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ABSTRACT 

The Dutch national regulators ACM (‘Autoriteit 

Consument & Markt’ in Dutch) have recently announced  

their visions to various regional network operators in the 

Netherlands about the minimum safety requirements of 

public networks. Absence of proper earthing can arise 

dangerous unsafe situation in the public network or at a 

customer’s installation. In this paper, first a brief 

summary is given on the recent happenings of national 

level activities regarding standardization works on 

electrical network safety needs. Further, different types of 

low voltage (LV) network configurations in the 

Netherlands are discussed. Some of them provide better 

safety during short circuit conditions than the other 

types. A part of Endinet’s LV network is simulated using 

simulation tool ‘Gaia’ and the probable areas where 

risks on safety issues can arise are discussed. As a 

distribution network operator, Endinet is obliged to 

guarantee electrical network’s safety for its service and 

operation to the public and associated users.   

INTRODUCTION 

The ACM has asked the network operators in the 

Netherlands to become more transparent about their 

supply voltage quality, performance  and on safety issues 

of their networks. Also, ACM has recently announced his 

visions about electrical safety needs for networks, both 

for old and new networks. In this paper, ACM’s vision on 

safety  is discussed briefly.   

Further, typical earthing configurations of the Dutch LV 

networks are discussed in this paper. Endinet owns 

medium voltage (MV) and low voltage (LV) networks in 

Eindhoven and provides electricity to more than 110.000 

customers. Endinet is also obliged to provide reliable and  

safe electric supply to its customers. Every network 

operator should provide reliable, safe and good quality 

electricity to their customers. For safe operation of an 

electricity network, it is important to ensure proper 

earthing of its network components. In the Netherlands, 

the electricity distribution network is mainly fed by 

underground cables. In the last years, an increasing trend 

of stealing of copper conductors from the network cables 

/earth conductors has made the network operators 

concerned about the vulnerability of their electricity 

networks to safety issues. Also, maintenance works and 

digging activities of different facility services (such as 

water supply, telecom services, etc.) sometimes damage 

the network cables and earthing system. This affects the 

safety requirements of the electricity network, potentially 

leading to unsafe or life-threatening situations.          

When short circuit occurs in the network, a ‘fault voltage’ 

appears in each part of the interconnecting regions. From 

a safety point of view, it is important to know the ‘touch 

voltage’ at an exposed conductive part during an earth 

fault condition. However, the touch voltage at a node 

point does not have a unique value. It varies depending 

on the touching conditions such as people’s body weight/ 

resistance, touching with one or two hands, standing on a 

dry or a wet surface, with or without shoes, etc. Under a 

fault condition, an installation located close to a MV/LV 

substation experiences high fault current which is 

generally protected by a fuse present in the feeder. 

However, when a short circuit occurs at a distant point 

from the source, fault current will be low and therefore 

the fuse may not operate in time. In that case, fault 

voltage can still be high because of large feeder 

impedance. Therefore, there will be a risk for customer or 

maintenance personnel as they may get an electric shock. 

The safety regulation for the Dutch LV network specifies 

to limit the fault voltage within 66V or to restrict the fault 

clearance time within 5s [1,3], as shown in Fig. 1.  

 
Fig. 1:  Risk management regulation in Dutch networks 

 

To verify Endinet’s network’s present safety 

performance, simulations are done using ‘Gaia’ software 

tool (developed by ‘Phase to Phase’, the Netherlands).  A 

part of Endinet’s LV network is simulated to find out 

fault voltages at various critical nodes of the network. 

Fault voltages and fault clearing time at different parts of 

LV networks are found and are compared with the 

stipulated values mentioned above. This analysis helps to 

identify relatively unsafe regions of the network and 

improves asset management activities. 
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THE DUTCH REGULATORS VISION ON 

NETWORK SAFETY 

In the recent years, the Dutch regulator ACM is showing 

more concern about public network safety requirements. 

The electricity law of the Netherlands (Elektriciteitswet 

1998, article 16, section 1b) [2] states about various 

duties of the network operator regarding their services. 

One of the most important responsibilities of a network 

operator is to provide electricity to the customers in a safe 

way, without endangering any part of public property.  

The  Dutch regulatory body ACM expects that the 

network operator should fulfil at least some minimum 

safety requirements for designing and operating their 

networks. A proper technical standard needs to be 

developed, stating clearly all the safety requirements in 

the LV grid. This standard needs to be developed within a 

year time from the date of approval of the agreement 

between the regulator and the network operators. After it 

is developed, the network operators should be obliged to 

follow these minimum requirement standard. If asked by 

ACM, the network operators should be in a position to 

prove that each part of their network meets the standard.  

Another point which is under discussion is to define and 

distinguish between a ‘so-called’ old network and a new 

network. At present the Dutch network operators follow 

the guidelines that were developed in 1993 by the work 

group of distribution network operators from EnergieNed 

[3]. In the last period, many changes and developments 

have occurred regarding materials and configurations of 

the network components. The network operators claim 

that the new networks have better performance and safety 

measures than the old networks. However, many of the 

old networks are still working efficiently and unsafe 

incidents are seldom registered recorded. They have an 

opinion that these two generations networks should not 

be compared and different types of requirements should 

be applied. ACM has agreed to this point and has asked 

the network operators to develop the standards for both 

those types of networks. However, the minimum standard 

condition is applied for both the cases.  

ACM has also made a statement that when an existing 

network does not perform good as per the standard 

requirements, the network should be modified 

accordingly so that it can cope up with the minimum 

safety needs. It is understandable that sometimes the 

network modification cost is quite high and is not 

justified from the optimum social cost point of view. 

Ultimately, all the investments made for the betterment of 

networks have to be paid back by the customers (as 

charging higher electricity tariff). In this case, network 

operators should be absolutely transparent and should be 

able to justify their arguments about not doing those 

investments. The network operator should choose an 

alternative option that is the most suitable under that 

situation .    

During this year the network operators and ACM should 

make a joint agreement regarding various measures to 

establish the (minimum) safety standard and differentiate 

the safety needs for an old and a new network. 

Furthermore, in the coming years, the standard guidelines 

should be followed and implemented in their networks.   

TYPES OF EARTHING SYSTEMS 

All points that generate electricity or changes system 

voltage must be earthed. Two types of earthing are used 

at customer’s installations: 

Protective earthing for persons and equipments against 

electric shock. The purpose of this earthing is to provide 

a low impedance path to ground during a fault condition, 

to eliminate step & touch voltage rise and to provide a 

stable reference voltage. This system must be bounded at 

some points to the functional earthing system. 

Functional earthing is used for interference suppression. 

It is designed mainly to provide a low impedance path to 

earth for high frequency leakage currents and noise 

caused by switching and lightning protection. In an 

installation, there are usually several parallel paths that 

are connected to earth points. 

 

The most common types of earthing system used in the 

Netherlands for LV public networks are: a) TT-earthed 

system (Terra-Terra, where the installation is earthed at 

customer’s location), b) TN –earthed system (Terra-

Neutral, where the network operator provides the earthing 

as a service via the network). TN system can also be sub-

categorized in two types: 1) TN-C (combined system, 

where neutral & protective earth conductors are coupled 

together), 2) TN-S (separate system, in which neutral 

conductor and protective earth are separated). Besides 

these earthing systems, there is another one which is 

called IT system. It is theoretically an unearthed system, 

but is connected to the earth by stray capacitance of the 

network and / or by high impedance. However, the frame 

at load side is always connected to the earth. Different 

types of earthing systems are shown in Fig. 2 [4]. 

 

 
a) TN-C system 

 
b) TN-S system 

 
c) TT system 

 
d) IT system 

Fig. 2: Various earthing methods used in LV networks 
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Endinet has a TN earthing system (both TN-S and TN-C 

types) for the LV networks. Mainly two types earthing 

configurations are used: a) an isolated earth-conductor or 

equivalent (such as water pipelines) that runs parallel to 

the main cable; b) a neutral conductor of the main cable 

that serves the purpose of earthing too (called as “PEN 

conductor”). Both these two systems have their own 

advantages & disadvantages. In a TN-S system, an extra 

investment is needed for a separate earth conductor. 

However, it is also a risk that this separate earth 

conductor might be stolen, as indicated in the beginning 

of this paper In return, it provides extra protection during 

fault condition. As the neutral & protective earth (PE) 

conductors are coupled at several points in the network, it 

provides also a path for (unbalanced) current to return to 

the source under normal situation, when neutral 

conductor is broken. In a TN-C system, as there is no 

separate earth conductor, it can have relatively higher risk 

to safety issues when neutral conductor is damaged or 

broken (during ground digging activity). A survey inside 

Endinet’s service area shows that the customers prefer to 

have TN-S system as they get the possibility to connect 

their installation’s earthing to the network’s PE conductor 

for enhancing their installation’s safety. 

FAULT AND TOUCH VOLTAGES 

When a short circuit occurs between a single-phase and 

the earth connection of an electrical installation, a voltage 

difference originates between the local earth conductor 

and the “far-off ground”. The voltage appears at the fault 

point is called as “fault voltage” and is calculated by 

estimating the fault current (IF) and the fault impedance 

(ZF) at the point. Fault impedance is the impedance of the 

faulted phase conductor (Zphase) up to the fault point from 

the source and the retour path (Zretour), which includes the 

impedance of neutral and PE conductors in parallel, 

where applicable. Under this fault condition, a part of the 

fault current (IF) can flow through the body of a person 

who is touching a grounded piece of an equipment 

connected to the same network, as shown in Fig. 3. This 

body current (IB) causes a rise of voltage between the 

hand and leg of the person, touching the ground. This is 

called as “touch voltage” (UB). It means that a part of 

fault voltage will appear as touch voltage to the person, 

depending on his body resistance (ZBody), resistance of his 

shoes (ZShoe) that he is wearing and the ground resistance 

(Zground) on which he is standing. The following equations 

are used to calculate fault voltage (UF) and body current 

(IB) when is touched at the faulted part in the network.   

 I
F
 = U

nom
 / Z

F    (1) 

 Z
F
 = Z

retour
 + Z

phase  (2) 

 U
F
 = Z

retour
 * I

F   (3) 

 IB = UF/ (ZBody+ZShoe+Zground) (4) 

The magnitude of fault current determines the maximum 

time that a fault condition may continue at that point 

before the protective fuse can clear it.  

The standard IEC 60479-1 [5] gives various allowable 

time for various currents that a human body can tolerate. 

Fig. 4 gives an indication of the consequences of the 

amount of currents that can cause various effects on a 

human body [6]. The curve C1 defines the time-current 

limit of exposition to an electric shock, which must not 

be exceeded. 

 
Fig. 3: Fault in a TN-S system [6] 

 

 
 

Fig. 4: Various effects on different body current limits 

 

The touch voltage can change significantly depending on 

the person’s body impedance and the surface on which 

the person is standing. Also, the touching condition 

defines the amount of tolerable touch voltage. For 

example, body resistance will be halved when a person 

touches by two hands on a faulted object than touch by 

one hand. Normal body resistance is taken as 1300 ohm, 

and shoe resistance as 500 ohm and ground resistance as 

zero. These values are used in the simulation of this 

paper. With the above values of resistance, 37mA body 

current will cause 66V touch voltage across one hand and 

feet of the person, touching the faulted object. The values 

for fault voltage and fault impedance calculated in this 

section are used as minimum standard safety guidelines 

for the operation of old as well as new networks in 

Endinet’s service area. 

ENDINET’S LV GRID FOR SIMULATION  

A part of Endinet’s LV network is simulated using 

software tool Gaia. It has TN-C configuration, therefore 

neutral conductor serves the purpose of  earth conductor 

too. Only cable junctions and terminals of cable parts are 

connected by earth conductor as shown in Fig. 5 [7]. 
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Endinet has a mesh connected LV network which means 

that almost every customer gets supply from two feeding 

transformers, except some customers who are located in 

an extended or radial part of a main cable. Every LV 

feeder is protected by fuse at both ends of the LV 

distribution box. 

 
Fig. 5: Endinet’s typical LV cable in TN-C system 

 

All the distribution boxes and transformer stations are 

earthed via the ‘PEN’ conductor with a resistance of 0,2 

ohm (maximum).  Also, all the outgoing feeders of the 

simulated network are protected by fuse of rating 200A. 

A typical current-response time characteristic for a 200A 

fuse is shown in Fig. 6. It can be noticed that the fuse will 

allow 1000A fault current to flow through the feeder for 

5s time. This maximum fault current can be bit different 

for fuses from different manufacturers.   

   
Fig. 6: Jean-Muller 200A fuse [6] 

 

As found from Fig 6 that maximum of 1000A fault 

current is allowed to flow through a LV outgoing cable. 

Therefore, the maximum fault impedance (ZF) of the 

circuit is (230/1000 =) 0,23 ohm per phase, when 

nominal voltage (Unom) is 230V.  

ZF = Zphase + Zretour   = 0,23 ohm  (5) 

 

From equations (1) and (3), it is possible to define the 

relation between phase impedance (Zphase) and retour 

impedance (Zretour). Fault voltage (UF) at a node point is 

to be restricted to 66V for safe operation and the fault 

current (through a human body) should be restricted to 

37mA (continuous) for an average person wearing shoe 

(assuming ZBody+ZShoe+Zground = 1800 ohm). Therefore, 

the following can be calculated using equations (1) to (3): 

UF = (Unom* Zretour)/ (ZF), 

Therefore, [Zretour/ ZF]max = 66/230 = 0,28 

    Zretour/ (Zphase + Zretour) = 0,28.   

Zphase = 2,57 Zretour   or,  Zretour ≤0,39 Zphase  (6) 
 

By using equations (5) and (6), the maximum value for 

phase impedance of LV cable is found as 0,165 ohm. The 

LV cable is of 4x95mm
2
 AL conductor which has an 

impedance of (0,32+j0,082) ohm/km. Hereby, the 

maximum length of cable is theoretically 500m. This 

information is needed in the simulation to check if a node 

point is located in the safe region of Fig. 7 [7].  

 
Fig. 7: Risk management criteria for Endinet’s network 

 

As per design rules, most of the main LV cable length in 

Endinet’s service area is restricted to 300m, while the 

maximum length of a connection cable is 25m. However, 

to increase the reliability of electrical service to the 

customers, some distribution boxes are connected by long 

cables that are fed from different transformers. Endinet 

follows the philosophy of Fig. 7 to define the risk zone of 

the LV network. 

The fuses in an outgoing LV feeder are generally 

selective while responding to a fault in a LV cable. The  

connection cables are tapped out from a main LV cable at 

a cable joint and provides electricity to the customers. 

The protection of these connection cables are generally 

not covered by the fuses. When a fault occurs in a 

connection cable, it is allowed to burn until the cable 

connection point. In such cases, the service provider of 

Endinet will repair the burnt cable with a new one. In this 

way, power outage to that cable is restricted to that 

specific customer only, not for the other customers 

connected to the same cable. 

The network simulation is done for a LV network which 

has more than 2000 connection points to various 

household customers and are fed from 9 numbers MV/LV 

transformers. These transformers are connected together 

in a ring configuration by a MV cable in the network. The 

short circuit capacity at the beginning of the MV network 

is 100MVA (=5.7kA), which can be considered as a 

relatively strong grid.  

From the simulation, it is found that majority of the 

network node points are located in region A of Fig. 7.  

This region falls under the safest zone of the graph. If the 

cable length is more than 300m, it is needed that the fault 

voltage at various points should remain within 66V.  
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The fuse of that specific feeder will mostly not react to 

that fault and will not be able to clear it with in 5s.  

Simulations show that approximately 1,6% of the nodes 

of the simulated network fall in region D of Fig. 7. For 

those node points, Endinet takes suitable measure (such 

as placing an extra distribution box with fuse, shortening 

the cable length, adding extra earth conductor, etc.) to 

reduce the risk of electric shock.   

The region B and region C are also accepted as safe 

zones of operation. At region B, fault voltage is lower 

than 66V that indicates that the earth retour path is very 

good at that node point. It helps to keep the fault current 

lower too that may flow through the body of a person 

while touching a short circuited object. 

At region C, the fault voltage is larger than 66V, but the 

fuse of the cable clears the fault within 5s time. The 

current during touch condition is also lower than the 

permissible value. In the simulation tool, every node 

point is checked to see that the fault voltage, current, fault 

clearing time, etc. are within the limits discussed in this 

paper.      

From simulation, it can be concluded that approximately 

5% (among them 1,6% nodes fall in region D and 3,4% 

in region E) of the node points of the considered network 

does not fall under the defined safe regions (of A, B, C of 

Fig. 7). According to the definition of the document [1], 

region E is also called as safe zone of operation. 

However, Endinet does not want to take any risk and 

therefore try to mitigate risk by implementing proper 

measures for those points too that fall in region E.  

CONCLUSION 

In this paper a brief overview is given about the Dutch 

regulator ACM’s vision on low voltage network safety 

issues. ACM has asked the network operators to develop 

a minimum standard for safety requirements for all types 

of network. Also, a proper distinction should be made 

between a new and old networks and their individual 

type’s safety requirements.  If an existing network does 

not fulfil the standard requirements, the network operator 

should take proper measure to improve it. However, the 

optimum choice has to be made by considering the 

minimum social costs. In all situations, ACM wants the 

network operators to continue their services in an 

absolutely transparent manner, and inform their 

customers about the performance and present condition 

of their networks openly. 

In the second part of this paper, various types of earthing 

systems are discussed. Further the calculation of fault 

voltage and fault current at a point are described. The safe 

fault impedance value at a point in a LV network is 

calculated for Endinet’s network. Also, the risk zones are 

defined where the fault voltage is higher than 66V and 

the fault clearance time is larger than 5s. Endinet 

identifies also another region where the fault current 

passing through a human body may exceed the 

permissible value. After doing the simulation of a typical 

LV network of Endinet that has a TN-C earthing system, 

it is found that most of the node points are fulfilling the 

safety criteria of fault voltage lower than 66V or fault 

clearance time lower than 5s. However, approximately 

5% node points violate the above conditions because of 

relatively larger cable length or other reasons such as 

missing or improper earth conductor connections, or 

broken PEN conductor. Endinet has a meshed LV 

network and generally at all end terminals earth 

conductors are placed and are connected to nearest joints. 

All LV distribution boxes and transformer stations are 

also grounded by an earth electrode that has a resistance 

of lower than 0,2 ohm. Therefore, the LV network is 

earthed at several points in the network and should have a 

lower retour impedance. However, when those 

connections are weak or broken, the earth retour 

resistance can be higher than the permissible value. 

Endinet takes necessary measures to improve the safety 

needs of those points. This type of analysis helps the 

asset management activities immensely and help Endinet 

to improve new network’s design concepts and also 

existing network’s operation conditions. 

 

REFERENCES 
 

[1] TIS 10-202a, N11-37a: “Veiligheidbepalingen voor 

nieuwe LS-distributienetten en een minimaal 

veiligheidsniveau voor bestaande netten”, a 

document proposed by the network operators in the 

Netherlands, December 2010. (available in Dutch 

language only) 

[2] Dutch Grid Code Legislation: “Netcode Elektriciteit 

per 17 december 2009”, DTE (Dutch office for 

Energy Regulation), 2009, (available in Dutch 

language only). 

[3] Work group members of EnergieNed (responsible for 

providing electricity service in distribution network), 

“Aanbevelingen voor distributienetten” – in verband 

met het aanbieden van een aardingsvoorziening, 

Techn 93-945, June 1993. (available in Dutch 

language only). 

[4] Schneider Electric document, “Earthing systems- 

Industrial electrical network design guide”,  T&D, 

ref.: 6883 427/AE, downloaded from Schneider 

electric website. (December 2014) 

[5] IEC 60479-2:1987 standard, “Effects of current 

passing through the human body”, IEC standard, 

1987. 

[6] Gaia handbook 6.3, Phase to Phase, 2011. (website: 

http://www.phasetophase.nl/en_products/vision_lv_n

etwork_design.html) 

[7] Endinet’s internal investigation document on 

network’s earthing, “Rapport- Aardingsonderzoek”,  

author: S. Bhattacharyya, April 2013. 

 

http://www.phasetophase.nl/en_products/vision_lv_network_design.html
http://www.phasetophase.nl/en_products/vision_lv_network_design.html

