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Voltage drop considerations when wiring solar arrays

The National Electrical Code (NEC) specifies wire gauges, insulation and installation based on the maxi‐
mum current to be carried by the wire to ensure safety, i.e., to ensure that the wire does not overheat.

Voltage drop is not considered because it is generally not a concern in normal residential wiring.

However, the voltage drop along a long run of wires, say to extend power to a separate building or to con‐
nect a remote generator, can be a problem.  

In power supplying circuits inadequate wire thickness shows up as lower voltage at the load. For example, 
with 240 VAC at the breaker panel, at full load  the remote load might only see 210 VAC due to voltage 
drop along the wires between itself and the breaker panel.

In power generating circuits inadequate wire thickness shows up as higher voltage at the source.  For ex‐
ample with 240 VAC at the breaker panel a remote generator or PV system might have to generate 270 
VAC at full output to feed its power into the breaker panel due to voltage drop along the wires.

Every micro-inverter, e.g., the Enphase IQ 7+, is required to protect the grid to which it is connected.  A 
standard safety feature is to disconnect if it sees a grid voltage that is too high, or too low. 

When used with a 240 VAC single phase system, the IQ 7 series limits itself to 211 to 264 VAC, i.e.,  -12% 
to +10% from 240 VAC.  If the voltage at its output goes out of this range the IQ 7 disconnects. Once it has 
disconnected it waits until the grid voltage is stable within the range; this can take 5 or more minutes.

The utility tries to keep its grid voltage at 240  +/- 5%.  This means that when the grid is at its +5% upper 
limit, there is only a 5% margin between it and the IQ 7's +10% maximum before it disconnects.  This cor‐
responds to a maximum total voltage drop from the IQ 7 output to the breaker panel of 12 VAC.

Utility voltage peaks at +5% or higher may not be a rare occurence if grid voltage peaks tend to coincide 
with peak solar PV production - as may increasingly be the case as PV production becomes widespread.  
In any case, transient excursions outside ot the +/- 5% range are not unusual.

The voltage drop is a function of the current carried times the wire's resistance.  The wire's resistance per 
foot is determined by the wire's cross-sectional area and material.

	 Vdrop = current in Amps X resistance/foot in Ohms X  length

CAUTION: length = sum of both wire lengths, i.e., 2 X length of run!

Resistance of wire is usually listed as Ohms/1,000 feet (k') - see chart at right.

Lets consider a 24 panel array, with each panel connected to an IQ 7+ which 
is capable of producing 295 Watts at 240 VAC = 1.22 Amps per panel.

Total current will be 24 x X 1.22 = 29.3 Amps.

Per the NEC, #10 AWG would safely carry this amount of current.

Assume a ground mounted array, 75 feet away from the house.  The length of 
wiring from combiner box on the array to the house's breaker box might be 
100 feet including the the run down to conduit in the ground, across the 75' 
and into the house up to the breaker panel.  The wire pair needs 200' of wire.

 Resistance would be 2 X 100' X (1.02 Ω/k' /1000) = 0.204 Ω.

Voltage drop = current x resistance = 29.3 Amps X 0.204 Ω = 6 V,  by itself 
50% of our total margin.  

Resistance of copper wire
(in Ω/1,000 feet at 77°F)

AWG	 Diam.	 Ω per 
Gauge	 (inch)	 k'           
12	 0.081	 1.62	
10	 0.102	 1.02
8	 0.128	 0.641	
6	 0.162	 0.403	
4	 0.204	 0.253	
3	 0.229	 0.201
2	 0.258	 0.159	
1	 0.289	 0.126	
1/0	 0.325	 0.100	
2/0	 0.365	 0.0975	
3/0	 0.410	 0.0630
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The wiring connecting the IQ 7s to the combiner box on the array also must be accounted for. 

A maximum of 12 IQ 7 can be connected in series - this would handle 12 X 1.22 Amps = 14.6 Amp and 
meets the requirement of a branch protected by a 20 Amp breaker.

Enphase's "Q cables" use 12 AWG wire with connectors at regular intervals. Calculating the voltage drop is 
more complicated because the current increases as each IQ 7 is added to the series string.

A simple approach would be to connect 12 panels in series. In this case the currents are:

Panels 1 --> 2 --> 3 --> 4 --> 5 --> 6 --> 7 --> 8 --> 9 --> 10 --> 11 --> 12  --> combiner box
 Current 1.22  2.44  3.66  4.88  6.10  7.32  8.54  9.76  10.98  12.2   13.42   14.64

Enphase's Technical Brief "Calculating AC Line Voltage Rise for IQ-Series Micros with Q Cable" provides 
data. Their "IQ 7+240V L-72" table on page 15 covers IQ 7+ being used with 72 cell solar panels mounted 
in "landscape" orientation.  For a 12 panel series connection it indicates a 2.82 V rise (24% of our margin). 

A better solution is to "center feed" the string, i.e., wiring it so that the most distant panel is only 6 panels 
away from the combiner box or an extension to the box:

Panels 1 --> 2 --> 3 --> 4 --> 5 --> 6 --> combiner box <-- 7 <-- 8 <-- 9 <-- 10 <-- 11 <-- 12 

Current 1.22  2.44  3.66  4.88  6.10  7.32                       7.32   6.10  4.88  3.66    2.44   1.22

Only a 0.76 V rise (6% of our margin) is indicated for a 6 panel series, because both the length and the cur‐
rents are decreased by center feeding.  This is a significant improvement.

We also have to account for the voltage drops along the any extensions to the combiner box.  Page 17 of 
Enphase's Tech Brief has a "Table 2.4: Q Extension Cable (IQ 7+)" table which shows the added % (of 
240V) drops due to various lengths and IQ 7+ numbers.

For example, if we need a 10' extension from one string of 12 to the combiner box , it indicates a 0.24% of 
240 V or about 0.57 V, (5% of our 12 V margin) 

Of our 12 V margin, we have consumed about 6 V (50%) for the home run, 0.57 V (5%) for a combiner box 
extension and  0.76 V (6%) for the center-fed strings, leaving a "head room" of around 4.6 V.  Not huge, but 
likely OK as long as the utility grid stays within its 5% margin at all times.

However, we could considerably increase our margin by using heavier wire for the home-run.  For example 
if instead of using #10 AWG we used # 8 AWG, then

  Resistance would be 2 X 100' X 0.641 Ω/k' /1000 = 0.128 Ω.
  Voltage drop = current x resistance = 29.3 Amps X 0.128 Ω = 3.75 V, 30%  instead of 50% of our margin

while going to #6 AWG would yield

  Resistance would be 2 X 100' X 0.403 Ω/k' /1000 = 0.0806 Ω.
  Voltage drop = current x resistance = 29.3 Amps X 0.0806 Ω = 2.36 V, 20% instead of 50% of our margin

An increased margin will provide better protection against transient utility excursions above their normal 
5% tolerances. Aside from center-feeding the Q cables, increasing the home run wire size is the most 
effective way of decreasing voltage drop and increasing the operating margins during peak production.

It is important to check these calculations, especially when the "home run" connections are longer than in 
the above example.  Failure to do so may result in frequent shutdowns during times of peak productions.


