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Abstract—Power quality is becoming a more and more 

important issue with the booming sensitive equipment 

penetrated into the grid. Poor power quality often leads to 

malfunction of devices and extra energy losses. In order to 

assess power quality phenomena in the Dutch grid, first a 

model of a typical modern Dutch medium and low voltage grid 

has been set up in “Power Factory Simulation Software.” The 

relationship between power quality and grid impedance is 

established for evaluating the power quality level. 

Furthermore, the transfer coefficient for flicker and harmonics 

is calculated and the planning level for flicker is proposed 

considering the practical infrastructure of distribution systems 

in the Netherlands. This study reflects our conviction that the 

Dutch grid has a good power quality at present, though some 

improvement can be conducted. 

 

Index Terms—Dutch grid, flicker, grid impedance, 

harmonics, short circuit power, transfer coefficient, planning 

level  

I. INTRODUCTION 

Electricity is a product and, like other products, should 

satisfy proper quality requirements. Power quality (PQ) is a 

term used to describe electrical power. In general, power 

quality includes not only voltage quality, but also current 

quality. The origin of power quality problems can come 

from both transmission and distribution systems and mostly 

from connected installations to these systems. Without 

proper power quality, the load may malfunction, fail 

prematurely or will not operate at all. 

In the modern Dutch network, with increasing sensitive 

devices and distributed generators connected to the grid, 

both electric network operators and customers are concerned 

about the quality of electric power supplied. This can be 

deduced from the increased complaints on poor PQ among 

customers in recent years. Technically, the power supply 

system (from grid operator) mostly controls the quality of 

voltage, while it has no direct control over the currents that 

particular loads might draw. However, many devices 

connected to the network have non-linear characteristics 

which draw non-sinusoidal current even with a sinusoidal 

supply voltage, and they can cause distortion of the voltage 

supplied. Understanding the status of the power supply 

quality is crucial to make correct decisions by network 

operator and consumer on the improvement of their 

electrical power system. For instance, a network operator 

having knowledge of the network behavior can implement 

necessary techniques to improve the supply voltage 

performance. Similarly, for consumers connected to the 

network, the knowledge on the condition of the system can 

help in deciding the types and locations of load installations 

and mitigation devices. Equipment manufacturers can supply 

the customer with the required equipment within the given 

specifications. Therefore, the responsibility to supply 

electricity of adequate power quality is in fact a joint 

problem for customers and grid operators at the point of 

connection (POC) [1], which is shown in Fig.1. 
 

 
Fig.1: Definition of POC 

At the POC, the customer is entitled to receive the voltage 

that should comply with the standard EN50160 [2] and the 

Dutch grid code [3], both of which define the voltage 

characteristics of the electricity supplied by public 

distribution systems from the supplier’s side. On the other 

hand, there are also standards for equipment and devices; 

customer should confirm that the devices or installations 

meet the several standards of IEC 61000 series. However the 

test methods to check if the device fulfills the requirement 

use a pure sinusoidal voltage, while in real life, the 

waveform of the supply voltage is not a pure sinusoid. Some 

performances of PQ phenomena (flicker, harmonics) are 

directly related to the site physical characteristics (short 

circuit power or grid impedance, etc) available at the POC of 

the network [4]. With regard to the present Dutch grid, no 

limit is put to the impedance of the grid, for which the grid 

operator can be responsible for. Furthermore, by calculating 

the transfer coefficients through different voltage levels and 

within the low voltage grid, the planning levels can be 

proposed to ensure a sufficient PQ level for the whole 

network. 

Hence, this paper is structured as follows: section II 

describes the present PQ level in the Dutch network, which 

motivates the research of PQ problems; section III models a 

typical Dutch medium voltage (MV) and low voltage (LV) 

grid based on the information from different grid operators 

in the Netherlands; section IV explores the short circuit 

power and the grid impedance in the typical Dutch grid; 

section V simulates the flicker propagation and suggests the 

flicker severity planning levels for the system operator. 

Section VI defines the transfer coefficients for harmonics in 

the Dutch grid; finally in section VII, the conclusions are 

presented. 

II. PRESENT POWER QUALITY LEVEL IN THE DUTCH 

GRID 

In the Netherlands, the PQ monitoring program (PQM) first 

began in 1989, when network operators started to monitor 

5
th

 and 11
th

 harmonics in their network. The PQM was 

extended to 150 locations through out the country in the LV, 

MV and high voltage (HV) network in 1996, and was mainly 

focused on voltage level, voltage variations, unbalance and 
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harmonics. In 2003, another PQ monitoring program started 

to measure the voltage dips in the Dutch grid. Hence, the 

monitoring activity has already been done for nearly 20 

years. A survey conducted by the companies Laborelec and 

KEMA is shown in Fig.2, which reveals the main PQ 

complaints in Dutch MV and LV network during the years 

2004 and 2005[5]. 

 
Fig.2: Types of PQ problems in the Dutch network 

It is clear that the flicker related problems account for the 

majority part of the PQ problems in the present Dutch grid 

(over 60%). The harmonics problem is not yet a serious 

issue at the moment. Reasons for the flicker problems are 

connecting disturbing installations at weak grid points 

without consulting the grid operators. Also, the integration 

of distributed generators into the network is considered to be 

another reason. The average flicker severity level (Plt) in the 

Dutch LV network during the year 2006 is shown in Fig.3 

[6]. 

 
Fig.3: Flicker severity level (Plt) in the Dutch LV network (2006) 

The limit of Plt for 95% of the time is Plt<1. Fig.3 clearly 

indicates that some of these Plt values exceed the limit. Due 

to most of the installations connected to the low voltage 

network, the flicker problems are more common in the LV 

grid than that in the MV and HV grid. 

III. MODELING OF A TYPICAL DUTCH MV AND LV 

NETWORK 

The information on the present Dutch grid is provided by 

several Dutch grid operators (Nuon, Essent, Eneco, etc), and 

the modeling of the general network is carried out in the 

power system simulation tool “Power Factory.” 

 

A. Description of present Dutch grid  

The power systems in the Netherlands can be mainly divided 

into three categories: HV transmission network with 50 kV 

or higher voltages; MV network intended to distribute 

electricity at a voltage of 1 kV or higher, but lower than 35 

kV, and a LV distribution network with a voltage lower than 

1 kV. A typical Dutch HV/MV substation consists of 

approximate 15 MV feeders in average, with each one 

containing around 20 MV/LV transformer stations to feed 

customers. 

 

B. MV network 

The Dutch MV distribution networks mainly comprise 10 

kV voltage networks which have a ring or meshed 

configuration with openings within each feeder. That 

improves the reliability of the system compared to a radial 

design. The short circuit power (Ssc) at the beginning of an 

outgoing feeder of a HV/MV substation ranges from 300 to 

350 MVA depending on the location of the substation. 

Around 75% of the total MV/LV transformer stations are 

used to feed the household and small commercial customers 

and the rest 25% are connected to large commercial and 

industrial customers. In the model, the average MV feeder 

length is considered as 12 km with an average current 

loading of 180 A (3.2 MVA equivalent) and 17 MV/LV 

transformer stations (load points). 

 

C. LV network 

Cables are used in both the LV and MV networks. Two 

types of transformers are commonly used in Dutch MV/LV 

transformer stations: 400 kVA and 630 kVA transformers 

(10/0.4 kV). Regarding the types of customers, there are 

mainly four types: pure household; household with small 

commercial; large commercial or industrial; and large 

commercial or industrial with direct connection to the10 kV 

network (fed by its own transformer). An example of a LV 

feeder is shown in Fig.4. 

 
Fig.4: Typical modern scheme of a LV feeder (type: small commercial) 

Each LV feeder can supply 40-60 household customers. In 

average, there are around 150 household customers 

connected to one MV/LV substation. 

 

D. Chosen layout of the Dutch MV and LV grid  

For the chosen configuration of one average MV feeder, 

there are 13 numbers of 400 kVA MV/LV transformers and 

one 630 kVA transformer; 3 large industrial customers who 

have their own transformer are also connected to the MV 

feeder. In total, the distribution of MV/LV transformers and 

load types across a MV feeder is given in Table 1. 
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Table 1: Load distribution along a typical MV feeder 

Number of 

transformers 

Customer type(by each 

transformer) 

Average 

Demand 

(kVA) 

9@ 

400 kVA 
150 pure households 1420 

4@ 

400 kVA 

80 households+3 small 

commercial(each@30kVA average 

demand) 

680 

1@ 

630 kVA 

4 large commercial(@100kVA 

average demand) 
400 

3@ 

large customers, 

have their own 

transformers 

industry / large 

commercial(@250kVA average 

demand) 

750 

Therefore, the model of a typical MV feeder with different 

types of customers is shown in Fig.5. The more detailed 

construction of the network is described in [7]. 

 
Fig.5: Typical layout of a 10kV MV feeder modeled in ‘Power Factory’ 

The infrastructure of one MV feeder is described here; 

realize that in one HV/MV substation there are in total 15 

feeders with similar structure. Thus it can be expected that 

feeders with similar physical characteristics exhibit similar 

PQ performance. 

IV. GRID IMPEDANCE AND SHORT CIRCUIT POWER 

Currently there are no specific standards or requirements 

with regard to maximum or minimum grid impedance at the 

POC. High grid impedance often leads to more harmonic 

disturbances, high flicker severity, and other PQ problems. 

On the contrary, low grid impedance will give higher short 

circuit currents and cause mechanical and electrical stresses 

in the conductor and can damage components. So, it is of 

importance to pay attention to grid impedance. The 

foregoing model of the general network is a vertical 

structure without any distributed generator in the network. 

The distribution of short circuit power (Ssc) and grid 

impedance (Z) along a MV feeder is then shown in Fig.6. 
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Fig.6: Distribution of Ssc and Z along a MV feeder 

A series reactor is installed between the main substation and 

Node 0 to limit the high short circuit current and the Ssc 

drops from 300 MVA at the busbar to 180 MVA at Node 1. 

At the end of the feeder, the Ssc decreases to around 26 

MVA. On the contrary, the grid impedance has increased 

from 0.37 Ω at the beginning of the feeder to 3.9 Ω at the 

furthest end of the MV feeder. 

However, when the impedance of MV network is converted 

to LV network, it follows the equation (1): 

2
( )

LV

LV MV

MV

U
Z Z

U
= ⋅                               (1) 

Where ZLV is the converted impedance from MV side to LV 

side; ULV is the LV side nominal voltage (400 V); UMV is the 

nominal voltage (10 kV) at MV side and ZMV represents the 

impedance of the MV network (range from 0.37 Ω to 3.9 Ω). 

When the above impedance is referred to the POC of the low 

voltage side, it becomes very low (between 0.6 mΩ and 6 

mΩ). This concludes that the impedance in the MV network 

has less influence on the PQ at the POC of the LV network. 

Therefore, checking the distribution of the grid impedance in 

the LV feeder is more important when considering PQ issues 

for a low voltage installation. 
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Fig.7: Distribution of impedance along a LV feeder (at Node 16) 

The distributed impedance in the LV feeder, connected to 

Node 16 of the MV network is shown in Fig.7. This is the 

worst case because the node point is located at the end of the 

MV feeder. Furthermore there are long LV cables, so the 

highest impedance is expected to be here. The maximum 

value of impedance is found to be 0.17 Ω, which is the value 

for the modeled grid. This is a modern design for the Dutch 
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grid in the past 5 to 10 years. However, the impedances in 

some part of the Netherlands, where the networks were built 

decades ago, are higher than 0.17 Ω due to longer length and 

smaller cross section of the cables. As a result, the 

discussion about power quality mainly focuses on the 

modern Dutch grid. The total distribution of LV grid 

impedance for all LV customers is shown in Fig.8. 

 
Fig.8: Distribution of grid impedance at LV feeders 

Most points of connection (customers) have impedances 

with values between 0.06 Ω and 0.15 Ω. This is a good 

design compared to the reference impedance for the Dutch 

grid. In fact in the Dutch grid code, a reference impedance 

of 283 mΩ (single phase without neutral) is used in 

according with IEC 61000-3-3. If the nominal current of a 

device is equal to or less than 16A per phase, it can be 

connected to the grid under the standard IEC 61000-3-3. 

When the nominal current of a device is between 16A and 

75 A or higher, it can be connected according to IEC61000-

3-11. Two possibilities for connection are described in the 

standard: the first is a contractual connection with current of 

100 A or more per phase supplied from a network; the other 

is to determine the maximum permissible grid impedance at 

the POC. The equipment can only be connected to the 

network where the grid impedance is lower than this 

maximum impedance; otherwise PQ problems may occur 

and influence the whole network. The current connection 

capacity of the typical Dutch grid customers is shown in 

Table 2 (labeled into five levels), which is assumed equal to 

the nominal current of the protection device. For the 

connection criteria of various connection types in the 

Netherlands, the recommendations on maximum impedance 

to avoid flicker problem is shown in Table 2 [1]. 
Table 2 Maximum impedance for connections 

Connection type 
Amperage (A) 

(current capacity) 

Maximum reference 

Zg (mΩ) 

3 phases + neutral 25 523 

3 phases + neutral 40 326 

3 phases + neutral 50 261 

3 phases + neutral 63 207 

3 phases + neutral 80 163 

In the modeled network, the impedance at the POC ranges 

from 40 mΩ to 170 mΩ. It is clear that in most part of the 

network, any type of connection can be achieved, however 

there is one exception. For the customer with 80 A current 

capacity, it is not allowed to perform connection at the 

location where the impedance is higher than 0.163 Ω. As a 

result, when giving a connection to such a customer, the 

network operator should analyze the connection’s current 

capacity in relation to the grid impedance to ensure 

sufficient PQ level at the POC. 

The short circuit level is an important parameter for 

evaluating PQ levels in the distribution network. The 

closeness of disturbing loads in the network can lead to 

global damages and cause interactions between loads related 

to Ssc. For this reason, Ssc is a possible synthetic indicator of 

network performance. The maximum value of Ssc at any 

point in the network is the information for protection 

coordination in the network and equipment sizing; whilst the 

minimum value of Ssc at a node point is a necessity for 

coordination between the network operator and the customer 

in order to perform suitable PQ level. The minimum of short 

circuit power (Ssc,min, MVA) at a MV/LV substation is 

related to the rating power of the MV/LV transformers 

(Strans, MVA) and the rapid voltage change (∆ulim, p.u..) 

described in [8]: 

,min

lim

1.3
trans

sc

S
S

u
= ×

∆

                              (2) 

Such correlation is an empirical rule used in the Italian 

networks for the MV/LV transformers. The variation of 

voltage is related to impedance of the network, more 

specifically, the impedance of the transformer and medium 

voltage impedance. Thus, the minimum required short-

circuit power also has a relationship with the rating power of 

the transformer. 

Regarding the infrastructure and standard in the Netherlands, 

the value of rapid voltage change is chosen equal to 5% in 

the EN50160 and 3% in Dutch grid code. The minimum 

value of Ssc at the LV side of a MV/LV substation should be 

16.4 MVA (400kVA) and 20.6 MVA (630kVA) when rapid 

voltage change is 5%; while the minimum Ssc should be 27.4 

MVA (400kVA) and 34.4 MVA (630kVA) if the rapid 

voltage change is limited to 3%. The minimum Ssc in the 

designed grid is around 25MVA, which is higher than the 

calculated minimum Ssc for 5% rapid voltage change, but 

lower than minimum Ssc for 3% of voltage change. It means 

that the grid model complies with the EN50160 but not with 

the Dutch grid code when formula (2) is used. However the 

above equation is based on the Italian network, which is not 

the same as the Dutch grid. Hence, the above method is only 

a simple evaluation procedure. 

V. FLICKER SIMULATION 

A. Background of flicker  

Flicker is the impression of unsteadiness of visual sensation 

induced by a light stimulus, the luminance or spectral 

distribution which fluctuates with time. It can be defined as a 

fluctuation in the supply voltage that results in observable 

changes (flickering) in light output. In the LV network, 

flicker mainly comes from electronic-controlled illumination 

devices, elevators; motors and air conditioners, and so on; 

while in MV network, flicker occurs due to large industry 

motors with non-linear loads; saw mills or switch capacitors 

in the substation. Almost all the complaints on flicker in the 

Dutch grid come from LV’s POC. When a load in the 
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network suddenly changes (during elevator start-up for 

instance), the current in the feeder will increase, resulting in 

reduction of the supply voltage at the POC. Whether this 

rapid voltage variation can turn into observable or 

objectionable flicker is dependent on three aspects: current 

of potential flicker-producing source; system impedance; 

frequency of switching voltage fluctuation. 

Flicker is measured in units of perceptibility. Two important 

parameters are used to estimate the severity of the flicker 

problem, Pst and Plt. The relationship between them is as 

follows: 

12

3

( )
3

1

12

st i

i

lt

P

P
=

=

∑
                                 (3) 

Pst represents the short term flicker severity over a ten-

minute period. While Plt indicates the long term flicker 

severity over a two-hour period (12Pst). Pst(i) is the 

magnitude of various flicker sources or emission levels to be 

combined. 

The flicker meter used in this research is described in [9], 

which is built in Matlab/Simulink based on the coiled 

filament gas-filled 230V, 60W or 120V, 60W incandescent 

lamp, but also improved to measure the flicker level for 

other type of lamps. No standardized measurement method 

exists for rapid voltage changes at the moment. Here the 

flicker meter used for assessing is based on the instantaneous 

value of voltage. The whole process for estimation the 

flicker level is shown in Fig.9. 

 
 

 
Fig.9: The process to measure flicker levels 

B. Simulation with one motor 

An induction motor undergoing a start-up is known to 

produce voltage fluctuations on the system. When a motor 

starts up, the inrush current can cause a voltage drop, 

depending on the network infrastructure, flicker severity 

could exceed the limit as a consequence. 

 
Fig.10: Schematic background flicker source in the LV network 

In order to estimate the transfer coefficient of the flicker 

between different voltage levels as well as the impact of 

flicker in the whole network, several simulations with 

background flicker source are carried out in the low voltage 

network as shown in Fig.10. 

Fig.10 shows the case when the flicker source (a motor) 

injects flicker into the low voltage network at point A. Point 

A is in the LV network, connected to Node 16 of the MV 

network and point F is Node 15 of MV network. The 

detailed voltage variation is measured at A, B, C, D, E, F, G 

and H. The type of motor connected to A is 50Hz 

4kW/0.4kV/1/Y,which has a power factor of 0.85, and the 

inrush current is 6.3 times higher than the nominal current. 

When the motor starts up, the voltage behavior at each point 

is shown in Fig.11. 

 
Fig.11: Voltage variations during the simulation (rms) 

In the past, the measurement method for rapid voltage 

change was based on the magnitude of voltage change from 

the lowest point reached to the final steady-state value. The 

definition was found to be inconsistent because both voltage 

fluctuations might actually be observed by the customer. The 

present recommendations are based on the voltage change 

from the pre-event steady state value to lowest value reached 

during event [10]. In this simulation, the motor starts at time 

0 s; there is an instant voltage drop at each measured point 

of network. Depending on the location, the voltage drop 

varies a lot. After about 0.5 s the voltage reaches a stable 

state, at time 1 s, the motor is switched off, the whole 

process lasts 2 s. It is clear that point E, F, G, which are all 

located outside the LV network with background flicker 

source (under study) are less influenced. It can be deduced 

that the transfer coefficient from downstream to upstream 

network is relatively low. Therefore, more attention should 

be paid to the points located in the same LV network where 

flicker source exists. 
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Fig.12: Switching frequency in relation to Pst 
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Based on the testing data of flicker level, with the consistent 

voltage drop (2.8%) during motor start-up, the relationship 

between the flicker level and motor switching frequency is 

shown in Fig.12. 

As known, flicker level is directly related to the grid 

impedance of the network. The impedance schematic of 

some selected points in Fig.10 is shown in Fig.13. 
 

 
Fig.13: Schematic impedance in the low voltage network 

Voltage fluctuations leading to lamp flicker can propagate 

from the point of origin to various parts of the system. The 

transfer coefficient of flicker between source (point A) and 

evaluated point (point B for instance) is defined as: 

,

,

,

P
st B

T
st AB P

st A

=                               (4) 

The transfer coefficient is just the ratio of Pst at the same 

instant between two points. Take the flicker level at source 

as reference Pst, at other locations the flicker level can be 

evaluated depending on the impedance values of the 

positions, which are shown in the following equations: 

, , , , ,

, , , , , ,

, , , , , , , ,

st

st

st

ED DN
st B st N P AB st A st A

ED DN NL AL

ED DN NL
st C st M st L P AC st A st A

ED DN NL AL

ED
st D st J st H st K st O P AD st A st A

ED DN NL AL

Z Z
P P T P P

Z Z Z Z

Z Z Z
P P P T P P

Z Z Z Z

Z
P P P P P T P P

Z Z Z Z

+
= = ⋅ = ⋅

+ + +

+ +
= = = ⋅ = ⋅

+ + +

= = = = = ⋅ = ⋅
+ + +

     (5) 

According to the model, the impedances and the transfer 

coefficients at LV network of Node 16 are shown in Table 3. 
Table 3 Impedance and transfer coefficients 

Impedance Transfer coefficients 

ZED=23.2mΩ 

ZDN=52.4 mΩ 

ZNL=7.1 mΩ 

ZAL=18.4 mΩ 

TPst,AB= TPst,AN=0.75 

TPst,AC= TPst,AM= TPst,AL=0.82 

TPst,AD= TPst,AJ= TPst,AH= TPst,AK= 

TPst,AO=0.22 

It is seen that the transfer coefficient directly depends on the 

impedance; points C, M, L have the same flicker level as the 

effective impedance are the same. Points J, H, K, and O also 

see the Pst presented at point D, without the reduction in the 

other feeder. The minimum transfer coefficient for flicker is 

0.22 at the low voltage network when the source of flicker is 

located at point A. The minimum transfer coefficient for 

flicker is 0.13 at the low voltage network when the source of 

flicker is located at the end of the feeder. 

The Pst value at point A can be calculated by using some 

empirical equations [11]: first each relative voltage change 

waveform can be expressed by a flicker impression time (tf) 

in seconds: 
3.2

max
2.3 ( )

f
t F d= ⋅ ⋅                           (6) 

F means the shaper factor, which is associated with the 

shape of the voltage change waveform, and in this research it 

is taken as 1 to represent the worst case of the voltage 

change waveform. dmax is the maximum relative voltage 

change expressed as a percentage of the nominal voltage. 

The Pst value is then expressed by the sum of the previous 

flicker impression times (tf) in evaluation period with a total 

time interval (Tp) in seconds: 
1

3.2
f

st

p

t
P

T
=
 
 
 

∑
                                 (7) 

With regard to the flicker severity at point A, the caused 

voltage variations are about 2.8% (start-up), 1.7% (return to 

the stable voltage) and 1.1% (switch off) respectively(see 

Fig.11). The time interval Tp=60 s, the previous equation 

becomes: 
1

3.2

1

3.2 3.2 3.2
3.22.3 (1 2.8) 2.3 (1 1.1) 2.3 (1 1.7)

1.084
60

f

st

p

t
P

T
= =

⋅ ⋅ + ⋅ ⋅ + ⋅ ⋅
=

 
 
 

 
 
 

∑

(8) 

The Pst value at point A measured by the flicker meter is 

1.09(see Fig.12), which is quite close to the theoretical 

calculation. 

C. Simulation with two motors  

In Fig.10, one more motor with the same type and operating 

power is connected at point R in the LV network; the 

impedance diagram is then shown in Fig.14. 
 

 
Fig.14: Schematics of impedance with two motors  

First the motor at point A starts up, after a while, the other 

one at point R is switched on. The flicker levels at different 

points are calculated by the flicker meter. 
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Fig.15: Pst versus switching intervals 

The results of Pst values on different switching time intervals 
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are shown in Fig.15. A switching interval of 0 seconds 

means that the motors are switched on at the same time. It is 

noticeable that the two motors switched on at the same time 

produce the highest flicker level. With some switching 

interval, the flicker value drops dramatically, and the Pst 

values with different switching time intervals are slightly 

different. Theoretically, they would have the same Pst value 

(the same voltage drop and variation). Due to the different 

duty cycles of the switching period and calculation error, 

there are some differences between Pst values. But this 

difference is not large; and the Pst values remain almost 

unchanged, especially at Point E (the MV busbar). 

As recognized, Pst is related to both the percentage of 

voltage change and the frequency of voltage variations, 

which is shown below: 

( , )
st

U
P f

U
f

∆
→                               (9) 

As a consequence, the ultimate flicker level is not only 

dependent on the amplitude of voltage change, but also 

depends on the frequency of the changing voltage, which can 

be seen from all the test results. In the simulations of two 

motors, the highest flicker severity is produced when the two 

motors are switched on simultaneously. When there are 

some time intervals (not zero) between switching, the flicker 

level is not influenced by the intervals. 

D. Propagation through different voltage levels and 

planning levels 

In case of fluctuating loads in LV networks, the voltage 

variations will be transferred to the MV grid and further into 

the HV networks and visa versa. As stated in [12], transfer 

coefficients from higher to lower voltage levels are: 

0.9

1

HV MV

MV LV

T

T

→

→

=

=

                                  (10) 

Some attenuation occurs from HV to MV side due to the 

compensation effect of rotating machines connected at 

service voltages. A number of other experiment results also 

showed that transfer coefficients between MV and LV are 

close to unity. 

As from the simulation, the presence of fluctuating loads at 

lower voltage levels downstream may attenuate flicker level 

at higher voltage supply systems. The transfer coefficients 

from low voltage to medium voltage ranges from 0.05 to 0.3 

(from point D to E) in the Dutch grid depending on the 

location of the MV/LV substation. 

From the measured values of Plt in the Dutch networks 

during the year 2005 [1], these are flicker levels that can be 

used for the purpose of determining emission limits, taking 

into consideration all fluctuating installations. Planning 

levels are specified for reserving capacity at all system 

voltage levels, which allow coordination of voltage 

fluctuations between different voltage levels. The planning 

level for Plt at LV network can be set to 1, which is equal to 

the compatibility level. The chosen planning level for HV is 

0.5 because the polluting source rarely occurs at HV 

network, and in fact the Plt value of Dutch HV network is 

always lower than 0.5. The planning level for MV network is 

taken as 0.65 in order to give more tolerance for the LV 

network as most of the polluting sources are connected to 

the LV grid. The indicative values of planning levels for 

flicker are shown in Table 4. Such values are chosen 

resulting from the system structure and circumstances in the 

Dutch grid and the information provided by the grid 

operator. 
Table 4 Indicative planning levels for flicker in the Dutch grid 

Transfer coefficient Plt(95% of probability) 

LV MV HV 
0.9

1

0.05 0.3

HV MV

MV LV

LV MV

T

T

T

→

→

→

=

=

= ∼

 

1 0.65 0.5 

Using the indicative planning levels and transfer coefficients 

in the table, the global contribution to the flicker level at 

different voltage levels can be given. The maximum long 

term flicker level (Plt) for all installations can be evaluated 

using: 

, , , , , ,

, , , ,

, , , ,

( ) ( )

( )

( )

lt MV Plt MV Plt HV MV Plt HV Plt LV MV Plt LV

lt HV Plt HV Plt MV HV Plt HV

lt LV Plt LV Plt MV LV Plt MV

P L T L T L

P L T L

P L T L

α α α
α

α α
α

α α
α

→ →

→

→

∆ = − ⋅ − ⋅

∆ = − ⋅

∆ = − ⋅

 (11) 

Where L and T are the planning levels and transfer 

coefficients for different voltage levels. The coefficient 

parameter α is dependent on the characteristics of the 

disturbing loads and it is taken as 3 as this value is mostly 

used when the risk of simultaneous voltage variation is 

minimal [11]. 

Since the transfer coefficient from LV to MV side is very 

low, the global contribution of MV installations can be 

calculated as: 

3 33

, , , ,
( ) 0.65 (0.9 0.5) 0.57

lt MV Plt MV Plt HV MV Plt HV
P L T L

α α
α

→
∆ = − ⋅ = − ⋅ =  (12) 

Similarly for LV network, the global contribution to the 

flicker level that can be allocated to the total loads supplied 

can be given as: 

3 33

, , , ,
( ) 1 (1 0.65) 0.90

lt LV Plt LV Plt MV LV Plt MV
P L T L

α α
α

→
∆ = − ⋅ = − ⋅ =  (13) 

Considering the practical network, due to the low possibility 

of simultaneous use of the loads, the case that two loads 

disturb simultaneously is sufficient to calculate the limit for 

∆Plt at the point of connection at LV network: 

3

3

,

0.90
0.71

2
lt LV

P∆ = =                        (14) 

Therefore in the LV network, the contribution to the flicker 

level for two loads is 0.71, which will limit the flicker level 

at the POC. The ∆Plt can also be estimated by Pst . Using a 

Pst=1 the repetition rate has to be four times in two hours. 

Four times a Pst=1 and eight times a Pst=0 will give a 

Plt=0.71 according formula (3) at the POC of the LV 

network. It is also comparable to two customers connected 

to the maximum grid impedance and having a maximum 

inrush current once each hour. 

In summary, it is reasonable to change the value of ∆Plt=0.8 

which is in the Dutch grid code to ∆Plt=0.71. Due to the low 

impedance of the Dutch grid, load with certain inrush 

current can be connected to a position in the network where 

the maximum impedance is as defined in Table 2. If the 

inrush current is lower than or equal to current capacity and 
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the switch frequency is lower than or equal to once every 

two hours, flicker level will not exceed the limit. However, 

awareness should be paid to devices which has higher 

switching frequencies and connected at the unsuitable 

places, where the impedance exceeds the limit. Further 

mitigation techniques are necessary to limit the amplitude of 

the inrush current. 

Because rapid voltage change limits are inherently designed 

to consider the situations that are outside the 10-minute 

windows of any Pst value, statistical summation, of the 

effects of multiple rapid voltage changes is not appropriate 

[10]. It is left to the grid operator or owner to consider all 

rapid voltage changes that may occur over any particular 

time period and to insure that the cumulative effects do not 

exceed the recommended planning or compatibility levels. 

The suggested transfer coefficients and planning levels are 

based on the present status of the Dutch network, maximum 

grid impedance can be found in relation to inrush current of 

the equipment. By putting limits on the variation of Pst and 

Plt, enough conditions are given to protect the grid operator 

and customer against possible flicker problems. 

VI. HARMONICS 

A. Harmonic distortion 

Harmonic distortion will be one of the important aspects of 

power quality regarding future Dutch Grid. More and more 

non-linear loads are connected to the network each year. 

Harmonic currents will induce a voltage in the grid that is 

added to the network voltage, thereby distorting the supply 

voltage. As the grid impedance is usually small, the voltage 

distortion is relatively low. However, if more non-linear 

loads are used, the voltage distortion could become large. 

Standards for the harmonic distortion made for the supply 

voltage and for limiting harmonic current can also be found 

in EN50160 and several IEC 61000 standards. The 

EN50160 describes the maximum limit of the individual 

harmonic voltage at the POC. Besides, EN50160 also refers 

to the total harmonic distortion (THD) with a maximum of 

8% for 95% of the time in the LV grid. This THD can be 

calculated using the formula: 

2 2 2

2 3

2

1

100%
N

U

U U U
THD

U

+ +
= ⋅

…

            (15) 

Regulating harmonic currents of devices is carried out 

according to several IEC 61000 series. The interactions 

between harmonic voltages and maximum harmonic currents 

are also important because the interaction can lead to 

amplification of harmonic voltages. In practice, some 

devices do not function appropriately due to the excess of 

the limit caused by interaction or resonance. 

B. Transfer coefficients for harmonic voltage 

In “Power Factory,” two current sources with the same 

percentage (10%of the fundamental current) of 5
th

 harmonic 

current are presented in the same LV network as shown in 

Fig.14, the THD value of voltage is measured at the LV and 

MV busbar, which is shown in Fig.16. The phase angle 

between different current sources will influence the total 

harmonic distortion of the voltage. With phase angle of 

180°, the THD can be attenuated dramatically. On the 

contrary, currents in phase will magnify the THD. 
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Fig.16: THD in relation to the phase angle between two harmonic sources 

Due to skin effect and variations of the internal inductance, 

resistances and inductances are usually frequency dependent. 

The analysis of the transfer coefficient for harmonics is quite 

similar to the flicker. Propagation on the low voltage levels 

depends on the location of the observation point, the short 

circuit power and the location of the source. Propagation 

from MV to LV is near to 1; while the transfer coefficient 

within the LV network can vary between 0.13 and 1 

depending on the locations. On the other hand, the values of 

the transfer coefficients of 5
th

 harmonics from the LV side to 

the MV side in relation with short circuit power at MV side 

are shown in Fig.17. 
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Fig.17: Transfer coefficients from the LV to MV network 

VII. CONCLUSIONS 

In this paper, a typical Dutch MV and LV network has been 

built in “Power Factory,” the grid impedance and short-

circuit powers are analyzed in relation to the PQ level. The 

Dutch grid has in average a good PQ level due to the use of 

cables in the MV and LV grid and its short distances. 

However, it still could happen that the current at the POC 

would exceed the limit that will cause the reduction of PQ 

level. The customer should limit his emissions with 

reference to the maximum impedance established by the 

technical regulations or if unavailable, he should remunerate 

the investments made to decrease the grid impedance 

(increase the short circuit power). It is therefore, strongly 

recommended that customers should consult to the grid 

operator before accomplishing installations to ensure the 

maintenance of PQ level. 

The trend of flicker severity in the Dutch network is 

increasing, which is now the most common PQ problem in 

the Netherlands. Flicker level strongly depends on the 
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voltage variation and switching frequency, but not on the 

switching intervals. It is urgent to enforce stricter rules to 

regulate the network and the connection of installations to 

maintain the flicker at a low level. Transfer coefficients are 

obtained from the model (range from 0.13 to 1 for the LV 

network; whereas 0.05 to 0.3 from the LV to the MV 

network). The indicative planning levels for different 

voltage levels are proposed (the values for the LV, MV and 

HV networks are 1, 0.65 and 0.5 respectively). It can help 

the grid operator when design the system. 

Harmonic problems are not yet a big issue in the present 

Dutch grid. The analysis of harmonics is quite similar to that 

of flicker; propagation coefficients from the LV side to the 

MV side are between 0.05 and 0.3 (except the harmonic 

order of 3 and multiples of 3) depending on short circuit 

power. Propagation coefficients from the MV to LV network 

are close to 1. This explains that variation in the LV network 

is higher than that in the MV network. 
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