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ABSTRACT 

Many Norwegian electric vehicle owners have had 

charging problems. Examination of reported issues and 

case studies has shown that a significant amount of 

problems is caused to ground faults in the Norwegian IT-

networks. This is possibly due to implementation of the 

ground monitor interrupter (GMI), which falsely identifies 

some ground faults as dangerous network conditions. 

Changing the network phase to earth impedance is shown 

to affect the function of the GMI, explaining why some 

problems disappear when a power quality analyser is 

plugged in to troubleshoot the problems. 

INTRODUCTION 

Norway has the highest number of electric vehicles (EVs) 
per capita in the world, estimated at 194 900 vehicles, and 
49 % of new cars are either electric or plugin hybrid [1]. 
According to the survey “Elbilisten 2018”, an annual 
questionnaire sent to electric vehicle owners who are 
members of the EV interest organisation Elbilforeningen, 
most motorists are very satisfied with their EV. However, 
the same study also shows that 10,4 % have had different 
types of charging problems. 33 % of these charging 
problems was never solved. 
 
The high rate of charging problems is worrisome. If EV-
ownership is associated with more hassle, EV adoption 
rate might slow down. Furthermore, troubleshooting these 
issues can be time consuming, both for customers, EV-
suppliers, and utilities, who sometimes receive formal 
complaints due to customers charging problems. 
 
In order to address these issues, this article will describe 
some observed causes for EV-charging issues, as well as 
some indication on their observed frequency. One type of 
charging problems that have been observed to cause a large 
percentage of problems is discussed in particular: when 
safety systems in the EV charging cable or home charging 
station mistake ground faults in IT networks as a 
dangerous network condition. Underlying causes and 
corrective solutions are discussed, before long term 
solutions are suggested.  

                                                           

1 If there is more than one ground fault, this will be the 

equivalent of a two-phase short circuit through ground. 

Depending on fault impedances and grounding resistance, 

 
The material presented in this article is based on the work 
in the research project EMC in smart grids, a two-year 
project focused on identifying effective troubleshooting 
methods for new type of EMC problems. Information has 
been gathered by performing troubleshooting on live 
cases, interviewing utility personnel, suppliers and EV-
owners, and a detailed follow up survey to some of the 
respondents with charging problems in “Elbilisten 2018”. 

GROUND FAULTS IN IT-NETWORKS 

Norway, unlike most other countries in the EU and the 
world, has a public low voltage IT-network, where faulted 
networks may continue operation (legally faults must be 
corrected within four weeks, but many faults remain 
undetected).  
 

During the first fault in an IT-network, there will only be 

a small capacitive fault current in the range of some 100 

mA since the neutral is isolated from ground. The size of 

the fault current depends on whether the network 

capacitance, which depends on whether the network is 

cabled and the sum of the cable / line-length. Faults are 

most typically located in installations or connected 

appliances, not in the public network. In new installations, 

residual current circuit breakers are required, which will 

disconnect faulty circuits. But for older installations this 

was not required, and network areas with older 

installations may have one (or several) ground faults1. 

 

During a ground fault, the phase voltages will change 

depending on the fault impedance. During a low 

impedance ground fault, the phase voltage of the faulty 

phase will go to zero. If there is a larger fault impedance, 

the phase voltage will be the product of the fault current 

and impedance. An example is shown in figure 1, different 

types of faults are described more in detail in [2]. 

 

These ground faults do not disturb operation, but newer 

consumer electronics often contain safety functions 

developed with TN-networks in mind, which may detect 

ground faults as a potential danger.

the fault current may or may not be high enough to lead to 

a fuse tripping. This is a fire hazard, and one of the reasons 

why RCDs are required in new installations. 
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Figure 1: Representation of phase and line voltages before (left) and after (right) a high impedance ground 

fault on phase 2. During a low impedance fault, the neutral point will move completely to th e corner in 

the triangle on the faulted phase.  

OBSERVED ISSUES  

Charging problems can be caused by a wide range of 

different causes. The following categories are not an 

extensive overview, but shows the causes that interviews, 

case studies and questionnaires have shown that are 

typical. 

 

Ground faults 

The ground monitor interrupter (GMI) in EVs, which 

verifies that the electric vehicle is bonded to the ground in 

the electrical installation that supply it, can cause charging 

problems in networks with ground faults.  

 

Sensitivity to ground faults give rise to situations where an 

electric vehicle for instance does not charge at the home of 

the owner but does charge at the workplace and other 

locations. Different models have different sensitivity to 

ground faults, so some EV-model might charge where 

another will not. Figure 2 shows the voltage in a case 

where a Volkswagen e-Golf would not charge when there 

was a ground fault present. In this case, it was only this EV 

which had charging problems on a parking lot where many 

other vehicle models were charging without problems. 

 

Since ground faults may be intermittent2, the fault 

impedance can vary with time, and different EV-models 

can have different sensitivity to ground faults, these types 

of faults may seem very erratic and difficult to 

troubleshoot. 

 

It is difficult to determine exactly how large percentage of 

charging issues is caused by ground faults. When 

customers describe their problems (e.g. in questionnaires), 

they do not have sufficient understanding of electrical 

engineering to determine the cause. Based on reported  

                                                           

2 E.g. when located in lamps controlled by light sensors.  

 

symptoms it is difficult to distinguish ground fault related 

issues from harmonic noise and software issues. However, 

based on case studies, problems solved when the utility is 

correcting ground faults, and problems that are reported 

solved by replacing the charging cable (where the GMI is 

implemented) it seems that a large percentage of charging 

problems in Norway is caused by ground fault related 

problems. 

 

 
Figure 2: Line and phase voltages during an 

intermittent ground fault that caused charging 

problems (faulty phase not measured).  
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Harmonic noise 

 

EV-chargers produce some harmonic and supraharmonic 

emission, which has been shown to cause interference in 

some instances. The degree of noise is strongly dependent 

on the vehicle model [3], but also network characteristics 

(background emission and impedance). In one specific 

case (one other has also been reported), a Nissan Leaf 

caused the LED downlights in a kitchen to flicker when 

charging. However, another Nissan Leaf model did not 

cause this issue when charging in the same installation. 

Some EV-models have also been shown to produce higher 

harmonic voltages than allowed in EN 50160, e.g. a 

Volkswagen e-Golf that resulted in 1,66 % for the 9th 

harmonic. 

 

EVs might also be affected by harmonic noise in the 

network – one interviewed EV charging system-supplier 

mentioned that they occasionally had to install filters on 

neutral wires to mitigate charging problems. In another 

case, the PLC from smart meters were interrupting the 

charging of a Tesla Model S3.  

Faults in the electrical installation or EV-charging 

system 

 

Faults in the electrical installation may not be common but 

can result in serious consequences. The Norwegian 

electricity safety regulator (DSB) has together with 

NELFO (Electro professionals organization), the IEC 

national committee of Norway (NEK), and 

Elbilforeningen, created guidelines for EV-charging which 

requires that the circuit the charger is connected to is to be 

protected by a Type B earth fault breaker, and that no other 

equipment may be connected on the circuit. These 

requirements and information dissemination may have 

decreased the amount of these types of issues. 

 

There are reported a few instances where the EV-charging 

cable, or connection points, are physically damaged. 

Physical faults with the onboard charger are also 

uncommon. A more commonly reported issue is software 

issues in the EV charging system. This is possibly together 

with ground fault issues the most common cause of 

charging problems. These faults are typically solved with 

software updates, or they are reported as unsolved. The 

EV-models that have the highest reported numbers of 

charging issues, are the models that have a high number of 

software issues.  

Other 

 

A reported issue that have not yet been examined in detail 

for home charging stations, is fuse tripping even when the 

EV is not charging. This may be due to poor filter or 

                                                           

3 www.ren.no/-/tesla-lading-til-besvaer (in Norwegian). 

charging system design, and possibly due to leakage 

current through resistors connected phase to earth. 

UNDERLYING CAUSES FOR GROUND 

FAULT SENSITIVITY 

 
The in-cable protection and control device (IC-CPD), most 
likely the ground monitor / interrupter required by the UL 
2331-1, is causing the observed problems. Both 
experiences and survey answers show that some EV 
models are more susceptible to this problem than others, 
and that might also partly explain why some models have 
higher rates of reported charging issues. The two vehicle 
types with the highest rates of charging issues when 
comparing amount of questionnaire answers with sales 
numbers, was from the same producer (Volkswagen, with 
the two models e-UP and e-Golf), indicating that this 
charging system design is not ideal. These two models also 
had the highest reported rate of “the problem was not 
solved” at 59 %, the average for all other models were       
20 %. 
 
Several utilities have also made a strange observation 
while troubleshooting charging issues: sometimes the 
problems disappears when a MEDCAL N power quality 
analyser is plugged into an outlet in the installation (see 
figure 3). One utility had measured the phase to ground 
impedance of the instrument to 10 kΩ, and was wondering 
whether this impedance were affecting the EV-charging in 
some way. 
 

 
Figure 3: Cesinel Medcal N power quality 

analyser.  

 
To examine this theory, a portable lab setup was made, as 
depicted in figure 4. This setup allows a variable 
impedance (resistances or capacitances) to be connected 
between phase and ground separately or at the same time 
on the two different phases the EV is charging from. The 
portable lab setup was used in a case where a Volvo XC90 
plugin hybrid would not charge. It was documented that by 
connecting an unsymmetrical impedance of 20 or 30 kΩ 
resistance, or a 110 or 470 nF capacitance, the charging 
process began. It was also shown that as soon as the 
charging had started, this unsymmetrical impedance could 
be removed, and the charging would continue (this was 
only tested for some minutes). Connecting a symmetrical 
impedance did not solve the charging problems. 
 
 

http://www.ren.no/-/tesla-lading-til-besvaer
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Figure 4: Portable lab setup onsite at the owner 

of the Volvo XC90 house.  

 
The exact implementation of the GMI is not known, but it 
is possible that simple high impedance resistances are 
connected phase to ground in the IC-CPD, and as long as 
there is voltage on a phase above a certain threshold, there 
should be measured a small current flowing through the 
resistor (otherwise there is no connection to ground in the 
installation). This theory is supported by that when the EV-
charger for the XC90 was connected, before the charging 
process begins, there is observed a small voltage change in 
both phase voltages, equivalent of connecting resistances 
of some size phase to ground. The currents in these 
resistors will be affected by phase to ground impedances 
in the network, which could explain why connecting some 
impedances can marginally change the operating 
conditions of the GMI so that it becomes with acceptable 
limits. This will also explain “strange behaviour”, e.g. that 
connecting different appliances sometimes make faulty 
appliances function. 
 

SHORT AND LONG TERM SOLUTIONS 

Troubleshooting 

 
In the case of the XC90 – the problem was caused by a 
high impedance ground fault in the neighbouring 
installation. When corrected, the charging worked 
normally again. The impedance of the ground fault was 
high enough that the phase voltages only varied about 10-
20 V from the normal, which is within the band of normal 
phase voltage variation. The ground fault was therefore 
difficult to spot and correct for the utility. This shows that 
the traditional phase voltage limits for detecting earth 
faults (the voltage should be outside of a 130 V ± 40 V 
band) is not sufficient when troubleshooting EV-charging 
issues. If there is more than 5-10 V variation off the 

𝑈𝑙𝑖𝑛𝑒/√3 value when troubleshooting charging problems, 
this must be taken as an indication of a ground fault. Even 
though unsymmetrical capacitances also can cause these 
levels of phase voltage variation. 
 
These types of problems can also often be solved by 
replacing the cable with a different model, as GMI 
implementation may vary or not be present at all (it is not 

required in IEC-standards). This method is currently 
widely used for Nissan Leaf, where an older charging 
cable type does not have ground fault sensitivity issues, 
and is given to the customer if he has charging problems 
that seem ground fault related. 
 
Finding and correcting the ground fault will as mentioned 
solve the issue, but in some cases it can be difficult to 
correct high impedance or intermittent ground faults. In 
these cases it is recommended to log power quality over 
e.g. a week, to find as much possible information about the 
ground fault before further troubleshooting is attempted.  
 

Required changes in ICPD implementation 

 
Even though the cause of charging problems has become 
better known, the underlying issue is that charging system 
developers find it difficult to implement a charging system 
which successfully distinguishes IT and TN-networks, that 
satisfies all requirement in IEC and UL standards, and does 
not interrupt charging when there is no dangerous 
situation. Discussions with developers shows that this 
partly may be due to poor understanding of IT-network 
characteristics. Documenting theses issues and the 
mechanisms behind the observed charging problems is 
therefore vital to find a long-term solution. 
 
The current implementation of many suppliers IC-CPD is 

technically illegal by Norwegian law. A ground fault is a 

network condition that legally can occur for up to four 

weeks, and the EMC-regulation specifies that all 

equipment must be designed to work in the environment 

they are placed. Design modifications should therefore be 

done by EV charging cable suppliers as soon as possible, 

as there might be legal ramifications of responsibility if 

this problem remains unsolved. 

CONCLUSION 

This paper has presented information regarding causes for 

EV-charging problems. In Norway, 10,4 % have 

reportedly had some type of charging problems, and many 

of these is linked towards the charging system falsely 

identifying a ground fault as a dangerous network 

condition. This is possibly due to current implementation 

of requirements in safety standards for the in cable 

protection and control device. The designs should 

therefore be revised to not cause false positives.  
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