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Some real-world data showing why high-resolution
measurements are necessary when integrating
Photovoltaic Arrays/Inverters into grids...
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Time scales and grid stability

Photovoltaic integration into a microgrid
PQube® instrument
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Photovoltaic Inverter Output - Power in kW - 1-hour average (PQube®data)

PEAK POWER
1-hour 210 kW

Sunrise
Sunset

182012 4:48 112572002 7212 11/25/20129:36 14/35/2012 12100

PSL e ©2013 Power Standards Lab

In Israel: Nisim Ben-nun, WiseTech,
nisim@wise-t.co.il +972-3-9106060 1



Alex McEachern, Power Standards Lab (USA)
Alex@PowerStandards.com

Photovoltaic Inverter Output - Power in kW - 15-minute average (PQube®data)
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Time scales and grid stability

Photovoltaic integration into a microgrid — same day
__PQube® instrument _
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Time scales and grid stability

Photovoltaic integration into a microgrid — same day

PQube® instrument

Photovoltaic Inverter Output - Power in kW - 1-minute average [PQube®data)
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Time scales and grid stability

Photovoltaic integration into a microgrid — same day
__PQube® instrument _

Photovoltaic Inverter Output - Power in kW - 10-Cycle max (PQube°data)
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Time scales and grid stability

Photovoltaic integration — high resolution is required!

PQube® instrument

Photovoltaic Inverter Output - Power in kW - 10-Cycle max (PQube®data)

I e Ed
i  aaiias

—

/405.2 kW peak

-
PEAK POWER
269.5 kW peak 1-hour 210 kW
(15-minute) N
15-min 269 kW
B 1-min 380 kW
o 200-ms 405 kw
100
BEIAE WESEOETE LI

1000

PSL o ©2013 Power Standards Lab

In Israel: Nisim Ben-nun, WiseTech,
nisim@wise-t.co.il +972-3-9106060 3



Alex McEachern, Power Standards Lab (USA) 10/25/2013
Alex@PowerStandards.com

Power flow direction
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Figure 1 - Four-quadrant power flow directions
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Time scales and grid stability

Photovoltaic integration — RMS voltage — 15-minute avg

PQube® instrument
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Time scales and grid stability

Photovoltaic integration — RMS voltage — single-cycle
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Time scales and grid stability

Photovoltaic integration — RMS voltage — 15-min avg,
single-cycle min-max PQube instrument
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Time scales and grid stability

Different PV site — abrupt voltage increase
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Time scales and grid stability

PV inverter response to voltage sags

Volage sag A PQube® instrument
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Voltage sag (top graph) causes
momentary increase in current
(bottom graph), followed by a
complete inverter shutdown
(current goes to zero in bottom
graph).

e Requires urmsy, .,e RMS
- ' voltage and current, per
IEC 61000-4-30 standard
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PV inverters generate 2kHz-150kHz noise...
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Conclusions

Conclusions for PV inverter measurements:

1. Power (watt) measurements must be made at
least 5 times per second to detect actual
power peaks.

2. For moderately-sized grid-connected PV arrays,
voltage measurements in the 1-minute range
are sufficient, except:

a. Voltage sags can cause PV inverters to trip off-line,
and must be meas

3. Require IEC 61000-4-30 Class A
measurement standard.
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Time scales and grid stability
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Some sample data showing why high-resolution
measurements are necessary when integrating
Photovoltaic Arrays/Inverters into grids...
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