribution or significant numbers of openings in the
assembly may escape this requirement.

<t S —————




RORIZONTAL OPENING FIRESTOPPING:
definition:

Building Codes require that ceiling openings, connections between
vertical and horizontal spaces and where attic space exceeding a :
horizontal area of 3,000 square feet (279 square meters) be fire or
draft stopped to prevent the spread of flame or products of

combustion from one section of the building to another.

|
|

code restrictions:

|

Part of the requirement for a building permit application may be ‘
production of engineering details depicting methods and materials ; ‘
#

!j

e e —T T WY AU, . e -

utilized for fire and draft stopping, particularly around openings
! such as ducts, pipes and conduits. The materials utilized as fire
; or draft stopping material must be noncombustible according to ASTM
E136 - Test for Noncombustibility of Elementary Materials test

results, Specific materials permitted by the codes include: brick,
concrete, gypsum, iron, steel, asbestos, metal lath, cement or

gypsum plaster, mineral wool or rock wool,

mounting configurations:

Roof mounted PV arrays, when hidden air spaces are created either in

manufacturing or installation, may be subject to firestopping
requirements. The implications of firestopping on heat transfer for
the array are discussed in detail under WALL LOCATIONS: VERTICAL
PASSAGE FIRESTOPPING (see Page 6-53).
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INSULATION:
definition:

Insulation is any material which has the primary function of
restricting heat flux or absorbing sound. Insulation in a roof
assembly may be utilized in several different ways. The insulation
may be exposed to the interior of the space, exposed to the exterlor
(as 1s commonly found in "upside-down" roofing systems) or enclosed

within the inside and outside surfaces.

code restrictions:

The major concerns of a code official when assessing insulation are
outlined under WALL LOCATIONS: INSULATION (see Page 6-40). These
concerns are primarily fire safety motivated but have potential for
saving energy. Figure 6.26 (see Page 6-44) identifies ten ma jor
types of insulation. Some of their combustion characteristics and
their suitability for use in building applications are discussed
under WALL LOCATIONS (see Page 6-27). A detailed discussion of the
differences between foamed plastics and other more "traditional”
materials is included. -

The amount of insulation is an important consideration for fire
resistance ratings. An increase in the quantity of insulation could
mean early structural failure (due to poor heat tramsfer). A
decrease in the quaatity of insulation could mean an early tempera-
ture end point, on the top surface of the roof (for more informa-
tion, see ASTM E119, Methods of Test of Building Construction and
Materials.

Analysis of insulation material as an interior surface material is
found under WALL LOCATIONS: INTERIOR SURFACE FINISH (see Page
6-43). Analysis of insulation material as an exterior surface
material is found under ROOF COVERINGS (see Page 6-75).

6-70
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mounting configuration:

Unless the PV panel is a complete roof section in an inside surface
to outside surface prefabricated building component, there is little
likelihood that PV manufacturers would include insulation materials
because of heat transfer restriction.

6-71
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INTERIOR SURFACE FINISH:

definition:

An interior surface finish is any surface material exposed to the
occupants of a building.

code restrictions:

The building code restrictions outlined under WALL LOCATIONS:
INTERIOR SURFACE FINISH apply to roof locacions as well (see Page
6-43).

mounting configuration:
Only a prefabricated building panel type PV panel which would be

integrally mounted would expose its interior surface to tuilding
occupants.
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MAINTENANCE EQUIPMENT SUPPORT:

definition:

Any form of track, rail, clip or faste.iing equipment associated with

the support or back up safety of maintenance personnel is considered
in this section.

code restrictions:

Maintenance equipment support requirements are discussed in detail
for WALL LOCATIONS (see Page 6-27). The concern expressed for
maintenance staff is applicable in roof mounted locatione. (NOTE:
Additional considerstion must be given to the hazards associated
with maintenance personnel or unauthorized personnel having access
to the roof of & building. 1In locations where foot traffic by
untrained or unsuspecting persons may be possible, code officials
may require fencing, graphic labeling or other means to minimize
access. Code officials may be concerned with hazards to maintenance
staff people from breakage of PV arrays.)

mounting configuration:
Since maintensnce, both periodic preventative msintenace and less

frequeant replacement maintenance, is necessary for most arrays, the

requirements outlined under WALL LOCATIONS for safe access to each
module may apply.
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MANSARD ROOF:
definition:

A mansard roof or sny other sloping overhang may be correlated :o
roof or wall materials depending upon slope. Both the SBCC Standard
Building Code and the BOCA Basic Building Code make a clear

distinction between roof and wall construction based upon 60 degrees

slope from horizontal.
code restrictions:
Those mansard roofs exceeding 60 degrees slope from horizontal are

required to be of noncombustible materials (according to AST™M E136 -
Test for Noncoml:.stibility of Elementary Materials) when located

over 40 - 50 feut above ground, These roofs must be fire resistance
rated at 1 hour according to ASTM E119 - Methods of Fire Test of
Building Construction and Materials. At 80 - 85 feet above grade,

the fire resistance requirements increase to 1-1/2 hours.

At a slope of less than 60 degrees from horizontal, the primar:
concern of the code is to prevent fire hazards. This can come from
flame spread hazard or from the inability of rescue personnel to
traverse the roof surface. Flame spread requirements are identified
in the section on ROOF COVERINGS (see Page 6-75). Access to roof
and safe passage for rescue personnel are discussed within the same

section.

mounting configuration:

Any inclined surface which extends beyond the exterior wall
perimeter of a building at roof level may be considered to be a

mansard roof according to the building code defini‘ica. This may

also apply to rack or standoff mounting configurations.
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ROOF COVERINGS:

definition:

The roof covering material of the building is commonly the
vaterproofing membrane of the structure. However, fire resistance
requirements associated with roof covering materials give the roof
covering the implicit definition of a fire resistance membrane, as
well.

code restrictions:
Roof coverings and materials are clasesified according to ASTM E108

Fire Test for Roof Coverings. This standard test divides sample
roof coverings into four classifications; Class A, B, C and

Unclassified. Roof coverings correspond to vensers (refer to WALL
LOCATIONS, see Page 6-27) in that both categories identify the
requirements for exterior surfaces. These classifications are
crucial to a number of building industry conventions listed bdelow.
As a result, a condensed description of ASTM E84, Standard Test
Method for Surface Burning Characteristics of Building Materials,

procedures and methods for classification follows.

The Standard Methods of FPire Testes of Roof Coverings (ASTM E103)
measure the fire characteristics of roof coveringe under simulated
fire conditions originating outside the building. There are five
subcomponents to this standard test: 1) Intermittent Flame Test, 2)
Spread of Flame Test, 3) Burning Brand Test, 4) Flying Brand Test,
and 5) Rain Test.

. Intermittent Flame Test
Flames of specific lengths and temperature are applied in on/off
cycles at intervals described in Table 6.1. These are applied to

a test sample whose size and mounting configuration are speci-
fied. After the completion of cycling, air admitted to promote
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combustion during intermittent flame cycles is continued until

all evidence of flame, smoke or glow, disappears; or a structural
collapse occurs.

INTERMITTENT FLAME TEST SPECIFICATIONS

sathod of Test Flame On Ninutes Flame OZf Ninutes Wumber of Test Cycles
2

2 15
2 2 8
1 2 k!

Table 6.1

Spread of Flame Test

Applying the test flame described in the Intermittent Flame Test
to a test deck mounted in the same manner for a fixed length of
time. PFor a Class A or B rating, the flame must be applied for
10 ainutes. Por a Class C rating, the flame must be applied for
4 minutes. This test must be repeated on at least one other test
deck.

Burning Brand test

Class A rating tests must be peforwed on 4 test decks. Class B
and C rating tests must be performed on 2 test decks. Figure
6.37 depicts Class A, B and C drands. They are made of heat
conditioned douglas fir as specified. The brands are ignited so
as to burn freely in still air. The Class A brand is sttached to
the center of the deck. The Class B test requires two separate
burning brands be placed within 30 minutes of each other but not
within 6 inches of the sides or 12 inches of top or bottom. The
Class C brands are placed at one to two minute intervals in 25
locations on the test deck. Brands must be farther from the
sides than six inches, farther from the top and bottom than 12
inches and farther from one snother than 4 inches. They will all
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Brands for Classes £, B, and C Testa.

Figure 6.37
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be burned until fully consumed and each brand will be positioned

near a joint in the underlying materials.

. Flying Brand Test

While applying the same duration of the same flame as in the

Spread of Flame Test, maintain a 12 wmph wind until all smoke,

aniidiadben

glowing or flame disappear to determine the likelihood of flying .

e

brands developing. : -

. Rain Test

Using the same mounting as specified, spray test decks with .7
inches of water per hour for twelve one-week cycles consisting of
96 hours of rain and 62 hours of drying. The final drying should
produce moisture content in the deck lumber of 8 to 12%. The
intermitteant flame, burning brand and flying brand test should

each be conducted twice.

The classification of the samples as A, B or C rated roof coveriugs

is contingent upon the flowing test results: i
. Intermittent Flame:
At no time during or after the test is there peruitted to be
sustained flame on the underside of the deck. The roof deck
cannot be exposed and flaming or glowing brands cannot blow off

and continue to glow after reaching the floor.

. Spread of Flame Test:

At no time during or after the test can any portion of the roof
deck or flaming or glowing brands blow off and contianue to glow i

upon reaching the floor. The roof deck cannot be exposed. The :

flame shall not have exceeded the distance spread as described in
Table 6.2.
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Class A Class B Class C

Distance of 6 feet (1.8m) 8 feet (2.4m) 13 feet (4m)
Flame Spread - (top of deck)
Lateral Flame No Significant No Significant No Significant

Spread from
Test Flamepath

Table 6.2

. Burning Brand Test:

At no time during or after the test can any portion of the roof
deck or flaming or glowing brands blow off and continue to glow

upon reaching the floor. The roof deck may not be exposed.

Flames on the underside of Class A and B, as well as Class C

decks with less than 6 or 25 brands in place, are not permitted.

Sy W

. Flying Brand Test:

Ar——————

No flying flaming brands, nor debris which continues to glow upon
reaching the floor may be produced.

For the purposes of the building codes, roof coverings are separated

into two general categories as identified in Figure 6.38 below:

1CB0 Unirorm BuiLpiwe Cope 1976 EpiTion
Section 3.203 Roor Coverines: DEFINITIONS

BuiLt-Ur RooF COVERING: 1S TWO OR MORE LAYERS OF ROOFING CONSISTING OF A BASE
i SHEET, FELTS AND CAP SHEET, MINERAL AGGREGATE SMOOTH COATING, OR SIMILAR
| SURFACING MATERIAL.
]

: PREPARED ROOFING: 1S ANY MANUFACTURED OR PROCESSED ROOFING MATERIAL OTHER THAN
4 UNTREATED WOOD SHINGLES AND SHAKES AS DISTINGUISHED FROM BUILT-UP COVERINGS.

! ’ Figure 6.38
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As is explained under fire resistance rated assemblies, recent

trends in the design profession tend toward the selection of roof
section details from the Underwriters Laboratories Fire Resistance

Directory. The example from the Fire Resistance Directory listed in

Figure 6.39 described roof covering as:

Ciass A, B or C BUILT-UP ROOF COVERING MATERIALS cONSISTING ONLY OF FELT AND
ASPHALT (OR COAL TAR PITCH) MATERIALS IN ALTERNATING LAYERS. SeE Buliping
BareriALs DigecToRY.

Figure 6.39

The Building Materials Directory referenced above is an Underwriters

Laboratories resource book describing each of the many roofing
manufacturers who have subjected their roofing materials to the ASTM

E108 Fire Test for Roofing Materials and successfully attained a

Class A, B or C rating.

mounting configuration:

*

Only integral or perhaps direct mounted arrays will be relied upon
to be waterproofing membranes on buildings. However, standoff and
perhaps even rack mounted arrays will be potential fire spread

resistance membranes. Since the traditional materials utilized as

roof coverings have been very flammable, the propensity for code
officials to be more concerned with their fire hazard
characteristics than their waterproofing characterigtics refects a

concern for public safety and welfare over comfort.
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ROOF SIGN:
definition:

The codes are primarily concerned with roof signs as a structural
type, being relatively tall and broad in comparison with thickness

with a history of poor maintenance and shoddy construction.
code restrictions:

Code officials are concerned about fire hazard as well as the
ability of rescue personnel to traverse the roof of a building
quickly. So far as the potential array material and electrical fire
safety restrictions are concerned, these can be identified from the

following:

BOCA BASIC BUILDING CODE 1981 EDITION:
Section 190%.1 Roor Sien MATERIALS:

ALL ROOF SIGNS SHALL BE CONSTRUCTED ENTIRELY OF METAL OR OTHER APPROVED
NONCOMBUSTIBLE MATERIALS. PROVISION SHALL BE MADE FOR ELECTRIC GROUND OF
ALL METALLIC PARTS. HHERE COMBUSTIBLE MATERIALS ARE PERMITTED (SEE SECTION
1907.4.2 Sien FacinGS, BELOW) IN LETTERS OR OTHER ORMAMENTAL FEATURES, ALL
WIRING AND TUBING SMALL BE KEPT FREE AMD INSULATED THEREFROM.

Section 1907.4.2 Sien Facines:
+eeSIGN FACINGS MAY BE MADE OF APPROVED COMBUSTIBLE PLASTIC (SEE Fieume
6.19) PROVIDING THE AREA OF SUCH FACING SECTION IS MOT MORE THAN 120 SQUARE
fEET (11.16 #2) AND THE WIRING FOR ELECTRIC LIGHTING 1S ENTIRELY ENCLOSED

IN THE SIGN CABINET WITH A CLEARANCE OF NOT LESS THAM 2 imcHES (51 me) From
THE FACING MATERIAL .

Figure 6.40

Although the correlation is not really analogous, the implication of

such restrictions for PV arrays is understandable. If the PV module
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cannot qualify according to ASTM E136 Test for Noncombustibility of

Elementary Materials as a noncombustible material as in section

1909.1 for Roof Sign Material, the module must satisfy the require-

ments for section 1907.4.2. Otherwise, such a PV array will not be

i
.'

permitted when a code official interprets the array as a roof sign.

Compliance for a PV array with electrical requirements outlined in

~ we

section 1907.4.2 for roof signs may be difficult to achieve.

Although an area limitation of 120 square feet is not overly
| restrictive for a PV module, other building codes restrict the total ;;
permitted area of plastic covering. The area may be limited to 1100 !
total square feet. The most difficult restriction may be the two
inch clearance between electrical wiring and covering. Although the
code specifically references electrical lighting wiring, the code |
official may be prone to question the proximity of a curreat- i

i carrying conductor to a combustible cover material.

o T TSR TR TERELR TR AT T T e T T T TR T TR T
-

-~

Building codes restrict the placement of roof signs which may
obstruct access for rescue personnel. Six feet may be required ‘
between the roof and the base of the roof sign. Five feet may be
required between vertical supports. In no case may the path from
; one side of the roof to any other be completely obstructed by the

roof sign. The support structure must be noncombustible according

to ASTM E136 - Test for Noncombustibility of Elementary Materials. ‘

All metallic parts must be grounded properly as well. i

Finally, due to the historic precedence of sign structures to
collapse under high wind loading, special structural restrictions
are placed on roof signs. Absentee sign owners, who have neglected

sign structural upkeep and maintenance, have caused codes to

require:

. Sign permits
. Annual inspections

. Conspicuous label of sign's owner

|
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. Submission of engineering drawings as proof of structural
safety
. Bond to be filed with the building official

The codes are obviously concerned about accountability for any
damages incurred in the collapse of a sign structure. PV arrays can
avoid these administrative requirements due to the inherent nature
of maintenance responsibility not being in the hands of absentee
owners. So long as a proper design transfers loads in an acceptable
manner, PV arrays should avoid the code related permit and

inspection requirements outlined above.
mounting configuration:

Although there are many reasons for disassociating a PV array and a
roof sign assembly, there are two striking similarities between the
two. The support structure for a rack mounted PV roof array and a
roof sign maybe similar. Also, the inherent hazards of electrical
service to the sign as well as from the PV array may be perceived as

being similar.
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ROOF STRUCTURE:

definition:

BOCA BASIC BUILDING COCE 1981 EDITION
Section 201.2 Derinirions:

ROOF STRUCTURE: AN ENCLOSED STRUCTURE ON THE MOOF FOR WEATHER RESISTANCE,
FIRE RESISTANCE OR APPEARANCE.

code restrictions:

There are a wide assortment of common elements found on roofs which
fall under the requirements associated with the generic term Roof
Structures. Among items mentioned include water towers, cooling

towers, cupolas. Codes may require the materials utilized above 12

- 40 feet in height above the roof to be noncombustible according to

ASTM E136 Test for Noncombustibility of Elementary Materials.

On buildings where combustible construction types are permitted,
roof structures are also permitted to be of combustible materials.
However, they must have a one hour fire resistance rating for exte-

rior wall enclosures as well as an approved fire covering material.

Any time a structure exceeds 85 feet above grade, and exceeds a
horizontal area of 200 square feet, it must be supported on fire
resistive, noncombustible supports. Fire retardant wood may be
utilized for supports when achieving a flame spread rating of 25 or
less when tested tor at least 30 minutes according to ASTM E84 Test
for Surface Burning Characteristics of Building Materials.

mounting configuration:

Due to the enclosed nature of the roof structure, there is no exact
corrclation with PV roof mounted configurations. The closest fit
may be with rack roof mounted PV arrays such as may be found in a
sawtooth configuration. Uander such circumstances, the assembly
would tend to heve an enclosure wall of sorts and, as such, appear

to correlate with the “roof structure" definition above.

6-84
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SLOPED GLAZING:

definition:

Sloped glazing functions as a light transmitting medium which is

generally constructed of transluscent or tranapareant material

. ®2

mounted in a structural framing system.

code restrictions:

i3

Since the mid-1970's, designers have been working in concert with
code officials for regulatory reform in the utilization of broad
archirectural expanses of sloped glazing. Over the years, the
constraints developed for sloped glazing have been many and fairly
severe. The framing materials were required to be noncombustible as
determined by ASTM E136-73 Test for Noncombustibility of Elementary

Materials. One-fourth inch glass was required to be either wired
glass or protected above and below by wire mesh to protect the glass

from impact and to protect the occupants below from falling glass.

The area of a skylight unit was restricted to 720 square inches and

the width restricted to 24 - 48 inches. The area of roof coverage
may have been restricted to 40%.

It is difficult to adapt a new technology item such as a photovol-
taic array to this set of regulatory constraints. However, it
should be noted that the SBCC Standard Building.Code, 1979 Edition,

features some attitude changes toward sloped glazing utilized over

low fire hazard areas such as walkways, office areas, recreation

areas, lobbies and other public areas. Besides wire glass; lami-

nated glass, fully tempered glass and glass with protective wire i
screens beneath are permitted. The ICBO and BOCA codes are expected

to consider such revisions in the near future. The current attitude

expressed in BOCA is:

6-85 4
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BOCA BASIC BUILDING CODE 1981 EDITION
Secrion 1826.3.4 Guazing MaTERIALS:

SKYLIGHTS MAY BE GLAZED WITH ANY OF THE FOLLOWING MATERIALS, SUBJECT TO NOTED
LIRITATIONS: (LAMINATED GLASS, WIRED GLASS, ANNEALED GLASS, HEAT STRENGTHENED
GLASS, TUMPERED GLASS, AND LIGHT TRANSMITTING PLASTIC. ANNEALED, MEAT STRENGTH™
ENED AND TEXPERED GLASS SHALL BE PROTECTED BY SCREENS. LIGHT TRANSMITTING
PLASTICS SHALL MEET THE REQUIREMENTS [OUTLINED BELOW].

Secrion 14826.3.5 SCREENS:

ANNEALED GLASS SKYLIGHTS SHALL BE PROTECTED FROM FALLING OBJECTS BY SCREENS
ABOVE THE SKYLIGHT. ANNEALED, HEAT STRENGTHENED AND TEMPERED GLASS SKYLIGHTS
SHALL BE EQUIPPED WITH SCREENS BELOW THE SKYLIGNT TO PROTECT BUILDING OCCUPANTS
FROM FALLING GLAZING SHOULD BREAKAGE OCCUR. SCREENS SHALL BE OF NONCOMBUSTIBLE
MATERIALS AND SHALL HAVE A MESH NOT LARGER THAN 1 Inck v 1 incH (25 mi 3y 25
m). THE SCREEN SHALL BE CONSTRUCTED OF NOT LIGHTER THAN Yo. 12 B & S Gase
(0.0808 INCHES) MATERIALs WHEN UTILIZED IN A CORROSIVE ATMOSFMERE, STRUCTURALLY
EQUIVALENT NONCORROSIVE MATERIALS SHALL DE USED. SCREEMS ABOVE T/ SKYLIGHT
SHALL BE AT LEAST 4 IncHeES (102 mM) ABOVE THE SXYLIGHT AND SHALL PROUECT ON ALL
SIDES FOR A DISTANCE OF MOT LESS THAN THE HEIGHT OF TME SCREEN ABOVE THE GLASS-
WHEN MULTIPLE LAYER GLAZING SYSTEMS ARE USED AND THE LAYER FACING THE INTERIOR

IS LAMINATED GLASS, THE PROTECTIVE SCREEN BELOW THE SKYLIGMT 1S NOT REQUIRED«

Figure 6.41

As was seen with vertically mounted glazing, attitudes toward sky-
lighting were formed based on the traditional performance and prob-
lems associated with glass. Codes that were written dealt specifi-
cally with glass. The coming of age of "plastics" (for a historical
accounting and detailed analysis see WALL LOCATIONS: GLAZING
MATERIALS CONSIDERATIONS, Page 6-35) meant that sloped glazing was
no longer simply light transmitting media. All skylighting regula-
tions applied only to the way glass reacted to fire and impact
loading.

Pending further revisions in the building codes, area and dimension-

al restrictions outlined in the introductory paragraph apply to
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tions. By evoiding either through the roof (outside surface to
inside surface) modules or the use of plastics as & surface covering
material, such an interpretation could be safely avoided.

Plastic Roofing Panels:

BOCA BASIC BUILDING CODE 1981 EDITION
Section 201.0 GeneraL DerinsTions:

PLASTIC ROOF PANELS: PLASTIC MATERIALS WHICH ARE FASTENED TO STRUCTURAL
NEWERS, OR TO STRUCTURAL PANELS OR SHEATHING, AND WHICH ARE USED AS LIGHT
TRANSMITTING MEDIA IN ROOFS.

Figure 6.42

These panels may be used when any of the following occurs:

. PFire suppression equipment is utilized

. The fire resistance rating for the roof is zero (see Figure
6.9)

. The requirements for a roof covering material are wet

In any case, plastic roof panels may not be utilized in Assembly,
Institutional or Hazardous Division Occupancies. Onme story
buildings under 1,200 ft.2 are exempt from any restrictions.

Plastic utilized for roof panels must be “approved” (for definition,
see Figure 6.19, Page 6-33). Plastic roof panels are restricted to
areas of 100 square feet for type C2 plastics and 300 square feet
for type Cl plastics. The total area of coverge for an enclosed

room is 25X for type Cl plastics and 301 for type C2 plastics.

The definition of plastic roof panels (being light transmitting) may
reduce the propensity of such an interpretation for PV arrays.
However, in an integral mounted application where the module may

serve as both exterior roof surface and interior ceiling finish,
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this interpretation may result. The odvious area restrictions
imposed upon plastic roof psnels alone would be eeverely
restrictive, There are & significeant aumdber of applications where
plastic roof panels msy be utilized, as noted above. However, the
cost of a fire suppression system msy exclude that particular item
unless secondary safety and economic (reduced insurance premiums,
for instance) benefits can be capitalized upon.

Although a PV module may be glass covered, or have both u glass
superstrate and substrate with a "plastic" pottant and cells
between, thereby resembling laminated glass, the pottant may be
significantly greater in thickness than laminated glass. 1If such a
plastic pottant material wara to ignite in the presence of Under-

writers' Laboratories ASTM E108 Test of Roof Coverings flames as may

be expected of plastic glazing rather than laminated glass, the
impact on the PV industry may be severe.

The differences between plastic skylights and roof panels and glass
skylights are significant in terms of restrictions for both the

present time and in the near forseeable future. Therefore, it is in

the PV manufacturer's best interest to avoid the correlation with
"“plastic" materials wherever possible. The restrictions placed on
sloped glazing, even for glass glazing material are more extreme
than the PV manufacturer may wish to deal with.

mounting configuration:
An interpretation of photovoltaic modules as skylights may only be

wmade whea the module serves as both roofing material (see ROOF
COVERING) and ceiling finish (see INTERIOR SURFACE FINISH), This

could only occur in an integral roof wmount configuration, s sandwich

module featuring a superstrate sheet, & substrate sheet with a
pottant and cells between (with no intervening thermal insulation
layers or continuous air spaces) may be necessary before a sloped
glazing correlation would be logical. The inclusion of open air
spaces and/or thermal insulation material are more typical of fire
resistance rated assemblies (see Page 6-60).
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ROOF LOCATIONS CONCLUSIONS:

e g—.

« Fire resistance rated asseablies are selected, when necessary
according to Building codes, from the Underwriters' Laboratories ’\L

Fire Resistance Directory

I

PV manufacturers may utilize the similar approach outlined under E
WALL LOCATIONS CONCLUSIONS (see Page 6-54) in lieting typical v
roof sections which include PV arrays as exterior surface

materials.

+ PV arrays which classify as A B or C (preferably A or B) rated

!: roof coverings may be peraitted to be utilized in all of the roof
sections listed in the UL FIx™ RESISTANCE DIRECTORY in which
surface coverings are itemized as A B or C built up coverings.

The qualification which may keep PV panels from freely making
this exchange is identified in Figure 6.35 (Page 6-67), a part of
which is repeated below:

“In contrast to the roof covering, toof insulatfion must be
carefully controlled as to manufacturer, type aund thickness
as specified. Less than the specified thickness could cause

early temperature end point on the top surface while a

greater thickness could cause earlier structural failure."”

Even {f the PV module is not intended to alter the thermal char~
acteristics of the roof section, it may be perceived to somehow i
adversely affect the fire resistance perforusnce of a typical

roof section. Barly UL testing of PV panels could be utilized to
make a case for the correlation of PV panels with the roof cover-
ing materials rather than the roof insulation materials. This
would help to convince code officials that PV panels may scmeday

be freely substituted for built up roof coverings when ike PV
panels themselves sre A B or C rated according to ASTM EiO8

Methods of Fire Tests for Roof Coverings.
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Rack mounted PV arrays have a wide range of categories listed
within building codes which have similar attridbutes (either in
appearance or function) with which they may be compared.

Many of the references listed uander ROOF LOCATIONS such as
AWRINGS, MARSARD ROOF, ROOF SIGN and ROOF STRUCTURE may only be
correlated with rack roof mounted PV arrays. However, dus to the
secondary nature of these structures and the secondary nsture of
rack mounted PV arrays, the relatively lenient requirements
placed upon such references seea well suited to rack mounted
arriys. It is only when the more severe restrictions associated
with fire resistance rated assemblies, roof coverings, and sloped
glazing are heaped upon rack mouanted arrays thet any incentive to
spend extra money to put PV arrays on rack structures will be
lost,

Sloped glating restrictions are extremely restrictive and should
be avoided.

Although the exterior syrfacc materisls are similar and framing
systems may be similar for both sloped glazing and PV roof
mounted arreys, the function of one is a light transmitter and
the other is a power generator., However, any time that glass is
used as a surfsce covering on a roof, there must de some real
questions asked about the ability of fire and rescue personnel to
traverse the roof under emergency conditions. This problem may
be tackled at the building designed level, L.uever.
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GROUND LQCATION:

The following list of building component assemblies may be

interpreted as having visual or functional similarities with Ground
Rack Mounted PV arrays: -

o Canopy
« Ground sign
+« Miscellaneous use

23 ug with sextions of the building codes which regulate the use of
each as:iembly, commentary on the impact to the development of PV
markets resulting from restrictions imposed by any such correlation
is presented. Conclusions are stated addressing how such
interpretations should be encouraged or discouraged.
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CANOPY:
definition: “‘

For the purpose of this report, a caunopy shall be any rooflike
structure which is wholly or partially supported on stanchions

directly on the ground. It generally overhangs public property.

-

code requirements:

The canopy is required to be 7 - 9 feet above all sidewalks, at a
minimum. The horizontal extension must not extend closer to the

curb than 1 to 2 feet, and may not be permitted to extend more than
5 to 7 feet from the building line.

Covering materials may be similar to sloped glazing over walkways as
referred to under ROOF LOCATIONS: SLOPED GLAZING (see Page 6-85).
Recent trends of lenience toward skylights over such low hazard )
areas as walkways, office areas, lobbies, recreation and other

public spaces provide reasonable guidelines for PV modules having

similar structural characteristics.

Fire hazard must be considered along with structural performance.

Due to the inherent potential for public hazard from structural

collapse or fire, code officials reserve inspection of canopy design
and issuance of building permit as a safety check device.

The combustibility of materials are a primary concern, in such an
instance. Framing members are required to be noncombustible
according to ASTM E136 Test for Noncombustibility of Elementary

Materials. Covering materials may be combustible, However, they

may be required to be protected with a one hour fire resistance

rating according to ASTM E119 Methods of Fire Test of Building

Construction and Materials. Plastic canopy covering materials may

be required to be restricted in area. Codes cite the example of

service station pump canopies for plastic materials., They are

restricted to 200 square feet of total area inside fire limits and
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1,000 square feet outside fire limits. The plastic material

utilized must be approved plastic (see Figure 6.19, Page 6-33). !

mounting configuration:

A rack ground mounted array will probably have to overhang a walkway

or circulation area where people pass beneath or occupy space
beneath the array before the requirements for canopies (for related ’
requirements see WALL LOCATIONS: AWNINGS, Page 6-28) are logically
applied.
-
.
i
i
1
;
6~94 %
f»
i
B




e chiat e it it o il i MGGt ettt inta i e d ¢ ¥

GROUND SIGN:
definition:
These are relatively tall and broad (compared to their thickness)

structures which have been historically constructed of inexpensive

materials and poorly maintained.

code requirements: |

Although a ground mounted array does not serve the advertising
function associated with ground signs, the safety issues pertinent
for ground signs, particularly those with electrical service,
correlate fairly closely with safety concerns for PV arrays. These

issues are structural, fire and ciectrical hazard related.
Code officials restrict the use of signs without:

. Sign permit

. Bond filed with code agency

. Annual inspections

. Conspicuous label of advertising agency

. Submission of engineering drawings as proof of structural

integrity

Historically, absentee advertisers have sacrificed maintenance of

signs or abandoned them rather than outlay funds for upkeep. These

requirements are intended to force responsibility upon the
advertiser to assure structural integrity and upkeep for the sake of

public welfare,

The gross area of outdoor signs limits the peril from fire. How-
ever, combustibility of materials is of primary concern when in
proximity to other occupancies. Therefore, within fire limits,
ground sign materials must be noncombustible acording to ASTM E136
Test for Noncombustibility of Elementary Materials. Outside fire
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limits, combustible materials may be used so long as they are not

over 35 feet in height.

When the ground sign has electrical service, care must be taken to \

protect the public from accidental contact with live parts.

Grounding may be necessary, particularly for metal framework.

o e

The interpretation of PV ground mounted arays as ground signs seems

to pose few serious probems. The administrative requirements for

drawing submissions, permits, bonds, inspections and graphic identi-

fication of owner and maintenance responsibility are not applicable,
though. PV arrays would be owned and maintained by responsible
individuals who would have financial incentive to upkeep the expen-

sive array equipment. Ground mounted arrays located within fire

districts may, as ground signs are, be required to be constructed of

noncombustible materials. However, due to necessary spacing

IR AT

requirements to avoid shading as well as a desire to utilize inex-

pensive land for the c-rray, it may not be prone to be located within
fire districts. Fire districts are generally densely populated
(expensive land) areas where the danger of conflagration may be ‘

! high.

a2
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MISCELLANEQUS USE:

definition:

& ; As is described in the introduction to building codes, one of the
o very basic variables when assessing regulatory constraint is occu-

? pancy type. Figure 6.7 (Page 6-12) outlines maximum floor area as a
% function of combustibility of construction materials and occupancy.

| Figure 6.27 (Page 6-44) outlines interior surface finish rating
classifications as a function of occupahcy. However, a ground
mounted array is not easily classified into those occupancy types
found commonly in the Commercial/Industrial sectors. Therefore,
ground mounted arrays may be classified as temporary or

miscellaneous uses.

code restrictions: ]

R e

Due to the nebulous nature of a Miscellaneous Use Group, the code
official is given a tremendous amount of leeway in dealing with the
various items classified as such (see Figure 6.43). Code officials
may require building owners to file a permit with the building

department annually.

BOCA BASIC BUILDING CODE 1981 EDITION
SecTion 514.2 TEMPORARY STRUCTURES = SPECIAL APPROVAL:

ALL TEMPORARY CONSTRUCTION SHALL CONFORM TO STRUCTURAL STRENGTH, FIRE
SAFETY, MEANS OF EGRESS, LIGHT, VENTILATION AND SANITARY REQUIREMENTS OF
THIS CODE NECESSARY TO INSURE THE PUBLIC HEALTH, SAFETY AND GENERAL

§ WELFARE .

e A VIR, o ool o 4ot

SEcTIoN S14.3 TERMINATION OF APPROVAL:

THE BUILDING OFFICIAL 1S MEREBY AUTHORIZED TO TERMINATE SUCH SPECIAL
APPROVAL AND TO ORDER THE DEMOLITION OF ANY SUCH CONSTRUCTION AT KIS
DISCRETION, OR AS DIRECTED BY THE DECISION OF THE BOARD OF APPEALS.

Figure 6.43
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As is true of building codes in general (see Figure 6.5) the code
official has responsibility to enforce the spirit of the code,
however that "spirit" may be interpreted. Figure 6.43 serves as
carte blanche authorization to approve or deny ground mounted PV
arrays based upon the experience and opinion of the code official,
if considered as temporary in nature. Various techniques for
isolating the PV array from the public may be utilized to satisfy
the health and safety requirements of codes. When miscellaneous
uses are located within fire districts (typically, in close prox-
imity to other people) they must be constructed of noncombustible
materials to minimize the hazard. Swimming pools may be comparabl
Just as a swimming pool may attract curious, although uninvited
visitors; a PV array may attract curious, although uninvited
visitors. There are hazards associated with each; potential
drowning or electrocution, and as a fence may be required around t
pool, so may it be required around a PV array. Code officials are

left with a great deal of leeway in this regard.
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. GROUND LOCATION CONCLUSIONS: 3

Separation from people, buildings and objects which they could
endanger is the key variable in assessing the requirements for PV \J
arrays

As was seen under GROUND SIGNS, the materials utilized inside fire

limits are to be noncombustible. The logic is to reduce the

. -

increased potential for such a sign to be the source of a fire or to
propagate flames inside a congested area. As is found with swimming
pools, fences are utilized to keep people away from an inherently ;

dangerous item. The electrical hazard associated with accidental b

contact may necessitate special electrical isolation materials,

elevating arrays above harms reach or fencing off arrays.

Code officials will have much more leeway in imposing restrictions
upon PV ground mounted arrays which could be interpreted as being
Miscellaneous Use Occupancies. ‘Under such an interpretation, code

] officials will be burdened with providing the public with the same

1 level of protection which the code defines in extreme detail for all

other occupancies. In all likelihood, the code officials will fall

back on evidence from UL, National Model Code Administrators and the

% Nationa® Electric Code for evidence satisfying electrical and fire
safety requirements.
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6.4

THE MECHANISMS FOR BUILDING CODE CHANGE:

BUILDING CODE UPDATING:

Photovoltaic electrical generation is not specifically addressed {n the
current building codes studied for this report. Exclusion from building
codes forces design professionals and code officials to take legal
responsibility for PV modules and arrays. As is pointed out in Section 4,
assuning the legal responsibility for innovative materials and systems is
risky business.

Incorporation into the building codes signifies acceptance as a norm rather
than an anomaly in the building industry. The magnitude of the market,
which photovoltaic manufacturers have established as being necessary for
economies of scale savings required to reach 1986 target costs of $.70 per
peak watt, dictates acceptance in the building industry on a widespread
basis. This can be most easily accomplished when building codes accept
photovoltaic modules as being the norm, rather than an anomaly. The
following describes the mechanisms for building code change. Swift
incorporation into the codes will signal design professionals and code
officials alike that photovoltaic modules and arrays are safe for
widespread use, as permitted, in commercial/industrial applications.

Codes evolve as a result of two different stimuli; real or perceived hazard
and technological advancement. When codes change as a reaction to real,
perceived, natural or man made danger to human life, health or property, it
is generally the result of a catastrophic event. Night club fires and
ensuing regulatory constraint are an example of this. Urban fires resulted
in the establishment of fire districts to reduce the threat of coafla-
gration. These changes in the code tend to be more restrictive in nature.
Existing regulations cited in the codes are altered to attenuate the

hazard.

Technological advancements, such as photovoltaic power generation

equipment, must be soundly secrutinized and tested before even limited
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experimental use can be expected. The initial step is to obtain variances
from code document guidelines. These variances are subjectively granted or
denied by the code official. There is an appeal procedure commonly
utilized when restrictions are placed on new technology materials and
equipment (see Figure 6.44).

BOCA BASIC BUILDING CODE 1981 EDITION

SECTION 124.1 APPLICATION FOR APPEAL:
THE OWMER OF A BUILDING OR STRUCTURE OR ANY OTHER PERSON MAY APPEAL TO
THE DOARD OF APPEALS FRON A DECISION OF THE BUILDING OFFICIAL REFUSING
TO GRANT A MODIFICATION TO THE PROVISIONS OF THIS CODE COVERING THE
MANNER OF CONSTRUCTION OR MATERIALS TO BE USED IN TME ERECTION,
ALTERATION OR REPAIR OF A BUILDING OR STARUCTURE. APPLICATION FOR
APPEAL MAY BE MADE WHEN [T IS CLAINED THAT THE TAUE INTENT OF THIS
CODE OR THE AULES LEGALLY ADOPTED THEREUNDER MAVE BEEN 1NCORRECTLY

INTERPRETED, THE PROVISIONS OF TiiS CODE DO NOT PULLY APPLY, OR AN
EQUALLY 600D OR BETTER FORM OF CONSTRUCTION CAN BE USED.

Figure 6.44

Given the dictatorial nature of a code official's interpretational powers,
it is reasonable to assume that the Board of Appeals, the appeal option for
unfair code official rulings, would serve as a harbinger of new technology.
Beyond this uptica the path for appeal of code rulings leads only to the
judicial court system. ‘However, frequently the Board of Appeals is
controlled by the same interest groups applying indirect pressure on the
code official to resist new technologies (see Section 4, Page 4-1).
Analysis of the procedures and politice for building code approval
regarding new technologies may be critical for the PV industry defendiug
itself against the judgment of the building industry. Afcer all, there are
very few of us who would defend ourselves against personal liability in a
jury trial, not knowing the procedures and politics of an arbitrary
judicial system.

It is often observed that for various reasons, code documents shield local
interests from the unwanted competitive intrusion oﬁiinnovativn technolo-

gies. 1If the code is utilized as an exclusionary tool, the interest of the
public is certainly not served. By analyzing the mechanics of code change
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to accept new technologies, this report seeks to forewarn the photovoltaic
manufacturer. With accurate information, the PV industry can begin to plan
strategies which will bypass unnecessary barriers which frequently halt the
progress of promising new products. The following analysis will identify
appareat barriers to new technologies inhereat in the code approval

process.

The description of the code official, the enforcer of the code document, as
an actor in the construction process (see Section 3) revealed several
influences and disincentives to an unbiased ruling relative to the
application of new products. At the level of the Board of Appesls, the

Douglas Commission! has this to say:

“Representatives of the building industry frequently are requested to
recommend individuals for appointment to appeal boards, and codes and
ordinances frequently require that members of appeal boards be
architects, engineers, and contractors. Such practices would not
appear to provide adequate protection to the public."

In many cases the propensity of a local code authority to accept a new
product is rather closely bound to the vigor of the local construction
industry. Abundant employment opportunities and material demand exceeding
supply often lead to a relaxation of political pressure on code officials
in state and "local" districts. The perception of lost employment oppor-
tunity on the pert of the actors, no matter what analytic economic evidence
may indicate, could mean that short range interests of those temporarily in
power supersede the long range good of the public. Plumbers and cast iron
pipe manufacturers perceived a redivision of trade wher PVC and ABS pipe
was introduced, for example. Tremendous sums of money were spent to con-
vince those empowered to deny approval of the product as a danger to public
health. Despite a lack of evidence, these anti-plastic pipe interest
groups were remarkably able to delay the utilization of plastic pipe.

Definitions and licensing requiremeats are often the mechanism by which

codes preserve employment for ianterest groups. Many state trade unions

have won de facto exclusion of out-of-state prefabrication with require-
ments for inspection and assemblage of mechanical systems by in-state

licensed tradespeople. This is & primary barrier in the ability of a
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prefabricated builder to flourish. By limiting the ability to market a
prefabricated product over a large interstate network, wost of the

economies of scale are lost. Huge capital outlays cannot be justified for \
limited in-state markets.

The formal procedure for amending building codes is not as complicated as

Figure 6.44 indicates:

3 i BOCA BASIC BUILDING CODE 1981 EDITION
i INTRODUCTORY COMMENTS:

b THE DOCA BASIC CODES ARE MAINTAINED IN THEIR CURRENT, RESPONSIVE STATE i
THAOUGH A DEMOCRATIC PUBLIC NEARING AND REVISION PROCEDURE WHICH :

ALLOWS ALL INTERESTED PARTIES THE OPPORTUNITY TO BOTH PROPOSE CMANGES

T0 CODE PROVISIONS AND TESTIFY KEGARDING SUCH CMANGE PROPOSALS.

! ‘ CHANGE PROPOSALS TO THE BOCA BASIC CODES ARE EITHER ACCEPTED OR

] REJECTED BY VOTE OF THE ORGANIZATION'S ACTIVE NEMBERS, WHO ARE

PRACTICING REGULATORY CODE OFFICIALS. VOTING ON CHANGE PROPOSALS 1S :

CONDUCTED AT THE ORGANIZATION'S ANNUAL COMFERENCE, AT WHICH TIME FIMAL : ‘

TESTIMONY 1S MEARD. PUBLIC HEARINGS ON PROPOSED CODE CHANGES ARE MELD

PRIOR TO THE CONFERENCE AT THE AMMAL DOCA MID™WINTER MEETING.

EACH OF THE BASIC CODES IS COMPLETELY REVISED AND PUBLISMED IN A NEW
EDITION EVERY THREE YEARS. CODE CHANGE ACTIVITY I8 CONDUCTED ANMJALLY
WITHIN EACH THREE YEAR EDITION CYCLE. THE FIRST AND SECOND YEARS \
mmumnmummm,mmmn ‘
YEAR'S REVISIONS ARE INCORPORATED DIRECTLY INTO THE MEXT COQE EDITION.
EACH NEW CODE EDITION REFLECTS ALL CHANGES APPROVED BY DOCA'S ACTIVE
MEMBERS SINCE ISSUANCE OF THE PREVOUS EDITION.

THIS PROCEDURE 18 MAINTAINED FOR RESPONSIVENESS TO OUR RAPIDLY™
ADVANCING BUILDING TECHNOLOGY, AND FOR ITS ABILITY TO RETAIN CODE
CONTENT IN THE WANDS OF PROFESSIONAL REGULATORY CODE OFFICIALS AND
ABOVE THE REACH OF VARIOUS SPECIAL INTERESTS. TME BOCA BASIC CODES
ARE DESIGNED TO PROTECT PUBLIC MEALTH, SAFETY AND WELFARE THROUGH
EFFICIENT AND EFFECTIVE USE OF AVAILABLE MATERIALS AND CURRENT
BUILDING TECHMOLOGY .

Figure 6.45

The codes themselves are amended annually with the exception of the third
year of each three year cycle when the entire code is reissued to include

:

r

[ all amendments from the turrent period.
t 6-103
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Acceptance into the building codes will only come, bowsver, after adequate
testing and assurances guarantee the product is reasonadbly safe for public
ctilizaton. This will take a tremendous amount of analytic research as
well as public relations work. Both aspects must be seriously considered.
History has shown that even the best ideas may sit on the shelf for years
due to incorrect marketing strategies. Th: PV industry may have a good
idea, however, in attempting to deal with the building industry, precedence
is an important consideration. A brief look at the utilization of plastics
in the building industry shows this to be true.

As reviewed under WALL LOCATIONS: GLAZING, Materials Considerations (see
Page 6~-35), the regulation “plastics” showed some insights into potential
problems. Due to ths code agencies' need for simplification, the worst
properties (as perceived by the code official) caused the restriction of
the use of plastics in buildings. A comparison of time versus temperature
curves in Pigure 6.10 (Page 6~16) also shows how fire resistance ratings
are regulated based on the "worst case" fire rather then wmore “typical"
fire depicted in Pigure 6.11. The precedence set for “plastics" is very
restrictive. Total area and single panel material limitations hamper the
widespread utilization of plastics in the building industry. There is a
genuine "anti-plastic" sentiment which has propagated throughout the build-
ing industry. This seantiment reasonably assures that increased scceptance
will only come through public relations efforts to dispel misconceptions.

The PV industry must be alert to the dangers of initial over-regulation.
There is also a serious question as to whether poorly constructed PV
modules, panels or array installed in early experimental applications may
alert those writing codes that PV wmodules and arrsys must be seriously
restricted to avoid perceived problems. Therefore, the PV industry must
take care to only release for potential utilization products which will not
gain a reputation as a public health or safety hazard. This will not be
easily accomplished considering the propensity of PV modules tu contain
layers of “plastic" material. The PV industry vill be working from a
disadvantage simply because of restrictive precedence applied to plastic, s
constituant material.
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+ STANDARD TEST METHOD UPDATING:

Standard Test Methods (Standards) specify the suitability of products, “‘

materials and subsystems to meet minimum levels of public health and

safety. Standards are found generally in one of two forms: performance or
prescriptive (specification). As far as new products and technologies are
concerned, it is desirable for all standards to be performsnce standards. Lo

As the name implies, such a standard projects a minimum level of acceptable
performance. These favor no particular material but have a minimum
acceptable level objective. This kind of a definition is suited to only

) the most general standards. For example:

"In the event of a fire, the smoke from the combustion of roofing
materials shall not be toxic enough to overcome occupants or fire
fighters until sufficient escape time has elapsed."

However, who could determine compliance with this? Instead, code officials
refer to specification or prescriptive standards for enforceable
definitions. An estimated thirteen thousand standards, originating from

some four hundred trade associations representing special interest groups,

are currently referenced by code documents. In a “consensus process", a

r committee of industry and public interest representatives decides upon the
suitability of the proposed standards written by trade associations (see
Figure 6.46, Page 6-106). The standards are utilized, upon approval, as
the reference for product performance. An innovative product which does
not react under test conditions as well as a material for which the

standard was written, yet which has better reaction to actual in service

conditions, may still be denied use by a code official.

L ————
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CONSENSUS STANDARD OEVELOPMENT PROCESS

Figure 6.46

The building industry may be described as an assurance dependent industry. i
f Performance standards force the manufacturer to take broad marketing and

legal product liability risks. j

Photovoltaic manufacturers must, through their own trade organization, R
establish standard test methods which successfully test the performance of E
PV products for all ranges of electrical, fire and environmental
: deterioration and hazard. Un:il such time as the results of these %
i standards provide adequate rationale for code documents to accept PV as a )
safe societal norm (rather than an anomaly), the PV industry must continue
to predict which existing code references (see Section 6.3, Page 6-27) code i

officials will choose to apply to the PV array. 1

Nationally recognized testing laboratories conduct these standard tests.
There are many laboratories across the nation. The reputation of these
testing labs is mixed, both from lab to lab and from the perspective of

code jurisdiction. “Approval" €rom a testing laboratory is a good sign but y

is not a binding guarantee of code acceptance. Even if one code official

accepts the standard test results from a particular testing lab, another

official may refuse those results of the same testing laboratory or assign
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additional testing procedures for code compliance. Although the "police

| power" empowers the state to enact building codes, the U.S. Supreme Court

states that it is "incapable of any very exact definition." The code ’Nk
official is required to impose reasonable and not arbitrary requirements on
new products and technclogies. What is "reasonable", is left open to a

broad range of interpretations.

The photovoltaic manufacturer must deal with these problems in an organized
way. National analysis of construction economy in the commercial sector is
a good place to start. If political and economic pressure is brought to
bear on susceptible building agencies as a function of economic health, the i
¢ rapidly expanding Southern and Southwestern economies should hold better

i potential for fair appraisal of innovative products by code officials. In
: fact, statistics bear this out. The Southern and Southwestern states are
utilizing the continuously revised model codes with frequency, while the
industrially stagnant Northeast and North Central states utilize locally

drafted codes much more frequently. J
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7.1

SECTION 7
NEC REVIEW AND ELECTRICAL REQUIREMENTS

INTRODUCTION

The purpose of any electrical wiring system is to conduct electricity from
one point to another, and to do it in a safe manner. This is accomplished,
in part, by isolating the electrical conductors from each other as well as
from the building and by providing an appropriate grounding system. Con-
ductor isolation 1is accomplished through the use of insulation and protec-
tive enclosures. In addition, protective enclosures contain disturbances
which may occur in a wiring run, such as wire overheat and fire. There are
numerous types of wiring schemes available which qualify as one of three
characteristic approaches. These three principle types of interior wiring

systems are:
l. Exposed insulated cables
2. Insulated cables in cable trays

3. Insulated conductors in raceways

The exposed insulated cables rely upon the construction of the cable itself

for protection of the conductors. Because raceways are not required in
thrsc “exposed” systems, the conductors are not totally protected from
mechanical injury, which could lead to a shock and/or fire hazard. Exposed
insulated cables are permitted in most locations where the risk of damage
is small. The insulation is rugged; however, where risk of mechanically
induced damage is high, protection must be provided. The insulated cables

in cable trays are systems whereby safety is offered by both the cable aand

the supporting tray. This system is specifically intended for industrial

application. The insulated conductors in raceways are applicable to all

types of wiring in all types of facilities. There are two main
subdivisions in this classification:

1. Field Assembled Systems, where usually the conduit or other

enclosure is installed first, with the conductors being pulled or

laid at a later time. These systems can be either buried into,
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attached to, or a part of the structure, and/or any combination of

the three.

2. Preassembled Systems, which are either factory-assembled cables or

prewired raceways.

A presentation of the major building wiring types which fall into the above
mentioned categories is now presented with pertinent comments. It is
impossible to succinctly state what wiring types will be required of photo-
voltaic arrays in the commercial/industrial sector. This is because of the
wide variation of construction type and occupancy type encountered in this
sector. Furthermore, the mouunting placement and wiring exposure will
dictate what requirements will need to be satisfied. It is {mportant to
realize, however, that certain wiring types and practices which are
commonly used in the residential sector are not found in the commercial
sector. It can be assumed that the harsher environments accompanied by
increased risks of mechanical damage in the commercial/industrial sector

will require that a well-protected wiring scheme be utilized.

There is a provision in the NEC which would permit the installation of
photovoltaic systems in the near—term. This provision states (NEC 90-6
Examination of Equipment for Safety):

“It is the intent of this Code that factory-installed wiring or the
construction of equipment need not be inspected at the time of
installation of the equipment, except to detect alterations or damage,
if the equipment has been listed by an electrical testing laboratory
that is nationally recognized...and which requires suitability for

installation in accordance with this Code.”

Therefore, if the module and/or panel electrical wiring interconnects are
either factory-installed or field constructed and certified by a national
testing facility, e.g. Underwriters Laboratory, then acceptance by the code
official who refers to the NEC will be considerably easier. This is
analogous to the internal wiring requirements of electrical motors and

lighting systems. The acceptance and listing by such a national testing
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laboratory will be based on the development of the industry standards

through the processes referred to at the beginning of this report. It is

important, nevertheless, to be cognizant of the present NEC requirements

regarding accepted building wiring systems, as the electrical wiring of a

photovoltaic system must at some time lend itself to such requirements.

These NEC requirements are addressed in detail in the wiring section of

this report. The following list of wiring systems and relevant comments

are intended to illustrate differences associated with each.

I. Flexible, Metal Clad Cable (NEC type AC)

trade name "BX"

must have internal metallic bonding strip in coatact with the
armor for its eatire length.

must be installed as unit using staples, U-clamps, etc.

is frequently used in residences and in the rewiring of existing
buildings.

is not allowed in battery storage rooms or certain commercial
applications (NEC Article 511)

is generally restricted to dry locations where not subject to
physical damage

may be exposed and concealed where not subject to physical

damage.

lead covered conductors available (Type ACL) if used where exposed

to weather or continuous moisture or underground runs in raceways
and embedded in masonry, concrete, or fill in buildings in course
of counstruction, or where exposed to oil or other conditions

having a deteriorating effect on the insulation.

II.  Noumetallic Sheathed (Romex)

is restricted to commercial/industrial buildings not more than 3
floors above grade and residential applications.
is only for dry locations.
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III. Metal Insulated Cable

- is an integral assembly of copper conductors, mineral insulation,
and outer copper jacket that serves as a water and gas seal and a
continuous ground.

- requires special fittings for termination.

- mineral insulation is flame-proof and cold resistant.

- has an entire construction which is explosion-proof, lightweight,
non-aging.

- raceways unnecessary.

- has no application limits.

Note: Because it appears that raceways, e.g. conduit, may be

required in the commercial/industrial sector, it may be
possible to justify the increased costs associated with MI
cable. MI cable with an 85°C rating may permit the use of
smaller conductors that would be permitted for a cable with a
60°C rating. Also, the no-conduit, free-air situation with
MI should help with temperature control of the conductor.
Busways are essentially unimportant here due to the lower
current levels associated with PV than with usual busway
current levels. Likewise, the Cablebus assemblies are gener-
ally available with 3 to 18 cables for sizes 250 through 1500
MCM. These give corresponding electrical ratings from
approximately 400-6000 amp and in voltage with ratings of
600, 5000, and 15,000 volts. The current and voltage levels
associated with most of the PV systems in the commercial/
industrial sector will be less than this and, if encountered,
will be found only at the system output terminals. Cablebus
and busways are therefore not recommended as serious consid-
erations for wiring systems for the commercial/industrial

photovoltaic system.

IV. Flat Cable Assemblies
= NEC Article 363
- may be field installed

- uses AWG 10 conductors

\
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VI.

- specially designed cable consisting of 2, 3, or 4 conductors
-~ allows lights, small motors, unit heaters, and other single phase,

light=-duty devices to be served without the necessity of conduit
and cable wiring.

Cable Traz
- NEC Article 318

-~ is specifically intended for industrial application

-~ relies upon both the cable and the tray for safety

~ is used as a general wiring system that requires that the cables be
self-protected, jacketed types such as MI, ALS, and the special
tray cable, type TC.

- is used in industrial facilities where only competent maintenance
personnel have access to the cable, large size normal building wire
can be used.

- advantages are:

. free-air rated cables

easy installation and maintenance

relatively low cost

-~ disadvantages are: bulkiness

N~ W N

. required accessibility

Closed Raceways:

Unlike the residential sector, the commercial/industrial sector
involves environments where conductors/cables could receive a direct
blow, and thereby suffer mechanical injury. Conduit is often
essential when constructing a commercial wiring system. The purpose

of the conduit is to:

1. Protect the enclosed wiring from mechanical injury and
corrosion,

2. Provide a grounded metal enclosure for the wiring in order
to avoid shock hazard.

3. Provide an equipment ground path.

4. Protect surroundings against fire hazard as a result of
overheating of the enclosed conductors.

5. Support the conductors.

7-5
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The three types of steel conduit are seen in Figure 7.1 and qualified as:
1. Heavy-wall or "rigid steel conduit", NEC 346

2. Intermediate metal conduit (IMC), NEC 345
3. Electrical Metallic Tubing (EMT), NEC 348

Compaerison of Steel Condult Diameters

4" Trade Sizes

0.D. 1.080"
1.0. 0824
s [ SAE N

Figure 7.1

EMT and IMC have a larger inner diameter than the rigid conduit and, there-
fore, allow for easier wire pulling. The reduced weights are also an
attractive characteristic of the EMT and IMC. A large amount of field
bending would enhance this reduced labor associated with these 2 types of
steel conduit. A 1/2" standard size conduit diameter is usually the
smallest encountered. Special considerations must be made when conduit is

embedded in concrete slabs.

What may prove even more attractive than the 3 steel conduits mentioned
above is the Aluminum conduit. With a weight per unit length less tlian the
EMT, there can be considerable labor cost savings with the Aluminum conduit

in some cases. Its other advantages:

. Better corrosion resistance in most atmospheres

Non-magnetic, giving lower voltage drop

Nonsparking

S OWw N =
by

. Doesn't require painting usually.

Of the few disadvantages associated with Aluminum is the sometimes unsatis-

factory performance when embedded in concrete.
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A flexible metal conduit known as "Greenfield" can be used where vibrations

might be expected, or where physical obstructions make it difficult to use
solid, rigid conduit. This may be the case in some PV installations; and
if so, the flexible conduit would suffice in offering the assets of metal
conduit while allowing for flexible wiring design. A liquid-tight flexible
conduit is also available and is generally referred to by the trade name
“Sealtite",

Non-metallic rigid conduit is also available. Typical materials used in

these conduits are: fiber, asbestos-cement, soapstone, rigid polyvinyl
chloride, and high density polyethylene. They are resistant to moisture
and chemical corrosion. In general, there are no restrictions to the use
of non-metal conduit within the limitations of the material, e.g. the lower
temperature limitation associated the plastic conduits, The selection of a
non-metallic conduit for use in a photovoltaic system would be based on

calculations of temperature, mechanical stress, (and other parameters).

Surface raceways are covered in NEC Article 352. They are further classi-

fied as either "metal surface" or "non-metallic surface" raceways. This
type of wiring system can be looked upon as a limited rigid conduit.
However, a few characteristics of surface raceways makes them attractive
for use in photovoltaic wiring systems. The most important characteristics
is the resultant accessibility of the equipment within the raceway. This
would offer an alternative to the rigid metal conduit, which makes access
within the enclosure very difficult, Shared limitations for both metallic

and non-metallic raceways are that they cannot be used:

- in damp locations (unless properly gasketed and accepted for such

use)
- in concealed locations (2 exceptions for the metallic raceway)
- where subject to severe physical injury
- in hoistways

- in hazardous locations

Furthermore, non-metallic raceways are limited to an ambient temperature of

50°C with conductors whose insulation temperatures do not exceed 75°C, and
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a maximum voltage of 300 volte. The advantages of non-metallic over
metallic raceways lie within its insensitivity to moisture and to corrosive
atmospheres (including battery storage rooms). The advantages of metallic
over non-metallic lie within its improved voltage capability (based on
metal thickness) and ability to withstand finjury.

The ability to integrate a raceway wiring system into the design and fabri-
cation of the module/panel wounting framework could be advantageous.
Properly designed, this system could offer physical protection, watertight
enclosure, accessibility to conductors and/or terminals for testing and
malntenance, and improved conductor carrying capacity due to nonderating of
conductors (see NEC 352-4). The use of raceways must depend on many spe-
ciflc requirements of the particular photovoltaic system. An integrally
mounted PV system might encounter code problems unless the raceway system
is left exposed and accessible or has previously been approved for the
purpose. This also requires that the raceway is capable of resisting
physical damage to the extent required of it, especially in the commercial/
industrial sector. A combination involving raceways and laboratory-
accepted quick connect terminals appears to be attractive for many systems.
This system would offer the flexibility and ease of maintenance of a
plug-receptacle connector and the environmental protection of a properly
designed raceway. A locking mechanism could be incorporated into the
raceway system if accidental contact and/or vandalism is a potential

problem with an array.

In conclusion, the above wiring systems can be used in PV applications
where they have been identified as acceptable for use. At this time, the
fact that photovoltaics is part of the system has no direct bearing on
which wiring system is acceptable. Other than the iack of knowledge about
PV, the code official will base his judgment of applicability on
application, building type and occupancy.

7.2 WIRING

As the National Electrical Code does not address photovoltaics directly,
the designer, as well as the code official, must interpret the code and its
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intent as it will or wmay apply to the installation and use of photovoltaic
wiring systems. In light of this, the code official may view parts of the
wiring system as resembling conventional wiring systems.

According to the NEC, a premigses wiring system can consist of three parts:
l. Service
2. Feeders (and subfeeders)
3. Branch circuits

The NEC defines these three components as follows:

1. Service Conductor - The supply conductors that extend from the

street main or from transformers to the service equipment of the
premises supplied.

Where service equipment is defined as the necessary equipament,
usually consisting of a circuit breaker or switch and fuses and

their accessories, located near the point of entrance of supply
conductors to a building or other structure, or an otherwise
defined area and intended to constitute the main control and meaas
of cutoff of the supply.

2. Feeders - all circuit conductors between the service equipment, or
the generator switchboard of an isolated plant and the final
branch-circuit overcurreat device.

3. Branch Circuit - the circuit conductors between the final

overcurreat device protecting the circuit and the outlet(s).

However, it is important to note that these definitions were established
for use end, while the photovoltaic array is the source end. It will be
necessary, as well as desirable, for the PV industry to avoid the use of
these terms -- service conductor, feeders and branch circuits -- s~ as not
to have imposed the requirements as currently outlined by the NEC. New

terms, definitions and requirements must be generated which properly
describe the wiring systems for PV.
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Indeed, it is the {atent of this study to analyze the rvelated NEC require-
ments as pertains to its potential interpretation and discuss their rele-
vancy as concerns phot.,voltaic power systems in this report. Many sections
of the NEC apply specifically to areas of electrical power distribution
which are primarily a characteristic of a conventional AC power source
(utility lines); and therefore, many areas of the code will not be
discussed due to this obvious {napplicadbility to on-site, DC photovoltaic
systems. The approach used in {nterpreting the NEC as a precursor of
photovoltaic electrical code requirements centers on the synthesis of a
general electrical philosophy as exhibited by the code. The development of
this electrical philosophy is most important. At this stage in the
establisnment of future photovoltaic electrical requirements as concerns
wiring, termination and grounding, a clear understanding of presently
accepted codes should involve more than a simple interpretation of what the
code requires. The importance of the development, marketing and vtiliza-
tion of the photoveltaic module/array/system based on safe electrical
characteristics cannot be overstated. To have photovoltaics marked early
in their conception by electrical failure (in the seunse of shock, fire, or
other directly resulting hazards) would substantially impair any hopes for
a rapid market development. It is, therefore, hoped that this section will
supply photovoltaic electrical guidelines as interpreted through a very
well-developed and well-used code - the Nat{fonal Electrical Code (NEC).

A previously published document (Residential Photovoltaic Module and Array
Requirement Study, JPL/DOE #955149-79/1) that researched the electrical
requirements of photovoltaics (based on the NEC) considered only the
residential sector. The NEC makes a clear categorization of codes based oan
the level of voltage encountered. The three voltage groups addressed in
the NEC and believed applicable to PV systems are:

l. Less than 30 V
2. 30 V to 600 V, inclusive

3. Greater than 600 V

Due to the larger electrical demands exhibited by commercial/industrial
buildings over those of residential, the inclusion of the 6VU0 volt (and
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greater) codes will appear in this etudy. The amount of voltage encoun-

tered in any one photovoltaic system will depend entirely on the choice of
series/paralleling made by the engineer in order to reach a required power

output in wattage. The decision of a system array voltage will depend on Y
many factors, among which include:

1, Desired system powar output
2. Location of the array . !
a. With respect to load
b, With respect to human access
3. Load requirements
4. System performance considerations involving shu.lowinng, cell

short=-circuiting, etc. ;
5. Wiring, grounding and termination requirements !

With regard to wiring type, the NEC definitions will be used when assessing ?
the type of wire for a given location -- underground, dry or wet. The NEC ‘
Table 310-13, Conductor Application and Insulutions, supplies further

information about conductor types and application. This table appears as ,
Table 7.1, :

The wiring in a photovoltaic system (intermodule, inter-subarray and array) *
is inherently different from that of the branch or feeder in that it is not ' 1
subject to overcurrent (if the system is properly designed to limit reverse
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