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ABSTRACT 

Despite the high quality of supply of the Enexis Networks, 

a small part of our customers experiences voltage quality 

related problems, resulting in approximately one thousand 

complaints per year (< 0.4% of customer base). In the last 

two decades customers use more power electronic based 

devices and more new loads such as electric cars and heat 

pumps that are being connected to the grid. Customers 

have also become more aware of the voltage quality of the 

supply and its possible (negative) impacts on their 

household apparatus. Therefore, nowadays customers 

complain more frequently to their network operators when 

they face any type of inconvenience of the supplied 

electricity service. In the Enexis service areas, yearly 

around 650 complaining customer’s point of connections 

(POC) are monitored to check the supply voltage quality. 

If the measured voltage parameters violate the standard 

limits of the EN50160 and the Dutch Gridcode, an 

appropriate measure is taken to restore the voltage quality 

at the POC. In this paper, an overview of the previous 

three years power quality monitoring (PQM) results of 

Enexis grids are discussed. Furthermore, the national 

level PQM activities are highlighted briefly.  

INTRODUCTION 

To promote sustainable energy transition, more numbers 

of photovoltaic (PV) panels and wind turbines are being 

connected to the low & medium voltage networks 

respectively. This is a common trend in many countries of 

the world. In the Netherlands, Enexis, as one of the 

distribution system operators (DSO), is responsible for 

efficiently operating and maintaining the electricity grid. 

The integration of many renewable generations gradually 

changes the present electricity network configuration 

towards a more decentralized grid and influences the 

voltage quality of the network too. In addition to that, the 

demand of electricity is rising too because of the increase 

in electric vehicles (EV) and heating loads (such as heat 

pumps). Also, customers nowadays use more electronic 

appliances in their daily life that need clean sinusoidal 

voltage for a trouble-free usage. Those appliances, in 

contrary, can modify the voltage quality negatively by 

injecting distorted currents at their point of connection 

(POC) because of their operations. Therefore, maintaining 

a good voltage quality that fulfils the standard boundary 

conditions is a big challenge for a DSO.  

It is noticed that during the past few years the customers 

complain more frequently regarding various voltage 

quality issues at their POCs. Enexis registers complaints 

on low magnitude of the supply voltage that disturbs the 

functionality of the apparatus at customer’s installation. 

Complaints are also about high voltage and harmonics at 

the POC that cause increased heating due to extra losses 

and premature damage of the devices. In addition to that 

many complaints are regarding light flickering at the 

customer’s premises. In the recent years, an increasing 

number of complaints is about sudden high voltage and 

voltage dips that cause unwanted switching-off of the 

inverters of the customer’s PV panels.  However, it does 

not necessarily mean that the voltage quality of the power 

supply is degrading or is not sufficiently good. The 

problem can also reside in customer’s own installation or 

can be originated from the customer’s own devices.  

In this paper, a trend of power quality (PQ) problems in 

the networks of Enexis is presented. This trend is 

developed based on the last four years records and field 

measurements. The main PQ problems and their origins 

have been identified and are analyzed critically. In addition 

to that the complaints of the customers with PV panels or 

new type of loads (such as electric vehicle) are analyzed 

briefly to find out the impact of those type of connections 

in the low voltage (LV) network. Furthermore, various 

mitigation approaches are described that can help the DSO 

to efficiently utilize the network assets for an optimum 

investment, while not compromising on voltage quality 

issues. In the final section of this paper, a short overview 

is given about the national level PQ monitoring program. 

Enexis participates in this program and conducts PQ 

measurements every year in the high, medium and low 

voltage networks to understand the PQ performance of the 

grid.  

PQ STATUS OF ENEXIS NETWORK 

Enexis is the second biggest DSO in the Netherlands. It has 

service areas distributed in the northern and southern parts 

of the country, as shown (in green) in Figure 1.  

 
Figure 1: Electricity service areas of Enexis  
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Enexis provides electricity to approximately 2.8 million 

customers. The reliability of electricity supply of Enexis in 

2017 is quite high (13.8 minutes) compared to the national 

average of 17.5 minutes (for unplanned supply voltage 

outage because of the faults in various regional grids) in 

the Netherlands [1]. Although the service reliability is 

high, nowadays the customers are more aware and critical 

about the voltage quality of the service. In the recent years, 

every DSO is facing more challenges than before because 

of the connection of large number of PV panels, wind 

turbines, new types of heavy loads such as heat pumps and 

charging points of EVs and increasing number of power 

electronic based devices.  

One more challenge is the ageing of network components 

that may make the distribution grids more vulnerable to 

electrical faults. From the customer service database, it is 

observed that during the last 5 years the complaints on 

voltage quality related issues are increasing than the years 

before. Enexis receives every year more than 1100 voltage 

quality related complaints from the customers. The main 

complaints are on high or low voltages at their POCs that 

are causing improper functioning of apparatus, damaging 

of devices, frequent blowing off lamps and fuses, etc. Also, 

the customers complain about the unwanted tripping of 

their inverter systems of the connected PV panels. Another 

type of complaint is about the flickering of the dimmer 

controlled lamps.  

When a customer complains at the customer service, first 

it is registered as a “voltage quality complaint” and then it 

is forwarded to the maintenance & operation department 

of Enexis. Sometimes, the customer is phoned back to get 

more clarification of the problem. Through the verbal 

discussion, the technical expert of Enexis tries to judge the 

appropriateness and urgency of the situation. Most of the 

cases, a telephonic advice is helpful enough for the 

complaining customer to handle his problem. In this case, 

no PQ measurement is done for the customer. If it is 

understood that a PQ measurement is genuinely necessary 

to understand the nature of the problem, an internal order 

is placed to the infra service department to do a week-long 

PQ monitoring (PQM) at the customer’s POC and/or also 

at the near-by distribution board and the transformer 

substation. Enexis conducts yearly more than 600 PQM to 

solve customer’s complaints as shown in Figure 2.  

 
Figure 2: PQM in Enexis network during 2015-2018 

(based on customer’s complaints) 

From Figure 2, it can be seen that in only 20-25% of the 

cases the voltage quality parameters exceed the European 

standard EN50160 [2] and the Dutch standard “Gridcode” 

[3] boundary limits. The Dutch standard gives almost 

similar boundary limits as the EN50160 standard (95% of 

the measured values) for most of the parameters. However, 

the Gridcode has more strict limits than the EN50160 for 

specific PQ parameters, such as flicker and harmonics. 

Analysis of PQM results 

Based on the statistics of the last three years (2015-2017) 

Enexis database for the customer’s complaints on voltage 

quality, it is found that typical types of PQ problems are 

flicker and voltage variations. The customers located in the 

rural areas often are connected with a long isolated cable, 

far away from the transformer stations. These customers 

mainly suffer from low voltage and flicker related 

problems. In contrary, customers located in the city mainly 

complain about occasional high voltage (on sunny days) at 

their POCs, when many customers from the same 

neighbourhood have PV panels at their installations.  

From the measurements, it is found that some specific 

harmonics (such as the 15th and 21st order) are violating the 

standard boundary limits at some of the customer’s POC. 

From network monitoring, it is found that sometimes the 

load distribution among the three phases in a network cable 

is not balanced and this causes voltage asymmetry in the 

network. The voltage asymmetry and the total harmonic 

distortion for voltage (THD) values also occasionally cross 

the standard limiting values. Figure 3 shows the trend of 

PQ parameters violation values in percentage in the last 

three years. It can be seen that in the networks of Enexis 

60% are flicker problems, while 15% are slow voltage 

variations, around 18% are individual harmonics, and the 

rest are about asymmetry and THD related issues. 

  
Figure 3: Trend of PQ parameters that exceed limit values  

 

PQ problems are often complex in nature. It is not always 

easy to find the origin of the problem because of their 

interactive nature. The DSO is responsible to supply clean 

sinusoidal voltage to the customers. However, customer’s 

electronic devices inject nonlinear currents in the network 

that may affect the network’s supply voltage wave shape 

adversely. This distorted voltage, in turn, can cause more 

negative impact on the customer’s devices. Hence, it is 

very important to identify the origin of PQ problem source. 
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Reference [4] gives more information on this topic. Figure 

4 shows a trend of the origin of PQ problem sources that 

cause voltage quality problems in Enexis grids. 

Figure 4: Distribution of the origin of PQ problems (in %) 

 

From Figure 4, it can be seen that approximately 70% of 

the PQ problems in the last four years are originated at the 

Enexis network. Around 20% of the PQ sources are at the 

customer’s own installation; while 10% of the PQ 

problems are originated from the nearby neighbour’s 

installations. Most of the cases, it is possible to locate the 

origin of PQ source. However, sometimes it is due to the 

combined effects and is difficult to separate the problem 

sources. In 2015, a few PQ problems originated from the 

high voltage grids of the transmission system operator 

(TenneT). It was because of some exceptional critical 

events and natural incidents (such as line dancing).  

From the data analysis, it is also found that the majority of 

the complaints come from household customers. From the 

statistics of 2016, it is found that more than 60% of the 

complaints, where a PQ measurement was conducted, are 

from household customers as shown in Figure 5. The 

customers with small business (such as agricultural) are 

the second largest group. Also, it is noticed that the number 

of complaints is gradually increasing every year for the 

customers with PV panels at their rooftops. 

 
Figure 5: Received complaints per customer type 

Complaint handling process   

As discussed in the previous section, when it is understood 

that the complaint is justified, a PQ measurement is done 

at the customer’s POC. After the week-long measurement, 

the data is analyzed critically to understand the type of 

problem and to find out the origin of the problem source. 

Sometimes, network analysis (using simulation tool) is 

also done to understand the problem thoroughly and to 

decide on a proper mitigation action. This is generally 

done in consultation with the asset management team of 

Enexis. During a PQ measurement, the network 

impedance measurement also takes place at the connection 

point. It is mainly to check and confirm whether the 

network impedance at the POC is reasonably low 

compared to the reference impedance value of 283 mΩ. 

The standard does not give sufficient guideline regarding 

the maximum value of network impedance for connections 

with different capacity installations. In the recent years, 

some academic researches claimed that connections with 

different capacities should have different boundaries for 

the allowable maximum impedance values. Enexis uses 

specific internal guidelines to design its own networks 

more realistically [4].  

Depending on the analysis results, a decision is made 

either of taking a small corrective measure (such as: 

reconfiguration of a part of the network, adjustment at 

customer’s installation, etc.) or a bigger measure (e.g. 

network reinforcement such as adding an extra cable or 

implementing an adjustable low voltage regulator in a 

feeder) for solving the voltage quality problem in the 

network. Figure 6 shows various possible mitigation 

measures that Enexis takes to solve PQ problems.  

 

 
Figure 6: Various PQ mitigation measures in the network 

PQ issues with new type of connections 

Nowadays, many household customers install PV panels 

on their rooftops. Also, driving by electric vehicles is 

becoming increasingly popular. The EVs need to be 

charged for their operation and that demands large 

currents. Both these above two type connections can cause 

appreciable voltage variations in the LV networks. When 

a PQ complaint comes from a customer with PV panels, he 

is often advised first to check his own installation by 

consulting with an installation company. It is because of 

the fact that sometimes the customer’s PV inverter  setting 

is not correct, and the installation does not comply fully 

with the relevant national standard guidelines. When many 

customers with PV installations from a same 

neighbourhood complain about a specific PQ problem 

such as high voltage at their POCs, the network operator 

should take an appropriate corrective measure at the 

neighbourhood level.  
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The DSO may adjust tap setting of the connected MV/LV 

transformer present at that area. Alternatively, a regulating 

transformer with dynamic voltage regulator can be 

implemented when all the outgoing feeders from the 

transformer station have homogeneous load distributions. 

The same corrective action can also be applied when many 

customers charge their EVs simultaneously during the 

evening peak hours that cause undervoltage in the feeder. 

In Figure 7, a typical voltage setting method for a dynamic 

regulating transformer is shown. A set point has to be 

chosen first. Generally, the transformer can adjust up to 

±10V from the set value (e.g. 230V) by changing its tap 

positions. Thus, the voltage at the connection point of the 

regulating transformer can be maintained within the 

boundary limits. This type of transformer, however, cannot 

improve other PQ problems (such as flicker or harmonics).  

 
Figure 7: Voltage setting by regulating transformer 

 

When the outgoing LV feeders from a transformer 

substation are of heterogeneous type with different types 

of customer’s loads, it is better to implement a LV voltage 

regulator at an individual customer’s connection point, or 

within a LV feeder terminal to adjust and maintain the 

voltage variations of the connected customers within the 

specified limits, as depicted in Figure 8 [5]. Also, multiple 

LV regulators can be placed for a long cable to maintain 

the appropriate voltage at different customer’s POCs, as 

shown in Figure 9 [5]. The capacity of a three phase LV 

regulator can vary from tens of kVA to few hundreds of 

kVA. A single phase LV regulator can be as small as 7,5 

kVA for voltage regulation of an individual customer.  
 

 
Figure 8: LV regulator to control voltage variations in a feeder  

 
Figure 9: Cascading of LV regulators in a feeder 

As the simultaneous load factor for the LV network with 

PV installations can be high (e.g. 80%) in comparison to 

normal network without PV (which is less than 30%), the 

capacities of the LV cables and the MV/LV transformer 

have to be selected carefully. It is also advisable to restrict 

the size of a customer’s PV installation (in consultation 

with the DSO) so that the network investment cost can be 

optimized. This will result in only a small loss of energy 

production annually. This approach is not being adopted in 

the regulation yet, and therefore cannot be applied to the 

customers directly.  

On contrary, for the EV customers a smart charging 

approach can be implemented so that the network’s 

loading condition can be regulated, and the supply voltage 

quality can be maintained within the standard boundary 

limits. Presently, Enexis is conducting an interesting pilot 

project in its service area to get hand on experience on the 

connection issues with new type of loads (e.g. EV charging 

and their smart charging possibilities, and the practical 

usage of a neighbourhood based battery storage system). 

Reference [6] gives a summary of that pilot project. 

NATIONAL LEVEL PQM PROGRAMME 

The Dutch regulator ACM (Autoriteit Consument & 

Markt) has asked all the regional and national network 

operators in the Netherlands to start power quality 

monitoring (PQM) activities in their networks for better 

understanding of the present voltage quality status of the 

networks. ACM wants to get clear information about all 

the incidents where voltage quality parameters of the 

networks at different voltage levels exceed the standard 

boundary limits. Also, the monitoring results are published 

in the national website for maximizing the transparency of 

the utility services. 

To fulfil the above request of ACM, Enexis conducts one 

week-long PQM at different connection points in its 

medium and low voltage networks. The continuous PQM 

in the high voltage grid is going on for more than a decade 

(from 2004 onwards). Table 1 shows a summary of last 

three years (2015-2017) PQM activities, and the results 

when the measured data violate the standard limits. 

 

 Table 1: Summary of PQM activities in Enexis grids 

  
Usable week 

measurements  
Violation of standard 

boundary limits 

Year HV MV LV 

Flicker 

(Plt) 

Individual 

harmonics 

2015 40 95 86 2 19 

2016 29 93 82 1 19 

2017 39 95 86 1 15 

 

Table 1 shows that there are some incidents of the violation 

of flicker values (Plt) and individual harmonics. There is 

no such violation of voltage value for high voltage (HV) 

grids. The HV measurement includes continuous voltage 

dip monitoring that are done to record the number of 

voltage dips in a year at a HV customer’s POC.  
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In the MV grids, only few incidents of voltage parameter 

violations are recorded from the previous three year’s 

monitoring activities. It is mainly the LV grids where the 

15th harmonic values often exceed the boundary limits of 

the EN50160 standard. Besides the 15th harmonic, few 

specific cases are recorded where the violations of the 5th 

harmonic and the 21st harmonic voltage values happened. 

It is probably because the integration of an increasing 

number of power electronic devices in the network. The 

same trend is also observed in the networks of other DSOs 

in the Netherlands and also in Europe. In the Netherlands, 

a research is conducted to analyse the impacts of the 

violation of the 15th harmonic voltage values. From this 

analysis, it is concluded that the financial damage because 

of the present (relatively) high values of the 15th harmonic 

voltage in the PQM is not significant. Also, it does not 

cause any additional visible inconveniences to the 

customers. Therefore, it is not justified to declare that the 

present voltage quality of the grid is not sufficient, or it is 

degrading. As a matter of fact, the limiting value for the 

15th harmonic voltage in the standard is relatively low in 

comparison to the values for the other adjacent harmonic 

orders. The proposal for an increment of the 15th harmonic 

voltage limit value has already been approved by the Dutch 

standardization committee [7] and will be adopted soon in 

the Dutch standard. It would likely to minimize the present 

standard limit violation situations of the PQM results.  

Besides the above PQM activities, some more continuous 

monitoring activities are going on at 58 MV stations of the 

Enexis grids. These measurements are being utilized for 

standardization work for the voltage dips in the MV 

networks of the Netherlands. The other Dutch network 

operators also take part in this continuous voltage dip 

monitoring program in their own networks. All these 

activities help the standardization committee to develop an 

appropriate and realistic standard on voltage dips which 

can be unanimously applied in the Netherlands.  

CONCLUSIONS 

From the analysis of this paper, it can be seen that Enexis 

is very much active with the PQ monitoring activities in its 

networks. As discussed in the paper, the majority of the PQ 

complaints are received from the household customers. It 

is noticed that around 70% of the reported PQ problems 

are coming from the network itself (due to short circuit or 

other network issues); while the rest are originated at the 

customer’s own installations or at other nearby sources. In 

Enexis grids, it was found that 60% are light flicker related 

problems, while 15% are on slow voltage variations, 18% 

are on individual harmonics, and the rest are about 

asymmetry and THD related issues. The main reason of 

flicker problem is generally high network impedance at the 

customer’s connection points.  

It is also observed that in the recent years an increasing 

number of complaints comes from the customers with PV 

panels when they suffer power shut-down because of the 

unwanted tripping of their PV inverter system. When 

many customers from a specific neighbourhood complain 

about a specific PQ problem, the DSO needs to take a 

necessary corrective measure to minimize the customer’s 

inconveniences. In this paper, various small and large 

corrective measures for a DSO are discussed. Depending 

on the nature and urgency of a PQ problem, appropriate 

measure needs to be taken in the network to solve the 

complaint of the customer. 

The national level PQM program is going on in the Enexis 

MV & LV networks for several past years. This is done to 

check the present voltage quality status of the electricity 

networks in the Netherlands. From this PQM, it is found 

that the main PQ parameter that violates the standard 

boundary limit is the 15th harmonic voltage. However, it 

does not cause any such exceptional problem for the 

customers. In the near future, the 15th harmonic voltage 

limit will be increased to a higher value in the standard and 

the present problem can hopefully be tackled. The Dutch 

standardization committee has already accepted the 

proposal of the increment of the 15th harmonic voltage 

value limit and will be adopted soon in the Gridcode.  
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