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Abstract

This system impact study is to examine three (3) separate PV installations for a total of 2630.7
kW of PV generation at the Westfarms Mall located in Farmington, CT. There is also another

proposed PV system at Westfarms Mall that is 199.8 kW, but that system will connect to the

4A9 circuit, so it is not included in this study. A full circuit impact study is needed for this
installation due to it failing the fast track screen. This will be a roof and ground mounted

installation that will also be participating in net metering. The studied impacts are voltage,

equipment ratings, and protection concerns.

This study found that there were no voltage issues during maximum or minimum loading and

full PV production. All voltages fell within the acceptable voltage ranges as required by PURA

when a unity power factor was used. It was determined that the power factor of the feeder

during minimum loading and full PV production would be below regulations, so a solution to fix
this major power factor drop needed to be established. It was discovered that the best way to

resolve this power factor issue is to change the control method on the 1800 kVAR capacitor
from being voltage controlled to VAR controlled. This prevents both capacitors from turning on

during minimum load, which was causing this low power factor to occur. Flicker of the system

was found to be within the acceptable ranges. The study determined that the large amount of
generation within the automatic recloser zones violates the minimum loading criteria, but

passes the non-certified inverter screening. The customer will be responsible to provide
effective grounding at the installation that includes systems Al and C, along with providing

settings in line with the suggested ones by Eversource. To prevent the operation of the three

(3) systems on the alternate feeder, Eversource will provide the customers status of

connectivity to the alternate 4A10 supply in the form of a dry contact. Modifications may also
have to be made to the circuit's switchgear, if it is set to automatically transfer to the alternate

feeder. However, further review determined that islanding is not a concern on the primary

circuit and no transfer trip will be required.



Introduction
The purpose of this study is to determine the electrical system impacts of a 2630.7 kW inverter
based PV generator, being proposed on the 1CO3 circuit. The electrical system impacts

considered in this study are voltage, equipment rating, and protection concerns.
Recommendations will be based on assurance that all of the customers on the circuit are within
the established ratings for voltage, equipment loading, limiting equipment operation, and fault

protection is sufficient.

Project Location
Westfarms Associates is proposing the installation of three (3) separate roof or ground

mounted PV systems, for a total of 2630.7 kW, at their facility in Farmington. This project is
located on the Farmington 1C 23 kV circuit. The system is located approximately 4.0 miles from
the substation. A picture illustrating the 1CO3 circuit route from the Westfarms Mall to
Farmington substation is found in Appendix A. The proposed system layout of PV panels / solar
modules is found below in figure 1.
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Figure 1: Bird's-Eye View



System Configuration
The primary distribution voltage of the customer is 23 kV and comes from the Farmington 1C

substation. The Westfarms Mall is fed by both the 1CO3 and 4A9 circuits, but only the 1CO3

circuit will be reviewed in this impact study. The customer will be net metering, so the

generator will not fully export onto the Eversource system. The mall also has another 724.2 kW

of existing and proposed generation that is connected to the 4A9 circuit. There is 931 kW of

photovoltaic generation existing on the 1CO3 circuit; none of the existing generation is within

the same zone of the proposed PV installation. The system was modeled using SynergiTM

Electric, with a 99.8% power factor during max peak load for the 1CO3 circuit. The proposed

system was modeled with a unity power factor for all 3 projects. It was determined that the

power factor at the substation and wouldn't stay within regulations, so this issue was resolved

by changing the control mode on one of the capacitors. It was decided to change the control

mode of the 1800 kVAR capacitor to VAR controlled to eliminate possible operations caused by

the proposed PV system. Simulations during minimum and maximum loading periods were

studied, with the proposed and existing generation on and off. During those simulations,

voltage, power factor, and protection equipment were verified to ensure the circuit still meets

regulatory standards after the proposed system is interconnected.

Feeder Power Factor
The below table illustrates the circuit power factor with the current circuit configuration, and if the
proposed changes to the 1800 kVAR capacitors operation mode were made.

Current Circuit Configuration

Max Load Min Load

Generation Off Generation 100% - Steady State Generation Off Generation 100% - Steady State

99.3 99.3 99.3 99.1 I 99.1 99 -94.1 -94.1 -93.3 -69.2 -70.7 -66.8

Proposed Changes 1800 kVAR cap VAR controlled

Max Load Min Load

Generation Off Generation 100% - Steady State Generation Off Generation 100% - Steady State

99.3 99.3 99.3 99.1 99.1 99.1 99.9 99.9 99.9 99.6 99.6 99.6

System Loading
The system loading at the 1CO3 circuit breaker was measured to be a max of 11.3 MW in August

2017. The minimum was measured to be 4.5 MW in April 2017.

System Stability
A stiffness calculation was done to determine the stability of the interconnection:

3LG Fault Current (A)

Amps High Side Eversource X fmr (A) 
- Stiffness Factor

4666 A 
= 97.92

47.65 A



As an indicator for Stiffness Factors ranging 50-100, this DG source falls in the minor concern

range. Any DG source connecting with a stiffness factor in this range is of moderate concern for

fluctuating sources such as wind and PV. The need to assess rates of fluctuations and start/stop

cycles still exists, but will most likely not be an issue in most cases.

Generation Characteristics
The proposed PV design uses SolarEdge 33.3 kW inverters along with LG400N2W solar modules.

Below illustrates a brief overview of the inverter specifications. For more information on the

two inverters, see Appendix D.

Inverter Specifications

Inverter Manufacturer: SolarEdge

Inverter Model: SE33.3KUS

Phase: Three Phase

Max PV input voltage: 980 Vdc

Nominal input voltage: 840 Vdc

Max AC output apparent power: 33300 VA

Nominal AC output voltage: 277 / 480 Vac

Max continuous output current: 40 Amps

Power Factor: 0.8 lagging to 0.8 leading

CEC Weighted Efficiency: 98.5%

Transformer-less, Ungrounded: Yes

UL1741 Certified: Yes

A SEL-351 relay will be used for the redundant protection method. For more information, see

the data sheet in Appendix D.

Voltage Impact
CT regulatory requirement require adherence to voltages at -5% to +3% PU. The modeling

software uses a nominal voltage of 120 as the output, so the voltages from the model will need

to stay between 114 and 123.6. This portion of the study determines if the interconnection can

maintain these requirements at peak and minimum loading conditions. The study looks at both

peak and minimum loading during time in which the generator is in parallel with the Eversource

system.
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Figure 2: Flicker Tolerance Curve

Peak Loading
At peak loading steady state conditions, with generation at a unity power factor and the

customer generation connected, the system is able to sustain voltage within PURA limitations.

Max Load

Gen Off Gen On

120.1 120.8 120.9 121.1 121.5 121.6

Flicker: The average flicker is at worst case of 0.75%. This meets standards defined by the IEEE

STD 141-1993 Flicker tolerance curve. Standards indicate the flicker can't be greater than 2%.

Minimum Loading
At minimum loading steady state conditions, with generation at a unity power factor and the

customer generation connected, the system is able to sustain voltage within PURA limitations.

The system doesn't cause high voltage at the PCC, but the feeder power factor goes below

regulations. This is resolved by changing the control mode of the 1800 kVAR capacitor bank; see

more information in section below.

Min Load

Gen Off Gen On

121.9 122.2 122.2 122.8 122.9 122.9



Flicker: The average flicker is at worst case of 0.66%. This meets standards defined by the IEEE
STD 141-1993 Flicker tolerance curve. Standards indicate the flicker can't be greater than 2%.

Contingencies
This installation will not be able to operate on the contingent feed. Eversource will provide the
customer status of connectivity to the alternate 4A10 supply in the form of a dry contact, which
they can use to prevent operation while supplied by the alternate feeder. Since this circuit is
connected to switchgear, modifications to the switchgear's operation may have to be made, in
order to prevent the generation from operating on the alternate feeder.

Regulators and Capacitors
The 1CO3 circuit contains no voltage regulators, one (1) 1200 kVAR switched capacitor and one
(1) 1800 kVAR switched capacitor. The 1800 kVAR cap is located between the 1CO3-73S and the
1CO3-74S. The 1200 kVAR cap is located between the 1CO3-80M and the 1C19-90T. Neither
capacitor is located within the same zone as the proposed PV system. The 1CO3 circuit didn't
stay within regulations with the current capacitor arrangement, after the proposed generation
was added to the circuit. It was determined that the 1800 kVAR cap needs to be changed from
voltage controlled to VAR controlled to keep the feeder's power factor within regulations.
Changing the control mode from voltage to VAR controlled, eliminates the capacitors operation

during minimum load and full PV production, which is when the low power factor was

occurring.

Operational Restrictions and Anti-Islanding Protection
Using the "Eversource DER Briefing Sheet — Risk of Islanding Evaluations", the system was
checked to determine if a risk of islanding (ROI) condition exists. The screening first looks at if
generation is greater than 33% of the minimum load, in the line section of the proposed
installation. If the generation to load ratio is greater than 33%, the system must continue
through the screening process, where the UL certification of all inverters on the circuit are
checked. If the amount of non-certified generation is greater than 10% of the total DG, the
circuit must be studied using the Sandia screening process. Lastly, if any of the Sandia screens
fail, transfer trip will be necessary.

Risk of Islanding (ROI) Screening
The breaker and 1CO3-73S recloser are the protective devices for the customer's zone. In that
zone the generation is 2630.7 kW, including the proposed installation, and the minimum load is
approximately 1.22 MW. This gives a generation to minimum load of 215.6%. With a ratio more
than the allowed 33%, further screening is required.

Since the systems are using UL 1741 certified inverters, it can continue through the screening
process. The line section aggregate non-certified generators are less than or equal to 10% of



the aggregate distributed generation, and the proposed systems are less than 2 MW each; so a
Sandia screening is not necessary. No additional requirements, such as transfer trip, are

necessary to protect the circuit from islanding.

System Upgrades and Service
The customer has existing service equipment, but since systems Al and C are being proposed
on the same 1000 kVA transformer, the transformer will need to be replaced with one that

exceeds the aggregate of the two PV systems. They also will have to install a grounding bank on

the transformer that contains systems Al and C. Transfer trip equipment is not necessary, but

provisions will need to be made to prevent operation on the alternate feeder (4A10). A dry
contact will be provided to the customer from the utility switchgear that will give indication

that they are being supplied from the alternate feeder. It will be the customer's responsibility
to install and design any equipment required to use this contact's status to stop the PV from

generating onto Eversource's system while supplied by the alternate feeder. It is required that
the systems Al, B, and C each be isolated by an electronically controlled breaker having

trip/close capability. These breakers will be the point of isolation for the customer's primary
anti-islanding protection not the individual inverters. The customer will provide Eversource with

the open/closed status of each breaker in the form of a dry contact. The customer will need to
i nstall an outdoor electrical junction box containing a terminal block next to the utility

switchgear for Eversource to wire its dry contact to. The customer will also wire the three dry

breaker status contacts previously mentioned to this same terminal block. To minimize any

voltage drop, the customer will use #12 Copper conductor or larger when wiring to this

terminal block. Any customer wiring to this terminal block shall be electrically isolated from any
customer owned electronic equipment using an opto-isolator, fiber optic connection, or other

equivalent form of isolation. If the 1800 kVAR switched capacitor is set to operate in a voltage
control mode, it will need to be changed to VAR controlled to keep the power factor within

regulations.

Protection Study
There were no significant concerns found when this project was screened by protection and

control engineering. When the project goes to construction a coordination study will be

conducted. The customer is expected to follow the Eversource inverter and relay settings. The

typical settings are shown below in figure 3.

One major aspect related to protecting the proposed system and electric grid, is whether the
system is effectively grounded. Below describes the four (4) main criteria looked at to ensure

the system is effectively grounded. All four (4) criteria must pass in order to be deemed

effectively grounded.
1. Is the DG less than one (1) megawatt (MW)? *NO
2. Does the proposed system pass the anti-islanding concern or in other words, does it

pass the generation to load ratio requirement? *YES



3. Does the fault current at the point of common coupling (PCC) stay below a value that's

greater than 10% of the existing value? *YES

4. Is the proposed area unknown to excessive fault currents? *YES

Since this system failed one (1) of the four (4) effective grounding conditions, the customer will

be responsible to provide effective grounding on the transformer that will contain systems Al

and C. The customer can accomplish this by installing a low or high voltage grounding bank

(depending on the transformer winding configuration), which also needs to be approved by

Eversource P&C to make sure it is sized properly. The customer will also need to include

equipment that if the grounding bank is out of service the DG cannot operate. The transformer

that contains system B is already considered to be effectively grounded, so a grounding bank is

not required.

27 -1 UNDER VOLTAGE-FAST (%) = 50
Line to Line Voltage 480 (27-1) Wks = 240
Line to Ground Voltage 277 (27-1) Volts = 139
UV TIMER (27-1) Seconds = 0.16
UV TIMER (27-1) Cycles =10

27 -2 UNDER VOLTAGE-SLOW (%) = 88
Line to Line Voltage 480 (27-2) Volts = 423
Line to Ground Voltage 277 (27-2) Volts = 244
UV TIMER (27-2) Seconds = 2.0
UV TIMER (27-2) Cycles = 120

59 -1 OVER VOLTAGE -FAST () = 120
Line to Line Voltage 480 (59-1) Volts = 576
Line to Ground Voltage 277 (59-1) Volts = 333
OV TIMER (59-1) Seconds = 0.16
OV TIMER (59-1) Cycles = 10

59 -2 OVER VOLTAGE-SLOW (%) = 110
Line to Line Voltage 480 (59-2) Volts = 528
Line to Ground Voltage 277 (59-2) Volts = 305
OV TIMER (59-2) Seconds = 1.0
OV TIMER (59-2) Cycles = 60

81U -1 UNDER FREQUENCY (Hz) = 57
UF TIMER (81U-1) Seconds =0.16
OF TIMER (81U-1) Cycles =10

810 OVER FREQUENCY (Hz) = 60.5
OF TIMER (810) Seconds = 0.16
OF TIMER (810) Cycles = 10

Figure 3: Inverter and Relay Settings



Conclusion
Westfarms Associates have requested to connect three (3) ground or roof mounted PV

generators to the 23 kV 1CO3 feeder, which comes out of the Farmington 1C substation. System

Al is 999 kW, system B is 732.6 kW, and system C is 899.1 kW, for an aggregate of 2630.7 kW.

The three (3) systems will be located at 500 Westfarms Mall, Farmington, CT which is

approximately 4 miles from the substation.

Voltage stayed within the -5/+3% regulations during minimum and maximum loading periods,

when a unity power factor for the proposed system was studied on the current circuit

configuration. Analysis showed changing the existing 1800 kVAR capacitor to a VAR controlled

mode, instead of a voltage controlled mode, removed the circuits poor power factor issue.

Flicker of the system was also determined to be within the acceptable ranges, the worst case

average flicker was 0.75%, which is under the required 2%. Since the system passed the risk of

islanding screening, direct transfer trip is not needed, but the system will not be able to operate

when the circuit is being supplied by the backup feeder (4A10). Eversource will provide the

customer status of connectivity to the alternate 4A10 supply in the form of a dry contact, which

they can use to prevent operation while supplied by the alternate feeder. Modifications may

also have to be made to the circuit's switchgear, if it is set to automatically transfer to the

alternate feeder. It was also determined systems Al and C failed one (1) of the four (4) effective

grounding requirements, so a low or high voltage grounding bank will be necessary on the

arrangement that contains those two systems. The customer will be responsible to provide

effective grounding, along with all necessary circuit modifications.



Appendices

Appendix A: Distance from Substation
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Appendix B: P&C Effective Grounding Screen

Effective Grounding Further Review

Customer: Westfarms Associates Systems Al and C

Address: 500 Westfarms Mall, Farmington. CT

Circuit: 1CO3 Total KW's of this application: 1898.1

Circuit KV: 23 Generator Type: Solar

A. Effective grounding shall be required for all DG interconnections where any of the following is True:

I. The fault current at the point of common coupling (PCC) is caused to increase to a value 10 percent of the existing value.--> False

2. Areas where fault current may already be deemed excessive. --> False

3. DG interconnections larger than 1MW. -->

4. Anywhere there may exist a potential Islanding concern in regard to generation to load ratio. --> False

B. Other Concern Review (Service Transformer High Side Delta Connection)

Is it Service Transformer High Side is Delta Connected --., I No

High Side Delta Connection Calculation Required:- No
Maximum Load in kW, in the Zone NIIA KV;
Minimum Load kW - 30% of the Maximum kW. IVA kW
30% of the Maximum Load in kW, in the Zone x 10% --(Minimum KW) NIA KW
Aggregate of all DG generation in the Zone NI/A KW
Is the Aggregate of all DG generation in the Zone Less than 10% Minimum kW NJA

Result:- Needs an Effective Grounding (See Red Flags)

Name: Ashley Centrella Date: 04118,2018
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Appendix D: Data Sheets

rSEL

SEL-351-5, Eir -7 Protection System

Optimize Protection, Automation,
and Breaker Control

mt., pi: .tn.vt

SEL-351
,1,101MT. srsrCN

.111ALNw1Y f W OW. Yll W, OW.

i DDDDDOD BREAKER
(1050

TRIP CLOSE 

SEL-351 Protection System shown with front-panel USB port and SafeLoce trip/close pushbuttons with
high-visibility breaker status LEDs.

Major Features and Benefits
The SEL-351 Protection System provides an exceptional package of protection, monitoring, control, and fault
locating features.

Protection Functions
• Second-harmonic blocking secures relay during transformer cncrgization.

• High-speed breaker failure clement and native breaker failure logic enhance breaker failure detection.

Phase, negative-sequence, residual-ground, and neutral-ground overcurrent elements with directional
control optimize radial and looped network protection for lines and equipment. Load-encroachment
logic provides additional security to distinguish between heavy load and three-phase faults.

Under- and overfrequency and under- and overvoltage elements and powerful SELOGIC control equa-
tions help implement load shedding and other control schemes.

• Built-in communications-assisted trip scheme logic permits fast trip times, reducing fault duration that
adversely impacts system loads and power system equipment.

• SELOGIC control equations permit custom programming for traditional and unique protection and con-
trol functions.

• Directional power elements on SEL-351-7.

to- Four levels of rate-of-change-of-frequency elements help detect rapid frequency changes to initiate
load shedding or network decoupling.

Schweitzer Engineering Laboratories. Inc. SEL-351-5, -6, -7 Protection System Data Sheet
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Automatic Reclosing and Synchronism Check
• Program as many as four shots of automatic =losing with two selectable recluse formats.

* Control =losing schemes for trip saving or fuse saving, and inhibit reclosing for hot-line mainte-
nance.

* Supervise manual or automatic reclosing with synchronism check and voltage condition logic.

Synchrophasors
• Improve operator awareness of system conditions with standard IEEE C37.118-2005 Level I synchro-

phasors at as many as 60 messages per second.

• Synchronize 128 sample-per-cycle oscillography and event reports to the microsecond to reconstruct
complex disturbances. Synchronize meter reports to verify proper phasing.

* Use the "MRI of the power system" to replace state estimation with state measurement.

Metering and Monitoring
* Eliminate expensive, separately mounted metering devices with built-in, high-accuracy metering and

harmonic metering functions. Load Profile recording on SEL-351-6 and SEL-351-7.

0. Improve maintenance scheduling using circuit breaker contact wear monitor and substation battery
voltage monitors. Record relay and external trips and total interrupted current for each pole.

* Use alarm elements to inhibit reclosing and provide local and remote alarm indication.

I,- Analyze oscillographic and Sequential Events Recorder (SER) reports for rapid commissioning, test-
ing, and post-fault diagnostics.

• Use unsolicited SER protocol to allow station-wide collection of binary SER messages with original
time stamp for easy chronological analysis.

)0- Synchronize all reports with IRIG-B on the standard rear-panel BNC or on serial Port 2, from Simple
Network Time Protocol (SNTP) on the standard or optional Ethernet connections, or via DNP serial or
Ethernet protocols. Connect all possible time sources and the relay automatically selects the best.

▪ Use Voltage Sag, Swell, and Interrupt (VSSI) for power quality monitoring on SEL-351-7.

Fault Locator
* Reduce fault location and repair time with built-in impedance-based fault locator and faulted phase indi-

cation.
• Efficiently dispatch line crews to quickly isolate line problems and restore service faster.

Operator Interface and Controls
• Standard target LEDs annunciate trip and status indication and fault type.
* Two-line, large font rotating LCD display provides added operator information with programmable

display points.
* Optional SafeLock® trip/close pushbuttons with high-visibility breaker status LEDs eliminate expen-

sive panel-mounted breaker control switches and position indicating lights. The breaker status LED
clusters are bright and easy to sec from all viewing angles.

Communications Protocols
• Optional IEC 61850 MMS and GOOSE. As many as 6 MMS sessions, guaranteed GOOSE perfor-

mance with 24 subscriptions and 8 publications.
* Standard Modbus® with label-based map settings (serial and Ethernet—as many as three sessions).
• Standard DNP3 Level 2 with label-based map settings (serial and Ethernet—as many as six sessions).
IEEE C37.118-2(X)5 synchrophasor protocol (serial and Ethernet).

SEL-351-5. -6. -7 Protection System Data Sheet Schweitzer Engineering Laboratories, Inc.
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* ASCII, SEL Fast Meter, SEL Fast Message, SEL Unsolicited SER, SEL Fast Operate, and SEL Dis-
tributed Port Switch (LMD) serial protocols are all standard.

• Standard Telnet and integrated web server on Ethernet.

* Dual-channel MIRRORED BITS® communications on SEL-351-6 and SEL-351-7.

* Parallel redundancy protocol (when supported by hardware).

Communications Hardware
Two 10/10013ASE-T Ethernet ports with RJ45 connector included.

One or two 10/1(X)BASE-FX Ethernet ports with LC multimode fiber-optic connectors optional.

▪ One 10/100BASE-T Ethernet port and one 101100BASE-FX Ethernet port with LC multimode fiber-
optic connectors optional.

* Front-panel high-speed USB Type-B port included.
• Front-panel EIA-232 DB-9 serial port included.
• Two rear-panel EIA-232 DB-9 ports included.
• One optional rear-panel EIA-485 port with five-position compression terminal block.
• One optional SEL-2812-compatible fiber-optic serial port.

Single-Phase or Three-Phase Wye- or Delta-Connected Voltage Inputs
• Settings allow either single-phase or three-phase wyc or three-phase delta voltage inputs.
• Single-phase voltage input permits phantom phase voltage for balanced three-phase metering and other
limited voltage-dependent functions.

• The VS voltage input can be used for either synchronism-check or broken-delta (zero-sequence) volt-
age connection to the relay.

Other Features and Options
Table 1 SEL-351 Protection System Model Options

Model Complete Protection and Control Functions
With AcSELcFrtaort OuickSet Support

Load Profile and MIRRORED
Bas Communications

Voltage Sag, Swell,
Interruption Reports

Power
Elements

SEL-351-5

SEL-351-6

SEL-351-7

x

x

x

x x x

• Avai able 750 KB of on-board storage space for ACSELERATOR QuickSet° SEL-5030 Software set-
tings file, ACSELERATOR QuickSet design template, or anything else you choose.

* Expanded I/O is available. Order any one of the following I/0 options:
Option X: No extra I/O board

• Option 2: Additional S Inputs and 12 Standard Outputs
Option 4: Additional 16 Inputs and 4 Standard Outputs
Option 6: Additional 8 Inputs and 12 High Interrupting Current Outputs

* Nominal 5 A or 1 A current inputs: 5 A phase, 5 A neutral; 5 A phase, 1 A neutral; 1 A phase, I A neu-
tral; 0.05 A neutral for nondirectional sensitive earth fault (SEF) protection; or 0.2 A neutral for direc-
tional ground protection on low-impedance grounded, ungrounded, high-impedance grounded, and
Petersen Coil grounded systems.

Note: The 0.2 A nominal channel can also provide nondirectional SEF protection. The 0.05 A nominal neu-
tral channel IN option is a legacy nondirectional SEF option.

Schweit2er Engineering Laboratories, Inc. SEL-351-5. -6, -7 Protection System Data Sheet
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SolarEdge Three Phase Inverters for
the 211/480V Grid for North America

SE1OKUS SE2OKUS SE30KUS SE33.3KUS

The best choice for SolarEdge enabled systems
Specifically designed to work with power optimizers

.. Superior efficiency 198.5%)

Integrated arc fault protection and rapid shutdown for NEC 2014 and 2017, per article 690.11 and 690.12

U11741 SA certified, for CPUC Rule 21 grid compliance

Built-in module level monitoring

— Internet connection through Ethernet or Wireless

J., Small, lightweight, and easy to install outdoors or indoors on provided bracket

— Fixed voltage inverter for longer strings

— Integrated Safety Switch

— Supplied with R5485 Surge Protection Device, to better withstand lightning events

LINA-CAUAM-GEFIMAPTI,UN,IA..Y-TH'i NE IWIRLANDS•.%4P4N-LHITI0.ATTRAI4;. •

SOU rH 4*-=;ILIA-POL41,10-CLOI 14FJ BUG

viw Yid etigii S



Three Phase Inverters for the 217/4801 Grillo' for North America

SE1OKUS / SE2OKUS SE3OKUS SE33.3KUS

SE10KUS 5E20XUS I SE30KUS SE33.3KUS

VA 

VA 

OUTPUT

Rated AC Power Output 

Maximum AC Power Output 

10000 

10000 

20000

20000

30000 I 33300

30000 [  33300 

AC Output Line Connections   4-wire WYE fLl-L2-L3-N) plus PE  

AC Output Voltage Minimum-Nominal-Maximumol (l-N) 244-277-305 Vac 

AC Output Voltage Minimum-Nominal-Maltimum14 (ILL) 4225-480-529 Vac

AC Frequency Min-Nom-Mae 59.3 - 60 - 60.5 Hz 

Max. Continuous Output Current (per Phase) 12 24 36.5 40 A

GEDI Threshold

Utility Monitoring, Isla riding Protection,
Yes

Country Configurable Set Points

INPUT

Maximum DC Power (Module STC) 13500 i 27099... i 40500 45000 W

Transformer-less, Ungrounded Yes

Maximum Input Voltage DC to Grid 490   Vdt 

Maximum input Voltage DC* to DC- 980  Vdc 

Nominal Input Voltage DC to Gnd 420 i  Vdc 

Nominal Input Voltage DC+ to DC- 840  R  Vdc 

Maximum Input Current 133 26.5  39 [ 40 c. Adc i
Maximum Input Short Circuit  Current 45 Me

Reverse-Polarity Protection Yes

Ground-Fault Isolation Detection IMO Sensitivity 350k0 SensitivitylP

CEC Weighted Efficiency  98 98.9

Night-time Power Consumption <3
<4 ,

ADDITIONAL FEATURES

Supported Communication Interfaces R5485, Ethernet, ZigBee (optional)

Rapid Shutdown — NEC 2014 and 2017 690.12 Automatic Rapid Shutdown upon AC Grid DIsconnectm

R5485 Surge Protection Supplied with the inverter

STANDARD COMPLIANCE

UL1741, UL1741 SA, UL16998, CSA C22.2, Canadian AFCI according to
Safety

T.I.L. M-07

Grid Connection Standards IEEE1547, Rule 21, Rule 14 (HI)

Emissions FCC part15 class B

INSTALLATION SPECIFICATIONS

AC output conduit size / AWG range 3/4" minimum / 12-6 AWG .1 3/4" minimum / 8-4 AWG

DC Input conduit size / AWG range 3/4" minimum / 12-6 AWG

Number of DC inputs 2 pairs 3 pairs1,4

Dimensions (I-1 x Wx 0) 21 x 12.5 x 10.5/ 540 x 315 x 260  in/mm 

Dimensions with Safety Switch (F0 x W x D) 30.5x 125 x 10.5 / 775 x315 x260  . in/ nun 

Weight 73.2 ( 33.2 993) 45 lb/kg 

Weight  with Safety Switch 79.7 / 36.2 106/48 lb/ kg

Cooling Fans (user replaceable)

Noise 50 4" 55 dBA-
Operating Temperature Range -40 to +140 / -40 to +600I /-C

Protection Rating 3R ''
''For 2COV Uhlman nrim to: hIttp'.4nornosolator%e.cronlblosfortisiprodoctstiontrtonno.throc-ptarso.us-interntor.2O8V.dataolloot pet

For other regional stningsproase reotan SeLatrAto support
poroitand by fecal togulations

'''RilisSERIOSE.21:11i.USQ.101.1babo Manual Rapid Shutdown for NEClol4 comptol nte (WC 2017 octropEaree with &tattoo.' InuadatIoni
I' Bold root...ant Oil tar 1 pair of Inputs P/N DC1)-36,11•ITSK; Mid ropLarnmem Alt for Spain of boos and holden P/N, DC13.3PH.fitHK.S1

porno' de.ratiog Inter/nation rotor to: hapsjiwurw.sol.fAto.cornAtuniderauktM.I..1 Met,,,tore.d.r.4.hoke-...Pdr

ri0 RoHS
'T Seim-B.1;e ltchnnives. Inc. Ail ,etrs re-s/o. SEnAtrtUY1.1. the SeIarSige outcries BY '1',.. r-

am trademarks or ec, ,..1.o.reil ,.}..1-1M4, el SciarEAr.e lerhnulo:oen. :nc. All toner Ity,lootarkt
Ors at their respectoe axle:, aye: 11/ 201 r,.'.032,,E).15 NOM. ..n..tteet citron rothote. nein L..
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SolarEdge Power Optimizer
Module Add-On for Commercial Installations
P600 / P1001 P800p P800s

//

PV power optimization at the module-level
The most cost effective solution for commercial and large field installations

- Specifically designed to work with Sol,arEdge inverters
- Up to 25% more energy

superior efficiency (99.5%)

- Balance of System cost reduction; 50% less cables: uses atta combinec boxes,

over 2m longer string lengths possible

- Fast installation math a single bolt

Aitheanced maintenartoe with module-levet monitoring

— Module-teveli voltage shutdown toe installer and Metigliter safety

Us,e ih two PV modules connected tO or in parallel

CiktiADA co...^0.;!, I .11, !TALI'r,t 1111 -.1....1.1.,05,1.,u7L4cL,1:', r a LIU VirelL4.5010111d8C.CDM,

SWED2.11 !;CI.1J71, A C2I



solararq SolarEdge Power Optimizer Module Add-On For
Commercial Installations P600 / P700 / P80013/ P800s

Optimizer model

(typical module compatibility)

P600
(for 2 x 60-call
PV madded!

P700
(tor 2 a 72-icell
PVirnotiutes)

P800p
(for parallel conneclon of
2x 96-cell S" Pi/ modules)

P800s
(for series ommeclon of
bt high power or biillacial

modulek

INPUT

rug led IIi)1ut pu",10 600 730 800

Absolute Maximum Input Voltage
96 123 83 /20 Vdc

(Vix at lowest temperature) . • ...... • ...
MPI' °P°9tifig Range 123 - 80 123 - 105 125 - 83 22.5 -105 Vtic

Maxbuurn Short. Citttlit Current (hcj 1025. 14 123

PIAa?!119'q1 .......... . 99.5

We9i 98.6

Orervottage Category, II

OUTPUT DURING OPERATION1POWER OPTIMIZER CONNECT ED TO OPERATING SOLAREDGE INVERTER)

Maximum Output Current is 18. ... . .. • Adc

Maximum Output Voltage 85 Vdc

OUTPUT DURINGsTANDayipowED OPTIMIZER DISCONNECTED FROM SOLAREDGE INVERTER OR SOLAREDGE INVERTEKOFFL

Safety Output Voltage 1.-el Optiraitet 1 1 t 0 1 

STANDARD COMPLIANCE

EMC
. • . .
Safety, • .
11045

Fire Safety

INSTALLATION SPECIFICATIONS

FCC Part15 Gass B, EC61000-6-2, liC6K/10-6-3

1E952109-1 Wass II safety!

Yes

VOE-AR-I 21004112013-05

I MSc

Compatible ScdarEdge !Netters
. .
Maximum Allowed System Vollagie

Dimensions (W

Weight (litcludingcables)

Input Connector,'...... .
- Outptd Connector

Output Wire Length

Operating Temperature Range. . 
Protection Rating
. . . . . .

Three phase inverters

SE198E larger

1280 152 x 43/

545.97 a 1-49.
834 / 51

1.2/ 3.9 (portrait

orientation) or

1.8 / 59 (landscape

. prientatIon)

1280 152 x 50 /

54 5.97 * 1,93
933 2.1

Three phase immlem
. 5E168841er

1000
I 128x 158 x 59 /

Sx 6,22A 2,32
1019/ 22

MC4 MC4 Dual input,'

MC4
12 / 3.9 (portrait 12134 (poittitt

orientation( or Of iesaatiott) Of

21 / 6.9 Dandlcarie 1.8 / 5.9 (landscape

OrienLatiOld orkmatkm) . .
.40 - +85 / -40 - +185. . . . . .

1P621/ NEMA6P
. . . .

Relative ..........  . 100. . . . .• • •      
flatttl LTC paw.. of Ow ittagfula. Modulo of up to .SOft pavatt redoo,nia OL,wad

tt! far °that i afloat tat' was pO goo tatatio SolitfEdga,
t1 For PrOLJ k. riff CRInpPlaluip I 1011 / .1401 pow., o 4.oltoff Hulot to lwavr ft=atair.t., 1,7,00,1t0.1,,f1.P.,,PAPIfYPItp4 14,44[41..

1280 152 X 59/

5.97 x 4.1Z .
1064/13 

MC4
.... " .. .

1.2 /3.9 ..........

orientationl or
11 /6.9 (landscape

,orientabcd)

. .. ..

Vdc

'crr

PV SYSTEM DESIGN USING A SOLAREDGE

INVERTER010

compattie Power Optimizers

Minimum String Length

Maximum String Length

Maximum Power. per Sidpg

, .   . Parallel Strings of Different Lenpths Crr Orientations Yes

(woo 0300 vao br 'atuil at eau ortagAs h not AKPapt1 40 OM I (VP MO/HMO oak PO140.1711O.500.0.1001.40af0104 ono VIM*.
1001* or add tattneoro of PV Inoduias m Not ot not it Is athotoal to tem off at. Iiitomitopaio pekPeel Oplifftait 6,10(10tied 10 ea141v tnoluf ,11.otop [Pprpaultup a wipe faidula fa Oa tatOtf p fi3OtItu utatual

ilFlul tOfalp(0011 wilt It.r ll/pyplird Coe' ti) 1011[
Fog 5E17.4, SiffIlf. SO 9Lit, LEM II h.Pli pued ia erottalf W to 11,f.lt.Vtr put toms Moo 3 ioulp.Put toon.tuti to Out Isn'eltPf :NW whoa Ito. nlakoala pawn Put ,pp To tg1lrr
2 'ADA', atoal 00,0. OC Pao.- 37,7 SOW
FP, km VW OP rgalli..1 LP 1.41 PH up PO 15,(1(P1'h, pie P tip61 wtha. 1 Oratgi r. cutp.ppk1 lath. aVvPrIPI PPP whol111.01peoffittaIt pPytint Offiat,.., Noma.. !ha omar.o up NO 2,l000kp UPAPIAY

fft paw.. 45,0411M.

Power Optimizers

PV Modules

Porter Optimizers. ...
PV Modules

r.

THREE PHASE SE1SK I THREE PHASE SE1GIC THREE PHASE

AND LARGER I AND LARGER FOR MV GRID

P600 P600.1)700 P800  P6011 P700 T. P800

13

26

12

24
30

60

13

26

1125ti' 13500 12750'" [  15300 



LG
Life's Gond

LG NieCiNi 2 72ce11

72 cell

Most LGElettronics

LG400N2W-A5

LG's NeON'e 2 module adopts Celle leelynologym". Cello

Technology,'" replaces 3 bushars aaith 12 thin wices to

enhance puteer output and rettabitity. 'rte NeOle 2 neelt

drunonstrates LG's efforts to Increase rustorner value

through efliciency, enbanced marranties, dur ahility and

f̀iorforedanee.

Enhanced Performance Warranty

LG Ne le 2 ha, an enhanceit performante tarareanty. The
annuat &gradation ha, faner' Utero .ea.34/yr te G 55>ir-

[yen after 25 year=.., the tel guarantee, 2.4% rouir output
titan the porion, LG NeGht. 2 rrtudule,,

Rouf Aesthetks

LG tti.ON' 2 ha, heen dr.yinett dada no:the-ms In muid

teinig. d'uriner vivo,: that appear aå black at a distante

Improved Performance an Sunny Days
LG KleOle 2 flow perform, botter Olt vareny dari,
thank, to it, improved tomperatore coefficient

kuertek

t Hlcjh Power Output

CE ç'

Cornpared weth proriou, roork,b,, the LG IsteOhte 2
Ouen desrtned to ti n ce I6 outpte

efficie n ey. deroby inisidet,:in el f,ient iNeri in

Outstanding Durabnity

it, mi* reinf orr. frame rit-mgr( Li, has extended

the warrarity of the LG hkeidhle 2 for art aneth:mal 3year,
Acklitionally, LG kle0f0-'' 2 tan endure a front load op to
54O° Pa, and a mai' tral up tu 4300 Pa

Double-Sided Cell Structure
The snar of the tell usai en the LG hteOht. 2 contribuons to
yenecation, Fou lite the front, the light ileum rellorted
fram ibn wu of the module is reatriradiett to enerate
attrition:d power.

Il. EH 1:11,111 „kt..., play er vebn fan n nnnetill Ln. rep..mir9 drtnper.etagn4 nrrefri.11.». mgr nuidurt t fun 11,t1t/inedl.11,1 YeLlt xtergy mamr r.,re, prs ,e.uer,.., ,cpenriptiby

feueli ...nerneltrtn thr mon. turthetur, Lat hwrat.y. *ad nutinuil, trritedes, In rnm Mon* thé, rnel,rt evaLikle m D

cnextrun. Wrale NoDet) aerl k /te Ne114.4. 2 øm er.. lut rrtdar hv.rsr tn 2.513 4n.1 24 15, erhet h ,3menrcleits. Stire itei, rerremenrth .n.-0 nreytrnvnt hn

Ihrendurtry



LG NeON 2 7.2cell 1-D4DON2.9N-AS

Mechanical Properties Electrical Properties (SIC 0)

Calm 6. 12 1911ithAi 4110A1

M.O.. P.m, riPric.) 422

Cull Tyra litiniceiriLilk•ot N.loin  RIPP Volartu (Uhrini.) 

Ci41Dinsinnimmic 161 .7m 11117oot; 6 imho, PAPP Curnint (111,14 91111

Op. Cisco. lfulicir Wee) 40S
•----,......,.,--..

Dircutiviionu H) .2024 1224,40 nun  Short. Circuit GarimnL (him} 1347

79 69 ic 40 3) 1 57 ! t Effic...7 10 3

fro. Coma 94006m Upimennti -411 01.1

Nine L.ed 431100L Ailnainuiro Soto. Voltage 1902 11JL)

W.9hi 21 71 NIuminiunt Sim i. Fn. Rat.) .02 u

Cannot to, Typu

Junction

CAM..

1,17.4

psa  3 Ecicict 

1 390inin

Cameo

Frame

Ton t Cchnsi9

Certifications and Warranty

0 ,ltIcMlr,,, 119 61219. EC 6173D- 1 1.2

1.11. 17129

109 1117)51 ISA Ili% 4srle.a<tagi

EC C2716 fAseno. omacmi Liect 

ISO 900

Ma.lutv11.13.formAJoci (USA) To...

Fhai Aiding (CANADA) CU ( f.0 I ME :,03)

Product Misr :ay

OutputIV•utunty cif Palm ai "city •.

Temperature Characteristics

NOCT 45±5C

.036'5(79

2Ficri..

h I o2xrc.

Characteristic Curves

It

LG
Lin Gaad

Nnech Aran,. !Idar tleraows I am
LA!. A Sr

RICO %,tea-,Pro,t nqlovecorltlAh

Cal aftI9nt rem
arwwlpoLaraur orn

Power Tolman. DS} 0 • 3

• .11, 55aY,,A1 potx...... 15%; Aki I
• Ise.,
• 1t Ø its, .” .1.40114V11'.11.141,1% VX1Itts,,K.1.4.51.

Electrical Properties (NOCT*)

Mudd), 400)4

Nlac ni (P1/1411)

.t14.PP

Pill4P Corm. (Irmo) 

37

7E6

Orrin Ciinuid1/011.490 (lJas) 411

Sinni C.c. Canauto (11c) 141

Dimensions (mmJin)
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