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Organization and Standards That Cover
Interconnection
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Solar Farm

Bulk System Guidelines
NERC, FERC

IEEE, ANSI, IEC

NESC

Plenty of technical and
jurisdictional overlap,
J confusion, contradiction...

Distribution System Guidelines

> IEEE 1547, PUC/PRC

IEEE, ANSI, IEC
NEC
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Types of PV System

wGridTie

w DTNEWRh Battery Backup
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PV Components
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Typical Net Meter PV System

PV ARRAY
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PV Wiring Diagram
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NEC 2014 Adoption

NEC Adoption by State A = Subject 1o local adsptions
Abbreviated Details on Page 2
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NEC Adoption Northwest States
'

NFPA 70®: National Electrical Code® (NEC®) 2008 Edition
NFPA 70®: National Electrical Code® (NEC®) 2008 Edition
NFPA 70®: National Electrical Code® (NEC®) 2011 Edition

2008 Edition

Effective 7/1/2012. It should be noted however
that Utah recognizes and adopts the electrical

pLER e e SEehieel Cere (120w 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.

NFPA 70®: National Electrical Code® (NEC®) 2011 Edition
Washington NFPA 70®: National Electrical Code® (NEC®) 2008 Edition

The 2014 National Electrical Code, with
Washington 2014 Washington State amendments, becomes
effective on July 1, 2014
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NEC Sections Applicable to PV Systems

AArticle 110: Requirements for Electrical Installations
A Chapter 2: Wi ring and pr
- Most of the chaptér especially
- Article 250 Grounding
A Chapter 3: Wi ring Method
- Most of the chapter especially
- Article 300: Wiring Methods
- Article 310: Conductors and General Wiring
A Article 480: Storage of
A Article 690: Solar Photo

NATIONAL RENEWABLE ENERGY LABORATORY



NEC Article 690:
Solar Photovoltaic Systems

|. General (definitions, installation)

|. Circuit Requirements (sizing, protection)
ll. Disconnect Means (switches, breakers)
V. Wiring methods (connectors)

V. Grounding (array, equipment)

VI. Markings (ratings, polarity, identification)
VIl. Connection to Other Sources

VIII. Storage batteries

|X. Systems over 600 volts

Iinterstate Renewable Energy Council
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NEC Article 690:
Solar Photovoltaic Systems

|. General (definitions, installation)

-690.1 Scope PV systems (only)

- 690.2 Definitiong PV Output Circuit, Inverter Circuit Input

-chndo a2 KSNBEDSNJ 6§KS NBI dzA N
Code and Article 690 differ, the requirements of Article 69C
aKFtt I LILIX ec

-chndn LyadarttraArzy a9l dza LIY
F2NJ GKS | LILIX AOF GA2YyE

- 690.5 GrouneFault Protectioq to reduce fire hazards

-690.6 AC Module dc wiring is considered internal

ble Energy Council
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Electrical Equipment Listing

A Aut hority Having Jurisd
listing for components and electrical hardware

A Some components availahb
applicable or any listing.
A Recognized testing | abo
A UL
A CSA
A  ESeimnko(Intertek
A TUV

§ IRE Interstate Renewable Energy Council
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NEC Article 690:
Solar Photovoltaic Systems

lI. Circuit Requirements (sizing, protection)
- 690.7 Maximum voltageTable 690.7 and
manufactures data. Max. 60@dcfor residential
-690.8 Circuit Sizing and Current
w690.8(A) Max current = ratddcx 1.25 = Max
w690.8(B) Milampacityandovercurrent= Imax x 1.25
- 690.90vercurrentProtection

w690.9(A) Generally required on all source circgggception:

a.) no back feed
b.) total Imax less than conductampacity

-690.10 StanéAlone Systems

wlnverter output need only meet demand.

wNo multrwire circuits on 120 V inverters.

S \Q IRE Iinterstate Renewable Energy Council
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NEC Article 690:
Solar Photovoltaic Systems

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

-690.14 Location details and options

-690.17 Switch or Circuit BreakeYarning sign when line
and load energized in open position.

§ IRE Interstate ble Energy Council
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Commercial PV System
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NEC Article 690:
Solar Photovoltaic Systems

I\VV. Wiring Methods
-690.31(A) FPN PV modules get HOT!
- 690.31¢ single conductors outside conduit allowed in array
- Table 690.3% temperature correction must be applied to
conductors
- 690.33-- requirements for connectors
- 690.35¢ Underground PV Power Systems

§ IRE Interstate ble Energy Council
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NEC Article 690:
Solar Photovoltaic Systems

V. Grounding (system, equipment)
- 690.411 System Grounding
o Over 50vVdc must be grounded or comply with 690.35

- 690.421 Point of System Grounding Connectibone point at GFP
device

- 690.431 Equipment Grounding) metal likely to become energized
must be groundedlisted equipment can be used to bond
modules to support structure

§ IRE Interstate Renewable Energy Council
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PV Systems and the NEC

Articles 690 addresses safety standards
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

§ IRE Interstate ble Energy Council
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New/Pending Code Requirements

NEC 2008
A No -Fault®equirement
Arhe Danger Zone

NEC 2011
A AFmult (690.11)
A Fuse Servicing

NEC 2014
A  Grounded Condu
ARapid Shut down

S IRRECC
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What is Arc-Fault?

| J

+ Healthy Wire

| il J

+ The same amoun’t of current must flow through a smaller conductor
+ Conductor heats up and eventually melts

[ W ‘al
\ /-/?) J

+ Air lonizes and plasma allows current to flow across the gap
+  Temperatures can reach 9000 degrees Fahrenheit

§ IRE Iinterstate Renewable Energy Council
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690.11 Arc-Fault Circuit Protection (DC)

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)-aault 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:

1) Thesystem shall detect and interrupt arcing faults resulting from a failure in the
intended continuity of a conductor, connection, module, or other system compon
In the dc PV source and dc PV output circuits.

2) Thesystem shall require that the disabled or disconnected equipment be manual
restarted.

3) Thesystem shall have an annunciator that provides a visual indication that the ci
Interrupter has operated. This indication shall not reset automatically

Iinterstate Renewable Energy Council
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Arc-Fault Detection

- Detection based on telltale frequency characteristics

- Inverters generate noise in the same range

40.0
Data from arc detect circuitry for Arc

. U L 1 69 9 B ;gg i and no-Arc test conditions.

10.0

0.0 ‘ ‘ oy
-igg .. all . '“Mh'”‘“?h“ﬁ““

Né Arc
LAFC, -

-40.0
500 -AOERN .{J
-60.0 1l B |
-70.0
-80.0
0.0 100 200 300 400 500 600 700 800 900 100.0

Frequency (KHz)

Nominal Power (dB)

Source- Implementing Arc Detection in Solar Applications
Brett Novak, Texas Instruments
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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 buildi
shall include a rapid shutdown function that controls specific
conductors in accordance with 690.12(1) through (5) as follows:

(1) Requirement$or controlled conductors shall apply only to PV system
conductors of more than 1.5mftyin length inside a building , or more than
3m (10ft) 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 shalisied and identified

S ;Q IRE Interstate Renewable Energy Council
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Inverter Roots in Washington

First manufacturer of inverters for off -grid use wasDynamote founded in
1976

Early 8 0 6 s-MOSFEET
I B-Series (Battery) Square wave inverters available from 500W to 6kW
I SCRI1 pushpull design with modified
McMurray-Bedford commutation

190-94% efficiencyi 45% Thdi 120V/240 split phase
124, 36, 120V DC models 3kw, 6kwW

I ldle power about 120W!

I CMOS logic state machiridinary ripple counter

I No Voltage regulation!

1100-120lbs

§ IRE Interstate Renewable Energy Council
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Industry responded with voltage regulation

Solution T quastksguare wave (quassine wave) where the output
voltage was reqgulated at the expense of varying peak voltage.

AAdvent of | ower cost Pl ana
Arace U-Series, Legend, and DR
Aynamote Bravo
A/anner
? b ]
JEE JEE ?ﬁq .
DC Input é% % AC Output Qa
* o —'423_ MODIFIED ’
J@ JEEX Transformer gﬁ:_ﬂlﬂﬁwm 0 a
MOSFET H-Bridge a0 L1 :

TIME
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Trace responds with the Swiss army knife

SW4024iear |l y 900s producti o stro

I First grid tied battery based inverter
I Stepped sine wave32 steps makreduces idle i

power : mm::'. - mmmnum-

i Two AC inputs “:ﬁ%
I Single phase 120V only :
I Series stacking

I Low idle ~ 20W

n

LIS, Patceat Thea. ¥3, 1904 St 3 or 7 5. 373,433
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Inverter Technology Trends

Migital Signal Processing

I High performance computing power is being used to more precisely control pov
conversion, and lower the cost of inverter systems

Aower semiconductor technology
I Advances in semiconductor performance increases system efficiency and lowe

Adigh power, integrated form factors, increasing system
size
I High levels of integration means reduced installation costs and fewer problems

Antegrated energy storage
I Energy storage is a key component of battery based inverters which provideghb
power and load management

ACommunicati ons

I Real time communications of performance data and inverter parameters is cruc
system management and Smart Grid readiness

Iinterstate Renewable Energy Council
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Grid-Tie Systems

wSimplest and cheapest entry

A

Ww S5AaALI I OS LI2FSNJ

wExchange (Ndvletering).

w b2 o0FOldzLd AT ! 0




Grid-Tie Components

wPV Array
¢ Convert Sunlight in to electricity

w LYGSNISNI
¢ Change DC from Solar Array to 120V AC electricity
used bythe utility.

w {IFSGeée {6A0O0OK
¢ Utility can shut system off in emergency

§ IRE Interstate Renewable Energy Council
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PV Grid Tied
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Major Components and Array Electrical
Information

w Inverter Information

W aZzRdzZf S LY T2NY
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Module Information

wal ydzFl OO dzZNBENX& & Odzi
model

w [ AcT e mgddile 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

w [AdGAY3T 1068t AYyTF2




Array Electrical Information

WNumber of modules In series

W

NINJ e
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What are the applicable codes and standards
for PV systems?

wElectrical codesNEC Article 696 Solar

w . dzA f RAICGASCE RS &

w !'[ {U0FYRINR MTOIMZ
Converters, Controllers and Interconnection
Systems Equipment and Use With Distribute
Energy Resources

w L 9 9-29008vspandard for Interconnectin
Distributed Resources with Electric Power

Systems




Home PV System

Inverter
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One-line Diagram

w {K2dzZ R KI @S &dzZFFAOA
electrical components, the wire types and
sizes, number of conductors, and conduit type
and size where needed.

w {K2dzZ R Ay Of dzRS Ay T2
modules and inverter(s).

w {K2dzZ R Ay Of dzZRS Ay T2
disconnecting means (required by many
utilities).




Typical PV System One Line Diagram

& Setven | NECIRSINE
POENTT N W TRITY 3

- - MR OO AT - A
VASED BENES 1 TG ~
—_—— il JONT A AT - A MERTER WOOES ¢
. WOLT MATING « .
JOMD WOLT A O VoA 1 AATSED © v BER WO | FOR M
- NCUTE WO
Mt ~ o _N s FOWER @ € * -
WO AL VAT - »
o ML AC LN - L WY Y 8 FOR TR !
LAl e ] - ARCLUATS - —_—
{— Sa—— WAL OO0 AT - . P

L St W
o b4 -—
e N = MANTER
-

- A )
P PR
=\ Ow
b 7\
_— e % 5 1M
. r......o..V.ﬂ.o..o--‘. —
-
i & - _N J ‘
P T cooe
l —— e —
SN
[SEIRA.SS § " -
CC OGN MAINCE ACDSCOMEC] SATNNGG « IR RN
e e A W N T - A B AP T - ,
Madams & erwn ﬂ\’
ERRO0 VAT TG - ¥ MU WO T RATING v SEWACE VOLTADE ¥
20 T . . 0 S WA - . AR OO0 AT » LY
P WL T BA T - v WU VOB RATND « v PRI OO
> | NPT A T - .
J
NOIS POR ST LS N QS LTS
A 50 POBOWEN, TR SO 1R UTUTY SO L SR S T DOES T AC DRICEN
s : R - ¥ BOLRCE WON Om DG Do VAT Y Thll STV MUY O T3 A ADCE T IONAL ST NUCEIAYY
R B | Drassar bt o Ch B ONCINTVE PG FEEL NS Py OUTIUT ST AJD VTN BAE DAY
| — | 90 MODULEY N e TID TR A WA TS AL MENTY
IMOCULE M e AC T UREs B ST O TOWOL TG SOMEN SOURCE X
- an #OF PRRALLL OOy SATHD WOR TADE v SRPENT CI 0 1) T OM O R TG AT [ el
RRAR -0 . ' ST NTRTIR DT ¥ DOMDLICTORS. A0 ' TN
W AT [ ASRCTYD N < ML W) O TADK v ‘.; “‘-_“‘_ BRCUT AC) DOMDAIC™ P0G "0 thEmTY
PN RO YO TAGE - ¥ AT § PECTT N « MR LT - A

PUAA NG AL TR - v = —=— QP+ YRGS PR TCN
8 Ml e DL WAL TAM BN

e e e X
VAR P TE WOL 1ACHE - v AT CROJT AN ~LA L s
BOUNCE DROUT CONDUCTOR Ty
IO LN A INCICE UM T Lt . e e Rl B L.
| O SO LN - A ML e POVC"T" Nk
| 1 N TR Mmoo B
WAS SEIMES FURE OOME) A
NOTLY SO A Y peieng
An . = T H0 A DA PRI MIN ACS 7\ DE S MY T ) SO W7 R
. .
—_— ENC N E NTID STATES P e RO A B A e B <
D PTI LI e § CUMIENT CASRTING. COMOL TS e SOE AN . b Rac Systom ERcrica Dagam
| v TENP COPY & el B BT CONDLE™ Ml JOING TWE OO0 OF S TRAMPGSA T UE 0F ™ hy ™ Syvters of WOMN o
F RIVLED CIRCLE TYN OF SORWY 2 10 ANG CONDUC TN W SN ¥ ACCRSMRE VOR MOCUA RS W™
3 AN FROTECTED O A 15408 P — ™ Mk — o
* TABLE FOW MODUES W A ’ )
- CF AT A O PN MROTIC TR BT A 1AM PN ——— — oy ]_. I

§ IRE Interstate Renewable Energy Council

NATIONAL RENEWABLE ENERGY LABORATORY



Typical Utility Process

Applicant submits com pleted application form and fee

l - YES NO
Request complete? »| More information provided?
' NO
lYES
DG Facility < 2 MW? Study
' NO Process

l"l"’ES

Apply the screens for “Fast
Track™ interconnection

I

Project passes the

l

DG customer agrees
to pay for any
needed upgrades?

fast track screens YES NO
+ YES
Sign interconnection agreement
lYES intercDrT:gt;ﬂ;anwrequest —

Construction, commissioning
and testing; operation

§ IRE Interstate Renewable Energy Council
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Structural Review of PV Array Mounting
Systems

w Roof Information

W aZzdzyuAy3d {eéad
W 9f SOUNROIf wS
W A0S S5AFIANIY




Electrical System Grounding

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

Grounding of electrical systems offers persornsedey
and minimizes the effect of lighting and surges on
equipment

§ IRE Interstate Renewable Energy Council
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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 singlphase system, or the
neutral of a bipolar dc system

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




Inverter Basics
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