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Abstract 

Electrical power quality disturbances have become an important issue now a 

day. Power quality disturbance is mainly caused by a nonlinear load and 

quality of power also be affected by solar rooftop PV system integrated to 

distribution network.  This paper presents measurement of power quality data 

of a rooftop solar PV system. The real time data has been collected from net 

meter and PQ analyser. This paper deals with measurement of several 

electrical parameters such as rams voltage ,current, current harmonics, voltage 

harmonics,  Total current harmonics distortion (ITHD), Total voltage 

harmonic distortion(VTHD), active power, reactive power, power  factor and 

Power quality Monitoring was carried out for four days from 9th November to 

12th November 2016.      
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I.   INTRODUCTION 

In recent years, the number of solar PV system connected to the electricity grid has 

increased significantly. These Grid Connected PV Systems have solar panels that give 

mainly of their power needs during the day time, even as still being connected to the 

local electrical grid network during the night time. Usually Solar powered PV systems 

can produce more electricity than is actually needed, particularly during the long hot 

summer Season. This extra electricity is either stored in batteries or as in most grid 

connected PV systems, fed directly back into the electrical grid network [1]. 
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In a grid connected PV system, as we known as on-grid  or grid-tied solar system, the 

PV solar panels or array are electrically connected or  tied grid  means   electricity 

grid which feeds electrical energy back into the grid. The major advantage of a grid 

connected PV system is simple, somewhat low operating and maintenance costs in 

addition to reduced electricity bills. The drawback is that a sufficient number of solar 

panels need to be installed to generate the large amount of surplus power .Since grid 

tied systems feed their solar energy directly back into the grid, expensive back-up 

batteries are not necessary and can be omitted from most grid connected designs. 

Also, as this type of PV system is permanently connected to the grid, solar energy 

consumption and calculations of solar panel sizing are not required, giving a large 

range of options allowing for a system as small as 1.0kWh on the roof to help 

decrease your electricity bills [2]. 

 

II. PQ MEASUREMENT FOR INTERCONNECTING ROOFTOP SOLAR PV 

Now a day the rate of Rooftop solar PV integrated to a low voltage distribution 

network increases gradually, since customers are part of the integration of rooftop PV 

into the distribution network in this net metering era. The customers may be a 

residential customer, commercial and industrial customer. Develop an online 

monitoring technique to mitigate risks caused by solar PV integration and to support 

solar PV implementation. The figure1 shows single line diagram of solar PV 

integration along with power quality measurement technique at the customer side [3]. 

 

 

Figure 1.  PQ measurement at solar PV system at customer side. 
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 Grid Connected Net Metering 

If during a sunny day more electricity is produced by your solar PV system then you 

use or consume, this excess solar power is delivered back to the utility grid with the 

effect of rotating your electric meter backwards. When this happens you will normally 

be given credits by the local power company for the amounts of electricity produced 

by your grid connected PV system. 

If during the billing period you use or consume more electrical energy than you 

generate, you are billed for the “net amount” of electricity consumed as you would be 

normally. If, however, you generate more solar energy than you consume, you are 

credited for the “net amount” of electricity generated which may be either a reduction 

in your monthly electricity bill or a positive payment [4].When installing a PV 

system, if net metering is available by your local electricity company, you may be 

required to install a new second electrical meter instead of using a single electricity 

meter that spins in both directions. This new meter allows for a measurement of net 

energy consumption, both entering and leaving the system and would be used to 

reduce your electricity bill. However, each electrical utility company has its own 

policy regarding the buying back of energy generated by your own small solar power 

station. 

 Photovoltaic system Monitoring and Data logging 

Monitoring and control of photovoltaic systems is essential for reliable functioning 

and maximum yield of any solar electric system. The simplest monitoring of an 

inverter can be performed by reading values on display – display (usually LCD) is 

part of almost each grid-connected inverter. Most important inverter and grid related 

parameters are available on LCD screen in such case. Values like PV array power, AC 

grid power, PV array current are usually available. For sophisticated monitoring and 

control purposes environmental data – like module temperature, ambient temperature, 

solar radiation, wind speed can also be data logged, stored and analysed later. Remote 

control and monitoring can be performed by various remote connections such as 

analog modem, ISDN, GSM etc. The most common connection for local/remote 

control is USB (sometimes even RS232) for local monitoring, RS485 and power line 

for inverter interconnection. For wireless connection Bluetooth and Wi-Fi are most 

common used.  

Data can be stored in inverters memory or in external units (data loggers). Different 

solutions are available on the market. Some producers offer also additional memory 

increase or upgrade. Better data loggers offer monitoring functions (data logging) for 

several electrical quantities like  active power, reactive power, power factor, total 

current harmonics distortion (ITHD), Total voltage harmonic distortion(VTHD) and 

individual current and voltage harmonics have been observed including voltage sag 

swell and current [5 ]. 
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III.  PQ MEASUREMENTS USING ElNet DIGITAL ENERGY METER 

Large consumers of electricity e.g. industries, municipalities, hotels, hospitals, need to 

know the history of their utilization and the quality and the estimations of the power 

supply.  

The ElNet Energy & Power meter a compact, multi-functional, three-phase Power 

meter easy to install and is particularly intended to incorporate into Building 

Management Systems. It requires no special mounting and is preferably suited for 

mounting on the front face of any standard electrical board. The Configuration and 

Setup is menu driven, with secret key protection. Communication with external 

gadgets is simple and is based on standard known protocol. 

 

 FRONT PANEL DISPLAYS 

It displays numerous parameters like current, voltage, frequency, harmonics, etc. On 

the front panel of the net meter display and how to select the particular tab associated 

with it. Figure 2illustrates the main menu of the ELNET energy meter front panel 

where different energy related parameters options are available. Figure 3 illustrates 

how selection of voltage, current and frequency can be done. Figure 4 represents 

display screen of current, voltage and frequency.  

 

     

Figure 2. Main Menu of Net meter   Figure 3. Current, Voltage and Hz   Figure 4. Voltage screen 

 

 COMMUNICATION 

Figure 5 illustrates serial flow communication between Elnet LT energy meter and 

PC. An Elnet energy meter is provided with RS485 communication port. For data to 

display on PC in real time MODBUS software has been used. In order to display the 

real time data to PC an RS 485 to RS 232 converter provided with a COM port for 

connecting to PC. Through MODBUS real time data readings are displayed on the 

window screen.  
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Data Flow Diagram: 

 

 

Figure 5. Serial communications through RS485 to RS 232 cable 

 

MODBUS is an Industry Standard, generally known and normally utilized 

communications protocol. Using MODBUS gives communication between a PC and 

up to 247 Power meter slaves on a typical line – the PC being the master and the 

power meters the slaves. The PC starts the exchange (either a query or broadcast) and 

the Power meter/s responds. Power meters react to the master PC’s request, yet won’t 

start any transmission on its own. The PC sends a single Query exchange and the 

Power meter reacts in a single response frame and is capable of only one query and 

one response at a time.  

 

IV. OBSERVATION AND ANALYSIS 

Figure 6 shows the complete set up of serial port communication between Net meter 

and PC where the readings from energy meter are displayed on the PC. 

 

Figure 6. Setup for real time monitoring PQ signals 

 

The noise or PQ disturbances in the voltage pattern of a CFL bulb can be determined 

using PC. Net meter is connected to PC via RS485 to RS232 cable thus we can read 

different parameters like 3 phase voltage (current) values, frequency, power factor etc. 

Modscan is a tool used to read and those voltage values are transformed MATlab 

platform to plot the change in voltage w.r.t time i.e, voltage- time graph. 

Energy meter RS485 

Communication port 
RS485 to RS232 

Converter 

PC (MODBUS                            

Software) 

Net meter connected 

to PC 
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This voltage time graph can be used to determine the noise in the voltage of CFL 

bulb. Figure 7shows real time monitoring of CFL bulb in Matlab for certain duration. 

 

Figure 7. Waveform obtained using Matlab 

 

 Measurements using PQ analyzer. 

PQ analyser EN50160 was used measure PQ parameter and it was connected to solar 

PV system along with net meter. Figure 8 and figure9 shows the complete set up of 

solar pv connected to pq recorder along with net meter respectively, Recorder which 

is connected to one phase of the circuit and table 1 shows some  power quality data’s 

which was measured for period of  four days. 

 

 

Fig 8. Internal connection of PQ analyser connected to pv system. 
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Fig 9. Display of PQ analyser and net meter. 

 

Table 1. Data sheet for some parameter of PQ measurement using PQ analyser 

Time V1Avg [V] I1_Avg [A] 
freq_ 

Avg [Hz] 

P Avg 

[W] 

thdV1_ 

Avg [%] 

thdI1_ 

Avg [%] 

Pst1 

_Avg 

09-11-2016 

14:51:00 
246.2 2.418 50.07 580.2 3.298 14.54 0 

09-11-2016 

14:52:00 
249.5 2.002 50.08 485.8 3.231 13.08 1.267 

09-11-2016 

14:53:00 
249.1 1.722 50.08 414.8 3.296 12.13 1.399 

09-11-2016 

14:54:00 
249.4 1.515 50.04 362.5 3.328 11.95 2.963 

09-11-2016 

14:55:00 
249.7 1.279 50.03 296.6 3.444 21.39 2.659 

09-11-2016 

14:56:00 
248.4 1.215 50 270.4 3.444 30.15 2.457 

09-11-2016 

14:57:00 
249.3 1.179 49.95 254.3 3.496 40.25 0.895 

09-11-2016 

14:58:00 
247.6 1.162 49.94 243.4 3.49 46.01 0.57 

09-11-2016 

14:59:00 
244.7 1.163 49.92 234.9 3.688 51 0.904 

09-11-2016 

15:00:00 
244.4 1.152 49.93 230 3.791 52.73 1.28 
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09-11-2016 

15:01:00 
245.3 1.129 49.94 225.4 3.824 53.31 1.208 

09-11-2016 

15:02:00 
246.5 1.134 49.92 225.6 3.655 54.86 1.109 

09-11-2016 

15:03:00 
245.3 1.146 49.93 226.8 3.628 55.06 1.13 

09-11-2016 

15:04:00 
245.3 1.127 49.93 222.6 3.642 54.98 1.149 

09-11-2016 

15:05:00 
244.2 1.123 49.95 219.8 3.666 55.01 1.225 

 

 

Fig10. Voltage sag swells parameters for four days. 

 

Fig11. Inrush current and voltage for four days 

 

The instrument catalogs as voltage anomalies all those RMS values, calculated in 

each half-period (10ms at 50Hz, 8.3ms at 60Hz), which are out of the thresholds set 

upon configuration by 1% to 30% of a set reference value with a 1% step as shown in 

fig10. The instrument catalog as Inrush Currents all events characterized by the phase 
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current exceeding a preset threshold. The maximum number of events which can be 

recorded in a Recording is 1000 which is shown in fig11. 

 

Fig.12. Voltage data recorded in time. 

 

 

Fig.13. Current data recorded in time. 

 

The Voltage and Current instantaneous values acquired by the instrument are used to 

display a graphic window showing the Voltage and Current waveforms. Current 

distortion is due to current waveform demanded by nonlinear loads and also the 

current injected by PV inverters into Grid. Monitoring periods were carried out from 

9.11.16 to 12.11.16. Fig.12,13 shows the voltage and current variation data 

respectively for nearly 4300 pixels. 
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Fig14. Measured values for voltage harmonics  Fig15. Measured values for current harmonics 

 

Investigation of PQ parameter related to harmonics emitted by a PV system which is 

dated dated From 9th nov 2016 to 12 nov 2016. Fig14shows amount of voltage 

harmonics of order 3,5,7,9,11,13th and Fig15 shows amount of current harmonics of 

order 3,5,7,9,11,13th . 

 

VI. CONCLUSION  

The Power Quality disturbances analyses play a vital role towards stability of system. 

PQ disturbances contributed by loads are necessary to be taken account of in 

evaluating and studying stability of the system. Moreover, the polluted distribution 

network combining with the harmonics emitted by the PV system is necessary to be 

studied systematically. Regarding these observations, either loads or the solar PV 

system potentially contribute to PQ disturbances. In this paper, electrical PQ 

measurements and harmonic levels of rooftop solar PV integration are presented. 

Monitoring periods were carried out from 9.11.16 to 12.11.16 and achieved voltage 

and current variation data for nearly 4300 pixels. Later These PQ data will be used for 

analysing the compression Technique. 
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