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1.0 Introduction

This document provides details of operations and procedures for the approval of
photovoltaic (PV) system designs and documentation conducted by the Florida Solar
Energy Center. The principal goal of this process is to help ensure the safety and quality
of installed PV systems. This provides assurance to installers, consumers and financiers
that approved designs meet accepted codes and industry practices, and are accompanied
by a complete System Manual that meets the minimum requirements outlined in this
document.

1.1  Qualifying Status

Under the Solar Energy Standards Act of 1976, Florida Statutes 377.705, The Florida
Solar Energy Center (FSEC) is mandated to set standards, conduct tests and evaluations,
and to certify solar energy systems and equipment manufactured or sold in the State of
Florida. For over twenty years, FSEC has developed and maintained standards, testing
capabilities and equipment certification programs for solar water and pool heating
equipment. FSEC has also been heavily involved in the development, testing, and
evaluation of PV systems and equipment, regularly participating in national research and
standards development efforts.

In recent years, increased subsidies, advancements in the technology, and reductions in
price have resulted in wider use of photovoltaic systems, especially grid-connected PV
systems on residential and commercial buildings. Beginning in 1999, this process was
required in two rebate programs in Florida to help ensure the only the highest quality PV
systems were installed as part of those programs. Note that these approvals were only
required for the Florida rebate program, and did not supercede or replace any
requirements associated with permitting or inspection of installations in Florida or any
other states. However, other states and programs implementing quality assurance
measures for PV installations have expressed interest in FSEC-approved PV system
packages.

In 2001, FSEC received two important accreditations pursuant to the review of PV
system designs and approvals. The first, awarded by American Association of
Laboratory Accreditation (A2LA), recognizes FSEC for following the quality systems
requirements of ISO/IEC 17025 - General Requirements for the Competence of Testing
and Calibration Laboratories. The second, awarded by PowerMark Corporation,
recognizes FSEC specifically for following procedures outlined in PowerMark document
PV 3.3: Design and Documentation Review and Evaluation: Requirements for Grid-tied
Residential and Small Commercial PV Systems, as a component of the PowerMark
Photovoltaic Certification and Labeling Program. As part of maintaining these
accreditations, FSEC is routinely audited including on-site reviews of procedures,
records, reports, accounting and other matters related to granting PV system approvals.
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12 Scope

This evaluation covers any type of photovoltaic system that is either interconnected with
the utility grid or is a stand-alone system that falls within the parameters described below.
These system evaluations are based on the complete design and documentation packages
that accompany the application for design review. Items evaluated include safety and
code compliance of the overall design, individual components and their interactions with
one another, and completeness of instructions, diagrams and schematics for system
installation, operation and maintenance. This review and approval procedure does not
cover site-specific requirements or issues, nor do these approvals replace or exempt any
requirements of electric utilities or local jurisdictional authorities such as permitting,
inspections or utility interconnection agreements as required for PV system installations.

2.0 Definitions

The terms defined below have the given meaning in this document and the procedures
described herein.

Alternating Current (AC): Waveform characteristic of electrical power produced from
rotating machinery, typical for utility generation, transmission and distribution.

Allowable DOD: The maximum percentage of full-rated capacity that can be
operationally withdrawn from a battery, dictated by the cut off voltage and discharge rate.

Ampere-Hour (Ah): Common measure of a battery's electrical storage capacity. An
ampere-hour is equal to the transfer of one amp over one hour. A battery that discharges
5 amps for 20 hours delivers 100 ampere-hours.

Array: A group of panels (modules) that comprises the complete PV generating unit.

Average Daily DOD: The percentage of the full-rated capacity that is withdrawn from a
battery with the average daily load profile.

Autonomy: A term used to describe the period the electrical load can operate with the
given battery storage capacity in a PV system. Determined by the load current and the
battery capacity from full state of charge to the load disconnect point, with no input from
the PV array.

Balance of System (BOS) Components: A term used to describe components other than
the major PV system components, including but not limited to: conductors and
terminations; disconnects and overcurrent protection devices; grounding and surge
protection equipment; support structures and enclosures; auxiliary systems; and
instrumentation and monitoring equipment.

Batteries and Battery Bank: An electrochemical energy storage and delivery system,
used in PV systems to store the energy produced by the PV array, and to provide back-up
power to on-site loads or to feed the utility grid.
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Battery Capacity: A measure of a battery's ability to store and deliver electrical energy.
Commonly expressed in units of ampere-hours (Ah) at a specified temperature, discharge
rate and cut-off voltage. Design features that affect battery capacity include quantity of
active material; number, design and physical dimensions of the plates; and electrolyte
specific gravity. Operational factors that affect battery capacity include discharge rate;
depth of discharge; cut off voltage; temperature; battery age and cycle history.

Blocking Diode: Placed in series with a module or "string™ of modules to prevent reverse
current flow and protect PV modules. Conducts current during normal operation. Can be
used to prevent discharge of batteries at night in stand-alone systems.

Bypass Diode: Also called "shunt" diodes, used to pass current around, rather than
through a group of cells or modules. Permit the power produced by other parts of the
array to pass around groups of cells or modules that develop an open-circuit or high
resistance condition.

Charge Controller Algorithm: Defines the way the charge controller regulates the array
charging of the battery. Common types include series, shunt, on-off (interrupting),
constant-voltage and pulse-width-modulated (PWM).

Cut Off Voltage: The lowest voltage that a battery is allowed to reach in operation,
defining the battery capacity at a specific discharge rate.

Cycle: Refers to a discharge to a given depth of discharge followed by a complete
recharge. A 100 percent depth of discharge cycle provides a measure of the total battery
capacity.

Depth of Discharge (DOD): The percentage of capacity that has been withdrawn from a
battery compared to the total fully charged capacity.

Direct Current (DC): A unidirectional current or signal in an electrical circuit, usually
represented with a positive and negative polarity. Photovoltaic cells and batteries are
direct current (DC) devices.

Efficiency (%): The ratio of the output and input power of an energy conversion system.
Photovoltaic module and array efficiency is defined as the maximum power output of the
module/array divided by the irradiance and array surface area.

FSEC: The Florida Solar Energy Center, 1679 Clearlake Road, Cocoa, Florida 32922-
5703.

Grid-Connected Photovoltaic Systems: An electrical power generating system that uses a
photovoltaic (PV) array as the primary source of electricity generation, and is intended to
operate synchronously and in parallel with the electric utility network. Such systems may
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also include battery storage, other generating sources, and may operate on-site loads
independent of the utility network during outages.

I-V Curve: Represents the current-voltage (I-V) performance of a photovoltaic cell,
module or array at a given operating temperature and solar irradiance.

Innovative Equipment: Photovoltaic systems and/or equipment which, due to its design,
can not be evaluated adequately and fairly by methods described in this document.

Insolation (solar radiation): The energy flux from the sun received on a unit surface
area, usually expressed in units of kWh/m?-day for the average daily or monthly
conditions at a given location. For a given location, the amount of insolation received
defines the maximum energy production of a photovoltaic array.

Inverter: A power conversion device that transforms DC power into AC power at
specified voltage and frequency. Can operate directly from either PV arrays or batteries,
and produce AC power to operate loads independently, or operate interconnected to and
in parallel with the utility grid.

Interconnection: The technical and administrative process by which PV systems and
other distributed generators are connected to and operated in parallel with the electric
utility network.

Irradiance: The instantaneous solar power or rate of solar flux received on a unit surface
area, generally expressed in units of watts per square meter (W/m?). A typical peak value
for irradiance at noon on a clear day, on a surface normal to the sun’s rays is 1000 W/m?.

Junction Box: An enclosed terminal block on the back of PV modules or in other parts of
a system, which allows the modules/array and other subsystems to be connected
electrically in the system.

Low Voltage Disconnect (LVD): The battery voltage at which a controller disconnects
the load, defining the maximum DOD.

Low Voltage Disconnect Hysteresis (LVDH): The voltage between the LVD and the
voltage at which the load is reconnected.

Major System Components: Includes the photovoltaic (PV) modules and array, batteries,
system controller and inverter, as applicable.

Maximum Power (Pmp): The maximum power output of a photovoltaic cell, module or
array when operated at its highest efficiency point, corresponding with the maximum
power current and voltage (Imp and Vmp).
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Maximum Power Current (Imp): The current output of a photovoltaic cell, module or
array when operated at its maximum power point, corresponding with the maximum
power voltage (Vmp).

Maximum Power Voltage (Vmp): The voltage output of a photovoltaic cell, module or
array when operated at its maximum power point, corresponding with the maximum
power current (Imp).

Maximum System Voltage: The maximum rated voltage for a PV system, based on the
rated open-circuit voltage of the array, and adjusted for the lowest ambient temperature at
the installation site. Used to determine acceptable ratings for electrical devices used in
the system.

Model: A photovoltaic system or component that is distinguished by a specified size, set
of materials, configuration and performance. A change in any of these basic
characteristics constitutes a new model.

Module: A group of PV cells connected in series and/or parallel and encapsulated in a
laminate. The basic building block for PV arrays.

Nominal Operating Cell Temperature (NOCT): A reference temperature of a
photovoltaic module or array, operating at an irradiance level of 800 W/m?, an ambient
temperature of 20° C, a wind speed of 1.0 m/s, and with the module or array in open-
circuit condition.

Open-Circuit Voltage (Voc): The maximum voltage output of a photovoltaic cell,
module or array; measured in an open-circuit condition.

Panel: A group of modules that is the basic building block for installing PV arrays.
Peak Sun Hours: See Insolation

Rate of Charge/Discharge: The current flow into or out of a battery. Expressed as a
ratio of the nominal battery capacity to the charge or discharge time period in hours.

Regulation Voltage (VR): The maximum voltage the controller allows the battery to
reach before the array is disconnected.

Regulation Voltage Hysteresis (VRH): The voltage span between the VR and the voltage
at which the array is reconnected to the battery.

Short-Circuit Current (Isc): The maximum current output of a photovoltaic cell, module
or array; measured in a short-circuit condition, and directly proportional to the solar
irradiance.
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Stand-Alone Photovoltaic System: A solar photovoltaic system that supplies power
independently of an electrical production and distribution network.

Standard Operating Conditions (SOC): A secondary reference condition for the
performance ratings of photovoltaic modules and arrays. Based on a solar irradiance of
1,000 W/m?, nominal operating cell temperature (NOCT) and under the ASTM standard
G173 air mass (AM) 1.5 global spectrum. SOC represents a more typical temperature
condition for PV modules and arrays operating in the field.

Standard Test Conditions (STC): The industry accepted primary reference condition for
the performance ratings of photovoltaic cells, modules and arrays. Based on a solar
irradiance of 1,000 W/m?, a PV cell temperature of 25° C, air mass 1.5 and under the
ASTM standard spectrum (AM 1.5). Seldom do PV devices operate at STC, rather actual
measurements are translated to these conditions for the purposes of ratings and
comparison between different modules and arrays.

Standard: A document that specifies the performance, test procedures, durability or
safety requirements for a system or component.

State of Charge (SOC): The amount of energy in a battery, expressed as a percentage of
the energy stored in a fully charged battery.

System Approval: The process outlined in this standards document that provides a
method for evaluating the suitability of PV system design packages.

System Controller: The device or combination of devices in a PV system that regulates
the state of charge of the battery subsystem and may also provide load control functions.

System Manual: The complete documentation package accompanying an approved PV
system design. Must be submitted for design review, and include at a minimum,
electrical and mechanical drawings, parts/source lists, manuals for major components
(modules, inverters, etc.), and instructions for installation, operation and maintenance of
the system.

Total Dynamic Head: The vertical distance from the center of the pump to the point of
free discharge of the water. Pipe friction is included.

3.0 Reference Documents

1. IEC Std. 61215-1993, Crystalline Silicon Terrestrial Photovoltaic (PV) Modules —
Design Qualification and Type Approval.

2. IEC Std. 61646-1996, Thin-Film Terrestrial Photovoltaic (PV) Modules — Design
Qualification and Type Approval.

3. National Electrical Code, 2002 Edition, NFPA 70, National Fire Protection
Association, Batterymarch Park, Quincy, MA 02269.
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4. |EEE Std. 929-2000, IEEE Recommended Practice for Utility Interface of
Photovoltaic (PV) Systems, IEEE Standards Coordinating Committee 21.

5. |EEE Std.1374-1998, IEEE Guide for Terrestrial Photovoltaic (PV) Power System
Safety, IEEE Standards Coordinating Committee 21.

6. |EEE Std. 937, IEEE Recommended Practice for Installation and Maintenance of
Lead-Acid Batteries for Photovoltaic (PV) Systems, IEEE Standards Coordinating
Committee 21.

7. ASTM Std. G173, Tables for Reference Solar Spectral Irradiance: Direct Normal and
Hemispherical on 37° Tilted Surface, ASTM Standards Committee.

8. Underwriters Laboratories, Standard for Safety: Flat-Plate Photovoltaic Modules and
Panels, Standard UL 1703.

9. Underwriters Laboratories, Standard for Static Inverters and Charge Controllers for
Use in Photovoltaic Power Systems, Standard UL 1741.

10. PowerMark Photovoltaic Certification and Labeling Program, Document PV3.3 -
Design and Documentation Review and Evaluation Requirements for Grid-tied
Residential and Small Commercial PV Systems.

11. |EEE Std. 1145-xxxx, Recommended Practice for the Installation and Maintenance of
Nickel-Cadmium Batteries for Photovoltaic (PV) Systems

4.0  System Classifications

The design review process focuses on two categories of photovoltaic systems: grid-
connected and stand-alone.

4.1  Grid-Connected Systems

Two types of grid-connected photovoltaic systems are considered in this FSEC standard.
These include grid-connected PV systems without battery storage, and grid-connected PV
systems with battery storage. For the purposes of this document and the scope of the
design review and approval process, the following is the intended definition of a grid-
connected photovoltaic system:

“An electrical power generating system that uses a photovoltaic (PV) array as the
primary source of electricity generation, and is intended to operate synchronously and in
parallel with the electric utility network. Such systems may also include battery storage,
other generating sources, and may operate on site loads independent of the utility
network during outages.”
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There are three types of stand-alone systems covered by this document. These include
PV-powered water pumping systems, PV-powered lighting systems, and remote
residential PV systems.

4.1.1 Grid-Connected PV Systems without Battery Storage

Grid-connected or utility-interactive

PV systems are designed to operate

in parallel with and interconnected AC Loads

to the electric utility grid. The

primary component in  grid-

?OnneCted PV SYStEf_T]_S _IS the PV Array »] Inverter/Power w| Distribution

inverter, or power-conditioning unit Conditioner Panel

(PCU). The PCU converts the DC A

power produced by the PV array Y

into AC power consistent with the Electric
. Utility

voltage and  power  quality

requirements of the utility grid, and

automatically stops supplying power to the grid when the utility grid is not energized. A
bi-directional interface is made between the PV system AC output circuits and the
electric utility network, typically at the on-site distribution panel or service entrance.
This allows the AC power produced by the PV system to either supply on-site electrical
loads, or to supply power to the grid when the PV system output is greater than the on-
site load demand. At night and during other periods when the electrical loads are greater
than the PV system output, the balance of power required by the loads is received from
the electric utility. When the utility grid is down, these systems automatically shut down
and disconnect from the grid. This safety feature is required in all grid-connected PV
systems, and ensures that the PV system will not continue to operate and feed back onto
the utility grid when the grid is down for service or repair.

4.1.2 Grid-Connected PV Systems with Battery Storage

This type of system is extremely popular for homeowners and small businesses where
backup power is required for standby

loads such as refrigeration, water pumps, Standby Building
lighting and other necessities. Under o Roats
normal  circumstances, the system \ A

operates in a grid-connected mode,

supplementing the on-site loads or PV nverter e ]  Main
sending excess power back onto the grid Array ~| Panel
while keeping the battery fully charged. A

In the event the grid becomes de- " ¢ Y

energized, control circuitry in the inverter o S| satery il

opens the connection with the utility | controller Storage y

through a bus transfer mechanism, and

FSEC Standard 203-05 (May 2005) 8



operates the inverter from the battery to supply power to the dedicated standby load
circuits only. In this configuration, standby loads are typically supplied from a dedicated
load sub panel.

4.2 Stand-Alone Systems

Each of these systems can provide power to DC loads. With the incorporation of an
inverter in the system, each can also supply AC loads. Unlike the grid-connected
systems, these systems must generate all the power available to the loads. Thus, array
sizing (and battery sizing where included) and load requirements are critical aspects of
success in meeting the customer’s needs.

4.2.1 PV-Powered Water Pumping Systems

Water pumping is a major application for PV
systems across the western US. Typically,
these systems include a ground-mounted array PV Array >
(with or without an optional mechanical
tracking device), a pump controller, an inverter

for AC pump motors, and the pump/motor

assembly operating off either DC or AC.
Water is pumped only during daylight hours
and is usually stored in a water tank to cover
periods of bad weather. Batteries banks also
may be incorporated in these systems as well.

Inverter/Power
Controller

Motor/Pump
Unit

4.2.2 PV-Powered Lighting Systems

Photovoltaic-powered lighting systems are an
option for providing area lighting and sign
lighting in lieu of extending utility service.
These systems are sold as packages including
the array, batteries, battery enclosure, charge PV Array Power
controller, lighting controller, light fixture, Controller
ballast and lamp. The systems are typically

small — total module output is typically under

250 Wste. The arrays are usually pole Light /Other
mounted or mounted to the sign structure and Load
should be equipped with vandal resistant
hardware. High-pressure sodium, low-
pressure sodium, and fluorescent fixtures are
popular choices for these lights. Protection
of the batteries from significant temperature variations is an important installation issue
with these systems. Enclosure provisions for the batteries should moderate any
temperature excursions to extend the lifetime and capacity of the batteries.

Y
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4.2.3 Remote Residential PV Systems

Photovoltaic systems can power remote

residences and other small facilities where AC
utility power is not available or desired. Loads
These systems typically utilize a roof or A
ground mounted array, a battery charge

controller, battery storage, and an inverter ]
to supply 115 VAC, 60 Hz electrical Inverter/Power | Distribution

PV Array >

service.  These systems may also be
supplied with an auxiliary source of power
such as small wind generators and/or
engine generators to meet electrical needs during periods of bad weather. These systems
may also be configured as portable power generators, either skid or trailer mounted, and
are complete packages with integrated components.

Controller Panel

5.0  Criteria for System Approval

Criteria for system approvals are based on applicable codes and standards, and
consistency with industry accepted design practices. Evidence to support these criteria
must be contained in the supplier’s System Manual. General criteria include:

= Conformance of the overall electrical design and specified installation methods with
all relevant sections of the 2002 National Electrical Code.

= Evidence of applicable product listings for major components from Underwriters
Laboratory (UL) or other recognized laboratory. PV modules must meet UL Std.
1703-2003 for Flat Plate Photovoltaic Modules and Panels, and inverters and charge
controllers must meet UL Std. 1741-2000 for Inverters, Converters and Controllers
for use in Independent Power Systems.

= Evidence of PV module qualification tests consistent with the standards:
= |EC 61215-1993 - Crystalline Silicon Terrestrial Photovoltaic (PV) Modules -
Design Qualification and Type Approval.
= |EC 61646-1996 — Thin-film Terrestrial Photovoltaic (PV) Modules — Design
Qualification and Type Approval.

= Ratings for PV module performance conducted by FSEC or other independent
recognized laboratory.

= Conformance of overall system design and installation requirements with
= |EEE Std. 929-2000 - Recommended Practice for Utility Interface of Photovoltaic
(PV) Systems and

= Where battery storage is used, conformance with (as applicable)
= |EEE Std. 937-2000: Recommended Practice for Installation and Maintenance of
Lead-Acid Batteries for Photovoltaic (PV) Systems
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= |EEE 1145-1990 - IEEE Recommended Practice for the Installation and
Maintenance of Nickel-Cadmium Batteries for Photovoltaic (PV) Systems

= Evidence of independent test results or certification from a licensed engineer
certifying that the array mounting system design is capable of adequately supporting
the modules within specified deflection limits under loading conditions of at least 55
Ibs/ft.

= Warranty information for complete system and individual components.
6.0  Application for Design Review

Any system integrator, supplier or installation contractor may initiate the design review
process by completing an application form and submitting all required documentation
and materials to FSEC for review. A single application may be used for multiple size
systems of a basic type or model, as long as each system model is indicated on the
application, and these designs are adequately documented in the System Manual.

Any manufacturer, system integrator or organization requesting design review and
approval should use the Photovoltaic System Design Review and Approval: Application
Form and Checklist as a guide for submitting the required System Manual. The
application form and checklist for submitting designs for review are included in the
Appendix, and are also available from FSEC’s web site at: http://www.fsec.ucf.edu/pvt/

The organization or individual submitting the design for approval will be responsible for
meeting all criteria on the checklist by providing the necessary documentation, drawings,
schematics, parts lists, manuals, and warranty documentation. The initial system design
review process will typically be completed within six weeks of formal submission to
FSEC. Items that are incomplete or inaccurate required will be identified for the
applicant, and the designs will be appropriately amended by the applicant prior to
approval.

7.0 Grid-Tied Evaluation Process

System manuals, electrical and mechanical drawings, component manuals and other
documentation submitted for review will be evaluated according to the requirements of
this document. When the review is completed, FSEC will provide the supplier with a
report on the evaluation, and note any deficiencies required for approval. After all
deficiencies have been resolved, approval will be granted and the supplier will be
awarded a System Approval Certificate.

7.1  System Documentation Review

A complete system documentation package is a fundamental requirement for system
approvals. At a minimum, this documentation must include system specifications, parts
lists, electrical schematics, mechanical drawings, and instructions for the installation,
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operation and maintenance of the system. The supplied documentation is reviewed to
verify that the following items are included:

= System description and specifications

= Parts and source lists for equipment supplied and not supplied with package
= Electrical diagrams and schematics

= Mechanical drawings and panel/array installation detail

= System installation and checkout procedures

= System operation, maintenance and troubleshooting instructions

= Owners manuals for individual major components

= Warranty information on components and complete system

7.2 Electrical Design Evaluation

Safe and code-compliant electrical designs are a principal concern of these approvals, and
must be consistent with the requirements of the 2002 National Electrical Code. At a
minimum, supplier's electrical drawings must include the types, sizes, ratings and
locations of all conductors, overcurrent and disconnect devices, terminations and
connectors, conduit and junction boxes, and grounding systems. Complete electrical
schematics are required for these items. Design documentation, installation instructions
and electrical schematics are reviewed to verify that they specify and diagram:

= Types, sizes and locations of all system conductors

= Types, ratings and locations for all required system disconnect and overcurrent
devices

= Ratings and locations for blocking and bypass diodes, as applicable

= Requirements for equipment and system grounding and surge suppression

= Methods and equipment required to interface the PV system output with the electric
utility grid

= Types, ratings and locations for all conduit and junction boxes

= DC voltage drop limitations and conductors required for given length

A computer-based code compliance design tool has been developed to ensure the
majority of electrical sizing calculations are standardized and appropriate for each design.
These calculations are then verified by the Design Review Committee, along with the
non-quantitative aspects of the electrical design.

7.3 Mechanical Design Evaluation

Methods for the safe, secure and durable attachment of PV arrays to rooftops or other
support is an essential part of the complete design package. At a minimum, supplier’s
documentation and drawings must include details for assembling module/panels, layouts
for the entire array, making structural connections to rooftops, and weather sealing roof
penetrations. Independent laboratory test results or certification from a licensed engineer
must be provided for mechanical loads on PV arrays and mounting systems. Note that
additional structural certifications from a licensed engineer may be required in many
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jurisdictions for permitting installations. The documentation and drawings are reviewed
to verify that the following items are included:

= Procedures and materials required for assembling modules and panels

= Procedures and materials for making structural attachments to rooftops

= Procedures for locating and orienting arrays on rooftop

= Methods and materials for weather sealing roof penetrations

= Safety considerations for installing PV array on rooftops

= Independent test results or certification for mechanical loads on PV array and support
structures

7.4 PV Modules and Arrays

An important part of the system design reviews is ensuring that quality PV modules are
used. Basic requirements include applicable qualification tests and product listings, and
manufacturers’ specifications. Independent performance tests (conducted by FSEC or
other accredited lab) are also required for system approvals. Documentation submitted
for review is evaluated to verify that:

= PV modules comply with IEC Standard 61215 or IEC Std 61646 qualification test
standard as appropriate

= PV modules comply with UL Standard 1703 product listing

= Methods and materials for assembling and wiring modules, panels and arrays are
described and diagrammed

= STC ratings for PV modules, panels and entire array are specified

= Locations for bypass diodes are specified

= Procedures for handling and installing modules and arrays are provided

= Module manufacturers documentation is included

7.5 Power Conditioning Equipment

Inverters, chargers, controllers and other power processing hardware are critical
components in these approvals, and this equipment must meet industry standards for grid-
connected PV systems. Acceptable voltage set points, and other system programming or
control set points must also be consistent for the type of batteries used, as applicable.
The system documentation and equipment specifications are reviewed for:

= Compliance with current standards UL 1741 and IEEE 929

= Specification and appropriateness of inverter/controller operating windows for PV
array under highest and lowest temperature extremes

= Specification and appropriateness of control or programmable set points for charge
control with given battery

= Inclusion of owner’s, operator’s and user’s manuals for all major power processing
components
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7.6 Design Review and Approval Process

e  Application for Design Review and Approval Received at

FSEC, date and submitted materials recorded

> . Review documents distributed to FSEC Design Review ]
Committee (DRC)

YES e Verification that all information and documents NO
required for the application and in the Design
Review and Approval Checklist are present.

e  Application returned with
e  DRC evaluation of materials request for missing

submitted, in accordance with information.
FSEC Document GP-70-01

. Completion of Design Review
and Approval Checklist

e  Final application review meeting by all members of DRC
. Individual review compiled and discussed
e Approval decision made

e Approval denied e Approval granted e Deficiencies noted
e Reasons for denying e  Applicant advised of e  Requirements for
approval requirements for use and resubmission
documented in maintaining approval per identified in writing to
writing to applicant. FSEC Document GP-70-01 applicant
. Application returned . Approval listed in Approved . Application returned
Systems directory on FSEC's to applicant
web site
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8.0 Stand-Alone Evaluation Process

The majority of the criteria listed in Section 5 are also applicable to Off-Grid system
approval. The electrical systems are evaluated for code compliance and sound design
principles, the mechanical systems are analyzed for basic stability and function, the
components must meet minimum standards and be of the appropriate type and size, and
the remainder of the documentation package must clearly communicate instructions for
installation, operation, maintenance, etc. Because of the nature of Off-Grid systems,
some criteria differ from Grid-Tied systems. These are specific to the intended
application of the PV system, and are listed in the following sections.

8.1 PV Water Pumping System

e Systems must be supplied with complete installation, operation and maintenance
manuals for utility personnel and a user manual for the utility customer.

e Water pumping systems capable of supplying a range of water delivery up to
10,000 gallons per day at a range of pumping heads up to 300 feet are requested at
this time.

e Systems must include two distinct sub-systems including:
1) a fully integrated PV power supply (PV modules and power controller or
inverter) with all hardware needed for installation (excluding water pipe
and pump cable), and

2) the associated pump/motor unit including all wiring, fittings, etc.

e Only submersible pumps are allowed at this time.

e Pump/motor units are submersible to a minimum of 50 feet of water.

e Systems must be capable of operating in temperatures of -20° to 45°C, withstand
winds of 100 mph with the array at 55° tilt, and have a minimum two-foot ground
clearance.

e The supplier must provide:

e performance curves for the pump as a table or chart showing pump output
in gallon per minute (GPM) verses power input (W) to the unit for a given
Total Dynamic Head (TDH),

o daily water output for an isolation value of 5kWhr/m? per day(5 peak sun
hours).

e The pump/motor units may be DC or AC.

e The use of battery storage is not permitted at this time.
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8.2

8.3

PV Lighting Systems

Systems must be supplied as complete packages with all hardware and wiring
necessary for installation (excluding poles or sign lighting arms and wiring for
sign lights).

Systems must have an appropriate array to load ratio (typically between 1.3 and
1.5).

All PV system components exposed to the elements must be capable of
withstanding exposure to temperatures of -20° to 45°C and winds up to 100 mph.

The supplier must provide each system’s light output (foot-candles) and run time
at an isolation level of 5 kWh/m? per day (5 peak sun hours).

Systems must be capable of supplying the design energy for the specified period
without auxiliary energy based on the low voltage disconnect (LVD) set point
during winter temperatures and have a minimum three-year battery lifetime under
typical cycling.

The maximum allowable depth of discharge should be no more than 50 percent of
the nominal battery capacity for the given discharge rates, or higher, depending
upon the appropriate value for the selected battery technology. The specified
LVD set point of the battery charge controller should be consistent with the
maximum allowable depth of discharge for the battery.

Battery charge voltage temperature compensation must be provided as part of the
charge controller and the temperature compensation coefficients must be
specified.

Lamps, ballasts and fixtures must be suitable for outdoor application, must be
fully described, and must meet a minimum 3-year service life.

Light fixtures (and lamps) must meet a minimum illumination level of 0.4 foot-
candle over a 400 square foot area for the area lighting systems and a minimum
illumination of 0.8 foot-candle over the given area for sign lighting systems.

Remote Residential PV System

Systems must be capable of supplying the design energy for at least the
manufacturer-specified autonomous operation period without auxiliary energy.
Compliance will be based on the low voltage disconnect (LVD) set point during
winter temperatures, with the battery having a minimum three-year battery
lifetime under typical cycling.

Systems must provide 115 VAC, 60 Hz, single-phase power.
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9.0
9.1

Systems must be supplied as complete packages and with all necessary
installation hardware.

Systems must be capable of operating in temperatures of -20° to 45°C and winds
up to 100 mph.

Array structures must provide a minimum of two-foot clearance if ground
mounted or at least 4 inches offset if mounted to a pitched roof.

System components/packages must have proven and documented records of field
performance and successful operation in similar applications.

Systems must have NEC approved means for accepting auxiliary 115 VAC
power.

The supplier must provide each system’s expected daily AC output (kWh per day)
and maximum AC power capability (peak watts) at an insolation level of 5
kWh/m? per day (5 peak sun hours) during summer months.

For systems with batteries, flooded lead-acid batteries are not allowed for
installation in any conditioned space or living/working areas of homes or
facilities.

AC output of array should be metered

Installation completed by individual/organization with recognized competence
(i.e., certified by recognized organization, installer trained by system supplier,
etc)

Administration

Personnel

A Design Review Committee (DRC) consisting of designated FSEC staff members
evaluates all submittals. DRC members must meet the following qualifications:

B. S. or higher degree in engineering or equivalent.

Sound knowledge of relevant sections of the current National Electric Code,
IEEE 929, Underwriters Laboratory standards 1741 and 1703, and PV system
design and installation practices.

Minimum of three years work experience in photovoltaic systems, including at
least one year in PV system design.
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9.2 Record Keeping

Documentation and archives for all correspondence are kept electronically and in
hardcopy in the file room in the FSEC PVDG Division.

9.3 Fees

A fee sufficient to cover the costs of the design review and approval process shall be
collected prior to the performance of these services. Fees may be revised as deemed
necessary to cover costs. Information on the fee for this service is available at the Center.

9.4  Use of System Approval

Upon request, the system manufacturer, supplier or installation contractor may furnish a
copy of the complete System Manual and the System Approval Certificate to system
owners, code enforcement officials, electric utilities or others involved in purchasing,
installing, inspecting, operating or maintaining the system. In all cases, the complete,
approved System Manual must be used to qualify as an approved system, and must
accompany use of the System Approval Certificate. An assembly of similar components,
without approved documentation, does not constitute an approved system. An example
of a System Approval Certificate is contained in the Appendix.

Note that these approvals do not replace or exempt any requirements of electric utilities
or local jurisdictional authorities in matters such as permitting, inspections or utility
interconnection agreements as required for PV system installations. When referring to
FSEC approvals in any documentation produced by the supplier, including technical or
marketing information, there shall be the following statement:

“The photovoltaic system design described in this manual, when properly installed and
maintained, meets the minimum recommended practices established by the Florida Solar
Energy Center. This “approval’ does not imply endorsement or warranty of this product
by the Florida Solar Energy Center or the State of Florida.”

9.5  Maintaining System Approvals

A database of approved grid-connected PV systems will be maintained by FSEC and
produced on the Internet for public access. To verify the approval status of a PV system
design package, an official or other interested party may contact FSEC or access the
information via the Internet at http://www.fsec.ucf.edu/pvt/.

As per the signature form required of all companies submitting a system design,
manufacturers and suppliers will contact FSEC when components, configurations, or
documentation for approved system are modified. FSEC will proactively evaluate
approved designs on a periodic basis to determine if each System Manual and the system
and components are still accurate and up to date any changes or updates are required.
Changes in an approved system that require the approval of FSEC include:
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= Changes in the type, model or manufacturer of the photovoltaic modules/arrays,
battery bank, inverter or other primary system components

= A change in the system diagram (configuration) or electrical schematic; that is, a
change in the arrangement of components in the system, or a change in the ratings of
specific components

= Any significant change in the System Manual, drawings, electrical components or
array mounting hardware or design

9.5.1 Denial of Approval

If FSEC determines that the applicant does not satisfy all the criteria as outlined in this
document, FSEC shall give the applicant a written report detailing all reasons for denying
approval using the Design Review Checklist and Reporting Form contained in the
Appendix. An applicant aggrieved by the FSEC decision may file a written request for
review with FSEC. The FSEC Director shall appoint a Laboratory Complaint Review
Board, which will reconsider the information on file. The FSEC Photovoltaic Projects
Office shall, based on the Review Board’s findings, affirm, modify or reverse the initial
decision and shall so inform the applicant of the review board’s recommendations.

9.5.2 Revocation of Approval
9.5.2.1 Supplier-initiated

The party who has been issued an approval for a photovoltaic system may voluntarily
terminate the approval by giving written notice to FSEC. The note shall state the
effective termination date and the reasons for termination.

9.5.2.2 FSEC-initiated

FSEC may revoke or suspend an approval for a grid-connected PV system package in the
event of:

e Deliberate misrepresentation of documentation submitted in the application for
design review and approval

e Claiming that one PV system approval applies to another system which has not
been approved

e Failure to comply with a condition of approval or product labeling

e Failure to correct a discrepancy that is detected by FSEC after initial FSEC
approval. Supplier will be given 30 days in which to make corrections.

The procedure for revoking certification shall conform to the process for denial of
certification specified above.
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11.0  Appendix (This appendix is not part of this standard but is included for information only.)

11.1  Design Review Application Form

Photovoltaic System Design Review and Approval

Florida Solar Energy Center
Application for PV System Design Review

Submit applications and documentation to:
Florida Solar Energy Center

Attn: PV Design Review Committee Chair
1679 Clearlake Road

Cocoa, FL 32922-5703

Ph: (321) 638-1471
designreview@fsec.ucf.edu

Case No. FSPV-

Application Date:

Most Recently
Updated:

Initial Review Completed
/ Forwarded to
Applicant:

Final Approval:

Supplier Designation
(Manufacturer/Model):

System Description:

Name:
System Address:
Supplier: Phong No:
E-mail:
Web Site:
Technical Name: Marketing | Name:
Contact: Address: Contact: Address:
Phone No: Phone No:
E-mail: E-mail:
Web Site: Web Site:
?;%Srfpr)gnents & Photovoltaic Modules é‘lr'?)(/ve)c Rating @
Ratings Inverter(s) Inverter AC Power
Rating (W)
Battery Storage Appro_x. Storage
(If Applicable) Capacity (kwh,
C/Rate, len)
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11.2 Design Review Checklist and Reporting Form
Photovoltaic System Design Review and Approval

Application Form and Checklist

Florida Solar Energy Center
Application for PV System Design Review

Submit applications and documentation to:
Florida Solar Energy Center

Attn: PV Design Review Committee Chair
1679 Clearlake Road

Cocoa, FL 32922-5703

Ph: (321) 638-1471

designreview@fsec.ucf.edu

Case No. FSPV-

Application Date:

Most Recently
Updated:

Initial Review Completed
/ Forwarded to
Applicant:

Final Approval:

Supplier Designation
(Manufacturer/Model):

System Description:

Name:
System Address:
Supplier: Phone_: No:
E-mail:
Web Site:
Technical Name: Marketing | Name:
Contact: Address: Contact: Address:
Phone No: Phone No:
E-mail: E-mail:
Web Site: Web Site:
System . Array DC Rating @
Components & Photovoltaic Modules STC (W)
Ratings Inverter(s) Inverter AC Power
Rating (W)
Approx. Storage
i;t;ﬁ?;glteo)rage (It Capacity (kWh,
C/Rate, len)

Appendix, FSEC Standard 203-05 (May 2005)



mailto:designreview@fsec.ucf.edu

SYSTEM DOCUMENTATION

A complete system documentation package is a fundamental requirement for system approvals. At a minimum, this documentation must include system specifications, parts lists, electrical schematics,
mechanical drawings, and instructions for installation, operation and maintenance of the system(s). This information should be delivered to the end-user upon completion of installation.

yTATUS

viX

CRITERION

COMPLIANCE/COMMENTS

LOCATION OF
MATERIALS

Includes system description and specifications

Includes electrical diagrams and schematics with all items in section on
Electrical Design below

Includes mechanical drawings with all items in section on Mechanical
Design below

Includes all items in section on Component Information below

Includes information about siting

Includes parts lists (both supplied with package and those to be purchased
separately), lists of manuals, and other documentation

Includes safety instructions and hazard warnings for installation, operation
and maintenance of system

Includes system installation procedures

Includes system start-up and acceptance (initial performance) test
procedures

Includes operation procedures

Includes maximum and minimum ambient temperature of system site
(necessary for electrical calculations)

Includes warranty

Includes owner’s manual (with maintenance and troubleshooting
instructions)

XIX| X | X[ X | X | X | X|X|[X|X|X]|X]|X

Includes signed copy of FSEC signature page
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ELECTRICAL DESIGN

Safe and code-compliant electrical designs are a principal concern of these approvals, and must be consistent with the requirements of the 2002 National Electrical Code. At a minimum, supplier's electrical
drawings must include the types, sizes, ratings and locations of all conductors and wiring, overcurrent and disconnect devices, terminations and connectors, junction boxes, conduit, wire ways, and

grounding s

ystems. Complete electrical schematics are required for these items.

TATUS

viX

CRITERION

COMPLIANCE/COMMENTS

LOCATION OF
MATERIALS

General Documentation

X Describes methods and materials required for wiring system
Provides schematics and drawings, and details the methods and equipment
X required to interface the PV system output with the electric utility grid

DC Conductors & Conduit

A. Wire Type: Specifies appropriate types, sizes and ratings and locations for all system conductors and wiring

X Wire Type: Outdoor-exposed versus in conduit; Temperature rating

X Wire Gauge: Minimum/Maximum allowable, and under what
circumstances; Based on B, E, and F below

X Substitutes: Allowed by designer? Allowed by code?

B. Ampacity Calculations (current rating) Including Correction Factors for Temperature & Multiple Conductor

w

Wire Gauge: Based on calculations [1.56 multiplier, correction factors], is

X sizing acceptable
C. Conduit Fill
X Conduit Fill: Require code-compliant fill percentage and diameter and/or
equivalents (exact type/size need not be specified)
D. Conduit Type & Coupling/Connectors
X Conduit Type: Require code-compliant types and diameter and/or

equivalents (exact type/size need not be specified)
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X Conduit Fittings/Strain-Reliefs: Require code-compliant types and sizes
and/or equivalents (exact type/size need not be specified)

E. Voltage Calculations (voltage rating)

X Maximum Voltage: Conductors rated for maximum allowable voltage

F. Voltage Drop

X Maximum Voltage Drop < 3%: Given maximum wire length and wire
gauge, conductors should allow less than 3% voltage drop

AC Conductors & Conduit

A. Wire Type

X Wire Type: Outdoor-exposed versus in conduit; Temperature rating

X Wire Gauge: Minimum/Maximum allowable, and under what
circumstances; Based on B, E, and F below

X Substitutes: Allowed by designer? Allowed by code?

B. Ampacity Calculations (current sizing) Including Correction Factors for Temperature & Multiple Conductors

X Wire Gauge: Based on calculations [1.56 multiplier, temperature
correction factors], is sizing acceptable

C. Conduit Fill

X Conduit Fill: Require code-compliant fill percentage and diameter and/or
equivalents (exact type/size need not be specified)

D. Conduit Type & Coupling/Connectors

X Conduit Type: Require code-compliant types and diameter and/or
equivalents (exact type/size need not be specified)

X Conduit Fittings/Strain-Reliefs: Require code-compliant types and sizes
and/or equivalents (exact type/size need not be specified)
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E. Voltage Calculations (voltage sizing)

X

Maximum Voltage: Conductors rated for max allowable voltage

Overcurrent Protection & Disconnects

A. Fuses

Conductor Protection: Based on module manufacturer specifications and

X calculations [1.56 multiplier, temperature correction factors], fuses protect
smallest conductor in series
X Type & Placement: Appropriate type [AC, DC] and placement [each

series string if there are multiple strings] specified

B. Disconnects — Circuit Breakers

Type, Rating & Placement: Disconnects are appropriately rated [1.56
multiplier, temperature correction factors] and of proper type [AC/DC,

X voltage rating] and placement [both AC and DC required to protect all
current carrying conductors from building/distribution panel]

X Visible-blade, Lockable Disconnects: Locking disconnects meet
applicable standards

Grounding

X Grounding Gauge: Minimum/Maximum allowable, and under what
circumstance
Grounding Type: Outdoor-exposed versus use in conduit; Temperature

X ratin

g
X Grounding Placement: Only one bonding conductor/electrode allowed;

preferably run separate from current carrying conductors

Junction Boxes

X

Labeled on Component List or Schematic, appropriate NEMA rating

Service Panel

X

Labeled on Schematic, and approved for appropriate voltage/current
throughput
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MECHANICAL DESIGN

Methods for the safe, secure and durable attachment of PV arrays to rooftops or other support is an essential part of the complete design package. At a minimum, supplier’s documentation and drawings
must include details for assembling module/panels, layouts for the entire array, making structural connections to rooftops, and weather sealing roof penetrations. Note that additional structural certifications
from a licensed engineer may be required in many jurisdictions for permitting actual installations.

TATUS

viX

CRITERION

COMPLIANCE/COMMENTS

LOCATION OF
MATERIALS

X

Guidelines and Drawings: Provides guidelines and drawings for
locating and orienting PV arrays on rooftops and specifies deflection
limits & static and wind loading conditions

Mounting Design: Includes independent test results or certification
from licensed engineer certifying that array mounting system design
adequately supports modules within minimum specified deflection
limits & loading conditions

Array Assembly Instructions: Describes and illustrates procedures
required for assembling modules and panels

Array Assembly Hardware: Provides and specifies hardware for
mechanical assembly of modules and panels

Structural Assembly Instructions: Describes and diagrams
procedures for making structural attachments to rooftops

Structural Assembly Hardware: Provides and specifies hardware for
making structural attachments to rooftops

X | X | X | X | X

Weather Sealing: Includes description of appropriate methods and
materials for weather sealing roof penetrations
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COMPONENT INFORMATION

PV Modules and Array

An important part of the system approvals is to ensure that quality PV modules are used for installations. Basic requirements include applicable qualification tests and product listings, as well as
manufacturers specifications and performance ratings.

TATUS | CRITERION COMPLIANCE/COMMENTS LOCATION OF
vIX MATERIALS
X Rating Verification: Independent laboratory module performance test
results (from FSEC or equivalent laboratory)
X IEEE Compliance: Complies with IEEE Std. 1262, IEC Stds. 61215
or 61646 module qualification test
X UL Listing: Complies with UL Standard 1703 or equivalent safety
listing; Listing contained in system or component manual
X Diodes: Provides information about diode placement/conditions of use

Power Conditioning Equipment

The inverter, chargers, controllers and other power processing hardware are critical components in these approvals, and this equipment must meet industry standards for grid-connected PV systems.
Acceptable voltage set points must also be consistent with the type of batteries.

'TATUS

viX

CRITERION

COMPLIANCE/COMMENTS

LOCATION OF
MATERIALS

UL Listing: UL Standard 1741 Listing evident

IEEE Compliance: Complies with most recent version of IEEE 929

Total Power: Rated value is greater than or equal to maximum
expected AC power; Listed in Component or System Manual

Voltage Window: DC Input Voltage Falls within Inverter VVoltage
Window under highest and lowest temperature extremes; Listed in
Component or System Manual

Grid-Voltage: Transformer Specified if Necessary

X | X | X | X | X X

Single Branch Circuit: System is on Dedicated Branch Circuit

Appendix, FSEC Standard 203-05 (May 2005)




Phasing: Appropriately Phased Inverter for System; Listed in

X Component or System Manual

X Charge Control: Provides acceptable control or programmable set
points for charge control with given battery specifications

X Location: Location of power conditioning equipment consistent with

listed use and code-compliant practice

Batteries & Charge Controllers

TATUS | CRITERION COMPLIANCE/COMMENTS LOCATION OF
vIX MATERIALS
X Type: Liquid flooded, AGM, gel, Ni-Cd, etc.
X Capacity Rating: Nominal voltage rating; Rated number of either Ah
or kWh and the respective charge rate for that value
X Charge Controller UL Listing: UL listing evident
X Charge Control: Provides acceptable control or programmable set
points for charge control with given battery specifications
X Voltage Setpoints: Recommended regulation voltage, float voltage,
low voltage disconnect, etc.
X Series/Parallel Configuration: Number of batteries connected in
series and in parallel
X Location: Location of batteries consistent with listed use and code-
compliant practice
11.3 Power Controller and Water Pump/Motor Unit
The controller and pump/motor unit are critical components in the acceptance of water pumping systems and must meet customer expectations for performance.
TATUS | CRITERION COMPLIANCE/COMMENTS LOCATION OF
vIX MATERIALS
X Performance Curves: GPM vs. Power (W) for each pump/motor
X Pump/Motor: Output voltage of controller matches input
requirements of Pump/Motor
X Pump Controller: Output voltage of PV array matches input

requirements of controller
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Submergibility: Minimum 50 feet

X

Output: Estimate of daily water output in gallons or liters assuming 5
kWh/m? insolation per day

X

Total Dynamic Head (TDH): Define TDH, up to 300 feet desired

11. 4 PV Lighting Systems

The controller and pump/motor unit are critical components in the acceptance of water pumping systems and must meet customer expectations for performance.

TATUS | CRITERION COMPLIANCE/COMMENTS LOCATION OF
vIX MATERIALS
X Lights/Ballasts: Appropriate VVoltage, Wattage, type and lumen
output — suitable for outdoors
X Array to Load Ratio: Appropriate for application — typically 1.3 to 1.5

11.5 Off-Grid Residential Systems

Same as Grid-Tied, plus load autonomy verification

TATUS | CRITERION COMPLIANCE/COMMENTS LOCATION OF
vIX MATERIALS
X Autonomy: Stated in hours or days; estimated output under
manufacturer’s specified weather conditions provides adequate energy
X Daily AC Output Estimates: at 5kWh/m? per day
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Example: Photovoltaic System Design Review and Approval Certificate

Florida Solar Energy Center

Application for PV System Design Review

Submit applications and documentation to:
Florida Solar Energy Center

Attn: PV Design Review Committee Chair
1679 Clearlake Road

Cocoa, FL 32922-5703

Ph: (321) 638-1471
designreview@fsec.ucf.edu

Case No. FSPV-

Application Date:

Most Recently
Updated:

Initial Review Completed

/ Forwarded to
Applicant:

Final Approval:

Supplier Designation
(Manufacturer/Model):

System Description:

Name:
System Address:
supplier: Phong No:
’ E-mail:
Web Site:
Technical Name: Marketing | Name:
Contact: Address: Contact: Address:
Phone No: Phone No:
E-mail: E-mail:
Web Site: Web Site:
?(ljsrfpr)gnents & Photovoltaic Modules g‘.lr_'g)(lve)c Rating @
Ratings Inverter(s) Inverter AC Power
Rating (W)
Battery Storage Appro.x. Storage
(If Applicable) Capacity (kWh,
C/Rate, Vm;n)
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Photovoltaic System Design Review and Approval (Continued)

ITEM COMMENT APPROVAL
Documentation Submitted system documentation is sufficient/excellent. Yes
BOS BOS components design, including DC and AC conductors, fuses, circuit breakers, disconnect switches, junction boxes,
Components service panels and grounding, meet the requirements of National Electrical Code 2002. Yes
PV Modules PV Modules comply with IEEE 1262 and UL 1703. Yes

PV Modules power rating tested by FSEC/NREL/SNL/ASUPTL.
Mechanical PV Array mechanical design is certified by a licensed engineer Yes
Design
Inverter Inverter complies with UL 1741. Yes
Utility Utility interconnections comply with IEEE 929. Yes

Interconnections

Batteries and
Charge Control.

Not Applicable/ Batteries and charge controller meet the requirements of National Electrical Code 2002.

FSEC Photovoltaic System Design Review Committee has reviewed

Photovoltaic System Design Review and Approval, and hereby approves the PV system design.

Date Date

(Chair, Design Review Committee) Program Director

OF q,
:,9"‘“ %-;

[AcCREDITED]

Cert. No. 1815-01

photovoltaic system design per requirements of FSEC-GP-70
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