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Technical Guideline „Generating plants connected to the medium-voltage network” 

Introduction 

The present guideline summarizes the essential aspects which have to be taken into consid-

eration for the connection of generating plants to the network operator’s medium-voltage 

network. Thus, they shall serve as a basis to the network operator and to the installer in the 

planning and decision-making process and provide important information on the plant op-

eration to the observer.  

This guideline complements that for low voltage and high and extra-high voltage which 

takes the particular characteristics of the different voltage levels individually into considera-

tion. The distinction of the guidelines into voltage levels has turned out to be reasonable as 

the specific requirements are too disparate to be combined within one guideline.  

The present guideline constitutes the third revised version of the VDEW guideline on „Gen-

erating plants connected to the medium-voltage network“ („Eigenerzeugungsanlagen am 

Mittelspannungsnetz“) and transposes the latter into a BDEW guideline. For the revision, 

account has been taken of the findings obtained from the elaboration of the guidelines on 

the connection of renewables-based plants to the high and extra-high voltage network, and 

the outline has been reorganized. Furthermore, the requirements under the Renewable En-

ergy Sources Act (Erneuerbare-Energien-Gesetz – EEG) have been adequately taken into 

consideration. 

Like at the high and extra-high voltage level, generating plants supplying medium-voltage 

networks will have to make a contribution to network support in the future. Therefore, in 

the event of failures they must not immediately be disconnected from the network as in the 

past and have also to make a contribution to voltage stability in the medium-voltage net-

work during normal network operation. This has a direct impact on the plants’ design. The 

present guideline summarizes the essential aspects which have to be taken into considera-

tion for the connection to the medium-voltage network so as to maintain the security and 

reliability of network operation in accordance with the provisions of the Energy Industry Act 

in the light of a growing share of dispersed generating plants, and to enable the limit values 

of voltage quality determined in DIN EN 50160 to be observed.  

Naturally, this guideline can only refer to the plants’ usual conceptual design. For special 

construction lines, this guideline shall be applied analogously and by taking the given net-

work structure into consideration. 
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1 General principles 

1.1 Scope of application 

This guideline shall apply to the planning, construction, operation and modification of gen-

erating plants which are connected to a network operator’s medium-voltage network and 

operated in parallel with this network. It shall also apply if the network connection point of 

the generating plant is located in the low-voltage network, while the junction point with the 

public network is located in the medium-voltage network. This refers e.g. to generating 

plants connected to a low-voltage network which is linked with the network operator’s me-

dium-voltage network through a separate customer transformer, and which no customers of 

public supply are connected to. 

For generating plants whose network connection point is located in the medium-voltage 

network but whose junction point is located in the high or extra-high voltage network, the 

relevant technical connection rules shall be applied. For generating plants having both their 

network connection and their junction point in the low-voltage network, the VDEW guide-

lines on generating plants connected to the low-voltage network („Eigenerzeugungsanlagen 

am Niederspannungsnetz“) shall be applied1.  

 

Generating plants within the meaning of these guidelines are for instance  

• wind energy plants 

• hydro power plants 

• cogeneration units (e.g. biomass, biogas or natural gas-fired power stations) 

• photovoltaic plants  

 

A generating plant may be composed of a single generator or of several generating units 

(e.g. wind farm). The electrical energy can be generated by synchronous or asynchronous 

generators with or without inverters or by direct-current generators (e.g. solar cells of 

photovoltaic plants) with inverters.  

The requirements of this guideline can also be met by the connection of ancillary appara-

tuses (such as e.g. stabilizers, etc.) which are then an integral part of generating plants. 

                                          

1   currently under revision; soon available as Technical guideline on „Generating plants 
connected to the low-voltage network“, published by BDEW or VDE-FNN. 
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These ancillary apparatuses have to be taken into consideration for the connection and op-

eration of generating plants as well as in the respective plant certificates.  

The minimum power required for a connection to the medium-voltage network, and the 

maximum power up to which a connection to the medium-voltage network is possible de-

pends on the type and operating regime of the generating plant and on the network opera-

tor’s network conditions. For this reason, it is not possible to provide general information in 

this respect. This question can only be solved on a case-by-case basis through a network 

analysis carried out by the network operator.  

Generally, this guideline is applicable to new generating plants to be connected to the me-

dium-voltage network and to existing generating plants which are subjected to substantial 

modifications (e.g. re-powering). Except for requirements upon dynamic network support 

according to Section 2.5.1.2, which have to be observed from 1st January 2010, all re-

quirements of this guideline need to be observed by generating plants as from January 1st, 

2009. In both cases, the date at which the complete application documents according to 

Section 1.3 (exception: provisional solution for certificates according to Section 6.1) are 

available to the network operator shall be applicable. Existing generating units shall be sub-

ject to status quo protection. 

 

1.2 Provisions and regulations 

While taking account of the specifications and provisions in force, the generating plant is to 

be erected and operated in such a way that it is capable of parallel operation with the net-

work operator’s network, and inadmissible repercussions on the network or on other cus-

tomer facilities are excluded. This implies inter alia that the agreed apparent connection 

power SAV is not exceeded.  

For the construction and operation of the electric facilities it is imperative to comply at least 

with 

• applicable statutory and governmental provisions, 

• applicable DIN EN standards and DIN VDE standards, 

• the Ordinance on Industrial Safety and Health, 

• labour protection and accident-prevention rules of the relevant employers’ liability in-

surance association, 

• the network operator’s specifications and guidelines. 
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Connection the network shall be agreed with the network operator on a case-by-case basis 

during the planning phase prior to ordering of the different components. Planning, construc-

tion and connection of the generating plant to the system operator’s network shall be car-

ried out by appropriate specialist firms. The system operator may demand modifications and 

completions to existing plants or to those under construction as far as this is required for 

secure and disturbance-free network operation.  

1.3 Application procedure and connection-relevant documents 

During the inquiry and the technical examination, and for the elaboration of the connection 

offer, relevant documents about the generating plant shall be submitted to the network op-

erator. Apart from the application documents for transfer stations2 , the following docu-

ments and information are required, for instance: 

• Site plan showing the location and streets, the designation and borderlines of the site 

as well as the place where the connection facility and the generating units are to be 

installed (preferably on the scale of 1:10,000, inside built-up areas 1:1,000), 

• Data sheet with the technical specifications of the generating plant, and relevant cer-

tificates (see sample pattern in Annexe F.1), 

• Basic circuit diagram of the entire electrical installation with the data of the equipment 

used (a single-pole representation is sufficient), information about the customer’s own 

medium-voltage lines, cable lengths and switchgear, basic diagram of the generating 

plant’s protection equipment with settings; diagram showing where measured vari-

ables are registered and on which switching appliances the protection equipment is 

acting on,  

• Information about the short-circuit current capability of equipment in the connection 

facility,  

• Electric data of the customer transformer(s) used for network connection, i.e. rated 

capacity, transformation ratio, relative impedance voltage, connection symbol,  

• Short-circuit current of the generating plant (incl. time-dependent evolution) at the 

point of transfer to the system operator’s network, 

                                          

2   Application documents according to the Technical Guideline on „Technical conditions of 
connection to the medium-voltage network“ of BDEW and of the network operator 
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• Description of the type and operation mode of the main engine, the generator and, 

where applicable, the converter and the kind of connection with the network by means 

of data sheets or inspection records, 

• Verification of the electric characteristics according to Section 6 of this guideline (certi-

fication). 

1.4 Initial start-up 

A necessary prerequisite for initial start-up is a conformity declaration in which the connec-

tion owner confirms that the generating plant was designed in accordance with the provi-

sions, standards and regulations given in Section 1.2 and pursuant to the present guideline. 

The plant installer and the network operator shall agree in due time on the date of initial 

start-up of the connection facility by the network operator and on the date of initial parallel 

operation in accordance with the deadlines determined by the network operator, as well as 

on the initial start-up program required for correct implementation of the initial start-up.  

The necessary technical and contractual documents shall be made available by the connec-

tion owner in good time prior to initial start-up.  

Functional tests and acceptances for plant components and functions concerning the con-

nection facility, shall be implemented according to the network operator’s requirements and 

in his presence. These include for instance: 

• inspection of the plant; 

• access to commissioning and test reports; 

• comparison of the plant construction with the planning scheme; 

• control of accessibility and disconnection function of the transfer switching device; 

• comparison of the structure of the measuring device for accounting purposes with the 

contractual and technical requirements, and commissioning test of measuring devices; 

• functional tests of the short-circuit protection and protective disconnection equipment 

at the transfer point;  

• check-up of interfaces with the network operator (functional tests of control com-

mands, measured values and status messages);   

• check-up of the technical installation for the reduction of power injections  

• check-up of the installation for monitoring of the agreed power injections  
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Initial start-up of the connection facility is implemented by the network operator up to the 

transfer point. Voltage switching-through into the connection facility shall be carried out by 

the plant operator.  

Initial start-up of the generating units shall be implemented by the plant operator. The net-

work operator will decide whether his presence is required for this purpose. Initial start-up 

implies a functional test of the disconnection protection equipment on the generating units. 

Initial start-up shall be documented in a report by the plant operator. The completed initial 

start-up records shall be filed at the plant operator’s premises for verification of the imple-

mented inspections. The network operator shall receive a copy.  

Even after commissioning of the generating plant, the network operator may require an in-

spection to check the compliance with electrical characteristics.  

In well-founded exceptional cases, the observance of admissible limiting values with regard 

to network disturbances is to be verified through measurements by the plant operator.  
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2 Network connection 

2.1 Principles for the determination of the network connection point 

Generating plants shall be connected to the network at an appropriate point, the network 

connection point. On the basis of the documents mentioned in Section 1.3, the network op-

erator shall determine the appropriate point of connection which ensures secure network 

operation taking the generating plant into consideration, and at which the requested power 

can be received and transferred. The decisive criterion for the assessment of the network 

connection is always the behaviour of the generating plant at the network connection point 

and within the network of public supply.  

The requested feed-in power (active connection power PA and maximum apparent power of 

the generating plant SAmax or the agreed apparent connection power SAV) is examined in 

technical terms by the network operator after the party to be connected has filed its appli-

cation for connection to the network. To this end, the network operator will determine the 

appropriate network connection point. This examination is carried out for the public supply 

network taking the normal network topology into consideration. The network operator’s 

freedom in terms of switching operations must not be restricted by the operation of the 

generating plant, in order to maintain the reliability of supply and ensure the implementa-

tion of maintenance work. If the agreed power is higher than the admissible power in an n-

1 case, the output of the generating plant must be limited in an n-1 case or the plant must 

be completely disconnected. Usually, the generating plant itself is not connected to the pub-

lic supply network in accordance with the n-1 security.  

The assessment of the connection possibility under the aspect of network disturbances shall 

be based upon the network impedance at the junction point (short-circuit power, reso-

nances), the connection power and the type and operation mode of the generating plant. If 

several generating plants are connected to the same medium-voltage network, their overall 

impact must be taken into consideration.  

Examples of connections are given in Annex C. 

2.2 Dimensioning of network equipment 

Due to their operation mode, generating plants may cause higher loading of lines, trans-

formers and other network equipment. Therefore, it is indispensable to examine the loading 

capacity of network equipment with regard to the connected generating plants according to 

the relevant dimensioning rules. In contrast to operating equipment supplying consumer fa-
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cilities, continuous load (load factor = 1, instead of the frequently used utility load factor) 

must be anticipated here. 

For the majority of generating plants, the maximum apparent power SAmax can be used as a 

basis for the thermal loading of network equipment. It is obtained from the sum of the en-

tire maximum active power PEmax divided by the minimum power factor λ predetermined by 

the network operator at the network connection point: 

λ
max

max
E

A

P
S ∑=      2.2-1 

Note: For generating units with special output restriction, the values related to the limited output are 

to be used.  

For generating plants meeting the requirements described in Section 2.4.3 with regard to 

injected harmonic currents, the power factor λ is practically equal to the active factor cos ϕ 

of the fundamental current and voltage oscillations In practice, it is therefore usually suffi-

cient to use the active factor instead of the power factor for the determination of the maxi-

mum apparent power: 

ϕcos
max

max
E

A

P
S ∑=      2.2-2 

In the case of wind power plants, the maximum active power is applied over 600 seconds: 

)
λ

600
600maxmax

( pP
SS nG

AA

⋅
== ∑

    or  2.2-3 

( )
ϕcos

600
600maxmax

pP
SS nG

AA

⋅
== ∑

   2.2-4 

where p
600

 can be taken from the inspection report according to the  technical guidelines for 

wind power plants („Technische Richtlinie für Windenergieanlagen“) 3. 

2.3 Admissible voltage changes 

Under normal operating conditions of the network, the magnitude of the voltage changes 

caused by all generating plants with a point of connection to a medium-voltage network, 

must at no junction point within this network exceed a value of 2 % as compared to the 

voltage without generating plants. 
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  ∆ua ≤ 2 % (2.3-1) 

Remarks: 

- The generating plants with a point of connection in subordinated low-voltage network of this me-

dium-voltage network shall be left out of account. The limiting values defined in the guidelines on 

“Generating plants connected to the low-voltage network” shall be applicable here.  

- As specified by the network operator and, where applicable, in consideration of the possibilities of 

steady-state voltage control, exceptional cases may warrant a deviation from the 2 % value.  

- As a function of the resulting active factor of all generating plants, the voltage change may become 

positive or negative, i.e. a voltage increase or decrease may occur.  

- As the network transformer is normally equipped with an automatic voltage controller, the bus-bar 

voltage can be regarded as almost constant.  

 

Voltage changes shall be determined preferably by means of complex load-flow calculations.  

2.4 Network disturbances 

2.4.1 Sudden voltage changes  

Voltage changes at the junction point attributable to the connection and disconnection of 

generators or generating units do not give rise to inadmissible network disturbances if the 

maximum voltage change due to the switching operation at a generating unit does not ex-

ceed a value of 2 %, i.e. if  

  ∆umax  ≤  2 %  (related to Uc)  (2.4.1-1) 

and does not occur more frequently than once within 3 minutes (see explanations). 

 

In the event of disconnection of one generating plant or of several plants simultaneously at 

one network connection point, the voltage change at every point in the network is limited 

to: 

  ∆umax  ≤  5 %      (2.4.1-2) 

Note: It is important to take all those generating plants into consideration which may trip simultane-

ously as a result of operational disconnection and tripping by protection relays.  

                                                                                                                                      

3   Annexe B, „Technische Richtlinie für Windenergieanlagen“ Teil 3: Bestimmung der Elekt-
rischen Eigenschaften – Netzverträglichkeit (EMV) - 
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For the disconnection of an entire generating plant, the resulting voltage change is calcu-

lated as the difference between voltages with and without injections, leaving the network 

transformers’ voltage control out of account. 

2.4.2 Long-term flicker  

For the assessment of the connection of one or several generating plants at a junction 

point, the following long-term flicker strength has to be observed at the junction point with 

regard to flicker-effective voltage fluctuations due to operational reasons: 

Plt ≤ 0.46      (2.4.2-1) 

The long-term flicker strength Plt of a generating unit can be estimated by means of its fli-

cker coefficient c at: 

kV

rE
lt c

S
SP ⋅=       (2.4.2-2) 

where   SrE = rated apparent power of the generating unit and c = flicker coefficient  

Note: At the present time, the flicker coefficient is only known for wind energy plants and can be 

looked up in the inspection records of the technical guidelines for wind energy plants („Technische 

Richtlinie für Windenergieanlagen“ 4. It is dependent on the network impedance angle ψk and on the 

average annual wind speed va. 

In the case of a generating plant with several generating units, Plti has to be calculated se-

parately for each generating unit; on this basis, a resulting value has to be determined for 

the flicker interference factor at the junction point according to the following formula: 

∑=
i

2
iltreslt PP     (2.4.2-3) 

For a generating plant consisting of n equal generating units, the resulting value of the 

flicker interference factor is as follows: 

  EPP ltreslt n ⋅=   
kV

rEc
S
Sn ⋅⋅=   (2.4.2-4) 

 

                                          

4   Annex A, „Technische Richtlinie für Windenergieanlagen“ Teil 3: Bestimmung der Elektri-
schen Eigenschaften – Netzverträglichkeit (EMV) - 
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2.4.3 Harmonics and inter-harmonics  

The currents of harmonics and inter-harmonics generated by generating units and generat-

ing plants shall be added to the certificates described in Section 6  

If there is only one junction point in the medium-voltage network, the harmonic currents 

totally admissible at this junction point are obtained from the related harmonic currents iν zul 

of the table 2.4.3-1 multiplied by the short-circuit power at the junction point: 

 Iν zul = iν zul ⋅ SkV     (2.4.3-1) 

If several plants are connected to this junction point, the above formula shall be used as a 

basis for the calculation of the admissible harmonic currents of a generating plant by multi-

plication with the ratio of the apparent connection power S
A of this plant to the total con-

nectable or scheduled feed-in power S
Gesamt

 at the junction point under consideration: 

  
Gesamt

A
kVzul

Gesamt

A
zulAzul S

SSi
S

SII ⋅⋅=⋅= ννν   (2.4.3-2) 

For generating plants consisting of generating units of the same type, the following equa-

tion can be used: S
A
 = ∑S

rE
. This shall apply here to wind energy plants as well. In the case 

of generating units of different types, this statement represents only a rough upper estimate.  

For harmonics of odd ordinal numbers divisible by three, the values given in the table for 

the next higher odd ordinal number can be used as a basis unless a zero phase-sequence 

system of the current is fed into the network (with MV/LV network transformers normally 

used in the system operators’ network, a zero phase-sequence system is not transmitted). 

 

Admissible, related harmonic current iν,μ zul in A/MVA Ordinal number ν,μ 

10 kV network 20 kV network 30 kV network 

5 

7 

11 

13 

17 

19 

23 

25 

0.058  

0.082  

0.052 

0.038 

0.022 

0.018 

0.012 

0.010 

0.029  

0.041 

0.026 

0.019 

0.011 

0.009 

0.006 

0.005 

0.019 

0.027 

0.017 

0.013 

0.07 

0.006 

0.004 

0.003 

25 < ν < 40 1) 0.01 x 25/ν 0.005 x 25/ν 0.003 x 25/ν 

even-numbered 0.06/ν 0.03/ν 0.02/ν 

μ < 40 0.06/µ 0.03/µ 0.02/µ 

μ,ν > 40 2) 0.18/µ 0.09/µ 0.06/µ 
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Table 2.4.3-1 Admissible harmonic currents Iν and inter-harmonic currents Iµ 

related to the network short-circuit power, which may be fed in 

total into the medium-voltage network.  

1) odd-numbered 

2) integral and non-integral within a range of 200 Hz. Measurement according to EN 61000-4-7, 

Annex B 

With several junction points in a medium-voltage network, it is indispensable for the as-

sessment of the conditions at one junction point to take all other junction points into con-

sideration as well. Consequently, the conditions in a medium-voltage network are to be con-

sidered admissible if the harmonic current fed-in at every junction point does not exceed 

the following value: 

  
Netz

Gesamt
kVzulzul S

SSiI ⋅⋅= νν     (2.4.3-3) 

The following formula shall apply to harmonics above the 13th order and to inter-

harmonics: 

 
Netz

Gesamt
kVzul,zul, S

SSiI ⋅⋅= μνμν   (2.4.3-4) 

where S
Gesamt

 represents the sum of apparent feed-in power of all generating plants con-

nected to this junction point and S
Netz

 the capacity of the feeding transformer within the 

network operator’s transformer substation. For inverters with intermediate direct current 

link and pulse frequencies of above 1 kHz, the formula 2.4.3-4 shall apply to harmonics 

above the 2nd order.  

If the calculation shows that the admissible harmonic currents are exceeded, remedial mea-

sures need to be taken unless more precise calculations according to the „Technical Rules 

for the Assessment of Network Disturbances“ 5 allow to show that the admissible harmonic 

voltages in the network are not exceeded. Particular situations, such as e.g. the considera-

tion of resonances, should be subject to a special analysis.  

For other nominal network voltages than those given in the table, the related harmonic cur-

rents may be determined by means of conversion (inversely proportional to the voltage) 

from the values given in the table.  

                                          

5   „Technical Rules for the Assessment of Network Disturbances“, 2nd edition 2007, pub-
lished by VDN 
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The observance of admissible back currents according to the equations 2.4.3-1 and 2.4.3-2 

can be verified through measurement of the total current at the junction point or by calcula-

tion from the currents of the connected individual plants. The equations given in Annex 

B.2.4 shall be applied for the addition of harmonic currents from connected individual 

plants.  

Harmonic currents shall be measured in accordance with 61000-4-7.  

Note: The following approaches determined in the standard 61000-4-7 shall be applied:  

- in the case of harmonics: rms values of harmonic subgroups  

- in the case of inter-harmonics: rms values of inter-harmonic centred subgroups. 

Harmonic currents which flow into the generating plant (e.g. into filter circuits) due to a dis-

torted network voltage, are not assigned to the generating plant. The same shall apply if 

the generating plant works as an active harmonics filter and, due to its operating mode, 

brings about a continuous reduction of harmonic voltages existing in the network voltage. 

However, centralized multi-service control systems must not be inadmissibly affected (see 

Section 2.4.5). 

2.4.4 Commutation notches 

The relative depth of commutation notches dkom through line-commutated inverters must 

not exceed the value of  

  dkom = 2.5 %     (2.4.4-1) 

at the junction point in the most unfavourable condition (dkom = ΔUkom / Ûc with Ûc = peak 

value of the agreed service voltage Uc). 

2.4.5 Audio-frequency centralized ripple-control 

Audio-frequency centralized ripple-control installations are usually operated at frequencies 

between approximately 100 and 1500 Hz. Information about the locally applied ripple-

control frequency can be obtained from the network operator. Broadcasting levels of audio-

frequency impulses are normally about 1 %  to 4 % U
c
. 

Ripple-control installations are dimensioned for a loading that corresponds to the 50-Hz 

rated capacity of the supply network into which the control voltage is fed. Basically, gener-

ating plants may inadmissibly influence the ripple-control installations through additional 

load on the centralized ripple-control transmitting station or through an inadmissibly high 

reduction of the signal level in the system operator’s network.  
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As a matter of principle, the audio-frequency level caused by the operation of generating 

plants must not be reduced by more than 5 % at any point of the medium-voltage network 

as compared to the operation without generating plants; consumption and generation in-

stallations shall be taken into consideration according to their audio-frequency impedance.  

With this reduction of the audio-frequency level by generating plants, it is necessary to take 

account of the fact that generating plants supplying the network through static inverters 

without filter circuits do normally not cause a substantial reduction of the ripple-control 

level. Where filter circuits or compensating capacitors exist, it is necessary to examine 

whether the short-circuit reactance of the customer transformer may give rise to a series 

resonance.  

Apart from the limitation of the level reduction, it is not allowed to generate inadmissible in-

terference voltages. The following rules shall apply in particular: 

• The interference voltage caused by a generating plant whose frequency corresponds 

to the locally applied ripple-control frequency or is very close to it, must not exceed 

the value of 0.1 % U
c
. 

• The interference voltage caused by a generating plant whose frequency lies at the 

ambient frequencies of +/- 100 Hz to the locally applied ripple-control frequency or in 

its immediate proximity, must not exceed a value of 0.3 % U
c
. 

These limit values as well as further details are given in the guidelines on audio-frequency 

centralized ripple control („Tonfrequenz-Rundsteuerung“) 6. 

Should a generating plant inadmissibly impair the operation of the centralized ripple-control 

facilities, the operator of the generating plant shall take appropriate remedial measures 

even if the impairment is noticed at a later date.  

2.5 Behaviour of generating plants connected to the network 

2.5.1 Principles of network support  

During network feed-in, generating plants must be capable of participating in voltage con-

trol. A distinction is made between steady-state voltage control and dynamic network sup-

port.  
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2.5.1.1 Steady-state voltage control  

Steady-state voltage control means voltage control within the medium-voltage network un-

der normal operating conditions, where slow voltage changes in the distribution network are 

kept within acceptable limits.  

If required by the network operator and to meet network requirements, generating plants 

must participate in steady-state voltage control within the medium-voltage network.  

2.5.1.2 Dynamic network support  

Dynamic network support means voltage control in the event of voltage drops within the 

high and extra-high voltage network with a view to avoiding unintentional disconnections of 

large feed-in power, and thus network collapse.  

In the light of the strong increase in the number of generating plants to be connected to the 

medium-voltage network, the integration of these plants into the dynamic network support 

scheme is becoming ever more important. Consequently, these generating plants must gen-

erally participate in dynamic network support even if this is not required by the network op-

erator at the time of the plant’s connection to the network. That means that generating 

plants must be able in technical terms  

• not to disconnect from the network in the event of network faults,  

• to support the network voltage during a network fault by feeding a reactive current 

into the network, 

• not to extract from the medium-voltage network after fault clearance more inductive 

reactive power than prior to the occurrence of the fault.  

These requirements apply to all types of short circuits (i.e. to single-phase, two-phase and 

three-phase short circuits). 

 

Just like in the Transmission Code 20077, a distinction is made in these guidelines between 

type-1 and type-2 generating plants with regard to their behaviour in the event of network 

disturbances. A type-1 generating unit exists if a synchronous generator is directly (only 

through the generator transformer) connected to the network. All other plants are type-2 

generating units.  

                                                                                                                                      

6   „Tonfrequenz-Rundsteuerung, Empfehlung zur Vermeidung unzulässiger Rückwirkun-
gen“, 3rd edition 1997, published by VDEW 
7 TransmissionCode 2007 „Network and System Rules of the German Transmission System 
Operators“, August 2007, published by VDN 
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Concerning type-1 plants, the Transmission Code 2007 is put more precisely in the following 

respect:  

• If the voltage drops at values above the red border line in figure 2.5.1.2-1, generating 

plans must not be disconnected from the network. 
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Figure 2.5.1.2-1: Borderline of the voltage profile at the network connection 

point of a type-1 generating plant  

 

The following conditions shall apply to type-2 generating plants, taking the Transmission 

Code 2007, Section 3.3.13.5, into account: 

• Generating units must not disconnect from the network in the event of voltage drops 

to 0 % Uc of a duration of ≤ 150 ms. 

• Below the blue line shown in Figure 2.5.1.2-2, there are no requirements saying that 

generating plants have to remain connected to the network.  
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Figure 2.5.1.2-2 Borderlines of the voltage profile of a type-2 generating plant at 

the network connection point  

Note:   U means the lowest value of the three line-to-line voltages  

Voltage drops with values above the borderline 1 must not lead to instability or to the dis-

connection of the generating plant from the network (TC2007; 3.3.13.5, section 13; ex-

tended to asymmetrical voltage drops). 

If the voltage drops at values above the borderline 2 and below the borderline 1, generating 

units shall pass through the fault without disconnecting from the network. Feed-in of a 

short-circuit current during that time is to be agreed with the network operator. In consul-

tation with the network operator, it is permissible to shift the borderline 2 if the generating 

plant’s connection concept requires to do so. Also in consultation with the network operator, 

a short-time disconnection from the network is permissible if the generating plant can be 

resynchronized 2 seconds, at the latest, after the beginning of the short-time disconnection. 

After resynchronization, the active power must be increased with a gradient of at least  

10% of the nominal capacity per second (TC2007; 3.3.13.5, section 14). 

 

Below the borderline 2, a short-time disconnection of the generating plant may be carried 

out in any case. Prolonged resynchronization times and lower gradients of the active power 
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increase after resynchronization as compared to those admissible above the borderline 2 are 

permitted if they are agreed with the network operator (TC2007, 3.3.13.5, section 15). 

The behaviour of type-2 generating plants in the case of automatic re-closure is described 

more precisely in Annex B.3.  

Depending on the concrete technical network conditions, the actual duration of the generat-

ing facility’s connection to the medium-voltage network can be reduced by requirements of 

the network operator in terms of protection equipment.  

For all generating plants, the rule shall apply that a current according to the Transmission 

Code 2007 is to be supplied to the network for the duration of a symmetrical fault. Concern-

ing unsymmetrical faults, it is not permissible that during the duration of the fault reactive 

currents be fed into the network which give rise to voltages higher than 1,1 Uc in non-faulty 

phases at the network connection point. 

As a matter of principle, the requirements in terms of dynamic network support apply to all 

facilities irrespective of their type and connection variant. They shall be implemented 

through setting of the generating plants’ or units’ control equipment.  

The network operator shall determine the extent to which generating plants must partici-

pate in dynamic network support. A distinction is made between connections  

 

• directly via a separate circuit breaker bay to the bus-bar of a transforming station and  

• in the system operator’s medium-voltage network. 

 

A general basic requirement is however that all generating plants remain connected to the 

network in the case of voltage drops above the borderline in figure 2.5.1.2-1 or the border-

line in figure 2.5.1.2-1. Consequently, the network operator only determines whether or to 

which extent a reactive current is to be supplied to the network by the generating facility in 

the event of voltage drops.  

Customer plants with generating plants turning into isolated operation in the event of dis-

turbances in the higher-voltage network to cover the customer’s own energy demand must 

participate in network support until they are disconnected from the system operator’s me-

dium-voltage network. Isolated operation scheduled by the customer has to be agreed by 

contract with the network operator.  
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2.5.2 Maximum admissible short-circuit current  

Due to the operation of a generating plant, the network’s short-circuit current is increased 

by the generating plant’s short-circuit current, particularly in the vicinity of the network 

connection point. Therefore, information about the anticipated short-circuit currents of the 

generating plant at the network connection point has to be provided together with the ap-

plication for connection to the network.  

To determine a generating plant’s short-circuit current contribution, the following rough val-

ues can be assumed: 

• for synchronous generators: eight times the rated current 

• for asynchronous generators and double-fed asynchronous generators: six times the 

rated current  

• for generators with inverters: one time the rated current.  

To ensure correct calculations, the impedances between the generator and the network con-

nection point (customer transformer, lines, etc.) need to be taken into consideration.  

If the generating plant gives rise to a short-circuit current increase in the medium-voltage 

network above the rated value, the network operator and the connection owner shall agree 

upon appropriate measures, such as limitation of the short-circuit current from the generat-

ing facility (e.g. by using Is–limiters). 

2.5.3 Active power output  

It must be possible to operate the generating facility at reduced power output. In the cases 

listed below, the network operator is entitled to require a temporary limitation of the power 

feed-in or disconnect the facility: 

• potential danger to secure system operation, 

• congestion or risk of overload on the network operator’s network, 

• risk of islanding, 

• risk to the steady-state or dynamic network stability, 

• rise in frequency endangering the system stability, 

• repairs or implementation of construction measures, 
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• within the scope of generation management/ feed-in management/ network security 

management (see „Grundzüge zum Erzeugungsmanagement“ 8). 

 

The generating plants must be capable of reducing their active power at steps of maximally 

10 % of the agreed active connection power. This power reduction must be possible in any 

operating condition and from any operating point to a target value given by the network 

operator. This target value is normally preset without steps or in steps, and corresponds to 

a percentage value related to the agreed active connection power PAV. To date, target val-

ues of 100 % / 60 % / 30 % / 0 % have proven to be effective. The network operator shall 

not interfere in the control of the generating plants. He shall only be responsible for signal-

ling.  

The reduction of the power feed-in is carried out at the plant operator’s own responsibility. 

The reduction of the power output to the respective target value must be realized without 

delay, but within one minute, at the most. A reduction to the target value 10 % must be 

possible without automatic disconnection from the network; below 10 % of the agreed ac-

tive connection power PAV, the generating facility may disconnect from the network. 

All generating units must reduce, while in operation, at a frequency of more than 50.2 Hz 

the instantaneous active power (at the time of request; value freeze) with a gradient of 

40 % of the generator’s instantaneously available capacity per Hertz (see figure 2.5.3-1 

„Active power reduction in the case of over-frequency“, taken from the Transmission Code 

2007, Section 3.3.13.3, figure 1 ibid.). 

The active power may be increased again only if the frequency returns to a value of f ≤ 

50.05 Hz, as long as the actual frequency does not exceed 50.2 Hz. The neutral zone must 

be below 10 mHz. 

                                          

8   „Grundzüge zum Erzeugungsmanagement zur Umsetzung des §4 Abs. 3 EEG (status: 
27/02/2006)“, published by VDN 
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Figure 2.5.3-1: Active power reduction in the case of over-frequency (from 

Transmission Code 2007) 

2.5.4 Reactive power  

With active power output, it must be possible to operate the generating plant in any operat-

ing point with at least a reactive power output corresponding to a active factor at the net-

work connection point of  

 cos ϕ = 0.95underexcited to 0.95overexcited  

Values deviating from the above must be agreed upon by contract. In the consumer refer-

ence arrow system (see Annex B.4), that means operation in quadrant II (under-excited) or 

III (overexcited).  

With active power output, either a fixed target value for reactive power provision or a target 

value variably adjustable by remote control (or other control technologies) will be specified 

by the network operator in the transfer station. The setting value is either  

a) a fixed active factor cos ϕ    or 

b) a active factor cos ϕ (P)    or 

c) a fixed reactive power in MVar    or 

d) a reactive power/voltage characteristic Q(U). 
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The reactive power of the generating plant must be adjustable. It must be possible to pass 

through the agreed reactive power range within a few minutes and as often as required. If a 

characteristic is specified by the network operator, any reactive power value resulting from 

the characteristic must automatically adapt as follows: 

• within 10 seconds for the cos ϕ (P)-characteristic and 

• adjustable between 10 seconds and 1 minute for the Q(U)-characteristic (specified by 

the network operator). 

Figure 2.5.4-1 shows an example of a cos ϕ (P)-characteristic.  

 

Figure 2.5.4-1: Example of a ϕ (P)-characteristic 

 

With a view to avoiding voltage jumps in the event of fluctuations in active power feed-in, it 

is advisable to choose a characteristic with continuous profile and limited gradient.  

Both the chosen approach and the target values shall be determined individually for every 

generating facility by the network operator. The specification can be based on  

• the agreement of a value or, where applicable, of a schedule  

• online presetting of target values  

In the case of online presetting of target values, the new specifications for the working point 

of reactive power exchange shall be implemented at the network connection point after one 

minute, at the latest.  

1 

0.95 

P/Pn 

cos ϕ 

1 

o
ve

re
xc

it
ed

 
u
n
d
er

ex
ci

-

0.95 



Technical Guideline „Generating plants connected to the medium-voltage network“ 

© BDEW, June 2008  page 29/130 

3 Plant design 

3.1 Primary technology  

3.1.1 Connection facility  

The connection of the generating plant or of the customer facility with a generating plant to 

the system operator’s network is realized by means of a connection facility (see Annex A, 

Graphic representation “Definitions”). This Section describes the technical and organiza-

tional principles relating to the connection facility. Details in this respect are stipulated be-

tween the network operator and the operator of the generating plant.  

For the installation of the connection facility, the following provisions and guidelines need to 

be observed: BDEW Guidelines on „Technical conditions for connection to the medium-

voltage network“ 9, the connection requirements defined by the network operators and the 

general provisions concerning medium-voltage facilities (in particular those of DIN VDE 

0101, DIN VDE 0670 and DIN VDE 0671). 

Electrical installations must be designed, constructed and erected in such a way that they 

reliably withstand mechanical and thermal effects of a short-circuit current. The connection 

owner shall furnish proof of the short-circuit current capability for the entire connection fa-

cility.  

The network operator shall specify the necessary parameters for the connection facility’s 

dimensioning at the network connection point (e.g. rated voltages and rated short-time cur-

rent). Furthermore, the network operator shall make the following data available to the con-

nection owner upon request for the dimensioning of the connection owner’s own protection 

equipment and for analyses concerning network disturbances: 

• initial symmetrical short-circuit current from the network operator’s network at the 

network point of connection (without the contribution of the generating facility) 

• fault clearing time of the main protection from the network operator’s network at the 

network point of connection  

 

                                          

9   See Technical Guidelines on „Technical conditions for connection to the medium-voltage 
network“, published by BDEW. 
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3.1.2 Transfer switchgear  

The connection of the generating plant is realized through transfer switchgear. The latter 

must be accessible at any time to the network operator’s staff and, as switching point, it 

must be provided at least with load switching capability and a disconnection function. It is 

normally located in a transfer station. The design of the entire transfer station is based on 

the requirements of the Technical Guidelines on „Technical conditions for connection to the 

medium-voltage level“ published by BDEW and on the connection requirements defined by 

the network operator.  

The layout of the isolating point that must be accessible to the network operator at any 

time, depends on the type of construction as well as on the ownership structure and operat-

ing regime within the transfer station. Full particulars shall be stipulated in an agreement 

concluded between the network operator and the connection owner.  

With a view to avoiding that faults occurring in the customer’s own medium-voltage net-

work give rise to disturbances in the network operator’s network, protection equipment 

shall be installed in the transfer station by which the faulty network or the entire transfer 

station is automatically disconnected. The protective device must adjusted so as to function 

selectively with the remaining disconnection facilities in the network operator’s network. A 

circuit breaker is required for large-capacity (from about 1 MVA) generating plants.  

For the dimensioning of switchgear, short-circuit currents from the network operator’s net-

work and from generating plants shall be taken into consideration.  

3.1.3 Coupling switches  

For the connection of the generating facility to the network operator’s network or to the re-

maining customer facility, it is necessary to use a coupling switch with at least power 

switching capability on which the protective devices according to Section 3.2.3 are effective.  

Suitable means are e.g.: 

• circuit-breakers, 

• fuse load-break switches, 

• motor-protection circuit breakers, 

• fuse-safe contactor with power switching capability and upstream short-circuit protec-

tive device. 

The coupling switch must ensure a three-phase galvanic isolation.  
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Note: As far fuse load-break switches are concerned, also the response of a fuse must lead to a three-

phase disconnection.  

Either a circuit-breaker connecting the entire customer facility with the network or a circuit-

breaker connecting the generating unit with the remainder of the customer facility can be 

used as coupling switch. This coupling switch can be both on the low-voltage and on the 

medium-voltage side. Where no isolated operation is scheduled, the generator’s switchgear 

can be used for this purpose.  

As far as generating plants with inverters are concerned, the coupling switch shall be pro-

vided on the network side of the inverter. If this switch is accommodated within the inverter 

casing, its switching function must not be adversely affected by a short-circuit within the in-

verter.  

The coupling switch must be designed for the maximum short-circuit current occurring at 

the place of installation (see Section3.1.1) and must be releasable without delay and with 

due regard to the necessary protective equipment according to Section 3.2.3. When dimen-

sioning the coupling switch, account has to be taken of the fact that the short circuit in the 

case of fault can be fed both from the network operator’s network and from generating 

plants.  

Where safety fuses are used as short-circuit protection to low-voltage generators, the 

breaking capacity of the coupling switch shall be dimensioned at least in accordance with 

the responding range of the upstream safety fuse.  

Concerning generating plants which are not capable of isolated operation, the generator cir-

cuit breaker can be used for coupling and synchronization, i.e. as coupling switch, and for 

disconnection in the case of tripping by protection devices according to Section 3.2.3. 

Where plants capable of isolated operation are concerned (see connection examples in An-

nex C) a synchronizable coupling switch shall serve the disconnection of the generating 

plant in the event of tripping by protection devices according to Section 3.2.3. The synchro-

nizable coupling switch is to be located between the transfer switching facility according to 

Section 3.1.2 and the customer facility to be operated in isolated operation. In this case, 

the generator circuit breaker shall only assume the function of protection of the generator 

itself, and is activated for this purpose by the generator protection devices.  

The function of coupling and synchronization of the generating plant with the network op-

erator’s network shall be stipulated by contract within the scope of operational manage-

ment.  

Examples of connection facilities are given in Annex C. 
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3.1.4 Locking devices  

Interlocking of switching devices shall be designed in accordance with VDE standards (series 

of standards VDE 0670/0671) and according to the requirements of the network operator. 

Plant-specific locking devices have to be adequately taken into consideration The locking 

device must be operative under remote control conditions of the facility and in the case of 

operation on the spot.  

As a matter of principle, control of the switching devices of the medium-voltage transfer 

station must be designed in such a way that operation of the switching devices according to 

DIN VDE 0105 is ensured even in the event of loss of locking and control components (in 

particular, protection against arcing faults). 

3.2 Secondary technical equipment  

Apart from the requirements described below, the guidelines on „Technical conditions for 

connection to the medium-voltage network“ 10 and specific technical connection require-

ments of the network operator need to be observed for the installation and operation of 

secondary technical equipment.  

The place for the network operator’s equipment required for the connection of the generat-

ing plant (e.g. secondary technical equipment) is made available by the connection owner.  

3.2.1 Remote control  

For secure network operation, it is necessary to include the generating plant into the net-

work operator’s remote control scheme on request of the network operator, such as for ex-

ample: control of the circuit breaker (in particular opening of the circuit breaker in case of 

critical network conditions – „remote switch-off“), limitation of active power production, pro-

vision of reactive power. On the basis of the network operator’s applicable remote control 

concepts, the necessary data and information required for system operation management 

shall be made available by the connection owner for processing in the control and communi-

cation system in the transformer substation (in the case of connections to the network op-

erator’s bus-bar) or in the transfer station.  

Connection facilities with remote control are equipped with remote / local change-over swit-

ches preventing remote control signals in the case of local control.  

                                          

10   See Technical Guidelines on „Technical conditions for connection to the medium-voltage 
network“, published by BDEW. 
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3.2.2 Auxiliary energy supply  

The connection facility must be equipped with auxiliary energy supply. Should the function 

of protection equipment or tripping of switching devices require an auxiliary voltage source, 

auxiliary energy supply that is independent of the network voltage must be additionally 

available (e. g. battery, condenser, current transducer). Where applicable, remote control 

must also be equipped with a network-independent auxiliary energy source.  

If auxiliary energy supply is required over a longer period of time, its capacity must be di-

mensioned so as to enable the connection facility in the event of a loss of network voltage 

to be operated for at least eight hours with all protection, secondary and auxiliary equip-

ment. Direct-voltage circuits are to be operated in a free-of-ground manner, and subjected 

to earth-fault monitoring. Auxiliary service and auxiliary energy for secondary technical fa-

cilities of the network operator shall be made available by the connection owner.  

The functional efficiency of auxiliary energy supply is to be permanently ensured by means 

of appropriate measures; furthermore, it is to be verified at regular intervals and docu-

mented through inspection records. 

3.2.3 Protection equipment 

3.2.3.1 General 

Protection equipment is of considerable importance for secure and reliable operation of net-

works, connection facilities and generating plants. According to DIN VDE 0101, automatic 

installations must be provided for short-circuit clearing in electric facilities. The plant opera-

tor is responsible himself for the reliable protection of his plants (e.g. short-circuit, earth-

fault and overload protection, protection from electric shock, etc.). To this end, the plant 

operator must install an adequate amount of protection equipment. For plants capable of 

isolated operation, these protection measures need to be guaranteed for isolated operation 

as well.  

The responsibility for the concept and settings of the protection equipment shall lie with the 

partner for whose operating facilities the protective devices represent the main protection. 

The responsibility for correct operation of the protection equipment rests with the operator 

of the protection equipment. Concepts and protection settings at the interfaces between the 

network operator and the plant operator/connection owner shall be implemented on the ba-

sis of this Guideline in such a way that a danger to adjoining networks and plants can be 

excluded.  

The setting values for protective disconnection devices given in this Guideline are reference 

values. It can be assumed that the sum of the inherent response time of the protection de-
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vice and the switching device does not exceed 100 ms. Where applicable, it may be neces-

sary to make an adjustment. Furthermore, an adjustment may also be required depending 

on the plant or network configuration. These values shall then be specified by the network 

operator.  

Essential modifications to the protection equipment (protective disconnection devices, 

short-circuit protection device at the transfer point) or their set point shall be agreed in due 

time between the network operator and the plant operator. If required, the network opera-

tor may specify different setting values for the protection devices at a later date.  

The network operator shall determine whether and which protection devices are to be 

sealed or otherwise protected against alterations.  

The network operator is entitled to install or have installed devices at the transfer point 

which automatically disconnect the generating plant from the network if the predetermined 

limits compatible with the network (such as the agreed connection power SAV or the maxi-

mum apparent power of a generating plant SAmax) are exceeded in steady-state operation.  

To ensure continuous secure operation, protection systems shall be inspected prior to com-

missioning and at regular intervals. The implementation of protection inspections and their 

results shall be documented by means of inspection records and submitted to the network 

operator on demand.  

For protection inspections, it is recommended using installations like e.g. test terminals or 

test sockets to enable inspections to be carried out without disconnection of wires. A rele-

vant example is given in Section 3.2.4. 

It must be possible to make the adjusted values easily readable without using any addi-

tional means. This applies as well to protection functions integrated into the plant control 

system.  

Protection equipment to be connected to transformers at the voltage level of the network 

connection, must satisfy the VDN guidelines for digital protection systems („Richtlinie für 

digitale Schutzsysteme“) 11. 

Voltage protection devices for the protection against disconnection must be carried out in a 

three-phase design. For measurements at the medium-voltage level, the voltage shall be 

measured between the outer conductors. This ensures that the generating plant is not dis-

connected by the protection equipment in the case of a stationary earth fault in an isolated 

or resonant-earthed medium-voltage network. For measurements at the low-voltage level, 

the measurement shall be carried out between the outer conductor and the neutral point in 
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the case of Dy generator transformers, and between the outer conductors in the case of Yd 

generator transformers.  

The three measuring elements of a voltage protection device shall be linked through a logi-

cal OR connection. Logical OR connection means that 

• if the response value is exceeded in one measuring voltage, this leads to the response 

of the rise-in-voltage protection relays;  

• if the response value is undershot in one measuring voltage, this leads to the re-

sponse of the under-voltage protection relays.  

On the other hand, the three measuring elements of the reactive power under-voltage pro-

tection Q  & U< (see Section 3.2.3.2) shall be linked through a logical AND connection. 

That means for the under-voltage protection relay that all measuring voltages have to be 

fallen below the response value to activate the response of the relay.  

If there is no logical connection of the three measuring elements given in the text below, 

the connection in question is always a logical OR function.  

The reset ratio of the rise-in-voltage protection devices must not fall below 0.98, that of the 

under-voltage protection devices must not exceed a value of 1.02. 

Voltage protection devices for protection against disconnection should analyse the half-

oscillation rms value, the analysis of the 50 Hz fundamental oscillation being sufficient.  

Fall-in-frequency and rise-in-frequency protection relays may be designed as single-phase 

equipment. The voltage between two outer conductors shall be selected as measuring vari-

able.  

At frequencies between 47.5 Hz and 51.5 Hz, automatic disconnection from the network is 

not permissible due to the frequency deviation, unless different values are specified by the 

network operator. This is for instance the case if the generating unit is located within a 

load-shedding area of the 5-step-plan 12. However, if the frequency falls below 47.5 Hz or 

exceeds the value of 51.5 Hz, the unit must be immediately disconnected automatically 

from the network.  

After clearing of a fault in the network operator’s network or in the case of automatic re-

closure, the plant operator must be prepared that the recovery voltage at the network con-

nection point may be asynchronous to the voltage of the generating plant. The plant opera-

                                                                                                                                      

11   „Richtlinie für digitale Schutzsysteme“, 1st edition November 2003, published by VDN 
12   Transmission Code 2007 „Network and System Rules of the German Transmission Sys-
tem Operators“, August 2007, published by VDN 
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tor himself must take care that switching operations, voltage fluctuations, automatic re-

closure, or other processes taking place in the network operator’s network do not cause 

damage to his facilities.  

The connection owner shall be responsible for the protection of the generating plant or the 

generating units, respectively (guarantee of intrinsic protection). Consequently, the protec-

tion concept described in this Guideline needs to be adequately extended by the owner of 

the generating plant connection. However, intrinsic protection must not undermine the re-

quirements described in this Guideline regarding steady-state voltage control and dynamic 

network support of the generating plant or the generating units. As from 01st January 2010, 

it is no longer permissible to use vector surge relays in newly erected generating plants or 

generating units (see Section 1.1; the date of filing the application shall be applicable). 

3.2.3.2 Protective disconnection devices 

The function of protective disconnection devices described here is to disconnect the gener-

ating plant or the generating units from the network in the event of disturbed operating 

conditions in order to protect the generating plant and other customer facilities connected 

to the network. Examples are network faults, islanding, or a slow build-up of the network 

voltage after a fault in the transmission system. The plant operator is responsible himself 

for a reliable protection of his plants.  

Protective disconnection can be realized within a self-sufficient device and within the control 

system of the generating unit. The loss of the auxiliary voltage of the protection equipment 

or of the plant’s control system must lead to an instantaneous tripping of the switch. Trip-

ping through integrated protection relays must not be inadmissibly delayed by other func-

tions of the control system.  

Protective disconnection devices are installed at the transfer point and/or at the generating 

units. The protective disconnection devices at the generating units can be connected on the 

high or on the low-voltage side of the generator transformer. The following figures and con-

nection examples show the protective disconnection equipment on the low-voltage side of 

the generator transformer. Equal recommendations on adjustment shall apply irrespective 

of the connection of the protective disconnection devices to the generating unit.  

The following functions of the protective disconnection equipment shall be realized: 

1. under-voltage protection  U< und U<< 

2. rise-in-voltage protection  U> und U>> 

3. under-frequency protection  f< 

4. rise-in-frequency protection  f> 

5. reactive power under-voltage protection  Q  & U< 
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Through the reactive power under-voltage protection (Q  & U<) the generating plant is dis-

connected from the network after 0.5 s, if all three line-to-line voltages at the network point 

of connection are below 0.85 Uc (logical AND connection) and if the generating plant simul-

taneously extracts inductive reactive power from the network operator’s network. It is ex-

pedient to use the positive sequence component for the determination of the reactive 

power.  

This protection serves to monitor the behaviour of the generating plant satisfying the sys-

tem needs after a fault in the network. Generating plants impeding the restoration of the 

network voltage through absorption of reactive power from the network or due to a lack of 

voltage support, are disconnected from the network prior to achieving the last stage time of 

the network protection equipment.  

The extent of the necessary protective disconnection devices depends on whether the gen-

erating plant is to participate in dynamic network support. This extent will be determined by 

the network operator.  

3.2.3.3 Connection of a generating plant to the bus-bar of a transformer station 

Short-circuit protection  

Short-circuit protection of the generating plant is required for clearing of short-circuits in 

the connection facility. In addition, it serves as back-up protection in the event of faults 

within the generating units and in the network operator’s network. A distance relay with V-I 

starting function or a definite time-delay over-current protection relay shall be provided as 

short-circuit protection.  

The short-circuit protection devices of the plant operator must be integrated into the overall 

protection concept of the network operator. For this reason, the protection scheme shall be 

agreed with the network operator at the stage of planning. The protection equipment set-

tings are specified by the network operator as far as they have an impact on his network. 

The short-circuit protection devices act upon the circuit breaker at the transfer point.  

Note: Clearing of short-circuits in the 110 kV network requires the installation of line protection de-

vices. For this purpose, the network operator normally uses distance protection relays on the 110 kV 

side and, if required, signal comparison devices, inter-tripping or under-voltage relays. The OFF signal 

of the network operator’s line protection equipment acts upon the relevant circuit breaker of the con-

nected generating plant (see figure 3.2.3.3-1) for transformer stations with spur connection.  

3.2.3.4 Protective disconnection devices  

The following devices are required as primary protective disconnection equipment at the 

transfer point: 
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• reactive power / under-voltage protection  Q  & U< 

• rise-in-voltage protection  U>> and U> 

• under-voltage protection  U< 

The protective disconnection devices act upon the circuit breaker at the transfer point or on 

the coupling switch. Where necessary, a rise-in-frequency or under-frequency protection 

device is to be installed in the protective disconnection equipment at the transfer point.  

Note on the reactive power / under-voltage protection: Concerning customer facilities with power in-

take and generating units, only the reactive power intake of the generating units through the reactive 

power under-voltage protection (Q-U<) shall be assessed in the event of voltage drops occurring in 

the higher-voltage network. The function of voltage protection devices is to protect customer 

facilities against inadmissible voltage conditions in the case of isolated operation, and to en-

sure a disconnection of the generating plant after faults occurring in the network. For this 

reason, under-voltage protection devices must also respond to asymmetrical faults. There-

fore, the opening instructions of the three measuring elements of the under-voltage protec-

tion devices shall be in a logical OR connection.  

The following settings are recommended as basic parameterization at the network connec-

tion point: 

 

Function Setting range of 

the protection re-

lay  

recommended settings of pro-

tection relays  

rise-in-voltage protection U>> 1.00 – 1.30 Un 1.15 Uc ≤ 100 ms 

rise-in-voltage protection U> 1.00 – 1.30 Un 1.08 Uc *) 1 min 

under-voltage protection U< 0.10 – 1.00 Un 0.8 Uc 2.7 s 

reactive power / under-voltage 

protection   (Q  & U<) 

0.70 – 1.00 Un 0.85 Uc t = 0.5 s 

 

Table 3.2.3.3-1 Recommended settings of protection equipment at the network 

point of connection of a generating plant for connection to the 

bus-bar of a transformer station. 

Notes: The settings relate to the agreed voltage Uc in the medium-voltage network. They have to be 

converted to the secondary voltage in accordance with the transformer ratios. Un is the secondary 

nominal transformer voltage and thus the reference voltage of the protection equipment. Considera-

tion is to be given to the fact that opening times are obtained from the sum of setting times and in-

herent response times of the switching and protection device.  

*) Values higher than 1.1Uc should not be set with respect to the adherence to the voltage quality.  
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The following protection equipment is required at the generating units: 

• rise-in-voltage protection U>> 

• under-voltage protection  U< and U<< 

• rise-in-frequency protection  f> 

• under-frequency protection  f< 

These protective disconnection devices shall be connected on the high or low-voltage side of 

the generator transformer.  

The following settings are recommended as basic parameterization of the generating units’ 

protection equipment: 

 

Function Setting range of 

the protection 

relay 

Recommended settings of pro-

tection relays  

Rise-in-voltage protection U>> 1.00 – 1.30 Un  1.20 UNS  ≤ 100 ms 

Under-voltage protection U<  0.10 – 1.00 Un    0.80 UNS * 1.5 – 2.4 s **) 

Under-voltage protection U<<  0.10 – 1.00 Un    0.45 UNS * 300 ms 

Rise-in-frequency protection f> 50.0 – 52.0 Hz 51.5 Hz ≤ 100 ms 

Under-frequency protection f< 47.5 – 50 Hz 47.5 Hz ≤ 100 ms 

Table 3.2.3.3-2 Recommended settings for protection equipment at the gener-

ating unit when the generating plant is connected to the bus-

bar of a transformer station  

Notes: Un is the secondary nominal voltage of the transformer and thus the protection equipment’s 

reference voltage.  

UNS is the voltage on the low-voltage side of the generator transformer of the generating unit (UNS = 

Uc / ü with ü = transformation ratio of the generator transformer). Consideration is to be given to the 

fact that opening times are obtained from the sum of setting times and inherent response times of the 

switching and protection device.  

*  If this value is set, the requirements described in Section 2.5.1.2 are considered to be satisfied. 

Taking the impedances of the connection facility of the generator transformers into account, the set-

tings for the under-voltage protection devices U<< at the generating units are obtained in a simplified 

manner at 45 %. 
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**) Response times are determined by the network operator. Usually, one fourth of the generating 

plants per high-voltage network shall be disconnected from the network after 1.5 s and another fourth 

after 1.8 s, 2, 1s and 2.4 s, respectively. 

 

The figure below shows the protection concept at the network connection point and within 

the generating units for the connection of generating plants to the bus-bar of a transformer 

station.  

 

 

Figure 3.2.3.3-1  Protection concept applied for the connection of generating 

plants to the bus-bar of a transformer station  

3.2.3.5 Connection of the generating plant to the medium-voltage network  

As a matter of principle, generating plants connected to the medium-voltage network must 

be capable of participating in steady-state voltage control and dynamic network support. 

Where this was not required yet by the network operator at the time of network connection 

planning, the conditions described hereinafter shall apply.  

Irrespective of the above, it must be possible to retrofit the protection devices mentioned in 

Section 3.2.3.3 and the necessary transformers at the transfer point (cf. dashed lines in Fi-
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gure 3.2.3.4-2). If the generating plant must participate in dynamic network support by in-

jection of a reactive current, the relevant protection devices and transformers need to be 

upgraded by the connection owner and the settings of the generating units’ protection de-

vices must be adjusted according to Section 3.2.3.3 (see 3.2.3.4-2). 

3.2.3.6 Short-circuit protection  

The connection of generating plants to the medium-voltage network is implemented either 

by means of circuit breakers or through an on-load-switch-fuse combination, depending on 

network conditions and the number and size of generating units.  

Generating plants connected through a circuit breaker shall be equipped at least with over-

current time protection as short-circuit protection. Short-circuit protection of generating 

plants connected by means of a combined on-load-switch-fuse is ensured by the fuse.  

The installation of a distance relay and the relevant voltage transformers is to be taken into 

consideration in the conceptual design, and has to be realized at the network operator’s re-

quest. The “retrofitting” option is shown in Figure 3.2.3.4-2 by a broken line.  

The distance protection device must then act upon the circuit breaker at the transfer point 

or, in the case of an on-load-switch-fuse combination, upon the generator-side circuit 

breaker. 

3.2.3.7 Protective disconnection devices  

At the transfer station, the installation of protective disconnection devices is to be taken 

into consideration in the conceptual design according to Section 3.2.3.3, and has to be real-

ized at the network operator’s request. If connected through a circuit breaker, the protec-

tive disconnection device acts upon the latter or upon the coupling switch, if it is connected 

by means of an on-load-switch-fuse combination, the protective device acts upon the gen-

erator-side circuit breaker or on the coupling switch (see Annex C, Examples of connec-

tions). 

The same protection equipment as for the generating plant’s connection to the bus-bar of a 

transformer station (cf. Table 3.2.3.3-2) is required at the generating units; only the set-

tings of the voltage protection devices are dissimilar.  

The network operator may require super-ordinate protective disconnection equipment for 

generating plants which have a widespread medium-voltage network available and are con-

nected with the network operator’s network through a transfer station. The function of this 

protective equipment is to disconnect the entire generating plant from the network if the 

network voltage or network frequency limits are violated. A circuit breaker has to be gener-

ally provided for disconnection from the network in this case.  
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Protective disconnection devices of generating units shall be connected at the high or low-

voltage side of the generator transformer. The following settings are recommended as basic 

parameters:  

 

Function Setting range of 

the protection  

relay  

Recommended protection     

relay settings  

Rise-in-voltage protection U>> 1.00 – 1.30 Un  1.15 UNS *) ≤ 100 ms *) 

Under-voltage protection U< 0.10 – 1.00 Un    0.80 UNS **) 1 s **) 

Under-voltage protection U<<         0.10 – 1.00 Un    0.45 UNS **) 300 ms **) 

Rise-in-frequency protection f> 50.0 – 52.0 Hz 51.5 Hz ≤ 100 ms 

Under-frequency protection f< 47.5 – 50 Hz 47.5 Hz ≤ 100 ms 

 

Table 3.2.3.4-1 Recommended settings of the protective equipment at the gen-

erating unit for connection of the generating plant to the me-

dium-voltage network.  

Un is the secondary rated transformer voltage and thus the reference voltage of the protection equip-

ment.  

UNS is the voltage on the low-voltage side of the generating unit’s generator transformer (UNS = Uc / ü 

with ü = transformation ratio of the generator transformer). Consideration is to be given to the fact 

that disconnection times are obtained from the sum of setting times and inherent response times of 

the switching device and the protection equipment.  

*) and **) see remarks on Figure 3.2.3.4-1.   

 

The graphic below shows the protection scheme within the transfer station and in the gen-

erating units if the generating plants are connected to the medium-voltage network.  
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Figure 3.2.3.4-1 Protection scheme for the connection of generating plants to 

the medium-voltage network  

 

Notes on the protection settings  

*) Concerning the rise-in-voltage protection, the values 1.06 UNS or . 1.10 UNS may be adjusted for in-

stance instead of the value 1.15 UNS depending on the network operator and on network conditions. 

However, to enable the required reactive power feed-in to be implemented for at least 300 ms in the 

event of faults, the time delay for the U>> relay has to be correspondingly increased. Alternatively, 

apart from the U>> relay (setting: 1.15 UNS , ≤ 100 ms), the network operator may require an addi-

tional U> relay (setting: e .g 1.08 UNS , 20 s). 

**) The protection equipment settings shall be selected so as to ensure that they are consistent with 

the following minimum requirements for the generating plant to remain connected to the network. The 

plants shall remain connected to the network for at least 300 ms in the event of voltage drops at up to 

0.45 UNS. If the voltage falls below 0.45 UNS the plants can be disconnected from the network without 

delay. 

• With a view to reducing for a resonant-earthed system the probability of islanding in the event  

of double earth faults with a root on the line which the generating plant is connected to, the 

adjusted time delay of the U<< protection should be smaller than or equal to the lowest re-

sponse delay adjusted of the short-circuit protection devices of this line. This enables the fault 

to be cleared almost simultaneously with the network protection devices by means of the pro-

tective disconnection equipment of the generating unit. If the time of the U<< relay was set at 

a higher value, the “under-voltage” criterion would no longer be valid as the fault would be 
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cleared earlier on the network side. As a result, an isolated network with an earth fault will be 

operated due to the generating plant. The line-to-line voltages remain unchanged here. The 

under-voltage protection thus „loses“ its excitation criterion. The same applies to single-line-

to-earth faults in networks with low-impedance earthing.  

• If  automatic reclosing is carried out on a line which the generating plant is connected to, the 

following settings of protection equipment are recommended: U<< relay: 0.45 UNS, without 

delay and U< relay: 0.8 UNS, 300 ms. 

 

Figure 3.2.3.4-2 shows the extended protection scheme within the transfer station and the 

generating units with generating plants connected to the medium-voltage network if the 

generating plant is to participate in dynamic network support by feeding reactive power into 

the network. The components retrofitted as compared to Figure 3.2.3.4-1 are represented 

in broken lines.  

 

 

 

Figure 3.2.3.4-2 Protection scheme for the connection of generating plants to 

the medium-voltage network with retrofitted components  

Note: 

In case that the generating plant must participate in dynamic network support, a distance protection 

relay is required in the transformer station which is to be installed in the medium-voltage outgoing 

feeder and, for transformer stations with spur connection, on the high-voltage side of the network 

transformer. In the case of transformer stations with spur connection, the OFF command of the line 
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protection equipment installed on the high-voltage side of the network transformer acts on corre-

sponding circuit breaker of the connected generating plant. Furthermore, inter-tripping of the protec-

tion equipment of the medium-voltage outgoing feeder is required to the relevant circuit breaker of 

the connected generating plant.  

3.2.4 Test terminal 

For the implementation of functional tests on protection equipment, a terminal block with 

sectionalizer and test sockets has to be provided as interface and mounted at an easily ac-

cessible place. Its basic structure is shown in Figure 3.2.4-1. 

The measurement inputs of the protection equipment, the auxiliary supplies and the trip-

ping devices for coupling switches shall be led via this terminal block. This shall apply as 

well if functions of protective disconnection are integrated as a whole or separately into 

other appliances (e.g. programmable control). In this case, the appliances shall be mounted 

or programmed so as to enable the release or the inspection of the protective functions irre-

spective of the generating plant’s operating condition. 

The type and structure of the test terminal need to be agreed with the network operator. 

Instead of the test terminal, the network operator may also require that a test socket be 

used.  

             

Figure 3.2.4-1: Basic structure of the test terminal board  
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4 Measuring for accounting purposes 

The installation, operation and maintenance of measuring devices shall be carried out ac-

cording to the „MeteringCode“ 13 and in line with the Technical Connection Conditions of the 

network operators. 

The installation and operation of measuring devices shall be agreed in due time between the 

connection owner and the network operator or meter operator. According to the Metrology 

and Verification Act, only certified and verified meters and transformers shall be used in 

business transactions.  

The connection owner shall provide a meter cabinet according to DIN 43870 for the installa-

tion of the measuring, control and communication equipment and take care of its connec-

tion to the instrument transformer.  

The minimum requirements to be satisfied by measuring devices are specified by the net-

work operator concerned. The following accuracy classes shall be provided as a rule: 

• Meters: class 1 (active energy) or 2 (reactive energy) 

• Transformers: class 0.5 (voltage transformers) or 0.5S (current transformers). 

Load-profile meters shall be used for the continuous registration of metered values for con-

tractually agreed energy directions at ¼-hour intervals. The following customer facilities 

where also energy meters may be used are exempted from this rule:  

• Generating plants as defined by the Renewable Energy Sources Act (German abbrevia-

tion: EEG) for which the use of load-profile meters is obligatory only for plant capaci-

ties from 500 kW;  

• all other customer facilities with an energy consumption (extraction from the network) 

or an energy quantity supplied to the network on the basis of the Co-generation Act 

(German abbreviation: KWK-G) of up to 100,000 kWh annually.  

 

                                          

13   MeteringCode 2006, published by VDN 
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5 Operation of the plant  

5.1 General 

The operation of electric facilities comprises all technical and organizational activities re-

quired to ensure the functional efficiency and security of plants. These activities include all 

operating measures as well as electrical and non-electrical operations as described in the 

applicable rules and regulations, particularly in DIN VDE 0105-100 14. For the operation of 

the connection facility, the network operator’s provisions and guidelines shall be observed in 

addition to applicable legal and official regulations, in particular with regard to switching op-

erations and work on the network point of connection.  

Responsibility for the operation of the connection facility shall rest with the plant operator.  

The operator shall name a person to the network operator responsible for the proper opera-

tion of the connection facility. This person must be a qualified electrical specialist having 

switching authority, and shall be available any time to the network operator. Relevant in-

formation shall be deposited with the network operator and mutually updated immediately 

in the case of changes. If the plant operator has the necessary qualifications, he may him-

self carry out the function of the person responsible for the operation of the connection fa-

cility.  

The property boundary and the boundaries of the area at disposal have to be agreed be-

tween the network operator and the plant operator.  

If work is carried out on the connection facility which is within the network operator’s area 

of disposal, the plant operator shall nominate to the network operator a plant-responsible 

person that, according to DIN VDE 0105-100 is responsible for the plant components at the 

working premises.  

In the case of contingency, disturbances or risk to network security, the network operator is 

entitled to immediately disconnect the connection facility from the network or to reduce ac-

tive power supply of the generating plant.  

Should the network operator identify serious faults in terms of personal and plant safety 

within the connection facility, he is entitled to disconnect these plant components from the 

network until these faults have been remedied.  

                                          

14   DIN VDE 0105 – 100 (EN 50110-1) „Betrieb von elektrischen Anlagen“ 
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The plant operator is required to disconnect the switching bays of the connection facility lo-

cated in his area of disposal on demand of the network operator.  

Scheduled disconnections of network equipment and changes of the switching status due to 

maintenance may require a temporary disconnection of the generating plant from the net-

work or a reduction of its output. The implementation of this work shall be announced by an 

adequate advance notice.  

The plant operator shall agree with the network operator in due time proposed changes car-

ried out in the connection facility to the extent that they have an impact on the network 

connection and the connection facility’s operation, such as increase or reduction of power 

demand, replacement of protection equipment, modifications to the compensation equip-

ment.  

Different points of connection on the network of the network operator(s) must not be oper-

ated in an interconnected manner through facilities of one or several plant operators.  

5.2 Access 

The connection facility must always be kept locked. Access to the facility shall only be gran-

ted to qualified electrical personnel or persons trained in electrical terms, or to other per-

sons if they are accompanied by qualified electrical personnel or by electrically trained per-

sons (cf. DIN VDE 0105-100).  

The network operator and the persons acting on his behalf shall be granted safe access at 

any time (even outside normal working hours) to his facilities and to the plant components 

within the area at his disposal within the connection facility (e.g. by means of a double clos-

ing device). Where applicable, the same applies to separate rooms for measuring, protec-

tion and control equipment. Access to the facility must be possible at any time to the net-

work operator’s vehicles. A direct access road and a paved transport route have to be pro-

vided to this end.  

If there are any modifications in terms of the access to the connection facility, e.g. changes 

to the locking system, the network operator shall be immediately informed, and unimpeded 

access has to be guaranteed.  

The network operator may grant access to his facilities to the plant operator and qualified 

personnel of the latter.  
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5.3 Area at disposal / Operation  

Instructions for switching operations shall be given by the network operator for plant com-

ponents within the area exclusively at his disposal. Where switching devices are within the 

area at the common disposal of the network operator and the plant operator, the latter or 

the persons acting on their behalf shall agree on the switching operations to be carried out 

within these switching bays, and determine on a case-by-case basis who is to give the 

switching instruction. Switching operations for the remaining plant components are ordered 

by the plant operator or by the persons acting on his behalf.  

Operator control actions shall only be carried out by order of the person with authority over 

the area at disposal (network operator and/or plant operator). Operator control actions may 

only be implemented by qualified electrical personnel or persons trained in electrical terms.  

5.4 Maintenance  

Responsibility for the proper maintenance of plants and equipment rests with the respective 

owner. This applies as well to plant components within the area at the network operator’s 

disposal.  

According to the accident prevention provisions in force and VDE Guidelines, the plant op-

erator has to take care that inspections of the proper condition of electrical installations and 

operating equipment are carried out at regular intervals. The results of the inspections shall 

be documented and submitted to the network operator on demand. This requirement is sat-

isfied under normal operating and environmental conditions if the inspection deadlines men-

tioned in BGV A3, Table 1 A 15 are observed. 

Disconnections carried out within the area at the disposal of the network operator shall be 

agreed in due time between the plant operator and the network operator.  

5.5 Operation in the event of disturbances  

Even in the event of a forced zero voltage condition at the network connection point, modi-

fications to the switching status shall be implemented only in accordance with the disposal 

area boundaries between the network operator and the plant operator.  

Irrespective of the disposal area boundaries, the network operator may immediately discon-

nect the customer facility from the network in the event of disturbances in the medium-

voltage network. If possible, the network operator shall inform the plant operator in due 
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time about this measure. Reconnection is implemented in accordance with the disposal area 

boundaries.  

Due to the possibility of voltage recovery at any time after an interruption of supply, the 

network is to be considered as permanently energized. The plant operator is usually not in-

formed by the network operator prior to the reconnection.  

Fault clearance may require extraordinary investigations and measurements which the net-

work operator and the plant operator shall carry out on their operating equipment.  

For fault clearance and remedy, the network operator and the plant operator shall provide 

mutual support. All information required for fault clearance are to be exchanged between 

the network operator and the plant operator.  

The plant operator shall immediately inform the network operator about any disturbances or 

irregularities in the connection facility that may have an impact on the network operator’s 

network. In this case, a reconnection must be carried out only after appropriate clarification 

of the fault reason and on consultation with the network operator.  

5.6 Further conditions for the operation of generating plants  

Apart from Sections 5.1 to 5.5, further conditions need to be observed for the operation of 

generating plants.  

Should the agreed maximum apparent connection power SAV be exceeded, the network op-

erator shall be entitled to disconnect the generating plant from the network. To this end, he 

may require the plant operator to install adequate technical devices which disconnect the 

connection facility from the network operator’s network if certain limit values are exceeded 

(e.g. agreed power injections).  

If the generating plant is shut down by the network operator, the plant operator shall agree 

upon the reconnection with the network operator’s office responsible for network operation.  

After tripping of the generating plant’s or generating unit’s protective disconnection devices, 

the plant must not be automatically reconnected until the connection conditions according 

to Section 5.7 have been satisfied. In case of manual reconnection, a previous agreement 

with the network operator is required.  

The network operator may require the plant operator to carry out an inspection of the con-

nection facility’s equipment and protection devices to provide evidence of their operational 

capability.  

                                                                                                                                      

15   BGV A3 „Elektrische Anlagen und Betriebsmittel“ 
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5.7 Connection conditions and synchronization  

5.7.1 General 

During operation, the technical conditions described in Section 2 which form the basis of the 

decisions about connection of the generating plant, may be modified only with the consent 

of the network operator.  

In the event of tripping of protective disconnection devices due to network faults, it is rec-

ommended for the sake of protection of the generating plant to provide for a delay of some 

minutes between voltage recovery and reconnection until possible switching operations in 

the network have been finalized. A major part of those switching operations in the network 

are usually terminated after 10 minutes.  

Delays in the reconnection of a generator and the time graduation for the reconnection of 

several generators must be large enough so as to ensure that all control and transient phe-

nomena within the generating plant resulting from the reconnection are safely terminated. 

To this end, the conditions described in Sections 2.4.1, 2.4.2 and 2.5.3 need to be met. 

In case of reconnection of the generating plant to the network operator’s network after trip-

ping of a protective disconnection device, the increase in active power supplied to the net-

work of the network operator must not exceed a gradient of maximally 10 % of the agreed 

active connection power PAV per minute. This shall only apply to generating plants with an 

agreed connection power of more than 1 MVA. The conditions described in Sections in 5.7.2 

and 5.7.3 concerning the connection and synchronization of generating plants shall be ob-

served.  

A connection or reconnection of the generating plant shall be admissible only if the network 

voltage is at least 95 % Uc and the frequency between 47.5 Hz and 50.05 Hz. 

5.7.2 Connection of synchronous generators 

For synchronous generators directly connected to the network, a synchronizing device shall 

be provided at an appropriate place. While it is advisable to assign the synchronizing device 

for generating plants not capable of isolated operation to the generator circuit breaker, it is 

recommended providing additionally a synchronizing device at the coupling circuit breaker 

for generating plants capable of isolated operation. An automatic paralleling device shall be 

preferred. The settings are to be agreed with the network operator.  

The following values may be regarded as usual maximum values: 
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• Δφ = ± 10° 

• Δf = 500 mHz 

• ΔU = ± 10 %. 

After work carried out on the generating plant and/or the network connection, it is essential 

to check in particular the correct phase sequence. 

If the generating plant is not equipped with fine-step synchronization so that coarse syn-

chronizations are inevitable, measures shall be provided for the limitation of current surges 

(e.g. bridgeable reactors).  

5.7.3 Connection of asynchronous generators  

Asynchronous generators started by a drive assembly must be connected in a current-

limited manner with a speed of between 95 % and 105 % the synchronous speed.  

For asynchronous generators which are not connected under off-voltage conditions (e.g. 

double-fed asynchronous machines) the connection conditions for synchronous generators 

need to be observed.  

5.8 Reactive power compensation  

For a customer facility with a generating plant, reactive power exchange of the entire cus-

tomer facility must correspond to the active factor cos ϕ determined in the network connec-

tion / network usage agreement.  

For the design of a possibly required compensation installation, it is necessary to take the 

operating mode of the generating plant and the resulting impact on the network voltage 

into consideration. If there are strong reactive power fluctuations (e.g. in the case of wind 

energy plants with uncontrolled asynchronous generators), reactive power compensation 

must be controlled automatically.  

The compensating capacitors must not be switched on prior to the connection of the gen-

erator. When the generator is switched off, capacitors must be switched off simultaneously.  

The operation of the compensation installation may require measures for the limitation of 

harmonic voltages and prevention of inadmissible repercussions on audio-frequency remote 

control. Therefore, the capacity, the switching scheme and the control regime of the reac-

tive power compensation installation need to be agreed with the network operator.  
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6 Verification of the electrical properties 

6.1 General 

Every generating unit requires a type-specific unit certificate which specifies the electrical 

properties of the generating unit in order to furnish proof of the conformity of the generat-

ing unit with the requirements of this guideline.  

A unit certificate may also be issued for generating units which do not meet the require-

ments of this guideline in every respect, if the electrical properties deviating from these re-

quirements are specified in the certificate. The survey of the generating unit shall be based 

on FGW TR3. 

Furthermore, information about the electrical properties of the entire generating plant at the 

network connection point shall be provided to the network operator by means of a plant 

certificate for his network connection inspection. The certifier shall confirm the project-

specific electrical properties, and that the behaviour of all generating units connected to the 

network connection point, including the service lines to the network connection point (thus 

of the entire connection facility) meets the requirements of the guideline. For the elabora-

tion of the plant certificate, the network operator shall make available the data of the net-

work short-circuit power SkV and the network impedance angle ψk of the network connection 

point determined for the time being (see Annex E Workflow for the connection treatment) . 

Note: These data form the basis for the verification of the generating plant’s behaviour in conformity 

with the guideline. For the dimensioning of the plant components in terms of short-circuit current ca-

pability, higher requirements have to be satisfied in accordance with the technical connection condi-

tions of the network operator.  

Up to an apparent connection power SA of the generating plant of maximally 1 MVA and a 

line length from the network connection point to the generating unit(s) of ≤ 2 kilometres, 

one unit certificate for every type of generating unit is sufficient. In case that the require-

ments of the guideline were not all verified by the unit certificate, a plant certificate shall 

prove that the plant behaviour is in conformity with the guideline.  

Certification is performed by a certification office accredited to this end through the German 

accreditation council (Deutsche Akkreditierungs–Rat - DAR) according to EN 45011 16 and 

registered at BDEW. This office certifies the conformity of the plant features with the re-

quirements of this guideline. Where international standards (IEC or EN standards), national 
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VDE rules or agreements like those of FGW (German wind power federation) exist, the re-

quirements and test provisions defined there are also met by the certificate. The certifica-

tion office shall verify that the manufacturer has introduced a quality management system 

according to ISO 9001. 

Plant and unit certificates must certify the conformity of the generating plants or units with 

the requirements of this guideline at least in terms of the properties described in Sections 

6.2 to 6.6. To simplify matters, only the term “generating plant” is used in these Sections. 

The requirements shall analogously apply to generating units as well, while the tests from 

FGW TR3 for model validation on a generating unit have usually to be carried out in a free 

field test. The verification for generating plants is performed through validated computation 

models or free field tests. 

The workflow represented in Annex E is to be implemented as from 1st January 2010. Unit 

and plant certificates for generating plants which are applied for at the network operator 

during the period from 1st January 2009 to 1st January 2010, need to be submitted by the 

plant operator to the network operator by 30 June 2010.  

Note: Prototypes which have to be connected to a medium-voltage network for surveying purposes, 

can be provisionally connected without certificates in agreement with the network operator.  

6.2 Verification of feed-in power  

For generating plants whose active power output does not depend on primary energy sup-

ply, for instance CHP, it is sufficient to indicate the maximum active power feed-in and the 

planned operating mode, such as operation according to a required heat or current demand.  

Concerning generating plants whose active power output depends on the primary energy of-

fer, such as wind energy plants or photovoltaic, it is necessary to indicate the active power 

feed-in as a function of the primary energy offer.  

For wind energy plants, it is necessary to verify the active power as a function of the wind 

velocity measured according to FGW TR3.  

6.3 Verification of network interactions  

To verify admissible network interactions determined in Section 2.4, it is necessary to fur-

nish proof of spurious radiation produced by the generating plant.  

                                                                                                                                      

16   DIN EN 45011 „Allgemeine Anforderungen an Stellen, die Produktzertifizierungssysteme 
betreiben“, March 1998 
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The evidence provided must comprise the information about network interactions from the 

FGW guideline TR 3 17, Revision 19. The information required according to the aforemen-

tioned guideline shall also be submitted for generating plants which do not use wind as pri-

mary energy.  

6.4 Verification of the generating plant’s behaviour connected to the 

network  

The discharge of the following requirements shall be verified by tests on the generating 

plants or by means of a validated computation model of the generating plant.  

6.4.1 Verification of dynamic network support 

6.4.1.1 Verification of compliance with requirements  

Evidence shall be provided by means of tests on the generating plant or on a validated com-

puter model of the generating plant, showing that the control equipment applied for the 

control of the generating plant meets the requirements described in Section 2.5.1.2. To this 

end, the half-oscillation r.m.s. value of the three line-to-line voltages at the point of con-

nection has to be used as a basis. If the network voltage is not recorded at the network 

connection point, it must be determined by means of computations taking the impedances 

existing in the network of the generating plant into consideration. The following characteris-

tics shall be verified with regard to voltage drops due to two-phase (exclusively in the case 

of generating units) and three-phase faults in the network: 

For generating plants of types 1 and 2: 

•     If the half-oscillation r.m.s. value decreases to less than 85 % of the agreed service 

voltage Uc at the network connection point during ≤ 150 ms, the generating plant 

must not be disconnected from the network according to Section 2.5.1.2. The correct 

behaviour of the generating plant has to be proven for a decrease of the network volt-

age to values of between 70 % and 80 % Uc, 45 % and 60 % Uc, 20 % and 30 % Uc 

and to a value of < 5 % Uc. 

For generating plants of type 1: 

•     In addition, the generating plant’s correct behaviour has to be proven for a decrease of 

the line-to-line network voltage to a value between 70 % and 80 % Uc over 700 ms. 

                                          

17   Annex B to the „Technische Richtlinie für Windenergieanlagen“ Part 3: Bestimmung der 
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For generating plants of type 2: 

•      The correct behaviour of the generating plant has to be proven for a decrease of the 

line-to-line network voltage to a value between 30 % and 40 % Uc over 700 ms and 

between 70 % and 80 % Uc over 1.4 s. 

The variations in time of the half-oscillation r.m.s. values of voltages and currents and of 

the active and reactive powers determined on that basis shall be determined and docu-

mented for all tests.  

6.4.1.2 Verification of reactive power feed-in during the fault  

It is to be proven that the requirements from the TransmissionCode 2007 in terms of volt-

age support in the event of network faults are satisfied.  

The active and reactive currents injected during a fault while the generating unit remains 

connected to the network are to be measured during the tests in accordance with the re-

quirements defined in Section 6.4.1.1 pursuant to FGW TR 3. A validated computation mo-

del of the generating unit’s behaviour in the event of faults in the network shall be set up 

on the basis of the measurement results. The variations in time of the required variables 

shall be given as half-oscillation r.m.s. values. 

The verification of the generating plant’s behaviour shall be carried out by computation us-

ing the validated models. For three-phase faults, at least two network fault cases with dif-

ferent voltage drops are to be simulated.  

6.4.2 Verification of the short-circuit current contribution  

On the basis of the variations in time of the half-oscillation r.m.s. values of currents in the 

event of three-phase faults according to Section 6.4.1.1, the amount of the generating u-

nit’s short-circuit current contribution is to be given as shown below: 

 

I’’
k / IrE1 U = 0 U = 30 % Uc U = 80 % Uc 

t = 0s    

t = 150ms 1) 1) 1) 

t = 1000ms 1) 1) 1) 

 
1) It has to be indicated whether the short-circuit current is supplied to the network resistively or in-

ductively.  

                                                                                                                                      

Elektrischen Eigenschaften – Netzverträglichkeit (EMV) - 
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The generating plant’s short-circuit current contribution shall be calculated from these val-

ues.  

6.4.3 Verification of the properties required for active power output  

The following requirements shall be verified, measured according to FGW TR 3: 

• active power reduction in steps of 10 % of the nominal power to 0 %; attainment of 

the largest set point step-change within maximally one minute, 

• active power reduction to a 10 % value – output without disconnection from the net-

work, 

• power reduction at a network frequency of > 50.2 Hz with a gradient of 40 % of the 

active power per Hertz. 

6.4.4 Verification of the reactive power operation mode under normal network 

operating conditions  

6.4.4.1 Verification of reactive power values  

For generating plants whose reactive power values are independent of the active power out-

put, it is sufficient to indicate the maximum reactive power for inductive (overexcited) and 

capacitive (under-excited) reactive power withdrawal.  

For generating plants whose reactive power values depend on the active power output, it is 

necessary to indicate the maximum reactive power for inductive (under-excited) and ca-

pacitive (overexcited) reactive power withdrawal as a function of the active power feed-in.  

As far as wind energy plants are concerned, verification of the maximum reactive power as 

a function of active power, measured according to FGW TR3, is required.  

Moreover, measurements shall be carried out to show that the determination of a active 

factor in the system control is actually observed at the generating unit’s terminals (admissi-

ble fault for cos φ: 0.005). 

6.4.4.2 Verification of the reactive power step response  

The reactive power step response after change of a specified set point shall be indicated by 

measurements or equivalent model calculations.  

A reactive power step-change of maximum inductive to maximum capacitive reactive power 

feed-in and vice versa shall be defined as set-point step change. The variation in time is to 
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be indicated for the complete active power feed-in and an injection of between 40 % and 60 

% of the nominal power, and must not exceed one minute.  

The verification of reactive power control according to a given Q(U) characteristic including 

the gradient limitation, is performed through specification of a voltage step change from the 

lowest to the highest voltage value of the characteristic and vice versa. The reactive power 

step response is measured for the shortest and the longest response time. The possible set-

tings shall be specified.  

6.5 Verification of connection conditions 

It is to be proven that the generating plant  

• is not connected or reconnected before a network voltage of at least 95 % Uc and a 

network frequency of 47.5 Hz and 50.05 Hz is reached, 

• increases the active power (in the event of tripping through protective disconnection) 

after the plant has been reconnected, with a gradient of maximally 10 % of the rated 

power per minute (applies only to generating plants of > 1 MVA). 

6.6 Verification of the properties of disconnection equipment 

The observance of the requirements determined in Section 3.2.3 for protective disconnec-

tion devices has to be proven. This shall apply as well if the protection devices are inte-

grated in the system control. For instance, the required setting ranges of set points, discon-

nection times, the reset ratio and the total off-period (examination of the complete causal 

relationship) are to be verified through measurements.  
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Annexe 

 

A Definitions 

 

Area of disposal Area which defines the responsibility for giving switching 
operation instructions. 

Note: Some network operators designate this area as 
switching order area.  

Attendance Attendance of electrical equipment comprises observa-
tion and positioning (switching, setting, controlling). 

Automatic re-closure Re-closing (by an automatic device) of a circuit breaker 
assigned to a faulty network part assuming that the fault 
disappears during the time of interruption.  

Connection facility A connection facility comprises all installations required 
for the connection of one or several generating units to a 
system operator’s network 

Connection owner Any natural or legal person whose electrical installation is 
immediately connected through a supply connection to 
the network of the network operator. The connection 
owner has a legal relationship with the network operator.  

Current, 
Rated current Ir 

Current of a device or installation for which the device or 
the installation has been designed for permanent opera-
tion by the manufacturer or on the basis of a standard.  

Current, 
Reactive current Ib 

Share of the current fundamental oscillation which does 
not contribute to the active power. 

Reactive currents have a phase relationship of +/-90° to 
the voltage to neutral.  

Current 
Short-circuit current I’’

k 

Initial symmetrical short-circuit current according to DIN 
EN 60909-0 (VDE 0102). 

Active factor cos ϕ In the present guidelines, the active factor cos ϕ is the 
cosine of the phase angle between the fundamental 
mode of oscillation of a voltage to neutral and a current. 

Distribution system operator  Network operator 

Earthing switch An earthing switch is a mechanical switching device for 
earthing of parts of a circuit withstanding for a certain 
time electric currents under abnormal conditions, such as 
in the event of a short circuit; in normal operation, an 
earthing switch must not carry electric current.  

Fault clearance time Period from the beginning of a fault to its elimination.  

Flicker Voltage fluctuations producing the subjective impression 
of fluctuations in the lighting density (of lighted objects) 
via the chain of electric lamp – eye – brain.  
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Flicker, 
Flicker coefficient c 

Plant-specific non-dimensional quantity which, together 
with the parameter factors „rated apparent power of the 
individual plant“ and „short-circuit power at the junction 
point“ determines the volume of the flicker produced by 
the plant at the junction point. 

Flicker, 
Long-term flicker strength Plt  

Quantity for the assessment of flicker-effective voltage 
fluctuations of a time interval of 120 minutes. 

Note: The index „lt“ means long term 

Generating plant Plant comprising one or several electricity generating 
units (including the connection facility) and all electrical 
installations required for operation of the plant (see 
graphic representation of “Terms”) 

Symbols relating to the generating plant are given the 
index “A”.  

Generating unit A single facility for the generation of electrical energy.  

Note: Symbols relating to the generating unit are given 
the index “E”. 

Harmonics Sine-shaped oscillations whose frequency is an integral 
multiple of the fundamental frequency (50 Hz).  

Inter-harmonics Sine-shaped oscillations whose frequency is no integral 
multiple of the fundamental frequency (50 Hz).  

Inter-harmonics may also occur in the frequency range 
between 0 Hz and 50 Hz. 

Junction point The point in the public network closest to the customer 
facility to which further customer facilities are connected 
or can be connected. It is normally identical with the 
network connection point. The junction point is used as a 
basis for the assessment of network disturbances.  

Medium-voltage network Within the meaning of these guidelines, a medium-
voltage network is a network with a rated voltage of 
from > 1 kV to < 60 kV. 

Network connection point Network point at which the customer facility is connected 
to the network operator’s network. The network connec-
tion point is mainly important in the context of network 
planning. It is not necessary in any case to make a dis-
tinction between the network connection point and the 
junction point.  

Network impedance angle ψk Arc tangent of the ratio of the reactance Xk to the resis-
tance Rk of the short-circuit impedance at the network 
point considered, ψk=arctan(Xk/Rk) 

Network operator Operator of a network of public electricity supply. 

Operation  Operation comprises all technical and organizational ac-
tivities required to enable the electric facility to function. 
This includes switching, controlling, monitoring and 
maintenance as well as electro-technical and non-
electro-technical work.  
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Operation responsible person A qualified electrical specialist with switching authority 
named by the plant operator to the network operator as 
the person responsible for proper operation of the trans-
fer station. 

Note: The plant operator himself may assume the func-
tion of operation responsible person on condition that he 
has the necessary qualifications.  

Over-excited Operating status of a synchronous generator at which 
the generator absorbs capacitive reactive power from the 
network (cf. Annex B.6). 

Plant installer The installer of an electric facility within the meaning of 
these Technical Connection Conditions is both the one 
who erects, extends, modifies or maintains an electric 
facility, and the one who, though not having erected, ex-
tended modified or maintained the plant, inspects the 
work carried out as an expert and assumes responsibility 
for its proper implementation. 

Plant operator Within the meaning of these guidelines, the entrepreneur 
or a natural or legal person acting on his behalf that un-
dertakes the entrepreneurial obligation to ensure the se-
cure operation and proper condition of the customer fa-
cility.  

Plant responsible person A person charged to assume during the implementation 
of work the direct responsibility for the operation of the 
electric facility or of components belonging to the work-
ing premises. 

Power,  
Active Power P 

Electric power relevant to the generation of electrical en-
ergy and available to the conversion into other forms of 
energy (e.g. mechanical, thermal or chemical).  

Note: This is the nominal power of the generating unit 
specified by the manufacturer for (e.g. rated wind speed 
for wind energy plants, rated head of hydro power 
plants). 

Power,  
Maximum active power PEmax 

Highest active power of a generating unit. It is obtained 
as the highest medium value during a defined period of 
normally 10 minutes. For wind energy plants, this value 
can be obtained, for instance, as 600-second maximum 
value from the test report according to 20. If this value is 
not explicitly indicated, the electric nominal power of the 
generating unit is usually used.  

Note: For some plants, a higher than their nominal con-
nection power may occur during operation. 

Power,  
Active connection power PA 

Active connection power is the active power of a gener-
ating plant composed of the sum of the highest active 
powers of generating units. Normally, the rated power of 
the generating units is used for indicating their maximum 
active power (in the case of wind energy plants, this is 
the 10-min-medium value PEmax600 of the generating 
units). It is applied in the network connection test. 
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Note: For some plants, a higher apparent power than 
their active connection power may occur during opera-
tion. 

Power,  
Agreed active connection power 
PAV 

The active power agreed between the network operator 
and the connection owner. 

Power, 
Apparent power S 

Product of the rms values of the operating voltage, cur-
rent and the factor √3. 

Power, 
Apparent connection power SA 

Apparent power of a generating plant composed of the 
highest apparent power of the generating units. It serves 
as a basis to the network connection test. Normally, the 
rated apparent power SrE of the generating units is en-
tered for their highest apparent power. In the case of 
wind energy plants, the 10 min medium value SEmax10min 
of the individual plants is entered. 

Note: For some plants, a higher apparent power than 
their apparent connection power may occur during op-
eration. 

Power,  
Agreed apparent connection 
power SAV 

The apparent power which is obtained from the quotient 
of the agreed active connection power PAV and the lowest 
active factor cos ϕ agreed between the network operator 
and the connection owner. 

Power,  
Maximum apparent power of a 
generating plant SAmax 

The sum of all maximum active powers PEmax divided by 
the power factor λ which is specified by the network op-
erator at the network connection point. In practical op-
eration, the active factor cos ϕ is usually used instead of 
the power factor. 

ϕcos
max

max
E

A

P
S ∑=  

Note: In this calculation, all network components be-
tween the network connection point and the generating 
units need to be taken into consideration.  

Power, 
Rated apparent power SrE 

Apparent power for which the generating unit’s compo-
nents are designed. 

Power,  
Nominal power of a generating 
unit PnG 

Active power of a generating unit indicated by the manu-
facturer for rated conditions (such as rated wind speed in 
the case of wind energy plants, rated head in the case of 
hydro power plants).  

Power, 
Reactive power Q 

Usually, the reactive power Q is the product of the ap-
parent power and sine of the phase displacement angle ϕ 
between the fundamental mode of oscillation of the volt-
age to neutral U and the current I. 

Power factor λ The ratio of the magnitude of the active power P to the 
apparent power S: 

S
P

=λ
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Like P and S, λ relates to the rms values of the total al-
ternating quantity, i.e. to the sum of their fundamental 
mode of oscillation and all harmonics. 

Protection equipment Equipment comprising one or several protection relays 
and, where necessary, logic components to carry out one 
or several predetermined protection functions.  

Note: Protection equipment is part of a protection system. 

Protection system Arrangement consisting of one or several protection de-
vices and of further appliances scheduled to carry out 
one or several protection functions.  

A protection system comprises one or several protection 
devices, instrument transformers, wiring, breaking cir-
cuit, auxiliary voltage supply and, where provided, in-
formation systems.  

Reset ratio Ratio of the reset value of a characteristic variable of a 
protection relay to the response value of this variable, 
for instance Urück / Uan of a voltage relay. 

Short-circuit current I’’k Initial symmetrical short-circuit current according to DIN 
EN 60909-0 (VDE 0102). 

Short-circuit power S’’k Initial symmetrical short-circuit power decisive for the 
calculation of the short-circuit strength according to DIN 
EN 60909-0 (VDE 0102) “Kurzschlussströme in 
Drehstromnetzen”. 

''
kn

''
k 3 IUS ∗∗=  

Short-circuit power, 
network short-circuit power SkN 

The short-circuit power available on the network side 
without the share of the generating plant that is to be 
connected. 

Short-circuit power,  
network short-circuit power SkV 

The network’s short-circuit power (based on the sus-
tained short-circuit power) at the junction point, which is 
decisive for the calculation of network interactions. 

Cf. reference 19. It is generally lower than the short-
circuit power used for the rating of the short-circuit 
strength of facilities. 

Switching current factor, 
Network-dependent switching 
current factor kiψ 

Plant-specific non-dimensional variable which, given as a 
function of the network impedance angle, assesses the 
impact of the current of an individual plant during 
switching operations on the resulting voltage change and 
network flicker. 

Switching current factor, 
Maximum switching current  
factor Kimax 

Ratio between the highest current occurring during a switch-
ing operation (e.g. starting or connecting current or the 
highest breaking current under normal operating conditions) 
and the nominal generator current InG. The current is to be 
considered here as effective value over a period.  

Transfer point Network point which represents the boundary between 
the network operator’s area of responsibility and that of 
the operator of the connection facility. 
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The transfer point is mainly of importance in the context 
of operation management. It is not in any case identical 
with the property boundary.  

Transformation ratio Quotient of rated voltages of the high-side and low-side 
voltage of transformers. 

Under-excited Operating status of a synchronous generator at which 
the generator absorbs inductive reactive power from the 
network (cf. Annex B.6).  

Voltage, 
Agreed service voltage U

c
 

Normally, the agreed service voltage is equal to the 
rated network voltage Un. If the network operator and 
the customer agree on a voltage at the transfer point 
which is at variance with the rated voltage, this voltage 
is the agreed service voltage Uc. 

Voltage band Effective voltage values between an upper and a lower 
operating voltage of the network. 

Voltage change ∆Umax Slow voltage change: A voltage increase or decrease 
usually attributable to changes of the overall load on the 
network or a network part.  

Rapid voltage change: A single rapid change of the rms 
value of a voltage between two successive voltage values 
of certain but not specified durations.  

When indicating a relative voltage change, the voltage 
change of the line-to-line voltage is related to the  
voltage, operating voltage of the network: 

b

max

U
U

u
Δ

=Δ  

Instead of the operating voltage, the agreed service volt-
age Uc is used as a basis for the connection inspection.  

Voltage drop A sudden decline of the nominal voltage to a value be-
tween 90 % and 1 % of the agreed service voltage Uc, 
followed after a short time by a voltage recovery. As 
agreed, the duration of a voltage drop is between 10 ms 
and 1 minute. The depth of a voltage drop is defined as 
the difference between the minimum effective value of 
the voltage during the drop (half-oscillation r.m.s. value) 
and the agreed service voltage Uc. Voltage changes 
which do not reduce the voltage to below 90 % of the 
agreed service voltage Uc, are not considered to be volt-
age drops. 

Voltage, 
Nominal voltage U

n
 

Voltage by which a network or an installation is defined 
or identified. 

Voltage, 
Operating voltage Ub 

Voltages occurring during normal operation at a certain 
time and at a certain point of the network. In the present 
guidelines, this is the rms value (10-minute mean value) 
of the line-to-line voltage. 

Voltage,  
Highest operating voltage Ubmax 

Largest value of the operating voltage that occurs at any 
time and at any point of the network in normal opera-
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tion. 

Voltage, 
Lowest operating voltage Ubmin 

Lowest value of the operating voltage that occurs at any 
time and at any point of the network in normal operation. 

Voltage, 
Rated voltage Ur 

Voltage of a device or installation for which the device or 
installation has been designed for permanent operation 
on the basis of a given standard or by the manufacturer.  

Voltage, 
Specified voltage UQ0 

Voltage value specified by the network operator for a 
generating plant at a voltage-reactive-power characteris-
tic (cf. Section 2.5.4 and Annex B.6). 
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B Explanations 

B.1 As to Section 2.3 Admissible voltage changes 

Where only one junction point exists, the resulting voltage change can be estimated most 

easily by means of the short-circuit-power ratio k
kl
: 

maxA

kV
kl S

Sk
∑

=       (B.1-1) 

where S
kV

 is the network short-circuit power at the junction point and ∑S
Amax the sum of the 

maximum apparent power of all generating plants connected and/or planned to be con-

nected to this junction point. 

Where only one junction point exists within a network, the condition for a voltage change is 

always adhered to if the short-circuit-power ratio does not fall below the following limit val-

ue: 

  k
kl
 ≥ 50      (B.1-2) 

If the network impedance is strongly inductive, the assessment by means of the factor k
kl
 is 

too conservative, i.e. that the apparent feed-in power is more strongly limited than required 

for the observance of the voltage change. In such a case, a computation should be carried 

out on the basis of the complex network impedance with its phase angle ψ
kV

. This computa-

tion, though it also still represents an approximation, provides a much more accurate result 

than a computation based on power values alone.  

ΔuaV =
SA max ⋅ cos ψ kV + ϕ( )

SkV     (B.1-3) 

with φ being the phase angle between current and voltage of the generating plant with ma-

ximum apparent power S
Amax

. If the value obtained for cos (ψkV+φ) is smaller than 0.1, it 

should be estimated at 0.1 in order to take the uncertainties associated with this computa-

tion into consideration. The explanations given in Annex B.5 as to the reference arrow sys-

tem can be used to determine the sign of the phase angle. More detailed information for 

wind energy plants is provided in Annex B.1.1. 

According to the reference arrow system applied in the guideline, the phase angle φ of the 

generating plant with active power feed-in (-P) is to be applied with a positive sign in case 

of withdrawal of inductive reactive power and with a negative sign in case of withdrawal of 
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capacitive reactive power. The network impedance with the related network impedance an-

gle ψkV shall always be assumed to be inductive.  

The tolerances of the operating voltage in the low-voltage network are imperatively speci-

fied in the DIN IEC 60038 and EN 50160 standards. Throughout Europe, the rated voltage is 

400 V between the outer conductors, corresponding to 230 V between the outer conductor 

and the neutral conductor or earth. The tolerance limit of the operating voltage is ± 10 % 

Un. 

An extension of the admissible range of the active factor cos φ can be determined in coop-

eration with the network operator by taking the following fringe conditions into considera-

tion: 

• admissible tolerance of the network voltage of the network operator’s low-voltage 

network of 230 V ± 10 % 

• fluctuation in the low-voltage network between low and high demand  

• feed-in power and active factor of the generating plants on their low-voltage side.  

The admissible positive voltage change is obtained from the difference between the positive 

tolerance of the low voltage of 230 V +10 % and the highest voltage determined in the low 

voltage network (usually during hours of low demand, possibly with feed-in). 

The admissible negative voltage change is obtained from the difference between the nega-

tive tolerance of the low voltage of 230 V - 10 % and the lowest voltage determined in the 

low-voltage network (usually during hours of high demand, possibly without feed-in). 

Depending on the volume of generating capacity, the adjustable range of the active factor 

may be obtained from the above.  

The voltage conditions existing in the low-voltage network are represented in the diagram 

of Figure B.1. During periods of high demand, the farthest consumer is provided with the 

lowest operating voltage. Due to the voltage drops on the lines, the operating voltage is the 

lower the farther the consumer from the transforming substation. During hours of low de-

mand, these voltage drops do not occur and the operating voltage is almost constant 

throughout the network.  

The network operator will endeavour to select the operating voltage of the medium network 

and the tapping of network transformers in such a way that the operating voltage of the 

farthest customer facility is still above the lower tolerance limit, and that the majority of 

customer facilities closer to the transforming substation is provided with an operating volt-

age that is not too far above the rated voltage.  
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Figure B.1: Schematic diagram of voltage conditions for consumers in the low-

voltage network  

Un NS: Rated voltage of the low-voltage network (400 V: conductor-conductor; corresponding to 230 V 

conductor-neutral) 

In addition, the network transformers’ control is implemented in taps; medium-voltage at 

the bus-bar may vary within a tapping (usually between 1 % and 1.5 %). Thus, the shaded 

range shown in Figure B.1 is obtained with the operating voltage of the connected consum-

ers depending on the load and location.  

In normal operation, a generating plant connected to the bus-bar of the transforming sta-

tion gives rise to a change of the bus-bar voltage only within a tap of the network trans-

former’s tapping switch control. The selected admissible value of 2 % will ensure that the 

tapping switch must not switch-over inadmissibly often. This limit value can also be ob-

served in the case of high feed-in power if the active factor cos φ is ≈ 1, as in this case only 

voltage drops occurring in the resistive part of the short-circuit impedance contribute to the 

voltage change.  

However, if the network operator requires that inductive or capacitive reactive power be 

withdrawn, the higher voltage drops in the reactive shares of the short-circuit impedance 

will become decisive, and the expectation values of the voltage change will increase. In 

normal operation, this will only lead to a more frequent operation of tap changers. In the 

event of disturbances, e.g. in the case of shutdown of a generating plant due to distur-

Un NS 

Un NS – 10 % 

Un NS + 10 % 

Line length to consumer 

Medium voltage/low voltage 

Lower voltage curve during high 
demand without generating unit 

Upper voltage curve during low de-
mand without generating unit 

Transformer control 

Admissible voltage decline by ge-
nerating plants 

Admissible voltage increase by 
generating plants 



Technical Guideline „Generating plants connected to the medium-voltage network“ 

© BDEW, June 2008  page 69/130 

bances, the fact that the tap changer has specific change-over times of about 10 s per tap 

has to be taken into consideration. During this time, the operating voltage changes accord-

ing to the adjusted reactive power: 

• Overexcited generator operation  

The withdrawal of capacitive reactive power (overexcited generator operation) would 

lead to an increased voltage on the medium-voltage bus-bar which is controlled 

through the tap changer control by an increase of the network transformer’s transfor-

mation ratio. A loss of generating capacity will then give rise to a voltage drop; the re-

sult of this may be that the lower tolerance limit of the consumer voltage is undershot 

for a short time.  

• Under-excited generator operation  

The withdrawal of inductive reactive power (under-excited generator operation) would 

lead to a voltage decrease on the medium-voltage bus-bar, which is controlled 

through the tap changer control by a reduction of the network transformer’s transfor-

mation ratio. A loss of generating capacity will then give rise to a voltage increase; the 

result of this may be that the upper tolerance limit of the consumer voltage is ex-

ceeded for a short time.  

Short-time changes may have an impact on the operational security of electronic computer 

or control installations and should remain within the limits recommended by the manufac-

turers of those installations. This will usually be ensured if the recommended value of a vol-

tage increase or decrease of 2 % is observed. However, when selecting a required reactive 

power feed-in, the network operator should take account of the impact of a generating 

plant’s failure on the short-term voltage change.  

B. 1.1 Connection to the medium-voltage network  

The power injections of generating plants changes the network’s operating voltage. Based 

on the formula (B.1-3), the voltage change at the junction point in case of inductive reac-

tive power withdrawal can be expressed as follows:  

 2
max )sincos(

U
XRS

u kVkVA
a

ϕϕ ⋅−⋅⋅
=Δ    (B.1-4) 

As the equation shows, the voltage change may become positive or negative when the first 

term in the enumerator equals or becomes smaller than the second one, which is possible if 

cos φ is sufficiently small, hence if there is a sufficiently high withdrawal of inductive reac-

tive power.  
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Δua = SA max
Sk SS − SkV

Sk SS ⋅SkV

 

However, a high reactive power withdrawal has considerable drawbacks in practice. On the 

one hand, as is generally known, line losses are increased and the transmission capacity of 

lines is decreased. On the other hand, voltage changes occurring in such a case remote 

from the junction point may be larger than at the junction point itself, as the R/X ratio 

(which is important according to the equation (B.1-4)) is by no means the same for all op-

erating equipment along the route of power transmission. The following equation applies in 

case of withdrawal of capacitive reactive power: 

2
max )sincos(

U
XRS

u kVkVA
a

ϕϕ ⋅+⋅⋅
=Δ   (B.1-5) 

The equation shows that the withdrawal of capacitive reactive power adds to the voltage in-

crease; this fact is to be taken into consideration in case of variable reactive power with-

drawal.  

The formulas given under B.1-4 and B.1-5 are practicable approximations where the angle 

between the network-bus-bar-voltage and the voltage at the junction point is supposed to 

be zero and the impact of the voltage change on the voltage and the current at the junction 

point is neglected (linearization of a non-linear load-flow problem). The voltage changes 

calculated according to these formulas are therefore slightly larger than the exact values 

and thus on the „safe side“. Nevertheless, this fact should be taken into consideration if the 

results calculated by means of these formulas are compared to those obtained by the com-

plex load-flow analysis.  

A usual approach to the calculation of the voltage change is also  

 

     (B.1-6) 

 

with SkSS = short-circuit power on the medium-voltage bus-bar of the transforming station. 

This formula is based on the assumption of constant voltage on the bus-bar.  

Due to the great number of calculated case studies, it can be assumed that the tolerances 

given in the relevant provisions (mainly in EN 50160) in terms of the operating voltage both 

in the medium and in the low-voltage network, are maintained if the voltage change attrib-

utable to the operation of all generating units in this medium-voltage network is limited to a 

value of 2 %. The network operator may require that the voltage change be less than 2 % if 

this is necessary in exceptional cases due to the type of network and its operating mode.  

Should the considerations described so far not enable the desired generating capacity to be 

connected, measures for network reinforcement usually need to be carried out. The sim-
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plest approach is to shift the junction point towards a higher short-circuit power, hence to 

connect the generating plant through a separate line to the medium-voltage bus-bar of the 

transforming station or even feed directly into the high-voltage network via a separate cus-

tomer transformer. 

Attention should be paid to the fact that the decision about the permissibility of the connec-

tion of a generating plant strongly depends on the shape of the medium-voltage network, 

the existing network elements, and on the network’s operating mode. Therefore, the infor-

mation given here may be modified in a case-by-case approach.  

B 1.2 Connection to the bus-bar of a transforming station 

If the generating plant is directly connected to the bus-bar of a transforming station, the 

voltage change does not take effect as it is controlled by the network transformer. However, 

that is only true if the change of the feed-in power is not faster than the response of the 

controller. The limitation of the maximum rate of rise of the power fed in shall ensure that a 

control of voltage changes is achieved on the bus-bar.  

In the event of a sudden loss of feed-in power, the bus-bar controller cannot regulate the 

resulting voltage jump for inertia reasons. Therefore, the voltage jump given in the Section 

„Sudden voltage changes“ may be a limiting criterion for the feed-in power.  

B.2 As to Section 2.4  Network disturbances 

B 2.1 Calculation bases for sudden voltage changes  

As a function of the short-circuit power S
kV

 of the system operator’s network and the rated 

apparent power S
rE of a generating unit, a sudden voltage change caused by a connection 

can be estimated at  

  
kV

rE
i S

Sku maxmax =Δ     (B.2-1) 

The factor k
imax

 is referred to as „maximum current spike factor“ and indicates the ratio be-

tween the highest current  occurring during the switching operation (e.g. starting current I
a
) 

and the rated current of the generator unit or of the generating unit InG, such as for in-

stance: 

  
ki max =

Ia

InG      (B.2-2) 



Technical Guideline „Generating plants connected to the medium-voltage network“ 

© BDEW, June 2008  page 72/130 

Results obtained from a calculation using this „maximum current spike factor“ represent an 

upper estimate and are thus basically on the „safe side“. The following reference values 

shall apply to this factor:  

• k
imax = 1.2 for synchronous generators with fine synchronization, inverter, 

• k
imax = 1.5 for double-fed asynchronous generators with fine synchronization and in-

verter in the rotor circuit, 

• k
imax = 4 for asynchronous generators (cage rotor with current limitation), which are 

connected at 95 to 105 % of their synchronous speed, if there are no further details 

available as to the kind of current limitation. With regard to short-term transient phe-

nomena, the condition described hereinafter in terms of very short voltage drops must 

be observed.  

• k
imax = 8 for asynchronous generators which are started from the network if I

a
 is un-

known.  

Asynchronous machines which can be connected to the network with approximate synchro-

nous speed, may give rise to very short voltage drops as a result of internal transient phe-

nomena. Such a voltage drop may amount to double the usually admissible value, hence 4 

%, unless its duration exceeds two full oscillations and the subsequent deviation of the volt-

age as compared to the value prior to the voltage drop exceeds the usually admissible 

value.  

For the connection, shutdown and switch-over of wind energy plants, there are two specific 

„network dependent factors“ kf  (flicker step factor) and ku (voltage step factor) available 

(to be verified by the manufacturer) which enable the assessment of switching operations to 

be carried out in the same way as described above, and which take account of the short-

term transient phenomena mentioned before. The two factors kf  and ku can be determined 

by means of a fictitious network. They are indicated as a function of the network impedance 

angle ψ for every plant type in the inspection record according to 18 for starting operations 

with start-up and rated wind, for switch-over of generator steps, and switching off with 

nominal power.  

According to the inspection record 21 , the most unfavourable factor ku is to be used for the 

assessment of sudden voltage changes at the network connection point with the relevant 

network impedance angle. It makes it possible to calculate formally in the same way as with 

                                          

18   Annex B of „Technische Richtlinie für Windenergieanlagen“ Part 3: Bestimmung der E-
lektrischen Eigenschaften – Netzverträglichkeit (EMV) - 
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equation (B.2-1) a fictitious „equivalent voltage change“ which also must not exceed a limit 

value of 2 % (like ∆umax).  

  
kV

rE
uers S

Sku ⋅=Δ      (B.2-3) 

Usually, during starting operations, the factor ku is most unfavourable at rated wind. A coin-

cidence of switching operations of several generators at a junction point leads to a multiple 

of a voltage change caused by a generator; therefore, it should be avoided with a view to 

minimizing the impact on the system operator’s network. A technical means to this end is 

the graduation in time of the different switching operations. The interval ∆tmin in seconds 

between two switching operations shall be determined by the magnitude of the voltage 

changes caused by them, and must at least be 3 minutes with ∆Umax = 2 %. In case of mi-

nor voltage changes, smaller intervals will be sufficient according to equation B.2-4. 

   ( )3
min u10023t Δ⋅⋅=Δ  in [seconds]  (B.2-4) 

For the assessment of the connection of one or several generating units, the limit value Plt 

≤ 0.46 is to be observed with regard to flicker-effective voltage changes caused by switch-

ing operations.  

The long-term flicker emission Plt, attributable to switching operations of one single generat-

ing unit is calculated by using equation (B.2-5): 

kV

rE
flt S

SkNP ⋅⋅⋅= )(
31,0

1208 ψ            (B.2-5) 

The long-term flicker emission Plt, attributable to switching operations of several generating 

units, is calculated by using equation (B.2-6), N120 being the maximum number of switching 

operations of generating units within 120 minutes. NE represents the number of generating 

units in a junction point.  

                               ∑
=

ψ ⋅⋅⋅=
EN

1i

31,02,3
rE)(i,fi,120

KV
lt ))Sk(N(

S
8P       (B.2-6) 

The factor N120 and its application is described in Annex B.2.2, and can be taken from the 

extract from the inspection record 19. 

The long-term flicker must be smaller than Plt = 0.46. 

 

                                          

19   Annex B of the „Technische Richtlinie für Windenergieanlagen“ Part 3: Bestimmung der 
Elektrischen Eigenschaften – Netzverträglichkeit (EMV) - 
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B.2.2 Sudden voltage changes  

During the motor-driven start-up of asynchronous machines, the current amounts to a mul-

tiple of the rated current. Therefore, with a view to avoiding high current loading and volt-

age drops in the network, it is not recommended using motor-driven start-up of asynchro-

nous generators. However, a current surge (though very short, i. e. with a duration of a few 

half-oscillations) of the order of the starting current also occurs during connection with syn-

chronous speed. If it leads to inadmissible repercussions on the network, a bridgeable reac-

tor shall be provided for its limitation.  

Connections and change-over of generating plants with asynchronous generators are ac-

companied by relatively complicated transient phenomena. To calculate these switching op-

erations for wind energy plants, the voltage step factor ku(ψ) was introduced which is de-

pendent on the phase angle ψ of the network impedance. This factor is derived from meas-

urements during the switching operations, and added in tabular form to the data of the gen-

erating plant as a function of ψ. The factors ku(ψ) and kf(ψ)  are especially used for wind en-

ergy plants, and indicated for the following switching operations for the network impedance 

angles 30°, 50°, 70° and 85°: 

• Switching-on at start-up wind  

• Most unfavourable case for switch-over of generator steps  

• Switching-on at rated wind  

• Switching-off at rated wind  

For the assessment of the network repercussions produced, such as sudden voltage chan-

ges in this case, the most unfavourable (largest) factor is to be used. For network imped-

ance angles deviating from the aforementioned angles, an interpolation is admissible. 

The assessment of the flicker effectiveness of voltage changes attributable to switching op-

erations is carried out by means of the flicker step factor kf(ψ)  and of the factor N120. The 

limit value to be observed in case of flicker effects caused by switching operations is identi-

cal with the limit value for flicker effects during continuous operation of plants (long-term 

flickers). 

For each of the switching types mentioned above, flickers are assessed with the related fac-

tor N120 and the flicker step factor kf(ψ) . The factor N120 describes the maximum number of 

the respective type of switching carried out within 120 minutes. The highest value calcu-

lated is decisive for the flicker assessment. For network impedance angles deviating from 

the aforementioned angles, an interpolation is admissible.  
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B.2.3 Long-term flicker 

Flicker describes a phenomenon which is characterized by voltage fluctuations whose fre-

quency and amplitude are so large that electric lamps supplied by this voltage show fluctua-

tions in the lighting density. Further details are given in 20. The measured variable and the 

assessment criterion in terms of flicker caused by generating plants are the long-term 

flicker interference factor A
lt
 or the long-term flicker strength P

lt
. 

The flicker intensity felt by a human being is proportional to the flicker interference factor A 

and (almost) linearly dependent on the frequency of voltage fluctuations and (almost) cubi-

cally dependent on their amplitude. The amplitude, on the other hand, depends on  

• the ratio between the apparent generator output and the short-circuit power, 

• the drive-specific characteristics of the plant, expressed by the flicker coefficient c 

(previously plant flicker coefficient) 

The flicker coefficient c is indicated, like the voltage step factor ku(ψ), for the network im-

pedance angles 30°, 50°, 70° and 85° at different average annual wind speeds and is pri-

marily of relevance to wind energy plants (mainly to those with asynchronous generators). 

The network impedance angle ψk  is determined on the basis of system analyses and can be 

interpolated for angles deviating from those mentioned above. If the average annual wind 

velocity is not exactly known, the most unfavourable (largest) factor is to be applied. The 

flicker coefficient c describes the flicker-effective characteristics of the machine which cau-

sed the flicker occurrence, and depends essentially on the flicker-effective phase angle φf of 

the respective plant. The flicker coefficient is given in the inspection record 21. The common 

flicker effect of several generating units connected at a junction point can be calculated ac-

cording to (2.4.2-3) or (2.4.2-4) from the flicker interference factors of the plants, with a 

quadratic summation of the Plt values. This is attributable to the fact that (according to all 

investigations carried out to date) the flicker originating from several wind energy plants is 

subject to a stochastic superposition (similar to the superposition of noise voltages or of al-

ternating voltages of different frequencies). 

The common flicker effect of several generating plants connected at a junction point is de-

termined by applying the quadratic summation of individual values according to equation 

                                          

20    „Technical Rules for the Assessment of Network Disturbances“, 2nd edition of 2007, is-
sued by VDN 
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2.4.2-3. This can be explained by the superposition behaviour of generating units whose 

emissions are not independent of one another. In the case of individual emissions which are 

independent of one another in terms of time, a cubical superposition behaviour would have 

to be assumed.  

B.2.4 Harmonics and inter-harmonics  

The relevant provisions (e.g. the European standard EN 50160 „Voltage characteristics of 

electricity supplied by public distribution networks“) prescribe the observance of defined 

limit values for harmonic voltages both for the low and the medium-voltage network. These 

values are to be maintained at both voltage levels with a sufficiently high probability. At the 

low-voltage level, voltage distortions of all superimposed voltage levels sum up. The admis-

sible harmonic voltages are already utilized to a large extent by the connected consumption 

devices. Therefore, the harmonic voltages additionally injected by generating plants at the 

medium-voltage level must be limited to admissible values.  

 

Ordinal number Admissible harmonic voltage 

on the medium-voltage net-

work    [% Un] 

5 0.5 

7 1 

11 1 

13 0.85 

17 0.65 

19 0.6 

23 0.5 

25 0.4 

25 < ν < 40 1) 0.4 

 

even-numbered 0.1 

µ < 40 0.1 

µ, ν > 40 2) 0.3 

1) odd-numbered                     2)  measuring scale 200 Hz 

                                                                                                                                      

21   Annex B of „Technische Richtlinie für Windenergieanlagen“ Part 3: Bestimmung der E-
lektrischen Eigenschaften – Netzverträglichkeit (EMV) - 
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Table B.2.4-1: Maximum shares of harmonic voltages which may be produced 

by all generating plants in a DC connected medium-voltage net-

work  

The shares of harmonic voltages (shown in Table B.2.4-1) which are produced by generat-

ing plants within the medium-voltage network, are determined as follows: 

• For harmonic voltages of converter-specific orders, 0.5 % of the network voltage were 

applied as admissible levels for the 5th order, and 1 % from the 7th to the 11th order. 

The stronger emission limitation for the 5th order network harmonics is attributable to 

the usually strong preliminary distortion of the network voltage at this frequency. For 

higher order harmonics, the admissible level decreases with 11/ν. 

• For untypical harmonics of even-numbered order and for inter-harmonics, the admis-

sible level was set at 0.1 % of the network voltage. These frequencies must be spe-

cifically limited to avoid disturbances of audio-frequency remote control installations. 

They are hardly produced by properly functioning inverters, anyhow. 

• For the frequency range of 2 kHz to 9 kHz, which can be of relevance to the assess-

ment of pulse-modulated inverters, the value of 0.3 % of the network voltage, men-

tioned in IEC 61000-2-2, was applied to a range of 200 Hz. Within this frequency 

range, an arithmetic superposition of harmonic voltages at the different voltage levels 

can be excluded. Centralized ripple control installations are not operated within this 

frequency range. Therefore, the limit value of 0.3 % can be fully utilized by the plants 

connected to the medium-voltage network.  

If different generating plants are directly connected trough separate, long lines (overhead 

lines of more than 2 km, cables of more than 6 km) to the bus-bar of a transformer station 

supplying a network with a substantial share of cables (Qc > 3 MVar), the mentioned limit 

value of 0.3 % for the generating plants can be fully utilized on every one of those lines. If 

there exists an own line to the bus-bar (which then represents the junction point), voltages 

of higher frequencies do not occur in such networks to a noticeable extent as they are 

short-circuited by the network capacity.  

The related harmonic currents mentioned in Table 2.4.3-1 are obtained if harmonic voltages 

on the inductive network are limited to the values given in Table B.2.4-1. The table indi-

cates the sum of harmonic currents admissible for an ordinal number which may be pro-

duced by the entirety of all plants directly connected to a medium-voltage network. The in-

dicated admissible harmonic currents relate to the junction point of the generating plant 

with the medium-voltage network. These values may be achieved through adequate dimen-

sioning of the generating units or by means of centralized measures, such as filter circuits.  
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If the generating plant consists of several generating units (e.g. wind farm), the harmonic 

currents fed into the medium-voltage network can be determined from the currents of the 

different generating units: 

Line-commutated inverters (six or twelve-pulse) 

Converter-typical harmonic currents (of 5th, 7th, 11th, 13th, etc. order) and untypical ones 

of very low order (ν < 13) are added up arithmetically: 

∑
=

=
n

i
iII

1
νν  (B.2.4-1) 

For untypical harmonic currents of higher order (ν ≥ 13), the total harmonic current of an 

order equals the root of the sum of squares of the harmonic currents of this order: 

 ∑
=

⋅=
n

i
iII

1

2
νν     (B.2.4-2) 

Pulse-modulated inverters  

For an ordinal number µ which is basically not integral but which also includes integral val-

ues for values of µ ≥ 13, the total current equals the root of the sum of squares of the cur-

rents of individual plants: 

∑
=

⋅=
n

i
iII

1

2
μμ       (B.2.4-3) 

If untypical harmonic currents occur with such inverters for integral ordinal numbers of ν < 

13, these currents shall be added up arithmetically according to equation B.2.4-1. Harmonic 

currents above the 2nd order as well as inter-harmonics may be calculated according to 

equation B.2.4-3 if the pulse frequency of the converter is at least 1 kHz. 

Should the admissible harmonic currents (or admissible currents of inter-harmonics) be ex-

ceeded, more detailed investigations within the generating plant may be required. In this 

context, account shall be taken of the fact that the aforementioned rules of harmonic cur-

rent superposition have been chosen so as to apply to an inductive network impedance also 

in the case of higher frequencies. However, in large plants with a substantial share of ca-

bles, the cable capacity (mainly above 2000 Hz, i.e. at µ > 40) at higher frequencies leads 

to a dissipation of feed-in currents of individual plants so that the harmonic currents of the 

entire generating plant may be lower than those assessed by the approximation equation.  
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The short-circuit power in medium-voltage networks used for the calculation of the admissi-

ble harmonic currents may vary between 20 and 500 MVA. Typically, it is between 50 and 

200 MVA. It is advisable to make sure not to apply the rated short-circuit power of the me-

dium-voltage plant but the real short-circuit power at the junction point.  

If the admissible harmonic currents determined by the method described are observed by 

the plants which are to be connected, it is possible to guarantee with a sufficiently high pro-

bability that the admissible harmonic voltages are not exceeded in the network. Otherwise, 

more precise calculations need to be carried out which accurately model network conditions 

and take account of already existing or expected generators of harmonics.  

Such detailed analyses may be essentially required for the frequency range above 2000 Hz, 

as the impedance curve is only slightly dependent there on the impedance value at 50 Hz. If 

the current values given in Table 2.4.3-1 cannot be observed for this frequency range, it is 

recommended determining the expected voltage levels by means of real network imped-

ances at these higher frequencies. Further information on this subject is given in 22. 

If this approach is not successful either, it is necessary to carry out remedial measures such 

as e.g. the reduction of harmonic currents fed into the network through installation of filters 

or increase of the admissible harmonic currents through connection to a point of higher 

short-circuit power.  

Moreover, it is recommended examining in a case-by-case approach whether it is possible 

to use 12-pulse inverters for inverter installations from about 100 kVA (rated capacity) and 

24-pulse inverters for installations of more than 2 MVA (rated capacity), if the pulse modu-

lation technology is not applied, anyhow.  

Under special circumstances, harmonics of higher frequency (i.e. within a range above 1250 

Hz) may occur which are attributable to the fact that weakly damped resonances of sub-

systems are excited by commutation notches. In such a case, particular measures need to 

be carried out which are described in greater detail in 21. 

B.3 Automatic re-closure  

In case of an unsuccessful automatic re-closure after faults within the higher-voltage 

network (110, 220, 380 kV) two voltage drops take place in succession. 

                                          

22   „Technical Rules for the Assessment of Network Disturbances“, 2nd edition 2007, issued 
by VDN 
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Figure B.3-1: Voltage curve in the case of unsuccessful auto-re-closure in the 

higher-voltage network 

Figure B.3-1 shows the voltage curve which occurs in this case at the network connection 

point of generating plants. The volume of the voltage drop depends on the location of the 

fault as to the network connection point.  

Figure B.3-1 also shows the general behaviour of the voltage with a protection of lines 

through distance protection equipment without signal transmission. The distance protection 

devices on both terminals of the line system which is to be protected are normally adjusted 

in an overlapping manner, i.e. 125 % of the line system are protected through fast re-

sponse of the first zone. As a result, all faults on this line system are safely cleared through 

fast response. The inadvertent operation resulting from this operating mode in the case of 

faults „beyond“ the next bus-bar is put up with. During the auto-re-closure off-period which 

is typically 0.3 s. to 2 s., protection devices for the first zone switch over to standard setting 

with the usual range without taking automatic re-closure into consideration. That means 

that only about 85 % of the line system under consideration are subject to first zone time 

protection. Consequently, the protection device at one end of the line system will detect the 

fault within its first zone and rapidly clear it. However, the protection device at the other 

side of the line system can possibly recognize the fault, depending on the fault location, 

only outside its first zone, e.g. if the fault is not far from the counterpart substation. To en-

sure selectivity without taking account of automatic re-closure, fault clearance by this pro-

tection device is delayed, taking place for instance within 0.5 s, in accordance with the 

standard programme.  
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On condition of the proper functioning of all devices, it can be assumed that the first voltage 

drop will last only 150 ms, while the second voltage drop may possibly last with a time de-

lay until the end of the second time step.  

Moreover, the red lines in Figure B.3-1 show the boundary lines of the voltage up to which 

the generating plant with a network connection point in the medium-voltage network must 

not be disconnected from the network (cf. Section 2.5.1.2).  

Should one of the devices participating in short-circuit interruption fail, the voltage drop 

during the first fault will not be terminated after 150 ms. In this case, the generating plant 

must not be disconnected if the voltage is above the curve shown in Figure 2.5.1.2-2 of 

Section 2.5.1.2  

In the event of a fault on the upstream 110 kV line to which the generating plant is ulti-

mately connected via the system operator’s network (see Figure B.3-2), false measure-

ments of all distance protection devices initially occur due to interim injections. The magni-

tude of these false measurements depends on the proportion of short-circuit power of the 

supplying entities. If the network’s short-circuit power, as compared to the generating 

plant’s short-circuit power, is so large that the distance protection devices in the transform-

ing stations A and B measure the fault in the overlapping area, the distance protection de-

vices in the transforming stations A and B carry out automatic re-closure. If both circuit 

breakers in the transforming stations A and B are open, the distance protection device in 

transforming station C can now correctly measure the fault and give an OFF command. In 

case of a spur connection of transforming stations, the OFF command opens the circuit 

breaker of the medium-voltage bay supplied by the generating plant. Thus, the generating 

plant is disconnected from the network. This applies if the generating plant is connected to 

the medium-voltage bus-bar of a transforming station via a separate circuit-breaker bay. 

 

Figure B.3-2: Fault on the upstream 110 kV line 
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If a generating plant connected to the medium-voltage network is to participate in voltage 

support in the event of a fault on the network operator’s demand, consideration is to be gi-

ven to the fact that the OFF command for transforming stations with spur connection is 

transferred by the distance protection relay to the transfer circuit-breaker e.g. by means of 

binary signal transmission. This is required because otherwise the generating plant would 

continue to feed energy onto the fault and, as a result, the fault would last longer. More-

over, electric arc quenching is no longer possible during the cut-off voltage pause in the 

case of relevant energy input.  

In the event of faults within the medium-voltage network, supplied by the generating 

plant, it is basically possible for generating plants to disconnect from the network as in this 

case a disconnection does not have any impact on the system stability of the higher-voltage 

network. However, a similar voltage profile may come about at the network connection 

point as in the case of automatic re-closure in the higher-voltage network. Consequently, 

the voltage profile does not enable the voltage level where the fault occurred to be de-

tected. Therefore, the same requirements as described above in terms of disconnection 

from the network must be applied. Furthermore, it has to be noted that after unsuccessful 

automatic re-closure (ARC), a further automatic re-closure is carried out after approxi-

mately 15 … 20 s. During the second ARC, generating plants may then disconnect from the 

network (see B.3-3). Moreover, longer release times need to be taken into consideration in 

the event of faults within the medium-voltage network.  

 

Figure B.3-3: Voltage curve in the event of an unsuccessful double automatic 

re-closure in the medium-voltage network  
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generator) 
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network 

B.4 Reference arrow system  

For data on directions and phase angles, the customer reference arrow system is applied. 

 

 

 

 

 

Figure B.4-1: Consumer reference arrow system  

Hereinafter, the consumer reference arrow system is applied to customer facilities con-

nected to the network as well as to generating plants. Currents and voltages in arrow direc-

tion are counted positively. 

For representation in quadrants, a power circuit is chosen whose representation is compati-

ble with mathematical representations of trigonometry and complex numbers. The current 

vector is always located at the real axis (3 o’clock) while the location of the voltage vector 

corresponds to the apparent power and to the phase angle. Like in mathematics, angles are 

counted positively in a counter-clockwise direction. The angle from the current vector to the 

voltage vector is defined as phase angle.  

 

Figure B.4-2: Example: Ohmic-inductive load 

The different „operating conditions“ are represented in the four quadrants I to IV. Quad-

rants are denominated in an anticlockwise sense in accordance with mathematical usage.  

A power station with a synchronous generator connected to the network is in quadrant III if 

the synchronous generator is overexcited, and in quadrant II if the synchronous generator 

is under-excited.  
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Note: No confusion should be caused by the fact that the under-excited operating condition in quad-

rant II in the output diagram of a synchronous generator is also referred to as „capacitive operation“. 

This is attributable to the fact that the generator reference arrow system is usually applied to syn-

chronous generators.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.4-3: Representation in the consumer reference arrow system  
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C Connection examples 

 

Figures C.1 and C.2 show the basic points of connection to the network for generating 

plants. 

C.1 Network connection point in the medium-voltage network  

C.2 Network connection point at the medium-voltage bus-bar of a transforming station  

 
Figures C.3 to C.10 show possible forms of realizing the connection of generating plants 

with regard to the concurrence of transfer switchgear according to Section 3.1.2, coupling 

switches according to Section 3.1.3 and protection equipment according to Section 3.2.3. 

The protection devices are displayed where the measured quantities are recorded. A broken 

line shows the chain of effects on the relevant switching device. The forms of realization 

shown as an example in these figures may be modified in accordance with local conditions.  

 
C.3 Customer facility connected to the medium-voltage network with a generating plant 

with circuit breaker and a generating unit without possibility of isolated operation  

C.4 Customer facility connected to the medium-voltage network with a generating plant 

with load disconnector and a generating unit without possibility of isolated opera-

tion  

C.5 Generating plant connected to the medium-voltage network with circuit breaker 

and several generating units without possibility of isolated operation  

C.6 Generating plant connected to the medium-voltage network with load disconnector 

and several generating units without possibility of isolated operation  

C.7 Customer facility connected to the medium-voltage network with a generating plant 

with one generating unit and capability of isolated operation via a low-voltage side 

coupling switch 

C.8 Customer facility connected to the medium-voltage network with a generating plant 

with one generating unit and capability of isolated operation via a low-voltage side 

coupling switch  

C.9 Generating plant connected to the medium-voltage network with circuit breaker 

and one or several generating units without possibility of isolated operation  

C.10 Generating plant connected to the medium-voltage bus-bar of a transforming sta-

tion with one or several generating units without possibility of isolated operation 
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Figure C.1 Network connection point in the medium-voltage 
 network 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C.2 Network connection point on the medium-voltage bus-bar of a 
transforming station  
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Note: According to the specifications of the network operator, the connection facility is to be designed 

as transfer station or as a separate medium-voltage bay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Figure C.3: Customer facility connected to the medium-voltage network with 
a generating plant with circuit breaker and one generating unit 
without capability of isolated operation  

 

*  In consultation with the network operator, the circuit breaker may also assume the 

function of transfer switching device 

 Note: To this end, the circuit breaker must be designed as a plug-in unit or with a superordinate 

isolator/load disconnector  

**  on request of the network operator  

 Note: Where necessary, a rise-in-frequency and an under-frequency protection relay need to be 

additionally installed for the superordinate protective disconnection device. The use of this func-

tion will then be determined by the network operator.  
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Figure C.4: Customer facility connected to the medium-voltage network with 
a generating plant with load disconnector and one generating unit 
without possibility of isolated operation  

 

**  on request of the network operator  

 Note: Where necessary, a rise-in-frequency and an under-frequency protection relay need to be 

additionally installed for the superordinate protective disconnection device. The use of this func-

tion will then be determined by the network operator.  
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Figure C.5: Generating plant connected to the medium-voltage network with 
circuit breaker and several generating units without possibility of 
isolated operation  

 

*  In consultation with the network operator, the circuit breaker may also assume the 

function of transfer switching device  

 Note: To this end, the circuit breaker must be designed as a plug-in unit or with a superordinate 

isolator/load disconnector. 

**  on request of the network operator  

 Note: Where necessary, a rise-in-frequency and an under-frequency protection relay need to be 

additionally installed for the superordinate protective disconnection device. The use of this func-

tion will then be determined by the network operator.  
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Figure C.6: Generating plant connected to the medium-voltage network with 
load disconnector and several generating units without possibility 
of isolated operation  

 

**  on request of the network operator  

 Note: Where necessary, a rise-in-frequency and an under-frequency protection relay need to be 

additionally installed for the superordinate protective disconnection device. The use of this func-

tion will then be determined by the network operator.  
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Figure C.7: Customer facility connected to the medium-voltage network with 
a generating plant with one generating unit and capability of iso-
lated operation via a low-voltage side coupling switch  

 

**  on request of the network operator  

 Note: Where necessary, a rise-in-frequency and an under-frequency protection relay need to be 

additionally installed for the super-ordinate protective disconnection device. The use of this 

function will then be determined by the network operator.  
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Figure C.8: Customer facility connected to the medium-voltage network with 
a generating plant with one generating unit and capability of iso-
lated operation via a low-voltage side coupling switch  

 

*  In consultation with the network operator, the circuit breaker may also assume the 

function of transfer switching device.  

 Note: To this end, the circuit breaker must be designed as a plug-in unit or with a superordinate 

isolator/load disconnector.  

**  on request of the network operator  

 Note: Where necessary, a rise-in-frequency and an under-frequency protection relay need to be 

additionally installed for the super-ordinate protective disconnection device. The use of this 

function will then be determined by the network operator.  

 

**

Generatorschalter                               
übergeordneter Entkupplungsschutz
mit Q & U< Funktion                 
Entkupplungsschutz
mit U>>, U<, U<<, f>, f< Funktion

G
3~

Verbrauchseinrichtungen 
des Kunden

Mittelspannungsnetz

übergeordneter Entkupplungsschutz
mit U>>, U>, U< Funktion; ggf. f>, f<

Kundentransformator

Niederspannungs-Sammelschiene

Generator

Übergabeschalteinrichtung

Kurzschlussschutz 
Kuppelschalter

**

*

**

Generatorschalter                               
übergeordneter Entkupplungsschutz
mit Q & U< Funktion                 
Entkupplungsschutz
mit U>>, U<, U<<, f>, f< Funktion

G
3~

Verbrauchseinrichtungen 
des Kunden

Mittelspannungsnetz

übergeordneter Entkupplungsschutz
mit U>>, U>, U< Funktion; ggf. f>, f<

Kundentransformator

Niederspannungs-Sammelschiene

Generator

Übergabeschalteinrichtung

Kurzschlussschutz 
Kuppelschalter

**

*



Technical Guideline „Generating plants connected to the medium-voltage network“ 

© BDEW, June 2008  page 93/130 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C.9: Generating plant connected to the medium-voltage network with 
circuit breaker and one or several generating units without possi-
bility of isolated operation  

 

*  In consultation with the network operator, the circuit breaker may also assume the 

function of transfer switching device. 

 Note: To this end, the circuit breaker must be designed as a plug-in unit or with a superordinate 

isolator/load disconnector.  

**  on request of the network operator  

 Note: Where necessary, a rise-in-frequency and an under-frequency protection relay need to be 

additionally installed for the superordinate protective disconnection device. The use of this func-

tion will then be determined by the network operator.  
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Figure C.10: Generating plant connected to the medium-voltage bus-bar of a 
transforming station with one or several generating units without 
possibility of isolated operation  

 

*  In consultation with the network operator, the circuit breaker may also assume the 

function of transfer switching device. 

 Note: To this end, the circuit breaker must be designed as a plug-in unit or with a superordinate 

isolator/load disconnector.  

Note concerning the super-ordinate protective disconnection device: Where necessary, a rise-in-

frequency and an under-frequency protection relay need to be additionally installed. The use of this 

function will then be determined by the network operator. 
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D Examples of the assessment of generating plants’ con-

nection  

D.1 Connection of an 800 kW photovoltaic power plant 

 

Data of the generating plant  

Active connection power requested: 800 kW 

expected annual energy: 720 MWh 

station service power requested: 10 kW 

 
 
Generating units  

 

 

Manufacturer : WR, Type PV 200  

Rated apparent power: SrE = 220 kVA 

Number of generating units: 4  

Inverter: self-controlled inverter 14 kHz 

rated voltage: 400 V 

active factor cos ϕ: adjustable between 0.92 under-excited and 0.92 

overexcited 

Concept (brief description, converter concept) 

- 4 central inverters connected via a 1000 kVA customer transformer  

- Protective disconnection devices individually realized in every centralized inverter  

- Connection to the medium-voltage network via a fuse load-break switch combination  

- Station service power 10 kW 

  

station service 

MV  L V   

PV modules 

= 
~ 

= 
~ 

= 
~ 

= 
~ 

PV modules 

PV modules 

PV modules 
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Short-circuit behaviour (in the event of a three-phase fault on the low-voltage side of the 

generator transformer) 

Ratio of sub-transient short-circuit current / rated current I‘‘
k3 / IrE = 1 p.u. 

or ratio of starting current / rated current    IAn / IrE = 1 p.u. 

 

Disconnection facilities  

The disconnection facilities are integrated into the central inverter. As the protective discon-

nection devices are realized on the low-voltage side, the customer transformer’s tapping is 

determined by the network operator. The transformation ratio must not be modified without 

the network operator’s consent.  

In the transfer station, a super-ordinate protective disconnection device (circuit breaker in-

cluded) was taken into consideration for the conceptual development. 

 

Generating plant (Data have been taken from the data sheet) 

Customer transformer 

rated voltage: UrT-OS  = 20 kV 

rated capacity: SrT-OS1  = 1000 kVA 

tapping switch max. Umax1  =  21 kV 

tapping switch min. Umin1 = 19 kV 

HV side 

number of taps: 5 

rated voltage: UrT-US1 = 0.4 kV 

connection symbol  Dyn5 

LV1 side 

rel. short-circuit voltage with mid-

position of the tapping switch: 

HV-LV uk-HV-LV = 6 % 

 

Medium-voltage-side network of the generating plant  

total cable length:   2 km 

type, cable cross-section:  NA2XS2Y 3 x 1 x 150 mm2 

 

Low-voltage-side network of the generating plant 

total cable length:   0.05 km 

type, cable cross-section:  NYY 4 x 300 mm2  x 4 
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Network data  

 

 

Short-circuit power of the higher-voltage network: Sk VN = 1000 MVA 

Network transformer: Sr Tr = 16 MVA uk = 12 % PCu = 92 kW 

Overhead line Al/St 70/12: R´ = 0.413 Ω/km X` = 0.345 Ω/km 

 

Calculation of the network short-circuit power SkV at the network connection point 

- Impedances of the 110 kV network, SkVN = 1000 MVA 

 Ω=
⋅

== 4,0
1000

20202

MVA
kVkV

S
UZ

kVN
N  

 Ω=≈ 4,0NN ZX  

If the reactance to resistance ratio is not known, a value of 6 can be used as reference 

value.  

 Ω= 4,0NX   Ω= 07,0NR  

- Impedances of the network transformer, Sr Tr = 16 MVA, uk = 12 % 

 MVA
u
SS

k

r
kT 3,133==  Ω==≈ 3

2

kT
TT S

UZX  

 

 transfer station 

800 kW 

10 km Al/St 70/12 
UW 

2 km NA2XS2Y 
3 x 1 x 150 mm2 

BMA 500 kW  

3 km Al/St 70/12 

1 km Al/St 70/12 

WKA 2400 kW 

10 km Al/St 70/12 4 km Al/St 70/12 

4 x 50 m 

Sr Tr = 16 MVA 

Sk VN = 1000 MVA 

PV neu 
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The resistance of the network transformer can usually be neglected; but where necessary, it 

can also be calculated from the short-circuit losses of the network transformer. 

- Short-circuit losses PCu = 92 kW 

 
Ω=⋅=

⋅
⋅

⋅=⋅⋅=

14,0

3
33

2

2

2

2
2

Cu
r

T

T
r

TrCu

P
S
UR

R
U

SRIP
 

- Impedances of the overhead line, length 14 km 

- Reactance per unit length of the overhead line:  0.345 Ω/km 

- Resistance per unit lenght of the overhead line: 0.413 Ω/km 

 XL = 4.83 Ω  RL =5.78 Ω 

The impedances decisive for the plant’s connection, are obtained from the sum of the three 

individual values  

  XkV = 8.23 Ω  RkV = 5.99 Ω  ZkV = 10.18 Ω 

and the short-circuit power  

  MVA
Z
US

kV
kV 3,39

2

==  

Specifications of the network operator concerning the network connection 

The network in question is a rural network to which the connection of further generating 

units is expected. For the sake of an optimum utilization of the network, all new generating 

plants should contribute to steady-state voltage support. Dynamic network support is not 

scheduled for the time being.  

Steady-state voltage support shall be implemented by means of a cosφ(P) characteristic 

which is determined by the network operator. For this purpose, it must be possible to oper-

ate the generating plant in such a way that the displacment factor can be adjusted at the 

network connection point between  

 1cos0,95 tuntererreg ≤≤ ϕ  

A wind power plant (PAV = 2.4 MW, cos φ = 1) has already been connected to the connect-

ing overhead line. Moreover, a second generating plant (biomass, PAV = 500 kW, cos φ = 1) 

is already connected at the other side of the ring.  
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Check-up of the admissible voltage change according to Section 2.3 

As the voltage at the bus-bar of the transforming station is assumed to be constant, only 

the impedances in the medium-voltage network are taken into consideration for a “voltage 

change” criterion.  

 XkV, MS = 4.83 Ω RkV, MS = 5.78 Ω  ZkV, MS = 7.53 Ω 

With a active factor cosφ = 1, the voltage change obtained at the junction point of the 

photovoltaic plant is 

( )
( )

%16,1
20

1*78,5800)sincos(
22

max =
Ω⋅

=
⋅−⋅⋅

=Δ
kV

kVA
U

XRS
u kVkVA

a

ϕϕ
 

The maximum apparent power of the generating plant is obtained with a active factor of 

cosφ = 0.95underexcited. 

According to formula B.1-1, the following voltage change at the junction point of the photo-

voltaic plant is determined for under-excited operation:  

( )
( )

%84,0
20

31,083,495,0*78,5842)sincos(
22

max =
⋅Ω−Ω⋅

=
⋅−⋅⋅

=Δ
kV

kVA
U

XRS
u kVkVA

a

ϕϕ
 

Taking account of the existing wind power plant and of the planned photovoltaic plant, the 

voltage change represented in Table D.1-1 is obtained as a result of the superposition of 

voltage changes of the two plants.  

Voltage change in %  

Junction point of wind power 
plant  

Junction point of photovoltaic 
plant 

Wind power plant (cos φ = 1) 0.99 0.99 

Photovoltaic plant new (0.,95 

under-excited) 
0.24 0.84 

Total  1.23 1.83 

 

Table D.1-1: Voltage change at the different junction points  

 

The voltage rise obtained is 1.83 %; thus, the connection is admissible.  

Note: With a active factor of cos φ = 1, a voltage rise of ua = 1.16 % + 0.99 % = 2.15 % would be 

obtained at the photovoltaic plant’s junction point. Hence, the connection would not be admissible. 

For the individual determination of the cosφ(P) characteristic, it is necessary to calculate at 

least one more point of the characteristic. The characteristic is determined in such a way 
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that the voltage rise is constant. That means that a maximally possible feed-in is obtained 

for every active factor, e.g.: 

( ) kWkV
XR

UuP
kVkV

a
A 580

78,5
200084,0

)sincos(
cos 22

max =
Ω

⋅
=

⋅−⋅
⋅Δ⋅

=
ϕϕ

ϕ
 

The following characteristic points are obtained:  

cos φ  

(photovoltaic 

plant only ) 

Voltage change photovoltaic + wind power plant (photovoltaic only) in 

% 

 junction point wind 

power plant 

junction point photo-

voltaic plant 

PAmax/kW 

0.95 under-excited 1.23 (0.24) 1.83 (0.84) 800 

0.98 under-excited 1.23 (0.24) 1.83 (0.84) 700 

1 1.23 (0.24) 1.83 (0.84) 580 

 

Table D.1-2: Voltage change at the different junction points  

The following characteristic is obtained from Table D.1-2: 

0,95

0,96

0,97

0,98

0,99

1

0 200 400 600 800

P in kW

co
s 

ph
i u

nt
er

er
re

gt

 

 

Figure D.1-1: cos φ (P) characteristic 

 

The characteristic represented in Figure D.1-1 must be stored in the inverters. In a simpli-

fied manner, it is also possible to assume the broken line converters.  

The generating plant shall only turn into under-excited operation if required for voltage con-

trol. The losses additionally arising from the under-excited operation mode, are minimized 

by means of the characteristic.  
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Check-up of the dimensioning of network equipment according to Section 2.2 

Constant current load 

The maximum apparent power is obtained from the maximum active power and the power 

factor pre-determined at the network connection point (in this case = cos φ): 

kVAkWPS E
A 842

95,0
800

cos
max

max ===
ϕ

 

The maximum feed-in current obtained with a rated network voltage of 20 kV is  

( ) ( ) A
kV

kVA
kV

SI A
A 3,24

203
842

203
max

max =
⋅

=
⋅

=
 

In the N-1 case , feed-in currents of existing plants (500 kW, cos φ = 1, IAmax, BMP = 14.4 A 

und 2,400 kW, cosφ = 1, IAmax, WKA = 69.3 A) and of the new plant may add up to the fol-

lowing value:  

IAmax, total = 24.3 A + 14.4 A + 69.3 A = 108 A 

Within this network, the bottleneck is formed by the Al/St 70/12 overhead line with an ad-

missible constant current load of 290 A. Thus, the maximum feed-in currents are far below 

the equipment’s admissible constant current loading.  

Short-circuit current  

- The overhead line forms the bottleneck with a rated short-circuit current of 4.8 kA. 

- The short-circuit current at the bus-bar of the transforming station is 3.4 kA. 

- The wind power plant supplies a short-circuit current to the amount of the rated current of 

I’’K, WKA = 0.07 kA. 

- The new photovoltaic plant supplies a short-circuit current to the amount of the rated cur-

rent of von I’’K, PV = 0.024 kA.  

Depending on the location of the short circuit, both components will decrease (impedances 

of the overhead line, of cables and of the customer transformer). If these impedances are 

neglected, a maximum short-circuit current of 3.5 kA (or 3.6 kA in the N–1 case) is ob-

tained. 

The short-circuit strength of the equipment is sufficient.  

Note: 

Depending on the X/R ratio, the maximum asymmetric short-circuit current can reach up to 2.83 ti-

mes the short-circuit current. This can be more critical for the electric equipment (within or close to 




























































