
 

APPENDIX D: Cable and Device Ratings at High Voltages 
There is a concern in designing PV systems that have system open-circuit voltages above 600 
volts. The concern has two main issuesÑ device ratings and NEC limitations. 
 

EQUIPMENT RATINGS 

Some discontinued, out of production, utility-intertie inverters operate with a 
grounded, bipolar (three-wire) PV array. In a bipolar PV system, where each of 
the monopoles is operated in the 220-235-volt peak-power range, the open-circuit 
voltage can be anywhere from 290 to 380 volts, depending on the module 
characteristics such as fill-factor. Such a bipolar system can be described as a 
350/700-volt system (for example) in the same manner that a 120/240-volt ac 
system is described. This method of describing the system voltage is consistent 
throughout the electrical codes used not only in residential and commercial power 
systems, but also in utility practice. 
 
In all systems, the voltage ratings of the cable, switchgear, and overcurrent 
devices are based on the higher number of the pair (i.e., 700 volts in a 350/700-
volt system). That is why 250-volt switchgear and overcurrent devices are used in 
120/240-volt ac systems and 600-volt switchgear is used in systems such as the 
277/480-volt ac system. Note that it is not the voltage to ground, but the higher 
line-to-line voltage that defines the equipment voltage requirements. 
 
The National Electrical Code (NEC) defines a nominal voltage for ac systems 
(120, 240, etc.) and acknowledges that some variation can be expected around 
that nominal voltage. Such a variation around a nominal voltage is not considered 
in dc PV systems, and the NEC requires that a temperature-related connection 
factor on the open-circuit array voltage must be used [690.7(A). The open-circuit 
voltage is defined at Standard Test Conditions (STC) because of the relationship 
between the UL Standards and the way the NEC is written. The NEC Handbook 
elaborates on the definition of Òcircuit voltage,Ó but this definition may not apply 
to current-limited dc systems. Section 690.7(A) of the NEC requires that the 
voltage used for establishing dc circuit requirements in PV systems be the 
computed open-circuit voltage for crystalline PV technologies. In new thin-film 
PV technologies, open-circuit voltages are determined from manufacturersÕ 
specifications for temperature coefficients. 
 
The Code specifically defines the PV system voltage as the product of a 
temperature-dependent factor (that may reach 1.25 at Ð40¡C) and the STC open-
circuit voltage [690.7]. The systems voltage is also defined as the highest voltage 
between any two wires in a 3-wire (bipolar) PV system [690.2]. 
 



The comparison to ac systems can be carried too far; there are differences. For 
example, the typical wall switch in a 120/240-volt ac residential or commercial 
system is rated at only 120 volts, but such a switch in a 120/240-volt dc PV 
system would have to be rated at 240 volts. The inherent differences between a dc 
current source (PV modules) and a voltage source (ac grid) bear on this issue. 
Even the definitions of circuit voltage in the NEC and NEC Handbook refer to ac 
and dc systems, but do not take into account the design of the balance of systems 
required in current-limited PV systems. In a PV system, all wiring, disconnects, 
and overcurrent devices have current ratings that exceed the short-circuit currents 
by at least 25%. In the case of bolted faults or ground faults involving currents 
from the PV array, the overcurrent devices do not trip because they are rated to 
withstand continuous operation at levels above the fault levels. In an ac system, 
bolted faults and ground faults generally cause the overcurrent devices to trip or 
blow removing the source of voltage from the fault. Therefore, the faults that pose 
high-voltage problems in PV, dc systems cause the voltage to be removed in ac, 
grid-supply systems. For these reasons, a switch rated at 120 volts can be used in 
an ac system with voltages up to 240 volts, but in a dc, PV system, the switch 
would have to be rated at 240 volts.  
 
Another consideration that we are dealing with is the analogy of dc supply circuit 
and ac load circuits. An analysis of ac supply circuits would be similar to dc 
supply circuits. 
 
Underwriters Laboratories (UL) Standard 1703 requires that manufacturers of 
modules listed to the standard include, in the installation instructions, a statement 
that the open-circuit voltage should be multiplied by 125% (crystalline cells), 
further increasing the voltage requirement of the balance-of-systems (BOS) 
equipment. This requirement has been in the NEC Section 690.7 as a temperature-
dependent constant since the 1999 edition of the Code. 
 
Current PV modules that are listed to the UL Standard 1703 are listed with a 
maximum system voltage of 600 volts. A few are listed to 1000 volts to meet 
European standards. Engineers caution all installers, factory and otherwise, to not 
exceed this voltage. This restriction is not modified by the fact that the modules 
undergo high-pot tests at higher voltages.  
 
Although not explicitly stated by the NEC, it is evident that the intent of the Code 
and the UL Standards is that all cable, switches, fuses, circuit breakers, and 
modules in a PV system be rated for the maximum system voltage. This is 
clarified in the 1999 NEC [690.7(A)]. 
 
While reducing the potential for line-to-line faults, the practice of wiring each 
monopole (one of two electrical source circuits) in a separate conduit to the 
inverter does not eliminate the problem. Consider the bipolar system presented in 
Figure D-1 with a bolted fault (or deliberate short) from the negative to the 



positive array conductor at the input of the inverter. With the switches closed, 
array short-circuit current flows, and neither fuse opens. 
 

 

Figure D-1. Typical  Bipolar Sys tem with Fault 

Now consider what happens in any of the following cases. 
1. A switch is opened 
2. A fuse opens 
3. A wire comes loose in a module junction box 
4. An intercell connection opens or develops high resistance 
5. A conductor fails at any point 
 

In any of these cases, the entire array voltage (740 volts) stresses the device where 
the circuit opens. This voltage (somewhere between zero at short-circuit and the 
array open-circuit voltage) will appear at the device or cable. As the device starts 
to fail, the current through it goes from Isc to zero as the voltage across the device 
goes from zero to Voc. This process is very conducive to sustained arcs and 
heating damage. 
 
Separating the monopoles does not avoid the high-voltage stress on any 
component, but it does help to minimize the potential for some faults. There are 
other possibilities for faults that will also place the same total voltage on various 
components in the system. An improperly installed grounding conductor coupled 
with a module ground fault could result in similar problems. 
 
Section 690.5 of the NEC requires a ground-fault device on PV systems that are 
installed on the roofs of dwellings. This device, used for fire protection, must 



detect the fault, interrupt the fault current, indicate the fault, and disconnect the 
array. 
 
Some large (100 kW) utility-interactive PV systems like the one at Juana Diaz, 
Puerto Rico have inverters that, when shut down, crowbar the array. The array 
remains crowbarred until the ac power is shut off and creates a similar fault to the 
one pictured in Figure D-1. 

NEC VOLTAGE LIMITATION 

The second issue associated with this concern is that the NEC in Section 690.7(C) 
only allows PV installations up to 600 volts in one and two-family dwellings. 
Inverter and system design issues may favor higher system voltage levels. 
 

VOLTAGE REMEDIES 

System designers can select inverters with lower operating and open-circuit 
voltages. Utility-intertie inverters are available with dc input voltages as low as 24 
volts. The system designer also can work with the manufacturers of higher 
voltage inverters to reduce the number of modules in each series string to the 
point where the cold-temperature open-circuit voltage is less than 600 volts. The 
peak-power voltage would also be lowered. Transformers may be needed to raise 
the inverter ac output voltage to the required level. All utility-interactive inverters 
listed in the US operate with PV arrays that have open-circuit voltages of less than 
600 volts. 
 
Cable manufacturers produce UL-Listed, cross-linked polyethylene, single-
conductor cable. It is marked USE-2/RHW-2, Sunlight Resistant and is rated at 
2000 volts. This cable could be used for module interconnections in conduit after 
all of the other NEC requirements are met for installations above 600 volts. 
 
Several manufacturers issue factory certified rating on their three-pole 
disconnects to allow higher voltage, non-load break operation with series-
connected poles. The NEC will require an acceptable method of obtaining non-
load break operation. 
 
Some OEM circuit breaker manufacturers will factory certify series-connected 
poles on their circuit breakers. Units have been used at 750 volts and 100 amps 
with 10,000 amps of interrupt rating. Higher voltages may be available. 
 
High-voltage industrial fuses are available, but dc ratings are unknown at this 
time. 
 
Individual 600-volt terminal blocks can be used with the proper spacing for higher 
voltages. 
 



Module manufacturers can have their modules listed for higher system voltages. 
Most are currently limited to 600 volts. 
 
Power diodes may be connected across each monopole. When a bolted line-to-line 
fault occurs, one of the diodes will be forward biased when a switch or fuse 
opens, thereby preventing the voltage from one monopole from adding to that of 
the other monopole. The diodes are mounted across points A-B and C-D in Figure 
D-1. Each diode should be rated for at least the system open-circuit voltage and 
the full short-circuit current from one monopole. Since diodes are not listed as 
over-voltage protection devices, this solution is not recognized in the NEC. 
 
The NEC allows PV installations over 600 volts in non-residential applications, 
which will cover the voltage range being used in most current designs. 
 
It should be noted that there are numerous requirements throughout the NEC that 
apply specifically to installations over 600 volts: 
 
¥ All equipment must be listed for the maximum voltage. 
 
¥ Clearance distances and mechanisms for achieving that clearance are 

significantly more stringent as voltages increase above 600 volts. 
 
Section 690.7(E) allows specially configured and listed inverters to be used in a 
system where the voltages are measured line-to-ground rather than line. 

 


