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1. Background

Due to the ongoing transition of the electricity system, with conventional generation facilities
gradually being phased out, and the addition of more complex generation and demand facili-
ties, Energinet Elsystemansvar A/S requires greater insight into these facilities’ structural de-
sign and their systemic impact on the public electricity supply grid.

For analytical purposes related to planning and operation of the public electricity supply grid,
Energinet Elsystemansvar A/S must be able to carry out grid and system analyses, e.g. wh
connecting new demand and generation facilities to the grid or when assessing interaction
the interface between transmission and distribution systems. This requires up-to-
accurate simulation models of these facilities.

thus introducing a risk of

may cause an overestimation of stability limit
voltage instability, etc. Similarly, an underestimati may lead to a risk of non-

optimum utilisation of the power system

Simulation models are transmission and distribution systems’ static and

dynamic states, includi and rotor angle stability, short-circuit ratio, ex-

change of reactive pow en the two systems and harmonic conditions.
irements
it simulation models to Energinet Elsystemansvar A/S [1]. These

rly reflect the transmission-connected demand facility or distri-
operties. The facility owner must also submit a dynamic simula-

ons in the point of connection (POC).
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Please see Table 1 for information on requirements for simulation models and delivery scope
for the respective types of transmission-connected demand facilities and distribution systems.
The facility owner must ensure that models are delivered on time under current procedures
for grid connection of transmission-connected demand facilities and distribution systems, and

other provisions in the regulation.

Demand facility and distribution system types Model requirements

Transmission-connected distribution system - Category 1 Static simulation model
Dynamic simulation model

Transmission-connected demand facility - Category 3 Static simulation model

Transmission-connected demand facility - Category 4

Transmission-connected demand facility - Category 5

Transmission-connected demand facility - Category 6

Table 1 Simulation model requirements for specific dema
types

If the transmission-connected distribution system comprises external com-
ponents, e.g. to ensur, i connection requirements, energy supply to the
public electricity supply vision of commercial ancillary services (e.g. automat-
ic frequency or voltage model must incorporate the necessary repre-

sentation of, i equired model types.

facility and distribution system’s design phase to

perational notification (FON), the facility owner must keep Ener-
rmed if preliminary plant and model data are no longer repre-

sentative relevantd d facility or distribution system.

are made to the properties of an existing transmission-connected

ribution system, the facility owner must submit an updated and docu-

facility
model of the modified system, in accordance with the following stipula-

e For transmission-connected distribution systems - Category 1, permanent modifica-
tions to a given transmission-connected distribution system, e.g. restructuring, cable
laying completed, disconnect (limit setting) changes, or significant modifications to
connected demand or generation, require updates to relevant project parameters
with an agreed update frequency. Significant modifications comprise grid and system
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modifications with decisive impact on coordinated planning and operation of the pub-
lic electricity supply grid.

e For transmission-connected demand facilities - Categories 3-6, the necessary model
update is only required to comprise replaced facility components or control, regula-
tion or facility protection systems, as it is assumed that Energinet Elsystemansvar A/S
is already in possession of a valid simulation model for the relevant transmission-
connected demand facility. If the transmission system operator has not received such
a model, a significant modification to a transmission-connected demand facility re-
quires the submission of a complete and fully documented simulation model in ¢
pliance with present model requirement specifications.

Model delivery is deemed complete only when Energinet Elsystemansvar A/S ha
simulation models and required documentation submitted by the facility ow

2.1 General documentation requirements

2.1.1 Transmission-connected distribution systems — Category

tion in section 3.1.1, model data ormat, version 2.4.15
or higher (IEC61970-600). If ag

format may be used that ca

r A/S, an alternative data
PowerFactory simulation
tool without loss of data

For transmission-conne ems operated as defined grid areas, cf. the defini-

tion in section 3.1.1, m data may be de ed in a specified spreadsheet format. If agreed

with Ener A/S, an alternative data format may be used that can be loaded

lation tool without loss of data.

g points and any grid condition restrictions (short-circuit and R/X ratios) in the
point of connection and fault location in connection with the simulation of external events in
the public electricity supply grid. The user guide must also contain information about specific
model-technical conditions, e.g. the maximum sample length for the equation solver used
when carrying out dynamic simulations etc.
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The user guide must also include descriptions of the control, protection and regulation func-
tions implemented in the simulation model to be used when evaluating the demand facility’s
characteristics in the point of connection, where the following conditions should be in focus:

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

e Description of the simulation model’s electrical input and output signals (electrical
terminals), including relevant conditions in relation to measuring points used, their,
measuring units and base values.

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

e Description of structure and activation levels of protective function

e Description of set-up and initialisation of the simulation model
tions to the application hereof.

e Description of how the simulation model can be integrate
tem model of the public electricity supply grid as u
A/S.

e Unique version control of simulation model an ated docu

Model-specific documentation requirements ar; cribed i owing sections.
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3. Model-technical requirements
3.1 Transmission-connected distribution systems — Category 1
3.1.1 Requirements for static simulation model (static conditions)

When modelling transmission-connected distribution systems, Energinet Elsystemansvar A/S
uses a generic grid equivalent to represent the distribution system in the interface with the

transmission system, i.e. demand and generation as well as reactive components at an aggre-
gated level, connected at 60-10 kV for a given 150-132 kV substation and/or at 60-10 kV for a
given 60-10 kV substation connected to the relevant distribution system, where this leve
detail is required.

Energinet Elsystemansvar A/S regularly updates the grid and system model,
relevant model adjustments and aggregation of demand and generation faci
station level based on updated data for the model elements described.

Despite differences in regional structures and modes of operatio
distribution systems, this grid equivalent is used to represent th
for distribution systems:

e Distribution systems operated as meshed 60

P facilities (aggregation of small facilities) — active power [MW].
| CHP facilities (individual facilities = 10 MW) — active power [MW].
V power facilities (aggregation of small facilities) — active power [MW]

PV power facilities (individual facilities = 10 MW) — active power [MW].

e Equivalent? for autogeneration of reactive power, originating from completed cable
laying in the distribution system — reactive power [Mvar].

e Rated power and rated voltage for installed reactive components (reactors and capac-
itor banks) — reactive power [Mvar].

1 This electricity demand comprises only large central units connected at the 60-10 kV level. Small units are assumed to be included in
the aggregated conventional electricity demand.

2 This equivalent is calculated using information about the total amount of cables connected at the 60-10 kV level.
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e The following additional information is required for reactive components:
o Isthe component connected to a cable system (YES/NO)?
o Isthe component switchable (YES/NO)?
o Is the component's output variable (YES/NO) and, if YES, within which inter-
val [Mvar]?

o Criteria for connection and disconnection, e.g. hysteresis applied for allowa-

ble exchange of reactive power in the reference point, or other local criteria?

3.1.1.1 Model requirements for transmission-connected distribution systems operate
meshed grid areas

For transmission-connected distribution systems operated as meshed grid area

for the model is necessary to ensure a correct representation of voltage and
the interface between the transmission and distribution systems

tions as well as in connection with operational restruc
systems.

For transmission-connected distribution systems
additional data is required for 60-30 kV distri

ubstation
oint) = YYY

_YYY-W/HEL_60_LYK-2

ta for each section®:

mbiguous ID®: "section 1", "section 2", ...

uctor type (cable, overhead line, conductor material and con-
ctor type/cross section).

Resistance [Ohm/km] at 20 °C — synchronous and zero sequence
component.

Inductance [Ohm/km] — synchronous and zero sequence compo-
nent.

= Capacitance [uF/km] — synchronous and zero sequence component.
= Rated transmission capacity7 [A] for each section.

3 Station abbreviations used must be approved by Energinet Elsystemansvar A/S.
4 The "Substation/node" concept is also used when naming branching points.

5 The "section" concept is used for 60-30 kV connections with transitions between different conductor types, for example between
cables and overhead lines, and different cable types or tower types, where electrical properties may vary for the individual sections.

6 Thus, section 1’s starting point is in substation A/node A, cf. the above syntax.
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= Length [km] of each section.
e  Topology map (diagram) with a clear indication of normal switching state, including in-
formation on the breaker (limit) for the connected distribution system.
o 60-30 kV substations connected to a grid area must appear from the topolo-
gy map:
= 60-30 kV ring and radial structures must appear from the topology

map.
¢ Information about auxiliary supply conditions for a given 150-132/60-10 kV substa-
tion:
o Isa60-10 kV substation auxiliary supply required (YES/NO)?
o Isa60-10 kV grid auxiliary connection required (YES/NO)?
= 60-30 kV auxiliary connections must be specifie . section

3.1.1.4.1.

3.1.1.2 Model requirements for transmission-connected distribution sys
defined grid areas

For transmission-connected distribution systems operated as g

additional data is required for 60-30 kV distribution syste

e Topology map (diagram) with a clear indication'@ ing in-

formation on the breaker (limit) for th

on system.

o  60-30 kV substations connecte appear from the topolo-

gy map:
= 60-30 kV & from the topology
map.
¢ Information about a ] i 50-132/60-10 kV substa-

iliary supply required (YES/NO)?
connection required (YES/NO)?

On st, the facility de Energinet Elsystemansvar A/S with data for the

elements describe ection 3.1.1.

atus of 60-30 kV auxiliary connections

The simulation report must include information about existing 60-30 kV auxiliary connections
between any 150-132/60-10 kV substations for which the auxiliary supply is actually based on
these auxiliary connections. The purpose is to facilitate the assessment of options for maintain-
ing regional/local security of supply, cf. Energinet’s grid dimensioning criteria for grids above

7 If varying transfer capacities apply to a given 60-30 kV connection, e.g. factoring in of wind allowance for overhead lines, this must be
stated in the form of specified spreadsheet format load tables.
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100 kV [2], including an assessment of the need to establish a substation auxiliary supply for
any given 150-132/60-10 kV substation.

Ny

Doc. 17/07437-64 — Offentlig/Public



Network Code on Demand Connection (DCC) — simulation model requirements 11/22

3.1.1.4.2 Relay protection used at 150-132/60-10 kV substations

Data is required for the expected fault disconnection time in case of a correct fault disconnec-
tion via primary relay protection systems and, correspondingly, the fault disconnection time for
disconnection via auxiliary protection systems for analyses of critical fault® disconnection times
in the interface between the transmission system and the distribution system, including selec-
tivity studies.

Specifically, the following data is required for relay protection systems used at any given 150
132/60-10 kV substation:

e Maximum protection operating time (time for disconnection of any faul
ponent) [s] via primary relay protection systems.

e Maximum protection operating time (time for disconnection of a
ponent) [s] via auxiliary protection systems.

3.1.1.4.3 Load shedding

Data is required for defined load shedding for total demand

Specifically, information is required about the p
divided into point of connection and vo

e Demand disconnectio step activated.
e Activation level —

e Time delay —ti ' step activated.

For transmission-conne istributi tems operated as meshed grid areas the above
information is submitte ions that form part of load shedding.

asures installed must be submitted for dynamics analyses in the
or example in connection with regional or local system disturb-
tection schemes or other supplementary facility protection in
istribution system for e.g. disconnection or downward regulation
roduction.

8

This only comprises faults in busbars only or faults in grid components (transformers, cables and overhead lines etc.) connected to a
150-132/60-10 kV substation.
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Specifically, information about the principle applied for system protection installed is required,
divided into point of connection and voltage level:

e Production capacity — power [MW] covered by system protection.

e Activation criteria for the system protection installed — for example, relay and circuit
breaker logic or SCADA initiation.

e Activation level ° — e.g. overcurrent [A].

e Time delay —time [s] for activation of system protection.

e Ramp rate — power gradient [MW/s], at which generation changes.

The above information is stated for 60-10 kV stations with system protection in tr
connected distribution systems operated as meshed grid areas

3.1.2 Requirements for dynamic simulation model (RMS model)
Not required.

3.1.3 Requirements for harmonic simulation model

Harmonic simulation models are only required for transmj

for grid operators to provide harmonic simulati
connected facilities.

The simulation model must represen

of the Thévenin voltage for each harmonic fre-
armonic source, or by using a summation law such as IEC 61000-
ility (EMC) - Part 3-6: Limits - Assessment of emission limits for
tallations to MV, HV and EHV power systems [4].

If the distribution-connected facility’s emissions or impedances are dependent on the facility's
operating point, the model must be submitted for three power levels at nominal voltage and
zero reactive power: P =0.0, P = 0.5 p.u. and P = 1.0 p.u. In addition, a description of the reac-
tive effect’s impact on harmonic emissions and impedances must be included. The facility

9h‘ step-by-step activation and downward regulation is used, this must be stated and described.
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owner shall document any dependencies on the operating point and ensure correct implemen-
tation in the model.

The grid operator must also provide data for grid components and other components that
form part of the distribution system infrastructure between the distribution-connected facility
and the point of connection between Energinet Elsystemansvar A/S and the grid operator.
Data must be of an extent and level of detail that makes it possible to create a complete fre-
guency-dependent simulation model in the 50-2500 Hz frequency range. The scope of delivery
will be agreed between Energinet Elsystemansvar A/S and the grid operator.

3.1.3.1 Accuracy requirements

The method used for computation of the simulation model for the transmissi

Not required.

3.1.5 Special conditions for distributio
multiple licence areas
In cases of transmission-conne
operate in multiple license a
the owner of the point of co
Elsystemansvar A/S.

3.2 Transmission-con — Categories 3-5

del (static conditions)

include information about the power consumption mix broken
.g. UPS-connected consumption, engine load and inverter-
portant main category accounts for more than 20% of nominal

voltage (U) and frequency (f) in the point of connection. Corresponding values for reactive
power (Q) are stated in p.u. of the demand facility’s nominal active power.

10 The point of connection is defined as the 60-10 kV terminals for a 150-132/60-10 kV transformer, cf. defined limits of ownership.
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Ulp.ul P [p.u.] Qlp.u.l f [Hz] P [p.u.] Qlp.ul
13 51.5

1.2 51.0

1.1 50.5

1.0 1.0 50.0 1.0
0.9 49.8

0.7 49.5

0.6 49.2

0.5 49.0

0.4 48.5

0.3 48.0

0.2 47.5

Table 2 Voltage and frequency dependency for connected demand

3.2.2 Requirements for dynamic simulation model (RMS model

Regulation (EU) 2017/1485 of 2 August 2017 est
sion system operation (SO GL) [5]. Thisd

duration of 60 seconds.

The simulation model of, ected demand facility must represent the facili-
ty’s static and dynamic t of connection, applicable to the defined normal
operation range [1] an grid conditions under which the demand facility
must be operational. must be representative of the transmission-
connecte properties in connection with the following

external incidents, or ¢ external incidents, in the public electricity supply

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

disturbances of a duration of less than the required minimum simulation pe-

, cf. section 3.2.2.3, and as a minimum within the transient sequence for the de-
mand facility’s transition to a new static state.

e Frequency disturbances of a duration of less than the required minimum simulation
period, cf. section 3.2.2.3, and as a minimum within the transient sequence for the fa-
cility’s transition to a new static state.
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3.2.2.1 Voltage dependency

The simulation model must include the following information about the transmission-

connected demand facility’s voltage dependency:

a) Voltage dependency in case of a voltage change in the POC from 1.0 p.u. to 0.5 p.u.
b) Voltage dependency in case of a voltage change in the POC from 0.9 p.u. to 1.1 p.u.

c) Voltage dependency in case of an overvoltage sequence in the POC as indicated by
the blue graph in Figure 1 - Overvoltage and undervoltage sequences in the POC.Fejl
Henvisningskilde ikke fundet..

d) Voltage dependency in case of an undervoltage sequence in the POC as indi

the pink graph in Figure 1.

1.3/100ms
1,4 ~
h 1.2/5s
1,2 I
I R . ¥
2
g s 075108 o AN [
g /
R ey G smnSeh S
S | Awsas
0,4 / 25+05 o L e ]
0,2 o = Underwltage |
0 T T T T T
0 1 8 9 10 11

Simulations must be d s showing active and reactive power over 60 se-

conds. Voltage in the P ith a controlled voltage source.

The dynamic simulation model must:

e Represent main demand categories in-house separately if these main categories react
significantly different to external incidents.

e Include relevant protective functions, which can be activated, and is able to fully or
partially disconnect the transmission-connected demand facility in case of external in-
cidents and faults in the public electricity supply grid.

Doc. 17/07437-64 — Offentlig/Public



Network Code on Demand Connection (DCC) — simulation model requirements 16/22

¢ Include relevant in-house control functions, e.g. tap changers for the grid connection
transformers used for voltage control of the demand facility’s internal infrastructure,
including relevant blocking criteria (i.e. undervoltage and overvoltage).

¢ Include reclosing criteria and restoration time following demand disconnection or
transition to local supply (e.g. UPS or reserve power supply).

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 RMS values in the individual phases during symmetrical incident
and faults in the public electricity supply grid.
e As a minimum, cover the 47.5-51.5 Hz frequency range and the 0.0-1.4 p.u. voltag
range.

* Allow initialisation in a stable operating point based on a single load

for active power, reactive power, voltage and
out the simulation.

*  Be numerically stable through an inst
grees in the point of connection.

*  Be capable of utilising numerica
1to 10 ms range.

It is accepted that the
error messages relatin
i ed as imperfections related to model imple-
als must appear from the relevant model docu-
ented that aspects of the simulation model’s non-convergence
ication of Energinet Elsystemansvar A/S' overall grid and system
question will be rejected.

The simulation model submitted must be implemented in the most recent version of the Dig-
SILENT PowerFactory simulation tool, using built-in grid component models and standard pro-

gramming features, which must be reflected in the model structure used, etc.
The scope and level of detail of data for grid components and other electrical equipment that

form part of the demand facility infrastructure must enable the construction of a fully opera-
tional simulation model as required in section 2.
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If the static simulation model is identical to the dynamic simulation model described, the re-
quirement for a separate static simulation model no longer applies.

3.2.2.4 Accuracy requirements

The simulation model must represent the transmission-connected demand facility’s static and
dynamic properties in the point of connection. The simulation model must thus respond suffi-
ciently accurately in reflection of the physical demand facility’s static response for an actu
operating point and similarly for the dynamic response in connection with an external inci
in the public electricity supply grid.

The facility owner shall ensure that simulation models have been verified, e.g.
ments from similar transmission-connected demand facilities or measurem
components that make up the greater part of the demand facility.

3.2.3 Requirements for harmonic simulation model

The simulation model for the overall transmission-connecteg

response seen from the poi
model, a fully detailed sj
of harmonic emissions at affect harmonic impedance. Both model types
must be representativ n-connected demand facility’s total emissions of
integer harmonics, stat
the 50 Hz e point of connection. Both model types must

o-sequence impedance within the specified fre-

odel is submitted, the facility owner shall specify a method for
rmonic sources present in the demand facility. This can be done

If a summation law is applied, a coefficients must be specified by the facility owner. Explana-
tions 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 transmission-connected demand facility’s total harmonic emission.
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The scope and level of detail of data about grid components and other components of the
plant infrastructure must enable the creation of a complete, frequency-dependent simulation
model in the 50 Hz-2500 Hz frequency range. This includes infrastructure cables, transformers,
filters etc. The scope of delivery must be approved by Energinet Elsystemansvar A/S.

If the transmission-connected demand facility is expanded over time, a simulation model must
be submitted for each expansion stage or a description must be included, detailing the use of

an overall model to represent the individual expansion stage. The scope of this must be agreed
between the facility owner and Energinet Elsystemansvar A/S.

If the transmission-connected demand facility’s emissions or impedances are dependent o
the facility's operating point, the model must be submitted for three power levels
voltage and zero reactive power: P = 0.0, P = 0.5 p.u. and P = 1.0 p.u. In additio
of the reactive effect’s impact on harmonic emissions and impedances mus
facility owner shall document any dependencies on the working point a
plementation in the models.

3.2.3.1 Accuracy requirements

The method used for computation of the simulation mo

ameters are set using the
results in the measurement report. If model para d on calculations or simu-
lations, the method used must be specified : es of the deduction of

model parameters.

3.2.4 Requirements for tra

Not required.

3.3 Transmission-con ities — Category 6

3.3.1 Requirements fo tic simulation static conditions)

d demand facilities in category 6, the facility owner

itted must include an indication of the transmission-connected demand
facility’s tion of active and reactive power with a one second time resolution. Energinet
Elsystemansvar A/S and the facility owner must agree on the periods that the load profiles are
to cover. Load profiles for all points of connection must be synchronised to ensure that power

consumption concurrency is correctly represented.

For transmission-connected demand facilities in category 6, model data may be submitted in a
defined spreadsheet format.
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3.3.2 Accuracy requirements

No accuracy requirements have been defined. The facility owner shall ensure that required
data exchange is based on consolidated data.

3.3.3 Requirements for dynamic simulation model (RMS model)

Not required.

3.3.4 Requirements for harmonic simulation model

Not required.

3.3.5 Requirements for transient simulation model (EMT model)

Ny

Not required.
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Appendix 1 - Grid equivalent for meshed 60-10 kV grid areas
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Network Code on Demand Connection (DCC) — simulation model requirements

Appendix 2 - Grid equivalent for defined 60-10 kV grid areas
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