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1 Introduction to the course  

1.1 Purpose of protection systems and general requirements  

Learning objectives of the course: Upon completion of this course, you should be able to: 

• Explain the general purpose of protection systems in distribution grids 

• Name the basic principles of protection systems 

A range of ancillary services help distribution networks meet safety, reliability and quality of  supply 

requirements. Protection systems are one of the very important components of power supply systems 

to meet these requirements. The devices used to protect a system and living species from interference 

are referred to as protection devices. Protection devices are installed on all circuits and electrical 

equipment. They are used for clear faults and damage limitation in the event of a fault. The protection 

systems can isolate the faulty components and at the same time keep the healthy parts of the power 

supply system in operation. Efficient protection systems can detect and isolate faults or exceptional 

situations within seconds to milliseconds. Back-up protection devices are installed to improve the 

reliability of the protection system. 

Several protective devices work together to ensure safe operation of a power grid for personnel and 

the public, individual devices and the entire grid. Therefore, operation and planning need coordinated 

approaches and at the same time, the economic costs and benefits of protection systems have to be 

considered and weighed.  

The requirements for protection systems can be summarized as: 

1. Reliability: Protection systems shall operate correctly.  

2. Speed: Protection systems shall need short time to detect and eliminate a fault. 

3. Selectivity: Protection systems shall select the minimum section of the network necessary to 

isolate the fault and maintain continuity of supply to the remaining system. 

4. Environment: Protection systems shall enable renewable power plants in distribution and 

transmission networks to supply very large amounts of energy and power. 

5. Cost: Protection systems shall work efficiently at low cost. 

This course focuses on only one aspect of protection systems. It provides an overview of the design, 

operation and operation of protective equipment for photovoltaic (PV) systems connected to low and 

medium voltage networks.  
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Figure: Requirements for protection system planning and operation (Source: RENAC) 

1.2 Introduction to protection systems and grid integration of distributed renewables  

Learning objectives of the course: Upon completion of this course, you should be able to: 

• Identify the different impacts of renewables integration that impact grid protection scheme 

design.  

• Identify the most important differences in grid protection systems between low and medium 

voltage grids. 

The course is designed to provide an overview of the design, functioning, and operation of protective 

devices for photovoltaic (PV) systems connecting to low and medium voltage networks.  

Historically, electric grids have been designed for a unidirectional load flow, from large power plants 

connected to the transmission system, to downstream loads usually connected via distribution grids. 

However, the growth in deployment of distributed energy generation (see FIGURE) has changed this, 

since most wind and photovoltaic installations are connected to these medium or low voltage 

distribution grids. Accommodating these distributed generators through a bidirectional load flow in 

distribution networks necessitates a reassessment of existing protection systems to ensure network 

stability in case of failures.  

In this course, a PV system is defined as an aggregation of inverters, cables, and transformers connected 

to the grid via a point of coupling (POC). As cables and transformers are considered to be passive 

elements, the inverter is the relevant variable in protection system planning. The inverter isolates the 

DC from the AC side of the PV system; hence the DC side is not considered in this course.  
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In order to help in considering the balance between costs and benefits in any given situation, this 

course will distinguish between the requirements for protection systems in 1) a low voltage, and 2) a 

medium voltage grid.  

This course will examine the following factors relevant to grid protection in the context of integrated 

distributed PV systems. 

• Electrical behaviour of inverters and protective devices in PV systems during normal grid 

operation as well as in the case of grid faults. 

• Methods for and application of load flow and short circuit calculation for protection design. 

• Principles of protection design. 

• Fundamentals of the protection test. 

• Background and basic knowledge of compliance monitoring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: worldwide growth of solar power (Source: adapted by RENAC, based on IRENA,2015) 

 

1.3 Introduction to requirements of protection systems  

Learning objectives of the course: Upon completion of this course, you should be able to 

• Explain the different kinds of protection systems that are in use today. 

• Describe the different calculation methods used in protection system planning. 

• Derive key success factors for effective protection planning principles when taking into 

account distributed PV power generation. 
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The design of a protection system differs depending on the respective voltage level. Low voltage 

networks rely mainly on primary protection resources, e.g. fuses, while secondary protection devices 

prevail in medium voltage networks. 

Primary protection is built directly into the existing main current path and can provide safe 

disconnection of unidirectional short circuit currents and overloads, while secondary protection 

equipment requires transformers to transmit the measured values of voltage and current to protection 

relays which offer a wider range of possible applications.  

The calculation of short circuit current is essential for the design and dimensioning of the protection 

system. Single-pole earth faults usually indicate the most critical case for protection scheme design.  

In this course, you will be introduced to the most basic and useful variables of load flow and short 

circuit calculation for the purpose of protection scheme design, as well as methods to use them without 

complex simulation models. 

In considering the integration of the decentralized inverters of the PV systems into the grid, the 

following points must always be taken into account: 

• the load flow of the power network becomes bidirectional, which means that protection 

devices have to be able to detect the direction of intermediate feeds. 

• the short circuit protection must be adapted to a now volatile power supply. 

• requirements of protection systems (e.g. economic feasibility, selectivity). 

 
Figure: grid integration of PV Systems in a meshed network (Source: FGH, 2019. Adapted by RENAC) 

 

 



  

724_GridIntProtect_EN  Page 8 of 41 
13/01/2020 

 

2 Electrical behaviour of protection devices and photovoltaic generation systems 

2.1 Introduction to the impact of photovoltaic generation systems on grid integration  

Learning objectives: Upon completion of this page, you should be able to 

• Identify the main differences between distributed renewables and conventional centralized 

power stations with respect to grid operation. 

• Explain the need for a technical framework for the integration of renewable energy in existing 

grids. 

The electrical energy supply system has changed immensely due to increases in supply from 

decentralized generating units. In past, the bulk of the power supply was generated close to consumer 

centres, fed into the high-voltage grid, and further distributed through the medium and low-voltage 

networks to consumers. The load flow was unidirectional, from high to low voltage. Voltage stability 

was guaranteed by the ability of thermal power plants to load-follow by controlling fuel inputs, at a 

small number of points in the integrated network.  

With the increase in renewables, we must now consider two major changes: 

1. The transmission grid no longer has the sole function of one-way power injection; instead, the 

load flow is often bidirectional. This makes it increasingly challenging for a network operator 

to balance the stability of voltage and frequency during normal grid operation.  

2. While conventional power plants are able to constantly generate and feed in power, wind and 

PV power generation is volatile and non-dispatchable (meaning it cannot be ramped up or 

down on command). In addition, the injection of power from a photovoltaic plant can stop 

quickly (with a passing cloud, for instance). This means that a high load cannot necessarily be 

met with an equally high supply of power; the supply of power is uncoupled from the demand 

(load).  

Therefore, existing electrical parameters for grid operation need to be adapted to enable the safe and 

effective integration of inverters, with consideration of both of the following states:  

- Normal grid operation (e.g. to stabilise voltage and manage the remote control of renewables) 

- Grid fault situations (e.g. short circuit or over-/ undervoltage) 
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Figure: Bidirectional power flow in grids with generation connected to various gird levels (Source: 

RENAC) 

 

Figure: Unidirectional power flow in grids with generation connected to the high and very high 
voltage level (Source: RENAC) 

 

2.2 Protection systems  

Learning objectives: Upon completion of this page, you should be able to 

• Indicate the requirements for protection devices in low and medium voltage networks. 

• Give examples of protection system schemes in low and medium voltage networks. 

• State the differences between machine and grid protection devices. 
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The purpose of protection devices in electrical systems is to protect living things, network equipment, 

and consumers from overload and short circuits. Nevertheless, the requirements for protection devices 

in low and medium voltage networks are different. This is due to their different significance with regard 

to the supply guarantee, and different network topologies. Medium voltage grids are predominantly 

designed as meshed or looped networks, while low voltage grids tend to follow a radially fed design.  

• Low voltage grids usually use fuse-switch disconnectors as a primary protection. If a short 

circuit occurs, these can switch off in a cost-effective, safe, and selective manner, though they 

have to be replaced after a short circuit. Normally, fuse selection is done using data tables, 

based on line types and maximum line lengths [1]. 

• Medium voltage protective relays have to provide a wider range of functionalities than in the 

low voltage level, where usually only one line is affected. Functionalities of these secondary 

protective relays include:  

 

Current Voltage/ frequency 

Function ANSII-Code Function ANSII-Code 

Distance protection -21/21N 

 

Frequency 81H/81L 

Earth fault detection 50N/51N/67N/… Overvoltage protection 59 

(Definite-time) 

overcurrent protection 

50/51 Under voltage protection 27 

 

Each protection function is specified via a specific ANSII Code (American National Standards Institute), 

these codes are used worldwide [2]. 

When planning the protection scheme, attention must be paid to ensuring a consistent main and 

backup protection system, as well as possible restrictions or limitations imposed by the separate 

machine protections. 

The main and backup protection scheme provides the network protection and thus the system stability. 

You can plan back up protection with time delay or a different trigger level. It is essential to design the 

main protection in such a way that the respective zone is protected in a short time, and to map the 

backup protection with a time delay. Main and backup protection must not be implemented via the 

same protective relays [3]. 

The machine protection serves to protect the installed electrical equipment within fixed parameters. 

The machine protection can consist of fuses or a fixed parametrisation in the protection relay 

depending of the manufacturer. 
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2.3 Inverter contribution to voltage stability during normal grid  

Learning objectives: Upon completion of this page, you should be able to 

• Describe the technical capabilities of inverters in stabilising normal grid operation. 

Due to the increased power feed-in from decentralised generation, voltage and frequency fluctuations 

are to be expected, even during fault-free operation of the grid. Thus, grid operators must set 

parameters for a steady-state control, which means voltage and frequency control during normal 

operating conditions.  

Inverters in PV systems and wind turbines consist of power electronics and thus are able to respond 

very quickly to voltage and frequency fluctuations by feeding in active and reactive power.  

To stabilise the voltage in their own and in upstream grids, network operators have the option to direct 

decentralised generation plants to implement reactive power provisions at the POC in steady-state 

operation (see FIGURE). There are various opportunities for regulation that can be implemented via 

the control unit of the decentralised power plant, such as: 

• fixed active power factor cos ϕ  

• active power factor curve cos ϕ (P)   

• reactive power characteristics with voltage limiting functions 

• reactive power/voltage characteristic Q(U).  

• Q constant,  

• Q(P)   

• Q depending on setpoint given by grid control room 

 

The control unit can be implemented in the inverter or exist as a separate tool. 

 

Figure: the correlation of reactive power to the voltage stability (Source: RENAC) 

To avoid sudden voltage jumps in the event of fluctuations in active power feed-in, it is advisable to 

formulate limitations on the speed of the control unit of the plants, via a limiting gradient. The 

protection system design must thus ensure that the voltage increase at the POC does not trigger the 

grid protection mechanism [5]. 
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2.4 Influence on voltage stability in the event of grid faults  

Learning objectives: Upon completion of this page, you should be able to 

• Explain how inverters can stabilise the power system during a fault. 

• Describe the impact of dynamic grid support via inverters in terms of its influence on the 

protection scheme. 

Faults in the transmission grid can lead to short term voltage dips in the medium and low-voltage 

network, which in turn can lead to disconnections of distributed generating plants, for example, via the 

undervoltage protection. If a large number of decentralized generation plants are disconnected or a 

large portion of the power supply is lost, system stability may be endangered.  

Inverters are able to support system stability via a so-called fault-ride-through, which has the advantage 

that there is no additional loss of power supply. Faults are characterized by a sudden change in the 

voltage range or departure from the normal operation voltage band. Inverters are able to feed in an 

additional apparent current corresponding to the dip or swell in voltage in order to either raise or lower 

the voltage and allow a fault to “ride through” and avoid tripping a protection device.  This behaviour 

is known as dynamic grid support. 

Normal and fault operation protections also need to be implemented independent of each other, in 

order to avoid an unintentional triggering of the grid protection. Likewise, the default parameters for 

both machine and grid protections must be adapted to the required fault-ride-through curve, so that 

they do not prevent the inverters from passing through faults. 

When selecting inverters, one must ensure that they are capable of implementing the required 

specifications for the provision of active and reactive power. Thus, the following characteristics should 

accord with the requirements of the respective network operator: 

- Machine-protection limits. 

- Capacity for the normal operation, reactive power provision in the steady state and 

possibilities of dynamic network support. 

- Setting options and functional scope of network protection. 

Figure: the correlation of machine and grid protection and parametrisation of the inverter 

(Source: RENAC) 
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2.5 Summary: Focus on new protection devices?  

Learning objectives: Upon completion of this page, you should be able to 

• Outline the key factors to be considered in protection scheme planning. 

• Which questions you have to ask to identify power network constellations that require special 

attention regarding renewable grid operation. 

In order to design protection schemes in grids with decentralized power generation, the following 

factors must be considered.  

1. Status Quo of the grid in question 

It is important to have an overview of the existing structure of the grid. How old is the installed 

electrical equipment? How high is the penetration of renewables? What grid data is available, 

and how reliable is it? Which technical requirements do the existing power plants fulfil (like 

reactive power, voltage stability,…)? How is the protection scheme currently designed? 

Answering these questions will give an insight into the complexity of the task at hand.  

 

2. Steady state operation 

The grid operator must establish the technical requirements for active and reactive power 

control for different feed-in scenarios. Among other things, these scenarios need to consider 

high feed-in coupled with low load demand, or the opposite, a low power feed-in coupled with 

a high demand for electricity. In addition, an exchange of reactive power with up- or 

downstream network levels must be possible if needed. In order to meet the new 

requirements, the remote-control centre will need to have the correct equipment installed. 

 

3. Fault operation 

Equally, the grid operator must set up parameters for the fault-ride-through of the 

decentralized generation units and the grid protection scheme. 

4. Expansion scenarios  

Last but not least, the need for an expansion of the existing grid needs to be considered. Which 

network sections have capacity to accommodate additional supply? Which areas show load 

demand as growing or shrinking? 

The design process should also take into account specific time horizons (1 year, 5 years ... 20 years) 

along with available budgets and limits on investment into protection upgrades. 
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FIGURE: basic needed parameters to create a data base for protection planning (Source: RENAC) 

2.6 Chapter endnotes 

e.g. 

[1]: H. Bessei: https://www.nh-hh-recycling.de/downloads.html, 2019 

[2]: http://www.gegridsolutions.com/multilin/notes/ref/ANSI.pdf, 2019 

[3]: R. Luxenburger, Schutztechnik, Klaus, 2013 

[4] J. Bünger: Analysis of protection concepts for decentralized power generation clusters connected to 

medium and high voltage grids, Aachen, 2013 

[5] Kalverkamp, Bünger, Luxenburger: Anforderungen an Aufbau und Test der Wirk-

und Blindleistungsregelung von  Windeinspeisungen  im  Rahmen  der TAB  

Hochspannung (VDE-AR-N 4120),  Omicron AWT, 2016  

[6] Kalverkamp, Bünger: Kalverkamp/Bünger – Schutzkonzepte für Erzeugungsanlagen in MS- und HS-

Netzen, FGH Seminar Grundlagen der Netzschutztechnik,  2016 
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3 Grid calculation methods  

3.1 Necessary data for grid calculation methods  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the different kinds of data needed for load flow and short circuit calculations. 

• Outline how load flow calculations are used. 

For the design of grids, load flow and short circuit current calculations are essential. By calculating from 

the node voltage, voltage angles, branch currents, and power flows in the stationary state, load flow 

calculations serve the compliance with the nominal frequency in the grid. This is usually done using an 

iterative method, like the Newton-Raphson method. Load flow calculations are necessary for the 

reactive/active power balance of a grid. 

The course will take short circuit current calculation established in the norm IEC 60909-0 into account. 

This method is used to determine minimal and maximal short circuit currents, which help to determine 

the needed technical capacity of the equipment and to design the network protection. The calculation 

specifications of IEC 60909-0 make use of simplifications (as you can see in the following pages), so that 

they cannot be used for fault elimination, but only for planning. 

Grid calculation methods are based on detailed parameters. The more robust the data, the more 

effectively the short circuit current and load flow calculations can be carried out, which enables more 

reliable results.  

Network plans must, at a minimum, contain the following information on the spatial dimension: 

- Strand length 
- Cable Type 
- Data on the backup and/or main protection of existing (installed) protection systems 
- Characteristics of the connected decentralized power plants and loads 
- Load and demand 
- Data on all transformers 
- Line sections 
- Voltage level 

Additional useful data can be differentiated into: 

- Technological dimension: Type of inverter (e.g. central or string inverters), inverter capability 
in terms of active and reactive power supply, control capability, machine protection, short 
circuit current contribution (manufacturer-dependent). 

- Time dimension: Expected expansion of PV capacity in the time frame of the calculations. It is 
important for a protection scheme to reduce underutilization of the electrical equipment. 
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FIGURE: In-/Output data for grid calculation methods (Source: FGH, 2019. Adapted by RENAC) 

 

3.2 Symmetrical components and neutral point treatment  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the occurring short circuits due to neutral point treatments. 

• Deduce key facts regarding symmetrical components. 

One tool for the short circuit current calculation is the method of symmetrical components. The idea 

is to convert any asymmetrical or unbalanced system into three sets of symmetrical systems that can 

be analysed more easily. These systems are the so-called positive-, negative- and zero-sequence 

components. This method allows single-pole equivalent circuit diagrams to be used to describe the 

three-phase network. For the symmetrical operation of the network, the consideration of the positive 

sequence system is sufficient, as the three systems are not connected. The other two systems are 

needed if there is an asymmetry in the network, such as a two-pole fault. 
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FIGURE: positive-, negative- and zero-sequence components incl. current phasors (Source: FGH, 2015. 

Adapted by RENAC) 

In a perfectly balanced three-phase-power system the current and voltage phasors have equal 

magnitudes but are 120 degree apart. In this case you can assume that: 

Phasor rotation Symmetrical components Transformation and de-

transformation matrix 

1 = 𝑒𝑗0°  

𝑎 = 𝑒𝑗120°  

𝑎2 = 𝑒−𝑗120° 

1 + 𝑎 + 𝑎2 = 0 

U=𝑈𝐿1 [
1
𝑎2

𝑎
] 

I = 𝐼𝐿1 [
1

𝑎2

𝑎
] 

  T =1/3 [
1 1 1
1 𝑎 𝑎2

1 𝑎2 𝑎
] 

   𝑇−1 = [
1 1 1
1 𝑎2 𝑎
1 𝑎 𝑎2

] 

Single-pole faults are the most common grid faults. Therefore, the neutral point treatment of the grid 

needs to be considered for the design of a protection scheme. Critical short circuit currents must be 

disconnected by the protection device without delay. Some different neutral point treatments at the 

medium voltage grid level according to ICE 50522:2011-11 are: 

- isolated or compensated networks: here a ground fault is self-extinguishing by the first zero-

crossing of the current due to the fact the magnitude of the 1-pole fault current is low 

→for protection schemes it is necessary to pay attention to 2-pole faults with grounding.  

- low resistance-grounded: a single-pole short circuit or ground fault needs to be switched off 

immediately via protection devices 
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→for protection schemes it is necessary to pay attention to 1-pole faults 

On the low voltage level, there is predominantly a rigid star point grounding. Here, every single-pole 

ground fault must be switched off immediately due to the requirement for personal safety at this 

voltage level, the interaction of protection and grounding schemes must be ensured.  

3.3 Short circuit calculation IEC 60909 I  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the different kinds of faults. 

• Describe the key parameters for short circuit calculations. 

Short circuit calculation according to IEC 60909 presupposes a three-phase-supply with  

• a frequency of 50 Hz (or 60 Hz) 

• nominal voltage < 550 kV 

• neutral tab position of the transformer 

Using this method, the following short circuit currents can be calculated  

•  Initial symmetrical short circuit current (relevant for the protection concept)  𝐼𝑘
´´ 

•  And as a result:  

• Maximum short circuit current   ip 

• Breaking current (relevant for the design of interrupting device)  b 

• Steady state current (relevant for the design of technical equipment)  k 

• Maximum and minimum short circuit current 

 

FIGURE: A short circuit fault current waveform (Source: Técnico Lisboa, 2019, adapted by RENAC)  



  

724_GridIntProtect_EN  Page 19 of 41 
13/01/2020 

 

Short circuits occur due to the failure of insulation materials. For reasons of personal and supply 

security, as well as for the protection of the electrical equipment, the fault location as well as the 

amount of the short circuit current must be detectable. For the short circuit calculation, it is necessary 

to distinguish the different kinds of faults. 

For protection systems, the minimum possible short circuit current defines the pickup threshold; the 

maximum possible short circuit current relates to the thermal load on the equipment and the breaking 

capacity of the switches.  

The initial short circuit current 𝐼𝑘
´´ is defined as the AC component of the short circuit to be expected at 

the moment the short circuit occurs. The parameter 𝐼𝑘
´´ forms the basis of the short circuit current 

calculation in accordance with IEC 60909. All other parameters can be derived from it. In addition, the 

voltage factor c can be used to calculate the minimum and maximum short circuit current.  

• 𝐼𝑘,
´´ =

𝑐𝑚𝑎𝑥,𝑚𝑖𝑛∗𝑈𝑛

√3∗𝑍𝑡𝑜𝑡
 

 

FIGURE: different kinds of faults (Source: FGH, 2019. Adapted by RENAC)  

3.4 Superposition and equivalent voltage source (EVS) methods  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the different between EVS and superposition methods  

The equivalent voltage source (EVS) method (according to IEC 60909-0:2001) is a highly simplified 

calculation method that provides a result independent of the load flow in the network. As  a 

simplification, both the load and the shunt admittances of the network are neglected and the (in most 

cases) unknown load condition is represented by the voltage factor c.  

The calculation is based on the creation of an equivalent circuit diagram (ECD) in which all internal 

voltage sources are short circuited and replaced by their internal impedance.  
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In addition, an equivalent voltage source is used at the fault location, which is greater by a factor of c 

than the mains voltage. The EVSM is so simplified that simple networks can be calculated manually 

with little effort.  

The superposition method, on the other hand, is an exact short circuit calculation method. The idea 

behind this method is that a short circuit can be represented by two voltage sources of equal amount 

cancelling each other out (+𝑈(1)𝐹 and −𝑈(1)𝐹).  

The network can thus be separated into a network for normal operation (with +𝑈(1)𝐹 as a source at 

the fault location) and an error case network with only a voltage source at the fault location. The 

calculation results of both networks can be "superimposed" to gain the overall result.  

The result of the superposition method is more reflective of the actual conditions than that of the 

EVSM, so the application of this procedure is also covered by the IEC standard. This is because switching 

states and voltage conditions must be known in order to apply this approach, meaning that data 

requirements and computational efforts are quite high for the determination of a short circuit current. 

Owing to its complexity, it is not advisable to use the superposition method for manual calculations.  

FIGURE: illustration of a fault via superposition method (Source: FGH, 2019. Adapted by RENAC)  

3.5 Short circuit calculation IEC 60909 II  

Learning objectives: Upon completion of this page, you should be able to 

• Identify the assumptions of the standard IEC 60909-0 and  

• Outline the appoximations of different impedances. 

As we learned previously, the initial short circuit current 𝐼𝑘
´´ is needed in order to calculate the minimum 

and maximum short circuit current.   

The voltage factor c is a safety factor that accounts for the following assumptions of the standard IEC 

60909-0: 
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- In normal operation, voltages can be higher than the rated mains voltage 

- Loads are neglected 

- Line capacitance are neglected (except in the zero-sequence system) 

- Transformer tab positions are assumed to be in neutral position 

- Rated operation is assumed for generators  

 Voltage factor c for the calculation of 

Minimum short circuit current Maximum short circuit current 

Low voltage 100 V-1000 V   

With tolerance ±6% 0.95 1.05 

With tolerance ±10% 0.9 1.1 

Medium voltage >1kV bis 35 kV 1 1.1 

Ztot is the total impedance of the network. 

For simplification of calculations with the equivalent voltage source method, which will be described 

in the next lesson, some impedance approximations are listed below: 

1. Feed-in supply, transformers, overhead lines, cables, inductors, etc.  

• Impedance in positive-sequence system equal to impedance in the negative sequence 

Z(1)  =  Z(2) 

• Impedance in zero-sequence system not equal to impedance in positive sequence 

system  

Z(0)  Z(1) 

• Topology in the zero-sequence system may differ 

2. Correction factors are needed for generators, power plant blocks without decentralized 

feeders, and power transformers.  

3. Correction factors are needed for transformers due to influence of tap position 

on short circuit impedance and transmission ratio 

  ZTK = ZT KT 

𝐾𝑇 = 0,95 ∗
𝑐𝑚𝑎𝑥

1 + 0,6 ∗ 𝑥 𝑇 ∗
𝑋𝑇

𝑈𝑟𝑇
2

𝑆𝑟𝑇
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3.6 Impact of increasing amount of photovoltaic capacity and limits of the calculation models  

Learning objectives: Upon completion of this page, you should be able to 

• Summarize the limitations of the proposed calculation methods. 

• Explain the different calculation needs arising due to the increasing number of renewables. 

Until recently, the calculation of short circuits according to IEC 60909 did not consider decentralized 

generation units. Therefore, applying the results of the short circuit current calculations was 

questionable for networks that were widely permeated with renewable generators.  

 

With the revised standard IEC 60909, required since October 2019, doubly-fed induction machines 

(DFIGs, such as IEC Type 3 wind turbines) are now considered as an impedance, based on short circuit 

measurements at the terminal. This impedance is taken into account in the classical calculation 

formula. 

Power station units with full size converters (PF) are mapped as sources of current with fixed parameter 

values that depend on the type of fault. Their short circuit current value must be specified by the 

manufacturer. Taking into account the current distribution via fault location and over other shunt 

branches (including impedance amounts) leads to: 

𝐼𝐾
´´=𝐼𝐾,𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑃𝐹

´´ +∑ (
𝑍(1)𝑗𝑖

𝑍(1)𝑖𝑖
∗ 𝐼𝐾,𝑃𝐹

`` )𝑛
𝑗=1  

PFs can be neglected if their contribution is not higher than 5% of the short circuit current without 

these facilities. 

 

FIGURE: illustration of a fault via superposition method (Source: FGH, 2019. Adapted by RENAC)  
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The limits of the grid calculation methods are shown in the treatment of decentralized power plants. 

On the one hand there is a need to rely on data provided by the manufacturer, as well as its accuracy. 

On the other hand, there is no steady grid situation.  

Due to the input of the renewables, the magnitude of the minimal and maximal short circuit currents 

can differ depending on the actual grid situation before the fault occurs.  

3.7 Calculation examples I  

Learning objectives: Upon completion of this page, you should be able to 

• Understand the calculation principle of different initial symmetrical short circuit current faults 

1) without inverter and 2) with inverter 

The following examples show the initial short circuit currents in different fault situations. 

Without the input of decentralized inverters an initial symmetrical short circuit current during a three-

pole fault is always the most critical value, as shown below. 

 

 

(Source: FGH, 2015. Adapted by RENAC) 
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(Source: FGH, 2015. Adapted by RENAC) 



  

724_GridIntProtect_EN  Page 25 of 41 
13/01/2020 

 

3.8 Identification of endangered grid areas  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the notion of an “endangered” grid area. 

• Identify disturbance variables and technical boundaries regarding integration of photovoltaic 

power generation.  

• Evaluate in which intervals the protection scheme has to be checked via calculation. 

Endangered networks are grid areas in which short circuit and load flow calculations must be repeated 

anew in order to ensure a safe network state. This can be the case, for example, when network 

expansion or repowering has been carried out, but also can occur with the expansion of decentralized 

power plants. As stated in the previous chapter, the calculation methods are very complex and time-

consuming; therefore it can be assumed that not every grid connection request will lead to a new short 

circuit current calculation for the protection scheme design. 

Blinding: 

Investigations have shown that the single-pole fault is the most common error case. Here we learned 

that the neutral point treatment in the respective network is relevant for the magnitude of the resulting 

fault current. 

The residual current contribution of decentralized power generation plants can lead to a change in the 

short circuit current contribution of the upstream network in the positive-, negative- and zero-

sequence components system as well as in the phase position.  

The German research project PROFUDIS has its focus on gird integration of renewables especially in 

low and medium voltage grid. They established the following rules for monitoring the protection 

scheme: 

Using a low-voltage network as an example, the first characteristic variable is the impedance between 

the fault location and the protection device, or better between the inverter and the fault location. The 

longer the network branch, the more probable is an intermediate supply by decentralized producers. 

Another characteristic variable is the tripping characteristic of the fuse at the beginning of the line in 

relation to the installed amount of short circuit current of the inverters. 

𝐼𝑆𝐶,𝑚𝑖𝑛
𝑝𝑎𝑠𝑠𝑖𝑣

− 1,6𝐼𝑁
𝐹𝑢𝑠𝑒 < 1,5 ∗  ∑ 𝐼𝑁,𝑝𝑒𝑎𝑘

𝑃𝑉  

As a consequence, all grids with the following parameters must be monitored: 

- > 400m in branch length 

- > 80kVA feed-in power supply in a branch 

3.9 Chapter endnotes 

[1]: Dr.-Ing. Simon Krahl, Dr.-Ing. Dipl.-Wirt.-Ing. Andreas Moormann : Einführung in die Theorie der 

symmetrischen Komponenten, FGH Seminar: Lastfluss- und Kurzschlussstromberechnung, 2018 

[2] Dr.-Ing. Dipl.-Wirt.-Ing. Andreas Moormann :Nachbildung von Betriebsmitteln, FGH Seminar: 

Lastfluss- und Kurzschlussstromberechnung, 2018 
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[3] Dr.-Ing. Frank Wirtz, Bayernwerk AG, Regensburg Beschaffung und Relevanz der Eingangsdaten, 

FGH Seminar: Lastfluss- und Kurzschlussstromberechnung, 2018 

[4] Dr.-Ing. Michael Schwan: Kurzschlussstromberechnung, FGH Seminar: Lastfluss- und 

Kurzschlussstromberechnung, 2018 

[5] Dr.-Ing. Thomas Weber: Arten der Sternpunktbehandlung, FGH Seminar: Lastfluss- und 

Kurzschlussstromberechnung, 2018 

[6] PROFUDIS: Protection for further distribution systems, 2017 

[7]  https://fenix.tecnico.ulisboa.pt/downloadFile/845043405448078/Understanding_IEC_60909.pdf 
[8] IEC 60909:2016: https://webstore.iec.ch/publication/24100 
[9] Dr.-Ing. Hendrik Vennegeerts: Übersicht Kurzschlussstromberechnung, FGH-Seminar: 
Netzschutztechnik und Dezentrale Energieerzeugungsanlagen (DEA) in Nieder- und 
Mittelspannungsnetzen, 2017 

4 Protection system planning principles 

4.1 Introduction to protection system planning  

Learning objectives: Upon completion of this page, you should be able to 

• Name the different parts of a protection system. 

• Explain the meaning of protection system and protection function. 

The increase in renewables changes the network structure and thus also the way in which network 

protection design takes place.  

A protection function is the implementation of a requirement in the protection scheme, such as 

current and voltage protection. There are several different protection functions that are used 

depending on the respective application (see table in chapter 2.2). 

A comprehensive protection scheme provides for an overlapping allocation of protection zones for 

each piece of equipment. This means that protection zones are arranged in such a way that, for each 

protection zone, there is a backup protection system, a.k.a. a redundant system, which triggers if the 

main protection fails. These backup protection zones can either be implemented remotely (via time 

delay) or locally via separated secondary protective devices. To match main and backup protection in 

a selective and reliable way, it is necessary to build selective tripping schedules. 

In addition to the protective device, a protection system includes all equipment necessary to protect 

the protected equipment.  

For secondary protection systems this includes current and voltage transformers, load breakers or 

circuit breakers, an uninterruptible power supply (UPS), and protective relays.  

For primary protection systems equipment is usually limited to only fuses. In the low voltage grid level, 

when a fault is detected there is a time delay of several milliseconds due to the use of fuses. It is 

possible to build a main and backup protection scheme by selecting fuses with different characteristics 

to safeguard selectivity via time delay or tripping thresholds. 

Several protection systems together form the basis for a protection scheme. 

https://fenix.tecnico.ulisboa.pt/downloadFile/845043405448078/Understanding_IEC_60909.pdf
https://webstore.iec.ch/publication/24100
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FIGURE: components of a secondary protection system (Source: FGH, 2019. Adapted by RENAC)  

4.2 Principles for protection scheme planning I  

Learning objectives: Upon completion of this page, you should be able to 

• Enumerate the performance measures of a protection system. 

Protection systems must fulfil several criteria in order to work successfully. These criteria are referred 

to as performance measures.   

- Selectivity is important in order to minimize the extent and duration of the supply interruption 

in case of failure. Selectivity is considered with reference to both the location of the fault and 

the type of fault. If a protection system is working selectively, only the affected equipment or 

the affected line is switched off. 

- Accuracy / sensitivity is important with regard to the differentiation between the normal and 

endangered state of operation. To ensure this is monitored throughout the entire operating 

time, the recording, processing, and signal transfer within the device must be spezified by the 

manufacturer, taking into account certain error limits. The tolerances to be adhered to must 

be verified with scheduled protective tests. 

- In the event of a fault, there is a high load on the equipment due to short circuit currents. In 

order to minimize the resulting damage, the protection device must be triggered with high 

speed (in the range of a few milliseconds). 

- The best-case scenario is one in which protective devices are not used during their entire 

service life; reliability is important, however, as in the case of a fault the devices must trip 

reliably, irrespective of their age and without being affected by firmware updates. 

- Taking into account the value of the equipment to be protected, the expected fault impact, 

and the area to be protected, the economic adequacy of the protection system must be 

adjusted. 
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- Electromagnetic compatibility (EMC): missing of interference of electrical or electronic devices 

with their surroundings 

The design objective is not to optimize each and every one of these measures, but to establish an 

appropriate project-specific trade-off. 

 
FIGURE: performance measures of a protection device (Source: FGH, 2019. Adapted by RENAC) 

4.3 Principles for protection scheme planning II  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the difference between pickup and fallback value. 

• Calculate the permissible setting range for overcurrent protection. 

An overcurrent triggers protection at a certain current level (pickup threshold). In order to prevent 

triggering in the event of power fluctuations in the network, a fallback threshold is parameterized in 

addition to the pickup. The moment that the current exceeds the pickup threshold for the first time, 

the delay timer of the protection starts. If the current falls back under the fallback threshold within the 

delay time of the protection device, no trip occurs and the delay timer is also reset to zero; if this is not 

the case, the protective device gives the trip command. 

The parameterisation of the overcurrent protection device needs to meet two conditions. It must not 

trigger during normal operation and it must trigger if a fault occurs. The first condition is found by 

determining the uppermost limit of operation, which is the maximum operating current 𝐼𝑏,𝑚𝑎𝑥. A fault 

can be defined by the existence of a short circuit current, which means that the second condition can 

be met if the pickup threshold current chosen is lower than the minimum short circuit current 𝐼𝑘,𝑚𝑖𝑛. 

In order to account for discrepancies of the quality of data used to determine these currents, safety 

factors are introduced.  
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𝐼𝐴𝐿= 𝑓𝐴𝑆 ∗ 𝐼𝑏,𝑚𝑎𝑥 

𝐼𝐴𝐾= 
𝐼𝑘 ,𝑚𝑖𝑛

𝑓𝐴𝑉−𝐼
 

Thus, a permissible setting range is found. In this case, 𝐼𝐴𝐿 is the maximum permissible load current of 

the protected device and 𝐼𝐴𝐾  the minimum operating current from the short circuit condition. The 

excitation safety factor 𝑓𝐴𝑆 and the excitation reliability factor 𝑓𝐴𝑉−𝐼 depend on the quality of the 

available data. Guide values are: 𝑓𝐴𝑆 = 1.4, and 𝑓𝐴𝑉−𝐼= 1.8. 

 

 

FIGURE: permissible setting range of current protection functions (Source: FGH, 2019. Adapted by 

RENAC) 

The question of whether the selected pickup and fallback thresholds meet the protection requirements 

can be checked using the following ratio: 

𝐼𝑏 ,𝑚𝑎𝑥

𝐼𝑘 ,𝑚𝑖𝑛
 <𝑐 ∗ 𝑓𝑅  

c: constant; c < 1  

In this case 𝑓𝑅 is the so-called fallback ratio, which is composed of pickup time and fallback time of the 

protection algorithm, and which thus enables a stable response of the protective device. For today’s 

digital measuring technology, the requirements are, for this purpose, in a range of 0.95 - 0.98. 

4.4 Protection functions for grid protection regarding photovoltaic  

Learning objectives: Upon completion of this page, you should be able to 

• Describe the difference between blinding and sympathetic tripping. 

• Explain the influence of volatile power generation on protection selectivity. 

Decentralized power supply can reduce the permissible setting range for a protection system in two 

ways: through blinding and through sympathetic tripping. 

 

Blinding 

If a fault occurs at the end of a unilaterally feed network line, a short circuit current feeds the fault 

location through the supplying transformer and the downstream lines, depending on the actual 

network conditions (power supply, load demand,…) as well as the type of fault and the fault impedance. 
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If a decentralized power generation plant is also connected in this line, it too contributes to the short 

circuit current at the fault location. This leads to an increase of the voltage at the start of the line, and 

as a result, to a reduction of the short circuit current contribution of the upstream network. As a 

consequence, an overcurrent protection device located at the start of the line may not detect the fault, 

as the fault current stays below its pickup threshold. We refer to this impact as blinding.  

Overcurrent and impedance-based main and backup protection schemes at the start of the line are 

especially affected by this mechanism. 

 

 

 

 

 

 

 

FIGURE: characteristica of current flow under the aspect of blinding (Source: PROFUDIS: Kapitel 2.5.2 

Schutzherausforderungen in der Niederspannung of Today’s and Future Low Voltage Grids with high 

DG Penetration. Adapted by RENAC) 

Sympathetic tripping  

In grids without decentralized power supply units, a short circuit current is fed through the generation 

in the upstream network. This short circuit current leads to a triggering of the protective device in the 

affected branch only. The short circuit contribution of other branches in the same grid does not surpass 

the pickup threshold of their respective protection devices. A decentralized feed-in in one of these 

branches will provide an additional short circuit current in the event of a fault in a neighbouring branch. 

Depending on the magnitude of this short circuit current, this may lead to an unwanted (not selective) 

triggering of the protection device in the fault-free branch.  

For the preparation of selective tripping schedules, it is important to take these above points into 

account. 

4.5 Parameterisation of protection systems I  

Learning objectives: Upon completion of this page, you should be able to 

• State which protection systems are used for short circuit current protection. 

• Prepare a selective tripping schedule with the help of definite-time overcurrent protection 

functions. 

The definite-time overcurrent protection uses a combination of overcurrent and time criteria to detect 

a fault. As a result, it can be used as a selective main and backup protection. The establishment of 

protection zones serves to maintain the selectivity of fault disconnection and the speed of fault 

detection in the different protection zones of a branch. To draw up a selective tripping schedule, it is 

necessary to start the parameterisation of the protection function at the end of the protected line. 
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Each main protective relay can be used as a backup protective relay for a different protection zone. 

Therefore, time is added to the time delay of each protective device beginning with the end and moving 

to the start of the line. The additional time needs to be taken account the sum of the command and 

reset time, the activation times of the protective devices, and the operation time of the circuit breaker.  

With this protection setup, consider a fault occurring next to the bus bar at the start of the line (at A). 

Here, the magnitude of the short circuit current is high, but, due to the tripping schedule, it would take 

too long before the protection device disconnects the fault. This shows the limitations of protective 

zones with a single pickup threshold per definite-time overcurrent protection. In this case, a so-called 

high current threshold I >> can be parameterised, which disconnects section A immediately for a 

certain short circuit current. 

𝐼≫(𝐴) = 𝑘𝐼≫ ∗ 𝐼𝑘,max(𝐵) 

The safety factor 𝑘𝐼≫ is used for selectivity assurance against the upstream protective zones and can 

be approximated as 120% of the rated current for line protection, or 140% for transformer protection. 

 

FIGURE: protection zones under the aspect of a selective tripping schedule (Source: R. Luxenburger in 

Schutztechnik, Klaus, 2013. Adapted by RENAC)  

4.6 Parameterisation of protection systems II  

Learning objectives: Upon completion of this page, you should be able to 

• Determine the advantages of the function of distance protection compared to the definite-

time overcurrent. 

• Prepare a selective tripping schedule with the help of distance protection functions. 

The definite-time overcurrent protection can reach its limits of applicability in grids with a 

multidirectional load flow. In such a situation, the use of a distance protection function is more 

appropriate, as it can also serve as main and backup protection.  

An additional advantage of the distance protection function over the definite-time overcurrent 

protection is its ability to quickly disconnect a fault in each line section.  

There are various criteria that can lead to a triggering of the distance protection function. In the 

simplest case, triggering can occur through detection of an overcurrent via pickup threshold.  
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For the criterion of impedance Z, current and voltage are measured and used to calculate a grid 

impedance. While a high impedance is to be expected in normal operation, its magnitude breaks down 

in the event of a fault, depending on the distance between fault and measurement locations. At the 

same time, the direction of the short circuit current can be detected via its phase position.  

The use of the impedance as a fault indicator is possible because branches have an almost constant 

impedance magnitude and the short circuit current increases linearly with the distance to the fault. 

 

FIGURE: Impedance characteristics of a distance protection (Source: R. Luxenburger in Schutztechnik, 
Klaus, 2013. Adapted by RENAC) 
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4.7 Parameterisation of protection systems III  

Learning objectives: Upon completion of this page, you should be able to 

• Parameterise the required grid protection (e.g. uncoupling protection) according to the main 

and reserve scheme at the grid connection point, the intermediate protection, and the 

inverters. 

• Adjust the parameterisation taking into account the tab changer position of the medium 

voltage transformers. 

The parameterisation of the protective functions discussed thus far is dependent on the respective grid 
situation and the magnitude of possible short circuit currents. The uncoupling protection monitors 
voltage and frequency magnitudes to determine faults relative to their steady state levels.  

This protection function leads to the disconnection (uncoupling) in case of over- and undervoltage, as 
well as over- and underfrequency, events.A main and backup protection scheme relying on uncoupling 
protection devices is usually realized at the POC and at each inverter.  

It is necessary to regularly verify the functionality of any given protection device. Given the fact that 
the number of PV plants is constantly rising and that each plant contains several inverters, this 
necessitates a large number of field protection tests.  

Alternatively, it is possible to install one protective relay at the level of the transformer at the PV 
substation. These two options allow for the consideration of different ways to approach the solution 
relative to their costs. 

The parameterisation of this intermediate protective relay must be calculated considering the current 
tap position of the transformer in order to avoid an unselective triggering of the protection parameters.  

𝑈𝐿𝑉 =
𝑈𝑠

𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
 

𝑈𝐿𝑉 = Low voltage  

𝑈𝑠=Specified supply voltage 

Likewise, the parameterisation of the protective relays of the inverters must be set in a way that they 
do not interfere with the intermediate or upstream protection relay. 

In the case of project-specific parameterisation for the uncoupling protection, the requirements for 
dynamic network support must also be taken into account. The protection parameterisation must not 
interfere with this function.  



  

724_GridIntProtect_EN  Page 34 of 41 
13/01/2020 

 

 

FIGURE: topology of a PV power plant with intermediate protection device (Source: J. Bünger, 2013. 

Adapted by RENAC) 

4.8 Chapter endnotes 

[1]: J. Bünger: Analysis of protection concepts for decentralized power generation clusters connected 

to medium and high voltage grids, Aachen, 2013 

[2]: R. Luxenburger, Schutztechnik, Klaus, 2013  

[3] Prof. Igel: Einführung, FGH-Seminar: Netzschutztechnik und Dezentrale Energieerzeugungsanlagen 

(DEA) in Nieder- und Mittelspannungsnetzen, 2017 

[4] F. Kalverkamp: Integration von dezentralen Erzeugungsanlagen in Netzschutzkonzepte,  FGH-

Seminar: Netzschutztechnik und Dezentrale Energieerzeugungsanlagen (DEA) in Nieder- und 

Mittelspannungsnetzen, 2017 

[5]: PROFUDIS: Protection for further distribution systems, 2017 
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5 Protection testing 

5.1 Meaning of protection testing  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the differences between type testing and protection testing.  

• List all the parts of protection devices that must be taken into account for protection testing. 

There is a difference between type testing and protection testing. 

The type test is carried out in a laboratory to test the general functionality of a new type of protection 

relay. This only needs to be done once for each type. The minimum or maximum setting range of each 

protection function is tested, as well as the accuracy of the tripping and fallback conditions. In addition 

to this, various environmental conditions are tested here which define the area of application of this 

type of protection relay. Only the protective relay itself is considered, without considering its 

interaction with other secondary protection components. To test a protective function, all other 

protective functions must be deactivated in order to test the setting limits specified by the 

manufacturer. 

Protection tests take place in the field. In addition to the necessary project-specific parameterisation, 

it is necessary to consider all components of a protection system that have been introduced in the 

previous chapters. During field protection tests, other protection functions are not deactivated during 

the test, to ensure that all functions work with each other without impeding selectivity.   

Therefore, the following points have to be considered for field protection tests: 

- Voltage and current transformers 

- Electrical wiring 

- Parameterisation and selectivity 

- Interaction of all required functions 

- Test of the protection functionality from the relay to the circuit-breaker 

- Signal contacts to the remote-control centre 

- Auxiliary power supply (UPS) 

It is a good idea to install test terminals next to the protective relays. These offer the possibility of 

connecting voltage and current inputs as well as trigger signals without removing wires. 
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FIGURE: proof equipment from the manufacturer OMICRON; SOURCE: FGH 

5.2 Requirements for protection testing  

Learning objectives: Upon completion of this page, you should be able to 

• Outline the steps in a protection test during commissioning. 

The requirements of field protection tests must be clearly defined by the network operator.  

It is insufficient to merely test the protection parameters for plausibility. Rather, the entire functionality 

of the protection system must be checked during commissioning. For this it is preferable to work 

according to a standardised test scheme. 

As a first step, the electrical wiring diagram of the secondary technical equipment is checked. Then, 

the internal wiring, including the fixed assignment of the binary inputs and outputs of the protective 

relay, is tested. The next step in commissioning is to check the wiring of the voltage and current 

transformer and verify the accuracy of the ratio of the transformer. This is important because the 

protection test usually takes place on the secondary side, which means that the wiring of transformers 

is not taken into consideration and incorrect wiring would not be noticed. 

Following these steps, the parameterisation of every protective function is compared to its required 

project-specific protection parameterisation, and adjusted if necessary. This step could include 

deactivation of any non-required protection function. During the protection test, phase selectivity, 

accuracy, and pick-up/ fallback threshold and tripping behaviour are all checked. 

The results of the protection tests must be documented via a test report, and the documentation needs 

to be comprehensible so that a third-party verification is possible, and so that network and plant 

operators can successfully evaluate the protective test. 
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FIGURE: example of a field test report; SOURCE: OMICRON 

5.3 Chapter endnotes 

 [1]:  J. Bünger: Analysis of protection concepts for decentralized power generation clusters connected 

to medium and high voltage grids, Aachen, 2013 

[2]: Kalverkamp, Bünger: Eigenschutzkonzepte im Rahmen der Netzanschlussrichtlinien,  Omicron AWT, 

2014 

[3] FNN Leitfaden für digitale Schutzsysteme: 

https://www.vde.com/de/fnn/arbeitsgebiete/netzbetriebsmittel/schutz-leittechnik/hinweis-

schutzleitfaden, 2009 
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6 Compliance monitoring  

Learning objectives: Upon completion of this page, you should be able to 

• Explain the meaning and importance of compliance monitoring in the context of grid 

integration of photovoltaics. 

One of the main tasks of a network operator is to monitor and maintain stability in its own grid. Load 

flow calculations are used to determine if generation and consumption of power are in balance, and a 

protection scheme is employed to disconnect faults and to safeguard the grid. As laid out in previous 

chapters, protective systems are put to extensive testing during commissioning.  

It is necessary to check protection systems at regular intervals over the entirety of their lifetime, the 

so-called compliance monitoring and not only till SAT. This is done to ensure personal safety on the site 

of a power plant and the POC, but also to safeguard the functionality of the grid protection and thus 

the grid stability. If possible, these tests are conducted alongside the other regular checks of the 

electrical equipment in the generating plant(s) so as to keep plant downtime to a minimum. 

 

FIGURE: Field test over the entire life cycle of an electrical equipment is needed (Source: OMICRON. 

Adapted by RENAC) 
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Regular testing of protection systems applies to all components belonging to the respective protection 

system: 

- Checking the installed components: has there been any exchange of equipment, insulation 

damage, etc.? 

- Parameterisation of the protection relays: are the parameters still in compliance with the 

current specifications of grid operator? Is the software version still valid? (This especially 

applies to inverters as their software is updated at regular intervals.) Therefore, it is necessary 

to check the parameter settings with every update. 

- Wiring of the secondary technical equipment belonging to the protection system, such as 

transformers, circuit-breakers, fixed assignment of the binary inputs and outputs. 

- Functional test of the protection functions, including circuit breaker reaction, transformer 

connections, accuracy test. 

- Auxiliary power supply (UPS): Batteries lose capacity over time. Regular checks of the 

functionality are advisable. 

- Functionality of the remote control: The parameters of remote control of dynamic grid support 

and steady-state operation can impair the protection functionality. 

Depending on the number of protection systems and considering components to be checked, it is 

advisable to set up a database to be able to coordinate and monitor the status of the interval checks. 

 

6.1 Chapter endnotes 

[1]: J. Bünger: Wiederholungsschutzprüfungen an EZE/NVP sowie die ersten Erfahrungen über die 

angelaufene TQS der Netzbetreiber, Omicron AWT, 2017 

[2]: S. Schöner, J.Bünger: Sind Schutzprüfungen noch zeitgemäß, Omicron AWT, 2019 

[3] J. Bünger: Compliance Monitoring, Omicron AWT, 2018 

[4]: S. Brandt, F. Kalverkamp: THE CHALLENGE OF RETROFITTING OLD DECENTRALIZED POWER PLANTS 

IN GERMANY IN TERMS OF POWER SYSTEM STABILITY, Cired, 2017  
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7 Summary of the course  

This course has provided an overview of several topics relevant to grid integration of photovoltaics, 

particularly with regard to protection systems in low and medium voltage networks. Grid integration 

of renewables demands adaptation of the existing protection scheme to incorporate the impact of  new 

equipment and power inputs. 

For a complete understanding of the application of inverter technology, considering network 

stabilisation in a steady state or fault operation mode, and the scope of application of load flow and 

short circuit calculation methods as well as protection scheme planning, it is necessary to take part in 

several continuing courses.  

The aim of this course has been to show the interaction of some key factors and their relevance for 

protection scheme design and network planning. It has reviewed some of these effects, including 

blinding and sympathetic tripping in a medium and a low voltage grid, and the importance of ensuring 

that the requirements for active and reactive power control, as well as dynamic grid support, do not 

conflict with the parameterisation of the grid or machine protection.  

However, it is essential to create and maintain an up-to-date database, in order to access the data 

needed for calculations, as well as protection scheme checks and periodic inspections, in a clear and 

orderly form. Network calculation programs and protection schemes can only be used if the data 

provided is reliable and up-to-date. 

 

FIGURE: How to build a reliable data base for compliance monitoring, (Source: OMICRON. Adapted by 

RENAC) 
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