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Reading instructions 


This regulation contains the technical and functional minimum requirements 
 which thermal power plants with a rated power above 11 kW must comply with 
 if they are to be connected to the Danish grid. 


The regulation is structured such that section 1 contains the terminology and 
 definitions used, section 2 describes the regulatory provisions and relevant ref-
 erences, while sections 3 to 7 contain the technical and functional minimum 
 requirements for thermal plants in Denmark. Section 8 contains documentation 
 requirements, and section 9 contains requirements for the electrical simulation 
 models for the different plant categories. 


The technical requirements of the regulation are divided into four plant catego-
 ries as described in sections 1.2.5 and 2.2. 


The regulation makes extensive use of terminology and definitions. The key ones 
 are found in section 1. In the regulation, terminology and definitions are written 
 in italics.  


The regulation is also published in English. In case of doubt, the Danish version 
 applies. 


The transmission system operator publishes the regulation and it is available on 
the website www.energinet.dk. 
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1.  Terminology, abbreviations and definitions 


1.1  Abbreviations 


This section contains the abbreviations used in the document. 


1.1.1  AVR 


Abbreviation for automatic voltage control. See section 1.2.56 for a more de-
 tailed description. 


1.1.2  f<


f< denotes the operational setting for underfrequency in the relay protection. 


See section 6 for a more detailed description. 


1.1.3  f>


f> denotes the operational setting for overfrequency in the relay protection. See 
 section 6 for a more detailed description. 


1.1.4  fR


fR denotes the frequency at which a plant is to begin downward adjustment with 
 the agreed droop. See section 5.1.1 for a more detailed description. 


1.1.5  fx


fx, where x may be 1 to 4 or minimum and maximum, are points used for fre-
 quency control and described in more detail in section 5.1.2. 


1.1.6  Ik


Ik denotes the short circuit current. See section 1.2.30 for a more detailed de-
 scription. 


1.1.7  In


 In is the rated current, i.e. the maximum continuous current that a plant is de-
 signed to supply. See section 1.2.43 for a more detailed description. 


1.1.8  Pcurrent


Pcurrent denotes the current level of active power. 


1.1.9  Pmin


Pmin denotes the lower limit for active power control. 


1.1.10  Pn


Pn denotes the rated power of a plant.  


1.1.11  PCC 


Point of Common Coupling (PCC). See section 1.2.32 for a more detailed de-
 scription. 


1.1.12  PCI 


Point of Connection in Installation (PCI) is the point in the installation where the 
plant is connected and where consumption is connected. See section 1.2.25 for 
a more detailed description. 



(7)TR 3.2.3 for thermal plants above 11 kW  Terminology, abbreviations and definitions 


1.1.13  PCOM 


Point of Communication (PCOM). See section 1.2.27 for a more detailed defini-
 tion of PCOM. 


1.1.14  PF 


Power Factor (PF). See section 1.2.10 for a more detailed description. 


1.1.15  PGC 


Point of Generator Connection (PGC) is the point defined by the supplier of a 
 plant as the plant terminals. See section 1.2.21 for a more detailed description. 


1.1.16  POC 


Point of Connection (POC). See section 1.2.39 for a more detailed description. 


1.1.17  Qmax


Qmax denotes the maximum level of reactive power that the plant can supply.  


1.1.18  Qmin  


Qmin denotes the minimum level of reactive power that the plant can absorb. 


1.1.19  Qn


Qn denotes the reactive rated power.  


  


1.1.20  RMS 


RMS is the abbreviation for Root-Mean-Square. 


1.1.21  Sk


Sk denotes the short circuit power. See section 1.2.28 for a more detailed de-
 scription. 


1.1.22  Sn


Sn denotes the rated apparent power for a plant. 


1.1.23  SCR 


Short Circuit Ratio (SCR) is the abbreviation used for the short circuit ratio of 
 the Point of Connection. 


1.1.24  Uc


Uc denotes the normal operating voltage. See section 1.2.45 for a more detailed 
 description. 


1.1.25  Umax


Umax denotes the maximum value of the rated voltage Un that the plant may be 
 exposed to. 


1.1.26  Umin


Umin denotes the minimum value of the rated voltage Un that the plant may be 
 exposed to. 


1.1.27  Un


Un denotes the rated voltage. See section 1.2.42 for a more detailed description. 
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1.1.28  UPGC


UPGC denotes the voltage measured on the generator's terminals. See section 
 1.2.21 for a more detailed description. 


1.1.29  UPOC


UPOC denotes the normal operating voltage in the POC. See section 1.2.39 for a 
 more detailed description. 


1.1.30  UTC 


UTC is the abbreviation for Coordinated Universal Time (Universal Time, Coordi-
nated).  
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1.2  Definitions 


This section contains the definitions used in this document.  


1.2.1  Plant 


A unit which produces three-phase alternating current and where there is a di-
 rect functional correlation between the unit's main components. 


In case of doubt, the transmission system operator decides whether a plant can 
 be considered as consisting of one or more plants under the rules of this regula-
 tion. 


1.2.2  Plant service life 


The time that the plant is connected to the public electricity supply grid and has 
 plant status category B: Plant in operation, see TR 5.1.2. 


1.2.3  Plant owner 


The plant owner is the entity that legally owns the plant. In certain situations, 
 the term company is used instead of plant owner. The plant owner may hand 
 over operational responsibility to a plant operator.  


1.2.4  Plant infrastructure 


Plant infrastructure is the electrical infrastructure connecting the Point of Gener-
 ator Connection (PGC) for the given generators in a plant and the Point of Con-
 nection (POC). 


1.2.5  Plant categories 


Plant categories in relation to total rated power at the Point of Connection: 


A1.  Plants up to and including 11 kW 


A2.  Plants above 11 kW up to and including 50 kW 
 B.  Plants above 50 kW up to and including 1.5 MW 
 C.  Plants above 1.5 MW up to and including 25 MW 
 D.  Plants above 25 MW or connected to over 100 kV. 


1.2.6  Plant operator 


The plant operator is the enterprise responsible for the operation of the plant, 
 either through ownership or contractual obligations. 


1.2.7  House-load operation 


Operating condition whereby a plant is operated in isolation from the public elec-
 tricity supply grid and with its internal consumption as the only load. 


1.2.8  COMTRADE 


COMTRADE (Common Format for Transient Data) is a standardised file format 
 specified in IEEE C37.111-2013 [ref. 27]. The format is designed for the ex-
 change of information on transient phenomena occurring in connection with 
 faults and switching in electricity systems.  


The standard includes a description of the required file types and the sources of 
transient data such as protective relays, fault recorders and simulation pro-
grams. The standard also defines sample rates, filters and the conversion of 
transient data to be exchanged. 
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1.2.9  df/dt 


df/dt denotes frequency change as a function of time.  


Note 1: 


The frequency change, df/dt, is calculated according to the principle below or an 
 equivalent principle.  


The frequency measurement used to calculate the frequency change is based on 
 an 80-100 ms measuring period for which the mean value is calculated. Fre-
 quency measurements must be made continuously, so that a new value is calcu-
 lated every 20 ms.  


df/dt is calculated as the difference between the frequency calculation just car-
 ried out and the frequency calculation made 80-100 ms ago. 


  


Note 2: 


The df/dt function is used in decentralised generation plants to detect situations 
 of island operation where island operation occurs without a prior voltage dip.  


1.2.10  Power Factor (PF) 


The Power Factor, cosine φ, for AC power systems indicates the ratio of active 
 power P to apparent power S, where P = S*cosine φ. Similarly, the reactive 
 power Q=S*sinus φ. The angle between current and voltage is denoted by φ. 


1.2.11  Power Factor control 


Power Factor control is the control of reactive power proportionally to active 
 power generated. See section 5.2.2 for a more detailed description. 


1.2.12  Electricity supply undertaking 


The electricity supply undertaking is the enterprise to whose grid a plant is elec-
 trically connected.  


Responsibilities in the public electricity supply grid are distributed across several 
 grid companies and one transmission enterprise. 


The grid company is the company licensed to operate the public electricity sup-
 ply grid of up to 100 kV.  


The transmission enterprise is the enterprise licensed to operate the public elec-
 tricity supply grid above 100 kV. 


1.2.13 Electricity-generating unit 


An electricity-generating unit is a unit which generates electricity, and which is 
 directly or indirectly connected to the public electricity supply grid. 


1.2.14  Frequency control 


The frequency control function controls active power with the aim of stabilising 
 the grid frequency. See section 5.1.2 for a more detailed description. 


Note 1: 


FSM, Frequency Sensitive Mode. 


FSM is also used in connection with the frequency control state or the frequency 
control band. 
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1.2.15  Frequency response 


Frequency response is the automatic upward or downward adjustment of active 
 power as a function of grid frequencies below or above a certain frequency fR 
 with a view to stabilising the grid frequency. See section 5.1.1 for a more de-
 tailed description. 


Note 1: 


LFSM-O, Limited Frequency Sensitive Mode – Overfrequency. 


The operational mode in which a plant reduces active power if the system fre-
 quency exceeds a set value. 


LFSM-U, Limited Frequency Sensitive Mode – Underfrequency. 


The operational mode in which a plant increases active power if the system 
 power drops below a set value. 


1.2.16  Full-load voltage range 


Voltage range at the POC in which a plant can supply rated power. 


1.2.17  Generator-remote faults 


A generator-remote fault refers to a fault located at such a distance from the 
 generator, that the share of AC of the initial short-circuit current (Ik) from the 
 generator in the event of a three-phase short-circuit is less than 1.8 times the 
 generator's rated current. 


1.2.18  Generator feeder 


Electrical connection that connects the generator/machine transformer to the 
 public electricity supply grid. 


1.2.19  Generator convention 


The sign for active/reactive power indicates the power flow as seen from the 
 generator. The consumption/import of active/reactive power is indicated by a 
 negative sign, while the generation/export of active/reactive power is indicated 
 by a positive sign. 


The sign of the Power Factor set point is used to determine whether control 
should take place in the first or the fourth quadrant.  For Power Factor set 
points, two pieces of information are thus combined into a single signal: - a set 
point value and the choice of control quadrant. 
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Figure 1  Definition of signs for active and reactive power and Power Factor set 
 points [ref. 16 and 17]. 


1.2.20  Generator-near faults 


A generator-near fault refers to a fault located at such a distance from the gen-
 erator, that the share of AC of the initial short-circuit current (Ik) from the gener-
 ator in the event of a three-phase short-circuit is at least 1.8 times the genera-
 tor's rated current. 


1.2.21  Point of Generator Connection (PGC) 


The Point of Generator Connection is the point in the plant infrastructure, where 
 the terminals/generator terminals for the plant are located.  


1.2.22  Ramp rate limit (load limit) 


Ramp rate limit refers to the control of the interval of active power using a set 
 point-defined maximum increase/reduction (ramp rate) of active power. See 
 section 5.1.3.2 for a more detailed description. 


1.2.23  Rapid voltage changes 


Rapid voltage changes are defined as brief isolated voltage dips (RMS values). 


Rapid voltage changes are expressed as a percentage of normal operating volt-
 age. 


1.2.24  Installation connection 


A plant is installation connected if the plant is connected to the public electricity 
 supply grid via its own installation. This applies even if internal consumption 
 accounts for the plant's entire electricity generation. 


1.2.25  Point of Connection in Installation (PCI) 


The Point of Connection in Installation (PCI) is the point in the installation where 
the plant in the installation is connected or can be connected, see Figure 3 for 
the typical location. 
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1.2.26  Public electricity supply grid 


Transmission and distribution grids that serve to transmit electricity for an indef-
 inite group of electricity suppliers and consumers on terms laid down by public 
 authorities. 


The distribution grid is defined as the public electricity supply grid with a maxi-
 mum rated voltage of 100 kV. 


The transmission grid is defined as the public electricity supply grid with a rated 
 voltage above 100 kV. 


1.2.27  Point of Communication (PCOM) 


The Point of Communication (PCOM) is the point in a plant, where the data 
 communication properties specified in section 7 must be made available and 
 verified. 


1.2.28  Short-circuit power (Sk) 


The short-circuit power (Sk) is the amount of power [VA] that the public electric-
 ity supply grid can supply at the Point of Connection in the event of a short-
 circuit of the plant's terminals. 


1.2.29  Short circuit ratio (SCR) 


The short-circuit ratio (SCR) is the ratio between the short-circuit power in the 
 Point of Connection Sk and the plant's rated apparent power Sn. 


The short-circuit ratio definition is also used for generators, where it is the recip-
 rocal of the saturated synchronous reactance in p.u. 


  


1.2.30  Short circuit current (Ik) 


The short circuit current (Ik) is the amount of current [kA] that the plant can 
 supply at the Point of Connection in the event of a short circuit at the plant's 
 terminals. 


1.2.31  Load regulator (absolute power limit) 


Regulates active power to an arbitrary operating level specified by a set point.  


A load regulator (absolute power limit) can also be used to achieve part load. 


See section 5.1.3.1 for a more detailed description. 


1.2.32  Point of Common Coupling (PCC) 


The Point of Common Coupling (PCC) is the point in the public electricity supply 
 grid where consumers are or can be connected. 


The Point of Common Coupling and the Point of Connection may coincide electri-
 cally. The Point of Common Coupling (PCC) is always placed closest to the public 
 electricity supply grid, see Figure 3. 


The electricity supply undertaking determines the Point of Common Coupling. 


1.2.33  'Local mode' power oscillations 


'Local mode' power oscillations refer to low-frequency (approx. 0.7-2.0 Hz) pow-
er oscillations between the public electricity system and a generation facility. 
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1.2.34  Excitation control system 


A feedback control system that encompasses the synchronous generator and its 
 excitation system, see Figure 2. 


Voltage regulator Synchronous 


generator Electricity system
 Excitation 


installation


Excitation system
 Excitation control system


Figure 2  Excitation system 


1.2.35 Excitation system 


Equipment ensuring the necessary excitation of a synchronous generator, in-
 cluding excitation power, control and adjustment functions and limit functions, 
 see Figure 2. 


1.2.36  Minimum power 


The minimum effective power which a plant can supply continuously in normal 
 operating mode under the current external operating conditions and while ob-
 serving the full-load voltage-frequency range at the POCs. 


Minimum power varies with the external operating conditions and is therefore 
 not a fixed value.  


1.2.37  Metered data collector 


The umbrella term metered data collector refers to the (monopoly) part of a 
 transmission or distribution company responsible for ensuring the collection and 
 distribution of required metered data. 


Note: The metered data collector may choose to act as a metering point admin-
 istrator directly, or to outsource the task to another enterprise. 


1.2.38  Grid connection 


A plant is connected to the grid, if the plant is connected directly to the public 
 electricity supply grid. 


1.2.39  Point of Connection (POC)  


The Point of Connection (POC) is the point in the public electricity supply grid, 
 where the plant is connected. 


All requirements specified in this regulation apply to the Point of Connection. By 
agreement with the electricity supply undertaking, reactive compensation at no 
load can be placed elsewhere in the public electricity supply grid. The electricity 
supply undertaking determines the Point of Connection. 
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Figure 3  Example of plant grid connection with the aim of positioning defined 
 interfaces.  


1.2.40  Effective power 


Effective power is the positive or negative sum of the active power which a plant 
 exchanges with the grid at the connection points. The power flow direction from 
 the plant to the public electricity supply grid is expressed with a positive value. 


1.2.41 Rated power (Pn) 


The rated power (Pn) of a plant is the highest active net power which the plant is 
 approved to continuously supply at the Point of Common Coupling under normal 
 operating conditions. 


1.2.42  Rated voltage (Un) 


The voltage at the POC for which a grid is defined and to which operational 
 characteristics refer. Rated voltage is denoted by Un. 


Internationally standardised voltage levels are shown in Table 1. 


1.2.43 Rated current (In) 


Rated current (In) is defined as the maximum continuous current a plant is de-
 signed to provide under normal operating conditions.  


1.2.44  Rated value for apparent power (Sn) 


The rated value for apparent power (Sn) is the highest output, consisting of both 
the active and reactive component, which a plant is designed to continuously 
supply. 
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1.2.45  Normal operating voltage (Uc) 


Normal operating voltage indicates the voltage range within which a plant must 
 be able to continuously generate the specified rated power, see sections 3.1 and 
 3.2. Normal operating voltage is determined by the electricity supply undertak-
 ing and is used to determine the normal production range. 


1.2.46  Normal operating condition 


The process, configuration and connection a plant has been designed for and in 
 which a plant is normally operated. 


The configuration of a plant may deviate from normal operating condition, for 
 example when a fault occurs in parts of the plant, during start-up and shutdown, 
 during house-load operation, or when the unit operates at overload. 


There may be uncertainty about what constitutes the normal operating condi-
 tion, for example if a plant under normal conditions will be operated both with 
 and without heat production or using different fuels. In such cases, the trans-
 mission system operator must decide, in consultation with the plant operator, 
 what is to be considered normal operating condition and may demand that the 
 provisions in this regulation be met in several different operating conditions. 


1.2.47  Normal production 


Normal production indicates the voltage/frequency range within which a plant 
 must be able to continuously generate the specified rated power, see sections 
 3.1 and 3.2. 


1.2.48  Emergency power unit 


An emergency power unit is a plant connected to an installation or part of an 
 installation for the purpose of supplying electricity to the installation in situations 
 where the public electricity supply grid is unable to supply electricity. 


1.2.49  Isolated island operation 


Operating state whereby a grid or part thereof is operated in isolation after be-
 ing disconnected from the interconnected system, and where one or more plants 
 supply the isolated grid area. 


1.2.50  Power infrastructure 


The power infrastructure is the part of the public electricity supply grid that con-
 nects the POC and PCC. 


1.2.51  Overload capacity 


Overload capacity is the effective power a plant can supply in addition to the 
 rated power (Pn) for at least 1 hour under rated external operating conditions, 
 while the full-load voltage-frequency range at the POCs is observed. 


Overload capacity can be obtained, for example, by disconnecting heat produc-
tion for a plant normally operated with heat production, or by disconnecting 
high-pressure preheaters in a steam power plant. The result of overload opera-
tion is often reduced efficiency, increased costs and/or reduced plant life. 
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1.2.52  PSS function 


The PSS function (Power System Stabiliser) is a damper unit for the excitation 
 system which aims to dampen the oscillations in the active power production 
 from the plant. 


1.2.53  Q control 


Q control is the control of reactive power independent of active power generat-
 ed. 


1.2.54  Interconnected electricity supply system 


The public electricity supply grids and associated plants in a large area which are 
 interconnected for the purpose of joint operation are referred to as an intercon-
 nected electricity supply system. 


1.2.55  Voltage reference point 


Metering point used for voltage control. The voltage reference point is either in 
 the PGC, the POC, or some point in between. 


1.2.56  Voltage control 


Voltage control is the control of reactive power with the configured droop for the 
 purpose of achieving the desired voltage in the voltage reference point. 


1.2.57  Droop 


Droop is the trajectory of a curve which a control function must follow. 


1.2.58  Transmission system operator (TSO) 


Enterprise entrusted with the overall responsibility for maintaining security of 
 supply and ensuring the effective utilisation of an interconnected electricity sup-
 ply system. 


1.2.59  Thermal plant 


A thermal plant is a plant that produces 3-phase alternating current using a 
 thermodynamic process. 


1.2.60  Island operation 


Mode of operation that comprises house-load operation and isolated island oper-
ation. 
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2.  Objective, scope of application and regulatory pro- visions 


2.1  Objective 


The objective of technical regulation TR 3.2.3 is to specify the minimum tech-
 nical and functional requirements that a thermal plant with a synchronous or 
 asynchronous generator and rated power above 11 kW must comply with in the 
 Point of Connection when the plant is connected to the public electricity supply 
 grid. 


The regulation is issued pursuant to Section 7(1)(i), (iii) and (iv) of Danish Ex-
 ecutive Order no. 891 of 17 August 2011 (Executive Order on transmission sys-
 tem operation and the use of the electricity transmission grid, etc. (Systemans-
 varsbekendtgørelsen)). Under Section 7(1) of the Executive Order on transmis-
 sion system operation and the use of the electricity transmission grid, etc., this 
 regulation has been prepared following discussions with market players and grid 
 companies. It has also been subject to public consultation before being regis-
 tered with the Danish Energy Regulatory Authority. 


This regulation is effective within the framework of the Danish Electricity Supply 
 Act (Elforsyningsloven), see Consolidated Act no. 1329 of 25 November 2013 as 
 amended. 


A thermal plant must comply with Danish legislation, including the Danish Heavy 
 Current Regulation (Stærkstrømsbekendtgørelsen) [ref. 4], [ref. 5], the Joint 
 Regulation (Fællesregulativet) [ref. 3], the Machinery Directive (Maskindirek-
 tivet) [ref. 6], [ref. 7] and the grid connection and grid use agreement (net-
 tilslutnings- og netbenyttelsesaftalen). 


In areas which are not subject to Danish legislation, CENELEC standards (EN), 
 IEC standards, or CENELEC or IEC technical specifications apply. 


2.2  Scope of application 


A plant connected to the public electricity supply grid must comply with the pro-
 visions of this regulation throughout the plant's service life. 


The technical requirements of the regulation are divided into the following cate-
 gories based on the total rated power in the Point of Connection: 


A2.  Plants above 11 kW up to and including 50 kW ** 


B.  Plants above 50 kW up to and including 1.5 MW 
 C.  Plants above 1.5 MW up to and including 25 MW 
 D.  Plants above 25 MW or connected to over 100 kV. 


** Plant components used in this plant category may be included on the positive 
list for plant components or plants when they are assessed to be in conformity 
with this regulation.  
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2.2.1  New plants 


This regulation applies to all plants with rated power above 11 kW connected to 
 the public electricity supply grid and commissioned as of the effective date of 
 this regulation. 


As regards plants, the construction of which was finally ordered in a binding 
 written order before the regulation was registered with the Danish Energy Regu-
 latory Authority, but which are scheduled to be commissioned after this regula-
 tion comes into force, exemption can be applied for in accordance with section 
 2.9, and any relevant documentation should be enclosed. 


2.2.2  Existing plants 


A plant with rated power above 11 kW which was connected to the public elec-
 tricity supply grid before the effective date of this regulation must comply with 
 the regulation in force at the time of commissioning. 


2.2.3  Modifications to existing plants 


Existing plants to which substantial functional modifications are made must 
 comply with the provisions of this regulation relating to such modifications. Be-
 fore modifications are made, the plant owner must seek approval for modifica-
 tion of the plant from the transmission system operator.  


A substantial modification is one that changes one or more vital plant compo-
 nents, which may alter the properties of the plant. 


The documentation described in section 8 must be updated and submitted in a 
 version indicating any modifications made. 


In case of doubt, the transmission system operator decides whether a specific 
 modification is substantial. 


2.3  Delimitation 


This technical regulation is part of the complete set of technical regulations is-
 sued by the Danish transmission system operator, Energinet.dk. 


The technical regulations contain the technical minimum requirements that apply 
 to the plant owner, plant operator and electricity supply undertaking regarding 
 the connection of plants to the public electricity supply grid. 


Together with the market regulations, the technical regulations (including the 
 system operation regulations) constitute the set of rules which the plant owner, 
 plant operator and electricity supply undertaking must comply with when operat-
 ing a plant: 


-  Technical regulation TR 5.8.1 'Metering data for system operation purposes' 
 [ref. 10] 


-  Technical regulation TR 5.9.1 'Ancillary services' [ref. 11] 


-  Regulation D1 'Settlement metering' [ref. 12] 


-  Regulation D2 'Technical requirements for electricity metering' [ref. 13] 


-  Regulation E 'Settlement of environmentally-friendly electricity generation' 
 [ref. 14] 


-  Regulation E – (appendix) 'Guidelines for net settlement of autogenerators' 
[ref.15] 
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-  Technical regulation TR 3.2.3 'Technical regulation 3.2.3 for thermal plants 
 with a power output above 11 kW' 


In case of discrepancies between the requirements of the individual regulations, 
 the transmission system operator decides which requirements should apply. 


Current versions of the above-mentioned documents are available on Ener-
 ginet.dk's website at www.energinet.dk. 


Operational matters will be agreed between the plant owner and the electricity 
 supply undertaking within the framework set by the transmission system opera-
 tor. 


Any supply of ancillary services must be agreed between the plant owner and 
 the balance-responsible party for production or the transmission system opera-
 tor. 


This regulation does not set requirements for emergency power units as long as 
 they are not operated in parallel with the public electricity supply grid for more 
 than five minutes per month. Parallel operation in connection with unit mainte-
 nance or commissioning testing is not included in the five minutes.  


This regulation does not deal with the financial aspects of using control capabili-
 ties or settlement metering or with the technical settlement metering require-
 ments. 


The plant owner is responsible for deciding whether to safeguard the plant 
 against possible damaging impacts due to a lack of electricity supply from the 
 public electricity supply grid for short or long periods of time. 


2.3.1  Exceptions from minimum requirements 


The following functionalities are excepted from the minimum requirements: 


-  The system protection requirement has not been included as a minimum re-
 quirement to be fulfilled in order to be granted grid connection. See section 
 5.3.4 for further details. 


-  The start-up from dead grid requirement has not been included as a mini-
 mum requirement in order to be granted grid connection. See section 3.3.6 
 for further details. 


2.4  Statutory authority 


The regulation is issued pursuant to Section 7(1)(i), (iii) and (iv) of Danish Ex-
ecutive Order no. 891 of 17 August 2011 (Executive Order on transmission sys-
tem operation and the use of the electricity transmission grid, etc. (Systemans-
varsbekendtgørelsen)). Under Section 7(1) of the Executive Order on transmis-
sion system operation and the use of the electricity transmission grid, etc., this 
regulation has been prepared following discussions with market players and grid 
companies. It has also been subject to public consultation before being regis-
tered with the Danish Energy Regulatory Authority.  
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This regulation is effective within the framework of the Danish Electricity Supply 
 Act (Elforsyningsloven), see Consolidated Act no. 1329 of 25 November 2013 as 
 amended. 


2.5  Effective date 


This regulation comes into force on 10 January 2017 and replaces: 


-  Technical regulation 3.2.3 for thermal power station units of 1.5 MW or more, 
 version 4.1, dated 1 October 2008. 


-  Technical regulation 3.2.4 for thermal power station units of 1.5 MW or more, 
 version 4.1, dated 1 October 2008. 


Please direct questions and requests for additional information on this technical 
 regulation to Energinet.dk. 


Contact information is available at 


http://energinet.dk/EN/El/Forskrifter/Technical-regulations/Sider/Regulations-
 for-grid-connection.aspx. 


The regulation was registered with the Danish Energy Regulatory Authority pur-
 suant to the provisions of Section 26 of the Danish Electricity Supply Act 


(Elforsyningsloven) and Section 7 of the Danish Executive Order on transmission 
 system operation and the use of the electricity transmission grid, etc. (System-
 ansvarsbekendtgørelsen). 


As regards plants, the construction of which was finally ordered in a binding 
 written order before the regulation was registered with the Danish Energy Regu-
 latory Authority, but which are scheduled to be commissioned after this regula-
 tion comes into force, an exemption can be applied for in accordance with sec-
 tion 2.9, and any relevant documentation should be enclosed. 


2.6  Complaints 


Complaints in respect of this regulation may be lodged with the Danish Energy 
 Regulatory Authority, www.energitilsynet.dk. 


Complaints about the transmission system operator's enforcement of the provi-
 sions of the regulation can also be lodged with the Danish Energy Regulatory 
 Authority.  


Complaints about how the individual electricity supply undertaking enforces the 
 provisions of the regulation can be lodged with the transmission system opera-
 tor.  


2.7  Breaches 


The plant owner must ensure that the provisions of this regulation are complied 
 with throughout the plant's service life. 


A plant must be regularly maintained to ensure that the provisions of this regu-
 lation are complied with. 


The plant owner must pay any expenses incurred to ensure compliance with the 
provisions of this regulation. 
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2.8  Sanctions 


If a plant does not comply with the provisions of section 3 and onwards of this 
 regulation, the electricity supply undertaking is entitled to cut off the grid con-
 nection to the plant as a last resort, subject to the decision made by Ener-
 ginet.dk, until the provisions are complied with. 


2.9  Exemptions and unforeseen events 


The transmission system operator may grant exemption from specific require-
 ments in this regulation. 


An exemption can only be granted if: 


-  special conditions exist, for instance of a local nature 


-  the deviation does not impair the technical quality and balance of the public 
 electricity supply grid 


-  the deviation is not inappropriate from a socio-economic viewpoint 
 or 


-  the plant was ordered before the regulation was registered with the Danish 
 Energy Regulatory Authority, see section 2.5. 


To obtain an exemption, a written application must be submitted to the electrici-
 ty supply undertaking, stating which provisions the exemption concerns and the 
 reason for the exemption. 


The electricity supply undertaking has the right to comment on the application 
 before it is submitted to the transmission system operator. 


If events not foreseen in this technical regulation occur, the transmission system 
 operator must consult the parties involved to agree on a course of action. 


If an agreement cannot be reached, the transmission system operator must 
 decide on a course of action. 


The decision must be based on what is reasonable – taking the views of the par-
 ties involved into consideration where possible. 


Complaints about the decisions of the transmission system operator can be 
 lodged with the Danish Energy Regulatory Authority, see section 2.6. 


2.10 References 


The mentioned International Standards (IS), European Standards (EN), Tech-
 nical Reports (TR) and Technical Specifications (TS) are only to be used within 
 the topics mentioned in connection with the references in this regulation. 


2.10.1  Normative references 


1.  DS/EN 50160:2010: Voltage characteristics of electricity supplied by pub-
 lic distribution networks. 


DS/EN 50160/Corr.: Dec. 2010:2011 
 DS/EN 50160:2010/A1:2015 


2.  DS/EN 60038:2011: CENELEC standard voltages. 


3.  Joint Regulation 2014: 'Connection of electrical equipment and utility 
products'. 
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4.  Section 6 of the Danish Heavy Current Regulation: 'Electrical installa-
 tions', 2003. 


5.  Section 2 of the Danish Heavy Current Regulation: 'Design of electricity 
 supply systems', 2003. 


6.  DS/EN 60204-1:2006: Danish Heavy Current Regulation Safety of ma-
 chines – Electrical equipment of machines. 


DS/EN 60204-1/Corr.:2010 


7.  DS/EN 60204-11:2002: Safety of machinery – Electrical equipment of 
 machines – Part 11: Requirements for HV equipment for voltages above 
 1000 VAC or 1500 VDC and not exceeding 36 kV. 


DS/EN 60204-11/AC:2010 


8.  IEC-60870-5-104:2006: Telecontrol equipment and systems, Part 5-104. 


9.  IEC 61000-4-15:2010: Testing and measurement techniques – Section 
 15: Flicker metre – Functional and design specifications. 


10. Technical regulation TR 5.8.1: 'Metered data for system operation pur-
 poses', 28 June 2011, version 3, document no. 17792-11. 


11. Technical regulation TR 5.9.1: 'Ancillary services', 6 July 2012, version 
 1.1 , document no. 91470-11.  


12. Regulation D1: 'Settlement metering', March 2016, version 4.11, document 
 no. 16-04092-1. 


13. Regulation D2: 'Technical requirements for electricity metering', May 2007, 
 version 1, document no. 263352-06. 


14. Regulation E: 'Settlement of environmentally friendly electricity generation 
 2009', July 2009, rev. 1, document no. 255855-06. 


15. Regulation E – Appendix: 'Availability of local CHP units', version 4, 25 
 June 2010, document no. 35139/10. 


16. IEC 61850-7-4 Ed2.0:2010: Basic communication structure for substation 
 and feeder equipment – Compatible logical node classes and data classes. 


17. IEEE 1459:2010: Standard definitions for the measurement of electrical 
 power quantities under sinusoidal, non-sinusoidal, balanced or unbalanced 
 conditions. 


18. IEC 60071-1:2006: Insulation co-ordination – Part 1: Definitions, princi-
 ples and rules. 


DS/EN 60071-1/A1:2010: Insulation co-ordination – Part 1: Definitions, 
 principles and rules 


19. DS/EN 60034-1:2004: 'Rotating electrical machines – Part 1: Rating and 
 performance' 


20. DS/EN60034-3:2008: 'Rotating electrical machines, part 3: Specific re-
 quirements for turbine-type synchronous machines'. 


21. DS/EN 60034-16-1: 2011: 'Rotating electrical machines – Part 16: Excita-
 tion systems for synchronous machines – Chapter 1: Definitions',  


22. DS/CLC/TR 60034-16-3:2004: 'Rotating electrical machines – Part 16: 


Excitation systems for synchronous machines – Section 3: Dynamic perfor-
 mance'. 


23. IEC 61850-8-1:2004: 'Communication networks and systems in substa-
 tions – Part 8-1: Specific Communication Service Mapping (SCSM) – Map-
 ping to MMS (ISO 9506-1 and 9506-2) and to ISO/IEC 8802-3'. 


24. IEEE 421.5-2016: IEEE Recommended Practice for Excitation system Mod-
els for Power System Stability Studies 
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2.10.2  Informative references 


25. Research Association of the Danish Electric Utilities (DEFU) recom-
 mendation no. 16: Voltage quality in low-voltage grids, 4th edition, August 
 2011. 


26. Research Association of the Danish Electric Utilities (DEFU) recom-
 mendation no. 21: Voltage quality in medium-voltage grids, 3rd edition, 
 August 2011. 


27. IEEE C37.111-24:2013: Measuring relays and protection equipment – Part 
 24: Common format for transient data exchange (COMTRADE) for power 
 systems. 


28. Research Association of the Danish Electric Utilities (DEFU) commit-
 tee report 88: Grid connection of local production facilities ('Nettilslutning 
 af decentrale produktionsanlæg'), March 1991. 


29. Research Association of the Danish Electric Utilities (DEFU) technical 
 report 293: Relay protection for local production facilities with synchronous 
 generators ('Relæbeskyttelse ved decentrale produktionsanlæg med 


synkrongeneratorer'), 2nd edition, June 1995. 


30. IEEE Std. 421.2-2014: 'IEEE Guide for Identification, Testing and Evalua-
 tion of the Dynamic Performance of Excitation Control Systems'. 


31. Research Association of the Danish Electric Utilities (DEFU) technical 
 report 303: Relay protection of power plants’ auxiliary supply facilities 
 ('Relæbeskyttelse af kraftværkers egenforsyningsanlæg'), July 1992. 


32. DS/EN60076-1:2012: 'Power transformers, part 1: General',  


33. DS/CLC/TS 50549-1:2015: Requirements for generating plants connected 
 in parallel with a distribution network – Part 1: Generating plants larger than 
 16A per phase connected to a low voltage network. 


34. DS/CLC/TS 50549-2:2015: Requirements for generating plants connected 
 in parallel with a distribution network – Part 2: Generating plants connected 
 to a medium-voltage network. 


35. IEEE PES-TR1:2013: Dynamic Models for Turbine-Governors in Power Sys-
tem Studies. 
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3.  Tolerance of frequency and voltage deviations 


A plant must be able to withstand frequency and voltage deviations in the Point 
 of Connection under normal operating conditions while not reducing the active 
 power.  


All requirements outlined in the following sections are to be considered minimum 
 requirements.  


Normal operating conditions are described in section 3.2, and abnormal operat-
 ing conditions are described in section 3.3. 


The plant must be able to start up with frequencies and voltages in the Point of 
 Connection within the normal production range described in section 3.2.  


3.1  Determination of voltage level  


The electricity supply undertaking determines the voltage level for the plant's 
 Point of Connection within the voltage limits stated in Table 1. 


The normal operating voltage, Uc, may differ from location to location, and the 
 electricity supply undertaking must therefore state the normal operating voltage 
 Uc for the Point of Connection. For rated voltages up to 1 kV, Uc = Un. 


The electricity supply undertaking must ensure that the maximum voltage Umax


stated in Table 1 is never exceeded. 


If the normal operating voltage range Uc - 10% is lower than the minimum volt-
 age Umin indicated in Table 1, the requirements for production in the event of 
 frequency/voltage variations may be adjusted so as not to overload the plant. 


For the 400 kV voltage level, the normal operating voltage range is defined as Uc
 +5%, -10%.  


Voltage level de-
 scriptions 


Rated 
 voltage 


Un
 [kV] 


Minimum 
 voltage 


Umin
 [kV] 


Maximum 
 voltage 


Umax
 [kV] 


Extra high voltage 
 (EH) 


400  320  420 


220  -  245 


High voltage 
 (HV) 


150  135  170 


132  119  145 


60  54.0  72.5 


50  45.0  60.0 


Medium voltage 
 (MV) 


33  30.0  36.0 


30  27.0  36.0 


20  18.0  24.0 


15  13.5  17.5 


10  9.00  12.0 


Low voltage 
 (LV) 


0.69  0.62  0.76 


0.40  0.36  0.44 


Table 1  Rated, minimum and maximum voltage [ref. 1 and ref. 2]  
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The maximum voltage limits, Umax, and minimum voltage limits, Umin, are de-
 termined using the standards DS/EN 50160 (10-minute mean values) [ref. 1] 


and DS/EN 60038 [ref. 2].  


The plant must be able to briefly withstand voltages exceeding the maximum 
 voltages within the required protective settings specified in section 6.  


3.2  Normal operating conditions 


The following requirements apply to plant category A2, B, C and D. 


Within the normal production range, a plant must be able to start, synchronise 
 and generate power continuously within the design specifications. 


Within the normal production range, the normal operating voltage is Uc±10%, 
 with the exception of 400 kV, see section 3.1, and the frequency range is 49.00 
 Hz to 51.00 Hz. 


Note: Note that for the 400 kV voltage level, the normal operating voltage 
 range, Uc, is defined as +5%, -10%. 


The overall requirements for active power generation which plants in category 
 A2, B, C and D must comply with in the event of frequency and voltage devia-
 tions are shown in Figure 4.  


Figure 4  Active power requirements in the event of frequency and voltage fluc-
 tuations for plants in category A2, B, C and D.  


The plant must remain connected to the public electricity supply grid in accord-
 ance with the required settings for protective functions as specified section 6. 


3.3  Abnormal operating conditions 


This section defines requirements for plants under abnormal operating condi-
tions. The requirements not only contribute to stability in the public electricity 
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supply grid, but also plant resilience in relation to various fault incidents. The 
 following requirements will be differentiated for plant category A2, B, C and D. 


The plant must be designed to withstand transitory (80-100 ms) phase jumps of 
 up to 20° in the Point of Connection without outage.  


3.3.1  Tolerance of frequency deviations 


The plant must be able to withstand transient frequency gradients (df/dt) of up 
 to ±2.5 Hz/s in the connecting point without disconnecting. 


A reduction in active power is permitted in the frequency range from 49 Hz to 
 47.5 Hz. In this range, active power may be reduced by 6% of Pn per Hz. 


3.3.2  Voltage dip tolerance  


The plant must be designed to withstand a voltage dip without disconnection, as 
 shown in Figure 5, Figure 6 or Figure 7. In the figures below, the Y-axis indi-
 cates the smallest line-to-line voltage for the 50 Hz component.  


For areas I, II and III, shown in Figure 5, Figure 6 and Figure 7, the following 
 applies: 


-  Area I: The plant must be able to remain connected and maintain normal 
 production. 


-  Area II: The plant must be able to remain connected. The plant must provide 
 maximum voltage support within the plant's design limits. 


-  Area III: Plant disconnection is permitted. 


If the voltage UPOC reverts to area I after 1.5 seconds during a fault sequence, a 
 subsequent voltage dip will be regarded as a new fault situation, see section 
 3.3.4. If several successive fault sequences occur within area II and evolve into 
 area III, disconnection is allowed.  


3.3.2.1  Category A2 plants  


There are no plant tolerance requirements for voltage dips for category A2. 


3.3.2.2  Category B and C plants 


Figure 5 and Figure 6 illustrate plant tolerance requirements for voltage dips for 
 plants in categories B and C. 


Plants in category B or C must be designed in such a way that POCs with rated 
 voltage up to 100 kV can withstand voltage dips to 50% of the rated voltage for 
 one second in all three phases, and voltage dips to 0% voltage for one second in 
 one phase. See Figure 5 and Figure 6. 


The plant tolerance for voltage dips is specified at Pn and PF=1. 


Plants in category B with rated output less than 200 kVA is exempted from the 
plant tolerance requirements for voltage dips. 
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Figure 5  Tolerance requirements for three-phase voltage dips for plants in cate-
 gory B and C. 


Figure 6  Tolerance requirement for single-phase voltage dips for plants in cate-
 gory B and C.  


3.3.2.3  Category D plants 


Figure 7 illustrates tolerance requirements for voltage dips for plants in category 
 D. The requirement must be complied with in the event of symmetrical and 
 asymmetrical faults. This means that the requirement applies in the event of 
 faults in three, two or a single phase. The minimum time to withstand a voltage 
 dip without disconnection is 150 ms for plants in Western Denmark (DK1) and 
 Eastern Denmark (DK2). 


The plant tolerance for voltage dips is specified at Pn and Qmin. 


Plants in category D with a POC rated voltage above 100 kV must be able to 
withstand a one, two or three-phase generator fault, see section 1.2.17, of up to 
5 seconds’ duration. 
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Figure 7  Tolerance requirement for voltage dips for category D plants. 


3.3.3  Voltage support during voltage dips 


In the event of faults in the public electricity supply grid, plants must provide 
 voltage support to stabilise and raise the grid voltage. 


3.3.3.1  Category A2, B and C plants 


There are no voltage support requirements for voltage dips for category A2, B 
 and C. 


3.3.3.2  Category D plants 


In the event of a fault sequence whereby the voltage in the public electricity 
 supply grid moves into area II, plants in category D are required to provide volt-
 age support. 


3.3.4  Recurring voltage dips in the public electricity supply grid 
 The plant tolerance requirements for repeated voltage dips related to intentional 
 or unintentional voltage dips in the public electricity supply grid are described in 
 this section.  


   


3.3.4.1  Category A2 and B plants 


There are no tolerance requirements for repeated voltage dips for category A2 
 and B plants. 


3.3.4.2  Category C and D plants 


Plants in category C and D must remain connected after repeated voltage dips in 
 the public electricity supply grid, as specified in Table 2. 


These requirements apply to the Point of Connection, but the fault sequence is 
 at any point in the public electricity supply grid. 


In addition to the voltage dip requirements stated in section 3.3.2, plants must 
 be designed to withstand repeated faults with the specifications stated in Table 
 2.  


Type  Duration of fault 


Three-phase short circuit  Short circuit for 150 ms 


Phase-to-phase-to-earth short  Short circuit for 150 ms followed by a new 
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circuit/phase-to-phase short circuit  short circuit 0.3-0.8 seconds later, also 
 with a duration of 150 ms 


Phase-to-earth short circuit  Phase-to-earth fault for 150 ms followed 
 by a new phase-to-earth fault 0.3-0.8 
 seconds later, also with a duration of 150 
 ms 


Table 2  Fault types and duration in the public electricity supply grid. 


The plant must have adequate energy reserves in auxiliary and process equip-
 ment to meet the requirements specified in Table 2. 


The requirements in Table 2 are illustrated in Figure 2. 


Time [s]


150 ms
 UPOC


0.0%


U
 90 %


60 %


150 ms 550 ms 800 ms


x


Figure 8  Tolerance for repeated faults 


Phase voltage in affected phases during single-phase and two-phase voltage 
 disturbances which must not lead to disconnection. The time interval, x, in the 
 figure may vary between 300 and 800 ms. 


3.3.5  Island operation 


Plant requirements for island operation are specified in the following subsec-
 tions.  


3.3.5.1  House-load operation 


House-load operation is a plant functionality that has impacted the public elec-
 tricity supply grid. The requirement has been revised in this technical regulation 
 and included as information.  


3.3.5.1.1 Category A2, B, C and D plants 


It is accepted that plants in category A2, B, C or D may be disconnected at fre-
 quencies and voltages outside the limits specified in sections 3 and 6, without 
 switching from normal operation to house-load operation. 


3.3.5.2  Island operation  


A plant must be able to make the transition from normal operation to island 
operation directly, without stopping.  
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In the event of transition to island operation, a plant must be able to maintain 
 the system frequency within the normal production range, unless this will result 
 in the effective power becoming less than the minimum power or greater than 
 Pn. This must be achieved during the transition to island operation by the plant 
 performing frequency control in the same way as after a fault (LFSM-U and 
 LFSM-O), and then immediately performing frequency control as during normal 
 operation (FSM), in line with section 5.1. 


Island operation must be maintained continuously, stably and safely, without the 
 plant shutting down, as long as: 


-  the frequency and voltage ranges specified in section 3.2 are not exceeded 
 -  there  are  no  grid  faults  which  exceed  the  voltage  profiles  and  times  during 


voltage dips specified in section 3.3 


-  the protective settings specified in section 6 are not exceeded. 


The plant must be able to return to normal operation directly from island opera-
 tion without stopping.  


The transmission system operator's control centre reports changes in the elec-
 tricity system's operational status. 


3.3.5.2.1 Category A2, B and C plants 


There is no requirement for plants in category A2 or B to be able to run in island 
 operation mode. 


A grid fault can cause unintentional island operation. Continuous operation of 
 the plant during unintentional island operation should be avoided as far as pos-
 sible. 


However, plants in category C must be able to supply an appropriate area during 
 island operation based on a special operational supervisor agreement.  


3.3.5.2.2 Category D plants 


A plant in category D must be able to run island operation. 


3.3.6  Start-up from a dead grid 


For the purpose of re-establishing supply after a total system breakdown, it is 
 necessary for a small number of plants in the public electricity supply grid to be 
 able to start up from a dead grid. 


Start-up from a dead grid is not a minimum requirement in order to be granted 
 grid connection in the public electricity supply grid. 


Fulfilment of this system requirement is handled by the transmission system 
operator by other means, such as via calls for tenders or negotiations. 
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4.  Electricity quality 


4.1  General 


A plant must not give rise to inrush currents etc. at the Point of Connection of 
 such a magnitude as to cause disruptive, temporary voltage changes. 


4.2  Rapid voltage changes 


4.2.1  Requirements for category A2, B, C and D plants 


No switching in a plant may give rise to rapid voltage changes d (%) that exceed 
 the limit values indicated in the table below. 


Voltage level  d (%) 


Un ≤ 35 kV  4% 


Un > 35 kV  3% 


Table 3  Limit values for rapid voltage changes d (%). 


Rare voltage changes, such as voltage dips resulting from voltage restoration of 
plant infrastructure with connected step-up transformers, are excepted. 
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5.  Control 


The following requirements apply to plant category A2, B, C and D. All control 
 functions mentioned in the following sections generally refer to the Point of Con-
 nection.  


Before a plant can be connected to the public electricity supply grid, the current-
 ly activated functions and parameter settings must be agreed with the electricity 
 supply undertaking within the framework laid down by the transmission system 
 operator.  


In order to maintain security of supply, the transmission system operator must 
 be able to activate or deactivate the specified control functions by agreement 
 with the plant owner and electricity supply undertaking. 


The signs used in all figures follow the generator convention.  


Table 4 below specifies the minimum control functionality requirements for 
 plants in the four plant categories, see section 1.2.5. 


Section 7 specifies the required signals for these control functions. 


   


Category 


Control function 


A2  B  C  D 


Frequency response (5.1.1)  X  X  X  X 


Frequency control (5.1.2)   -  -  X  X 


Load regulator (absolute power limit) 


(5.1.3.1)  -  -  X  X 


Ramp rate limit (5.1.3.2)  -  -  X  X 


Q control (5.2.1)  X  X  X  X 


Power Factor control (5.2.2)  X  X  X  X 


Voltage control (5.2.3)   -  -  X  X 


System protection (5.3.4) (not a minimum 


requirement)  -  -  X  X 


Bracketed numbers in the various rows indicate the sections that describe the respective 
 functions. 


Table 4  Requirements for plant control functions. 


The purpose of the various control functions is to ensure overall control and 
 monitoring of the plant's output. External communication with one of the plant's 
 control functions must be carried out through a single communication interface, 
 as specified in section 7. 


All set point changes specified in section 7 must be registered, along with identi-
 fication of the party requesting the change. The registration is made by both the 
 order initiator and the person who actively makes the change. 


All set point changes or orders for output changes must be time stamped at 
intervals of no more than 5 minutes, referring to UTC. 
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5.1  Active power control functions 


The following requirements apply to plants in category A2, B, C and D.  


A plant must be equipped with active power control functions capable of control-
 ling the active power supplied by the plant in the Point of Connection using acti-
 vation orders with set points.  


It must be possible to specify set points for active power with a resolution of 1% 


of Pn or higher. 


It must be possible to set the frequency parameters in the active power control 
 functions with a resolution of 10 mHz or less. 


It must be possible to set the control droops with a resolution of 1% or less. 


For all active power control functions, the accuracy of a completed or continuous 
 control operation, including the accuracy at the set point, must not deviate by 
 more than 2% of P over a period of 1 minute. 


In addition to the general requirements in section 5, active power control func-
 tions must comply with the requirements outlined in the following sections. 


5.1.1  Frequency response (LFSM-U and LFSM-O) 


When frequency deviations occur in the public electricity supply grid, grid stabil-
 ity must be ensured by automatically increasing or decreasing active power 
 when grid frequencies are above or below the reference frequency. This plant 
 control function is referred to as frequency response. Frequency response is an 
 autonomous function and the functionality requirement is differentiated based 
 on plant size in the following subsections.   


Frequency response must commence within 2 seconds after a frequency change 
 is detected and active power must then be adjusted best possible.  


The relevant electricity supply undertaking in whose grid the plant is connected 
 can coordinate initiation of the frequency response in relation to the trip time of 
 island operation mode detection and thereby ensure optimal island operation 
 mode detection functionality. 


Droops for controlling active power are illustrated in Figure 9 and Figure 10. In 
 this context, droop is the change in active power as a function of the grid fre-
 quency. The droop is stated in per cent. 


It must be possible to set the droop to a value in the range 2-8%.  


It must be possible to set the fmin and fmax frequency points in Figure 9 and Fig-
 ure 10 to any value in the 47.00-52.00 Hz range. 


Frequency measurements must be carried out with a ± 10 mHz accuracy or 
 higher. 


The control function's sensitivity must be ± 10 mHz or higher. 
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