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ABSTRACT 

This paper describes the impact of photovoltaic power 

plant inverter firmware on voltage quality parameters in 

low voltage distribution grids. The DSO identified the 

photovoltaic power plant with a power of 60kW as a 

source of high flicker level in the distribution network. 

Then, the authors of this paper were involved in general 

analysis of all factors causing the high flicker level. Very 

unusual behaviour of inverters was identified by using a 

tailored power quality analyzer. The measurement result 

was used to claim incorrect inverter functionality to the 

manufacturer. The flicker level decreased significantly 

after the firmware replacement. 

 

INTRODUCTION 

The authors of the article were asked recently to identify 

the issue of high flicker values at the Point of Common 

Coupling of the PVPP (Photovoltaic Power Plant). The 

flickermeter function is defined in IEC 61000-4-15 [1]. 

Flicker is caused by time varying voltage drops on the 

impedance of the distribution system (DS). The flicker 

phenomenon is connected with DS short circuit 

impedance, steadiness of sources and steadiness of loads 

[2]. The flicker level depends on the level and frequency 

of voltage variations and it is one of several parameters 

describing Power Quality (PQ) [3], [4]. Steadiness of 

electrical power is problematic for the PVPP and wind 

turbines because of instability of the primary energy 

sources: sunshine and wind. The aforementioned power 

sources bring new issues by means of deteriorative PQ [5], 

[6]. There are some new approaches to evaluating the 

flicker level e.g. [7], but for the purpose of this paper, the 

traditional approach [1] was used. The PVPP is 

implemented as two identical sets of 10+20 kW inverters 

and PV panel assemblies, each with a power of 30 kW, see 

Fig. 1. Each pair of inverters is connected to the Point of 

Common Coupling with a cable having a cross section of 

25 mm2 and a length of 69 m. 

Short-time flicker (Pst) and long-time flicker (Plt) levels 

were recorded over several days using an off-the-shelf 

power quality analyzer, see Fig. 2. In all phases, the flicker 

waveform was very similar, so the flicker waveform for 

the L1 phase was shown only for clarity reasons. Each 

assembly includes two inverters: 10 kW and 20 kW.  

All graphs in this paper show the active power measured 

on one phase of the 20 kW inverter to make the graphs 

simple and clear. 

 

 
Fig. 1 The topology of the Photovoltaic Power Plant 
 
It is obvious from the figure that the permitted Plt value is 

repeatedly significantly exceeded in specific parts of the 

day, both in the morning and in the evening. All the 

measurements were always performed on the AC side of 

the inverters and the behaviour of all of the four inverters 

by means of fast active power changes was almost 

identical. 

  
Fig. 2 The inverter PL1 and Pst, Plt waveform for a 3-day 
interval, the aggregation interval of 10 min. 
 
The standard PQ analyzer recorded an active power 

waveform with an aggregation interval of 10 minutes as 

well as 200ms. The waveform of the active power was 

almost identical for both aggregation intervals and, at the 

same time, the shape was typical of the PVPP without any 

signs of power fluctuation. Thus, the cause of the high 

flicker value is not obvious from the active power 

waveforms.  

GRID CONNECTION ASSESSMENT 

Assessment of short circuit impedance 

IEC 60725 [8] sets the reference impedance value, or more 

precisely, a reference (relative) short circuit impedance 

(short circuit power) value for the low voltage (LV) 

distribution network and electric equipment of nominal 

current less than 16/75 A. It is assumed that if the required 
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impedance value is met at the point of network connection, 

an electric appliance should not produce any adverse 

retroactive impacts on the network, therefore, no 

interference in the network should occur. The question is 

when the Distribution Network Operator (DNO) and when 

the customer is responsible for poor Voltage Quality (VQ). 

 

Electric equipment 

nominal current 

Modul of 

reference 

impedance 

Reference short 

circuit power 

up to 16A 0.28 Ω 570 kVA 

up to 75 A 0.21 Ω 760 kVA 

Tab. 1: Reference three-phase short circuit impedance 

(three-phase short circuit power) for electrical equipment 

with rated current ≤16A/75A  

The reference impedance can be used as the guideline for 

making a decision about the responsibility for the poor 

VQ. The experience of DNO shows that keeping up the 

reference impedance cannot guarantee full voltage quality 

for all LV grids. In this paper, the short circuit impedance 

was evaluated and compared with the reference value. The 

calculated short circuit impedance at Point of Common 

Coupling (PCC) is 0.08 Ω which is a better value than the 

reference value. 
 

Assessment of voltage quality 

From the VQ point of view, the voltage variations and the 

flicker level were evaluated only for this paper. LV 

measurements were made in points of the PVPP 

connection, at the end of the 69m cable lines (see Fig. 1). 

The results of these measurements were recalculated to the 

PCC and were evaluated according to standard EN 50160 

[9]. The PC-based PQ analyzer described below was used 

for measurement of all the phenomena described in this 

paper.  
 

Voltage variations 

Under normal operating conditions, excluding the periods 

with interruptions, supply voltage variations should not 

exceed ± 10% of the nominal voltage Un. A test method 

for low voltage level (under normal operating conditions) 

follows these rules/requirements [9]: 

 during each period of one week, 95% of the 10 min 

mean rms values of the supply voltage shall be 

within the range of Un ± 10%, and 

 all 10 min rms values of the supply voltage shall be 

within the range of Un + 10%/-15% 

Also, if one 10 min mean rms value of the supply voltage 

exceeds, during the week, the limit Un + 10%   (110% Un), 

it will result in overvoltage and voltage quality or voltage 

variations will not comply with the requirements of 

standard EN 50160. The evaluation of the voltage 

variations in the PCC is provided in Tab. 2 illustrating that 

the voltage variations comply with the requirements of EN 

50 160 standard. 

Voltage percentile Limit value  Measured value 

100 % max 110 % 105.5 % 

95 % max 110 % 105.5 % 

95 % min 90 % 97.3 % 

100 % 85 % 95.5 % 

Tab. 2: Evaluation of voltage variations in PCC 

 

Flicker 

Under normal operating conditions, during each period of 

one week, the long-term flicker severity Plt caused by 

voltage fluctuation should be less than or equal to 1 for 

95 % of the time [9].  

 

Flicker Limit value  Measured value 

Plt 1 1.1 

Tab. 3: Evaluation of flicker in PCC 

 

The evaluation of the flicker in the PCC is shown in Tab. 

3 demonstrating that the flicker level does not comply with 

the requirements of EN 50 160 standard. The grid 

impedance in the PCC is better than the reference value, so 

the problem with the flicker is not on the side of the grid 

connection. We assume that a contributor of retroactive 

impacts operates in the grid. 

TAILORED PQ ANALYZER 

A PC-based PQ analyzer was used for the measurement of 

all the phenomena described in this paper. The authors 

used hardware of commercial PQ analyzer DEWE 561, 

which contains the following main blocks: a PC running a 

Windows operating system, electronic circuits for voltage 

and current inputs signal conditioning and the National 

Instruments data acquisition board. DEWE 561 has direct 

voltage inputs and Chauvin-Arnoux MN39 current clamps 

(two ranges 20/200 A) were used as a current sensor.  

 

The standard off-the-shelf PQ analyzer functionality is 

defined in IEC 61000-4-30 [10].  Special analyzer 

firmware has been developed to detect the potential cause 

of a high flicker value due to very fast power changes;. 

LabVIEW graphical programming language using the 

Electrical Power Toolkit library was used as a 

development environment to make an instrument 

prototype. In addition to the 10 min and 200 ms 

aggregation intervals, the firmware developed can record 

active power for an aggregation interval of 10 ms 

(synchronized half a period of 50 Hz fundamental 

frequency) and an instantaneous flicker for an aggregation 

interval of 20 ms. 

The instantaneous voltage and current values, from which 

the value of the instantaneous active power is calculated, 

are the basis for the calculations in the firmware. 

𝑝(𝑛) = 𝑢(𝑛) ∙ 𝑖(𝑛)   (1) 
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Fig. 3 PQ analyzer DEWE561 and calibrator OMICRON 
256+ 
 
The firmware of the analyzer, once within the time 

window TW, calculates the mean value of the active power 

(2).  

𝑃 =
1

𝑁
∑ 𝑝(𝑛) =

1

𝑁
∑ 𝑢(𝑛) ∙ 𝑖(𝑛)𝑁
0

𝑁
0   (2) 

In principle, the shortest time window TW, for which the 

active power mean value can be calculated, is equal to half 

of the period of the fundamental harmonic. The 

flickermeter [1] provides two quantities: each 10 minutes, 

short time flicker Pst, each 2 hours, long time flicker Plt 

[10], for regular use. According to the functional diagram 

of the IEC flickermeter [1], the instantaneous flicker Pinst 

is provided on the output of module 4 and Pst and Plt are 

provided on the output of module 5. Module 5 provides 

statistical analysis of Pinst. Commercial flickermeters do 

not provide Pinst, as it is an internal quantity, so it is not 

used for PQ evaluation. The PQ analyzer firmware 

provides an instantaneous flicker for the purposes of 

flicker source identification and correlation of the flicker 

level with rapid changes of the active power. 

Firmware measures developed and records following 

quantities: 

• Voltage, current, active and reactive power with a 10 ms 

aggregation interval (each half-period of signals with a 

fundamental frequency of 50 Hz). 

• Instantaneous flicker pinst with 20 ms aggregation 

interval (each period of signals with a fundamental 

frequency of 50 Hz), flicker Pst (10 min) and Plt (2 h). 

• Oscilloscope waveforms of voltage and current can be 

recorded on demand with a sampling frequency of 9600 

samples per second.  

Recording of all the above-mentioned quantities (except 

Pst and Plt) is highly demanding in terms of hard drive 

space, but, on other hand, this way of data recording 

provides a very detailed view on the electrical quantities 

measured. The functionality of the firmware and the 

precision of the entire PQ analyzer were checked by an 

OMICRON CMC 256+ calibrator, see Fig.3. 

MEASUREMENT RESULTS 

The active power waveform for an 8-hour interval 

recorded at an aggregation interval of 10 ms (see Fig. 4), 

detected a rapid power fluctuation in the morning and in 

the late afternoon, i.e. at times when the PVPP active 

power was low. The details from Fig. 4 can be seen in Fig. 

5 and Fig. 6 for a better understanding. Fig. 5 shows the 

detail of the active power variation termination, when the 

instantaneous flicker level dropped rapidly (approximately 

at 08:37).  

 

 
Fig. 4 The inverter active power PL1 and Pst waveform for 

an 8-hour interval, the PL1 aggregation interval of 10 ms 

 

 
Fig. 5 The inverter active power PL1 , Pst and pinst waveform 

for a 60 min interval 

 

The increased flicker pinst values, even after the power 

fluctuations of one of the inverters occurred in the 

morning, are worth noting (see Fig. 4, time 08:39 and 

08:53). The reason is the fact that there are four inverters 

altogether, all of which actively contribute to the flicker 

level. The flicker waveform across all the graphs thus 

corresponds to the active power contributions of all four 

inverters. Fig. 6 shows the instantaneous flicker level rise 

without any obvious active power rise, but Fig. 7 explains 

this phenomenon. The active power fluctuation has the 

same peak-peak amplitude, but different frequency. The 

flicker level depends on the voltage fluctuation amplitude 

and frequency. 

 
Fig. 6 The inverter active power P and pinst for a 2 min 

interval, the aggregation interval of 10 ms 

 

 
Fig. 7 The inverter active power P and pinst for a 2-sec 

interval, the aggregation interval of 10 ms 
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INVERTER FIRMWARE 

It is obvious that the high level of flicker is caused by rapid 

changes of the active power generated by the inverters (see 

Fig. 7). The frequency of the active power changes is too 

high to be caused by sunshine changes. Anyway, the 

authors emphasize that there is no direct relation between 

the level and the frequency of the active power changes 

and the level of the instantaneous flicker presented in 

Fig. 7, because the flicker is caused by the contribution of 

the four inverters (see Fig. 1) and the active power curve 

shows power from one inverter only. 

The analyzer firmware developed has been able to clearly 

demonstrate the improper behaviour of the PVPP inverters 

that, at low power of the PV panels, instead of constant 

active power delivery, provided pulse supplies with a 

varying pulse frequency. The inverter's firmware 

malfunction has been clearly proved to the inverter 

manufacturer and the manufacturer has been asked to take 

remedial action. 

RESULTS AFTER INVERTER FIRMWARE 

UPGRADE 

After negotiations with inverter manufacturer, the 

firmware of all four inverters was upgraded to a new 

version. Then, the measurement using the PQ analyzer 

developed was repeated. The sunshine intensity 

distribution during the days was different in comparison 

with the first measurement (Fig. 2). From the measurement 

results (Fig. 8), it is obvious that even though the active 

power is higher, the flicker level is much lower in 

comparison with the situation before the inverter firmware 

upgrade. Figure 9 visualises the rapid power fluctuation in 

the early morning hours and in the evening; the detail can 

be seen in Figure 10. In comparison with the active power 

fluctuation during low sunshine before the inverter 

firmware upgrade (Fig. 4, Fig. 5), the behaviour of the 

inverter upgraded is much better: the power fluctuation 

during low sunshine remains, but the amplitude of 

fluctuation is much lower. The most important is the fact 

that flicker severity is much lower during low sunshine, 

compare Fig. 2 and Fig. 8, Fig. 4 and Fig. 8. Anyway, 

from Fig. 10 it is obvious that the inverter firmware after 

being upgraded is still not perfect. 

 

 
Fig. 8 The inverter PL1 and Pst, Plt waveform for a 5-day 

interval, the aggregation interval of 10 ms 

 

 
Fig. 9 The inverter active power PL1 and Pst waveform for 

a 14-hour interval, the PL1 aggregation interval of 10 ms 

 

The active power fluctuation stopped at 06:30, then, after 

10 minutes without fluctuations, new fluctuations started 

to appear for a while without any reason by means of the 

active power level.  

 

 
Fig. 10 The inverter active power PL1 and Pst waveform for 

a 2-hour interval, the PL1 aggregation interval of 10 ms 

CONCLUSION 

The measurement of the active power with an aggregation 

interval of 200 ms, a PQ analyzer basic time window 

according to the standard [10] or even an aggregation 

interval of 10 minutes cannot detect the described 

improper operation of the inverter indicated by rapid 

changes in the active power. Simply, during the power 

waveform, rapid changes are not noticeable as they are 

"averaged" by a long aggregation interval. Common, off-

the-shelf PQ analyzers detect exceeding of the flicker 

limits, but without the possibility to conclusively identify 

the cause (see Fig. 2). A measurement conducted by the 

PQ analyzer developed with a short aggregation time of 

10ms ms (a synchronized half period of the 50 Hz 

fundamental frequency) will record the rapid active power 

amplitude changes and rapid power sign changes. 

Furthermore, it is obvious that conventional PQ analyzers, 

although of class A, that evaluate fully in accordance with 

the international standards, but the quantities such as U, I 

and in particular P are stored by an aggregation interval of 

10 minutes, cannot detect incorrect behaviour of the PV 

inverter. Nevertheless, no international standard focused 

on the PQ requires a PQ analyzer to identify the causes of 

an improper VQ. 
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