
HISTORIC AND DESIGN REVIEW COMMISSION 

June 01, 2016 

Agenda Item No: 4

HDRC CASE NO: 2016-195 
ADDRESS: 114 NORTH DR 
LEGAL DESCRIPTION: NCB 6705 BLK 15 LOT 25 
ZONING: R6 H 
CITY COUNCIL DIST.: 7 
DISTRICT: Monticello Park Historic District 
APPLICANT: South Texas Solar Systems 
OWNER: Anthony & Cynthia Smith 
TYPE OF WORK: Installation of Solar Panels 

REQUEST: 

The applicant is requesting a Certificate of Appropriateness for approval to install 26 solar panels on West, South and East 
portions of the roof.  

APPLICABLE CITATIONS: 

Historic Design Guidelines, Chapter 3, Guidelines for Additions 

6. Designing for Energy Efficiency

C. SOLAR COLLECTORS 
i. Location—Locate solar collectors on side or rear roof pitch of the primary historic structure to the maximum extent
feasible to minimize visibility from the public right-of-way while maximizing solar access. Alternatively, locate solar 
collectors on a garage or outbuilding or consider a ground-mount system where solar access to the primary structure is 
limited. 
ii. Mounting (sloped roof surfaces)—Mount solar collectors flush with the surface of a sloped roof. Select collectors that
are similar in color to the roof surface to reduce visibility. 
iii. Mounting (flat roof surfaces)—Mount solar collectors flush with the surface of a flat roof to the maximum extent
feasible. Where solar access limitations preclude a flush mount, locate panels towards the rear of the roof where visibility 
from the public right-of-way will be minimized. 

FINDINGS: 

a. The applicant has proposed to install a 26 solar panel on the asbestos shingles roof of the primary structure. The
Staff visited the site on May 25, 2016, and found that given the set back and orientation of the accessory structure
and the neighboring structures, the proposed solar installation will not be seen from the public right of way. This
is consistent with Guidelines for Additions 6.C., which states installations, should be in locations that minimize
visibility from the public right-of-way.

b. There will be six sub-arrays, both mounted on pitched roof with composite shingle using SolAttach feet. Feet are
screwed into the roof and the panels are attached to the feet. The panels will be flush mounted on each pitch; the
clamps holds the panels 3” above the roof. This is consistent with Guidelines for Additions 6.C.ii, which states
solar collectors should be flush with the roof surface.

RECOMMENDATION: 

Staff recommends approval as submitted based on findings a and b. 

CASE MANAGER: 

Lauren Sage 
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Sol Attach, LLC 
Composition roof mounting foot 
Extrusions made of 6061-T6 alloy 
Patent Pending 
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Top View 
Front View 
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String Combiners in SolarEdge Systems, North America 
 
Introduction 
In a SolarEdge system, the PV modules are isolated from the DC output circuit by the power optimizer. There is 
no risk of exceeding the PV module maximum fuse rating current as a result of a fault in the DC output circuit. 
The inverter has been verified to contribute zero current to a faulted DC output circuit. The only sources of 
current to consider are the DC output circuits. A faulted string could be subjected to the combined currents of 
the other connected strings, which is 15 amps x N-1, where N is the number of strings. For 3 strings or less, the 
maximum combined current is 30 amps, which does not exceed the current rating of the power optimizer 
output cables and of the 10 gauge 90°C output circuit conductors. Some jurisdictions will require fused string 
combiners for systems with 3 strings. 
For PV systems using the SolarEdge SE3000A-US through the SE7600A-US single phase inverters, and systems 
using the SE9kUS, SE10kUS, and SE20kUS three phase inverters, it is possible to fully load the inverters with a 
DC to AC ratio of 125%, with 2 strings or less. There are 2 scenarios where a third string would be required. 

1. The SE10000A-US or the SE11400A-US single phase inverter with more than 10500 watts STC. 

2. The SE20kUS three phase inverter with more than 25000 watts STC  
 

A PV system with more than 2 strings connected in parallel should be evaluated to ensure that available 
current sources do not exceed the current rating of any conductors or components in a fault condition. The 
purpose of this Application Note is to provide guidelines for selecting fused string combiners when required. 
 

NEC Requirements 
NEC article 690.9 outlines the overcurrent protection requirements for photovoltaic source circuits. 

The intent is to provide overcurrent protection for circuits connected to more than one electrical source. 
All sources of current need to be considered: multiple series strings of PV modules connected in parallel to 
the inverter as well as the string inverter itself. SolarEdge inverters have been verified to provide zero 
backfeed current to the input source circuits.  

When overcurrent protection is required, NEC Article 240.15 states that an overcurrent protection 
device shall be connected in series with each ungrounded conductor. 

Applicability to SolarEdge systems 

SolarEdge inverters are non-isolated or transformer-less, so they must operate with ungrounded 
photovoltaic source and output circuits. 

A string combiner for a SolarEdge system would require fusing in both the positive and negative 
conductors. 

The SolarEdge optimizers limit current in DC output circuits to 15 amps per string. Using the NEC 
correction factor of 1.25, results in a string current of 15 amps x 1.25 = 18.75 amps. Therefore an 
individual string fuse rating of 20 amps is needed. 
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SolarEdge Power Optimizers 
SolarEdge power optimizers provide internal current limitation as described in NEC article 690.8(B)(2). The 
power optimizers limit current at the optimizer DC output circuit to 15 amps. The maximum current value of 15 
amps x the NEC correction factor of 1.25 should be used to determine DC output circuit conductor size and 
overcurrent protection requirements. SolarEdge power optimizers are constructed with 10 gauge PV wire 
output cables.   

 

SolarEdge Inverters 
The DC input terminal blocks in the SE10000A-US, SE11400A-US, and the SE20kUS inverters support up to a #6 
AWG conductor.  A #6 AWG conductor is more than adequate to handle the combined current of 3 strings and 
allow for voltage drop in longer DC output circuits. 

 

Example 
The following diagram illustrates the connection of 3 strings to the SE11400A-US inverter using a fused string 
combiner. 
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Recommended 3 string combiner specifications for SE10000A-US and SE11400A-US 
inverters 
1. Max voltage: 600V 
2. Number of inputs: 6 - 3 x Plus and 3 x Minus 
3. Fuses: on the positive and negative (6 fuses); 20A fuses 
4. Input wire range: 14-6AWG 
5. Output wire range: 14-6AWG 
6. Equipment grounding wire range: 12-10AWG 
7. Enclosure: NEMA 3R 
 

Recommended 3 string combiner specifications for SE20kUS inverters 
1. Max voltage: 1000V 
2. Number of inputs: 6 - 3 x Plus and 3 x Minus 
3. Fuses: on the positive and negative (6 fuses); 20A fuses 
4. Input wire range: 12-6AWG  
5. Output wire range: 12-6AWG 
6. Equipment grounding wire range: 12-8AWG  
7. Enclosure: NEMA 3R 
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String Fusing Requirements in SolarEdge Systems, 

Technical Note 
 

Introduction 

String design and installation is significantly different in a SolarEdge system when compared to a traditional 
string inverter. PV modules do not get connected in series directly. Every PV module in the array is first 
connected to the input of a SolarEdge power optimizer, and the power optimizer output cables are connected 
to each other in series. 

 
 

 
 
 
 
 
 
 
Consequently, the behavior of a SolarEdge system under fault conditions differs from that of a traditional 
string-inverter system.  
This document compares the overcurrent protection mechanisms of both systems and analyzes the systems’ 
responses to various fault scenarios. From this analysis it follows that string fuses are not required in SolarEdge 
systems. 
 
 
NEC Requirements 

For string inverter systems, NEC article 690.9 outlines the overcurrent protection requirements for 
photovoltaic source circuits. The intent is to provide overcurrent protection for circuits connected to more than 
one electrical source. All sources of current need to be considered: multiple series strings of PV modules 
connected in parallel to the inverter as well as the string inverter itself. 
 
  



 
 
 
 
String Inverter Systems 
String Inverters 
Grounded installations with transformer-based inverters contain Ground Fault Detector Interrupt (GFDI) which 
detects ground current ≥1A. In these systems, fault current through the ground is limited to the GFDI limit (1A 
for inverters up to 25kVA). 
Transformer-less inverters have a built-in Isolation Monitor Interrupter (IMI) circuit, which disconnects the 
inverter and ceases power export as soon as leakage current to ground is detected. However, some inverters 
may have a backfeed current >0A. 
 
Strings 
To prevent backfeed current from strings from flowing through other strings, diodes are needed. This is a costly 
solution that is rarely implemented. Typically, fuses are installed, but they don’t prevent backfeed current, 
rather they eventually limit it in overcurrent fault situations. The only time a series fuse is exposed to 
overcurrent in these systems is when there is a low voltage (blind spot) fault on a grounded string conductor, 
and then a subsequent high voltage fault that short circuits the PV array. In that scenario, a current up to the 
short circuit current of the array flows through the string fuse which will clear with sufficient current. 
 
PV Modules 
PV modules have a fuse rating, so that if backfeed current greater than the fuse rating occurs, the fuse will 
blow and the backfeed current will be stopped.  
 
SolarEdge Systems 
SolarEdge Transformer-less Inverters 
The UL1741 safety standard requires that utility interactive inverters be evaluated under abnormal operating 
conditions. One of the abnormal tests determines the amount of current the inverter contributes to a faulted 
circuit connected to the inverter input terminals. SolarEdge inverters have been verified to provide zero 
backfeed current to the input source circuits, and have a built-in Isolation Monitor Interrupter (IMI) circuit, 
which disconnects the inverter and ceases power export as soon as leakage current to ground is detected.  
The IMI circuit, which is evaluated as part of the inverter’s UL1741 compliance, disconnects fault current flow 
above 150mA within less than 40ms (and disconnects lower fault currents within 300ms). Since the SolarEdge 
systems are ungrounded, once the inverter is disconnected there is no current flow to ground faults. 
 
Strings with SolarEdge Power Optimizers 
SolarEdge power optimizers provide internal current limitation as described in NEC article 690.8(B)(2). The 
power optimizers limit current at the PV module source circuit input to 10 amps and limit current at the 
optimizer DC output circuit to 15 amps. The SolarEdge power optimizers have been certified to provide zero 
backfeed current to the PV source circuit, and zero backfeed current to the rest of the string – i.e. the string 
current could flow in only one direction. 
 
PV Modules 
The power optimizer backfeed limitation of 0A prevents any backfeed current from reaching the modules, 
regardless of module fuse rating. 
 
  



 
 
 
 
Fault Scenarios – Three-String System 

There are two fault scenarios to consider: 

x Scenario 1 – A fault to ground in the middle of a string (fault #1 in the diagrams below)  
x Scenario 2 – A fault in the wires at the end of a string (fault #2 in the diagrams below) 

 

Scenario 1  
String Inverter System 
Backfeed current from the other strings flows to the fault. Since there are 3 strings connected to the inverter in 
parallel, the fault current from the other strings is 2 x Isc, and is not interrupted. If 2 x Isc is greater than the 
module fuse rating, NEC requires fusing on each of the string in order to prevent the risk of fire due to 
overcurrent. 
SolarEdge System 
The power optimizers in the faulted string prevent the backfeed current from the other strings from reaching 
the fault (see current direction in red in diagram below), and the current is limited to the 15A of the single 
faulted string. Since the optimizers are rated for this current, there is no fire hazard. Furthermore, the inverter 
IMI will detect the ground current and shut down within 40 or 300msec (depending on the current value). 
Since the SolarEdge system is ungrounded, as soon as the inverter is disconnected there is no connection to 
ground and therefore the current flow immediately stops. 
 

Scenario 2 

String Inverter System 
Current from all strings flows to the fault. The fault current is 3 x Isc, and is not interrupted. If 3 x Isc is greater 
than the NEC permitted PV wire ampacity, NEC requires fusing on each of the string in order to prevent the risk 
of fire due to overcurrent. 
SolarEdge System 
Current from all strings flows to the fault. The fault current is 3 x 15A. The inverter detects the ground current 
with its built-in IMI circuit and disconnects the inverter in less than 40ms (well below typical1 fuse clearing 
times of 5s and longer). Since the SolarEdge system is ungrounded, as soon as the inverter is disconnected 
there is no connection to ground and therefore the current flow immediately stops.  
Since a total of 45A (3 x 15A) of current can flow on the final stage of the home-run cable continuously (Figure 
2) the home-run cable ampacity in that section needs to be sufficient for this current. It is possible to step up 
the conductor size after adding each power optimizer string since each section of the circuit need only be sized 
for the continuous current. The fault current duration is short enough to ignore any size increases due to the 
45A fault current. 

                                                 
1 http://www.cooperindustries.com/content/dam/public/bussmann/Electrical/Resources/product-datasheets-
a/Bus_Ele_DS_4203_PVS-R.pdf  

http://www.cooperindustries.com/content/dam/public/bussmann/Electrical/Resources/product-datasheets-a/Bus_Ele_DS_4203_PVS-R.pdf
http://www.cooperindustries.com/content/dam/public/bussmann/Electrical/Resources/product-datasheets-a/Bus_Ele_DS_4203_PVS-R.pdf


 
 
 
 

 

Figure 1 – Fault scenarios in a string inverter system 
 

 
Figure 2 – Fault scenarios in a SolarEdge system 
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