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Abstract - This paper focuses on the conducted electromagnetic 
interference emissions generated in a building grid-tied PV 
power system. It emphasizes on the inverter AC side, including 
the building power grid, as being the interference source and the 
PV side as the victim circuit, having the inverter as the coupling 
path. The applicable standards of the grid-tied PV system as 
being a fixed installation are discussed.  
The effect of the impedance variation on the performance of the 
inverter side EMI filter is investigated. 
In-situ conducted emissions measurement of the PV system 
connected to the grid, at different points within the system, has 
revealed the existence of an excessive EMI noise, originating 
from the building power utility and propagating toward the DC 
side of the inverter. The conducted emissions waveforms are 
presented and the results are discussed. 
Key words: Conducted EMI, EMC, Photovoltaic system, grid 
impedance 

I. INTRODUCTION 
The discussion on the fossil energy depletion breeds a 

serious concern and paved the way for new alternative energy 
to compensate for the future energy demand. The emerging 
renewable energy such as solar energy has been a feasible 
solution for this energy dilemma. However, the solar energy 
exist as a raw energy and needs to be harnessed to a level at 
which the consumer can exploit it. This can be translated into 
a set of electronic sub-components which can be connected 
together to process this energy. The electrical power is 
produced using the photovoltaic cells found in solar panels  

One critical subsystem of solar, or photovoltaic, 
installations is the solar inverter. These devices carry out the 
key step of feeding the newly generated power into the power 
grid. However, this “free” energy comes with a price tag 
resulting in electromagnetic pollution or interference, either 
being conducted to other sensitive equipment or radiated in 
free space. Of course, the next logical concern is preventing or 
mitigating this interference and achieving electromagnetic 
compatibility or EMC. Furthermore, the inherent concept of 
EMC involves defining certain limits that allow multiple 
devices and systems to function efficiently without causing 
problems or suffering impairment caused by interference. 

Assuring the EMC compliance of solar inverters is 
preemptive approach before integrating this sub-component 
into the PV system. However, the PV system level compliance 
can not be guaranteed by looking only at the inverter as being 

the culprit component in the system. Therefore, the system 
level approach has to be adopted to ensure compliance with 
essential requirements of the EMC Directives.  

There are a few contributed papers that have been 
published which points out the issues of the EMI emissions, 
either being conducted or radiated. However, it has been 
found that in a low power PV grid connected system, the DC 
wiring acts as antenna at resonance [1]. Preliminary 
suggestions on PV system testing methods for EMC 
compliance, were discussed in [2], however, the conclusion 
calls for the need for further investigations on the DC side 
behavior in terms of RF noise. In [3] the design of the line 
impedance stabilization network (LISN) and the conducted 
emissions limit lines have been proposed, and the values of 
the passive components have been given. However, the 
following points need to be addressed; 1) both the LISN 
design and the limits proposals, have been achieved based on 
laboratory measurements, rather than extrapolated using 
empirical field data to reflect the source impedance variations. 
2) The production of the proposed LISN is difficult to 
implement, due to the DC side high current. 3) It is important 
to compare the actual value of the LISN to the existing 50 
Ohms LISN as per EN61000-6-4. The EMC qualifications of 
the PV system components have been carried out by [4], using 
the LISN proposed by [3], the problem is that, the EMC 
compliance approach of each components, does not necessary 
converge into an EMC  compliant at the system level . 

This paper addresses the issues of the applicable standards 
in a grid-tied PV system, with the system being a fixed 
installation rather than an apparatus. It also, investigates the 
effect of the utility side impedance variations on the DC side 
of the PV system as a function of the insertion loss of the 
integrated EMI filter of the inverter. A complete conducted 
emissions testing as per EN61000-6-4 [5] was performed on a 
real time PV plant connected to a building power grid. 

II. APPLICABLE  STANDARDS 
EMC regulations of grid-tied PV system have not been a 

straightforward application, due to the definition of its 
components being regulated separately or as an integral entity.  
At present, there are no specific standards regulating PV 
systems. In fact, there is no precise category for these devices. 
Currently, efforts are underway to come up with standards 
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The corresponding result of the EMI noise spectrum, as per 
EN61000-6-4 standards, is shown in Figure 12. 
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Fig. 12 EMI noise spectrum with PV system fully operational; LISN placed at 
the DC side of the inverter 

The noise frequency spectrum measurement reveals 
significant conducted EMI noise that is generated within the 
power grid and the inverter module and exceeds the applicable 
generic emission standards for fixed installation. The 
installation of the line filter at the output of the inverter 
provides a poor noise attenuation performance, due to the 
impedance variations of the power grid which results in the 
amplification of the EMI noise which is propagated in the PV 
system. However, an EMI filter at the DC side of the inverter 
is required to attenuate excessive conducted electromagnetic 
noise. 

A final measurement was done at the grid side, to see the 
amount of EMI noise generated from the inverter. The 
measurement was done under these conditions. 

LISN is placed on the AC side of the inverter, 
specifically, at the primary side of the isolation transformer.  

The input DC power to the inverter is connected. 
The inverter module is operational. 
The AC side (grid side) is connected. 
The time of testing was done at maximum PV power 

throughput. 

The results are shown in Figure 13. 
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Fig. 13 EMI noise spectrum with PV system fully operational; LISN placed at 
the AC side of the inverter 

The frequency sweep of the EMI noise at the AC side of 
the inverter indicates that there is a significant EMI noise 
generated in the inverter and reflected back to the grid system. 
This performance degradation is due to the poor design or 

selection of the line filter. Hence, a good evaluation of the 
grid impedance is important, in selecting the proper line filter. 

VIII. CONCLUSION 
The classification of the PV system for EMC testing is a 

debatable issue. However, by knowing the type of 
configuration of the PV system as being a stand alone or a 
grid-tied, the PV system can be classified as a fixed 
installation or a set of apparatus as defined by the new EMC 
Directives. In this paper the PV system is a grid-tied 
configuration and it is considered as a fixed installation. 
Therefore, the generic emissions standards were applied. 

The effect of the grid impedance on the line filter 
performance is significant and it must be evaluated when 
selecting the line filer. The conducted EMI measurements 
reveal significant emissions generated by the inverter module 
and propagated back to DC side of the PV system. This 
requires an additional EMI filter at the input side of the 
inverter.  
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