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A Solar Ready building is one that is engineered for future adaptation of solar PV.
This thesis reviews the literature of existing Solar Ready standards and analyzes
the solar installation process with the goal of proposing an ideal standard for future
implementation. An analysis of the work processes performed during solar system
installation identifies those work packages that are suitable for pre-installation within
the scope of new construction. The installation process is a composite of several spe-
cialty building trades including: electrical, roofing, carpentry and IT; thus exposing
workers to a unique array of hazards. Non-solar workers operating on rooftops can
be subjected to hazards that may be magnified by the presence of a rooftop solar
system. Since the Solar Ready scope can dictate the economic and safety character-
istics of a solar system, it should be implemented using an evidence-based approach
for maximum impact. The research includes a review of renewable energy policies
including incentives, mandatory building codes and voluntary green building certifi-
cations; analysis of solar installation work processes and costs as well as a review of
policy cases. The resulting model Solar Ready scope is validated through a survey

questionnaire and informal interviews.



Review of existing policies

Characterizing the qualitative benefits of Solar Ready (Economic, Productivity,
Safety)

Analyzing the installation work process to recommend a model for future policies
Verifying the results through surveys and interviews

Discover previously unidentified benefits

Identify potential issues or unintended outcomes
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GLOSSARY

AC: Alternating current, a form of electricity with cycling direction of charge and

distributed by electrical utilities to buildings.

AHJ: Authority having jurisdiction, can refer to any of the local authorities that

review permit applications and inspect construction projects.

ANTI-ISLANDING: A standard for the operation of DERs whereby operation must
cease within a maximum time period (<2 seconds) upon detection of an anomaly

in the electrical grid.

BOS: Balance of system, referring to the components in a PV system that are
needed to complete the installation of other components (PV modules, mounting
system, inverter, conductors). These are not specified in the design. E.g.: nuts,

bolts, washers, etc.

CBECS: Commercial Buildings Energy Consumption Survey, a comprehensive dataset

by the US Department of Energy

C&I: Commercial and Industrial, referring to non-residential building types within

the solar market.
CONDUIT: A raceway or conduit is an enclosure for electrical wiring.

DC: Direct current, a form of electricity with constant flow in one direction and

generated by PV panels.



DER: Distributed energy resource, herein used interchangeably with DG.
DG: Distributed generation, herein used interchangeably with DER.
EV: Electric vehicles, herein used in the context of EV-charging.

FERC: Federal energy regulatory commission, the federal body that regulates

inter-state electrical commerce.

GRID-PARITY: A point in time in which the LCOE from renewable DERs is equal
to or less than the cost of electricity purchased from the utility. This varies by

market and geographic region.

GRID-TIED: A mode where a renewable DG operates in synchrony with the utility

grid and can export excess generation to the utility grid.

ICC: International code council, a body that publishes building codes on a 3 year

cycle. These are modified and adopted by local jurisdictions.

INVERTER: Solar system component that converts DC electricity from PV panels

to AC electricity for use in a building.

INTERCONNECTION: Can refer to the process or the specifc location within the
electrical system, where a DG system makes physical contact with the utility

grid.

INSOLATION: The average cumulative solar radiation measured on a m? area over

the course of a year. Units are kWh/m?/day.

ITC: Investment tax credit, a tax credit (in the US) available to renewable energy

systems owners.

vi



KW: Kilowatt, a unit of measure for power equivalent. Often used to denote the

generating capacity of an PV generator.

KWH: Kilowatt hour, a unit of measure for energy equivalent. Used to measure

consumption (and production) of energy.

LCOE: Levelized cost of energy, the total cost per unit (kW-hr) of energy amortized

over the lifetime of the energy generator.

NEC: National electric code, published by the NFPA on a 3 yera cycle, is the

electrical code that is modified and adopted by local jurisdictions.
NEM: Net energy metering

NFPA: National fire protection association, a body that publishes fire codes that

are applied to various industrial sectors.
NREL: National Renewable Energy Laboratories

OCPD: Over-current protection device, or “breaker”, is a device that “opens” or
disconnects an electrical current, safeguarding from excessive current draws that

can lead to fire.

PURPA: Public utility regulatory policies act (1978), federal law that regulates

utilities and promotes domestic energy production and energy-efficiency.
PV: Photovoltaic

SERVICE PANEL: The electrical service panel contains OCPDs or “breakers” that

safeguard electrical circuits within a building. The terms service panel, main

vii



service panel and electrical service panel are used interchangeably throughout
this text, although technically they can specify different components within the

electrical system.

SI:  Silicon, a semiconductor element that is the main component of photovoltaic

cells.

SOLAR ARRAY: An array of multiple strings of solar modules. The terms solar ar-
ray, solar electric system and solar system are used interchangeably throughout

this text.

SOLAR MODULE: Another name for a solar panel, consisting of multiple solar cells
connected in series, encapsulated between glass, polymer film and set in an

aluminum frame.
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Chapter 1
INTRODUCTION

1.1 Background

The first solar cell was patented in 1941 by Russell Ohl at Bell Labs in New Jer-
sey. By sandwiching two thin layers of refined silicon crystal, each “doped” with a
concentration of either phosphorous or boron, the resulting semiconductor composite
demonstrated a photoelectric effect. This prototype solar photovoltaic PV cell exhib-
ited an electric potential across the boundary between the varying layers of silicon,
the P-N junction.[1]. It was not until the 1970’s that standardized “flash-testing” of
solar PV cells to determine electrical characteristics such as internal resistance, open
circuit voltage and short-circuit current would become a standardized process. [2]
It is estimated that Ohl’s cell had a light-to-electricity conversion efficiency of only
0.5%. High production cost and low efficiency meant that PV cells would have no
practical applications for the foreseeable future.

As conversion efficiency slowly improved, costs remained prohibitive for all but the
most specialized applications. Remote railroad switching operations, satellites and
even as cathodic protection on oil and gas pipelines were among the few applications
where a critical need for electrical power coupled to the remoteness of the site made
PV a feasible source of power. [3]. With time, manufacturing advances led to gains
in power conversion efficiency and reduced costs. At present, cells with efficiencies
approaching 21% efficiency are in production. [4]

For much of the 20th century the notion that an array of aluminum-framed panels

containing glass and composite semiconductor cells joined in series could one day



generate enough energy to power entire buildings was limited to the realm of science
fiction. Presently millions of homes, commercial and industrial businesses, schools,
places of worship and government halls are hosts to such solar systems. As the
costs of installing PV have reached a point where they are financially attractive for
building occupants with adequate exposure to the sun, most new construction projects
will consider adding a functioning solar electric system to the scope of construction.
Solar PV is marketed as an income-producing asset with a payback period; income
is received by the building occupant indirectly as electricity bill savings. A project
developer will not realize a return on investment and may choose not to include solar
in the original project scope. The solar PV system is a building system that is among
the last to be installed during the final stages of the construction phase. Budgetary
constraints or cost-overruns during earlier project phases may lead a project owner to
elect not to invest in PV. As a non-essential component, it can be added at a future

point in time. Hence the emergence of the concept ”Solar Ready.”
1.2 Solar Ready

Lisell, Tetreault and Watson define the concept as “A solar ready building is en-
gineered and designed for solar installation, even if the solar installation does not
happen at the time of construction.” [5] Installing a solar PV system during the con-
struction phase offers numerous material benefits. The building rooftop is designed
to accommodate a solar PV array optimized for the building’s estimated energy de-
mands. Conductors and control cables can be integrated into a dedicated chase,
eliminating the need for metallic conduits attached to the building exterior. Points of
interconnection where the electricity from the solar system is fed into the building are
appropriately specified and the entire electrical system is designed with the optimal
safeguards in mind. Aside from advantages in the engineering and aesthetic design
of integrating a PV system during the construction phase, Solar Ready provides an

opportunity to eliminate hazards that solar installation workers would otherwise face.



Installing rooftop PV systems is unique in that it combines a range of tasks that
traditionally fall under the domains of other specialty contractors. Roofing and wa-
terproofing, electrical work, carpentry and even information technology are skilled
trades that the solar contractor must master to successfully install a PV array. Each
of these presents many hazards in its own right and requires training, hazard analysis,
safety protocols, personal protective equipment and appropriate tools to be carried
out safely. Falls, being struck-by a falling object and electrocution are the leading
causes of construction workplace injuries. Rooftop solar installers face all three on a
daily basis.

In some instances, all or part of the solar installation tasks are performed by
specialized contractors respective to the task. These solar tasks included in the new
construction scope present a marginal fraction of the specialty contractor’s total scope
within a project. More importantly, solar tasks performed during a new construction
phase are performed under working conditions that mitigate solar installation haz-
ards. Solar installation hazards that are created or amplified due to the conditions
specific to a retrofit installation are eliminated. With some precaution, a Solar Ready
scope would include safety elements that further mitigate the hazards present to solar
contractors through all phases of the solar PV system lifetime; installation, commis-

sioning, operations & maintenance, then finally decommissioning and recycling.

1.3 Research Objectives and Overall Methodology

Solar Ready promises to reduce the initial capital investment required for adopting
a PV system and streamline the installation process on the building rooftop. Several
jurisdictions across the US have adopted Solar Ready standards for new construction
projects, both for residential and commercial building types. Solar Ready policies
vary in their form and scope; these regulations are not harmonized. Some are limited
to providing a clear rooftop space capable of housing solar panels. Others include

structural, electrical and specific items to be included in the building construction



documents. Unfortunately, no Solar Ready standards to date take into account any
of the hazards inherent to installing rooftop PV systems at height.

The thesis research includes a review of existing Solar Ready literature and analysis
of existing policies. Indirect studies pertinent to green building, the macroeconomic
effects of solar or renewable incentives and prevention through design are included
in the review to provide a foundation for contextualizing the research. The review is
organized into three sections, focusing on the administrative (Chapter 2), economic
(Chapter 3), and safety (Chapter 4) dimensions of said policies.

Specifically, Chapter 4 relies heavily on prior research that provides a prevention
through design framework for residential solar installers. The work process is an-
alyzed for design dependencies among PV system components. Those components
that exhibit independence with respect to the final PV system design are proposed
as features to be included in future iterations of Solar Ready building standards. In
Chapter 5, this proposed scope is validated through a survey questionnaire answered
by practicing professionals that work as specialty solar and electrical construction
contractors, designers, energy professionals and nonprofit organizations. Among the
survey takers, some have provided additional insights through an informal interview
or discussion with the author; the abstract of some of these interviews is provided
throughout chapter 5. Chapter 6 contains the conclusions of this thesis research and

provides recommendations for future investigations.
1.4 Market Classification and Scope of Research

This section will describe how the solar industry within the US is segmented and why
the scope of this work falls within the retail (specifically residential) segment. In the
U.S., the solar electric market can be divided into various segments (see Figure 1.1),
characterized by the contractual parties privy to the solar electric asset and the “off-
taker” or buyer of the electrical energy that is produced. Wholesale suppliers feed

electricity directly into a transmission network; the electricity is delivered wholesale.



While the majority of these resources are developed by solar developers specializing in
multi-acre solar farms and referred to as utility scale there are also smaller community-
solar PV arrays. These are comparatively smaller in capacity and financed by multiple
parties. The typical model of capitalization in a community-solar project is where
an electric utility customer is able to purchase shares of the system’s capacity, in

)

exchange for ”clean energy” credits. This model allows electric utility customers to
buy renewable energy when they otherwise might not have been able to install solar
on their own dwelling. A community-solar PV system could be composed of a single

or multiple rooftop PV arrays.

Utility Solar Community
Non-Residential Farms Solar Gardens
(>10MW) (<10MW)
Tax-Exempt
Commercial, (Education,
Industrial (C&I) Government,
‘ ‘ Place of Worship)

Figure 1.1: Hierarchy of Solar PV market segments

The retail segment is as diverse as the classifications that span the built envi-
ronment. Solar contractors that install PV systems do not discriminate amongst
residential, commercial, industrial, municipal and other building types. The scale of
each solar generator will vary depending on the footprint of the underlying building.

Within this study,

Commercial buildings include all buildings in which at least half of the



floorspace is used for a purpose that is not residential, industrial, or agri-
cultural. By this definition, CBECS includes building types that might not
traditionally be considered commercial, such as schools, hospitals, correc-
tional institutions, and buildings used for religious worship, in addition to
traditional commercial buildings such as stores, restaurants, warehouses,

and office buildings. [6]

The convention within the solar industry serving the retail market segment has been
to refer to the Residential, Commercial and Industrial Cé1, or Tax-Exempt for those
buildings under ownership of an entity with tax-exempt status. Tax incentives have a
significant role in financing solar projects. The Investment Tax Credit (for business)
is a credit up to 30% of the system cost, and there are others such as depreciation.
Tax-exempt status may reduce the value of such incentives.

Solar Ready proves to be an effective tool for the new construction of all building
types with good solar insolation. But there is scant mention of the non-residential
sector in the Solar Ready literature, making the residential sector a more accessible
target for meaningful discussions. So while the policy review (Chapter 2) covers both
residential and non-residential sectors and Chapter 4 explains how safety measures
may differ between residential and non-residential rooftops, the scope of this thesis is

limited to the residential sector.
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Chapter 2
LITERATURE AND POLICY REVIEW

The intent of a Solar Ready scope is to facilitate later adoption of solar electric
systems. An effective Solar Ready scope has the potential to reduce the costs of a
solar PV system, eliminate or reduce time spent in confined and otherwise hazardous
spaces, and reduce time spent at heights and provide well-designed fall protection. A
review of the literature reveals scant peer-reviewed sources on Solar Ready. Instead,
there are many studies on the economic impacts of incentives for developing solar PV
and renewable energy resources. These have been a guiding force in the proliferation of
rooftop solar PV systems in the US and in advanced economies across the globe. On a
smaller scale, local building codes dictate many aspects of the design and installation
of those systems.

A successful Solar Ready guideline for new construction will deliver safer, more
efficient deployment of solar electric generation. In order for Solar Ready to reach a
broad scope of new construction projects and successfully deliver on the five dimen-
sions that comprise Solar Ready: rooftop, siting, electrical, safety and interconnection;
two questions must be answered. The first, to what extent of design should the five
dimensions be implemented into the Solar Ready scope? The second, what form of
policy will motivate building developers to implement Solar Ready practices?

This chapter is a review of the policy instruments that are directly related to Solar
Ready design and implementation. Policies are identified in three formats including
financial incentives, technical resources and regulatory standards. The review presents
prior policy in green building standards, renewable energy incentives and building

codes for rooftop solar construction as precedents in the development of Solar Ready



policies.

Government investment in R&D plays a significant role in developing new tech-
nologies and achieving cost reductions. R&D and technical assistance instruments
are not covered within this review. The review includes Solar Ready and related
policies found across the United States. Policies found outside the US are included
when details of the policy itself or the context of its implementation contribute to the
research.

Solar Ready as expressed through the diverse policy instruments under review
can include different components. A later part of this research will present a compre-
hensive reference list of Solar Ready features applicable to any building type. When
properly defined, implemented and validated, the benefits of Solar Ready can eas-
ily be transformed into a turnkey solar asset capable of generating clean renewable

energy.
2.1 Green Building Codes: A model for 3rd party validation

An efficient method of validating the Solar Ready scope may be helpful if problems
in the quality of a Solar Ready scope inhibit the goals of safer, more efficient solar
installations. Such a validation with issuance of a Solar Ready certificate might
also serve the purpose of documenting the scope of improvements made with the
expectation of realizing future savings when “upgrading” to a complete PV system.
Hence one aim of the policy review is to bring to discussion the question of whether
there is a need for a third-party to certify the Solar Ready scope on a new construction.

In considering the question, what is the motivation to implement the Solar Ready
features in new construction and ultimately the solar electric installation, the follow-
ing is an overview of the development of Green Building standards. Standards for
Green Buildings are categorically independent from government policy. Instead, they
are largely self-regulated by non government organizations like the US Green Building

Council USGBC' in the US or the German Green Building Council in Germany.
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Kibert (2016) traces the advent of green building standards as a response to the
need for clear definitions of what constitutes a green building and “how to determine
if a building meets the requirements of this definition.”[1] The Building Research
Establishment Environmental Assessment Method (BREEAM), the first formal stan-
dard and assessment model, emerged in 1989 in the UK. It was subsequently adopted
in Canada and in Hong Kong and to date, has registered over 1 million buildings for
certification.

Regardless of national origin, green building rating systems achieve the same pur-
pose. Aside from promoting the sustainability goals of greater “efficiency, health,
and performance of the built environment”, Kibert notes that these rating systems
are considered among the most successful market-driven environmental movements.
Of the most notable acheivements is the creation of “a model for other sectors ...
to create a consensus-based, market-driven approach that has rapid uptake, not to
mention broad impact.” [1]

With over 6.2 billion sq ft of commercial floor space having LEED certification
as of 2017, the USGBC has seen enormous success.[2] Serving as an example for a
voluntary authentication of scope validated through a third-party, it is necessary to
summarize the process of attaining LEED certification. A member of the building
design team must register the project with the rating body, submit documentation to
the USGBC, self-verify that the project meets or exceeds the standards for each of the
point categories the project is applying towards and finally accept the corresponding
level of certification. [1] In addition to the time and resources dedicated towards the
certification process, a standard registration fee and floor area based certification fee
are paid by the building owner.

The process that the USGBC has devised for validating the building features that
comprise a sustainable building is voluntary and incurs a significant cost. This is
a partnership between a third-party authority, in this case, the USGBC, and the

property owner. The success of the program is evidenced by the growing number
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of LEED certified buildings. Additionally there is a growing body of peer-reviewed
research documenting the real energy-efficiency gains realized under LEED-certified
and higher green building standards.

The Living Building Challenge LBC' is another green building certification frame-
work that is gaining acceptance. Like the credit rating system in LEED, the LBC
employs “Petals” arranged into seven categories. Each petal is then subdivided into
“imperatives” that address building systems like water, energy and materials. The
LBC provides a model that is different from the LEED system in seeking to deliver
“regenerative” buildings. By this metric, the building returns net-positive benefits to
the three pillars of sustainability, ecology, economy and society.[3].

A form of certification for the Solar Ready scope could further serve the purpose of
integrating any permit approvals or pre-approvals into the certification. Furthermore,
as new methods for financing DER systems are developed, a Solar Ready certificate
granted by a third-party can serve as a means to commodify otherwise unused rooftop
space. Faced with the choice of a building that is certified as Solar Ready and one that
is not, a potential PV integrator would opt for the Solar Ready building as the optimal
site to develop a DG resource. Such a third-party validator might even serve as a
clearing platform for potential DER sites, further optimizing the growth of renewable

energy resources, monetizing rooftop space that would otherwise be underutilized.
2.2 Policy Instrument: Incentives

Financial incentives come in several different types and provide monetary subsidies
that offset the cost of installing and operating a renewable energy system. The two
most influential in the US are tax credits and net energy metering laws. Some states
and utilities offer cash incentives that correspond to energy production or system
capacity. Incentives have been integral in greater adoption of Solar PV and yet
are constantly changing. Whether or not a Solar Ready scope can be included in the

basis of calculating some of the incentives designed to offset capital costs is considered
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below. A thorough understanding of revenue mechanisms will prove that any attempt

to reduce the installation cost of rooftop solar PV, such as Solar Ready, is worthwhile.

Feed-In-Tariffs

Government policy has been a driving force in both the development of renewable
energy technologies and in their implementation. Germany provides an early example
of how government policy is a driving force in shifting electricity generation on a
national scale through a set of policy tools. Runci (2005) notes how at the time, it was
not yet clear to what extent these policies would affect the energy mix. Germany was
the global leader in installed wind capacity and second to Japan in installed solar PV
capacity. Yet investing in (R&D) of new technologies as well as “A variety of policy
instruments (taxes, credits, standards, etc.), favorable electricity feed laws, export
promotion programs and government secured loans for renewable energy projects,”
had earned Germany status as the global leader in installed renewable DER capacity
at the time of the writing. [4]

The most consequential of these instruments was implementation of the Electricity
Feed Law introduced in 1990 and the Renewable Energy Law in the year 2000. These
mandated a Feed In Tariff FIT or guaranteed price for electricity from renewable
sources. [5] The ultimate result of these policies is that by 2012, Germany was a global
leader in the adoption of PV systems supplying a significant share of the generating
mix. In total renewables supplied 23% of total electricity consumption, 21% of that
share (28.56 TerraWatt-hours) from PV. Germany led the world in total cumulative
PV capacity, at 32 GW in 2012. In per-capita installed PV capacity, the results of
the policy matrix are even more significant, with Germany leading the world at 0.4
kW of PV capacity per capita. For comparison, the US and China had negligible
per capita PV capacity, while Spain and Australia, also leaders in renewable energy
adoption at the time, had 0.1 kW per capita.|[5]

Japan offers another approach to providing incentives to promote distributed gen-
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eration. According to Sukki et al., policies in Japan have included direct subsidies
to offset installation costs, net billing agreements between DER producers and util-
ity companies, as well as a FIT. The literature frames Japanese renewable incentive
policies in the context of two historical milestones. The first being the oil crisis of
the 1970s, and the second is the 9.0 magnitude earthquake off the coast of Tohuku in
March 2011, causing a massive tsunami and critical failure at the Fukushima-Daichi
nuclear power plant. [6] It points out two approaches, incentivizing investment (in
renewables) and incentivizing production (of renewable energy). The former approach
is captured in a FIT. The latter by a renewable energy portfolio standard.

The strength of a FIT is exemplified in the German EEG, which according to
Sahu, “maximizes the investors’ transparency, longevity and certainty ... within the
costs of overall costs or benefits.[5] [pp. 626] Sahu notes that these policies do come
at a cost. The German FIT is financed by surcharges on customer’s utility bills. The
rapid penetration of DG PV systems in Germany has led to increased energy costs

for consumers.

Net Energy Metering: Rolling the Meter Backwards

In the US, Net Energy Metering is the predominant policy instrument that provides
indirect revenue for solar PV. In contrast to a FIT, which provides a guarantee of
cash payments for excess energy exports (from DG), NEM provides a credit structure
to offset future energy consumption. “Often referred to as ‘running the meter back-
ward,” because the customer essentially offsets utility purchases of electricity for all
generation produced on-site.” [7] [pp. 90]

NEM regulations are made at the state level, through a state energy or utility
commission. They are not uniform and subject to change. The value of NEM credits,
often measured in kilowatt hours kWh, will vary depending on the local tariff struc-
ture, utility and NEM regulations. For maximum benefit to the owner of a rooftop

solar PV system, a NEM credit is valued at the retail rate, or the price that the utility
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customer would have purchased that kWh of electricity. “In some states, the export
price ... is set explicitly at the utility’s avoided cost,” a much lower value than the

retail rate. NEM credit values can also vary depending on the utility rate structure.

Tazx Credits: the ITC and MACRS

In the US, NEM provides an indirect cash flow in the savings that it generates in
the place of consuming more expensive energy. The Business Energy Investment Tax
Credit ITC (the ITC is available to businesses and homeowners) provides a direct
discount on the system cost through a tax credit. In 2015, federal law extended the
ITC at the 30% rate through 2020. After 2020, it will gradually be reduced, first to
26% in 2021, 24% in 2022 and 10% in the years following.[§]

In a similar vein, the Modified Accelerated Cost-Recovery System MACRS is a
depreciation tax credit provides a further discount for businesses that include depreci-
ation expenses on their balance sheets. Solar PV, among other renewable technologies
including fuel cells, geothermal electric systems, and some wind turbines have been
eligible to take a five-year depreciation schedule since 1986. In 2008, eligible tech-
nologies were able to take a 50% bonus depreciation in the first year.[9]

One of the driving forces behind the securitization of solar assets has been the
substantial returns available to tax-equity investors. With the new federal tax code
in 2018, guidance on the these two tax credits has changed substantially. With a
reduction in the corporate tax rate, from 35% to 21%, some analysts expect there
will be less tax liability, and thus less tax-equity financing available to fund solar PV
project development.[10]

Although the structure of tax credit incentives continues to change, these two are
powerful forces that drive investment into solar PV technologies. With a tax credit
equal to 30% of installed solar PV system cost, and further tax credits available to
businesses with depreciating assets, these are significant incentives to install solar

PV on a rooftop. The design, material and labor costs incurred when installing a
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Solar Ready scope should be included in the cost basis for both of these credits. Yet
unless the complete rooftop solar PV system is installed in the same fiscal year as the
Solar Ready scope, those costs are not eligible to be included in the ITC or MACRS

calculations.
2.3 Policy Instrument: Codes, Mandates and Standards

Rooftop solar PV is a construction activity that lies at the intersection of roofing,
electrical, structural and even IT trades. As evidenced above, there are also financial
considerations and in the future the potential for energy storage for resilience, de-
mand response, etc... and capacity for EV charging; the scope of a renewable energy
contractor is likely to expand.

As such, rooftop solar falls under the purview of several jurisdictional bodies. Per-
mit applications for rooftop solar systems can include electrical, structural or building,
interconnection agreements with the utility and more. Ground-based systems may
require more permits related to the geographic realities of the site; these are not
included in this research.

Rooftop solar systems are coded into various building codes, including electrical,
energy, fire, building and others. The following is a review of building codes, including
any of the former categories, specific to Solar Ready.

Solar Ready policies are found mainly as building codes. The main areas that
are covered include electrical system safety (NFPA NEC), structural standards, and
firefighter safety. Interconnection standards are developed by electrical utilities, where
decisions are made at the state-level. Federal level regulations are made by the FERC
/ PURPA, although arguably these have less impact on the smaller scale retail systems
found on building rooftops.

Policies related to renewable energy and solar PV specifically are found at every
level of government; from the federal tax code to housing associations. Some policies

have their origin in trade associations like the National Fire Protection Association
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(NFPA), publisher of the National Electric Code (NEC) or the International Code
Council (ICC), publisher of the International Building Code (IBC). The electrical
and building codes are published by trade associations and later adopted at a state
level. In Washington state for example, the NEC is adopted at the state level by the
Department of Licensing and Industries, whereas building codes are adopted at the

county or municipal level.

Solar Ready Building Standards

The following describes building standards for Solar Ready. The first comprehensive
guide for a Solar Ready scope and the reasoning behind it appears courtesy of the
The National Renewable Energy Laboratories NREL in Golden, CO. This hub for
innovation in renewable energy technologies published a Planning Guide for Solar
Ready Buildings in late December, 2009.[11]. Pointing out that “New construction
that is solar ready will be in a position to take advantage of an environment more
favorable to renewable energy,” depicts the expectation that PV system costs would
continue to fall, as they had in the past. Also highlighting the fact that “Without the
forethought to make buildings solar ready, solar installation may not be technically

7

possible,” as many a rooftop replete with obstructions, at a bad angle to the sun or a
building in need of costly electrical upgrades may prove to be. Such "roadblocks” to
solar ultimately shift the payback period of a PV system so far into the future that
the investment is no longer favorable. [pp. 1] The guide identifies the following areas

for “General Solar Guidelines”:

e Avoid shading

e Check zoning laws

Determine the siting for a solar array

Keep the south-facing portion of a sloped roof obstruction-free

e Minimize rooftop equipment to maximize available open area
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Recommendations on rooftop materials

Structural requirements for load of array

Engineering requirements for wind loads (specific to rooftop and site)

Record roof specifications on drawings

Add additional safety equipment for solar equipment access and installation

The NREL Solar Ready planning checklist includes guidelines specific to solar
thermal systems, including solar water heating and solar ventilation. These thermal
technologies are not be covered in this work. The guidelines specific to PV systems

include the following;:

e Identify electrical panel location for convenient PV system interconnection and
keep space available in the electrical panel for the PV breaker

e Specify [electrical] panel capacity sufficient to accommodate the total power into
the building.!

e Lay out locations for the inverter and BOS components

e Identify interconnection standards specific to the building location

e Run electrical conduit from the solar collector location to the electrical panel
and other electrical components

e Consider any special load needs, i.e., storage

e Avoid shading as much as possible?

e Perform an energy production estimate for the proposed system using modeling

software

These two lists comprise all the characteristics of the built structure that need

to be considered to design a rooftop PV array. The list is comprehensive, consider

1Specific guidelines per the NEC allow for the sum of these sources to be 20% greater than the
panel rating.

2This guideline is specific to the document and emphasis is on the difference between PV panels
and solar thermal panels.
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features such as wind loading, the load bearing capacity of the roof as well as general
safety equipment. Two key domains are mentioned more than once, and these are the
Solar Zone on the roof and an electrical conduit between the future inverter location
and the PV array location on the roof. Both of these critical concepts in solar design

will be covered in further detail in a later chapter.

2008
Ohio SB 2013 California 2017 Austin, TX 2018 New
221 2009 Title 24 Solar 2015 IECC Solar Ready Jersey 5600
Solar Colorado Zone for new adopts solar ordinance for Solar Ready
Ready Solar residential & ready for residential & by
Schools Option commercial residential commercial municipality
2008 2009 NREL 2014 2015 2017
Tucson Solar Ready Energy Houston, TX California
Arizona Planning Trust of Solar Ready Title 24 PV
Solar Guide Oregon EPS ordinance for all new
Ready incentive residential
ordinance buildings

Figure 2.1: Timeline of Solar Ready Building Codes

A later report by NREL (2009) focuses on three methods of implementing Solar
Ready for new construction, as well as further definition of the concept.[12] These
are “Solar ready legislation, certification programs for solar ready design and con-
struction, and stakeholder education.” The report provides a sample of Solar Ready
legislation for jurisdictions to consider when implementing such statutes. It also notes
that, at the time it was published, there was little or no data to support the effective-
ness of such programs. It also provides examples of Solar Ready policies that were in

place in 2012. These include the following:
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2000 Guam (residential solar hot-water)

2007 City of Boston, Massachusetts (residential affordable housing)

2008 City of Tucson, Arizona (residential)

2008 State of California (residential)
2009 State of Colorado (residential)

2009 State of New Jersey (residential multi-unit)

Since 2012 many of the ordinances referred to above have changed. The 2009
Planning Guide for Solar Ready Buildings sets a solid foundation of features to be
included when designing a Solar Ready building. The timeline in figure 2.1 shows the
progression of Solar Ready policies from Ohio Solar Ready Schools to the time of this
study.

2.4 Policy Case I: Ohio

e Statewide building standard mandating solar ready for school construction
e Includes: site orientation; structural load-bearing minimums; conduit run; ser-

vice panel sizing; reserved space in service panel

The first verbatim Solar Ready policy appears in Ohio. In Ohio the construction,
operation and maintenance of all public schools fall under the purview of the Ohio
Facilities Construction Commission OFCC. In 2008 the Ohio state legislature enacted
Ohio SB 221, which included several “key alternative energy requirements,” including
an advanced energy portfolio standard, energy efficiency standards and Solar Ready
schools. [13]. The advanced energy portfolio standard set a goal of sourcing 25% of
the state’s energy supplied by investor-owned utilities from alternative energy sources.
The latter can be either renewable generators certified by the public utilities commis-
sion or conventional facilities that have been upgraded and do not exceed benchmark

greenhouse gas emissions.
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The OFCC “Is responsible for guiding capital projects for sate agencies, state-
supported universities and community colleges, and Ohio’s comprehensive public K-
12 school construction and renovation program.” [14]. This commission publishes the
Ohio School Design Manual on an annual basis. The manual consists of design stan-
dards for new construction and renovation of school facilities. In 2008 the manual was
updated to meet the USGBC’s LEED for Schools criterion. It also contains an adden-
dum that is in response to OH SB 221, calling for the OFCC to “prescribe standards
for solar ready equipment... capable of accommodating the eventual installation of
roof top, solar photovoltaic energy equipment.” [15].

This Solar Ready addendum includes designation of a solar zone on the roof,
clear of obstructions and shade free during peak sun-hours (9:00am to 5:00pm). It
prescribes planting tree species that when fully grown, will not mask the PV array.
The roof structure should be capable of supporting the additional dead load from
the PV array. The standard calls for “An adequately sized chase from the main
electrical room, electrical service closets and the mechanical room to the roof.” It
suggests locating the electrical room on an exterior wall on the north side or shading
“an adjacent exterior electrical equipment pad.”

Finally the addendum makes a recommendation for building massing, to orient
on the east-west cardinal points. A waiver can be given for sites that are shaded or
“when other conditions exist that make use of the roof area for solar energy production
impractical.” [15]

These recommendations provide the basic physical parameters for a rooftop solar
array. They do not address the interconnection or permitting needs that are necessary
to connect a solar electric system to the utility grid. The standard can apply to a
generic PV array of unspecified size. The call for a chase between electrical equipment
and roof allows for any size and quantity of conduit and other cabling to be installed
on the building.

It is unknown whether or not this program has been successful nor how many
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schools since 2008 have been completed to the Solar Ready standards. One area for
further research may be to quantify the number of OFCC buildings that are Solar
Ready and then determine of those how many went on to install complete PV arrays.
One study by Baird, Chen and Holmes (2014) shows that the implementation of
USGBC LEED standards for schools had been moderately successful. At five and a
half years of implementing LEED for schools under the Ohio School Design Manual,
over 300 projects were registered for a LEED rating system. 98 of those projects had
attained some level of LEED certification, representing 10% of the total number of

LEED certified schools in the US at the time. [16]
2.5 Policy Case II: Arizona

e ARS 34-452: Statewide building standard recommending Solar Ready feasibility
study for school & state construction

e Includes: site orientation, feasibility study

e Tucson ordinance no. 10549: City-wide ordinance requiring Solar Ready for all
new residential construction.

e Includes: solar zone; conduit run; reserved space in service panel; permanent

signage; documentation

Crucial to understanding the viability of rooftop solar PV is the solar resource.
The average annual quantity of direct sunlight that falls on a square meter of the
earth’s surface is dependent on latitude and local climate conditions, namely cloud
cover. The model depicted in figure 2.2 is based on geostationary satellite imagery
as well as historical climactic data. Parts of Western Washington average around 3
kWh/m?/day, whereas most of Arizona receives greater than 6.5 kWh/m?/day. Solar
insolation is the determining factor for how much energy a PV system is able to
generate.

Therefore, it is little surprise that the state of Arizona enacted a Solar Ready
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policy very early in 1997. This particular piece of legislation, ARS 34-452 (1997)
applies to “buildings designed and constructed by the department of administration,
school districts and universities.” In it’s original form it does not call out solar PV it
does call for a written evaluation of solar potential for both space and water heating.
The evaluation includes proper site orientation and use of solar daylighting devices.
18

This legislation is similar to the previously analyzed statute in Ohio, although it
is less impactful in several key areas. Arizona ARS 34-452 ostensibly covers the same
scope of educational facilities as Ohio SB 221; yet there is no comparable Arizona

School Design manual published by the Arizona School Facilities Board. There is a
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public record of $5 million of funding from a Federal grant that was made available
to invest in PV facilities in schools across the state beginning in 2009. [19] However
this is not a Solar Ready policy. The scope of the Solar Ready statute is very broad
and only covers the Siting category.

Within the state of Arizona, some jurisdictions have gone further and enacted
Solar Ready ordinances and or amendments to their building codes. The City of
Phoenix is considering implementing a Solar Ready provision for detached one and
two family dwellings in the 2018 code cycle for residential buildings.[20] [pp. 289].
This amendment pertains to solar PV. The City of Tucson enacted a Residential
Solar Readiness Ordinance in 2008. Tucson ordinance no. 10549 covers all new single
family and duplex residential construction. It calls for “stub-ins”, or runs (ostensibly
both electrical conduits and plumbing for solar hot-water) to “allow greater ease and
convenience in subsequent solar energy system installations.” [21]

The Tucson ordinance is notable in that it is the first policy identified in this re-
view with a scope that includes the new residential market segment. The scope of the
Solar Ready standard is unspecific and only includes the run category. Also of interest
is the coalition that gathered to propose the ordinance. These include “Technicians
for Sustainability, the Tucson Association of Realtors, the Sierra Club, the Southern
Arizona Homebuilders Association, architectural professionals and representatives of
solar energy installation companies.” [21] Upon enactment, the ordinance was further
developed and provided an option of including a Solar Ready scope for either solar
hot-water or solar PV. Specific to a PV system, the new building must include doc-
umentation in the form of a site plan with a solar zone on the roof and other critical
interconnection components. It has specifications for the electrical service that must
be capable of receiving a “backfeed” from the PV system with a minimum size for the
PV array. Finally, it requires that a space be reserved in the electrical service panel
(but not a pre-installed breaker) along with signage indicating “reserved for Photo

Voltaic.” [22]
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2.6 Conclusion

This review has provided a review of policies utilized to promote the use of solar PV
on rooftops. It has defined two policy instruments, incentives and building codes,
that have been enacted and executed. Over time the content of these has changed
and will continue to do so. As solar itself has transformed from “alternative” energy
to the mainstream, there will likely be a continued trend of less tax incentives, very
few production and capacity credits and hopefully a harmonized methodology to
determine net-metered credit rates. In their place will come energy and building
codes that promote the safe, efficient use of rooftop solar PV panels. These will
ensure the most effective use of rooftop space. They will ensure that inherent to the
design, at no point in the lifecycle of a DG will the rooftop PV present a risk to
building occupants, tradespeople that install, operate and maintain the PV systems
and other personnel such as first responders.

This analysis concludes that to ensure sustainable growth of rooftop solar systems,
policy development needs to address two critical areas. The first includes intercon-
nection of the DG PV system and the utility grid. This includes the physical inter-
connection of the utility customer’s rooftop solar PV system and the grid, along with
the compensation mechanisms that dictate the value of excess energy that is exported
from the PV system to the utility grid. The second comprises local building codes
that dictate those permits that are needed to (legally) install a rooftop PV system.
Compliance with local AHJs can alter the physical characteristics of a PV system and
it’s costs. Such changes require administrative resources as well as change orders for
the original specifications.

The review has also identified a number of state and municipal level mandates for
the inclusion of a Solar Ready scope to be included in new construction projects. Most
of the policies are in the form of building standards or codes. Variation is found in

a number of characteristics such as the range of solar system design parameters that
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are included in the scope (e.g. rooftop area designated for solar zone or installation
of a conduit from the electrical service to the roof), the jurisdiction where the policy
applies and class of building.

This section also reviews the framework of voluntary Green Building certification
programs. This research aims to open a discussion about whether such a model might
have a place in further promoting sensible design for future DG within the built en-
vironment. The next section will analyze the economic justification for Solar Ready
and evaluate two contemporary policies against the administrative and economic in-
struments that have been defined to that point in the research.

For Solar Ready to be effective, it must address both issues identified above effec-
tively. If such a guideline can further standardize and even expedite the permitting
processes, it has achieved the goal of making a new building “Solar Ready” in the
physical sense of having integrated the solar PV system components that are costliest
and most hazardous to install through a retrofit, as well as having a set of permits
or preliminary permits allowing the system owner to legally install the system and

export excess energy to the local utility grid.
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https://www.phoenix.gov/pddsite/Documents/2018%20International%20Residential%20Code%7B%5C_%7DIRC.pdf
https://www.phoenix.gov/pddsite/Documents/2018%20International%20Residential%20Code%7B%5C_%7DIRC.pdf
https://www.tucsonaz.gov/files/pdsd/pdfs/GreenBuilding/june17-08-311.pdf
https://www.tucsonaz.gov/files/pdsd/pdfs/GreenBuilding/june17-08-311.pdf
https://www.tucsonaz.gov/files/pdsd/permits/Solar%7B%5C_%7DReady%7B%5C_%7DSummary.pdf
https://www.tucsonaz.gov/files/pdsd/permits/Solar%7B%5C_%7DReady%7B%5C_%7DSummary.pdf
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Chapter 3

THE VALUE OF SOLAR READY: CHARACTERIZING
THE ECONOMIC BENEFITS OF SOLAR READY

The purpose of building a Solar Ready building is to accommodate a solar PV
system in the future; either at a time when PV module prices have decreased or
when the building owner has made the decision to invest in a solar system. One of
the purported benefits of including a Solar Ready scope in the construction of a new
building is to achieve savings on the cost of installing a rooftop solar array. This
chapter includes a review of the literature in support of the potential cost savings
for Solar Ready. This includes historical trends in crystalline silicon PV cell prices,
a model for the cost components typical across all solar installations and theoretical
estimates for the cost savings of Solar Ready. Chapter 5 includes aggregate survey
data reporting on the validity of potential cost savings. This chapter closes with
policy cases for California and Oregon. California has had a Solar Ready energy code
for several years and is embarking on a full solar mandate requiring PV installation on
all new homes. In Oregon, a non-profit entity has created a unique incentive structure
that rewards builders for energy-efficiency upgrades.

Solar PV is an improvement that must be installed by licensed contractors. System
hosts may elect to purchase the system outright or lease the system from a third-
party. If electing to purchase the system, the host may elect to use debt to finance
this investment. Increased electrical production can be classified as a positive cash-
flow, since it offsets the cost of electricity that would otherwise be purchased from
the electrical utility. One of the arguments against Solar Ready is the increased cost

borne by the builder. Since the increased investment arguably benefits the building
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occupant in the future, either through decreased capital investment in the system cost
or increased electrical production; the builder has little incentive to bear the costs of
making the building Solar Ready. This concept is known as the “split-incentive”. [1]
This argument highlights the benefit of having a Solar Ready incentive available to
builders.

3.1 Falling cost of Si cells

In 2008 at the first appearance of Solar Ready in the literature, one of the primary
arguments driving this topic was the high but steadily declining price of solar modules.
This argument assumes that prices will continue to decrease over time and that the
component price of solar modules is significant enough to influence the total cost of
a solar system. The merits of this argument are analyzed below.

Historically the cost of PV cells has been very high relative to the value of the
electrical energy that they produce upon deployment. Swanson relates how since the
advent of “the terrestrial photovoltaic industry in the mid 1970s, the conventional
wisdom was that crystalline silicon solar cells, which were descended from space solar
cells, were hopelessly expensive as a terrestrial energy source... leaving crystalline
silicon for space applications only.” [2] [pp. 443 - 444]. Swanson provides a price
point for crystalline silicon PV modules of $32/W in 1979 and $3.10/W in 2002,
illustrating the manufacturing maxim that for every doubling in production capacity,
a cost reduction of approximately 20% ensues.

For contemporary pricing, an industry report (2016) speculates spot pricing “to
be in the sub US$0.40c/W range.” [3]. Figure 3.1 shows the a linear regression
model applied to historical pricing data for total system costs, including PV modules,
inverters, balance of system and so called “soft costs” associated with marketing and
operating a solar business. The regression line slope of -0.461 can be interpreted as a
price decrease of $0.461 per year for the 16 year period between 1997 - 2013. Analysis
and figure by the author with data courtesy of [4].
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Installed system price (2013 $/Watt) over time for residential & commercial PV systems <10
kw

Total Installed Price (Median) [2013 $]

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 20132014

Installation Year

Figure 3.1: Installed Price, Module Price Index, and Implied Non-Module Costs over
Time for Residential & Commercial PV Systems <10 kW

Another metric to measure the costs of energy from solar PV is the levelized cost

of energy (LCOE). Reichelstein & Yorston define the LCOE as:

A life cycle cost per kilowatt hour (kWh)... the minimum price per kWh
that an electricity generating plant would have to obtain in order to break-
even on its investment over the entire life cycle of the facility. This break
even calculation essentially amounts to a discounted cash flow analysis to

solve for the minimum output price required to obtain a net-present value

of zero. [5] [pp. 118]

NREL reports that between 2010 and 2017, the average LCOE across the US for
residential rooftop solar PV fell from $0.52 / kWh to $0.15 / kWh. [6] The LCOE



32

accounts for installation, maintenance and decommissioning costs amortized over the
productive lifetime of the PV array. Unlike a price per installed peak DC capacity,
the LCOE is especially useful in comparison to leasing or power prices established
through Power Purchase Agreement (PPA) contracts, two common forms of solar as
a service.

NREL provides in its Q1 2017 Solar Photovoltaic Cost Benchmark report that
for commercial systems modeled after a 200 kW PV array on a flat roof, module
costs represent $0.35 ¢/W out of $1.85 ¢/W total installed costs, or 19%. [7]. Corre-
sponding LCOE metrics range from $0.09/kWh to $0.12/kWh, not considering any
tax incentives. This report states that for the commercial segment of the PV market,
cost reductions of 72% were achieved in the period 2010 - 2017. The variations in
LCOE have to do with latitude and climate, both of which affect capacity factor and
ultimately, overall energy production.

The literature provides evidence that Si cell prices have decreased significantly in
the past 30 years, justifying this aspect of of Solar Ready. Regardless of whether
or not Si cell prices have bottomed out, sources predict that the trend in decreas-
ing PV installation costs are likely continue through 2020 and beyond.[8] The fact
remains that PV modules remain the single greatest component cost of a PV sys-
tem. Yet innovation in other categories may present the greatest opportunities for
increased productivity in the near to long term. Namely those “soft costs” including
marketing and overhead expenses incurred by a solar contractor during the course
of operations. An effective Solar Ready scope can reduce soft costs such as permit-
ting, pre-construction engineering and potentially even marketing through consumer

advocacy.
3.2 Comparing retrofit to new construction solar installation costs

Concurrent to the preceding argument, engineering a building to easily adopt a solar

system in the future may deliver several benefits during the installation of such a
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Table 3.1: Costs of a Solar Ready scope, included in the new construction compared

to a retrofit. Originally published in [9]

Solar Ready Cost Savings New vs. Retrofit
New Retrofit

Work package Material| Labor Total | Material| Labor Total
Panel upgrade $459 $480 $939 $459 $1,200 | $1,659
Conduit run $374 $416 $790 $374 $1,040 | $1,414
Relocate vents n/a n/a n/a - $300 $300
Panel installation n/a n/a n/a - $1,000 | $1,000
multi-plane roof
Total $833 $896 $1,729 $833 $3,540 | $4,373

system in the future. These benefits include a faster pre-installation process and
installation process for the solar system. The total material costs of the solar system
depend on the Solar Ready specifications and the solar system specifications. incurred
by the respective party installing either scope of work. This research contends that
the labor costs for the Solar Ready scope would offer significant savings in comparison
to those same work packages installed as part of a retrofit.

The 2012 NREL publication presents a theoretical case study to speculate on what
these savings may be. Table 3.1 depicts a Solar Ready scope of work that includes the
following work packages: i)upsizing the electrical service panel; ii) running conduit
from the electrical service panel to the roof; iii) a solar zone on the roof (in this case
study, rooftop vents that are present on the finished building must be relocated post-
construction); and iv) installing the PV modules on a roof with multiple planes that
vary. This cost analysis utilizes pricing from 2011 RS Means Construction and is for
a hypothetical 10 kW PV array installed on a residential building. [9]

This case shows a theoretical savings of $2,644 for the same scope of work. Note
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that the work packages apply solely to work packages included within the Solar Ready
scope. Borrowing the historical price point for installed system costs of $6/Watt in
2011, this system has a total cost of $60,000. [4] Notwithstanding other incentives,
the net system cost after the 30% ITC tax credit is $42,000. Including the Solar
Ready scope in this case would have saved 6.3% of the total system cost, mainly from
reduced labor expenses not incurred during the retrofit.

Of particular interest is the nature of the increased labor expenses during the
retrofit. Running conduits to the roof from the location of the electrical service panel
and between other system components is a work process inherent to all building im-
provements consisting of electrical equipment. The other three work packages involve
design and engineering features on the roof and the building electrical system. Had
the team that designed this building accounted for potential addition of solar, they
may have sized the electrical panel appropriately and optimized south-oriented roof
segments for solar by keeping an obstruction-free plane with a pitch suitable for solar
gain.

This analysis has implications for worker health and safety. In practice as in this
case, labor costs are calculated as the product of hours worked and labor wages.
The retrofit therefore represents a near 400% increase in labor hours specific to the
Solar Ready scope. As the bulk of this time is spent upgrading electrical systems
and installing panels on the roof, this equates to a significant increase in the time
spent by installers in the two most hazardous work settings: on the roof and near live
electrical conductors. This subtopic is further expanded in Chapter 4.

Additional evidence in support of installation cost savings for the Solar Scope can
be found in the report by Barbose, Weaver & Dargouth (2014). The analysis uses
“project-level data for more than 300,000 individual residential, commercial, and
utility-scale PV systems installed across 33 states,” for the time period 1998 - 2013.
[4]. A summary analysis of aggregate pricing data for residential systems installed

during new construction and retrofit shows a significant price difference among the
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two categories. The data includes aggregate pricing for the two categories for the

time period 2009 - 2013. The results of this summary analysis are found in table 3.2.

Table 3.2: Difference in installed cost of Residential PV, New Construction and
Retrofit [4]

Difference in installed cost (Residential) Retrofit & New Construction

2009 | 2010 | 2011 | 2012 | 2013 | Average
New $6.0 $7.2 $6.2 $4.9 $4.4 $5.7
Residential $9.0 $8.0 $7.0 $6.3 $5.3 $7.1
Difference $3.0 $0.8 $0.9 $1.5 $0.9 $1.4
Percentage 33% | 10% | 12% | 23% | 16% 20%

The trend in decreasing overall costs can be seen in both categories. For new
construction, installed costs decrease 26%; for retrofits they decrease by 44%. De-
spite this trend present in the data, the percentage of savings achieved during new
construction is found to be variable over time. From this analysis it can be said
that there is a significant evidence of reduced installed costs when a solar system is
included in the scope of new residential construction. To accurately test the savings
potential of Solar Ready buildings, historical data for the installed system costs is
required. Such data would include commercial systems and information about the
Solar Ready scope; including the cost of materials and labor as well as the installed
equipment.

Some shortcomings to the two methods above are that they only account for the
capital expenditure of installing the system. Neither method accounts for the poten-
tial increase in productive energy that might result from a more optimally oriented
array resulting from Solar Ready design. Nor do they consider overhead costs that
might result from worker injuries that might be avoided by the safety improvements

that can be a product of Solar Ready design. Finally, the pre-construction tasks in-
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volved in a solar installation that include permitting, design and procurement, might
also contribute to reduced direct costs for a Solar Ready system installation.

The difference between new and retrofit installations might be attributed concep-
tually to the ease of access and the opportunities for integration with other construc-
tion tasks. One major component of Solar Ready, the run of conduit between the
electrical service location and the roof, offers a prime example of this concept. When
under construction, internal building walls are exposed when the electrical contractor
is installing the electrical scope. For the electrical contractor to include additional
conduits between the electrical service and the roof is a marginal addition to the
electrical scope. Furthermore, this conduit is integrated into the building walls.

A retrofit in comparison requires that the conduits be attached to the building
exterior. To open the walls for an integrated conduit run would be cost prohibitive.
The same is true of other system components. Building elements that must be re-
placed or modified are similarly more expensive than if they have been engineered to
host a solar array.

One important corollary is that those work processes that present the maximum
savings when included in the scope of a new construction are included within the Solar
Ready scope. Whether by building code, ordinance or voluntary incentive program,
these areas are to be identified, proven to offer savings and included in the scope.
Chapter 4 presents an analysis of the interdependence among PV system components.
Through this analysis, those components that are most independent from the end
PV system design and suitable for pre-installation within the Solar Ready scope are
identified. Chapter 5 will present the findings from the survey and interview research

regarding this finding from the literature.
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3.3 Policy Case III: Oregon
The Role of a Solar Ready Certificate

e (2014) OR Energy Trust EPS: Energy efficiency incentive program for builders

e Scope is limited to territory served by Portland General Electric and Pacific
Power (northern OR & southeast WA)

e Incentive is available for both residential and C&I buildings

e Includes: site orientation; solar zone; stubbed conduit; service panel size; re-
served space in service panel; permanent signage; documentation

e Incentive is provided to the builder upon verification of the scope by a 3rd party

Oregon has been a pioneer in the construction of Solar Ready buildings, both
residential and commercial. Beginning in 2014, the Energy Trust of Oregon published
a set of requirements for builders to include a Solar Ready scope of design for new
homes in Oregon. Specifically for new homes located within the service territory of
Portland General Electric or Pacific Power. Portland General Electric and Pacific
Power (a division of PacificCorp) are the two largest investor owned utilities (IOU)
serving the state. The Energy Trust is funded in part by a surcharge in customer
utility bills, grants from the Oregon PUC (OPUC) as well as direct funds from the
two I0Us.[10]. This represents a coalition of state entity, IOU electric company and
third party non-governmental organization (NGO) organizing under the banner of
energy conservation.

The energy trust has approached Solar Ready in a novel way. A straightforward
energy audit in the form of the EPS. The EPS is an energy audit for homes and
businesses. Points are given for energy-efficiency improvements that yield energy
savings as compared to a baseline energy consumption model based on Oregon Resi-
dential Building Codes. Builders receive cash incentives for improvements that deliver
energy-efficiency gains beyond OR energy code requirements. This program offsets

the increased material costs bourne on developers for building ”above the code” or
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to a specification that attains greater energy-efficiency gains than those prescribed in
the building codes. Solar Ready is a sub-incentive within EPS. The EPS mechanism
requires that the home be validated for energy-efficiency through a computer simu-
lation of the specifications. Validation of the Solar Ready scope requires an auditor
to perform a visual inspection and check off items on a standard form. With respect
to Solar Ready, this approach defines what Solar Ready is, provides a verification
method to validate the scope of work and pays an incentive to the interested party
to implement the design elements.[11]

A copy of the entire EPS residential guideline for Solar Ready can be found in
Appendix B. A summary of the requiremnts includes: a Solar Zone on the roof; an
installed conduit from the main electrical service panel to the attic that is ”stubbed”
or capped off just below the roof; a space near the service panel reserved for the (fu-
ture) installation of the inverter; spaces within the service panel reserved for the PV
breaker. All of these features must be documented in the construction documents.
In contrast to the other Solar Ready policies under review, the EPS scope offers pre-
scriptive specifications as to conduit size, inverter location, the number of 90 °bends
in the conduit and the location of the PV breakers in the service panel. All of these
specifications are indicative that the standard was created with the consultation of
practicing solar contractors. Additionally, Figure 1 in the Solar Ready Residential
Installation Requirements gives guidance on the location of the solar zone relative
to other rooftop components. Item 1.12 makes reference to setbacks for firefighters,
although the wording leaves room for interpretation depending on local fire and safety
codes.[11]

In November 2017, Governor Kate Brown proclaimed through executive order No.
17-20 a Solar Ready mandate for all new construction in the state of Oregon. The
Solar Ready scope will apply to residential buildings beginning October 1, 2020 and
two years later for commercial structures. The executive order also mandates to be

ready to house electric vehicle Level II chargers in both residential and commercial



39

buildings, as well as a review of the 2017 US Department of Energy Zero Energy
Ready Standard.

The true breadth of Governor Brown’s executive order will not be known until
the legislature approves the revised building codes that will enforce these energy
efficiency improvements. Guided by Oregon’s commitment to the Paris Agreement
and carbon reduction targets enacted by the Oregon legislature, this executive order
also mandates a goal for state buildings to adhere to the 2015 ASHRAE standard
189.1 for high-performance green buildings.[12] State buildings will essentially have
to be designed to be Net-Zero or Carbon Neutral.

3.4 Policy Case IV: California
The mandate and the market

e (2019) CA Title 24 Part 6: Statewide energy code requires solar PV for all new
residential construction
e Includes: site orientation; PV array sizing based on FAR and climate zone

e Increased cost of home ownership justified by 30-yr energy savings [13]

If regulation is the definitive means of forcing market change, then California will be
the model case for how such a scenario will unfurl. While again, there is scant data
on Solar Ready, the Solar Mandate will play out beginning in 2020. It applies to new
residential construction, including single-family and multilevel multi-family homes.
Enacted as a result of the OPEC oil crisis of the 1970s through the Warren-Alquist
Act, the California state legislature enacted the California Energy Commission in
1973.[14]. At the onset the commission would research and plan energy policy as well
as inspect and license power plant sites and, along with the already existing California
Public Utilities Commission (PUC), be a primary energy regulatory agency in the
state.[14]

In 1978 this commission drafted the first set of energy-efficiency standards for

non-residential buildings the First Generation standards. The commission was also
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charged with updating the standards periodically. 1992 was the first year that the
energy efficiency standards included residential buildings. These energy efficiency
standards are codified as a part of California Title 24, the California Building Stan-
dards Code. [15]. The 2013 version of the energy code, Part 6 Section 110.10, is the
first appearance of Solar Ready standards for new residential buildings.

In 2018 California made history by including a solar PV mandate in the latest
energy code cycle. Taking effect in 2020, the 2019 Energy Code will require all new
residential construction to include a PV system on the roof (barring exceptions for
shading, etc.). A press release by the commission provides an estimate for the increase
to home prices of $40 per month. Offset by estimated savings of $80 per month in
energy costs, the result is a net savings of for end-users. [16]. It is important to
note that the economics of PV will vary depending on local utility tariffs and solar
insolation.

It will be interesting to see the result of this solar mandate. It may spur further
decreases in the installed price of rooftop solar, especially in the “soft costs” category.
Since demand for PV will essentially be all housing starts within the state, many
elements of installing solar will become standardized. Solar Ready practices will
become standard construction practice, as builders will include every aspect of the
PV system into the new construction. This may provide an installed system cost
savings of 20% compared to similar sized retrofits, documented in the NREL 2012
study above.
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Chapter 4
SOLAR READY SCOPE

The built environment is a heavily regulated space. At some level of jurisdiction,
everything from the spacing of rungs on a ladder to the lumens output by a light
source is dictated by a body of code. Interestingly, megawatt-scale solar farms that
feed electricity directly into the utility grid are not considered to be behind the meter.
Selling their generation at wholesale rates, they are considered part of the utility
system and as such, do not fall under the purview of local AHJ. But for all those
systems that are behind the meter, erected on built structures and provide power
for self-consumption, there are a multitude of rules that dictate many aspects of it’s
design, installation and operation.

A solar installer is considered a specialty construction contractor. A typical scope
of work includes functions that otherwise are the domain of distinct specialty contrac-
tors. The typical rooftop solar installation will include electrical, roofing, carpentry
and other specialized competencies. This is in addition to the energy modeling and
site analysis pre-construction planning that are the first step in the PV installation
process. The permitting process for a solar installation will vary depending on local
jurisdiction, but in some cases, this may include sending applications and passing in-
spections from local building, fire and electrical authorities. Additionally, the system
must have the approval of the electrical utility to connect to the utility grid.

Solar Ready policies have been evolving for a decade. From Solar Ready for schools
in Ohio to the solar mandate for all new residential construction in California; the
scope of these policies is fragmented and dynamic. If it is deemed to be an effective

means to provide safer work environments for PV installers as well as a mechanism
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to reduce the installed costs, it is likely to be adopted in some form or another in
more jurisdictions. This section is an analysis of the typical solar installation process
with the objective of determining a model scope for Solar Ready. This model scope
can be adopted by jurisdictions eager to provide guidance on how new buildings
can easily adapt sustainable energy solutions. The three part analysis first identifies
typical work processes. Next, it determines the dependencies for specifying individual
components in the system, in order to identify what equipment to include and how
to avoid incompatibility between the Solar Ready scope and the final solar system.
Finally, it identifies those work processes that present the greatest hazard to solar
installers.

By identifying hazards present during the installation process and characterizing
the risk potential of those hazards, Solar Ready can deliver much more than a discount
on installed cost and greater lifetime solar production. By eliminating and mitigating
life-threatening hazards to solar workers, Solar Ready is a standard that prevents loss

of life, injury and property damage.
4.1 Installation process analysis

This section summarizes the installation of a typical rooftop solar PV system. It
will analyze the components, design procedures, permitting and installation tasks to
determine which of those tasks might be included in a Solar Ready scope. It closes by
speculating what problems may be encountered when including a Solar Ready scope
during the new construction and at the point in time when the complete solar PV

system is installed on the existing Solar Ready scope.

Rooftop Solar PV System installation

All rooftop solar installations share a common progression. An analysis of the work
processes typical to all installations and their independence from a final design is a

critical exercise in this study. The process map and identification of tasks for the
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solar installation process is based on the previous work by Professor Hyn Woo Lee of
the University of Washington, Professor John Gambatese of Oregon State University,
PhD candidate Chung Ho of the University of Washington.[1] For Solar Ready to
be effective, it must include a scope that delivers on the benefits of pre-installed
components while avoiding a scenario where the Solar Ready scope is incompatible
with the solar PV system to be installed. This analysis does not distinguish differences
among new construction and retrofit PV projects.

The basic stages of a rooftop solar installation begin with the owner of the building
making the decision to install a solar system. This stage can be complex and timely
for instances in which the building occupant or tenant is not the building owner. Es-
pecially in the non-residential commercial and industrial Cé/I sector, where ownership
can be a layer or two removed from the tenant(s), decision-makers can prove difficult
to identify and engage with.[2] These issues are not be explored in-depth within this
thesis.

The process map in figure 4.1 displays the processes identified by Lee, Gambatese
& Ho, modified with by supplementing additional installation details. The supple-
mental information originates from the author’s experience designing and installing
PV systems as well as other sources.[3]. It also includes activities for optional com-
ponents, like electric vehicle EFV charging, energy storage and system monitoring
equipment. As an electrical contractor, the solar installer is poised to add any of
these options to a solar installation and whether they may have elements that can be

included in the Solar Ready scope is included in this analysis.

Component Interdependence

The previous analysis has identified elements of the rooftop solar PV system that
are typical to all installations. In this section, the independence of those elements
is analyzed. If a component of a rooftop solar PV system is dependent on the final

design of that system, all components must be specified with that design in mind.
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This means that for a new construction, specifications for the Solar Ready scope need
to be compatible with those of the future solar system. This may result in a high
degree of inflexibility at a future point in time.

There are two methods to avoid a scenario where the Solar Ready scope is incom-
patible with the solar system (in the future). One is to design the entirety of the
solar system and extract a Solar Ready scope from this design. This method may
have a time constraint, since code revisions are typically updated ever three years and
solar equipment manufacturers constantly update their products. A second option
would be to engineer the Solar Ready scope that is able to accommodate a minimum
solar capacity based on the maximum area of the roof that is available for solar. This
strategy results in greater flexibility of design for the ensuing solar system.

To gain a better understanding of the dependencies present when designing a
solar array for a building rooftop, the author has created a dependency tree (Fig.
4.2) depicting a critical system elements. Black arrows depict that the element being
pointed at is dependent on a characteristic of the arrow origin. Blue (dashed) arrows
denote a similar relationship but the element is an abstract quantity or category of the
construction process. Each major system component is shaded by a color denoting the
sub-scope of work. In many cases these overlap. The “Other” group of components
includes sub-components that may be required depending on the requirements of the
AHJ.

The analysis concludes that roof characteristics are the predominant determining
factors influencing PV system design. Roof pitch and the roofing material determine
the mounting system that can be employed. Rooftop size and structural capacity
limit the physical quantity of PV panels that can be attached to the roof. The rated
capacity of the PV panels determines several other critical specifications, including
the capacity rating of the inverter and the size of conductors for the solar circuit.
These in turn determine the size of conduit needed.

Specifying other equipment such as monitoring systems with environmental sen-
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Figure 4.2: Interdependence diagram of rooftop solar PV components

trical scope.

4.2 Hazard Mitigation through Solar Ready

sors, EV charging infrastructure, a rapid shutdown system (variable by AHJ), etc...

will determine characteristics of the inverter as well as components within the elec-

The primary objective of Solar Ready is invest a marginal quantity of design, time and
materials during the new construction phase in order to capture savings at a future
point in time when installing a PV system. Solar installers face many hazards, namely
those from working at heights including falls and being struck-by falling objects; as

well as electrical hazards. It should be noted that the electrocution hazards are present
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in three forms, including the presence of overhead power lines near the roof, energized
circuits in the vicinity of equipment being installed, and solar output circuits from
the solar PV array on the roof.

Solar Ready provides two means for increasing the safety and health of solar
installers. The first is by elimination and transfer of hazards. Equipment installed
during the new construction phase or by other contractors is no longer included within
the PV “upgrade” scope. Some scopes are completely removed from the solar PV
system installation, while others reduce the complexity and time spent on certain
tasks. For example, a pre-installed conduit will eliminate the time required identifying
the routing of that conduit. It will reduce the time spent running solar output circuits
from the roof to the site of the inverter. It may reduce or eliminate time spent
in confined spaces, as conduits are often run through attics, crawlspaces and other
limited entry, non-occupiable spaces. There is some transfer of hazard from the solar
installer to the contractor that installs the Solar Ready scope. Yet it is proposed that
such a task is not only faster to complete during the new construction phase, when
other conduits are being installed and the building interior is exposed. Additionally,
it is proposed that the conditions under which a Solar Ready conduit is installed
are safer than they would be during a retrofit. Whether by the solar contractor or
electrical contractor, it might be assumed that conditions during new construction
are safer than during a retrofit solar installation.

Without data, it is difficult to draw a conclusion about differential safety measures
taken during a retrofit compared to new construction. Direct observation of a Solar
Ready scope and a solar system retrofit may offer a singular measurement. The time-
reduction for similar scope of work presented in Chapter 2 section 2.1 as deduced
from the lower labor cost is indicative of reduced labor hours. This is evidence of
hazard mitigation through elimination of labor hours. A comparison of historical
data comparing itemized installation costs between solar projects for retrofit and

Solar Ready buildings would provide conclusive evidence in support of this claim.
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Solar Ready can provide further health and safety through measures that are
similar to prevention through design (PtD) These principles are mentioned throughout
the literature. When applied to a rooftop solar PV system, they can be broad in scope.
The work by Lee et. al, identifies seven areas where PtD can be applied to rooftop
solar. These are focused on the design of the roof, namely the pitch, roofing material
and positioning of skylights, exhaust vents and chimneys. [1]. In addition, a safe
method for transporting the solar panels to the roof is among the recommendations.

None of the Solar Ready policy cases under review include roof pitch or rooftop
materials within their scope. Most of them do include the concept of a solar zone.
The solar zone consists of the south-facing facet of the roof in the case of a pitched
roof, or a proportion of the roof dedicated to the solar array in the case of a low-slope
roof. The solar zone must be free of obstructions. The question of whether a Solar
Ready policy might be more effective if it prescribed an ideal roof pitch for the solar
array and a roofing material is debatable. While a building that is intended to host
a solar array will likely consider these design elements from an early stage, one that
is not engineered to host solar will likely not consider these. Yet in the case of the
fire code, energy code and building code (structural), relevant building components
must meet very specific baseline standards in fire resistance, insulation-rating and
load-bearing capacity. Although prescribing a specific pitch and material as part of a
Solar Code will yield solar systems that are more productive and more standardized
in construction, such a code may prove to be politically unrealistic and practically
speaking, not possible to enact.

Figure 4.3 codes typical solar installation work packages by the hazard area that
they present to solar installers. It also identifies those packages that are suitable
for the Solar Ready scope. One proposal is to gather data comparing the time and
material cost to install this scope during new construction to a retrofit installation.
Should the data show a significant reduction in the labor cost for these packages, then

there is a significant case for hazard elimination. Further data on incidence of injuries
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and near misses for each type would be ideal.

An analysis of quantitative data comparing material and labor cost, incidence
of injuries, fatalities and near misses between a sample of Solar Ready scopes and
the same scope during a solar retrofit would yield conclusive evidence regarding the
life-saving and hazard-reduction potential of such policies. With this data, the entire
scope of Solar Ready would become a critical tool for jurisdictions to prevent injuries

and death of solar installers across the land.

Solar Ready Scope

Analysis of the solar PV system installation process has led to a reference list of Solar
Ready features for inclusion in future iterations. By cross-referencing work packages
identified in the analysis above to those categories identified in Chapter 2 section 4
and further prioritizing these by their potential to mitigate hazards; a model Solar
Ready policy can be drafted by building code and green certification committees.
This reference list can be found in Appendix B.

In comparing the model policy to existing building codes and ordinances, several
differences come to light. One critical component is the interconnection approval that
is granted by the existing utility. While there is no record of a pre-approval in the
literature or in known practice, such a mechanism might be particularly valuable at

the point in time where the building owner /system host elects to install the PV array.
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4.3 Policy Case V: Seattle, WA

e (2015) Seattle Energy Code Section C412: applies to C&I buildings within
Seattle 20 stories or less in height

e Solar zone; minimum area (roof surface area or electrical service size); struc-
tural load-bearing minimums; modified chase or “capped roof penetration” for
conduit, PV spacing in service panel

e Includes alternate provisions for solar water heating

e (2015) Seattle Residential Code Appendix U: applies to detached residential
and townhouses within Seattle

e Solar zone; structural load-bearing minimums; reserved space in service panel;
permanent signage; documentation

e Includes alternate provisions for solar water heating

Seattle has two separate building codes that mandate a scope of Solar Ready design
and construction elements that must be included in new buildings or additions greater
than a specific size. The 2015 Residential Code covers residential units, including
single and multi-family units and townhouses. It does not cover multi-unit multi-
story buildings; these fall under the commercial building codes. The second source
for Solar Ready provisions for the city of Seattle is the 2015 Commercial Energy Code,
covering a range of occupancy types.

The energy code includes two provisions related to PV systems. Section C411
mandates an on-site renewable energy system sized by the FAR of conditioned space.
The requirement is 70 Watts of PV for every 1,000 sq ft of conditioned space. A
building developer might opt for an alternative measure consisting of one of three
energy-efficiency measures that exceed the minimum standards presented in the en-
ergy codes. Section C412 “Solar Readiness” is mandatory, although a building de-
veloper may prove that the total shading on the roof results in less than 75% of the

total solar resource. Minimum solar areas are derived from either the total rooftop
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area (40%) or from the electrical service (20%). The electrical service requirement is
consistent with the NEC requirement allowing a PV system to “backfeed” a service
panel up to 20% of rating of the service panel. [4] [pp. 127 - 128] The residential code
does not specify a size for the solar zone. It does include load-bearing minimums,
permanent signage and documentation. [5] Both of these codes are modifications to
the (2015) International Energy Conservation Code, published by the International
Code Council (ICC).[6]

Seattle’s Solar Ready provisions allow flexibility for the PV designer. They desig-
nate a solar zone on the roof and include a modified-chase or “sleeve” that penetrates
the roof. This “sleeve” does not constrict the size or quantity of a future conduit
but does increase the ease of future installation. One downside of the provisions is
a failure to address electrical raceway and other components to facilitate the even-
tual addition of two auxiliary PV system components that in WA state are de facto
requirements. These are the production meter and remote disconnect. The remote
disconnect is required by the state electrical codes and a PV system will not pass
inspection without it. The production meter is required to receive state production

credits; this program is structured through the electrical utilities.
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Chapter 5
ANALYSIS OF SURVEY AND INTERVIEWS

Concrete is the most widely used material in construction and by volume, it is in
fact the largest manufactured product in the world. [1] Concrete was used extensively
throughout the Roman Empire, and there is evidence of lime mortar being used as
a binder for stones as early as the third millennium B.C. in Egypt and the sixth
millennium B.C. in Asia Minor. [2] Although constructed almost two millennia in the
past, the Coliseum, the Pantheon and the entire center of Rome still stand amongst
humanity’s most treasured monuments of antiquity. [3] At this time-scale, the devel-
opment of Portland cement in the 19th century is but a recent technological advance.
Concrete is a ubiquitous design element in the construction of new buildings, despite
it’s origins in antiquity. Should solar PV one day become as ubiquitous as concrete
in the built environment, design optimizations making integration safe and seamless
are in order.

To this point the thesis work has been a review of the literature, including academic
research and policies. Solar Ready is a relatively new topic, first appearing in the
literature in 2008. Keep in mind that the first PV cells emerged less than a century
ago. At the beginning of the decade in which this research takes place, the economics
of installing a rooftop solar system were entirely dependent on government subsidies
to counter the high initial investment. At the close of the decade, rooftop solar will
be required for all new construction in some markets (California) and it will have
achieved the holy grail of “grid parity” in many additional markets around the globe.
[4] In a span of decades, PV has emerged as a technology that allows a built structure

to generate it’s own electricity. And in many instances dependent on geography and
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local electricity tariffs, self-consumption realizes significant savings with respect to
purchasing electricity from the electric company.

This section presents the findings of the survey questionnaire and informal inter-
views included within the thesis research. A copy of the survey questionnaire can be
found in Appendix A. The survey was shared with practicing solar installers, building
designers and experts in sustainability and policy. This survey was conducted during
the summer of 2018. It collected some qualifying questions, basic demographic infor-
mation and then Solar Ready specific inquiries. Survey takers shared their opinions
of Solar Ready concepts.

A number of informal interviews were conducted with select survey takers. The
purpose of this was to supplement the survey responses and add to the depth of
some of the areas of analysis. Individuals were either solar installers, solar advocates
working within a non-profit organization that actively engages in the promotion of
renewable energy, or officials working at the city and state level drafting building and
energy codes. The knowledge gained through these discussions uncovered seminal
insights that led to new connections in the overall analysis.

One motivation for researching this topic is the author’s past experiences designing
solar systems for residential homes under construction. In response to the interest
of various home-owners engaged in new construction or building-renovation projects;
specifications for conduit-runs, electrical panel sizing and other design improvements
were disseminated among the building contractors. In several cases, no solar system
was installed at project completion. Yet several benefits were observed by the author,
co-workers and other observers.

First and foremost was the seamless integration of the solar system. Where many
retrofitted systems will have metallic conduits attached to an exterior wall, others will
have solar arrays that are not contiguous, with a lone panel separated by a skylight
or roof vent. Other accessories, like a production-meter required to capture local

production credits and a means of remote-shutdown, add to the list of equipment that
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can appear randomly mounted to a building exterior. The opportunity to have these
components integrated into the walls, flush with the building’s lines and siding offered
the homeowner, architect and contractor a means of aligning the aesthetics of the
building with the sustainable value proposition of rooftop solar. Furthermore, some
of the more hazardous tasks, including modifications to the service panel, installation
of the conduit to the roof and some of the panel layout could be avoided altogether.

The solar industry changes at a rapid pace. This holds true with respect to the
technologies used to convert sunlight into electricity as in the installation practices
employed by solar contractors. The varied policy instruments that define Solar Ready
to this day can be indicative of how a building standard comes to fruition. In an ideal
form, a building code is a baseline specification that delivers a compromise among
multiple parties with diverging interests. In this sense, it provides the end user with
a structure that will not collapse or cause harm to its occupants. In practice, build-
ing codes often come to fruition after input from industry representatives, building
designers and contractors. Enactment and enforcement thus represents a compromise
of interests. It is the belief of this author that as solar becomes as commonplace
in a home or office building as modern appliances of convenience, such a baseline for

performance is prone to become a globall mandated standard for all new construction.
5.1 Survey

The first section of the questionnaire captures basic demographic information, used
in part to qualify subject responses. Survey participants are also asked to share
their familiarity with the concept of Solar Ready. Unfortunately the sample size
is not sufficient to compare familiarity with Solar Ready concepts across geographic
regions. The survey received 9 valid responses out of over 50 invitations to participate
sent via email, phone call, LinkedIn message and in-person. Figure 5.1 depicts the
range of professions that answered the survey in the rows and the mean of familiarity

with “Solar Ready” using a Likert scale. Architects, engineers and solar engineers
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had worked on the most Solar Ready buildings, average 30 buildings, followed by
consultants or incentives and solar contractors both reporting having worked on an

average of 25 buildings.

Familiarity with Solar Ready by Profession

What kind of activit..
Architecture/Engine.. | NN
Consultation/ Incent.. NG
Design Firm NN
Electrical Contractor I NN
Permitting, inspecti.. [ NG
Solar Contractor NG

0 1 2 3 4 5

Median How familiar are you with “Sclar Ready”?

Figure 5.1: Mean familiarity with Solar Ready by profession

All of the respondents are from the Northwest region. The majority were from
the Seattle area in Washington state. Demographic questions included electric utility
service area, name of company, size of company, role and scope of work (residential,
commercial or both). The range of years of experience in respondents’ current industry
ranged from a minimum of 2 years to a maximum 26 years. It is interesting that
56% of respondents work on both commercial and residential projects, 33% strictly

residential and 11% strictly commercial.
5.2 Features to be included in a Solar Ready Scope

The primary purpose of this research is to propose a Solar Ready scope for future
standards. This model Solar Ready scope contains elements of the solar installation
process that when installed as a portion of a new building, will deliver improvements

to safety and productivity for the installers of the full solar system scope. Previous
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analysis of existing policies and the work process has revealed an array of solar system
components that are eligible for the model Solar Ready scope.

The second section of the questionnaire seeks to identify what elements of a com-
plete solar system qualify for the general Solar Ready scope. It presents respondents
with a matrix of work packages that might be installed as a part of the new con-
struction phase. The first question asks which of these features the respondent has
observed in an existing Solar Ready scope; denoted "present” in figs. 5.2 - 5.5. The
second question asks which features are to be included in an ideal version of the
scope; denoted “future” in these figures. The questions include four categories repre-
senting the areas of work included in a solar installation. Survey results are presented
in rank-order, with those Solar Ready packages receiving the most aggregate votes
in first place for each work-package and “present” or “future” presence in the Solar
Ready scope.

The last section of the survey employs a similar method to validate safety mecha-
nisms that are appropriate for inclusion in the scope. Presented in rank-order relative
to the total number of features, there are sections for rooftop safety elements as well

as electrical safety elements.

Roof

The rooftop is prominent in determining nearly all the parameters of a PV system.
First and foremost, the orientation of the building itself and that of the rooftop
plane(s) determines suitability for a solar system. In the northern hemisphere, south-
facing rooftops are ideal for solar gain. Figure 5.2 shows that most respondents have
seen inclusion of the Solar Zone on existing Solar Ready buildings. This is aligned

with suggesting that such a zone be included in future iterations of Solar Ready policy.

A roof’s structural characteristics are worthy of consideration. They appear as

“Additional bracing for the sub-roof” in the results and come in as the next highest
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General Scope for Roof Components

Roof
Solar Zone on the roof Present |IEE——
Future |
Additional bracing for the sub-roof  Present [N I
Future [
Other rooftop components, with  Present [N I
integrated flashing/waterproofing futyre ]
Rail mounting hardware on the roof Present [[NNEERNEGEN
Future [N

0 1 2 3 4

Value

Figure 5.2: Rank-order survey results: general Solar Ready scope (rooftop)

rank tied with “Other components” among the existing solar scope ranking. In the
ideal ranking, this structural improvement is the second highest ranking response. In
the interviews, multiple subjects indicated that the load-bearing capacity of the roof
was the initial requirement for a Solar Ready roof. This was also one of the easiest
for a builder to attain, for the simple reason that most rail-mounted solar PV systems
add a dead-load of only 2.5 1b/ sq ft. Such additional capacity was often included by
default in the 10% envelope that is often included in the structural design of most
buildings. However, for ballast-mounted systems, the additional dead-load require-
ment will be 40 1b/ sq ft. This much higher requirement may necessitate additional
structural support. In and of itself, the need for a ballast-mounted PV system might
be eliminated altogether by a rooftop design that easily accommodates a mounting-
system that offers the maximum monetary value and installation productivity.

The last two Solar Ready elements do not rank as highly in the results. “Other
rooftop components...” like integrated flashing or waterproofing for rooftop penetra-
tions and other rooftop-mounted hardware has the potential to shift the risk of a
leak onto the original roofing contractor. This may have positive implications for roof

warranties. However, this would be relegated on a case-by-case basis. It would also
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require close coordination between the solar contractor and roofing contractor. Such
a collaboration in the pre-construction stage may require more of a commitment from
the building occupant to install solar than a model Solar Ready scope might assume.
Such is likely the case for installing “Rail mounting hardware on the roof” as a part

of the Solar Ready scope. This was the lowest-ranked response.

Electrical

A grid-tied solar electric system is akin to a large, permanent addition attached to
the roof. Unlike a dishwasher that consumes electricity, solar generates electricity.
This electricity is available to loads in the building; at times when solar generates
more electricity than the loads within the building are using, this excess is sent back
to the grid. Solar panels on the roof convert sunlight into direct current DC' electrical
energy. This DC is converted to alternating current AC' before it is supplied to loads
in the building or exported to the grid. Conversion from DC to AC is done by the
inverter(s), the “brains” of the PV system. Inverters come in different forms, including
large-capacity “central” inverters found in utility-scale PV systems, string-inverters
and module-level micro-inverters.

Electrical connections must be contained in metallic conduits. The conduit “run”
between solar panels on the roof and the inverter location can be one of the most time-
consuming work-packages in a solar installation. Ideally it is run through a chase in
the walls up to the attic space before penetrating the roof. The benefits of including
the “run” have been analyzed in the previous chapter and are supported in the rank-
ordered survey results for the general Solar Ready scope (electrical) presented in fig.
5.3. It is the first most reported element that is seen among existing solar installations.

The rank-ordered results for the electrical segment of the general Solar Ready
scope show high consensus among survey respondents. This could indicate that exist-
ing Solar Ready buildings and codes reflect the stated intention to make installations

faster and less expensive. Including a junction-box for electrical connections on the
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General Scope for Electrical Components

Electrical
Chase from electrical Present 1
service panelareatothe.. Furure1

Conduit from the electrical Present 1
service panelareatothe.. fFurure1

Junction box near the Present 1
electrical service panel /i.. Future1

Space for the inverter Present 1
(outside or inside) Future 1
Junction box on or near the Present 1
roof Future 1
Other components Present 1

Future 1

0 1 2 3 4 5 6
Value

Figure 5.3: Rank-order survey results: general Solar Ready scope (electrical)

roof is slightly less recognized as an element for model Solar Ready code than as an
element of existing Solar Ready code. One reason that a chase is viewed as favorably
as a conduit run in the ideal scope may be that a chase offers more flexibility to the

solar installation team in terms of conduit and conductor sizing.

Service Panel, Other Components

The rank ordered survey results for the service panel (fig. 5.4) and other components
(fig. 5.5) to be included in the general Solar Ready scope are presented below. As
indicated in the previous chapter, changes to the service panel post-construction are
among the most costly work-packages that may be included in a retrofit solar instal-
lation. Therefore, these elements of the general Solar Ready scope are reported as
being commonly seen in existing Solar Ready application and in the model scope.
Other elements reported in the survey include: In fig. 5.4 the two most reported

elements within existing Solar Ready scopes are components for future EV charging
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General Scope for Service Panel

Service Panel
Space inthe service panel Present 2
dedicated for solar PV bre.. futyre 2

Solar PV breakers installed Present 2

inthe service panel Future 2
Other Present 2
Future 2
0 1 2 :
Value

Figure 5.4: Rank-order survey results: general Solar Ready scope (service panel)

General Scope for Other Components

Other
Consumption metering Present 3
Future3
Components for future EV  Present 3
charger (conduit, wiring, .. Future3
Safety components Present 3
Future 3
Network /IT components  Present 3
(RS-45, other cables ford.. puture 3
Electric Vehicle (EV) Present 3

charger Future 3

o
[y
N
w
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w
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Figure 5.5: Rank-order survey results: general Solar Ready scope (other)

and Safety components. This would indicate that akin to Solar Ready, a scope for
EV-charger ready improvements might be worthwhile to make available to building
professionals. This also supports the notion that a solar contractor is a likely actor in
introducing EV-charging infrastructure to a building as a complimentary component
to the solar system.

Consumption monitoring is ranked fist when other components are considered.
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This feature, along with network access throughout the building, would provide in-
tegral data to many practitioners in the field of energy, insulation and mechanical

systems.

Safety

Rooftop pitch can vary and there are many factors that might determine the ideal
pitch. Safety is an important factor here, as the steeper the pitch, the more hazardous
it is to work on. The rank-ordered survey results for the safety scope within Solar
Ready fig. 5.6 gives insight on what specific pitches and other rooftop characteristics
might be included in the solar zone. Surprisingly, results indicate that a lower-sloped
roof, 4:12 (18.4°), is more commonly found among existing Solar Ready buildings than
steeper 6:12 (26.6°). One respondent suggested “Roof slope lower than 8:12 (33.7°)”.
The highest ranked safety element for Solar Ready in both existing and ideal categories
is “Permanent anchor points.” Such anchor points are key components of any fall-
restraint or fall-arrest system that would be used on a rooftop by solar installers. A
study by Gambatese & Rajendran (2013) reports that of commercial buildings, “56%
... did not have any kind of PtD feature as part of the roof system.” Of those that
did, 10% had an OSHA compliant parapet wall (suitable for low-slope roofs) and 34%
had permanent roof anchors.[5]

Within the previously mentioned study is a comparison of the two prevention
through design PtD measures, parapet walls and permanent anchors, that are appli-
cable to commercial (low-slope) rooftops. It makes clear the trade-off of roof-anchors,
that are less expensive to install but result in a sacrifice in productivity. In terms of a
solar installation, it would be worthwhile to conduct a similar case-study to analyze
fall-safety efforts, for both residential pitched roofs and commercial low-slope roofs.
One hypothesis would be that the transferring the task of adding roof-anchors (or
other fall-prevention strategy) to solar contractors is a greater cost than had a PtD

method been installed as part of the new construction scope. This may hold espe-



67

Scope for Roof Safety
Roof 1
Permanet anchor points  Present4  [EE—
roure 4 [
Roof materials that are Present 4 _
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No nearby overhead Present 4 _
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Figure 5.6: Rank-order survey results: safety scope for Solar Ready (rooftop)

cially true for pitched roofs. During the informal interviews, issues were raised with
permanent anchor points being added to the Solar Ready scope. These are discussed
in the section below.

Among the second-tier for existing Solar Ready clauses is “No skylights in the
"solar zone’.” The presence of skylights on rooftops has been a documented [6] & [7]
hazard for solar installers and other rooftop workers. Perhaps more than any other
Solar Ready design feature, eliminating all roof openings and projections from the
south-facing roof section may be the most effective way to prevent undue injury and
death for rooftop workers. For large, low-slope commercial rooftops, the designation

of a solar zone encompassing a proportion of the roof and preventing mechanical

equipment, skylights and other roof openings and tripping hazards will achieve the
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same effect.

Electrical energy created by the solar system in the form of direct current, al-
ternating current and arc-flash potential are hazardous and can be deadly when PV
electrical components are manipulated by unqualified personnel. Other electrical com-
ponents within the immediate vicinity of the building likewise present grave electrical
hazards. The presence of overhead power lines, operating at kilo-Watt voltages several
orders of magnitude greater than any building-systems and with virtually unlimited
fault current, present among the greatest electrical hazard to solar workers. [8] This
fact is supported in the literature by tragic and impactful accounts of workers loosing
their lives after tools or equipment in their use make contact with nearby overhead
power lines. The resulting shock triggers a loss of balance and results in a deadly
fall off the roof. [6]. The proposed clause to limit the presence of overhead power
lines near the roof was included in the roof safety question, the results of which are
presented in Fig. 5.6. This clause ranks in the 3rd tier among both existing and ideal

Solar Ready scopes.
5.3 Alignment with Safety

This research has uncovered two modes of safety or PtD that a model Solar Ready
scope can impact. The first is implicit in the solar zone on the roof and to a more
limited though not less important extent in the electrical components like the conduit
run, inverter space and service panel specifications. These work packages combine
elements of the electrical, fire and building codes to the productivity-enhancing tasks
that when executed as a part of the new construction can yield real gains in safety and
efficiency during a future solar installation. These implicit measures are qualitatively
defined in this work by their place within the greater solar installation scope and
the hazards that are mitigated through their inclusion in the Solar Ready scope.
Unfortunately, a quantitative analysis of their breadth is not realizable due to a lack

of data. This absence has its roots in two key facts. There is no available data on
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homes that are Solar Ready. This may change as more jurisdictions enact Solar Ready
ordinances and the the passage of time allows the impact of presently burgeoning
incentive programs to come out of the woodwork. Future research focusing on the
program for Ohio Solar Ready Schools or the Oregon Energy Trust may offer some
abstract numbers of buildings that went Solar Ready. Whether or not either program
records the quantity of Solar Ready buildings that are “upgraded” is a crucial first
step. Further complicating this question is the fact that multiple solar contractors
may be installing these systems. For a comprehensive analysis of system cost and
hazard mitigation, an extensive data collection methodology would be needed, using
proprietary data with each solar company having varying dimensions of system costs,
incident reports and more.

A second cause for the lack of data is in the Bureau of Labor Statistics Injuries, I11-
ness and Fatalities (IIF) program. Solar workers are not classified independently from
electricians within this trove of incident data among all employees in the US . There
are over 9,000 solar installers nationwide under the classification “Solar Photovoltaic
Installers 42-2231” in the BLS Occupational Employment Statistic Handbook.[9] Yet
incident and fatality statistics for this group of men and women are categorized under
“Electrical and wiring contractors 23832X” in the IIF. [10] Through this research and
other works by the author, the few accounts of injuries and fatalities borne by solar
installers is through unique FACE reports and special reports by state commissions,
namely California and Oregon.

Solar Ready can include explicit methods of promoting safety for solar installers.
This is by including fall protection equipment that would be installed on the roof dur-
ing new construction. Through interviews it was discovered that all parties involved
in this research were interested in the safety of solar installers working on the roof.
The greatest concern was fall safety, and in one discussion among solar contractors
and representatives of the Oregon Energy Trust, the topic of including safety com-

ponents within the Solar Ready Scope was raised. An example would be the option
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to install a permanent roof anchoring system on residential rooftops as a means to
achieve a higher score on the Energy Trust Solar Ready checklist. All parties seemed
to be aligned with this idea.

Another interview with a building code specialist raises a counterpoint. In com-
mercial construction, fall safety is generally accounted for in new commercial con-
struction. Buildings must either incorporate a parapet wall meeting OSHA standards
or have a prescribed number of permanent anchor points corresponding to the roof
area. In the residential space, the point was raised that a crew working on the roof
would be more comfortable installing their own anchor points, fixed or temporary.
Since residential buildings are generally timber-frame construction, the structural in-
tegrity of a permanent anchor point may become suspect, especially after the passage
of time post-construction. In commercial building, permanent anchor points are typ-
ically fixed to steel structural members. This ensures a stronger anchor point for fall
protection systems.

The final question in the survey, “Do you or your company have a preferred
anchoring system for fall protection, and if so, what is it?” was intended to gather
information about how solar contractors make use of such systems. Some notable

responses include:

So long as they’re properly installed and rated, not really.

I think anchor points are sensible for all roofs and for lots of reasons besides

solar.

Guardian Fall Protection both temporary or permanent

This has only come up for us on metal roofs with a higher slope, so we’'ve used

steel anchors under the roof cap flashing.
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5.4 Perceived Cost Savings

Cost savings is identified as the original reason for proposing Solar Ready. This re-
search has identified two avenues for achieving cost savings: savings to the investment
cost incurred during installation; and indirect savings in the form of increased revenue
generated from optimized PV production. The third section of the survey question-
naire asks questions to gather information about whether existing solar systems have
been able to realize the purported costs. These questions correspond to solar systems
that are installed on a building with an existing Solar Ready scope.

In response to the question of whether Solar Ready achieves material savings
during subsequent solar installation, responses are inconclusive. 20% of responses are
“Yes” and 20% are “No”. The remaining 60% of responses offer notable insights into

practical Solar Ready application. The two main perspectives are summarized below:

e No savings on material, but significant savings on labor costs.
e [t can, provided it is done correctly. Often times, the wrong conduit is used
or things are not optimally located, which can lead to re-work and higher costs

overall.

A minority of respondents, 20%, affirmed to giving a discount on the total system
cost when installed on a Solar Ready building. The open-ended question asking what
are the greatest benefits to Solar Ready (5.6) revealed some perceived motivations for
promoting Solar Ready. The most touched on theme is “Easier Upgrade”, followed
by “Marketability” of a solar system for the building occupant in the future. These
are in line with the benefits of Solar Ready that have been discovered in the literature
and represent the economic benefits. The third recurring theme is the “Aesthetics”
of having an integrated infrastructure in place for a solar system. “Concealing the
pathways to minimize ... interruption of building occupation when Solar Ready is

installed in the future,” captures the safety benefit as well as a third, better aesthetics.
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The concept of better aesthetics for solar systems is worthy of further analysis. In
some cases, a PV array will occupy a large segment of the building roof and change the
exterior appearance. By designating a solar zone on the roof, the array layout can now
be integrated into the overall building design by the architect. It will be a contiguous
array, rather than separated by rooftop obstructions and openings. Finally, in much
the same way that marketability allows building occupants to better consider solar
as an option through enhanced education and awareness; Solar Ready induces the

building designer to consider solar panels on the roof of the future building.
5.5 Other Issues

Through the survey and interviews, some potential issues with Solar Ready were
raised. This section will explore some of those issues and present the different per-
spectives learned from the research activities. These issues center around the validity
of Solar Ready as a method for reducing installation costs and stretch into the concept

of risk transfer and possible liability for work performed by another party.

Bad Performance

Numerous survey responses allude to the fact that Solar Ready has the potential to
reduce the scope of labor during the solar system installation, if the Solar Ready scope
is in fact well-designed and of quality workmanship. 37% of respondents answered
“Yes” to having encountered a Solar Ready scope that was “counter-productive” to
the solar installation. The recurring responses include misspecified components and
bad workmanship.

Part of the reason for this disparity in workmanship is the transfer of ownership
pertaining to the Solar Ready scope of work. Only 16% of solar contractors answering
the survey strictly self-perform the Solar Ready scope, meaning that in most cases,
work is performed by an electrical contractor. One example of how faulty work-

manship in the installation of the conduit run is the presence of burs in the conduit.
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Modern inverters are equipped with arc-fault detection equipment, to detect the pres-
ence of an arc flash within the solar system. This functionality can be very sensitive
to defects in the insulation for the copper conductors. When joining individual sec-
tions of metallic conduit, the ends must be reamed to eliminate sharp burrs that may
have been left over from cutting the conduit into smaller sections. The presence of
burs can degrade the insulation of the copper conductors. These small imperfections
can lead to erroneous arc-flash warnings in the power inverter. An arc-flash fault will
cause the inverter to shut down the solar system, often necessitating a service call
from the installation company.

Questions of liability are of interest to any contractor. When performing work on
a scope that was installed by another party, one test used to measure the extent of
scope under a contractor’s liability is the passing of an inspection. In the context
of Solar Ready, any scope that is included in the new construction phase would be
signed off by an inspector at the close of the construction phase. Thus the solar
contractor installing the PV system would only be liable for everything added to that
scope. This does assume that the documentation delivered upon project close-out
accurately reflects the work that was performed. 40% of survey takers that answered
the question reported that “Yes” they would be liable for deficiencies arising out of

the Solar Ready scope when “upgrading” the work of another contractor.
5.6 Conclusion

This work evolved through surveys and informal interviews. The presence of Oregon
Energy Trust’s incentive program, the process of drafting new energy codes, the
invalidation of certain hypotheses were all results of the individuals that contributed
to this research. The men and women that make up the rank and file of the solar
industry, and other allied professionals in the construction and inspection departments
of the authorities having jurisdiction are intellectual, generous and very passionate

about their work.
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The surveys validate the importance of a solar zone on the roof. This concept
can be expanded to include roof pitch, surrounding hazards and a harmonization of
all building codes that relate to installing solar panels on a building rooftop. By
adapting fire and life safety codes into a baseline standard for a technology that has
the potential to be as ubiquitous as concrete, Solar Ready can win over antagonists
and deliver a very basic benefit for building occupants in the form of a roof that is
safe and suitable for future solar installations.

In the electrical scope, the conduit run seems to be problematic. While it can
deliver significant benefits in labor-hour reduction and in mitigating the use of lad-
ders, working at heights or in confined spaces; this benefit is only realized when it is
well-performed. Further complications arising out of new code requirements and new
technologies or setting unrealistic building-occupant expectations can further compli-
cate the benefits of the conduit run. This area of the scope could benefit from data

collection and testing for the economic and safety benefits.
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Chapter 6
CONCLUSION

This section concludes the study. It contains a summary of the areas under review
and highlights positive and negative impacts identified through the research. Followed
by a discussion of the role of a model solar ready policy among the scope of green
building certifications, building codes and full solar mandates. It closes with some
proposals for future research, guided mainly by the lack of quantitative data specific
to solar installer injury rates and evidence of savings in projects that include a solar
ready scope. These conclusions stem mostly from the gathered through questionnaires

and informal interviews.
6.1 Positive impact of Solar Ready standards to date

Surprisingly the most common reported benefits of solar ready are for the consumer.
The building occupant is made more aware of the option to “upgrade to solar” and
more enthusiastic to opt for PV in the future. Perhaps erroneously they perceive solar
ready as a discount; evidently erroneous given the scant observance of discounts given
to solar ready systems. The end-user also enjoys the aesthetic benefit of solar ready
and potentially less interruption during the installation process.

One intent of this research is to highlight the need for data collection in order
to further scrutinize the net benefits realized through application of the Solar Ready
scope. To observe that improvements to a building’s aesthetics and increased con-
sumer awareness for solar adoption are the immediately recognizable benefits is an
exciting finding. In the absence of hard evidence supporting the safety and economic

benefits of Solar Ready, the affirmation of these two “soft” benefits resonate through-
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out the research. Policy-makers might heed the potential benefits stemming from
these two areas when drafting future iterations of Solar Ready building standards.
From a practical standpoint, market demand drives the adoption of change. Solar
Ready may not be technically complex nor is it by any means an undue burden on
the building developer. Yet it can capture the goodwill perceptions of green building
and equitably make one of the most visible components of sustainable building an op-
tion for building end-users. Furthermore, it can entice building designers to consider

sustainability as an aesthetically-enhancing building component.

Solar Zone

With respect to both safety and economics, the concept of a solar zone on the roof is
the most desired aspect for an idealized standard and the most beneficial as observed
through this thesis research. Essentially a simple guideline that within the roof area,
a portion is set aside for future solar development. The observation that this element
is the most impactful is unexpected due to it’s simplicity. The best solutions are
often elegant in their simplicity. Recalling the context of rooftop solar, mainstream
adoption was not accessible until the significant price drop beginning a decade prior.
This cost reduction came about as a result of the internal drop in module prices and
the external harmonization of permitting and interconnection procedures.

The solar zone benefits the economic and hazard profiles of adopting rooftop PV.
It establishes the best location for a solar array on the building rooftop. Lifetime
generation yields optimum production as a result of maximum insolation and mini-
mum shading. System costs and time spent on the roof are reduced by streamlined
system layouts, ease of access and the elimination of openings (skylights) and tripping
hazards (from within the solar zone).

The solar zone has the potential to make Solar Ready a very effective standard
or building code. By aligning with other building codes that reference PV systems,

it can incorporate other fire and life safety PV design constraints into the design of
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the building. A solar zone that does not conflict with existing fire-codes, but instead
encourages a safe working environment for first-responders on the rooftop, can guide

PV design while benefiting the safety of all that work on building rooftops.

Electrical

The most substantial documented evidence for savings on system cost comes in the
form of the electrical subscope for Solar Ready: first in the form of the conduit run and
second in the sizing and layout of the building electrical service panel. The conduit run
might be the single most controversial element of the Solar Ready scope. If installed
correctly, it improves building aesthetics, reduces labor-hours during the PV upgrade
and mitigates exposure to working at heights, in confined spaces and others. However,
the research indicates that the conduit run is the most likely component of Solar Ready
to raise issues. Through misspecification, poor workmanship or obsolescence, it can
be detrimental to the PV installation and result in additional scope for the solar
contractor. For these reasons, the conduit run is excluded from the model standard.
In it’s place is a chase from the main electrical service to an area near the roof. This
chase may be in the form of an oversized conduit that might house future conduits.
Additional components are identified in the literature and through the research.
These include infrastructure for EV charging and consumption monitoring capabilities
for the building. EV charging-ready consists of a conduit from the main service
panel to the parking garage as well as space in the service panel for a breaker. It
provides ease-of installation and aesthetic benefits. Consumption monitoring is a
requirement for some green building certification scopes. It consists of attaching
current-transducers to the main service conductors as well as sub-circuits within the
building. This research does not identify how a building can be made monitoring-
ready, as it is more suitable to install the system as a whole. Like solar PV, monitoring

is likely less expensive to install as a component of the new construction phase.
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6.2 Areas in need of improvement

Like any other policy, Solar Ready building codes are a result of iterative deliberations
amongst multiple stakeholders. A Solar Ready incentive such as the EPS voluntary
rating through the Energy Trust of Oregon offers many improvements over the build-
ing code that address some of the issues. The issue of the split-incentive is resolved
with the incentive paid directly to the builder. This silences the argument that the
scope forces builders to incur additional costs, marginal as they may be. Although it
could be argued that the incentive must be paid for by ratepayers or taxpayers, the
EPS framework for verification of the scope potentially eliminates other deficiencies

in the Solar Ready as building code.

Bad Implementation

It has been established that the solar industry has changed dramatically in the
past decade. Technological advances in equipment have been largely market-driven,
with substantial demand occurring in those regions with high energy prices.! Other
changes, like anti-islanding, arc-fault detection and remote-shutdown capabilities; re-
sult from policy changes intended to eliminate hazards to linemen and utility workers,
first-responders and electricians. The fast pace of change in the solar industry can
render a Solar Ready design obsolete within a three year code-cycle.

This may apply to a specification for a Solar Ready conduit during new construc-
tion that is not large enough or compliant with electrical codes during the time of
solar installation. A requirement for a remote disconnect device on the roof may
necessitate a data cable from an exterior wall to the roof, eliminating the aesthetic
benefit of the concealed Solar Ready conduit run. For these reasons, the model stan-

dard encourages designers to implement an accessible chase that provides concealed

'Energy prices are more determinant of regional market growth than solar insolation, as evidenced
by New Jersey and Massachusetts being tied for the third largest retail PV markets in 2013. [1].
Average solar insolation is 4.3 kWh/m?/day and 3.3 kWh/m?/day, respectively. [2]
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access to the roof and an exterior location. PV designers can enjoy the added flex-
ibility of choosing among different inverter configurations. They may even consider
adding energy storage or EV-charging capabilities in the future.

The risk that not all contractors will deliver on performance is an endemic real-
ity for any construction project. It cannot be entirely mitigated by a robust Solar
Ready standard. Yet the EPS model for verification of the Solar Ready scope may
be the closest to ensuring correct specifications and documentation.? Ultimately, the
minimalistic approach of providing a tabula rasa in the form of a solar zone is prefer-
able to the approach of installing components that are well-suited to a system design
that will most likely become obsolete in the near-to-medium term. The quality of
the documentation generated for the Solar Ready scope may be the best method for
transferring the intent of the Solar Ready designer to the PV designer in the future.
Even if the Solar Ready scope is not suitable for the ultimate PV design, it can be

analyzed in its entirety and any suitable components thus salvaged.

Unrealized Cost Savings

Earlier in this work it is estimated that the savings potential of Solar Ready can
be 6.3% of the system cost, while the savings of installing PV as a component of
the new construction scope can render savings of 20% over a comparable retrofit
system. Despite the lack of quantitative data for analysis of solar PV upgrades to
Solar Ready buildings, the research found that there is no consensus as to real system
cost savings from Solar Ready. Specific projects provide contending observation of the
solar contractor performing the Solar Ready scope and later offering a discount on the
PV upgrade to the building occupant. Yet this represents a small minority, as most
contractors reported not offering a discount to upgrade a Solar Ready building. This

may result from incomplete information about the Solar Ready scope or an aversion

2Ttem 1.2 of the EPS installation requirements specifies: ”The Installation must be of industry
standard and workmanlike quality.” [3]
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to encountering misspecified or detrimental scopes.

The lack of any observed savings nor any transfer of such savings to end-users is
a disappointing finding. In light of the 6% - 20% potential savings established in the
literature, this is a strong motivating factor leading to the inception of Solar Ready
building standards. This deficiency is particularly detrimental to Solar Ready advo-
cates, in providing a counter-argument for use by Solar Ready antagonists that are
motivated to reduce or eliminate the extent of these codes. Action to ameliorate the
detrimental effects of this undeliverable benefit might include decoupling of potential
savings in a PV “upgrade” as a benefit. The increased end-user awareness and acces-
sibility to sustainable energy are good replacements for the surreptitious Solar Ready
coupon.

Validation of the Solar Ready scope through a third party may result in superior
performance and specification. However, such an audit will result in an added expense
and does not directly lead to a savings in the overall cost. A topic for further research
may be to quantify the value of a Solar Ready rooftop in a scenario where DERs can
receive direct payments from utility system integrators.

Such a hypothetical energy landscape may be idealistic at worst and a long dis-
tance in the future at best, but it does provide a scenario where designing buildings
so that they are easily adaptable for DER is an economic imperative. The value that
the solar zone and the energy chase embedded within the building can realize when
the building adopts PV in the future may be a hypothetical construct. Or it could
evolve into a token that is traded on a future energy market, thus funding the Solar
Ready scope and third-party on it’s own against the rights to a share of future energy

earnings.
6.3 DModel Policy

A design team seeking a green building certification like LEED or the Living Building

Challenge is likely to implement on-site renewable energy generation into the design.
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The integration of a PV system is (now) one of the most economical tools available
to designers seeking higher-tier green building certifications. The energy subcategory
for the LBC requires that the building generate 105% of annual energy consumption
(on a net annual basis), as well as “on-site storage for resiliency.” [4] [pp. 34]

Green building certification has the potential to transform the construction indus-
try. Since certification is voluntary and requires greater investment, many buildings
will continue to be constructed conventionally. They will have to meet local code
requirements. This is the importance of building codes. They provide the baseline
for livable buildings and ensure the safety of those people that interact with these.

Solar can be added to a building that is grossly energy inefficient. In such a sce-
nario, the energy generated on the roof will offset energy consumed inside. Depending
on the local energy market, adding solar in this scenario may result in a favorable in-
vestment for the building owner. But making improvements to the insulation, heating
and cooling systems of the building may more often than not be a more favorable use
of resources. Solar on it’s own is not a panacea towards sustainability and efficient
use of energy in the built environment.

Yet a Solar Ready standard will impact the built environment in a significant way.
Either as a component of a voluntary certification program or as a subsection to a
building code, it sets a baseline for the adoption of a building technology that becomes
ubiquitous. Providing the basic infrastructure to make buildings easily adaptable for
PV in the future will safeguard workers that install the system as well as others
operating on the rooftop. It will also allow future PV systems to operate better while
reducing the labor-hours required for installation. It also creates a framework for the
eventual adoption of other burgeoning building technologies that have yet to attain
mainstream adoption or are still in the early-adopter phase.

A project seeking a green building certification is likely to incorporate a com-
plete PV system from the earliest stages of conceptual design. The majority of new

construction projects are conventional and these stand to benefit from a basic Solar
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Ready scope. A solar mandate may be an option in some jurisdictions. Yet two
major roadblocks would need to be overcome. Geography is a major factor in solar
economics. Electrical tariffs and solar insolation vary widely around the globe. The
political will for a solar mandate may be lacking, as evidenced by the fact that net-
metering policies are not uniform across jurisdictions. The total effect is that the net
value of the energy generated by a hypothetical solar system in one locale may be half
of that generated by a similar hypothetical system in a sunnier locale with policies
more favorable to DERs.

Solar Ready as a tool to benefit the safety of those working with and around solar
systems is politically neutral. It provides a balance between authorities seeking to
provide safe working environments for construction personnel and first responders and
future building occupants exercising the option to adopt a building technology with

proven environmental and economic benefits.
6.4 Future Research

This work has identified multiple avenues for future research topics. First and fore-
most, the identification of solar installer incident, injury and fatality rates as a unique
classification separate from electrical and wiring contractors within the BLS IIF
database. The solar industry holds the core value of bringing about sustainable
energy solutions. The health and safety of those that install solar systems is another
core value that needs to be emphasized and supported throughout. Given the haz-
ardous working conditions that are present during solar installations, record-keeping
for incidents is a priority towards preventing future occurrences.

More specific to the emergence of Solar Ready standards for new construction, a
comprehensive database for Solar Ready scopes and ensuing “upgrades” to operational
solar would allow for testing the hypotheses that i) Solar Ready delivers safer solar
installations; and ii) Solar Ready provides real savings during solar installations.

Testing for hypothesis (i) would require incident and injury rate data.
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The Solar Ready installation process has been widely studied. Variations to spe-
cific designs may depend on local building codes and interconnection policies. In
Washington state the remittance of production credits is structured such that a
revenue-grade production meter is required as part of the solar system. Addition-
ally, local building codes require a means of remote disconnect. These two pieces of
equipment may be minor line items in the materials manifest of a PV system, yet
they can grossly affect the potential labor savings otherwise realized through the So-
lar Ready scope. Each of these components might be investigated in greater detail,
with particular focus on their engineering effectiveness and whether or not they are
redundant in the context of the current state of the art in inverter and metering
technologies. Anti-islanding has been embedded into inverter technology per several
standards and bi-directional meters with remote data reporting are available to power
utilities.

Finally, safer installation methods likely exist. Solar contractors innovate and
adopt new technologies and methods on a constant basis. Analyzing the methods
put into practice by diverse work crews may yield better practices that can be shared
with others throughout the industry. While a permanent anchoring system for fall-
protection equipment may be a worthy addition to the Solar Ready scope, there may
be an installation crew that has devised a time-saving method of preparing mounting
clamps prior to being on the roof. Simply identifying and disseminating novel methods

may improve working conditions and reduce overall roof-time.
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Appendix A
SURVEY QUESTIONNAIRE



no.

Research Questions

Question

Response

Demographic

Is Solar Ready
Defined?

Is Solar Ready
beneficial?

Is Solar Ready
detrimental?

Is Solar Ready
alligned with
worker Safety?

[y

What state are you located in?

N

What electric utility serves the majority of your clients?

w

What company do you work for?

n

o

What kind of work does the company do?

Solar contractor,
Electrical contractor,

What is the size of the company?

5/10/15/20/+20

(%)

What is your title?

)]

What do you do at this company?

~

Do you work with mainly residential, commercial or both?

Resi / Comrcl / both

(o]

How many years of experience do you have in your current industry?

9|How familiar are you with "Solar Ready"? 1/2/3/4/5
10|"To the best of your ability please try to respond the following questions N/A
11|How many Solar Ready buildings have you worked on? n

Design / install solar

12|In what capacity? ready only / install pv
select all that apply
13|What elements have you seen incorporated into a Solar Ready design? [table 1]

select all that apply

14|What elements would you like to see in an ideal Solar Ready scope? [table 1]
15|In your own words, what would you most like to see incorporated into Solar Ready? (fill in)

Have you encountered a Solar Ready design that was counter-productive to the solar
16|installation? yes/no

select all that apply

17|Was this a result of? [table 2]
18|Has your company given a discount to install a PV array on a Solar Ready home? yes/no/na

In your experience with Solar Ready, does the scope offer material savings during the PV
19|installation? yes/no/other (f
20|In your own words, what do you consider the greatest benefits of Solar Ready? (fill in)

Does your company install the Solar Ready scope, is it done by another contractor, or Self-perform / Other
21|does it vary? contractor / Varies




After installing PV on a Solar Ready building, is your company liable for any deficiencies |Yes/No / Other (fi
22(that may arise in the Solar Ready scope of work? in)

Is there any difference in Solar Ready buildings that have been verified by a third-party |Yes / No / Other (f
23|and those that are not? in)
24|Are Solar Ready elements included in building plans? Yes / No
25(If there are any negatives to Solar Ready, what are they? (fill in)

What safety elements have you encountered in Solar Ready buildings (or non-Solar select all that apply
26|Ready buildings)? [table 2]

What safety elements would provide your team with safer working conditions during a |select all that apply
27|PV installation? [table 2]
28|What building elements present the most hazards during a PV installation? n

What solar ready elements would provide your team with safer working conditions select all that apply
29|during a PV installation? [table 1]

Do you or your company have a preferred anchoring system for fall protection, and if so,
30|what is it? Yes / No / (fill in)




Appendix B

IDEAL SOLAR READY: REFERENCE LIST OF
FEATURES AND MODEL POLICIES

This appendix includes the Solar Ready features and code examples that form
the basis for the model Solar Ready scope. Below are a table listing the features
suitable for a Solar Ready scope, followed by two Solar Ready building standards
that define the best design practices identified through the research and finally some
supplemental Solar Ready provisions to be considered in future iterations. The first
building standard is the (2017) City of Boulder, Colorado energy conservation code,
Section C406.! Followed by the Energy Trust of Oregon EPS Solar Ready. Lastly,
some ideas for an interconnection pre-application for Solar Ready as well as a provision

to install permanent anchor points under appropriate conditions.

1City of Boulder Energy Conservation Code 2017. (2017). Retrieved from https:
//wwwu-static.bouldercolorado.gov/docs/2017_City_of_Boulder_Energy_Conservation_
Code_2nd-1-201711151002.pdf?_ga=2.212930327.2069708652.1534295143-439395501 .
1532895894


https://www-static.bouldercolorado.gov/docs/2017_City_of_Boulder_Energy_Conservation_Code_2nd-1-201711151002.pdf?_ga=2.212930327.2069708652.1534295143-439395501.1532895894
https://www-static.bouldercolorado.gov/docs/2017_City_of_Boulder_Energy_Conservation_Code_2nd-1-201711151002.pdf?_ga=2.212930327.2069708652.1534295143-439395501.1532895894
https://www-static.bouldercolorado.gov/docs/2017_City_of_Boulder_Energy_Conservation_Code_2nd-1-201711151002.pdf?_ga=2.212930327.2069708652.1534295143-439395501.1532895894
https://www-static.bouldercolorado.gov/docs/2017_City_of_Boulder_Energy_Conservation_Code_2nd-1-201711151002.pdf?_ga=2.212930327.2069708652.1534295143-439395501.1532895894

SOLAR READY SCOPE

Table 1 GENERAL SCOPE SOLAR READY FEATURES

ROOF ELECTRICAL SERVICE PANEL OTHER
Junction box on or near the Busbar ampacity rating Consumption
Solar Zone on the roof roof suitable for PV backfeed monitoring
Chase from electrical service | Space in the service panel
Structural design load panel area to the roof dedicated for solar PV EV-charger Ready
Other rooftop components, with Chase from electrical service |Solar PV breakers installed in| Hard-wired network
integrated flashing/waterproofing panel area to exterior the service panel port near electrical

Space for the inverter
(outside or inside)
Junction box near the
electrical service panel /

Additional safety
components

Table 2 SAFETY SCOPE SOLAR READY FEATURES

ROOF ELECTRICAL OTHER
Signage indicating service Documentation of Solar
Permanet anchor points panel specifications Ready features
Ease of access to grounding
Roof pitch less than 6:12 electrode

Roof materials that are safe
Low slope roof: parapet walls
No skylights in the "solar zone"

No trip hazards in the "solar zone"

No nearby overhead powerlines

Table 3 SOLAR ZONE: Solar Ready Scope for Rooftops

South-facing roof section dedicated to PV array (roof orientation between 90° E and 270° W or
more southerly constraints)

Free of skylights, vents, conduits, HVAC equipment and other obstructions
Structural design capable of supporting PV load (typ. 2.5 lb/sq ft)
Roof pitch less than 6:12
Capped sleeve terminated in an all-weather rated junction box integrated with finished roof
Indicate setbacks from roof edges (minimum 3' to edges, 1' to ridge)

Indicate other fire-code requirements (per local AHJ regulations)
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Table 4 ENERGY CHASE: Solar Ready Scope for Electrical Systems

Junction box on or near the roof
Chase from electrical service panel
area to the attic / near the roof
Chase from electrical service panel to

(planned inverter location
Chase from electrical service panel to

exterior location [auxiliary
equipment]

Junction box near the electrical
service panel / inverter location

Service panel busbar
ampacity rating suitable for
PV backfeed

Space in the service panel
dedicated for solar PV
Dedicated space for future
inverter (outside or inside)

Other components

Table 5 DOCUMENTATION: Solar Ready Scope for Documentation

Roof structural load bearing capacity
Planned chase and conduit routing

Solar Zone layout

Busbar ampacity / Max
backfeed amperage
Permanent signage dedicated
PV breaker space

Inverter location

Other components
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Boulder, CO energy conservation code

This building code is derived from the International Code Council and includes provi-
sions for the core areas of Solar Ready: solar zone, chase for a conduit run, electrical

and documentation. Notable provisions include:

e C406.2.2 Orientation The orientation of the solar zone for sloped roofs is
tailored to Colorado’s geographic position.

e C406.2.4 Structural design loads on construction documents Documen-
tation must include structural design loads for roof dead load and roof live load.
The structural design need not consider a PV system, in line with fact that most
PV systems fall within the design margins of 10%.

e 406.3 Interconnection pathways There is no requirement for stubbed con-
duits, conduit runs, etc... Instead, documentation is to include pathways for
the future routing among PV panels (on the roof), inverter location, electrical
service panel (point of interconnection) and metering equipment. This design
philosophy accounts for additional components (metering, remote-disconnect,
EV-charging) while avoiding the possible issues that sometimes present them-
selves when a conduit is pre-installed by another contractor.?

e 406.4 Documentation Documentation requirements consist solely of the solar
zone on the roof (with structural design loads) and the prescribed interconnec-
tion pathways. There is no requirement for permanent signage, which may be

an onerous requirement for non-solar contractors.

2Bad workmanship and miss-specification are among the issues that can stem from pre-installed
electrical components.



Energy Trust of Oregon: EPS Solar Ready

3 The program includes sev-

EPS is not a building code but an incentive program.
eral energy-efficiency measures that supersede the code minimums. Energy-efficiency
upgrades are validated through a computer-simulation. The Solar Ready incentive is

validated by an independent auditor. Notable provisions include:

1.1 Designation of eligibility by service territory. This could be a pre-cursor to
an interconnection pre-approval, discussed below.
e 1.2 The only Solar Ready provision to specify a performance standard.

1.10 The solar zone must meet prescribed roof-pitch and orientation. The upper

limit of the roof pitch is 12/12, higher than what many installers would consider
safe. The orientation is appropriate for Oregon’s geographic posiiton.*

1.12 Designates setbacks for the solar zone, with respect to firefighters and local

fire and life safety codes.

The most notable aspect of the EPS is the incentive structure. As a whole and
for the Solar Ready component, it provides a direct monetary incentive to builders
that might otherwise not have any motivation to build “above code.” This incentive
program could serve as a model for other authorities that want to incentivize builders

to invest in energy-efficiency and Solar Ready improvements.

3Energy Trust of Oregon. (2014). Solar Ready Residential Installation Requirements. Retrieved
from https://insider.energytrust.org/wp-content/uploads/sle_rq_solarreadyreq.pdf

4Compared to Colorado, Oregon is at a more northerly lattitude and PV benefits from a more
southernly orientation.


https://insider.energytrust.org/wp-content/uploads/sle_rq_solarreadyreq.pdf

Purpose

Planning ahead for the installation of a solar electric system by creating a residence that is solar
ready can be a significant benefit to future homeowners. This Solar Ready Installation
Requirements document details the requirements and minimum criteria for solar electric
components installed by builders or solar trade allies through Energy Trust of Oregon’s New
Homes program.

The purpose of these installation requirements is to ensure that preliminary work done to make a
home solar ready is in compliance with Energy Trust’s full solar installation requirements, and will
result in an easier and more accessible installation of solar in the future. As a result, these
specifications may differ from those of a manufacturer or exceed applicable codes.

Any variations from these solar ready installation requirements must receive prior approval from
Energy Trust.

General

1.1 Installation site must be grid-connected and installed on real property in Oregon that receives
electrical service directly from Portland General Electric or Pacific Power.

1.2 The installation must be of industry standard and workmanlike quality.

1.3 Equipment installers must be licensed according to the Oregon Building Codes Division and
required to work for a contractor that is licensed according to the Oregon Construction and
Contractors Board.

1.4 Dissimilar metals that have galvanic action (such as aluminum and steel) must be isolated from
one another using industry standard practices (such as brass unions or nipples, non-conductive
shims, washers or other methods).

1.5 Aluminum must not be placed in direct contact with concrete materials.

1.6 All installed system components must be new.

1.7 All components must be mounted securely.

1.8 Equipment must not be modified such that it voids the listing or manufacturer warranty.

Solar Access & Solar Roof Area

1.9

The proposed future location on the roof of the solar modules (Solar Roof Area) must be
included in the plan set or documented with a roof diagram that accurately describes the
following:

e Areareserved for the solar electric (photovoltaic, PV) array;
e Location of the pre-installed conduit;

e Set-backs from eaves or peaks, as required by Oregon Solar Installation Specialty Code
(OSISC).
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1.10 The Solar Roof Area must be located such that it can utilize 80 percent or more of the solar
resource available at the site. This must be demonstrated using one of the following methods:

e Total Solar Resource Fraction, TSRF, method: There must be no less than 80 percent
TSRF at the Solar Roof Area, as verified with an Energy Trust sun chart or approved
shading analysis tool as described on the Energy Trust trade ally sun chart web

page®.
e Prescriptive method: Solar Roof Area must have a roof pitch between 0/12 and 12/12,

an orientation between East-Southeast (113°) and West-Southwest (248°), and be
completely unshaded between the hours of 9 a.m. and 4 p.m. year-round.

1.11 The Solar Roof Area must be free from all obstructions that would interfere with the placement of
panels, including, but not limited to, chimneys, plumbing stacks, skylights, roof vents, gables,
nearby overhangs, landscaping and future home construction.

1.12 To allow for local requirements for firefighter roof access pathways, the designated Solar Roof

Area must be set back at least three feet from roof edges and one foot from ridges and roof
valleys. When installed, the actual system may be located within this setback if allowed by code.

Figure 1. Sample Solar Roof Area Best Practices

/
/

L] L] L]

Non-flexible metal conduit stubbed
into attic and left capped just below
roof, above insulation

.
/

=
1/

/

Clear roof area reserved for future solar

200 sq. ft. min. for solar electric

! http://energytrust.org/shared-resources/calculating-shading. For more information, contact Energy Trust's New
Homes solar support at 503.347.0541.
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Solar Ready Electric

1.13

1.14

1.15

1.16

1.17

1.18

A minimum of two hundred square feet of obstruction-free roof space must be reserved for the
Solar Roof Area, taking into consideration real dimensions of solar modules.

A 48" x 48" area of wall space as near the electrical panel as possible must be reserved for the
future mounting of an inverter, meter and disconnect. If on the exterior of the house, this area
must be protected from sun exposure.

All cables, conduit, and electrical boxes must be labeled, secured and supported according to
code requirements and in accordance with their performance ratings. Conduit should have three
or fewer 90 degree turns from the attic to the termination near the electric panel.

¥ or larger nonflexible metal conduit must be installed from an accessible attic/roof area at the
Solar Roof Area to the space reserved for the inverter near the electrical panel. Each end of this
conduit must be terminated in a 4” x 4” recessed metal box with a metal cover clearly labeled
“Reserved for Solar”.?

Electrical panels must be sized to accommodate a minimum 40 amp solar feed, and room must
be reserved for a 40 amp double pole breaker on the opposite end from the main service feeder
for the future solar feed. The reserved breaker space must be clearly labeled “Reserved for
Solar.”

A sign or label must be clearly posted on or near the electrical panel indicating that the home is
“Solar Ready”.?

Figure 2. Solar Ready Best Practices for Photovoltaic Systems

/IV 4 /iV
Electric panel =
P N Reserve 48"x48" area
| :
with code workspace
clearance for inverter,
= meter and disconnect
A3 ¥ '
3/4" non-flexible metal
conduit (min.) with
ﬁiéki??a\écjzglble . optional pull string —l
§ N terminated in 4"square B—

“reserved for solar”

box for DC conductors
approx. 36" off finished floor

Box will be ideally located
on opposite side of space
from electrical service panel

¢ Label will be provided by New Homes program and affixed by solar ready installer.
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Additional provisions

Safety

A model Solar Ready standard will include safety features that mitigate the fall
hazards that solar workers are exposed to when working from hights. These features
should be in alignment with other applicable codes. They will differ for low-slope
roofs and sloped roofs. For low-slope roofs, it will require OSHA-compliant parapet
walls, eliminating the need for additional fall-protection for solar installers and other
workers that operate on rooftops. For sloped roofs (greater than 2/12), this provision

will offer several options:

e solar zone of the roof to have a slope less than 6/12
e installation of permanent anchor points on the rooftop ridge adjacent to the
solar zone. There will be at least 1 rooftop anchor for every 20’ of linear roof

edge.

Interconnection pre-approval

The interconnection application and approval is a critical step for grid-tied PV sys-
tems. The PV system cannot operate without a connection to the utility grid. Cre-
ating a pre-approval process during new construction may benefit both the building
occupant and the electrical utility. The building occupant might enjoy a faster in-
terconnection process at the time of PV installation. The electric utility will have
a register of buildings that are Solar Ready. This may help the utility in planning
for future load and production capacities. Since new buildings typically request a
new utility connection as a part of the permitting process, this process might be

ammended to include information about the Solar Ready scope for the building.
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