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Agenda NEC Codes and Standards

Å NEC Codes andStandards

Å Inverters History Functions

Å NEC New and Pending Changes

Å Technology Trends

Å Q&A and Parking Lot Issues
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Organization and Standards That Cover 

Interconnection  
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Germans Solar
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Types of PV System

ω Grid-Tie.

ω DǊƛŘ-Tie with Battery Backup.

ω {ǘŀƴŘ !ƭƻƴŜΦ
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PV Components
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Typical Net Meter PV System
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PV Wiring Diagram
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NEC 2014 Adoption
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State Full Code Name Edition

California NFPA 70®: National Electrical Code® (NEC®) 2008 Edition

Idaho NFPA 70®: National Electrical Code® (NEC®) 2008 Edition

Wyoming NFPA 70®: National Electrical Code® (NEC®) 2011 Edition

Utah NFPA 70®: National Electrical Code® (NEC®) 

2008 Edition

Effective 7/1/2012. It should be noted however 

that Utah recognizes and adopts the electrical 

provisions of the International Residential Code. 

That means that the NEC does not apply to 

residences covered by the IRC: one and two-

family dwellings and townhouses.

Oregon NFPA 70®: National Electrical Code® (NEC®) 2011 Edition

Washington NFPA 70®: National Electrical Code® (NEC®) 2008 Edition

Washington 2014

The 2014 National Electrical Code, with 

Washington State amendments, becomes 

effective on July 1, 2014

NEC Adoption Northwest States
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NEC Sections Applicable to PV Systems

ÅArticle 110: Requirements for Electrical Installations

Å Chapter 2: Wiring and protection

- Most of the chapterðespecially

- Article 250 Grounding

Å Chapter 3: Wiring Methods and Materials

- Most of the chapter especially

- Article 300: Wiring Methods

- Article 310: Conductors and General Wiring

Å Article 480: Storage of Batteries

Å Article 690: Solar Photovoltaic Systems
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NEC Article 690:

Solar Photovoltaic Systems

I. General (definitions, installation)
II. Circuit Requirements (sizing, protection)  
III. Disconnect Means (switches, breakers)
IV. Wiring methods (connectors)
V. Grounding (array, equipment) 
VI. Markings (ratings, polarity, identification)
VII. Connection to Other Sources
VIII. Storage batteries
IX. Systems over 600 volts
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NEC Article 690:

Solar Photovoltaic Systems

I. General (definitions, installation)
- 690.1 Scope ςPV systems (only)
- 690.2 DefinitionsςPV Output Circuit, Inverter Circuit Input
-сфлΦо ά²ƘŜǊŜǾŜǊ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ƻǘƘŜǊ ŀǊǘƛŎƭŜǎ ƻŦ ǘƘŜ 
Code and Article 690 differ, the requirements of Article 690 
ǎƘŀƭƭ ŀǇǇƭȅέ

-сфлΦп Lƴǎǘŀƭƭŀǘƛƻƴ ά9ǉǳƛǇƳŜƴǘέ ǎƘŀƭƭ ōŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ƭƛǎǘŜŘ 

ŦƻǊ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴέ

- 690.5 Ground-Fault Protectionςto reduce fire hazards
- 690.6 AC Module ςdc wiring is considered internal
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Electrical Equipment Listing

Å Authority Having Jurisdiction (AHJôs) generally require 

listing for components and electrical hardware  

Å Some components available for PV systems may not have 

applicable or any listing. 

Å Recognized testing laboratories include:

Å UL  

Å CSA 

Å ETL Semko(Intertek)  

Å TUV  
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NEC Article 690:

Solar Photovoltaic Systems

II. Circuit Requirements (sizing, protection)  
- 690.7 Maximum voltageςTable 690.7 and 
manufactures data. Max. 600 Vdcfor residential 

- 690.8 Circuit Sizing and Current
ω690.8(A) Max current = rated Iscx 1.25 = Max

ω690.8(B) Min ampacityand overcurrent= Imax x 1.25

- 690.9 OvercurrentProtection

ω690.9(A)  Generally required on all source circuits ςexception: 

a.) no back feed 
b.) total Imax less than conductor ampacity.

- 690.10 Stand-Alone Systems

ωInverter output need only meet demand.

ωNo multi-wire circuits on 120 V inverters.
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NEC Article 690:

Solar Photovoltaic Systems

III. Disconnect Means (Switches, Breakers)  
- 690.13 Need to disconnect all conductors connected to 
building. No Disconnect in Ground conductor. 

- 690.14  Locationτdetails and options 

- 690.17  Switch or Circuit Breaker ςWarning sign when line 
and load energized in open position.
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Commercial PV System



NATIONAL RENEWABLE ENERGY LABORATORY

NEC Article 690:

Solar Photovoltaic Systems

IV. Wiring Methods
- 690.31(A) FPN PV modules get HOT! 
- 690.31 ςsingle conductors outside conduit allowed in array
- Table 690.31 ςtemperature correction must be applied to 

conductors
- 690.33 -- requirements for connectors
- 690.35 ςUnderground PV Power Systems
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NEC Article 690:

Solar Photovoltaic Systems

V.  Grounding (system, equipment)

- 690.41 ïSystem Grounding

ǒOver 50 Vdc must be grounded or comply with 690.35

- 690.42 ïPoint of System Grounding Connectionðone point at GFP 

device 

- 690.43 ïEquipment Groundingðmetal likely to become energized 

must be grounded ïlisted equipment can be used to bond 

modules to support structure
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PV Systems and the NEC

Articles 690 addresses safety standards for 

the installation of PV systems

Equipment/System NEC Article

Generators 445

Solar Photovoltaic Systems 690

FuelCells 692

Wind Electric Systems 694

Emergency Systems 700

Legally required Standby Systems 701

Optional Standby Systems 702
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New/Pending Code Requirements

NEC 2008
ÅNo Arc-Fault Requirement

ÅThe Danger Zone

NEC 2011
Å Arc-Fault (690.11)

Å Fuse Servicing Disconnects (690.16)

NEC 2014
Å Grounded Conductor Ground Fault (690.5)

ÅRapid Shutdown (690.12)
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What is Arc-Fault?
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690.11 Arc-Fault Circuit Protection (DC)

1) The system shall detect and interrupt arcing faults resulting from a failure in the 

intended continuity of a conductor, connection, module, or other system component 

in the dc PV source and dc PV output circuits. 

2) The system shall require that the disabled or disconnected equipment be manually 

restarted. 

3) The system shall have an annunciator that provides a visual indication that the circuit 

interrupter has operated. This indication shall not reset automatically 

Photovoltaic Systems with dc source circuits, dc output circuits, or both, 

operating at a PV system maximum system voltage of 80 volts or greater, 

shall be protected by a listed (dc) arc- fault circuit interrupter, PV type, or 

other system components listed to provide equivalent protection. The PV arc-

fault protection means shall comply with the following requirements: 
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Arc-Fault Detection
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NEC 2014--Rapid Shutdown 690.12 (C) Facilities 

with Rapid Shutdown

NEC 690.12 (C) states: PV system circuits installed on or in buildings 

shall include a rapid shutdown function that controls specific 

conductors in accordance with 690.12(1) through (5) as follows: 

(1)Requirements for controlled conductors shall apply only to PV system 

conductors of more than 1.5m (5 ft) in length inside a building , or more than 

3m (10 ft) from a PV array. 

(2) Controlled Conductors shall be limited to not more than 30V and 240 volt-

amperes within 10 seconds of rapid shutdown initiation. 

(3) Voltage and power shall be measured between any conductor and ground 

(4) The rapid shutdown initiation methods shall be labeled in accordance with 

690.56(B) 

(5) Equipment that performs the rapid shutdown shall be listed and identified. 
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Inverter Roots in Washington

Early 80ôs Pre-MOSFET

ïB-Series (Battery) Square wave inverters available from 500W to 6kW 

ïSCR ïpush-pull design with modified 

McMurray-Bedford commutation

ï90-94% efficiency ï45% Thdï120V/240 split phase

ï24, 36, 120V DC models 3kW, 6kW

ïIdle power about 120W!

ïCMOS logic state machine ïbinary ripple counter

ïNo Voltage regulation!

ï100-120lbs

First manufacturer of inverters for off -grid use was Dynamoteïfounded in 

1976
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Industry responded with voltage regulation

Solution ïquasi-square wave (quasi-sine wave) where the output 

voltage was regulated at the expense of varying peak voltage. 

ÅAdvent of lower cost Planar MOSFETs drove the solution

ÅTrace U-Series, Legend, and DR

ÅDynamoteBravo

ÅVanner
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Trace responds with the Swiss army knife 

SW4024 ïearly 90ôs production strong in 94

ïFirst grid tied battery based inverter

ïStepped sine wave ï32 steps max ïreduces idle 

power

ïTwo AC inputs

ïSingle phase 120V only

ïSeries stacking

ïLow idle ~ 20W
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Inverter Technology Trends

ÅDigital Signal Processing 
ïHigh performance computing power is being used to more precisely control power 

conversion, and lower the cost of inverter systems

ÅPower semiconductor technology
ïAdvances in semiconductor performance increases system efficiency and lowers cost

ÅHigh power, integrated form factors, increasing system 

size
ïHigh levels of integration means reduced installation costs and fewer problems

ÅIntegrated energy storage
ïEnergy storage is a key component of battery based inverters which provides back-up 

power and load management

ÅCommunications
ïReal time communications of performance data and inverter parameters is crucial to 

system management and Smart Grid readiness
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Grid-Tie Systems

ω Simplest and cheapest entry.

ω 5ƛǎǇƭŀŎŜ ǇƻǿŜǊ ǳǎŀƎŜ ŦǊƻƳ ¦ǘƛƭƛǘȅ.

ω Exchange (Net Metering).

ω bƻ ōŀŎƪǳǇ ƛŦ ¦ǘƛƭƛǘȅ ǇƻǿŜǊ ŦŀƛƭǎΦ
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Grid-Tie Components

ω PV Array
ςConvert Sunlight in to electricity.

ω LƴǾŜǊǘŜǊ
ςChange DC from Solar Array to 120V AC electricity 
used by the utility.

ω {ŀŦŜǘȅ {ǿƛǘŎƘ
ςUtility can shut system off in emergency
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PV Grid Tied
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Major Components and Array Electrical 

Information

ωInverter Information

ω  aƻŘǳƭŜ LƴŦƻǊƳŀǘƛƻƴ

ω  /ƻƳōƛƴŜǊ .ƻȄ

ω  5ƛǎŎƻƴƴŜŎǘǎ
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Module Information

ωaŀƴǳŦŀŎǘǳǊŜǊΩǎ άŎǳǘ ǎƘŜŜǘέ ŦƻǊ ǘƘŜ ǎǇŜŎƛŦƛŎ 
model 
ω [ƛǎǘƛƴƎ ςThe module should be listed to UL 
1703. For a current list of modules that are 
listed to UL 1703 visit the California website 
www.gosolarcalifornia.com

ω [ƛǎǘƛƴƎ ƭŀōŜƭ ƛƴŦƻǊƳŀǘƛƻƴ
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Array Electrical Information

ωNumber of modules in series

ω !ǊǊŀȅ ƻǇŜǊŀǘƛƴƎ ǾƻƭǘŀƎŜ

ω !ǊǊŀȅ ƻǇŜǊŀǘƛƴƎ ŎǳǊǊŜƴǘ

ω aŀȄƛƳǳƳ ǎȅǎǘŜƳ ǾƻƭǘŀƎŜ

ω !ǊǊŀȅ ǎƘƻǊǘ ŎƛǊŎǳƛǘ ŎǳǊǊŜƴǘ  



NATIONAL RENEWABLE ENERGY LABORATORY

What are the applicable codes and standards 

for PV systems?

ωElectrical codes - NEC Article 690 ςSolar
ω .ǳƛƭŘƛƴƎ /ƻŘŜǎ ςICC ASCE 7
ω ¦[ {ǘŀƴŘŀǊŘ мтпмΣ ǎǘŀƴŘŀǊŘ ŦƻǊ LƴǾŜǊǘŜǊǎΣ 
Converters, Controllers and Interconnection 
Systems Equipment and Use With Distributed 
Energy Resources
ω L999 мрпт-2008 Standard for Interconnecting 
Distributed Resources with Electric Power 
Systems

ω
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Home PV System
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One-line Diagram

ω {ƘƻǳƭŘ ƘŀǾŜ ǎǳŦŦƛŎƛŜƴǘ ŘŜǘŀƛƭ ǘƻ Ŏŀƭƭ ƻǳǘ ǘƘŜ
electrical components, the wire types and
sizes, number of conductors, and conduit type
and size where needed.
ω {ƘƻǳƭŘ ƛƴŎƭǳŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ t± 
modules and inverter(s).
ω {ƘƻǳƭŘ ƛƴŎƭǳŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǳǘƛƭƛǘȅ
disconnecting means (required by many
utilities).
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Typical PV System One Line Diagram
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Typical Utility Process
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Structural Review of PV Array Mounting 

Systems 

ωRoof Information
ω  aƻǳƴǘƛƴƎ {ȅǎǘŜƳ LƴŦƻǊƳŀǘƛƻƴ
ω  9ƭŜŎǘǊƛŎŀƭ wŜǾƛŜǿ
ω  {ƛǘŜ 5ƛŀƎǊŀƳ

Failte Group
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Electrical System Grounding

The NEC defines grounding as a connection to the 
earth with sufficiently low impedance and having 
sufficient current-carrying capacity to prevent buildup of 
voltage

Grounding of electrical systems offers personnel safey
and minimizes the effect of lighting and surges on 
equipment
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Electrical Grounding Types

Confusion Over These Terms

System Ground (grounding): Connecting the 
circuit to ground (i.e. the negative of a dc array, 
the neutral of a split single-phase system, or the 
neutral of a bi-polar dc system

Equipment Ground (bonding): Connecting all 
non-current carrying metal parts to ground (metal 
enclosure, module frame, etc.)
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Inverter Basics

UL 1741 Inverter Testing and Certification 


