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Reading instructions

This regulation contains all general and specific requirements that energy storage facilities
included in the definition of electrical energy storage facilities must comply with when being

connected to the electrical grid in Denmark.

The definition of an electrical energy storage facility and this regulation apply to inverter tech-
nology and therefore do not apply to synchronous generators.

The regulation is structured as follows: section 1 contains terminology and definitions used in
the regulation. Please note that numbering matches the Danish version and is therefore not
alphabetised.

Section 2 describes objective, scope and regulatory provisions.
Sections 3 to 7 contain technical and functional requirements.

Section 8 contains requirements for the exchange of signals and data communication, section
9 contains requirements for verification and documentation, section O contains requirements

for electrical simulation models, while section 11 contains references.

Moreover, Table 1 is included to provide the reader with a consultative overview of require-
ments, differentiated on facility category, based on the facility’s rated power and its grid con-
nection point in the public electricity system.

In Table 1, the following energy storage facility categories are used :
- categories A-D
- category D * (specific transmission grid connection requirements deviating from gen-
eral category D requirements)
- categories SA and SB (requirements for retrofitted electricity generation facilities)
- category T (two-way chargers).

This regulation is also published in Danish. If there are inconsistencies, the Danish version ap-
plies.

This regulation is published by Energinet and can be downloaded from www.energinet.dk.
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Table 1 Consultative requirement overview. See reading instructions for explanation of

facility categories.

1. Terminology, definitions and abbreviations

1.1 Introduction

This section contains the definitions used in this document. Several definitions are based on
IEC 60050-415:1999 [1], but have been modified for the purpose.

Table 2 below presents terms, definitions and abbreviations used.

Absolute power constraint /1.1.1

Harmonic distortions /1.1.30

Pde\i\/er/l-l-—c’3

Facility owner /1.1.2 Rapid voltage changes /1.1.31 Pmin /1.1.54
Facility infrastructure /1.1.3 Point of connection in installation, Pnl /1.1.55
Facility category /1.1.4 PCl /1.1.32 Pno /1.1.56

Facility operator /1.1.5

COMTRADE /1.1.6

Internal power infrastructure
/1.1.33

Pabsorb/1-1-57

DK1/1.1.7

Public electricity supply grid /1.1.34

Positive list /1.1.58

DK2 /1.1.8

Power factor, PF /1.1.9

Point of communication, PCOM
/1.1.35

Q control /1.1.59

Reactive current, Iq /1.1.60

Power Factor control /1.1.10

Short-circuit power, S¢ /1.1.36

ROCOF /1.1.61

Electricity supply undertaking
/1.1.11

Short-circuit power electricity quali-
ty /1.1.37

Integrated electricity supply system
/1.1.62

Electrical energy storage facility
/1.1.12

Short-circuit ratio, SCR /1.1.38

Voltage fluctuation /1.1.63

Short-circuit current, lk /1.1.39

Voltage reference point /1.1.64

Energy storage facility controller
/1.1.13

Point of common coupling, PCC
/1.1.40

Voltage control /1.1.65

Droop /1.1.66

Energinet Elsystemansvar A/S
/1.1.14

LFSM-0/1.1.41

Sum of harmonic voltages /1.1.67

LFSM-U /1.1.42

Fo/1.1.15

F1/1.1.16

Rated power, normalised conditions,
P/Pn/1.1.43

Sum of individual harmonic
currents, 1h /1.1.68

Point of connection, POC /1.1.69

F2/1.1.17

Fs/1.1.18

Rated reactive power delivery, Qnl
/1.1.44

Connection terminals, PEC /1.1.70

Apparent power, S /1.1.71

Fs/1.1.19

Rated voltage, Un /1.1.45

Flicker /1.1.20

Rated current, In /1.1.46

Total Harmonic Distortion, THD
/1.1.72

fmax /1.1.21

fmin /1.1.22

Rated reactive power absorbed,
Qno /1.1.47

Two-way charger /1.1.73

Umax/1.1.74

Frequency response /1.1.23

Frequency response insensitivity
/1.1.24

Rated value of apparent power, Sn
/1.1.48

Umin /1.1.75

FSM /1.1.25

Normal operating voltage, Uc
/1.1.49

Coordinated universal time, UTC
/1.1.76

Wk /1.1.77

FSM band /1.1.26

Normal operating range /1.1.50

Generator convention /1.1.27

Peurrent /1-1-51

Git/1.1.28

Ramp rate constraint /1.1.29

Partial Weighted Harmonic Distor-
tion, PWHD /1.1.52

Table 2 Definitions and abbreviations in numerical order.
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1.1.1 Absolute power constraint

Adjustment of active power to a maximum level is indicated by a set point. The +/- tolerance of

the set point adjustment is referred to as the absolute power constraint.

See section 6.2.4.1 for a more detailed description.

1.1.2 Facility owner

The facility owner is the entity that legally owns the energy storage facility. In certain situa-
tions, the term company is used instead of facility owner. The facility owner may hand over

operational responsibility to a facility operator.

1.1.3 Facility infrastructure

Facility infrastructure is the electrical infrastructure connecting the point(s) of generator con-
nection (PEC) of the individual energy storage unit(s) in a facility to the point of connection
(POC).

1.1.4 Facility category

Facility categories in relation to total rated power in the point of connection:

Energy storage facilities up to 125 kW
Energy storage facilities from and including 125 kW up to 3 MW
Energy storage facilities from and including 3 MW up to 25 MW

O 0 ® >z

Energy storage facilities from and including 25 MW or connected at voltages
above 100 kV

SX. Category A or B energy storage facilities

T. Temporarily connected energy storage facilities.

Note 1:

Category SX comprises existing generation facilities connected in accordance with technical
regulation 3.2.1, technical regulation 3.2.2 or technical regulation 3.2.5 that are retrofitted
with an energy storage solution.

Note 2:
In connection with requirements for the exchange of signals and data communication, facility
category B is divided into categories B1 and B2:

- B1fromand including 125 kW up to 1 MW

- B2fromand including 1 MW up to 3 MW.

Note 3:

Simulation model requirements apply to categories C and up, however only starting at P, > 10
MW.

1.1.5 Facility operator

The facility operator is the enterprise responsible for the operation of the energy storage facili-
ty, either through ownership or contractual obligations.
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1.1.6 COMTRADE

COMTRADE (Common Format for Transient Data) is a standardised file format specified in IEEE
C37.111-2013. The format is designed for the exchange of information on transient phenome-

na 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 programs. The standard also defines

sample rates, filters and the conversion of transient data to be exchanged.

1.1.7 DK1

DK1 is used as the designation for Western Denmark, which is part of the synchronous area

Continental Europe.

1.1.8 DK2

DK2 is used as the designation for Eastern Denmark, which is part of the Nordic synchronous

area.

1.1.9 Power factor, PF

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

1.1.10 Power factor control

Power factor control is the control of reactive power proportionately to active power generat-
ed. See section 6.3.2 for a more detailed description.

1.1.11 Electricity supply undertaking

The electricity supply undertaking is the enterprise to whose grid an energy storage facility is
connected electrically. Responsibilities in the public electricity supply grid are distributed onto

several grid enterprises and one transmission enterprise.

Grid enterprises are enterprises licensed to operate the public electricity supply grid up to and
including 100 kV.

The transmission enterprise is the enterprise licensed to operate the public electricity supply
grid above 100 kV.

1.1.12 Electrical energy storage facilities (also referred to as energy storage facilities)

An electrical energy storage facility is a facility which can store and deliver electrical energy in
one or more of the following ways or in combination with the following ways:

1. Absorb electrical energy from the public electricity supply grid and, at a given time,
deliver it back in the point of connection

2. Absorb energy from the public electricity supply grid and, at a given time, deliver elec-
trical energy back internally in the installation, i.e. not deliver it back in the point of
connection

3. Absorb electrical energy directly generated in the installation (RE generation), i.e. not
absorb electrical energy from the public electricity supply grid, and, at a given time,
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deliver electrical energy back internally in the installation, i.e. not deliver it back in the
point of connection.

4. Absorb electrical energy directly generated in the installation (RE generation), i.e. not
absorb energy from the public electricity supply grid, and, at a given time, deliver

electrical energy in the point of connection.

The definition of electrical energy storage facilities comprises permanent and temporarily con-

nected energy storage facilities.

Permanently connected energy storage facilities comprise:
- Facilities designed so that one of the facility's original functions includes the storage
of electrical energy (categories A, B, C, D).
- Generation facilities, which are converted (retrofitted) so that the facility has func-
tions added that include the storage of electrical energy (category SX, where X may be
category A or B in reference to the rated power supplied by the facility).

Temporarily connected energy storage facilities (category T) comprise:

- Two-way chargers (V2G), which are used by an electric vehicle or an electric vessel
where the electrical energy is primarily used for propulsion, and where the electric
vehicle must have a vehicle certificate issued by the Danish Motor Vehicle Agency,
and the electric vessel must be used for the transport of passengers or goods, are
covered by this technical regulation.

The definition of an electrical energy storage facility and this regulation apply to inverter tech-
nology and therefore do not apply to synchronous or asynchronous generator facilities.

For energy storage facilities that incorporate RE generation, master data for the respective RE
generation facilities must also be submitted.

An energy storage facility may consist of several separate inverters and electrical energy stores
(energy storage units).

The rated power of an energy storage facility when energy (Pno) is absorbed from or energy
(Pr) is delivered back to the public electricity supply grid, or internally in the installation, may
differ.

UPS systems (emergency power supply systems with batteries), on condition that such systems
are operated as such exclusively, are not defined as electrical energy storage facilities and
therefore not subject to the requirements in this technical regulation, because the function of
a UPS system is to maintain power supply locally in an installation or in part of an installation in
case of public electricity supply grid disturbances or faults. If ancillary services are provided,
excluding reduction of absorbed power or time coordination of absorbed active power, the
facility is subject to this technical regulation.

A regenerative demand facility, i.e. a demand facility which, due to the facility design and op-
erating pattern, can return an unspecified amount of energy to the point of connection, is not
defined as an electrical energy storage facility and is therefore not subject to this technical
regulation.
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1.1.13 Electrical energy storage facility controller

An electrical energy storage facility controller is a set of control functions that make it possible

to control several units as a single energy storage facility in the point of connection.

The set of control functions must be part of the energy storage facility in terms of communica-
tion. This means that if communication with an energy storage facility is interrupted, the ener-
gy storage facility must be able to continue operation as planned or carry out a controlled

shutdown.

1.1.14 Energinet Elsystemansvar A/S

Transmission system operator entrusted with the overall responsibility for maintaining security

of supply and ensuring the effective utilisation of an interconnected electricity supply system.

1.1.15 fo

fo denotes the ideal base frequency of 50.00 Hz.

1.1.16 f1

f1 denotes the lower frequency threshold, which delimits the FSM band and is where the au-
tonomous frequency response LFSM-U is initiated.

1.1.17 f,

f2 denotes the upper frequency threshold, which delimits the FSM band and is where the au-
tonomous frequency response LFSM-O is initiated.

1.1.18 f4

f4 denotes the lower frequency threshold, which delimits FCR-N and marks the transition to
FCR-D.

1.1.19 fs

fs denotes the upper frequency threshold, which delimits FCR-N and marks the transition to
FCR-D.

1.1.20 Flicker

Flicker is a visual perception of light flickering caused by voltage fluctuations. Flicker occurs if
the luminance or the spectral distribution of light fluctuates with time. At a certain intensity,
flicker becomes an irritant to the eye.

Flicker is measured as described in DS/EN 61000-4-15 [2].

1.1.21 fmax

fmax denotes the maximum frequency within the frequency band.

1.1.22 frmin

fmin denotes the minimum frequency within the frequency band.
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1.1.23 Frequency response

Frequency response is the automatic upward or downward regulation of active power as a
function of the grid frequency at grid frequencies above or below the reference frequency, f1
and f2, for the purpose of stabilising grid frequency. See section 6.2.1 for a more detailed de-

scription.

Frequency response is an autonomous function.

1.1.24 Frequency response insensitivity

A setting in the control system used in connection with frequency control, defined as the min-
imum value of the frequency change or input signal which triggers a change in the power out-
put or output signal.

1.1.25 FSM

FSM, frequency sensitive mode, is a frequency control state which is an operational mode in
which an energy storage facility controls active power so that it contributes to stabilising the
base frequency; in other words, frequency control. See section 6.2.3 for a more detailed de-

scription.

1.1.26 FSM band

The frequency control band in which frequency control can be performed. The purpose of the
frequency control function is to control active power at grid frequencies between f1 and fa.

1.1.27 Generator convention

The sign for active/reactive power indicates the power flow as seen from the generator. Con-
sumption/import of active/reactive power is indicated by a negative sign, while genera-
tion/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: set point value and the choice of control quadrant.
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Q [kvar]
A 90°
2nd quadrant 1st quadrant
Power factor set point Power factor set point
Negative sign Negative sign
Q export Q export
P import P export
Power
\ factor angle
180° o 0"
P [kw]
3rd quadrant 4th quadrant
Power factor set point Power factor set point
Positive sign Positive sign
Q import Q import
P import P export
270°

Figure 1  Definition of signs for active and reactive power and power factor set points, cf. the
IEC 61850 series [3] and IEEE 1459 [4].

1.1.28 Gt

Grr denotes the planning value of flicker emission from a facility.

1.1.29 Ramp rate constraint

A ramp rate constraint controls the interval of active power with a set point-defined maximum
increase/reduction (ramp rate) of active power. See section 6.2.4.2 for a more detailed de-
scription.

1.1.30 Harmonic distortions

Harmonic distortions are defined as electrical disturbances caused by overharmonic currents
and voltages. Harmonic distortions are also referred to as overtones, overharmonic tones,
overharmonic distortion or simply harmonics. See section 5.1 for a more detailed description.

1.1.31 Rapid voltage changes

Rapid voltage changes are defined as brief, isolated voltage changes (RMS values). Rapid volt-
age changes are expressed as percentages of the normal operating voltage.

1.1.32 Point of connection in Installation (PCl)

The point of connection in installation (PCl) is the point in the installation where the installa-
tion’s energy storage facility is connected or can be connected and where consumption is con-
nected. See Figure 3 for a typical location.

1.1.33 Internal power infrastructure

The electrical infrastructure which connects one or more units to the POC.
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1.1.34 Public electricity supply grid

Transmission and distribution grids that serve to transmit electricity for an indefinite 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 maximum rated volt-
age of 100 kV.

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

1.1.35 Point of communication (PCOM)

The point of communication (PCOM) is the point in an energy storage facility where the data

communication properties specified in section 8 must be made available and verified.

1.1.36 Short-circuit power, Sk

Short-circuit power (Sk) is the amount of power [VA] that the public electricity supply grid can
deliver in the point of connection in the event of a short-circuit of the energy storage facility's
terminals.

1.1.37 Short-circuit power electricity quality, Sk electricity quality

The level of three-phase short-circuit power in the point of connection which is used to calcu-
late power quality for distribution-connected facilities.

1.1.38 Short-circuit ratio, SCR

The short-circuit ratio (SCR) is the ratio between short-circuit power in the point of connection
(Sk) and the energy storage facility's rated apparent power S.

1.1.39 Short-circuit current, Ik

Short circuit current (lk) is the amount of current [kA] that the energy storage facility can deliv-
er in the point of connection in the event of a short circuit at the energy storage facility's ter-
minals.

1.1.40 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.

Electrically, the point of common coupling and the point of connection may coincide. The point
of common coupling (PCC) is always placed closest to the public electricity supply grid, see
Figure 3 and Figure 4.

The electricity supply undertaking defines the point of common coupling.

1.1.41 LFSM-O

LFSM-0, limited frequency sensitive mode — overfrequency, is the operational frequency re-
sponse to occurrences of overfrequency as well as a defined frequency range in which an en-
ergy storage facility reduces active power if the system frequency crosses a specific threshold.
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1.1.42 LFSM-U

LFSM-U, limited frequency sensitive mode — underfrequency, is the operational frequency
response to occurrences of underfrequency as well as a defined frequency range in which an
energy storage facility increases active power if the system frequency crosses a specific
threshold.

1.1.43 Rated power — normalised conditions, P/P,

P/Pn is the normalised ratio for rated power. P, may be either Pnoor Pa.

1.1.44 Rated reactive power delivery, Qi

Qni denotes the rated reactive power delivered of an energy storage facility which the energy

storage facility is designed to deliver continuously and which appears from the type approval.

1.1.45 Rated voltage, Un

Rated voltage (Un) is the voltage level at the POC for which a grid is defined and to which oper-
ational characteristics refer. Voltage is measured phase to phase.

1.1.46 Rated current, In

Rated current (In) is defined as the maximum continuous current that an energy storage facility

is designed to deliver or consume under normal operating conditions.

1.1.47 Rated reactive power absorbed, Qno

Qno denotes the rated reactive power absorbed of an energy storage facility which the energy
storage facility is approved to continuously absorb in the point of common coupling under

normal operating conditions.

1.1.48 Rated value for apparent power, Sn

The rated value for apparent power (Sn) is the highest level of power, consisting of both the
active and reactive component, which the energy storage facility is designed to continuously

deliver.

1.1.49 Normal operating voltage, Uc

Normal operating voltage indicates the voltage range within which an energy storage facility
must be able to continuously deliver the specified rated power, see sections 4.2 and 4.3. Nor-
mal operating voltage is determined by the electricity supply undertaking. Voltage is measured
phase to phase.

1.1.50 Normal operating range

Normal operating range indicates the voltage/frequency range within which an energy storage
facility must be able to continuously maintain operation in relation to the specified rated pow-
er, see sections 4.2 and 4.3.

1151 Pcurrent

Pcurrent denotes the current level of active power. The term is used in connection with the illus-
tration of any power level in any operating point.
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1.1.52 Partial Weighted Harmonic Distortion, PWHD

The partial weighted harmonic distortions (PWHD) are defined as the ratio between the root-
mean-square (RMS) value of the current Iy or the voltage Un for the h'th harmonic of a selected
group of higher harmonics (h: 14th-40th harmonics) and the root-mean-square value (RMS) of

the current I1 from the fundamental frequency. The general PWHD formula is as follows:

JZ
See IEC 61000-3-12 [5], for more detail
where:

X represents either current or voltage

X1 is the RMS value of the fundamental component

h is the harmonic order

Xnis the RMS value of the harmonic component of the order h.

1.1.53 Pdeliver

Paeliver indicates the direction of active power which is delivered by an energy storage facility at
a given time. The term is used in connection with the illustration of any power level in a ran-
dom operating point as well as the energy storage facility's actual operation.

1.1.54 Pmin

Pmin denotes the lower limit for active power control.

1.1.55 Pni

Pniis the designation for rated power supplied by an energy storage facility. This is the highest
level of active power that the facility is designed to provide continuously and which appears
from the type approval.

1.1.56 Pno

Pno denotes the nominal power absorbed by an energy storage facility. This is the highest level
of active power that the facility is designed to absorb continuously and which appears from the
type approval.

1.1.57 Pabsorb

Pabsorb indicates the direction of active power, which is absorbed by an energy storage facility
at a given time. The term is used in connection with the illustration of any power level in a
random operating point as well as the energy storage facility's actual operation.

1.1.58 Positive list

With a view to streamlining the approval process for grid connection of category A energy
storage facilities, a so-called positive list has been created for energy storage facilities where
energy storage facilities with nominal power up to 50 kW can be entered.

1.1.59 Q control

Q control is the control of reactive power independent of active power generated.

Doc. 18/07388-113 Offentlig/Public Go to contents

10/128



11/128

1.1.60 Reactive current, Iq

lq denotes the reactive current delivered or absorbed by the energy storage facility.

1.1.61 ROCOF

ROCOF, rate of change of frequency, (DF/DT) is the designation for frequency change as a func-

tion of time.
Note 4: The frequency change, ROCOF, is calculated according to the principle below or an
equivalent principle. The frequency measurement used to calculate the frequency change is

based on a 200 millisecond measuring period for which the mean value is calculated.

Frequency measurements must be made continuously, so that a new value is calculated every
20th millisecond.

ROCOF [Hz/s] must be calculated as the difference between the mean value frequency calcula-
tion just done and the mean value frequency calculation done 20 milliseconds ago.

(df/dt = (mean value 2 — mean value 1)/0,020 [Hz/s]

Example:
50.00 Hz 50.08 Hz 50.20 Hz 50.32 Hz  50.40 Hz
Measuring window 1-200 ms | t —t —t t +—t t i
50.04 Hz 50,16 Hz 50.28 Hz 50.44 Hz
Measuring window 2 — 200 ms I +—t +—t t +—t t +—
50.12 Hz 50.24 Hz 50.36 Hz

20 msdifference between
measurement windows 1 and 2

ROCOF calculation:

Average value 1: 50.20 Hz Average value 2: 50.24 Hz

df/dt = (average value 2 — average value 1)/dt = (50.24 — 50.20)/0.020 = 0.040/0.020 = 2 Hz/s

Figure 2 Example of ROCOF calculation (df/dt).

1.1.62 Interconnected electricity supply system

Public electricity supply grids and associated facilities in a large area which are interconnected
for the purpose of joint operation are referred to as an interconnected electricity supply sys-

tem.

1.1.63 Voltage fluctuation

Voltage fluctuation is a series of rapid voltage changes or a periodic variation of the voltage
RMS value.

1.1.64 Voltage reference point

Measuring point used for voltage control. The voltage reference point is either in the point of
connection, the point of common coupling or a specified point in between. The voltage refer-
ence point is defined by the electricity supply undertaking.

Doc. 18/07388-113 Offentlig/Public Go to contents



1.1.65 Voltage control

Voltage control is the control of the reactive power with the configured droop for the purpose

of achieving the desired voltage in the voltage reference point.

1.1.66 Droop

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

1.1.67 Sum of harmonic voltages

Un denotes the sum of harmonic voltages.

1.1.68 Sum of individual harmonic currents, In

In denotes the sum of individual harmonic currents.

1.1.69 Point of connection, POC

The point of connection (POC) is the point in the public electricity supply grid, where the ener-
gy storage facility is or can be connected. See Figure 3 and Figure 4 for typical locations.

All requirements in this regulation apply to the point of connection.

Following agreement with the electricity supply undertaking, reactive compensation at no load
can be placed somewhere else in the public electricity supply grid. The electricity supply under-
taking determines the point of connection.

Figure 3 shows a typical installation connection of one or more energy storage facilities, indi-
cating the typical location of the energy storage facility’s connection terminals (PEC), point of
connection (POC), point of connection in installation (PCI) and point of common coupling
(PCC). In the example shown, the point of common coupling (PCC) and the point of connection
(POC) coincide.
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PCC/ POC
,’ ________________________________________ \
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i T—T Consumption
|
PCC: Point of Common Coupling i ,-=-1_1 .
= Point of delivery :u’ Central ! - ‘\
POC: Point of Connection :l\\protectlon/l' '
= Point of grid connection | SCADA /
Gateway * ~— -
PCI: Point of Connection Installation T -~

S -
= Point of connection in installation : ]
PGC L

Small wind turbine

PGC: Point of Generator Connection
= Wind turbine/PV facility
terminals
PEC: Point of Electrical Connection of
the energy storage facility
= Energy storage facility terminals

oo am o] w=

PV facility

. Electrical energy
! storage

PCOM: Point of Communication
= Communication interface of facility

Electrical energy
storage

N e e e e e e e e

Figure 3 Example of installation connection of a facility.

Figure 4 shows a typical grid connection of several facilities, indicating where the point of gen-
erator connection (PGC), the energy storage facility’s terminals (PEC), the point of connection
(POC), the point of common coupling (PCC) and the voltage reference point may be located.
The voltage reference point is either the point of connection (POC), the point of common cou-
pling (PCC) or a point in between.
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energy storage facility \ /
= Energy storage facility terminals
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Figure 4 Example of grid connection of a facility.

1.1.70 Connection terminals, PEC

The connection terminals, point of connection (PEC), of the energy storage facility or unit are
what the facility or unit’s manufacturer defines as connection terminals and where the electri-
cal connection to the public electricity system is established. Urec denotes voltage measured in
the energy storage facility's terminals.

1.1.71 Rated apparent power, S

Rated apparent power (S) (apparent power) is defined as volt x ampere and is normally ex-
pressed as VA or volt ampere.
Apparent power consists of both the active and the reactive component.

S = /P2 + Q%= /(Ulcosp)? + (Ulsing)? = Ul

Sis also stated as a complex size defined as S = Ul *

Where U is the voltage vector and I* is the current vector’s conjugated value. Apparent power
thus becomes a complex size S = P + jQ with the real part P referred to as active power, and the
imaginary part Q referred to as reactive power.
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1.1.72 Total Harmonic Distortion, THD

Total harmonic distortion (THD) is defined as the ratio between the root-mean-square value
(RMS) of the current In or the voltage Un for the h'th (for h: 2-40) harmonic and the root-mean-
square value (RMS) of the current |1 from the fundamental frequency. The general formula for

THD is as follows:

See |[EC 61000-3-6 [6] for more detail,

where:

X represents either current or voltage

X1is the RMS value of the fundamental component

h is the harmonic order

Xh is the RMS value of the harmonic component of the order h.
His generally 40 or 50, depending on use.

1.1.73 Two-way charger

Charger which, when connected to the public electricity system, allows electrical energy to be
delivered to and supplied from the public electricity system.

1.1.74 Umax

Uwmax denotes the maximum RMS value of rated voltage Un.

1.1.75 Umin

Umin denotes the minimum RMS value of rated voltage Un.

1.1.76 Coordinated universal time, UTC

UTC is the abbreviation for Coordinated Universal Time (Universal Time, Coordinated). In Dan-

ish, the terms 'universal time' or 'world time' are also used.

1.1.77 Wk

Wis used as an abbreviation for the short-circuit angle in the point of connection. Flicker val-
ues are calculated using the Y« parameter.
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2. Obijective, scope of application and regulatory provisions
2.1  Objective

Under the authority of section 7 (1), no. 1, 3 and 4 of executive order no. 1402 dated 13 De-
cember 2019 on transmission system operation and use of the electricity transmission system
etc. (hereinafter referred to as executive order on transmission system operation), Energinet
has prepared this regulation to define the technical and functional minimum requirements
which an energy storage facility must comply with in the point of connection when said energy

storage facility is connected to the public electricity supply grid.

An energy storage facility must be registered with master data to ensure that data and experi-
ence concerning the impact on the public electricity supply grid can be collected and used for
development of the energy storage facility and the public electricity supply grid. For energy
storage facilities that incorporate RE generation, master data for the respective RE generation
facilities must also be submitted.

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

2.2 Scope of application

This regulation applies to energy storage facilities connected to the public electricity supply
grid. An energy storage facility must comply with the provisions of the regulation throughout
the service life of said energy storage facility.

The technical requirements specified in the regulation are divided into the following categories
based on the total rated power in the point of connection:

Energy storage facilities up to 125 kW
Energy storage facilities from and including 125 kW up to 3 MW
Energy storage facilities from and including 3 MW up to 25 MW

o0 ® >

Energy storage facilities from and including 25 MW or connected at voltages
above 100 kV

SX. Category A or B energy storage facilities

T. Temporarily connected energy storage facilities.

2.2.1 New energy storage facilities

This regulation applies to all energy storage facilities connected to the public electricity supply
grid and commissioned as of the effective date of this regulation.

2.2.2 Existing energy storage facilities

Facilities connected to the public electricity supply grid before the effective date of this regula-
tion must comply with the regulation in force at the time of its commissioning.

2.2.3 Modifications to existing energy storage facilities

Existing energy storage facilities to which substantial functional modifications are made must
comply with the provisions of this regulation relating to such modifications.

A substantial modification is one that changes one or more vital facility components that may
alter the properties of the energy storage facility.

Doc. 18/07388-113 Offentlig/Public Go to contents



In case of doubt, Energinet Elsystemansvar A/S decides whether a specific modification is sub-

stantial.

The documentation described in section 9 must be updated and submitted in a version indicat-

ing any modifications made using Appendix 1.

2.3 Delimitation

This technical regulation is part of the complete set of technical regulations issued by Ener-

ginet.

This technical regulation does not define requirements for energy storage facilities which use
synchronous or asynchronous generators in their connection to the public electricity system.
Energy storage facilities that use water as energy storage are also not covered by this technical
regulation.

The technical regulations contain the technical minimum requirements that apply to facility
owners, facility operators and electricity supply undertakings in regard to the connection of
facilities to the public electricity supply grid.

In combination with market regulations, the technical regulations, including system operation
regulations, constitute the set of rules which facility owners, facility operators and electricity
supply undertakings must comply with when operating facilities:

- National implementing measure, information exchange: Requirement document
no. 1 - generation and demand (awaiting approval by the Danish Utility Regulator)
71

- National implementing measure, information exchange: Requirement document
no. 3 - standards, protocols etc. (awaiting approval by the Danish Utility Regulator)
8]

- Technical regulation TR 5.9.1 'Systemtjenester’ (Ancillary services) [9]

- Regulation D1 "Settlement metering" [10]

- Regulation D2 'Technical requirements for electricity metering' [11]

- Technical regulation TR 3.3.1 'Technical regulation for grid connection of battery
plants above 11 kW' [12]

In case of discrepancies between the requirements of the individual regulations, Energinet
Elsystemansvar A/S determines which requirements should apply.

Current versions of the above-mentioned documents are available on Energinet's website at

www.energinet.dk.

Operational issues must be agreed between the facility owner and the electricity supply under-
taking.

Any supply of ancillary services must be agreed between the facility owner and the balance-
responsible party for production.
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This regulation does not deal with the financial aspects of using control capabilities or settle-

ment metering, nor with technical settlement metering requirements.

The facility owner must safeguard the energy storage facility against possible damaging im-
pacts 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 requirement to be

fulfilled in order to be granted grid connection. See section 6.4 for more detail.

2.4 Effective date

This regulation takes effect from 18 December 2019 concurrently with the notification hereof
to the Danish Utility Regulator.

Please direct requests for additional information and questions on this technical regulation to
Energinet Elsystemansvar A/S. Contact information is available at
https://energinet.dk/El/Nettilslutning-og-drift/Regler-for-nye-anlaeg#Nyebatterianlaeg

The regulation was registered with the Danish Utility Regulator pursuant to the provisions of
section 26 of the Danish Electricity Supply Act and section 7 of the Danish executive order on
transmission system operation and the use of the electricity transmission grid, etc.

As regards energy storage facilities, the construction of which was finally ordered in a binding
written order before this regulation was registered with the Danish Energy Regulatory Authori-
ty, but which are scheduled to be commissioned after this regulation comes into force, an
exemption can be applied for in accordance with section 2.8; any relevant documentation
should be enclosed.

2.5  Complaints

Complaints about this regulation can be filed with the Danish Utility Regulator,
www. forsyningstilsynet.dk, cf. section 7(3) executive order on transmission system operation

and the use of the electricity transmission grid, etc.

Complaints about decisions made by Energinet in pursuance of this regulation cannot be ap-
pealed to another administrative authority. Decisions can only be appealed to the courts.

2.6 Breaches

The facility owner shall ensure that the provisions of this regulation are complied with
throughout the energy storage facility's service life.

The energy storage facility must be regularly maintained to ensure that the provisions of this
regulation are complied with.

Expenses incurred in complying with the provisions of this regulation must be paid by the facili-
ty owner.
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2.7 Penalties

If an energy storage facility 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 connection to

the energy storage facility as a last resort until the provisions are complied with.

2.8 Exemptions and unforeseen events

The transmission system operator may grant exemptions from specific requirements in the

regulation.

An exemption can only be granted if:

- special conditions exist, for instance of a local nature

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

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

or

- the energy storage facility was ordered before this regulation was registered with
the Danish Utility Regulator, cf. section 2.4.

In order to obtain exemption, a written application must be submitted to the electricity supply
undertaking, indicating which provisions the exemption concerns and the reason for the ex-

emption.

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 regulation occur, the transmission system operator must decide
what to do in consultation with the parties involved.

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 parties involved into

consideration where possible.
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3. The energy storage facility’s storage medium, categories A-D, SXand T
3.1  Connection of a new energy storage facility

As part of the grid connection process, an energy storage facility must provide information

about the storage medium of the energy storage facility.

3.1.1 Information about storage medium, categories A, B, C, D

Category A, B, C or D energy storage facilities must supply facility information about the stor-

age medium used:

e  Storage medium — manufacture
e  Storage medium —model no.

e  Storage medium — usable energy storage capacity [kWh]

3.2 Connection of storage medium to an existing generation facility, category SX

If a storage medium (energy storage or other type of storage unit) is connected to an existing
category A or B generation facility, the storage medium must comply with the requirements in
this technical regulation, while the existing generation facility must continue to comply with
the requirements in force when said production facility was originally connected.

The facility owner must provide facility information about the storage medium used as de-
scribed below.

3.2.1 Information about storage medium, category SX

Category SX energy storage facilities must supply facility information about the storage medi-

um used:

e  Storage medium — manufacture
e  Storage medium — model no.
e Storage medium — usable energy storage capacity [kWh]

e Inverter —rated power [kW]

3.3 Modifications to an energy storage facility, category SX

If facility properties change for an existing category SX facility, i.e. characteristics used in the
evaluation of the facility's grid connection to the public electricity system, the entire energy
storage facility must comply with the requirements in this technical regulation.

3.4 Connection of energy storage facilities, category T

As part of the grid connection process, an energy storage facility must provide information
about the properties of the two-way charger.

3.4.1 Information about two-way chargers

As part of the grid connection process, a two-way charger, a temporarily connected energy
storage facility, must provide information about the charger:

e  Charger —manufacture
e  Charger —model no.

e Charger rated active power, Pniand Pno [kW]
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4. Voltage and frequency
4.1  Tolerance of frequency and voltage deviations (general information)

An energy storage facility must be able to withstand frequency and voltage deviations in the
point of connection under normal and abnormal operating conditions while reducing active

power as little as possible.

The energy storage facility may have a one-phase connection when neither Pno nor P exceed
3.68 kW = to a phase current of 16 A.

If the phase current of the energy storage facility exceeds 16 A, an equal distribution of total
power on two or three phases is required.

4.2 Determination of voltage level

The following requirements apply to energy storage facilities in categories A, B, Cand D as well
asT.

The electricity supply undertaking determines the voltage level for the energy storage facility's
point of connection within the voltage thresholds stated in Table 3, Table 4 or Table 5.

Normal operating voltage may differ from location to location, and the electricity supply un-
dertaking must therefore state the normal operating voltage U. for the point of connection.
For rated voltages up to 1 kV, Uc = Un.

The electricity supply undertaking must ensure that the maximum voltage stated in Table 3 is
never exceeded.

If the normal voltage range, Uc£10%, is lower than the minimum voltage stated in Table 3, the
output requirements in the event of frequency and voltage variations must be adjusted to
avoid overload of the energy storage facility.

L Rated system Minimum Maximum
Voltage level descriptions
voltage voltage voltage
Un [kV] Unmin [kV] Umax [kV]
High voltage 60 54.0 72.5
(HV) 50 45.0 60.0
33 30.0 36.0
30 27.0 36.0
Medium voltage
20 18.0 24.0
(MV)
15 135 17.5
10 9.00 12.0
Low voltage 0.69 0.62 0.76
(Lv) 0.40 0.36 0.44

Table 3 Voltage levels used in the distribution system in DK1 and DK2, respectively.

Maximum (Umax) and minimum (Umin) voltage thresholds are determined using the standards
DS/EN 50160 (10-minute mean values) [13] and DS/EN 60038 [14].
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DK1 p.u. 150 kV 220 kv 400 kv
60 min. operation 1.118-1.15 174.8 253 -
Maximum voltage at continuous opera- 1.118 170 246 -
tion
60 min. operation 1.05-1.1 - - 440
Maximum voltage at continuous opera- 1.05 - - 420
tion

1 152 220 400
Minimum voltage at continuous opera- 0.9 137 198 360
tion
60 min. operation 0.9-0.85 129.2 187 340

Table 4  Transmission system voltages with operational tolerances in DK1.

DK2 p.u. 132 kv | 220kvV | 400kV
60 min. operation 1.05-1.1 151.8 253 440
Maximum voltage at continuous operation 1.05 145 246 420
1 138 234 400
Minimum voltage at continuous operation 0.9 137 198 360

Table 5  Transmission system voltages with operational tolerances in DK2.

Voltage threshold and operating hours in Table 4 and Table 5 are determined on the basis of
EU regulation 2016/631 [15].

The energy storage facility must be able to briefly withstand voltages exceeding the maximum
voltages within the required protective functions as specified in section 7.

4.3 Normal operating conditions

Within the normal operating range, an energy storage facility must be able to start and operate
continuously within the design specifications, restricted only by the settings of the protective
functions as described in section 7 and/or other functions impacting the energy storage facili-
ty's operation.

4.3.1 Automatic connection and gradient for active power

The following requirements apply to energy storage facilities in categories A, B, Cand D as well
asT.

Automatic connection of an energy storage facility may at the earliest take place three minutes
after the voltage has come within the tolerance range of the normal operating voltage, and the
grid frequency is within the range indicated by f1 and fa.

FSM band DK1 DK2
f1 f2 f1 f2
Hz 49.80 | 50.20 | 49.90 | 50.10

Table 6 FSM band for automatic connection.
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Frequency limit settings are determined by Energinet Elsystemansvar A/S.

In case of automatic connection or reconnection, it must be possible to set the active power
gradient to an integer value between minimum and maximum, both inclusive expressed as a
percentage of rated output.

Facility category A B C D
Minimum [%] 1 1
Maximum [%] 20 20 20 20

Maximum [MW/min] 60 60 60

Table 7 Gradient for automatic connection.

4.3.2 Normal operating range, distribution system connection, category A

The following requirements apply to category A energy storage facilities.

The overall requirements for the normal operating range of active power in the event of fre-
guency and voltage deviations for an energy storage facility in the point of connection are
shown in Figure 5.
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Figure 5 Requirements for rated power and rated current in the event of frequency and volt-
age variations.

4.3.3 Normal operating range, distribution system connection, categories B, Cand D

The following requirements apply to category B, C and D energy storage facilities.

The overall requirements for the normal operating range of active power in the event of fre-
guency and voltage deviations for an energy storage facility in the point of connection are
shown in Figure 6.
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Figure 6 Requirements for rated power and rated current in the event of frequency and volt-
age variations.

4.3.4 Normal operating range, transmission system connection

The overall requirements for the normal operating range of active power in the event of fre-
guency and voltage deviations for an energy storage facility in the point of connection are
shown in Figure 7 and Figure 8 for DK1 and in Figure 9 and Figure 10 for DK2.
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Figure 7 Normal operating range: transmission-connected facilities in DK1, 110-130 kV.
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Figure 8 Normal operating range: transmission-connected facilities in DK1, 300-400 kV.
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Figure 9 Normal operating range: transmission-connected facilities in DK2, 100-300 kV.
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Figure 10 Normal operating range: transmission-connected facilities in DK2, 300-400 kV.

4.4  Abnormal operating conditions

The following requirements apply to category A, B, C and D energy storage facilities.

4.4.1 Phase jumps

The energy storage facility must be designed to withstand transitory phase jumps of up to 20°
in the point of connection (POC) without disconnecting from the POC and shutting down.

4.4.2 ROCOF
The energy storage facility must be able to withstand transient frequency gradients, ROCOF, of
up to +2 Hz/s in the point of connection without disconnecting from the POC and shutting

down.

4.4.3 Normal operation after voltage dips

The following requirements apply to category B, C and D energy storage facilities.
After a voltage dip, the energy storage facility must be able to return to normal operation no
later than 5 seconds after the operating conditions in the point of connection have returned to

the normal operating range.

4.4.4 Tolerance of voltage dips, distribution system

The following requirements apply to category B, C and D energy storage facilities connected in
the distribution system.

In the point of connection, an energy storage facility must be designed to withstand voltage
dips down to 15% of the voltage in the point of connection over a period of minimum

250 milliseconds without disconnecting, as shown in Figure 11, and must be able to deliver
additional reactive current during the fault sequence, as shown in Figure 12.
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Figure 11 Tolerance requirements for voltage dips for category B, C and D energy storage facili-
ties.

The following requirements must be complied with in the event of symmetrical and asymmet-
rical faults. This means that the requirements apply in the event of faults in three, two or a
single phase:

- Area A: The energy storage facility must maintain normal operation without dis-
connecting from the POC and shutting down.

- Area B: Without disconnecting from the POC and shutting down, the energy stor-
age facility must provide maximum voltage support by delivering a controlled
amount of additional reactive current to ensure that the energy storage facility
contributes to voltage stabilisation within the design framework offered by cur-
rent energy storage facility technology, see Figure 11.

- Area C: Energy storage facility disconnection is permitted.

If voltage Upoc reverts to area A after 1.5 seconds during a fault sequence, a subsequent volt-
age dip will be regarded as a new fault situation.

If several successive fault sequences occur within area B, causing a move into area C time-wise,
disconnecting is allowed.

In connection with fault sequences in area B, the energy storage facility must have a control
function capable of controlling the positive sequence of the reactive current as specified in
Figure 12.
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Figure 12 Requirements for the delivery of additional reactive current IQ during voltage dips for
category B, C and D energy storage facilities.

Control must follow Figure 12 so that the additional reactive current (positive sequence) fol-
lows the characteristic with a tolerance of £20% after maximum 100 milliseconds after the
voltage dip.

In area B, the delivery of reactive current takes first priority, while the delivery of active power
takes second priority.

4.4.5 Tolerance of voltage dips, transmission system

The following requirements apply to energy storage facilities connected to the transmission
system.

In the point of connection, an energy storage facility must be designed to withstand voltage
dips down to 0% of the voltage in the point of connection over a period of minimum 150 milli-
seconds without disconnecting.

In the point of connection, an energy storage facility must be designed to withstand voltage
dips down to 0% of the voltage in the point of connection over a period of minimum

150 milliseconds without disconnecting, as shown in Figure 13 for DK1 and Figure 15 for DK2,
and must be able to deliver additional reactive current during the fault sequence, as shown in
Figure 14 for DK1 and Figure 16 for DK2.
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Figure 13 Tolerance requirements for voltage dips for energy storage facilities connected in the

DK1 transmission system.
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Figure 14 Requirements for the delivery of additional reactive current IQ during voltage dips for
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energy storage facilities connected to the transmission system in DK1.
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Tolerance requirements for voltage dips for energy storage facilities connected in the

Figure 15
DK2 transmission system.
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Figure 16 Requirements for the delivery of additional reactive current IQ during voltage dips for

energy storage facilities connected to the transmission system in DK2.
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The following requirements must be complied with in the event of symmetrical and asymmet-
rical faults. This means that the requirements apply in the event of faults in three, two or a

single phase:

- Area A: The energy storage facility must maintain normal operation without dis-

connecting from the POC and shutting down.

- Area B: Without disconnecting from the POC and shutting down, the energy stor-
age facility must provide maximum voltage support by delivering a controlled
amount of additional reactive current to ensure that the energy storage facility
contributes to voltage stabilisation within the design framework offered by cur-
rent energy storage facility technology, see Figure 13.

- Area C: Energy storage facility disconnection is permitted.

If voltage Upoc reverts to area A after 1.5 seconds during a fault sequence, a subsequent volt-
age dip will be regarded as a new fault situation.

If several successive fault sequences occur within area B, causing a move into area C time-wise,
disconnecting is allowed.

In connection with fault sequences in area B, the energy storage facility must have a control

function capable of controlling the positive sequence of the reactive current as specified in
Figure 14 for DK1 and Figure 16 for DK2, respectively.
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5. Power quality

5.1 Power quality, energy storage facilities categories A, B and T, connected to the distri-
bution system

An energy storage facility must comply with the power quality requirements set out in Europe-

an standards and the requirements in this section. Different standards apply, depending on the

capacity of the energy storage facility.

An energy storage facility must comply with the requirements in this section in both genera-

tion and consumption mode.

5.1.1 Threshold values

All energy storage facilities must comply with the requirements described in sections 5.1.1.1
and 5.1.1.2. In addition, the specific requirements below apply, depending on the capacity of

the energy storage facility.

e [f each energy storage unit in an energy storage facility of up to and including 50 kW
complies with relevant product standards or the DS/EN 61000-3 series, requirements
for rapid voltage changes, flicker and harmonics are considered to be complied with.

e  Energy storage facilities above 50 kW must also comply with the requirements and
threshold values set out in sections 5.1.1.3 to 5.1.1.7. These sections concern, among
other things, flicker, rapid voltage changes and harmonics.

5.1.1.1 DCcontent

An energy storage facility's injection of DC currents in the electricity grid must be limited to a
value below 0.5% of the energy storage facility's rated current.

If the facility is connected through a facility transformer, the requirement is considered to be
complied with.

5.1.1.2 Current imbalance

An energy storage facility’s current imbalance must not exceed 16 A between the three phas-
es.

Energy storage facilities above 11 kW must be balanced three-phase, which means that they
must be designed to deliver the same current on all three phases at the same time.

5.1.1.3 Rapid voltage changes

An energy storage facility cannot cause rapid voltage changes greater than the threshold value
stated in Table 8.

Threshold value

U<33kV | d(%)=4%

U>33kv | d(%)=3%

Table 8  Threshold value for rapid voltage changes as a percentage of Un.
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5.1.1.4 Flicker

An energy storage facility cannot cause flicker contribution higher than the threshold values for

short-term and long-term flicker specified in Table 9.

Short-term flicker (P) Long-term flicker (Pi)

U<1kv 0.35/0.45/0.55* 0.25/0.30/0.40*

U>1kv 0.3 0.2

* Threshold values apply if 4+/2/1 energy storage facilities, respectively, are already connected

in the same substation.

Table 9 Threshold value for short-term and long-term flicker.

5.1.1.5 Harmonics

An energy storage facility cannot emit harmonic currents higher than the threshold values in
Table 10 for the individual harmonics, which are stated as percentages of the facility's rated
current, (In/ln (%)). Threshold values depend on the ratio of SCR between an energy storage
facility’s rated apparent power and the short-circuit power in the energy storage facility's point

of connection.

SCR Odd harmonic order h Even harmonic order h
3 5 7 9 11 13 15 2 4 6 8 10 12
U<1kv | <33 3.4 3.8 2.5 0.5 12 0.7 0.35 0.5 0.5 1.0 0.8 0.6 0.5
>33 3.5 4.1 2.7 0.5 13 0.7 0.37 0.5 0.5 1.0 0.8 0.6 0.5
>66 3.9 5.2 3.4 0.6 1.8 1.0 0.43 0.5 0.5 1.0 0.8 0.6 0.5
2120 | 4.6 7.1 4.6 0.8 2.5 1.5 0.5 0.5 0.5 1.0 0.8 0.6 0.5
2250 | 6.3 11.6 7.3 1.3 4.4 2.7 0.8 0.5 0.5 1.0 0.8 0.6 0.5
>350 | 7.5 15.0 9.5 1.6 5.7 3.7 1.0 0.5 0.5 1.0 0.8 0.6 0.5
U>1kv - 3.4 3.8 2.5 0.5 1.2 0.7 0.35 05 | 05 1.0 0.8 0.6 0.5
Table 10 Threshold values for harmonic currents In/In (% of In).

In addition to the threshold values for the individual harmonics, there are also thresholds for

all harmonics overall. Threshold values for THD; and PWHD; are stated in Table 11.

SCR | THD: | PWHD
U<1kVv | <33 4.4 4.4
>33 | 4.7 4.7
>66 | 6.1 6.1
>120 | 84 8.4
>250 | 13.8 | 13.8
>350 | 18.0 | 18.0
U>1kv - 4.4 4.4
Table 11 Threshold values for THD; and PWHD; in current (% of In).
5.1.1.6 Interharmonics

An energy storage facility must observe the threshold values stated in currents for all inter-

harmonics, as specified in Table 12.
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If harmonics have been measured with grouping activated (see measuring method), there are

no separate requirements for interharmonics, as these are then included in the harmonics.

SCR Frequency (Hz)
75Hz | 125Hz | >175Hz
Us<1ky <33 04 | 06 54
f
>33 0.5 0.7 834
f
>66 0.6 0.8 104,
>120 0.7 1.1 139
f
2250 1.2 1.8 224,
f
>350 1.5 2.3 289
f
U>1kv - 0.44 0.66 83
f
* However, no less than measuring uncer-
tainty.

Table 12 Threshold values for interharmonics in current (% of In).

5.1.1.7 Disturbances in the 2-9 kHz interval

An energy storage facility must comply with the threshold value stated in current in Table 13

for all 200 Hz frequency groups between 2 kHz and 9 kHz.

Threshold value

0.2%

Table 13 Threshold value in current stated as a percentage of I for all frequencies in the 2-9

kHz range.

5.1.2 Division of responsibilities
5.1.2.1 Facility owner's obligations

Generally, the facility owner must ensure that the energy storage facility is designed, con-
structed and configured in compliance with all specified threshold values.

The facility owner must verify compliance with the emission thresholds in the point of connec-

tion.

The facility owner must use the typical three-phase short-circuit power to calculate power

quality, Sk, power quality in the point of connection.

5.1.2.2 The electricity supply undertaking’s obligations

The electricity supply undertaking is responsible for setting emission thresholds in the point of

connection.

The electricity supply undertaking must state the short-circuit level Sk, power quaiity and related

impedance angle Y« in the point of connection.
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5.1.3 Measuring method

Measurements of the various power quality parameters must be carried out in accordance
with the European standard DS/EN 61000-4-30 (class A).

Measurements of harmonic distortion of voltage and current must be carried out as defined in
IEC 61000-4-7 in accordance with the principles (harmonic subgroup) and with the precisions

specified for class I.

Measurements of interharmonic distortion up to 2 kHz must be carried out as defined in

IEC 61000-4-7 Annex A and must be measured as interharmonic groups (interharmonic sub-

group).

Alternatively, it is permitted to measure harmonic distortion up to 2 kHz with grouping activat-
ed (harmonic groups) as specified in IEC 61000-4-7 and with the accuracies specified for class |I.
If harmonic distortion up to 2 kHz is measured with grouping activated, measuring interhar-
monic distortion up to 2 kHz separately is not required.

Measurements of disturbances in the 2-9 kHz range must be carried out in accordance with IEC
61000-4-7 annexe B and must be measured in 200 Hz windows with centre frequencies from
2100 Hz to 8900 Hz.

5.2 Power quality, energy storage facilities categories C, D and T, connected to the distri-
bution system

An energy storage facility cannot cause unacceptable power quality in the electricity grid. To
avoid this, the energy storage facility must comply with the requirements specified in the fol-
lowing sections.

There may be additional requirements for an energy storage facility in special cases where an
energy storage facility may have a significant impact on the public electricity supply grid (the
distribution grid and/or the transmission grid), see section 5.2.2.1.

5.2.1 Threshold values

An energy storage facility must comply with the requirements described in the following sec-
tions.

5.2.1.1 DC content

An energy storage facility cannot inject DC currents into the electricity grid. This requirement is
met if the DC content of the current that the energy storage facility injects into the grid is less
than 0.5% of the rated current of the energy storage facility.

If the facility is connected through a facility transformer, the requirement is expected to be
complied with.

5.2.1.2 Voltage unbalance

An energy storage facility must be balanced three-phase so that the facility does not cause
voltage unbalances.
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5.2.1.3 Rapid voltage changes

An energy storage facility cannot cause rapid voltage changes greater than the threshold value
stated in Table 14.

Threshold value

U>33kv | d(%)=3%

Table 14 Threshold value for rapid voltage changes as a percentage of Un.

5.2.1.4 Flicker

The energy storage facility must comply with the flicker threshold values defined by the elec-

tricity supply undertaking.

5.2.1.5 Harmonics

The energy storage facility must comply with the voltage thresholds for emission of harmonics
defined by the electricity supply undertaking.

5.2.1.6 Interharmonics

The energy storage facility must comply with the voltage thresholds for interharmonics defined
by the electricity supply undertaking.

5.2.1.7 Disturbances in the 2-9 kHz interval

The energy storage facility must comply with the voltage thresholds for distortions in the 2-9
kHz frequency range defined by the electricity supply undertaking.

5.2.2 Division of responsibilities
5.2.2.1 Facility owner's obligations

The facility owner must ensure that the energy storage facility is designed, constructed and
configured in compliance with all specified thresholds.

The facility owner must verify compliance with the emission thresholds in the point of connec-
tion. The facility owner must use the typical three-phase short-circuit power to calculate power
quality, Sk, power quality in the point of connection.

The grid enterprise and transmission company jointly make an assessment of whether an en-
ergy storage facility has a significant impact on the public electricity supply grid. If an energy
storage facility has a significant impact on the public electricity supply grid, the facility owner

must also:
o use frequency-dependent impedance polygons for the calculation of pow-
er quality
o verify that emission thresholds have also been met in the connection
point with the transmission grid, and
o be able to provide an impedance model for the energy storage facility, cf.

section 9 on documentation.
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5.2.2.2 The electricity supply undertaking’s obligations

The electricity supply undertaking is responsible for setting emission thresholds in the point of

connection.

The electricity supply undertaking must state the short-circuit level Sk, power quality and related

impedance angle Y« in the point of connection.

5.2.3 Measuring method

Measurements of the various power quality parameters must be carried out in accordance
with the European standard DS/EN 61000-4-30 (class A).

Measurements of harmonic distortion of voltage and current must be carried out as defined in
IEC 61000-4-7 in accordance with the principles (harmonic subgroup) and with the precisions

specified for class I.

Measurements of interharmonic distortion up to 2 kHz must be carried out as defined in
IEC 61000-4-7 Annex A and must be measured as interharmonic groups (interharmonic sub-

group).

Alternatively, it is permitted to measure harmonic distortion up to 2 kHz with grouping activat-
ed (harmonic groups) as specified in IEC 61000-4-7 and with the accuracies specified for class .
If harmonic distortion up to 2 kHz is measured with grouping activated, measuring interhar-
monic distortion up to 2 kHz separately is not required.

Measurements of disturbances in the 2-9 kHz range must be carried out in accordance with IEC
61000-4-7 annexe B and must be measured in 200 Hz windows with centre frequencies from
2100 Hz to 8900 Hz.

5.3 Power quality, energy storage facilities connected to the transmission system

When connecting an energy storage facility to the transmission system, voltage quality aspects
must be treated similarly to a transmission connection of a Power Park module, cf. Technical
regulation 3.2.7 Requirements for voltage quality for generation facility connections to the
transmission grid, which is available on Energinet’s website www.energinet.dk.
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6. Control
6.1 General requirements

The following requirements apply to category A, B, C and D energy storage facilities.

All control functions mentioned in the following chapters refer to the point of connection.
Currently activated functions and parameter settings are determined by the electricity supply
undertaking within the framework laid down by Energinet Elsystemansvar A/S in this technical

regulation.

In order to ensure security of supply, Energinet Elsystemansvar A/S must be able to activate or
deactivate specified control functions by agreement with the facility owner.

The signs used in all figures below comply with the generator convention.

The table below specifies the minimum control functionality requirements for energy storage
facilities in facility categories A, B, C and D.

Category

Control function A y c P
Frequency response, LFSM-0 (6.2.2.1) X X X X
Frequency response, LFSM-U (Category C and ) i X X
D facilities6.2.2.3)

Frequency control (6.2.3) ** - - X X
Absolute power constraint (6.2.4.1) X X X X
Ramp rate limit (6.2.4.2) X X X X
Q control (6.3.1)* X X X X
Power factor control (6.3.2)* X X X X
Automatic power factor control (6.3.2) * X X - -
Voltage control (6.3.3) ** - - X X
System protection (6.4)*** - - (X) (X)

Bracketed numbers indicate the sections that describe the respective functions.

*) A facility must not perform Q control, power factor control or automatic power factor control except by prior
agreement with the electricity supply undertaking.

**) A facility must not perform frequency control or voltage control without prior specific agreement with the electrici-
ty supply undertaking and Energinet Elsystemansvar A/S.

**%) System protection is not a minimum requirement for grid connection to the public electricity supply grid, but a
requirement which can be imposed on the energy storage facility.

Table 15 Control functions for energy storage facilities.

The purpose of the various control functions is to ensure overall control and monitoring of the
energy storage facility's operation.

The various control functions may be implemented in the individual unit, be combined in a
single energy storage facility controller or a combination thereof, provided there is only one
communication interface as shown in Figure 17.
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This means that if any number of energy storage units are connected to the same POC, so that

the rated power in the POC is the sum of the connected energy storage units, the connected

units must thus function as one energy storage facility.

The sum of the rated power in the POC determines the facility category and thus the require-

ments for connection.

External communication
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storage facility
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Figure 17 Drawing of a facility controller.

All set point changes must be registered with an identification of the party requesting the
change.

All set point changes or orders for operational changes must be time stamped with a maximum

accuracy of 10 milliseconds and refer to UTC.

6.2 Active power and frequency control functions

The following requirements apply to category A, B, C and D energy storage facilities.

An energy storage facility must be equipped with control functions capable of controlling the
active power delivered or absorbed in the point of connection.

Doc. 18/07388-113 Offentlig/Public Go to contents

39/128



It must be possible to specify set points for active power with a resolution of 1% of Pno or Pnior
higher.

Current parameter settings for activated active power control functions are determined by the
electricity supply undertaking in collaboration with Energinet Elsystemansvar A/S before com-

missioning.

In addition to the general requirements in section 6.1, active power control functions must
comply with the requirements outlined in the following sections.

6.2.1 Frequency response, LFSM-U and LFSM-O

In the event of frequency deviations in the public electricity supply grid, the energy storage
facility must contribute to ensuring frequency stability by automatically increasing or reducing
active power at grid frequencies below or above the reference frequencies f1 and f2. This is
referred to as frequency response and is an autonomous function.

Regulation must be commenced no later than 2 seconds after a frequency change is detected
and must be completed within 15 seconds.

To facilitate detection of island operation in the distribution system, facilities connected in the
distribution system cannot commence downward regulation of active power until 500 millisec-
onds have elapsed.

Frequency measurements must be carried out with 10 mHz accuracy or higher. Control func-
tion sensitivity must be 10 mHz or less (frequency response insensitivity). The setting for the
frequency response function's corner frequencies and droop is determined by Energinet
Elsystemansvar A/S.

6.2.1.1 LFSM-U and LFSM-O

It must be possible to set the frequency response function's frequency points (corner frequen-
cies), indicated in Table 16 for DK1 and Table 17 for DK2, respectively, to any value in the
47.50-51.50 Hz range with a resolution of maximum 10 mHz.

It must be possible to set the droop for both downward and upward regulation to any value in
the 2% to 12% of Pn range and to effect this with an inaccuracy of maximum £10 % of P.

In this context, droop is the change in active power as a function of the grid frequency. Droop
is stated as a percentage of Pno and P, respectively, for the energy storage facility.

Droop for control between the various frequency points is shown in Figure 18 and Figure 19 for
energy storage facilities which can only absorb power from the grid and energy storage facili-
ties which can absorb power from and deliver power to the grid, respectively.

6.2.1.2 Power flow to energy storage facilities

Pcurrent is a fictitious point illustrating a set point between Pnand Pro.
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Figure 18 Frequency response for an energy storage facility which can only absorb power from
the public electricity supply grid. The figure illustrates functions and responses, but
values other than frequency-related values are fictitious.

If frequency increases to above f2 (LFSM-0), the droop must be followed, i.e. power flow from
the grid increases as frequency increases. If frequency is subsequently stabilised and decreas-
es, the droop must still be followed until system frequency is once again below frequency fa.

If frequency decreases to below f1 (LFSM-U), the droop must be followed, i.e. power flow from
the grid is reduced as frequency decreases. If frequency is subsequently stabilised and increas-
es, the droop must still be followed until system frequency is once again above frequency f1.

6.2.1.3 Power flow to and from energy storage facilities

Peurrent is a fictitious point illustrating a set point between Pnand Pro.
Pno is the energy storage facility's rated power absorbed from the grid.
Pniis the energy storage facility's rated power delivered to the grid.
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Figure 19 Frequency response from an energy storage facility which can deliver to and absorb
power from the public electricity supply grid. The figure illustrates functions and re-
sponses, but values other than frequency-related values are fictitious.
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If frequency increases to above f2 (LFSM-0), the droop must be followed, i.e. absorption of
active power increases as frequency increases. If frequency is subsequently stabilised and de-
creases, the droop must still be followed until system frequency is once again below frequency
fa.

If frequency decreases to below f1 (LFSM-U), the droop must be followed, i.e. delivery of active
power increases as frequency decreases. If frequency is subsequently stabilised and increases,

the droop must still be followed until system frequency is once again above frequency f1.

6.2.2 Frequency settings and frequency response

Requirements for standard frequency settings are shown below in Table 16 and Table 17.

fmin fmax fo f1 f2

Hz 47.50 [ 51.50 | 50.00 | 45.80 | 50.20

Table 16 Standard frequency response settings for DK1.

fmin fmax fo f1 f2

Hz 47.50 | 51.50 | 50.00 | 49.50 | 50.50

Table 17 Standard frequency response settings for DK2.

Requirements for droop settings (% of Pn) in DK1 and DK2, respectively, are specified in Table
18.

Synchronous area Droop [%]

DK1 5

DK2 4

Table 18 Droop settings in DK1 and DK2, respectively.

6.2.2.1 LFSM-O, categories A, B, Cand D

For category A, B, C and D energy storage facilities, an overfrequency frequency response is
required, cf. Figure 18 or Figure 19 and with the frequency settings shown in Table 16 or Table
17 as well as Table 18.

6.2.2.2 LFSM-U, categories A and B

For categories A and B energy storage facilities, there are no requirements for underfrequency
frequency response, LFSM-U.

6.2.2.3 Category C and D facilities

For category C and D energy storage facilities, the underfrequency frequency response func-
tionality is required, LFSM-U, cf. Figure 18 or Figure 19 and with the frequency settings shown
in Table 16 or Table 17 as well as Table 18.

6.2.3 Frequency control (FSM)

In case of frequency deviations in the public electricity supply grid, the energy storage facility
must have control functions that can provide frequency control to stabilise grid frequency
(50.00 Hz).
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The purpose of the frequency control function is to control active power at grid frequencies

between f1 and f2 as shown in Figure 20.

Frequency measurement must be carried out with a £ 10 mHz accuracy or higher, meas-

ured/calculated over 1 second.

The accuracy of a completed frequency control regulation, including set point accuracy, may
not deviate by more than 5% of the set point value or +0.5% of rated power, depending which
of these yields the most stringent tolerances. Regulation must be done without delay and take
no more than one second.

It must be possible to set the frequency control function so that it is possible to set any fre-
guency point in Figure 20 between the frequencies fmin and fmax (47.50-51.50 Hz range) with a
maximum 10 mHz resolution.

Regulation droop for DK1 is shown in Figure 20.

In this context, droop is the change in active power as a function of the grid frequency. Droop
is stated as a percentage of the energy storage facility's rated power.

Figure 20 illustrates the location of the various parameters and thresholds for the frequency
control function in DK1.

Active power Frequency control band!
—p
t Frequency response to \ (FSM) | Frequency response to
underfrequency (LFSM-U) " , overfrequency (LFSM-O)
L : ! : N : | : >
!‘ : . : . ' ‘ h H |
M . B . e e ' . .
P ! : : : : [
Pdeliver ' DI‘OOp 1 E \fo I
I A N B 5/\; ........... ]
Pcurrent _i_ - - . o - \

Pabsorb L/ [

} >
51.00 5150
Frequency [Hz]

L) J ) l
47.50 48.00 49.00 50.00 |
f1 f2
Figure 20 FSM band and frequency response for DK1. The figure illustrates functions and re-

sponses, but values other than frequency-related values are fictitious.

It must be possible to enable the frequency control function in the fmin to fmaxrange.

Standard frequency control settings — DK1 (FCR)

fmin fmax fO fl fz

Hz 47.50 51.50 50.00 49.80 50.20

Table 19 Standard frequency control settings — DK1
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Figure 21 illustrates the location of FCR-N regulation and thresholds for the frequency control

function for DK2.
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Figure 21 FSM band, FCR-N and frequency response for DK2. The figure illustrates functions

and responses, but values other than frequency-related values are fictitious.

Standard frequency control settings — DK2 (FCR-N)

fm

in

fmax

fo

fa

fs

Hz 47.50

51.50

50.00

49.90

50.10

Table 20 Standard FCR-N frequency control settings for DK2

Figure 22 illustrates the location of FCR-D regulation and thresholds for the frequency control

function for DK2.
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Figure 22 FSM band, FCR-D and frequency response for DK2. The figure illustrates functions

and responses, but values other than frequency-related values are fictitious.

Doc. 18/07388-113

Offentlig/Public

Go to contents

44/128



45/128

Standard frequency control settings — DK2 (FCR-D)

fmm fmax fO fl fz f4 f5

Hz 47.50 51.50 50.00 49.50 50.50 49.90 50.10

Table 21 Standard frequency control settings for DK2

6.2.3.1 FSM, categories A and B

There are no requirements for frequency control function for categories A and B energy stor-
age facilities.

6.2.3.2 FSM, categories Cand D

For category C and D energy storage facilities, frequency control function with functionality is
required.

Activation of the functionality is not required to obtain grid connection.

Frequency control using a new parameter set must be possible no later than 10 seconds from
receipt of an order to change the parameter.

6.2.4 Limiter functions — active power control

An energy storage facility must be equipped with control functions (limiter functions) to con-
trol active power to ensure stable operation based on a selected operating point.

Examples of the use of these control functions include load control based on a power schedule
and secondary control based on centrally commanded control (FRR-a, FRR-m).

Control using a new parameter for the limiter functions must be commenced within 2 seconds

and completed no later than 10 seconds after receipt of an order to change the parameter.

It must be possible to specify set points for active power with a resolution of minimum 1% of
Pnrand Pno or higher.

Accuracy of the control performed and of the set point must not deviate by more than +5% of
the set point value or £0.5% of rated power, depending which yields the highest tolerance.

Required limiter functions are specified in the following sections.

6.2.4.1 Absolute power constraint (part load)

An absolute power constraint is used to limit active power absorbed by or delivered to an en-
ergy storage facility to a set point-defined maximum power limit in the point of connection.

An absolute power constraint is typically used to protect the public electricity supply grid
against overload in critical situations, or to restrict the maximum active power absorbed or
delivered by the energy storage facility as a result of legislation.

6.2.4.1.1 Absolute power constraint, categories A, B, Cand D

For category Al, A2, B, C and D energy storage facilities, the absolute power constraint limiter
function is required.
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The limiter function must, as a minimum, be set to ensure that the facility never exceeds its

rated power.

6.2.4.2 Ramp rate constraint (load ramp rate — ramp function)

Ramp rate constraint is used to limit the maximum speed by which active power can be

changed in the event of changes in power or in the set points of an energy storage facility.

6.2.4.2.1 Ramp rate constraint, categories A, B, Cand D

For category A, B, C and D energy storage facilities, the ramp rate gradient limiter function is

required.

The limiter function must be usable for both upward and downward regulation of active power

and possible to set to any value within the following parameters.

Upward regulation: Min. 1% Pn/min.

Upward regulation: Max. 20% of Pn, however, not exceeding 60 MW/min.
Downward regulation: Min. 1% Pn/min.

Downward regulation: Max. 20% of Pn, however, not exceeding 60 MW/min.

Requirements for minimum and maximum gradients for active power changes apply, if other
stipulations do not provide relevant gradients, including ancillary services, energy markets, etc.

6.3  Reactive power and voltage control functions

An energy storage facility must be equipped with reactive power and voltage control functions
capable of controlling reactive power in the point of connection and controlling voltage in the

voltage reference point, respectively, via activation orders containing set points for the speci-

fied parameters.

The control functions Q control, power factor control and voltage control are mutually exclu-
sive, which means that only one of the three functions can be activated at a time.

Before commissioning, relevant control functions and settings for these must be determined
by the electricity supply undertaking.

In addition to fulfilling the general requirements stated in section 6.1, reactive power and volt-
age control functions must comply with the requirements outlined in the following sections.

The table below shows the minimum functionality requirements for reactive power control in
the various facility categories.
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Catego
Control function = A B ¢ P
Qcontrol (6.3.1)* X X X X
Power factor control (6.3.2)* X X X X
Voltage control (6.3.3) ** - - X X
Automatic power factor control N N _ ]
(6.3.4)

Bracketed numbers indicate the sections that describe the respective functions.

*) By default, a facility must be configured with Q control and a set point of 0 VAr. Any other methods of reactive

power control must be agreed with the electricity supply undertaking.

* *) Afacility is not allowed to carry out voltage control without a special agreement with the electricity supply under-

taking and Energinet Elsystemansvar A/S.

Table 22  Reactive power control functions.

6.3.1 Qcontrol

The Q control function controls reactive power independently of grid voltage and active power

in the point of connection. This control function is shown as a horizontal line in Figure 23.

Reactive power

4 QI[VAr]

Operating point ‘t

Constant reactive power

Quadrant 1
Q control set point
Positive sign

Q export
P export

-

Figure 23 Reactive power control functions for an energy storage facility.
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Any change to the Q control set point must be commenced within 2 seconds and completed no

later than 10 seconds after receipt of an order to change the set point.

For the control function, the accuracy of a completed or continuous control operation, includ-
ing the accuracy at the set point, must not deviate by more than 1% of Qn over a period of 1

minute.

It must be possible to specify set points for reactive power with a resolution of minimum 1% of
Qniand Qo or higher.

6.3.1.1 Qcontrol, categories A, B, Cand D

Energy storage facilities in categories A, B, C and D must have the Q-control function.

6.3.2 Power factor control

The power factor control function controls reactive power proportionately (determined by the
droop) to active power in the point of connection, which is illustrated by a line with a constant
gradient in Figure 24.

Reactive power

A QIVAr Quadrant 1
Power factor set point

Negative sign
T Capacitive
~. Lagging
N Q export
AN P export

Power factor control -
constant cos ¢

[
»

Active power
P[w]

Quadrant 4
s Power factor set point
s Positive sign

. Inductive
Pt Leading
-------- Q import
P export

Figure 24 Power factor control (PF) for an energy storage facility.
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The energy storage facility must be able to receive a power factor set point with a resolution of

maximum 0.01.

Any change to the power factor set point must be commenced within 2 seconds and complet-

ed no later than 10 seconds after receipt of an order to change the set point.

For the control function, the accuracy of a completed or continuous control operation, includ-
ing accuracy at the set point, must not deviate by more than 1% of the power factor set point
over a period of 0.01 minute. The energy storage facility must be able to set a power factor set
point with a resolution of 0.01.

6.3.2.1 Power factor control, categories A, B, Cand D

Category A, B, C and D energy storage facilities must have the power factor control function.

6.3.3 Voltage control

A facility is not allowed to carry out voltage control without specific agreement with the elec-
tricity supply undertaking and Energinet Elsystemansvar A/S.

Automatic voltage control (AVR) is a control function that automatically controls voltage in the
voltage reference point. The voltage control setting range must lie within the minimum to
maximum voltage range stated in Table 3, with an accuracy of maximum 0.5% or higher of
rated voltage.

Any change to the voltage set point must be commenced within 2 seconds and completed no
later than 10 seconds after receipt of an order to change the set point.

For the control function, the accuracy of a completed control operation, including the accuracy
at the set point, must not deviate by more than 0.5% of Uc over a period of 1 minute.

It must be possible to set the droop for voltage control to a value in the 2-12% range. The spe-
cific droop setting must be agreed between the facility owner and the electricity supply under-
taking.

The standard setting value is 4%.

An illustration of the voltage control concept is shown in Figure 25.
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Reactive power
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Figure 25 Voltage control for an energy storage facility.

6.3.3.1 Voltage control, categories A and B

For category A and B energy storage facilities, the voltage control function is not required.

6.3.3.2 Voltage control, categories C and D

Category C and D energy storage facilities must have the voltage control function.

6.3.4 Automatic power factor control

The automatic power factor control function automatically activates/deactivates power factor
control at defined voltage levels in the voltage reference point. The principle of automatic
power factor control is illustrated in Figure 26.
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Figure 26 Automatic power factor control for an energy storage facility.

The default setting for automatic power factor control (PF) is given by the following three sup-
port points with linear interpolation between them:

1: P/P,=0.0, PF = 1.00
2:P/Pn=0.5, PF=1.00
3:P/Pn=1.0,PF=0.90

The activation level for the function is normally 105% of rated voltage, and the deactivation
level is normally 100% of rated voltage. The activation/deactivation level must be adjustable
via set points.

As a starting point, the function must be deactivated and must be activated only by agreement
with the electricity supply undertaking.

6.3.4.1 Automatic power factor control, categories A and B

Category A and B energy storage facilities must have the automatic power factor control func-
tion.

6.3.4.2 Automatic power factor control, categories C and D

For category C and D energy storage facilities, the automatic power factor control function is
not required.

6.3.5 Requirements for reactive power properties of the facility in relation to P,

In addition to complying with the general requirements in section 6.1 and the requirements for
normal operating conditions in section 4.4, an energy storage facility must, as a minimum, be
equipped with the control functions specified in Table 22.

The energy storage facility must be designed so that the operating point can always be ordered
to lie within the hatched functional area in the relevant figures for the different facility catego-

ries.

In addition to complying with the general requirements in section 6.1 and the requirements for
normal operating conditions in section 4.3, an energy storage facility must, by default, follow a
power factor of 1.00, unless otherwise agreed with the electricity supply undertaking.
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6.3.5.1 Reactive power, categories A and B connected at low voltages

The energy storage facility must be designed so that its operating point can be ordered to lie
within the defined functional area shown in Figure 27 at any time for facilities connected at
low voltages. There are no precision and accuracy requirements when apparent power is less
than 10% of rated power.

When the energy storage facility is disconnected or not delivering or absorbing active power,

no compensation is required for reactive power from the facility infrastructure.

P/Sq Design freedom

|:| Required capability

| Reduced accuracy
allowed during low

generation

iPF=-0.9

4th quadrant
Positive sign for
power factor

1st quadrant
MNegative sign for
power factor

Inductivefleading

Capacitive/lagging

Q import
P export

Q export
P export

1 . OJ,PH

Figure 27 Requirements for delivery of reactive power at work points below Pp for category A
and B energy storage facilities connected at low voltages.

Reactive power must be deliverable in the voltage range shown in the below Figure 28 at rated
active power (Pni) for low-voltage connected category A and B energy storage facilities.

|:| Required capability

|:| Allowed to reduce apparent power (1=1,=
constant) because of technical limitations

Q/Pa = [(U/Ux)/0.9F —1

uju,
'y

0.484

Q impart
Underexcited

Q export
Overexcited

Figure 28 Requirements for delivery of reactive power at Pn as a function of voltage in the POC
for category A and B energy storage facilities connected at low voltages.
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6.3.5.2 Reactive power, category B

The energy storage facility must be designed so that its operating point can be ordered to lie
within the defined functional area shown in Figure 29 at any time. There are no precision and

accuracy requirements when apparent power is less than 10% of rated power.

When the energy storage facility is disconnected or not delivering or absorbing active power,

no compensation is required for reactive power from the facility infrastructure.

I:l Required capability

A F/Pn
Reduced accuracy allowed
PF = 0.95 PF = -0.95 during low generation
. MV,
[
1
4th quadrant 1st quadrant
Positive sign for Negative sign for
power factor power factor
Inductive/leading Capacitive/lagging
Q import Q export
P export P export

h QJ'Pn

Figure 29 Requirements for delivery of reactive power at work points below Py for category B

energy storage facilities connected at medium voltages.

Reactive power must be deliverable in the voltage range shown in Figure 30 at rated active

power (Pn) for category B energy storage facilities .

Ui-'t :l Required capability
1.10 I:I Allowed to reduce active power to deliver
reactive power because of technical limitations.

o P,
0.329 0.329 Q/P,
_______ _0.96
___________ 0.95 T
0.90
Q import Q export
Underexcited 5.5 Overexcited

Figure 30 Requirements for delivery of reactive power at Pn as a function of voltage in the POC

for category B energy storage facilities.
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6.3.5.3 Reactive power, category C

The energy storage facility must be designed so that its operating point can be ordered to lie
within the defined functional area shown in Figure 31 at any time. There are no precision and

accuracy requirements when apparent power is less than 10% of rated power.

Control form and settings must be agreed with the electricity supply undertaking.

The facility owner must compensate for the reactive power of the internal grid infrastructure
in situations where the energy storage facility is disconnected or is not absorbing or delivering
active power. Compensation may take place in the electricity system by agreement with the

electricity supply undertaking.

A P/P, |:| Required capability
PF=0.95 . PF=-0.85 | Reduced accuracy allowed
") s i i
. ° during low generation
ath quadrant 1st quadrant
Positive sign for Megative sign for
power factor power factor
Inductive/leading Capacitive/lagging
Q import 0 export
P export P export
-. QJ'PH

Figure 31 Requirements for delivery of reactive power at operating points below Pn for
category C energy storage facilities.

When the energy storage facility absorbs active power from the public electricity supply grid,
the energy storage facility must follow a power factor of 1. At rated active power (Pn), reactive
power must be deliverable in the voltage range indicated in Figure 32.

Ui-'c l:l Required capability
1.10 I:I Allowed to reduce active power to deliver
reactive power because of technical limitations.

o P,
0.329 0.329 Q/P,
_______ _0.96
___________ 0.95 T
0.90
Q import Q export
Underexcited oss Overexcited

Figure 32 Requirements for delivery of reactive power at P as a function of voltage in the POC
for category C energy storage facilities.
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6.3.5.4 Reactive power, category D

The energy storage facility must be designed so that its operating point can be ordered to lie
within the defined functional area shown in Figure 33 at any time. There are no precision and
accuracy requirements when apparent power is less than 10% of rated power.

Control form and settings must be agreed with the electricity supply undertaking.

The facility owner must compensate for the reactive power of the internal grid infrastructure
in situations where the energy storage facility is disconnected or is not absorbing or delivering
active power. Compensation may take place in the electricity system by agreement with the

electricity supply undertaking.

A P/P, I:l Required capability
PF =0.95 PE = -0.95 Reduced accuracy allowed

‘n' 1 I'4 during low production
ath quadrant 1st quadrant
Positive sign for Megative sign for
power factor power factor
Inductive/leading Capacitive/lagging
Q import 0.2 Q export
P export P export

F quPn
-0.329 0.329

Figure 33 Requirements for delivery of reactive power at operating points below P for
category D energy storage facilities .

When the energy storage facility absorbs active power from the public electricity supply grid,
the energy storage facility must follow a power factor of 1. At rated active power (Pnl), reactive
power must be deliverable in the voltage range indicated in Figure 34.

ufu, Required bili
Y :l equired capability

1.10 I:I Allowed to reduce active power to deliver
reactive power because of technical limitations.
o oL
1.04 ==
o
>
afp,
0.329 0.329
———————— —0.96
RS foss T
0.90
Q import Q export
Underexcited .85 Overexcited

Figure 34 Requirements for delivery of reactive power at Pn as a function of voltage in the POC
for category C energy storage facilities.
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6.3.5.5 Reactive power, category D*

The energy storage facility must be designed so that its operating point can be ordered to lie

within the hatched area shown in Figure 35 at any time.

Control form and settings must be agreed with the electricity supply undertaking.

The facility owner must compensate for the reactive power of the internal grid infrastructure

in situations where the energy storage facility is disconnected or is not absorbing or delivering

active power. Compensation may take place in the electricity system by agreement with the

electricity supply undertaking.

4 Q/Pn

o1 0.4

©Q/Pn

PF =

£033 .
10.95

B S s S g

R R s e P

PIPn

- 1.0 -0.9 -08 -07 - -06 -05 -04 -03 -02 -01 021

6 07 08 09 1.0

-033 |
0.95

Figure 35 Requirements for delivery of reactive power at operating points below Pn and Pno for

category D energy storage facilities connected in the transmission system.

At rated active power, reactive power must be deliverable in the voltage range indicated in

Figure 36.

Doc. 18/07388-113 Offentlig/Public

Go to contents

56/128



Upoc
F
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA uc+1o%__
; L Ug+a% -
................ Uc B U SUUTUUOT ST
R
o . : e Ueb% 4 - o] R
ﬁ [
; |- § ; g
4444444444444444 :UC'1°% - |
: e 0
. (. : « [l :
JE S S S |l o e ol i e ok — L s iy gl o —
i l [ L1 1 1 1 [ L] 1 1 1 >
T T T il T T T T ™ T T T »
0.6 -04 | -0.2 ol 0.2 I o4 0.6 Q/Pn
Q/Pn=-0.33 Q/Pn=0.33
PF =0.95 PF =0.95

Figure 36 Requirements for delivery of reactive power at Pn and Pno as a function of voltage in
the POC for category D energy storage facilities connected in the transmission
system.

6.4  System protection

System protection is not a minimum requirement for grid connection to the public electricity
supply grid, but a requirement that may be imposed on a facility by Energinet Elsystemansvar
A/S, depending on the location of the point of connection in the public electricity supply grid

and/or the size of an energy storage facility.

System protection is an auxiliary function for maintaining system security and security of sup-
ply and is therefore not a normal operation control function.

System protection is a facility functionality, which, based on an order received from Energinet
Elsystemansvar A/S or an autonomous signal from one or more relays installed in the public
electricity supply grid, must be able to very quickly adjust an energy storage facility’s active
power to one or more predefined set points. Active power is both Pgeiiver and Pabsorb.

6.4.1 System protection, categories Aand B

There are no system protection requirements for category A and B energy storage facilities.

6.4.2 System protection, categories Cand D

Category C and D energy storage facilities must be equipped with system protection which can
adjust active power delivered from the energy storage facility to one or more predefined set
points. These set points are determined by the electricity supply undertaking upon commis-
sioning.
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The energy storage facility must have minimum five different configurable control range op-

tions. The following control ranges are recommended as default values:

Up to 70% of rated power
Up to 50% of rated power
Up to 40% of rated power
Up to 10% of rated power
Up to 0% of rated power, which means that the energy storage facility has been

uA W oe

stopped, but not disconnected from the grid.

For this control function, the accuracy of a completed or continuous control operation, includ-
ing the accuracy at the set point, must not deviate by more than 1% of the power factor set

point over a period of 1 minute.

6.5  Order of priority for control functions and protection

The following requirements apply to energy storage facilities in categories A, B, Cand D as well

asT.

The individual control and protective functions for an energy storage facility must be ranked in
order of priority. Section 6.5 does not specify requirements relating to the function or protec-

tion, but only to the mutual prioritisation.

All functions are not necessarily represented in all facility categories. The priority 1 function

takes precedence over priority 2, etc.
The order of priority is as follows:
Protective functions, see section 7

Frequency response, see section 6.2.1
Frequency control, see section 6.2.3

AW~

Limiter functions, see section 6.2.4.
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7. Protection

7.1 Introduction

The purpose of an energy storage facility's protective functions is to protect the energy storage

facility and to ensure a stable public electricity supply grid.

The facility owner is responsible for ensuring that the energy storage facility is dimensioned

and equipped with the necessary protective functions so that the energy storage facility:

- is protected against damage due to faults and incidents in the public electricity
supply grid

- is protected against disconnections in non-critical situations for the energy stor-
age facility

- protects the public electricity supply grid to the widest possible extent against
unwanted impacts from the energy storage facility.

The electricity supply undertaking or Energinet Elsystemansvar A/S may demand that the set-
tings for protective functions be changed following commissioning if this is found to be of im-
portance to the operation of the public electricity supply grid.

However, such change must not result in the energy storage facility being exposed to impacts
from the public electricity supply grid outside of the design requirements specified in section 3.

After an energy storage facility has been disconnected due to a fault in the public electricity
supply grid, the energy storage facility must be automatically reconnected no earlier than
three minutes after voltage and frequency are once again within the normal operating ranges
stated in section 4.3.

An energy storage facility which has been disconnected by an external signal prior to a fault
occurring in the public electricity supply grid must not be reconnected until the external signal
is no longer active, and voltage and frequency are once again within the normal operating
ranges stated in section 4.3.

At the facility owner's request, the electricity supply undertaking must state the highest and
lowest short-circuit currents that can be expected in the point of connection as well as any
other information about the public electricity supply grid necessary to set the energy storage
facility's protective functions.

In addition to relay protection, protection must be established specifically aimed at internal
faults in the energy storage facility or installation, including short-circuits, etc. Such protection
must not trip the energy storage facility in case of short-circuits or grid rerouting.

In case of internal faults in the energy storage facility, protection must be selective with the

grid protection, meaning that, for example, short circuits in the energy storage facility must be
cut out within 100 milliseconds.
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7.2 Protective setting requirements

The energy storage facility's protective functions and associated settings must match the re-
quirements specified in the following subsections. Settings deviating from the required settings
in the event of, for example, problems with local overvoltage may only be used with the elec-

tricity supply undertaking's permission.

All settings are stated as root-mean-square (RMS) values. The energy storage facility must be

disconnected if a measuring signal deviates more from its nominal value than the setting.

The trip time stated is the measuring period during which the trip condition must constantly be

met before the protective function can release a trip signal.

The use of vector jump relays as protection against island operation/loss of mains is not al-
lowed.

It is assumed that the rated voltage of the energy storage facility is determined on the low-
voltage side of the facility transformer. For three-winding transformers, this is the rated volt-
age of the low-voltage winding to which the energy storage facility is connected.

If voltage is measured on the high-voltage side, the setting value must be determined by con-
verting rated voltage on the low-voltage side to the high-voltage side of the facility transform-
er.

Voltage and frequency must be measured for all three phases as line-to-line voltage in multi-
phase facilities. Alternatively, if the measuring point is located on the low-voltage side of the
facility transformer, voltage can be measured between the three phases and ground. Frequen-
cy must be measured simultaneously on all three phases.

For single-phase connections, voltage is measured between phase and zero. Frequency is
measured on the phase used.

7.2.1 Protective functions, category A

Protective functions with associated operating settings and trip time must match the values in
the table below.
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Recom-
Protective function Symbol | Setting Trip time mended
value
Overvoltage (step 2) Uss 1.15- Un vV 200 ms 200 ms
Overvoltage (step 1) Us 1.10 - Un \Y 60 s 60 s
Undervoltage (step 1) U< 0.85 - Un vV 10-60 s 50s
50 -
Undervoltage (step 2) * | U« 0.80 - Un \Y ms 200 ms
1500
Overfrequency fs 51.5 Hz 200 ms 200 ms
Underfrequency f< 47.5 Hz 200 ms 200 ms
Frequency change* df/dt 2.5 Hz/s | 80 ms 80 ms

*) One of the specified functions must be implemented.

Table 23 Requirements for category A energy storage facilities.

7.2.2 Protective functions, category B

Protective functions with associated operating settings and trip time must match the values in

the table below.

Recom-
Protective function Symbol | Setting Trip time mended

value
Overvoltage (step 2) Us> 1.15 - Un Y 200 ms 200 ms
Overvoltage (step 1) Us 1.10 - Un vV 60 s 60 s
Undervoltage (step 1) *) | U« 0.90 - Un \Y 10-60 s 60 s
Overfrequency fs 51.5 Hz 200 ms 200 ms
Underfrequency f< 47.5 Hz 200 ms 200 ms
Frequency change df/dt 2.5 Hz/s | 80 ms 80 ms

*) The value is 0.85 for low-voltage connections

Table 24  Requirements for category B energy storage facilities.

7.2.3 Protective functions, category Cand D

Protective functions with associated operating settings and trip time must match the values in

the table below.
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Recom-
Protective function Symbol | Setting Trip time mended

value
Overvoltage (step 3) Usss 1.20 - Un vV 100 ms 100 ms

100...20

Overvoltage (step 2) Us> 1.15 - Un \Y 0 ms 200 ms
Overvoltage (step 1) Us 1.10 - Un \Y 60 s 60 s
Undervoltage (step 1) U< 0.90 - Un vV 10-60 s 60 s
Overfrequency fs 51.5 Hz 200 ms 200 ms
Underfrequency f< 47.5 Hz 200 ms 200 ms
Frequency change df/dt 2.5 Hz/s | 200 ms 80 ms

Table 25 Requirements for category C and D energy storage facilities.

It must be ensured that the energy storage facility fulfils the requirements specified in section
7, and that protection does not prevent the energy storage facility from complying with the
additional requirements in this regulation.

The set relay settings that are important to the operation of the public electricity supply grid
must be approved by Energinet Elsystemansvar A/S and the electricity supply undertaking in
whose grid the energy storage facility is connected.

7.2.4 Protective functions, transmission system connections

For category D energy storage facilities connected to the transmission system, the facility own-
er is responsible for ensuring that stability and selectivity studies are carried out with the aim
of determining the facility unit's protective functions.

The purpose of these studies is to ensure that the energy storage facility fulfils the require-
ments specified in section 7, and that protection does not prevent the energy storage facility
from complying with the additional requirements of this regulation.

The set relay settings that are important to the operation of the public electricity supply grid
must be approved by Energinet Elsystemansvar A/S and the electricity supply undertaking in
whose grid the energy storage facility is connected.
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8. Exchange of signals and data communication

In the interests of operation of the public electricity supply grid, the energy storage facility’s
communication interface must be prepared for signal exchanges between the facility operator

and the electricity supply undertaking in line with this regulation.

In connection with the harmonisation of facility categories A-D, category B has been divided
into B1 and B2, respectively. This division of category B only applies to setting the extent of the
exchange of signals and data communication.

8.1 Measurement requirements

Specific requirements for installed measuring equipment and measuring accuracy that must be
in place for an energy storage facility to be connected to the public electricity supply grid are
specified in the following regulations:

Regulation D1 'Settlement metering' [10]

2. Regulation D2 'Technical requirements for electricity metering' [11]
National implementing measure, information exchange: Requirement document no. 1
- generation and demand (awaiting approval by the Danish Utility Regulator) [7].

Compliance with the above regulations must be verified by the meter operator as part of the
checks and tests that form the basis for a final approval of the grid connection.

The latest version of the applicable regulations can be found on Energinet's website,

www.energinet.dk.

8.2 Data communication

For an energy storage facility, information exchange must, as a minimum, be implemented
using a protocol stack as specified in the IEC 61850 series [3]. The protocol stack must be con-
figured so that the energy storage facility, as a minimum, can communicate with two master

units (masters) in a master/slave configuration.

Data communication with the energy storage facility must be available to the electricity supply
undertaking in the energy storage facility's communication interface referred to as PCOM, as
illustrated in Figure 3 or Figure 4.

Information, measuring signals and activation options specified in this section must be estab-
lished and must be available to the respective market participants as indicated for the individ-
ual facility sizes in the following sections.

Activation of individual functions in energy storage facilities and configuration of the specific
parameters must comply with the requirements stated in the National implementing measure,
information exchange: Requirement document no. 1 - generation and demand (awaiting ap-
proval by the Danish Utility Regulator) [7].
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Specific requirements for the extent of information and signals are stated in Table 26 for each

energy storage facility category.
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A | B1 | B2 | C | D | Generic signal designation

X | X X Stop signal

X | X X Hold signal

x | x | x | Grid connection switch / switch gear status in the facility’s point of connection

(x) | x | x | Energy storage circuit breaker/switch gear status in the energy storage facility’s point of con-
nection
(The electricity supply undertaking decides whether they want this signal for B2 facilities)

X | x | x | Active power kW —measured in the point of connection

X | x | Scheduled active power (shows current set point)

x | Possible active power control properties

X | Possible reactive power control properties

x
>
x

Active power control - absolute constraint

x
>
x

Active power control — requisite maximum active power

Active power control - current measured in point of connection

Reactive power control - MVAr measured in point of connection

Reactive power control — activated/deactivated

Reactive power control - requisite MVAr in point of connection

Power factor control - cos (phi) measured in point of connection

Power factor control - activated/deactivated

X | X [ X | X | X | X]| X

Power factor control - requisite cos (phi) in point of connection

Voltage measured in point of connection

Voltage control — activated/deactivated

Droop for voltage control

Requisite voltage in voltage reference point

System protection

X [ X | X | X[ X | X | X|[X]|X|[X|[X]|X]|X
X [ X | X | X[ X | X | X|[X]|X|[X|[X]|X]|X

System protection

Table 26 Requirements for information exchange with an energy storage facility.

8.2.1 Information exchange, category A and B1

Online communication is not required for category A and B1 energy storage facilities.

Category A and B1 energy storage facilities must have the capability to receive external signals
for 'Stop' of generation and 'Released for start'.

The energy storage facility may restart generation when stipulations for normal operating
conditions specified in section 4.3 have been met, and the 'Released for start' signal has been

received.

Signal exchange must be accessible via a terminal strip or in the PCOM-interface and must, as a
minimum, include signals for categories A and B1, see Table 26.

8.2.2 Information exchange, categories B2, Cand D

Online communication is required for category B2, C and D energy storage facilities.
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It must be possible to obtain correct measurements and maintain data communication in all
situations, including when the facility is shut down and the grid is dead. Local back-up supply
must as a minimum ensure logging of relevant measurements and data and ensure controlled
shutdown of the facility's control and monitoring system. Logging in connection with a shut-

down must be performed per minute.

All measurements and data relevant to recording and analysis must be logged with time
stamps and an accuracy that ensures that such measurements and data can be correlated with
each other and with similar recordings in the public electricity supply grid. Time stamping must
refer to UTC with a 10 millisecond resolution and +1 millisecond accuracy or higher.

Signal exchange must be accessible in the PCOM interface and must, as a minimum, include
signals for categories C and D, see Table 26.

8.3  Faultincident recording

Requirements for recording fault incidents in the public electricity supply grid are specified
below.

Recording must be performed using electronic equipment that can be configured, as a mini-
mum, to log relevant incidents for the signals below in the point of connection in case of faults
in the public electricity supply grid.

In the point of connection, the facility owner must install logging equipment capable of record-
ing at least:

- Voltage for each phase of the energy storage facility

- Current for each phase of the energy storage facility

- Active power of the energy storage facility (can be computed values)

- Reactive power of the energy storage facility (can be computed values)
- Frequency of the energy storage facility (can be computed values).

Logging must be performed as correlated time series of measuring values from 10 seconds
before an incident until 60 seconds after the time of an incident.

Minimum sample frequency for all fault logs must be 1 kHz.

The specific settings for incident-based logging must be agreed with Energinet Elsystemansvar
A/S upon commissioning of the energy storage facility.

All measurements and data (metered data) to be collected in accordance with National imple-
menting measure, information exchange: Requirement document no. 1 - generation and de-
mand (awaiting approval of the Danish Utility Regulator) must be logged with time stamps and
an accuracy that ensures that that these can be correlated with each other and with similar
recordings in the public electricity supply grid. Time stamping of incidents and data must refer
to UTC with a 10 millisecond accuracy or higher.

Logs must be filed for at least three months from the time of the fault situation. However, the
maximum number of incidents to be recorded is 100.

Doc. 18/07388-113 Offentlig/Public Go to contents



66/128

Upon request, the electricity supply undertaking must be granted access to logged and rele-
vant recorded information in COMTRADE format.

8.3.1 Fault incident recording, categories A, Band C

There are no requirements for recording fault incidents in the public electricity supply grid for

category A, B and C energy storage facilities.

8.3.2 Fault incident recording, category D

Requirements for recording fault incidents in the public electricity supply grid apply to category

D energy storage facilities.

8.4 Requesting metered data and documentation

Requirements apply to category D energy storage facilities.

The electricity supply undertaking and Energinet Elsystemansvar A/S must be able to request
relevant information about an energy storage facility at any time.

Energinet Elsystemansvar A/S can request metered data and fault recorder data collected for
the energy storage facility for a period of up to three months back in time.

Such requests must be based on metered data and/or calculations specified by the electricity

supply undertaking or Energinet Elsystemansvar A/S.

Doc. 18/07388-113 Offentlig/Public Go to contents



67/128

9. Verification and documentation

The facility owner is responsible for ensuring that the energy storage facility complies with this

technical regulation and that it can be documented that requirements are complied with.

The electricity supply undertaking and Energinet Elsystemansvar A/S are entitled to request, at
any time, verification and documentation that an energy storage facility complies with the
provisions of this regulation.

The energy storage facility documentation to be provided is specified in the following sections,
stated per facility category based on total rated power in the point of connection.

Product certificates issued by an approved certification body may be used. The electricity sup-
ply undertaking assesses and approves the applicability of individual certificates.

A documentation package must be submitted to the electricity supply undertaking.

9.1  Standard procedure

The standard procedure regarding grid connection, approval and issue of a final operating
permit for an energy storage facility is described below:

9.1.1 Procedure, categories A,Band T

The electricity supply undertaking assigns the facility owner a POC.
Documentation is submitted electronically to the electricity supply undertaking.
The electricity supply undertaking reviews the submitted documentation, determines
whether any facility functionality or documentation is missing and approves the doc-
umentation.

4.  When the documentation as well as connection and facility have been approved, the
final operating permit can be issued.

9.1.2 Procedure, categories Cand D

1. The electricity supply undertaking assigns the facility owner a POC. The electricity
supply undertaking informs the transmission system operator about the expected grid
connection when it assigns the POC.

Documentation is submitted electronically to the electricity supply undertaking.
The electricity supply undertaking reviews the documentation and determines
whether any facility functionality or documentation is missing.

4. Establishment and tests now follow these steps:

a. Energisation operational notification
b. Interim operational notification
c. Final operational notification

5.  When the documentation as well as connection and facility have been approved, the

final operating permit can be issued.
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9.1.3 Simulation model, category C

The documentation form is filled in with preliminary data for the energy storage facility and

sent to the electricity supply undertaking no later than:

- three months before the time of the energisation operational notification at
rated output > 10 MW.

As regards submission of the simulation model:

- facilities with rated power < 10 MW are exempted.

From the design phase to the verification phase, the facility owner must inform the electricity
supply undertaking if preliminary facility data is no longer representative of the final commis-
sioned energy storage facility.

No later than three months after issue of the final operational notification, documentation
must be filled in, stating specific data for the entire energy storage facility, and sent to the
electricity supply undertaking.

9.1.4 Procedure, category D

The documentation form is filled in with preliminary data for the energy storage facility and
sent to the electricity supply undertaking no later than six months before issue of the energisa-
tion operational notification.

From the design phase to the verification phase, the facility owner must regularly inform the
electricity supply undertaking if preliminary facility data is no longer representative of the final
commissioned energy storage facility.

No later than three months after issue of the final operational notification, documentation
must be filled in, stating specific data for the entire energy storage facility, and sent to the
electricity supply undertaking.

9.1.5 Procedure, category D *, connected to the transmission system

The documentation form is filled in with preliminary data for the energy storage facility and
sent to Energinet Elsystemansvar A/S no later than six months before issue of the energisation
operational notification.

From the design phase to the verification phase, the facility owner must regularly inform
Energinet Elsystemansvar A/S if preliminary facility data is no longer representative of the final
commissioned energy storage facility.

No later than three months after issue of the final operational notification, documentation
must be filled in, stating specific data for the entire energy storage facility, and sent to Ener-
ginet Elsystemansvar A/S.

9.2 Documentation requirements

Required documentation to be submitted for the different facility categories is stated in Table
27.
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Catego
gory SX T

>
%
w
(@]
|w)

Documentation

Supplier statement

Protective functions

Single-line representation

X| X| X[ X

Power quality

X | X| X[ X]| X

Voltage dip tolerance

PQ diagram

Signal list

Dynamic simulation model

Verification report

X| X X| X| X| X| X]| X| X| X
X| X X| X| X| X| X]| X| X| X

Storage medium of the energy X X X
storage facility

>
>

CE declaration of conformity

Relevant part of appendix 1 X X

X: Documentation must be provided as described in this section.
*: Category A facilities included on the positive list.

Table 27 Documentation requirements for facility categories.

9.2.1 Supplier statement

By signing a supplier statement, the supplier guarantees that the specific facility complies with

all requirements specified in Technical regulation 3.3.1.

9.2.2 Protective functions

Documentation of protective functions is a list of the relay configurations applicable at the
time of verification. These values must be stated in the documentation.

9.2.3 Single-line representation

A single-line representation is a drawing showing the main components of the energy storage
facility and their electrical infrastructure. As a minimum, the location of protective functions
and metering points must be indicated in the diagram.

9.2.4 Power quality

Power quality is a collection of parameters that characterise the quality of power delivered.
The verification report must document how requirements in section 5 have been met.

9.2.5 Voltage dip tolerance

Voltage dip is the energy storage facility's ability to stay connected to the electricity system
during a voltage dip. The energy storage facility's ability to stay connected to the electricity grid
must be documented in the electrical simulation model submitted. Alternatively, data from
type tests is supplied, demonstrating that requirements have been met. Model simulations

must show that requirements in section 4.4.4 have been met.

9.2.6 PQdiagram

A PQ diagram is a figure illustrating the energy storage facility's properties and ability to deliver
reactive power as a function of the energy storage facility's ability to deliver active power.
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Measurements must show that requirements in section 6.3 have been met. Alternatively, data

from type tests is supplied, demonstrating that requirements have been met.

9.2.7 Signal list

The signal list is a list of the signals/information that must be exchanged between the parties
that control and monitor a facility. Documentation proving that signals specified in section 8.2

are present in the PCOM interface must form part of the verification report.

9.2.8 Dynamic simulation model

A dynamic simulation model is a model of an energy storage facility's electrical properties and
limitations. The electrical simulation model must comply with requirements specified in section
0.

9.2.9 Verification report

A verification report is a report on completed tests, demonstrating that the required functions
have been implemented and work as intended with the configured parameters.

9.2.10 Storage medium of the energy storage facility

The energy storage facility's storage medium refers to information about the manufacturer of
the storage medium and selected electrical properties.

9.2.11 CE declaration of conformity

A declaration of conformity is the manufacturer's or importer's statement that a product can
be legally marketed in Europe. The statement of conformity includes, among other things:

- Manufacturer's name and address

- Unique reference to product

- Specification of the directive the declaration relates to

- Date and signature

9.2.12 Category A energy storage facility

The energy storage facility may be included on the positive list. Rated power of the facility
must not exceed 50 kW.

Documentation requirements for category A energy storage facilities are divided into the fol-
lowing subsections.

9.2.12.1 Procedure for inclusion of facilities and facility components on the positive list

To request that an energy storage facility with rated power of maximum 50 kW be included on
the positive list, documentation required under section 9.2 must be submitted to

positivlister@danskenergi.dk.

Product certificates issued by an approved certification body may be used. Product certificates
may cover some documentation requirements. The process for inclusion on the positive list is
explained on Danish Energy's website: www.danskenergi.dk/positivlister.
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10. Simulation model requirements

Due to the ongoing transition of the electricity system, with conventional generation facilities
gradually being phased out and replaced by more complex facilities, including energy storage
facilities, the transmission system operator requires greater insight into these new facilities’

structural designs and their systemic impact on the public electricity supply grid.

For analytical purposes related to planning and operation of the public electricity supply grid,
the transmission system operator must be able to carry out grid and system analyses, e.g.
when connecting new energy storage facilities to the grid. This requires up-to-date and accu-
rate simulation models of grid-connected energy storage facilities.

Simulation models are used to analyse the transmission and distribution grids’ static and dy-
namic states, including voltage, frequency and rotor angle stability, short-circuit ratios, transi-
ent phenomena and harmonic states.

The facility owner must submit the simulation models specified below to Energinet
Elsystemansvar A/S In pursuance of Section 84a of the Danish Electricity Supply Act. The
transmission system operator is bound by a duty of confidentiality where commercially sensi-

tive information is concerned.

Simulation models may be sent directly from the manufacturer of the energy storage facility to
Energinet Elsystemansvar A/S. The facility owner is responsible for ensuring that such data is
forwarded at the correct time and to the correct extent.

From the design phase to the verification phase, the facility owner must regularly inform
Energinet Elsystemansvar A/S if preliminary facility data are no longer representative of the
final commissioned energy storage facility.

If significant modifications are made to the properties of an existing energy storage facility, the
facility owner must submit an updated ! and documented simulation model of the modified
energy storage facility.

No later than three months after the date of commissioning, the documentation must be filled
in with specific data for the entire energy storage facility and sent to the electricity supply
undertaking and for transmission-connected facilities to Energinet Elsystemansvar A/S.

Model delivery is deemed complete only when the transmission system operator has approved
the simulation models and required documentation submitted by the facility owner.

10.1 General simulation model requirements

The facility owner must submit simulation models to the transmission system operator, and
these simulation models must properly reflect the energy storage facility’s static and quasi-
static state properties. The facility owner must also submit a dynamic simulation model (RMS
model) and a transient simulation model (EMT model) to the transmission system operator for
time domain analyses. The facility owner must also submit a harmonic simulation model for

1 The necessary model update is only required to comprise replaced facility components or control, regulation or facility protection
systems, as it is assumed that the transmission system operator is already in possession of a valid simulation model for the relevant
electrical energy storage facility. If the transmission system operator has not received such a model, a significant modification to an
energy storage facility requires the submission of a complete and fully documented simulation model in compliance with section 0.
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analysis of the harmonic state of the public electricity supply grid, including the energy storage

facility’s contribution to harmonic emissions in the point of connection.

Please see Table 28 for information on requirements for simulation models and delivery scope
for the respective types of energy storage facilities. The facility owner must ensure that models
are forwarded on time under current procedures for grid connection of energy storage facili-

ties and other provisions in this regulation.

Energy storage facility Requirements for
type simulation model
A No requirement
B No requirement
c e  Static |
[P = 10MW] e  Dynamic (RMS)
e Harmonic
e  Static
b e  Dynamic (RMS)
e Transient (EMT)
e Harmonic

Table 28 Simulation model requirements for individual energy storage facility types.

Depending on the model type, the simulation model for the entire energy storage facility must
describe the static and dynamic electrical properties of the energy storage facility in the point

of connection.

If the generation facility incorporates external components, for example to comply with grid
connection requirements or for the supply of commercial ancillary services, the simulation
model must include the necessary representation of these components applicable for all re-
quired model types.

The content and level of detail of the simulation model for the energy storage facility controller
as well as for the individual energy storage facility must be such that both model types can
easily be integrated into a comprehensive grid model of the public electricity supply grid so
that this appears as a complete, fully functional simulation model.

The simulation model must be verified as specified in section 10.4.

10.2 General documentation requirements

In order to ensure correct model use, the required simulation models must be documented in
the form of user instructions. These must include descriptions of the models' structural com-
position as well as descriptions of the parameterisation and valid boundary conditions of the
simulation models in the form of operating points.

Any restrictions in relation to grid conditions (short-circuit conditions and R/X conditions) in
the point of connection as well as in connection with the simulation of external incidents in the
public electricity supply grid must also be included. User instructions must also contain infor-
mation about special model-technical conditions, e.g. the maximum applicable step size for the
equation solver used in connection with the implementation of dynamic and transient simula-
tions, etc.
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User instructions must also include descriptions of the control, protective and regulation func-
tions implemented in the simulation model to be used when evaluating the energy storage
facility’s characteristics in the point of connection, with special emphasis on the following con-

ditions:

e Single-line representation of the simulation model’s electrical main components up to
the point of connection.

e Descriptions of the simulation model’s electrical input and output signals (electrical
terminals), including relevant issues in relation to applied measuring points, their
measuring units and applied base values for these.

e A comprehensive parameter list, where all parameter values must be stated in the
enclosed data sheets for main components, block diagrams and transfer functions,
etc.

e Description of structure and activation thresholds of protective functions used.

e  Descriptions of set-up and initialisation of the simulation model as well as any limita-
tions to the application hereof.

e  Description of how the simulation model can be integrated into a comprehensive grid
and system model as used by the transmission system operator.

e Unique version control of simulation model and related documentation.

Model-specific documentation requirements are described in the following sections.

10.3 Model-technical requirements
10.3.1 Requirements for static simulation model (static conditions and short-circuit ratio)

The following requirements, see Table 28, apply to type C and D energy storage facilities.

The simulation model of the entire energy storage facility must represent this facility’s static
and quasi-static properties in the point of connection, applicable to the defined normal operat-
ing range, see section 4.3, and in all relevant static grid conditions under which the energy
storage facility must be operational.

In this context, quasi-static properties include the characteristics of the energy storage facility
in connection with a short circuit in the point of connection or anywhere in the public electrici-
ty supply grid. A short circuit may here take the form of:

e A phase-to-earth short circuit with any impedance in the fault point.
e A phase-to-phase-to-earth or phase-to-phase short circuit with any impedance in the
fault point.

e Athree-phase short circuit with any impedance in the fault point.
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The static simulation model must:

e Beunderpinned by model descriptions that, as a minimum, comprise function de-
scriptions of the main model modules.

e Include descriptions of the individual model components and related parameters.

e Include descriptions of the set-up of the simulation model as well as any limitations to
the application hereof.

e Include characteristics of the energy storage facility’s static operating ranges for ac-
tive and reactive power, so that the simulation model is not erroneously operated in
an invalid operating point.

e Allow for the use of all required reactive power control functions:

o Power factor control (cos ¢ control) with indication of set point.

o Qcontrol (MVAr control) with indication of set point.

o Voltage control, including parameters for applied droop/compounding with
indication of set point.

e Allow simulation of root-mean-square values in the individual phases during
symmetrical incidents and faults in the public electricity supply grid.

e Allow simulation of root-mean-square values in the individual phases during asym-
metrical incidents and faults in the public electricity supply grid.

e Asaminimum, cover the 47.5-51.5 Hz frequency range and 0.0-1.4 p.u. voltage

range.

If the energy storage facility comprises several parallel installations, the simulation model must
be representative of the properties of the entire or aggregated energy storage facility in the
point of connection, see above. Simulation model parameter settings must contain complete
data sets for each individual installation.

The simulation model must be submitted implemented in the most recent version of the simu-
lation tool DIgSILENT PowerFactory, using the built-in grid component models and standard
programming features, which must be reflected in the applied model structure, etc. The model
implementation used must not require the use of special settings of or deviations from the
standard settings for the simulation tool’s numerical equation solver or otherwise prevent
integration between the simulation model submitted by the facility owner and the more ex-
tensive grid and system model used by the transmission system operator.

The scope and level of detail of data for grid components and other equipment that form part
of the facility infrastructure must enable the construction of a complete and fully operational

simulation model.

If the static simulation model is identical to the dynamic simulation model described in section
10.3.2, the requirement for a separate static simulation model no longer applies.

The simulation model must be verified as specified in section 10.4.

10.3.1.1 Accuracy requirements

In general, the simulation model must show no properties that cannot be proven for the actual
energy storage facility.
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10.3.2 Requirements for dynamic simulation model (RMS model)

The following requirements, see Table 28, apply to type C and D energy storage facilities.

The dynamic simulation model of the energy storage facility must represent the facility’s static
and dynamic properties in the point of connection, applicable to the defined normal operation
range, see section 4.3, and in all relevant grid conditions under which the energy storage facili-
ty must be operational. The dynamic simulation model must be able to represent the static and
dynamic properties of the energy storage facility in connection with set point changes for the
facility's delivery and absorption of active and reactive power, including change of control
mode for this, as well as the following external incidents, or combinations of these external

incidents in the public electricity supply grid:

e  External faults in the public electricity supply grid within the required FRT characteris-
tics as measured in the point of connection, where a short circuit here can take the
form of:

A phase-to-earth short circuit with any impedance in the fault point.

o A phase-to-phase-to-earth or phase-to-phase short circuit with any imped-
ance in the fault point.

o Athree-phase short circuit with any impedance in the fault point.

e Disconnection, and possible subsequent automatic reconnection, of any faulty grid
component in the public electricity supply grid, cf. the above fault sequence, and the
resulting vector jump in the point of connection.

e Manual connection or disconnection (without prior fault) of any grid component in
the public electricity supply grid and the resulting vector jump in the point of connec-
tion.

e Voltage disturbances and near-miss voltage collapses of a duration within the re-
quired minimum simulation period, cf. details below, and as a minimum within the
transient start-up period for the energy storage facility’s transition to a new static
state.

e  Frequency disturbances of a duration within the required minimum simulation period,
cf. details below, and as a minimum within the transient start-up period for the ener-
gy storage facility’s transition to a new static state.

e  Activation of imposed system protection (via an external signal) for fast regulation of
the energy storage facility’s active power generation in reference to a predefined final
value and gradient. Requirements are applicable if system protection is imposed.

The dynamic simulation model must:

e Be underpinned by model descriptions that, as a minimum, include Laplace domain
transfer functions, sequence diagrams for applied state machines and function de-
scriptions of the arithmetical, logical and sequence-controlled modules used in the
simulation model.

e Include descriptions of and related parameter values for the individual model compo-
nents, including saturation, non-linearity, dead band, time delays and constraint func-
tions (non-wind-up/anti wind-up etc.) as well as look-up table data and principles ap-
plied to interpolation, etc.

e Include descriptions and clear indications of the simulation model's input and output
signals, which, as a minimum, must include the following:

o Active power.
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o Reactive power
o Set points for:
= Active power control.
=  Power factor control (cos ¢ control).
=  Qcontrol (MVAr control).
= Voltage control including parameters for droop/compounding used.
=  Frequency control (droop and deadband).
=  System protection measures (final value and gradient for active
power control).
o Signal for activation of system protection.

e Include descriptions of set-up and initialisation of the simulation model as well as any
limitations to the application hereof.

e Include all required control functions, see section 6.

e Include relevant protective functions that can be activated by external incidents and
faults in the public electricity supply grid, implemented in the form of block diagrams
with indication of transfer functions and sequence diagrams for the individual ele-
ments.

e Include all control functions? that can be activated during all relevant incidents and
faults in the public electricity supply grid.

e Allow simulation of root-mean-square (RMS) values in the individual phases during
symmetrical incidents and faults in the public electricity supply grid.

e Allow simulation of root-mean-square (RMS) values in the individual phases during
asymmetrical incidents and faults in the public electricity supply grid.

e Asaminimum, cover the 47.5-51.5 Hz frequency range and 0.0-1.4 p.u. voltage
range.

e Allow initialisation in a stable operating point on the basis of a single load flow simula-
tion without subsequent iterations. Show a derived value (dx/dt) on initialisation for
any of the simulation model state variables below 0.0001.

e Allow description of the energy storage facility’s dynamic properties for at least 60
seconds after any of the above set point changes and external incidents in the public
electricity supply grid.

e Be numerically stable through a simulation of minimum 60 seconds without applica-
tion of a sequence of events or changes to boundary conditions with simulated values
for active power, reactive power, voltage and frequency remaining constant through-
out the simulation.

e Be capable of utilising numerical equation solvers with variable time steps in the 1-10
millisecond range.

e  Be numerically stable through an instantaneous vector jump of up to 20 degrees in
the point of connection.

e Not contain encrypted or compiled parts (unacceptable), as the transmission system
operator must be able to quality assure the results of the simulation model and main-
tain this without the restrictions of software updates, etc.

The fact that the simulation model may return a number of non-convergence error messages
relating to applied external incidents in the public electricity supply grid when running a simu-
lation sequence is accepted. This will, however, generally be perceived as imperfections relat-
ed to model implementation, and cause and mitigation proposals must appear from the rele-
vant model documentation. If it can be documented that the simulation model’s non-

2 Control functions in relation to the required electrical energy storage facility fault-ride-through properties, including dynamic voltage
support in connection with a voltage dip.
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convergence will adversely impact the application of the transmission system operator's com-

prehensive grid and system model, the simulation model in question will be rejected.

If a simulation model is used to aggregate individual facilities for a common representation of
these energy storage facilities in the point of connection, the model must be able to represent
the characteristics of the energy storage facility in the point of connection, cf. above. The ac-
companying documentation must include descriptions of the principles used for aggregation
and any limitations on the use of this. Simulation model parameter settings must include com-
plete data sets for the individual energy storage facilities as well as the aggregated energy
storage facility.

The content and level of detail of the simulation model for the energy storage facility controller
as well as for the individual energy storage facility must be such that they can easily be inte-
grated into a comprehensive grid and system model as used by the transmission system opera-
tor and subsequently appear as complete, fully functional simulation models.

If the energy storage facility incorporates external components, for example to comply with
grid connection requirements or for the delivery of commercial ancillary services, the simula-
tion model must include the necessary representation of these components as required in
section 10.1.

The simulation model must be submitted implemented in the most recent version of the simu-
lation tool DIgSILENT PowerFactory, using the built-in grid component models and standard
programming features, which must be reflected in the applied model structure, etc. The model
implementation used must not require the use of special settings of or deviations from the
standard settings for the simulation tool’s numerical equation solver or otherwise prevent
integration between the simulation model submitted by the facility owner and the more ex-
tensive grid and system model used by the transmission system operator.

The scope and level of detail of data for grid components and other equipment that form part
of the facility infrastructure must enable the construction of a complete and fully operational
simulation model as required in section 10.1

The simulation model must be verified as specified in section 10.4.

10.3.2.1 Accuracy requirements

The simulation model must represent the static and dynamic properties of the energy storage
facility in the point of connection. The simulation model must thus respond sufficiently accu-
rately in reflection of the physical facility’s static response for an actual static operating point
and similarly for the dynamic response in connection with a set point change or an external
incident in the public electricity supply grid.

The facility owner must ensure that simulation models are verified with the results of the com-
pliance tests required as a result of requirements in sections 4, 6 and 7, and submit the re-
quired documentation hereof.

Since model verification includes the energy storage facility’s static and dynamic properties in
connection with external incidents in the public electricity supply grid and, correspondingly, in
connection with set point changes for the energy storage facility’s absorption and delivery of
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active and reactive power, it is advisable to define accuracy requirements and handle the veri-

fication procedure for these issues separately, as described in the following sections.

10.3.2.1.1 Accuracy requirements in connection with external incidents in the public
electricity supply grid

In this context, external incidents comprise momentary voltage changes measured in the ener-

gy storage facility’s point of connection, e.g. in connection with the short circuit of a grid com-

ponent or manual switching with a grid component in the public electricity supply grid.

Test and verification of an energy storage facility’s static and dynamic properties in connection
with such external incidents is typically only done in connection with certification and type

approval of the relevant energy storage facility.

The primary purpose of these standard tests is verification and certification of the energy stor-
age facility's compliance with the required FRT properties, including requirements for delivery
of dynamic voltage support (added reactive current lo) during the fault sequence in accordance
with the defined FRT characteristics. The results of these standard tests are used for the sub-
sequent verification of the functional requirements defined for and the accuracy of the re-
quired simulation model.

Model simulations must show that requirements in section 4.4 have been met.

The standard tests used for model verification must be performed and documented in accord-
ance with definitions and descriptions as a result of requirements in sections 4, 6 and 7.

Model verification is based on an evaluation of the statistical accuracy of the simulation model,
where accuracy is determined based on a calculation of the deviation between the model's
simulated response and the corresponding measured value, defining the deviation as:

Xe(n) = Xsim(N) — Xmeasured(N).

e MXE - Maximum deviation (maximum error).
e  ME - Average deviation (mean error).

e MAE - Average (absolute) deviation (mean absolute error).

Appendix 1 lists the generation facility electrical signals that are covered by the above accuracy
requirements.

In order to ensure an objective assessment of the simulation model accuracy, the following
guantitative requirements must be met for each of the standard tests performed as the devia-
tions calculated for the model must be less than or equal to the permissible deviations speci-
fied in Table 29 for each of the defined time periods (pre-fault, fault and post-fault).

The permissible deviations stated in Table 29 for the specified electrical signals are relative to
the energy storage facility’s base values of rated active power (for the evaluation of active
power and reactive power values) as well as rated current (for the evaluation of active and
reactive current component values).
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Synchronous and negative-sequence components

Power (reactive compo-

Active power Reactive power Power (active component) nent)
MXE ME MAE MXE ME MAE MXE ME MAE MXE ME MAE
Pre-fault 0.150 +0.100 0.120 0.150 +0.100 0.120 0.150 +0.100 0.120 0.150 +0.100 0.120
Permissible Fault 0.170 +0.150 0.170 0.170 +0.150 0.170 0.500 +0.300 0.400 0.170 +0.150 0.170

deviation Post-
0.170 +0.150 0.170 0.170 +0.150 0.170 0.170 +0.150 0.170 0.170 +0.150 0.170

fault

Table 29 Accuracy requirements - permissible deviation.

Accuracy requirements for the required simulation model are seen as complied with if all of
the defined tolerances of permissible deviations have been met.

In general, the simulation model must show no properties that cannot be proven for the actual
energy storage facility.

10.3.2.1.2 Accuracy requirements in connection with changes to the generation facility’s
operating point

In this context, the phrase changes to the energy storage facility’s operating point comprises

manual changes to energy storage facility’s static operating point, for example in connection

with a set point change to the facility’s delivery or absorption of active power or corresponding

changes to set points for other required control functions.

The primary purpose of these tests is verification of the energy storage facility’s compliance
with required static and dynamic properties in the point of connection, including compliance
with the requirements defined in relation to, for example, response time and control gradients,
activation levels for control and constraint functions as well as verification of the energy stor-
age facility's operating range, etc.

Test results are used for the subsequent verification of the functional requirements defined for
and the accuracy of the simulation model.

The standard tests used for model verification must be performed and documented in accord-
ance with definitions and descriptions as a result of requirements in sections 4, 6 and 7.

Model simulations must show that requirements in section 4.4 have been met. At a minimum,

the following simulation model control functions must be included in model verification:

e Active power control.
e  Reactive power control:
o Power factor control (cos ¢ control).
o Qcontrol (MVAr control).
e Voltage control (voltage reference point in the point of connection).
e  Frequency control (required control functions).
e  System protection measures (final value and gradient for downward regulation of ac-
tive power) if required.

The accuracy of the simulation model with respect to the required control functions must be

verified using a calculation of the deviation of the model's simulated responses in relation to
the corresponding measured value.
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Appendix 1 lists the generation facility electrical signals that are covered by the above accuracy

requirements.

In order to ensure an objective assessment of the simulation model accuracy, the following
guantitative requirements, applicable to the energy storage facility’s step response, must be
met for each of the standard tests performed as the deviations calculated for the model must

be less than or equal to the permissible deviations specified in Table 30.

Rise time Reaction time Settling time Overshoot Steady state
Xe = Xsim - Xe =Xsim - Xe =Xsim - Xe =Xsim - Xe =Xsim -
Xmeasured Xmeasured Xmeasured Xmeasured Xmeasured
Permissible <50 ms <50ms <100 ms <15% <2%
deviation < 2% of Prated

Table 30 Accuracy requirements - permissible deviations.

Accuracy requirements for the required simulation model are seen as complied with if all of
the defined tolerances of permissible deviations have been met.

In general, the simulation model must show no properties that cannot be proven for the actual
energy storage facility.

10.3.3 Requirements for transient simulation model (EMT model)

The following requirements, see Table 28, apply to type D energy storage facilities.

The facility owner must submit a transient simulation model of the energy storage facility to
the transmission system operator, complying with the following specifications:

e The EMT model must be built and implemented to PSCAD/EMTDC in the software
version specified by the transmission system operator.

e [f the energy storage facility is made up of several identical energy storage installa-
tions, the EMT model must be representative of the individual energy storage installa-
tion as well as an optional number of installations for model aggregation.

e The EMT model may comprise precompiled and encrypted parts. The EMT model
must be DLL-based and usable with Intel Fortran from version 12 up to and including
the latest release on the date of the signing of the contract between the facility owner
and the energy storage facility manufacturer. Dependence on PSCAD versioning up-
dates is accepted, subject to the EMT model using standard components available to
the user.

e [t must be possible for the user to set the simulation time for the start of the EMT
model's absorption and delivery of active and reactive power.

e |t must be possible for the user to set the simulation time for activation of the energy
storage facility’s protection systems in the EMT model.

e  The EMT model must be validated for simulations at different simulation time steps.
The model must present approximately the same results at transient simulations at
any time step in the valid range. The highest possible time step must be stated in the
user instructions.

e The EMT model must be able to be implemented functionally several times in the
same PSCAD simulation file without requiring significant changes to be made. There-
fore, it must be possible to use the EMT model as several "definitions" or "instances".

Doc. 18/07388-113 Offentlig/Public Go to contents



If the model contains an alternative to the use of several "definitions" or "instances",
this must be described in the user instructions.

The EMT model must support the use of PSCAD/EMTDC’s "snapshot" function. It is
mandatory for the model to give the same response with and without the use of the
snapshot function.

It must be possible to initialise the model in maximum 3 seconds of simulation time.
The EMT model must represent all components, control systems and protection sys-
tems relevant for EMT analyses.

All relevant function settings in the energy storage facility’s control system that are
relevant for EMT analyses and that can be changed either locally or remotely must
appear as available parameters in the simulation model. The scope of the delivery
must be approved by the transmission system operator.

All electrical, control and protection signals relevant to EMT analyses of the public
electricity supply grid must be available in the EMT model. The scope of the delivery
must be approved by the transmission system operator.

Grid components and other equipment that form part of the facility infrastructure
must be implemented in the EMT model to an extent and at a level of detail valid for
EMT studies. This includes collection cables, transformers, filters, etc. The scope of
the delivery must be approved by the transmission system operator.

For energy storage facilities with a grid-connected converter, this must be modelled
at transistor level for a proper representation in transient studies.

The EMT model must represent the FRT properties of the energy storage facility, cf.
section 4.4.

If the energy storage facility has special functions, for example a control regime for a
particularly weak grid, these functions must be included in the EMT model. A relevant
model-technical description of the special functions and their restrictions must be in-
cluded in the EMT model's user instructions.

The model must be valid for static operating conditions.

The EMT model must be usable for EMT simulations of balanced and unbalanced
faults and interruptions of the energy storage facility’s connection to the public elec-
tricity supply grid.

10.3.3.1 Model submission

On submission, the EMT model must include the following:
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PSCAD/EMTDC simulation model - version according to agreement with the transmis-
sion system operator.

User instructions with descriptions of model limitations.

Verification report for the EMT model.

A functional PSCAD simulation model must be supplied for the energy storage facility
connected to a simple model representation of the public electricity supply grid, for
example a Thévenin-equivalent model.

User instructions must describe the EMT model assumptions and application.

A detailed description of model limitations must be submitted, with a description of
all energy storage facility functions that are not included in the EMT model, but which
could be assumed to be of significance to the electromagnetic transient properties
and performance of the energy storage facility.

The EMT model verification report must include a comparison of the PSCAD/EMTDC
model's static and dynamic responses with measurements made on the physical en-
ergy storage facility.
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e There are no requirements as to the validity of the EMT model for static harmonic
conditions. Reference is made to section 10.3.4.

10.3.3.2 Accuracy requirements

The accuracy of the required transient simulation model is determined in the same way as for
the dynamic simulation model (RMS model), see section 10.3.2. Thus, accuracy requirements
and applied evaluation method are identical to those for the required dynamic simulation
model.

Suitable filtering is used for the calculation of the fundamental component of measured and
simulated values. The method used for filtering is agreed between the facility owner and the
transmission system operator.

10.3.4 Requirements for harmonic simulation model

The following requirements, see Table 28, apply to type C and D energy storage facilities.

The simulation model of the energy storage facility must represent the facility’s emission of
harmonics and passive harmonic response (harmonic impedance) in the point of connection,
applicable to the defined normal operation range and in all relevant static grid conditions un-
der which the energy storage facility must be operational.

The single-unit model provided must be a Thévenin equivalent, representative of the energy
storage facility’s emission of integer harmonics, indicated as RMS-voltages as well as the facili-
ty’s passive responses in the 50-2500 Hz frequency range. The model must include all relevant
positive, negative sequence and zero-sequence impedance within the specified frequency
range at a frequency resolution of 1 Hz.

If the facility consists of several energy storage installations, an aggregated simulation model
representative of total emissions and total passive harmonic responses in the point of connec-
tion must be submitted in addition to the single-unit model. Requirements for frequency range
and resolution are identical to those for the single-unit model.

If the energy storage facility’s emission or harmonic impedance are dependent on the facility's
operating point, the model must be submitted for three power ranges at rated voltage and
zero reactive power: P=0.0 p.u., P=0.5 p.u. and P = 1.0 p.u. In addition, a description of reac-
tive power’s impact on harmonic emission and impedance must be included. In addition, the
facility owner must submit a model based on the highest emissions per harmonic. This applies
to both the aggregated and single-unit models. The facility owner must document any de-
pendencies on the operating point and ensure correct implementation in the models.

The facility owner must specify a method for summation of emissions from several energy
storage facilities. This can be done either by specifying requirement for setting the angle of the
Thévenin voltage for each harmonic frequency specifically for each energy storage unit, or

by using a summation law such as the one specified in IEC TR 61000-3-6:2008 [6]. If a summa-
tion law is applied, a coefficients must be specified by the facility owner. Explanations must be
given for the selected a coefficient values for all harmonics. In both cases, the facility owner
shall substantiate that the method applied results in a correct representation of the energy
storage facility’s total emissions.

Doc. 18/07388-113 Offentlig/Public Go to contents

82/128



The scope and level of detail of data about grid components and other components of the
facility infrastructure must enable the creation of a complete frequency-dependent simulation
model in the 50 Hz-2500 Hz frequency range. This includes collection cables, transformers,

filters etc. The scope of the delivery must be approved by the transmission system operator.

10.3.4.1 Accuracy requirements

The method used for the creation of a model for the individual energy storage facility must be
specified and approved by the transmission system operator. If model parameters are set
based on measurements, a measurement report must be enclosed as documentation. In addi-
tion, an account must be given of how model parameters are set using the results in the meas-
urement report. If model parameters are set based on calculations or simulations, the method
used must be specified and examples of result processing for the deduction of model parame-
ters given.

10.4 Verification of simulation model

The simulation model for the entire facility, including all control methods, must be verified by
the facility owner, as a result of requirements in sections 4, 6 and 7.

The facility owner must handle all aspects of verification tests, including providing necessary
measuring equipment, data loggers and personnel. The facility owner must also ensure com-
pletion and documentation of the required model verification, including documentation of
compliance with defined accuracy requirements for simulation models.

No later than three months before the final commissioning of the facility, the practical perfor-
mance of verification tests must be determined on the basis of the facility owner's proposal
and in collaboration with Energinet Elsystemansvar A/S.

The facility owner must document the measurements used for verification of the simulation
model for the energy storage facility in a report containing descriptions of each data set, in-
cluding measuring equipment used and subsequent data processing, as well as boundary con-
ditions for completed compliance tests and cause(s) of any deviations as regards specified
boundary conditions.

Measured results are compared with the corresponding simulated results and the accuracy of
the simulation model is documented in a verification report. The model verification procedure
is deemed complete only when the transmission system operator has approved the model
verification report submitted by the facility owner.

Time-series measurements used for verification of the simulation model must be attached to
the verification report in CSV format (comma-separated values).
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10.4.1 Signals included in the model verification requirement

Signals included in the model verification requirement:

e Active power —measured in the point of connection (or on the primary side of the
generator transformer for type tests).

e Reactive power —measured in the point of connection (or on the primary side of the
generator transformer for type tests).

e  Phase currents (active component) — measured in the point of connection (or on the
primary side of the generator transformer for type tests).

e Phase currents (reactive component) — measured in the point of connection (or on

the primary side of the generator transformer for type tests).
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Appendix 1 Documentation

Appendix 1 specifies the documentation requirements for the five facility categories, see sec-
tion 1.1.4:

Energy storage facilities up to 125 kW
Energy storage facilities from and including 125 kW up to 3 MW
Energy storage facilities from and including 3 MW up to 25 MW

o0 w® >

Energy storage facilities from and including 25 MW or connected at voltages
above 100 kV

SX. Category A or B energy storage facilities

T. Temporarily connected energy storage facilities

Documentation, see specifications in section 9, must be sent electronically to the electricity

supply undertaking.

The technical documentation must include configuration parameters and configuration data

applicable to the energy storage facility at the time of commissioning.

All appendix subsections must be filled in for the facility in question.

If information changes after the time of commissioning, updated documentation must be
submitted as required in section 2.2.

Templates for Appendix 1 for the various facility categories are available on Energinet's web-

site www.energinet.dk.
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Documentation — category A

B1.1. Documentation for category A energy storage facilities
Documentation must be filled in with data for the energy storage facility and sent to the elec-
tricity supply undertaking.

B1.1.1. Identification

Facility Description of the facility

GSRN no.

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium — model no.

Storage medium —
usable energy storage capacity [kWh]

B1.1.2. Positive list
Only applies to facilities up to 50 kW.

Is the energy storage facility on the positive list? Yes []

No|:|

If No, B1.2. must also be filled in.
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B1.1.3. Active power control

Is the frequency response function for overfrequency activated?

If Yes, with which settings?

Frequency threshold (fro):

Droop:

Time for island operation detection (minimum response time):

Yes |:|
No |:|

Hz
%

B1.1.4. Reactive power control
B1.1.4.1. Power factor control

Is the power factor control function activated?

If Yes, with which set point?
(Value differing from cosd 1.0 must be agreed with the electricity
supply undertaking.)

Yes |:|
No |:|

cosod
Inductive |:|
Capacitive |:|

B1.1.4.2. Automatic power factor control

Is the automatic power factor control function activated?
(Not to be activated without agreement with the electricity supply
undertaking.)

If Yes, with which set points?

Point 1 —P/Pn
Point 1 — Power factor (inductive)
Point 2 —P/Pn
Point 2 — Power factor (inductive)
Point 3 —P/Pn

Point 3 — Power factor (inductive)

Yes |:|
No |:|

%
cosd
%
cosd
%
cosod

B1.1.4.3. Q control

Is the Q control function activated?

If Yes, with which set point?
(Value differing from 0 kVAr must be agreed with the electricity sup-
ply undertaking.)

Yes |:|
No |:|

kVAr

Doc. 18/07388-113 Offentlig/Public

Go to contents

89/128



90/128

B1.1.5. Protection

B1.1.5.1. Relay settings

Please state current values at the time of commissioning in the table below.

Protective function Symbol Setting Trip time
Overvoltage (step 2) Us> \Y ms
Overvoltage (step 1) U \Y s
Undervoltage (step 1) U< Vv s
Undervoltage (step 2)* U« \Y ms
Overfrequency fs Hz ms
Underfrequency f< Hz ms
Change of frequency* df/dt Hz/s ms

* At least one of the functions must be activated.

B1.1.6. Sighature

Date of commissioning

Installation contractor

Person responsible for
commissioning

Signature
(person responsible for
commissioning)

Facility owner

Signature (facility owner)
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B1.2. Documentation for category A energy storage facilities
Documentation must be filled in with data for the energy storage facility to be included on the

positive list, or if the facility is not on the positive list.

B1.2.1. Identification

Facility Description of the facility

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium —model no.

Storage medium —
usable energy storage capacity [kWh]

B1.2.2. Normal operation

Can the facility be started and operate continuously within the normal opera- Yes []
tion range, restricted only by protective settings, c.f. requirements in section No |:|
77

Where to find documentation that this requirement has been met?

Doc. 18/07388-113 Offentlig/Public Go to contents



B1.2.3. Tolerance of frequency deviations

Will the energy storage facility remain connected to the public electricity sup-

ply grid during frequency deviations as specified in section 47?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

Will the facility remain connected in the event of frequency changes of 2.0
Hz/s in the POC?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.2.4. Start-up and automatic reclosing of an energy storage facility

Does start-up and automatic reclosing occur after three minutes following
voltage and frequency coming within the areas specified in section 4.3.1?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.2.5. Power quality
Please state how each power quality parameter result was achieved.

B1.2.5.1. Rapid voltage changes

Does the energy storage facility comply with the rapid voltage changes
threshold specified in section 5.1.1.3?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.2.5.2. DC content

Does DC content at normal operation exceed 0.5% of rated current?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|
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B1.2.5.3. Current imbalance

Does the current imbalance at normal operation exceed 16 A?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

If the facility is made up of single-phase energy storage units, have measures
been taken to ensure that the above threshold is not exceeded?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.2.5.4. Flicker

Is the flicker contribution for the entire facility below the threshold specified in
section 5.1.1.4?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.2.5.5. Harmonics

Are all harmonics for the entire facility below the thresholds specified in sec-
tion 5.1.1.5?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.2.5.6. Interharmonics
This part must only be filled in for energy storage facilities larger than 50 kW.

Are all interharmonics for the entire energy storage facility below the thresh-
olds specified in section 5.1.1.6?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|
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B1.2.5.7. Disturbances in the 2-9 kHz range
This part must only be filled in for energy storage facilities larger than 50 kW.

Is the emission of disturbances with frequencies in the 2-9 kHz range lower

than 0.2% of rated current In as required in section 5.1.1.7?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.2.6. Control functions
B1.2.6.1. Active power control
B1.2.6.1.1. Frequency response at overfrequency

Is the energy storage facility equipped with a frequency response function in case of

overfrequency?

Yes |:|
No |:|

B1.2.6.1.2. Absolute power constraint

Is the energy storage facility equipped with an absolute power constraint function?

Yes |:|
No |:|

B1.2.6.1.3. Ramp rate constraint function

Is the energy storage facility equipped with a ramp rate constraint function?

Yes |:|
No |:|

B1.2.6.2. Reactive power control
B1.2.6.2.1. Work area

Can the energy storage facility supply reactive power at Pnand varying oper-
ating voltages, as specified in section 6.3?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

Can the energy storage facility supply reactive power at varying active power
as specified in section 6.3?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|
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B1.2.6.2.2. Power factor control

Is the energy storage facility equipped with a power factor control function

as specified in sections 6.3.2 and 6.3.2.17

Yes |:|
No |:|

B1.2.6.2.3. Automatic power factor control

Is the energy storage facility equipped with automatic power factor control
as specified in sections 6.3.4 and 6.3.4.17

Yes |:|
No |:|

B1.2.6.2.4. Q control

Is the energy storage facility equipped with a Q control function
as specified in sections 6.3.1 and 6.3.1.17

Yes |:|
No |:|

B1.2.7. Protection against electricity system faults
B1.2.7.1. Relay settings

The table below lists default values for relay settings. If default values deviate from the values

specified in section 7.2.1, documentation must be provided to ensure that relay settings can be

set to the correct values upon commissioning.

Protective function Symbol Setting Trip time
Overvoltage (step 2) Us> V ms
Overvoltage (step 1) Us \% s
Undervoltage (step 1) U< Vv s
Undervoltage (step 2) U<« \% ms
Overfrequency fs Hz ms
Underfrequency f< Hz ms
Frequency change df/dt Hz/s ms

B1.2.8. Signature

Date

Company

Person responsible for
commissioning

Signature
(person responsible for
commissioning)

Facility owner

Signature (facility owner)
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Documentation — category B

B1.3. Documentation for category B energy storage facilities (Part 1)

Please fill in the documentation form with data for the facility, valid before commissioning, and
submit it to the electricity supply undertaking.

B1.3.1. Identification

Facility Description of the facility

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium — model no.

Storage medium —
usable energy storage capacity [kWh]

B1.3.2. Normal operation
Can the energy storage facility be started and operate continuously within the Yes []
normal operation range, restricted only by grid protection settings, c.f. re- No []

quirements in section Figure 67

If Yes, reference to documentation:
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B1.3.3. Tolerance of frequency deviations

Will the energy storage facility remain connected to the public electricity sup-

ply grid during frequency deviations as specified in section 47?

If Yes, reference to documentation:

Yes |:|
No |:|

Will the facility remain connected in the event of frequency changes of 2.0
Hz/s in the POC?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.34. Tolerance of voltage deviations (FRT)

Will the energy storage facility remain connected to the public electricity sup-
ply grid during voltage dips as specified in section 4.4?

If Yes, reference to documentation:

Yes |:|
No |:|

Will the energy storage facility remain connected to the public electricity sup-
ply grid during voltage increases as specified in section 4.4?

If Yes, reference to documentation:

Yes |:|
No |:|

After a voltage dip, the energy storage facility is able to return to normal op-
eration no later than 5 s after operating conditions have returned to the nor-
mal operating range.

Yes |:|
No |:|

B1.3.5. Additional reactive current

Does the energy storage facility deliver additional reactive current as specified
in section 4.4.47

If Yes, reference to documentation:

Yes |:|
No |:|
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B1.3.6. Start-up and automatic reclosing of an energy storage facility

Do connection and synchronisation occur as specified in section 4.3.17?

If Yes, reference to documentation:

Yes |:|
No |:|

Is it possible to circumvent automatic synchronisation?

If No, reference to documentation:

Yes |:|
No |:|

B1.3.7. Active power control
B1.3.7.1. Frequency Response — Overfrequency

Is the energy storage facility equipped with a frequency response function for
overfrequency as specified in section 6.2.2.17?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.7.2. Absolute power constraint function

Is the energy storage facility equipped with an absolute power constraint
function as specified in section 6.2.4.1.1?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.7.3. Ramp rate limit

Is the energy storage facility equipped with a ramp rate constraint as specified
in section 6.2.4.2.1?

If Yes, reference to documentation:

Yes |:|
No |:|
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B1.3.8. Reactive power control
B1.3.8.1. Work area

99/128

Can the energy storage facility supply reactive power at Pnand varying oper-

ating voltages, as specified in section 6.3?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

Can the energy storage facility supply reactive power at varying active power
as specified in section 6.3.5.2?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.3.8.2. Power factor control

Is the energy storage facility equipped with a power factor control function
as specified in section?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.8.3. Q control

Is the energy storage facility equipped with a Q control function
as specified in section?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.8.4. Automatic power factor control

Is the automatic power factor control function activated?
(Not to be activated without agreement with the electricity supply
undertaking.)

If Yes, with which set points?

Point 1 —P/Pn
Point 1 — Power factor (inductive)
Point 2 —P/Pn
Point 2 — Power factor (inductive)
Point 3 —P/Pn

Point 3 — Power factor (inductive)

Yes |:|
No |:|

%
cosod
%
cosd
%
cosd
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B1.3.9. Power quality

Are stated emission values calculated values?

Yes |:|
No |:|

Are stated emission values measured values?

Yes |:|
No |:|

Is a report enclosed, documenting that calculations or measurements comply
with emission requirements?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.9.1. Rapid voltage changes

Does the energy storage facility comply with the threshold for rapid voltage
changes specified in section 5.1.1.3?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.9.2. DC content

Does DC content at normal operation exceed 0.5% of rated current?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.9.3. Voltage unbalance

Is the facility three-phase balanced?

If Yes, reference to documentation:

Yes |:|
No |:|
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B1.3.9.4. Flicker

Is the flicker contribution for the entire energy storage facility below the
threshold specified in section 5.1.1.47?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.9.5. Harmonics

Are all harmonics for the entire energy storage facility below the thresholds
specified in section 5.1.1.5?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.9.6. Interharmonics

Are all interharmonics for the entire energy storage facility below the thresh-
olds specified in section 5.1.1.6?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.9.7. Disturbances in the 2-9 kHz range

Is the emission of disturbances with frequencies in the 2-9 kHz range lower
than 0.2% of In as required in section 5.1.1.77?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.3.10. Protection

Is the facility protected with the functions required in section 7.2.27

If Yes, reference to documentation:

Yes |:|
No |:|
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B1.3.10.1. Island operation detection

Is the facility protected with the functions required in section 7.2.27? Yes []

No|:|

If Yes, reference to documentation:

B1.3.11. Information exchange requirements

Can the facility exchange information as required in section 8.2? Yes [ ]

No|:|

If Yes, reference to documentation:

B1.3.12. Sighature

Date

Installation contractor

Person responsible for
commissioning

Signature (person responsible
for commissioning)

Facility owner

Signature (facility owner)
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B1.4. Documentation for category B energy storage facilities (part 2)
Please fill in the documentation form with data for the energy storage facility, valid after com-

missioning, and submit it to the electricity supply undertaking.

B1.4.1. Identification

Facility Description of the facility

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium —model no.

Storage medium —
usable energy storage capacity [kWh]

B1.4.2. Active power control
B1.4.2.1. Active power control at overfrequency
Is the frequency response function for overfrequency activated? Yes [ ]

No|:|

If Yes, with which settings?

Frequency threshold (f2): Hz
Droop: %
Time for island operation detection (minimum response time): ms
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B1.4.2.2. Absolute power constraint function
Is the absolute power constraint function activated? Yes []
No |:|
Online control [_]
If Yes, with which value? kw
B1.4.2.3. Ramp rate limit
Is the energy storage facility's ramp rate constraint activated? Yes []
No |:|
Online control [_]
If Yes, with which value? % Pn/min
B1.4.3. Reactive power control
B1.43.1. Q control
Is the Q control function activated? Yes |:|
No |:|
Online control [_]
If Yes, with which set point? kVAr
(Value differing from 0 kVAr must be agreed with the electricity sup-
ply undertaking.)

B1.4.3.2. Power factor control
Is the power factor control function activated? Yes [ ]
No |:|
Online control []
If Yes, with which set point? cosd
(Value differing from cos¢ 1.0 must be agreed with the electricity Inductive [_]
supply undertaking.) Capacitive [_]
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B1.4.4. Protection

B1.4.4.1. Relay settings

Please state current values at the time of commissioning in the table below.

Protective function Symbol Setting Trip time
Overvoltage (step 2) Us> \Y ms
Overvoltage (step 1) Us \Y s
Undervoltage (step 1) U< Vv s
Overfrequency fs Hz ms
Underfrequency f< Hz ms
Change of frequency* df/dt Hz/s ms

* Used for island operational detection in the distribution grid

B1.4.5. Signature

Date

Installation contractor

Person responsible for

commissioning

Signature (person responsible

for commissioning)

Facility owner

Signature (facility owner)
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Documentation — categories C and D

B1.5. Documentation for category C and D energy storage facilities (part 1)
Please fill in the documentation form with data for the facility, valid before commissioning, and
submit it to the electricity supply undertaking.

B1.5.1. Identification

Facility Description of the facility

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium — model no.

Storage medium — usable energy storage
capacity [kwh]

B1.5.2. Normal operating conditions
Can the energy storage facility be started and operate continuously within the Yes []
normal operation range, restricted only by grid protection settings, c.f. re- No []

quirements in Figure 6-Figure 107
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B1.5.3. Tolerance of frequency deviations

Will the energy storage facility remain connected to the public electricity sup-
ply grid during frequency deviations as specified in section 4 for categories C
and D?

Yes |:|
No |:|

Will the facility remain connected in the event of frequency changes of 2.0
Hz/s in the POC?

Yes |:|
No |:|

B1.5.4. Tolerance of voltage deviations (FRT)

Will the energy storage facility remain connected to the public electricity sup-
ply grid at the voltage dips, as specified in 4.4.4 and 4.4.5 for categories C and
D, respectively?

Yes |:|
No |:|

After a voltage dip, the energy storage facility is able to return to normal op-
eration no later than 5 s after operating conditions have returned to the nor-
mal operating range.

Yes |:|
No |:|

B1.5.4.1. Additional reactive current

Does the energy storage facility deliver additional reactive current as specified
in sections 4.4.4 or 4.4.5 for categories C and D, respectively?

Yes |:|
No |:|

B1.5.5. Connection and synchronisation

Do connection and synchronisation occur as specified in section 4.3.1 for cate-
gories Cand D?

Yes |:|
No |:|

B1.5.6. Active power control
B1.5.6.1. Active power control at overfrequency

Is the energy storage facility equipped with a frequency response function for
overfrequency as specified in section 6.2.2.1 for categories C and D?

Yes |:|
No |:|
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B1.5.6.2. Active power control at underfrequency

Is the energy storage facility equipped with a frequency response function for
underfrequency as specified in section Fejl! Henvisningskilde ikke
fundet.6.2.2.3 for categories C and D?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.5.6.3. Frequency control

Is the energy storage facility equipped with a frequency control function as
specified in section 6.2.3.2 for categories C and D?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.5.6.4. System protection

Is the energy storage facility equipped with a system protection function as
specified in section 6.4.27?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.5.6.5. Absolute power constraint function

Is the energy storage facility equipped with an absolute power constraint
function as specified in section 6.2.4.1.1 for categories C and D?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.5.6.6. Ramp rate constraint function

Is the energy storage facility equipped with a ramp power constraint function
as specified in section 6.2.4.2.1 for categories C and D?

If Yes, reference to documentation:

Yes |:|
No |:|
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B1.5.7. Reactive power control functions
B1.5.7.1. Requirements for reactive power control area
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Can the facility supply reactive power at Pnand varying operating voltages, as
specified in sections 6.3.5.3, 0 and 6.3.5.5 for categories C, D and D*, respec-
tively?

Yes |:|
No |:|

Can the energy storage facility supply reactive power at varying active power
as specified in sections 6.3.5.3, 0 and 6.3.5.5 for categories C, D and D, respec-
tively?

Yes |:|
No |:|

B1.5.7.2. Q control

Is the energy storage facility equipped with a Q control function as specified in
section 6.3.1.1 for categories Cand D?

Yes |:|
No |:|

B1.5.7.3. Power factor control

Is the energy storage facility equipped with a power factor control function as
specified in section 6.3.2.1 for categories C and D?

Yes |:|
No |:|

B1.5.7.4. Voltage control

Is the energy storage facility equipped with a voltage control function as spec-
ified in section 6.3.3.2 for categories Cand D?

Yes |:|
No |:|

Where is the voltage reference point located?

B1.5.8. Power quality

Are stated emission values calculated values?

Yes |:|
No |:|

Are stated emission values measured values?

Yes |:|
No |:|

Is a report enclosed, documenting that calculations or measurements comply
with emission requirements?

Yes |:|
No |:|
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B1.5.8.1. Rapid voltage changes
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Does the energy storage facility comply with the rapid voltage changes
thresholds specified in sections 5.2.1.3 and 5.3 for categories C and D distribu-

tion connections and category D* transmission connections, respectively?

Yes |:|
No |:|

B1.5.8.2. DC content

Does DC content at normal operation exceed the thresholds set out in sec-
tions 5.2.1.1 and 5.3 for categories C and D distribution connections and cate-
gory D* transmission connections, respectively?

Yes |:|
No |:|

B1.5.8.3. Voltage unbalance

Is the facility three-phase balanced?

Yes |:|
No |:|

B1.5.8.4. Flicker

Is flicker contribution for the energy storage facility below the thresholds set
out in sections 5.2.1.4 and 5.3 for categories C and D distribution connections
and category D* transmission connections, respectively?

Yes |:|
No |:|

B1.5.8.5. Harmonics

Are all harmonic distortions for the energy storage facility below the thresh-
olds set out in sections 5.2.1.5 and 5.3 for categories C and D distribution
connections and category D* transmission connections, respectively?

Yes |:|
No |:|

B1.5.8.6. Interharmonics

Are all interharmonics for the energy storage facility below the thresholds set
out in sections 5.2.1.6 and 5.3 for categories C and D distribution connections
and category D* transmission connections, respectively?

Yes |:|
No |:|

B1.5.8.7. Disturbances in the 2-9 kHz range

Emission of distortions with frequencies in the 2-9 kHz range is determined by
the electricity supply undertaking. Is the requirement met?

Yes |:|
No |:|
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B1.5.9. Protection

Is the facility protected with the functions required in sections 7.2.3 and 7.2.4

for categories C and D, respectively?

Yes |:|
No |:|

B1.5.9.1. Island operation detection

Is the facility protected with the functions required in section 6.2.3.2 for cate-
gories Cand D?

Yes |:|
No |:|

B1.5.10. Information exchange
B1.5.10.1. Data communication

Have data communication protocols and data security factors been
implemented as specified in section 8.2?

Yes |:|
No |:|

Are signals as specified in section 8.2 available in the PCOM inter-
face?

Yes |:|
No |:|

B1.5.10.2. Fault incident recording
Only for category D facilities

Have logging equipment been installed in the POC as specified in
section 8.3 for category D?

Yes |:|
No |:|

Has it been agreed with the transmission system operator which
incidents should be logged?

If 'Yes', which?

Yes |:|
No |:|

B1.5.11. Simulation model requirements
Only for facilities with power output above 10 MW

Has a simulation model been prepared as specified in section
10.1 for categories C and D?

If Yes, reference to documentation and model:

Yes |:|
No |:|
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B1.5.12. Conformity testing

Has a conformity testing plan been prepared as specified in

section 9.2.11 for categories C and D?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.5.13. Signature

Date

Installation contractor

Person responsible for
commissioning

Signature
(person responsible for
commissioning)

Facility owner

Signature (facility owner)
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B1.6. Documentation for category C and D energy storage facilities (part 2)

Please fill in the documentation form with data for the facility, valid before final commission-

ing, and submit it to the electricity supply undertaking.

Bl1.6.1. Identification

Facility

Description of the facility

GSRN no.

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium —model no.

Storage medium —

usable energy storage capacity [kWh]

B1.6.2. Active power control

B1.6.2.1. Active power control at overfrequency

Is the frequency response function for overfrequency as specified in
section 6.2.2.1 for categories C and D activated?

If Yes, with which settings?
Frequency threshold:
Droop:

Time for island operation detection (minimum response time):

Yes |:|
No |:|

Hz
%
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B1.6.2.2. Active power control at underfrequency

Is the frequency response function for underfrequency as specified in

section 6.2.2.3 for categories C and D activated?

If Yes, with which settings?

Frequency threshold:

Droop:

Time for island operation detection (minimum response time):

Yes |:|
No |:|

Hz
%

B1.6.2.3. Frequency control

Is the frequency control function specified in section 6.2.3.2 for cate-
gories C and D activated?

If Yes, with which settings?

Online control [_]

Yes |:|
No |:|

Frequency threshold - Low (fru): Hz
Frequency threshold - High (fro): Hz
Droop: %
Desired frequency: Hz
AP: kw
B1.6.2.4. Absolute power constraint function

Is the absolute power constraint function as specified in section
6.2.4.1.1 for categories C and D activated?

If Yes, with which value?

Online control [_]

Yes |:|
No |:|

kW

B1.6.2.5. Ramp rate constraint function

Is the energy storage facility's ramp rate constraint function as specified in
section 6.2.4.2.1 for categories C and D activated?

If Yes, with which value?

Yes |:|
No |:|

Online control [_]

%Pn/min
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B1.6.3.
B1.6.3.1.

Reactive power control
Q control

Is the Q control function as specified in section 6.3.1.1 for categories
Cand D activated?

If Yes, with which set point?
(Value differing from 0 kVAr must be agreed with the electricity sup-
ply undertaking.)

Yes |:|
No |:|

Online control [_]

kVAr

B1.6.3.2. Power factor control

Is the power factor control function as specified in section 6.3.2.1 for
categories C and D activated?

If Yes, with which set point?
(Value differing from cosd 1.0 must be agreed with the electricity
supply undertaking.)

Yes |:|
No |:|

Online control []

cosod
Inductive |:|
Capacitive |:|

B1.6.3.3. Voltage control

Is the voltage control function as specified in section 6.3.3.2 for cate-
gories C and D activated?

(Not to be activated without agreement with the electricity supply
undertaking.)

If Yes, with which set point?

Yes |:|
No |:|

Online control [_]

kv

B1.6.4. Protection

Has a list of protective functions and settings at the time of commis-
sioning been enclosed?

If Yes, reference to documentation:

Yes |:|
No |:|
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B1.6.5. Conformity testing

Is documentation of compliance testing enclosed?

Yes |:|
No |:|

B1.6.6. Verification of simulation model
Only for facilities with power output above 10 MW

Is the verification report for the simulation model enclosed?

Yes |:|
No |:|

B1.6.7. Sighature

Date

Installation contractor:

Person responsible for
commissioning

Signature
(person responsible for

commissioning)

Facility owner

Signature (facility owner)
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Documentation — category SX

B1.7. Documentation for category SX energy storage facilities
Documentation must be filled in with data for the energy storage facility and sent to the elec-

tricity supply undertaking.

B1.7.1. Identification

Facility Description of the facility

GSRN no.

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium — model no.

Storage medium —
usable energy storage capacity [kWh]

B1.7.2. Signature

Date of commissioning

Installation contractor

Person responsible for
commissioning

Signature (person responsible
for commissioning)

Facility owner

Signature (facility owner)
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Documentation — category T

B1.8. Documentation for category T energy storage facilities

Documentation must be filled in with data for the energy storage facility and sent to the elec-
tricity supply undertaking.

B1.8.1. Identification

Facility Description of the facility

GSRN no.

Facility owner name and address

Facility owner telephone no.

Facility owner e-mail

Inverter — manufacture

Inverter — model

Inverter — rated power

Storage medium — manufacture

Storage medium — model no.

Charger’s rated active power,

Pnl og Pno [kW]

B1.8.2. Normal operation

Can the energy storage facility be started and operated continuously within Yes [ ]
the normal operation range, restricted only by grid protection settings, c.f. No []

requirements in sections Figure 5 or Figure 67

If Yes, reference to documentation:
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B1.8.3. Tolerance of frequency deviations

Will the energy storage facility remain connected to the public electricity sup-

ply grid during frequency deviations as specified in section 4.1?

If Yes, reference to documentation:

Yes |:|
No |:|

Will the facility remain connected in the event of frequency changes of 2.0
Hz/s in the POC?

If Yes, reference to documentation:

Yes |:|
No |:|

B1.8.4. Power quality
Please state how each power quality parameter result was achieved.

B1.8.4.1. Rapid voltage changes

Does the energy storage facility comply with the rapid voltage changes
threshold specified in section 5.1.1.37

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.8.4.2. DC content

Does DC content at normal operation exceed 0.5% of rated current?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|
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B1.8.4.3. Current imbalance

Does the current imbalance at normal operation exceed 16 A?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

If the facility is made up of single-phase energy storage units, have measures
been taken to ensure that the above threshold is not exceeded?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.8.4.4. Flicker

Is the flicker contribution for the entire facility below the threshold specified in
section 5.1.1.4?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.8.4.5. Harmonics

Are all harmonics for the entire facility below the thresholds specified in sec-
tion 5.1.1.5?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.8.4.6. Interharmonics
This part must only be filled in for energy storage facilities larger than 50 kW.

Are all interharmonics for the entire energy storage facility below the thresh-
olds specified in section 5.1.1.6?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|
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B1.8.4.7. Disturbances in the 2-9 kHz range

This part must only be filled in for energy storage facilities larger than 50 kW.

Is the emission of disturbances with frequencies in the 2-9 kHz range lower

than 0.2% of rated current In as required in section 5.1.1.7?

Where to find documentation that this requirement has been met?

Yes |:|
No |:|

B1.8.5. Signature

Date of commissioning

Installation contractor

Person responsible for

commissioning

Signature (person responsible
for commissioning)

Facility owner

Signature (facility owner)
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