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e Documentation requirements for stipulated simulation models.
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1. Background

Due to the ongoing transition of the electricity system, with conventional generation facilities
gradually being phased out and replaced by more complex generation facilities, the transmis-
sion system operator requires greater insight into these new facilities’ structural design 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 do grid and system analyses, for example
when connecting new generation facilities to the grid. This requires up-to-date and accurate
simulation models of grid-connected demand and generation facilities.

Simulation models are used to analyse the transmission and distribution grids’ static
namic states, including voltage, frequency and rotor angle stability, short-circuit

ent phenomena and harmonic conditions.

The statutory authority to set requirements for simulation models is provide
ting requirements, the transmission system operator refers to internati
ever possible to ensure that definitions and procedures used a
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2. General simulation model requirements

The facility owner must submit simulation models to the transmission system operator [1].

These simulation models must properly reflect the generation facility’s steady-state and quasi-
steady state properties. The facility owner must also submit a dynamic simulation model (RMS
(root-mean-square) model) and a transient simulation model (EMT (electro-mechanical transi-
ent) model) to the transmission system operator for time domain analyses. In addition, the fa-
cility owner must submit a harmonic simulation model for analysis of the harmonic state of the

public electricity supply grid, including the generation facility’s contribution to harmonic emis-
sions in the point of connection.

Please see Table 1 for information on requirements for simulation models and delivery scope

other provisions in the regulation.

Generation facility Synchronous generation facili- Asynchronous
types ties
No requirement for simulation
Type A .
model

No requirement for simulation

T B
ype model

Type C, when rated ac- | Static simulation mod
tive power 210 MW | RMS simulation mo

Static simulation model

RMS simulatig adel

Type D

Table 1 Simulation model reg

The facility owner must ion models are verified with the results of the com-
pliance tests defined [1 and verification standards and must submit the

| components, for example to comply with grid
r the delivery of commercial ancillary services, the simulation
ary representation of these components applicable for all re-
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If significant modifications are made to the properties of an existing generation facility, the fa-
cility owner must submit an updated?® and documented simulation model of the modified facil-
ity.

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

2.1 Special conditions for the submission of models for asynchronous generation facilities
(Type C)

For asynchronous generation facilities (Type C), consisting of the same type of individual inst

lations (e.g. a specific wind turbine type or photovoltaic inverter), where no site-specific fea-

To ensure correct model application, the ired simulation models must be documented in

he simulation models’ structural configura-

user guides. These must include description

tions as lation modelparameterization and valid boundary condi-

tions inthe form of opera grid condition restrictions (short-circuit and R/X

n the point of con ion and fault location in connection with the simulation of exter-

events in the public ele ity supply grid. The user guide must also contain information
onditions, e.g. the maximum step size for the equation solver

plementation of dynamic and transient simulations etc.

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
generation facility. If the transmission system operator has not received such a model, a significant modification to a generation facil-
ity requires the submission of a complete and fully documented simulation model in compliance with present model requirement
specifications.
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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 generation facil-
ity’s characteristics in the point of connection, where the following conditions should be in fo-
cus:

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 Acomprehensive parameter list, where all parameter values must be stated in the e

erator.
e Unique version control of simulation model and re

Model-specific documentation requirements are descril n the follg
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3. Model-technical requirements
3.1 Synchronous generation facilities
3.1.1 Requirements for static simulation model (static conditions and short-circuit ratio)

The simulation model of the overall generation facility must represent this facility’s static and
quasi-static properties in the point of connection, applicable to the defined normal operation
range [1] and in all relevant static grid conditions under which the generation facility must be
operational.

In this context, quasi-static properties include the characteristics of the generation facility in
connection with a short circuit in the point of connection or anywhere in the public electricit
supply grid. In this context, a short circuit may take the form of:

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

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

The static simulation model must:

e be supported by model descriptions that, as a
of the main modules in the model.

e Include descriptions of the individual

e Include descriptions of the set-up of the si j ; vell as any limitations to
the application hereof.

e Include the characteristic i i ing ranges for active

o Allow for theu g ve power control functions:

® control) with indication of reference point.
ith indication of reference point.

ntrol, including meters for droop/compounding with indica-

e point.

Allow simulation e individual phases during symmetrical incidents

and faults in the lic electricity supply grid.

Allow simulation S values in the individual phases during asymmetrical incidents

electricity supply grid.

above. Simulation model parameter settings must contain complete data sets for each individ-
ual facility.

The simulation model submitted must be 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
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integration between the simulation model submitted by the facility owner and the more exten-
sive 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 O.

If the static simulation model is identical to the dynamic simulation model described in section

3.1.2, the requirement for a separate static simulation model no longer applies.

The simulation model must be verified as specified in section 4.

3.1.1.1 Accuracy requirements

In general, the simulation model must show no properties that cannot be prov
generation facility.

3.1.2 Requirements for dynamic simulation model (RMS model)

tions under which the generation facility must be operat
must be able to represent the static and dynami

resulting vector j connection.

Manual connecti r disconnection (without prior fault) of any grid component in

upply grid and the resulting vector jump in the point of connec-

and near-miss voltage collapses within the required minimum
, cf. details below, and as a minimum within the transient start-up

y disturbances of a duration of less than the required minimum simulation

, cf. details below, and as a minimum within the transient sequence for the gen-
eration facility’s transition to a new static state.

e  Activation of imposed system protection (via an external signal) for quick regulation of
the generation facility’s active power generation in reference to a predefined final
value and gradient.

The dynamic simulation model must:

Doc.16/05118-108 Offentlig/Public



9/27

e Be supported 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 individual model components and their related parameters,
including saturation, non-linearity, dead bands, time delays and constraint functions
(non-wind-up/anti wind-up) as well as look-up table data and principles applied to in-

terpolation, 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.
o Reactive power.
o Set points for:
= Active power control.
= Power factor control (cos ¢ control).
= Qcontrol (MVAr control).
= Voltage control including parameters for droop/co
= Frequency control (droop and deadb
= System protection measures (fina
power control).
o Signal for activation of system protect
e Include descriptions of set-up and initialisation of ¢ well as any
limitations to the application hereof.

e Include all required control functions [1].

faults in the public electrigi i of block diagrams
for the individual ele-

eed regulator, drive engine or turbine system implemented in
ed models [3]. If it can be documented that the required model
e with a standardised model, an agreement can be made with

rs, drive engines, turbines, gears, switches and excitation systems), including

entation of inertia constants, natural frequencies as well as spring and damping
constants for each drive train element.

e Allow simulation of 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 incidents
and faults in the public electricity supply grid.

e Asaminimum, cover the 47.5-51.5 Hz frequency range and the 0.0-1.4 p.u. voltage
range.
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e Beable to demonstrate compliance with the requirements for the excitation system's
dynamic responses, including requirements for the PSS on damping and phase com-
pensation [1].

e Allow initialisation in a stable operating point based on a single load flow simulation
without subsequent iterations. Show a time-derivative value (dx/dt) on initialisation
for any of the simulation model state variables of less than 0.0001.

e Allow description of the generation facility’s dynamic properties for at least 60 sec-

onds 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 val-
ues for active power, reactive power, voltage and frequency remaining cons
throughout the simulation.

e Be numerically stable through an instantaneous voltage vector jump
grees in the point of connection.

e Be capable of utilising numerical equation solvers with variable tim
10 ms range.

mented that aspects of the simulati rsely impact the ap-

plication of the transmission sys i model, the simulation

If the generation facilit
represent the generatio
above. Simulation mode i contain complete data sets for each individ-

ter extract from the generation facility’s control, protection and
ocumentation must include descriptions of the simulation

plementation used must not require the use of special settings of or deviations from the stand-
ard settings for the simulation tool’s numerical equation solver or otherwise prevent integra-
tion between the simulation model submitted by the facility owner and the more extensive
grid and system model used by the transmission system operator.

To ensure unambiguous model implementation, the simulation model basic values for genera-
tor bay power and generator bay voltage must be indicated in accordance with the non-recip-
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rocal per unit system [4], which must make up basic values in the model used for the genera-
tion facility's voltage regulator. The use of scaling factors must be stated explicitly for signals
between the excitation system's other functions if different basic values are used for these par-
tial models.

If the generation facility comprises main components, for example power and speed regula-
tors, drive engine or turbine system, and modelling of these requires parameter adjustments
as a function of the generation facility’s current operating point to ensure the required model

accuracy, model documentation, cf. the above, must include the necessary model parameter
sets for each of the following operating points:

e 25% of rated active power generation.
e  50% of rated active power generation.

e 75% of rated active power generation.

e 100% of rated active power generation.

simulation model as required in section 2.

The simulation model must be verified as specified in

3.1.2.1 Accuracy requirements

on models are verified with the results of the com-
t and verification standards and must submit the

| control functions must be included in the model

otection interventions (final value and gradient for downward regulation of
power) - if required by the transmission system operator.

Simulation model accuracy as regards the required control functions must be verified using a
calculation of the deviation between the model's simulated responses in relation to the corre-

sponding measured value.

Appendix 1 lists the generation facility's electrical signals that are covered by the following ac-
curacy requirements.
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The following quantitative requirements must be met for each completed standard test to en-
sure an objective assessment of the simulation model accuracy. Please note that all criteria ap-
ply and that no criterion can override another.

Within the 0.1-5 Hz frequency range, the frequency response (Vt/Vref) accuracy for the excita-
tion system and PSS must keep within the following tolerances:

(@) The deviation between the simulated amplitude and the corresponding meas-

ured amplitude must be less than 10% for any frequency within the defined fre-
guency range.

(b) The deviation between the simulated phase angle and the corresponding mea
ured phase angle must be less than 5 degrees for any frequency within the de-
fined frequency range.

ing to the simu
cation report.

thin the 0.1-5 Hz frequency range in the genera-

tion facility's acti nd reactive power generation and voltage must be damped, and

the frequency de on must be less than 10% of the corresponding measured value.
ng into account any difference in simulated and measured voltage in the point of

eviation between the generation facility’s simulated active and reac-
eration must at all times during simulation be less than 10% of the cor-

measured value.

Taking into account any difference in simulated and measured voltage in the point of
connection, the deviation between the generation facility’s simulated static active and
reactive power generation, in relation to the corresponding measured value, must be
less than 2% of the rated generation capacity of the facility.

Accuracy requirements for the stipulated simulation model are regarded as complied with if all
defined tolerances of permissible deviations have been met.
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In general, the simulation model must show no properties that cannot be proven for the actual
generation facility.

3.1.3 Requirements for transient simulation model (EMT model)

Not required.

3.1.4 Requirements for harmonic simulation model

Not required.

3.2 Asynchronous generation facilities

3.2.1 Requirements for static simulation model (static conditions and short-circuit ratio)

e Phase-to-phase-to-earth or phase-to-
fault point.

e Athree-phase short circuit with
The static simulation model mu

e Besupported b at, as a minimum, comprise function descrip-

tions of the m
e Include descri model components and related parameters.
simulation model as well as any limitations to

Include the char

eration facility’s static operating ranges for active

o that the simulation model is not erroneously operated in an
t.
| required reactive power control functions:

and reactive po
invalid operating

control (cos ¢ control) with indication of the set point.

(MVAr control) with indication of the set point.

ge control, including parameters for droop/compounding applied with

dication of the set point.

imulation of 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 asymmetrical incidents
and faults in the public electricity supply grid.

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

range.

If a simulation model is used to aggregate individual facilities for a common representation of
the generation facility in the point of connection, the model must be able to represent the

Doc.16/05118-108 Offentlig/Public
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characteristics of the generation facility in the point of connection, cf. above. The accompany-
ing documentation must include descriptions of the principles used for aggregation and any
limitations on the use of this. Simulation model parameter settings must include complete data
sets for the individual facilities and the aggregated facility.

The content and level of detail of the simulation models for the plant controller and individual
generation facility must be such that these can be readily integrated into a large grid and sys-
tem model as used by the transmission system operator and subsequently appear as a com-

plete, fully functional simulation model as required in section 2.

The simulation model submitted must be implemented in the most recent version of the DI
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
plementation used must not require the application of special settings of or devi

integration between the simulation model submitted by the facility owne
sive grid and system model used by the transmission system operator.

If the static simulation model is identical to the ic si odel described in section
3.2.2, the requirement for a separate static simul er applies.

3.2.1.1 Accuracy requireme

In general, the simulatiopdmode properties that cannot be proven for the actual

generation facility.

lation model must be able to represent the static and dynamic
cility in connection with set point changes for the facility's gen-

tor-near faults seen from the point of connection in accordance with the re-
quired FRT characteristics [1], where a short circuit can take the form of:
o A phase-to-earth short circuit with any impedance in the fault point.
o Phase-to-phase-to-earth or phase-to-phase short circuit with any impedance
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.

Doc.16/05118-108 Offentlig/Public



15/27

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 within the required minimum
simulation period, cf. details below, and as a minimum within the transient start-up
period for the generation facility’s transition to a new static state.

e  Frequency disturbances of a duration of less than the required minimum simulation

period, cf. details below, and as a minimum within the transient sequence for the gen-
eration facility’s transition to a new static state.

e Activation of imposed system protection (via an external signal) for fast regulation o
the generation facility’s active power generation in reference to a predefined final

value and gradient.

The dynamic simulation model must:

simulation model.

e Include descriptions of and related parameter v,
nents, including saturation, non-linearity, dead
tions (non-wind-up/anti wind-up) as we
to interpolation, etc.

del's input and output

o Active power.
o Reactive po
o Setpoints

er control).
ivation of system protection.
Is for any external grid components, e.g. STATCOMs or energy

required control functions [1].

e 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.

2 Control functions in relation to the required generation facility fault ride through properties, including dynamic voltage support in

connection with a voltage dip.
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e Include the generation facility’s power and speed regulator.

e Include a total mechanical oscillation mass model of the generation facility’s drive
train, including documentation of inertia constants, natural frequencies as well as
spring and damping constants for each of the drive train mass elements, if this is rele-
vant for the representation of the static and dynamic properties of the generation fa-
cility.

e Allow simulation of 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 incidents
and faults in the public electricity supply grid.
e Asaminimum, cover the 47.5-51.5 Hz frequency range and the 0.0-1.4 p.u. voltage
range.
e Allow initialisation in a stable operating point based on a single load flow
without subsequent iterations. Show a derived value (dx/dt) on initialj
the simulation model state variables of less than 0.0001.

electricity supply grid.

e Be numerically stable through a simulation of minim
tion of a sequence of events or changes to boun
for active power, reactive power, voltage and
out the simulation.

e Be capable of utilising numerical equati
1to 10 ms range.

e Be numerically stable through
the point of connection.

applied externa ent when running a simulation sequence.
ived as imperfections related to model implementation,
ear from the relevant model documentation. If it
cts of the simulation model’s non-convergence will adversely im-
smission system operator's overall grid and system model, the

ill be rejected.

limitations on the use of this. Simulation model parameter settings must include complete data
sets for the individual facilities and the aggregated facility.

The content and level of detail of the simulation models for the farm controller and individual
generation facility must be such that these can be readily integrated into a large grid and sys-
tem model as used by the transmission system operator and subsequently appear as a com-
plete, fully functional simulation model as required in section 2.
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If the generation facility incorporates external components, for example to comply with grid
connection requirements or for the delivery of commercial ancillary services, the simulation
model must include the necessary representation of these components as required in section
2.

The simulation model submitted must be implemented in the most recent version of the Dlg-
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 model im-

plementation used must not require the use of special settings of or deviations from the stand
ard settings for the simulation tool’s numerical equation solver or otherwise prevent integra
tion between the simulation model submitted by the facility owner and the more extensi

grid and system model used by the transmission system operator.

The scope and level of detail of data for grid components and other equipm
of the facility infrastructure must enable the construction of a complete a

simulation model as required in section 2.
The simulation model must be verified as specified in section 4

3.2.2.1 Accuracy requirements

nent or switching with a grid component in the public electricity supply grid. Test and
verification of a generation facility’s static and dynamic properties in connection with such ex-
ternal incidents is typically only done in connection with certification and type approval of the
relevant generation facility. These standard tests are normally carried out for individual facili-
ties where a well-defined voltage profile is applied to the generation facility, typically on the

high-voltage side of the generator transformer used.

The primary purpose of these standard tests is verification and certification of the generation
facility's compliance with the required FRT properties, including requirements for delivery of
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dynamic voltage support (added reactive current lq) during the fault sequence in accordance
with the defined characteristics [1]. The results of these standard tests are used for the subse-
quent verification of the functional requirements set 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 defined in [6].

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). The calculated deviation is evaluated using the following statistical griteria
defined in [6].

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

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

guantitative requirements must be met for eac : performed as the devia-
issible deviations speci-

. Power (reactive compo-
Power (active component)

nent)

ME MAE MXE ME MAE
Pre-fault E . +0.100 0.120 0.150 +0.100 0.120

+0.300 0.400 0.170 +0.150 0.170

+0.150 0.170 0.170 +0.150 0.170

3.2.2.1.2 Accuracy requirements in connection with changes to the generation facility’s op-
erating point

In this context, the phrase changes to the generation facility’s operating point comprises man-

ual changes to generation facility’s static operating point, for example in connection with a set

point change to the facility’s generation of active power or corresponding changes to set

points for other required control functions. Test and verification of a generation facility’s static
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and dynamic properties in connection with such set point changes are typically done in con-
nection with required compliance tests [1].

The primary purpose of these standard tests is verification of the generation facility’s compli-
ance with required static and dynamic properties in the point of connection, including compli-
ance with the requirements defined in relation to, for example, response time and control gra-
dients, activation levels for control and constraint functions as well as verification of the gener-

ation facility's operating range, etc.

The results of these standard tests are used for the subsequent verification of the functional

requirements set for and the accuracy of the simulation model.

The standard tests used for model verification must be performed and documente

ance with definitions and descriptions defined in [6].

At a minimum, the following simulation model control functions must be in

verification:

e  Active power control.

e Reactive power control:
o Power factor control (cos ¢ control).
o Qcontrol (MVAr control).

e Voltage control (voltage reference poi

e assessment of the simulation model accuracy, the following
licable to the generation facility’s step response, cf. the defini-
h of the standard tests performed as the deviations calculated
n or equal to the permissible deviations specified in Table 3 Ac-
issible deviation.
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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 de- <50 ms <50 ms <100 ms <15% < 2% Of Prated
viation

Table 3 Accuracy requirements - permissible deviation.

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

In general, the simulation model must show no properties that cannot be proven for the actua
generation facility.

3.2.3 Requirements for transient simulation model (EMT model)

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

e The EMT model must be built and implemented in PS
sion specified by the transmission system operatog

is accepted, subject onents available to the
user.

t be described in the user guide.

MT 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.

e |t must be possible to initialise the model in maximum 3 seconds of simulation time.

e The EMT model must represent all components, control systems and protection sys-
tems relevant for EMT analyses.

e Allrelevant function settings in the generation facility’s control system that are rele-
vant for EMT analyses and that can be changed either locally or remotely must appear
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as available parameters in the simulation model. The scope of the delivery must be
approved by the transmission system operator.

e All electrical, mechanical, 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.

e  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 cables, transformers, filters, etc. The scope of delivery
must be approved by the transmission system operator.

e  For generation facilities with a mechanical drive train, the EMT model must include
mechanical oscillation mass model of the generation facility’s drive train, including
documentation of inertia constants, natural frequencies as well as spring and
constants, if this is relevant for the representation of the static and dyna
ties of the generation facility.

e  For generation facilities with a grid-connected converter, this mu
transistor level for a proper representation in transient studies.

e The EMT model must be usable for EM i anced and unbalanced
faults and interruptions of the generation o the public electricity
supply grid.

3.2.3.1 Model submission

On submission, the EMT mode
e PSCAD/EMTD i rsion according to agreement with the transmis-
sion system o

User guide wit

A functio must be supplied for the generation facility con-

nected to a simp tation of the public electricity supply grid, for ex-
ample a Théveni

model verification report must include a comparison of the PSCAD/EMTDC
el's static and dynamic responses with measurements made on the actual gener-
ation facility. This does not include static harmonic matters.

3.2.3.2 Accuracy requirements

The accuracy of the required transient simulation model will be determined in the same way as
for the dynamic simulation model (RMS model), see section 3.2.1.1, using appropriate filtering
for the calculation of the fundamental frequency component of measured and simulated val-
ues. The method used for filtering is agreed between the facility owner and the transmission
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system operator. Thus, the accuracy requirements for the transient simulation model and the
applied evaluation method are identical to those for the required dynamic simulation model.

3.2.4 Requirements for harmonic simulation model

The simulation model of the overall generation facility must represent the facility’s emissions
of harmonics and passive harmonic response (harmonic impedance) in the point of connection,
applicable to the defined normal operation range [1] and in all relevant static grid conditions

under which the generation facility must be operational.

The single-unit model provided must be a Thévenin equivalent, representative of the genera-
tion facility’s emission of integer harmonics, indicated as RMS voltages as well as the facility’
passive responses in the 50-2500 Hz frequency range. The model must include all rele
itive, negative and zero-sequence impedances within the specified frequency ran
tion of 1 Hz.

If the facility consists of several generation units, an aggregated simulation
tive of total emissions and total passive harmonic responses in the point of con
submitted in addition to the single-unit model. Requirements forf
tion are identical to those for the single-unit model.

If the generation facility’s emissions or impedances aré

The facility owner shall i mation of emissions from several generation
units. This can be done equirement for setting the angle of the Thévenin
voltage for each harmo ally for each generation unit, or by using a sum-

mation law such as the

cy requirements

The method used for the creation of a model for the individual generation 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.
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4. Verification of simulation model

The facility owner must ensure that simulation models are verified [1]. The facility owner must
handle all aspects of the model verification tests, including providing necessary measuring
equipment, data loggers and personnel. The facility owner must also ensure completion and
documentation of the required model verification, including documentation of compliance
with defined accuracy requirements for the simulation model.

The actual compliance tests must be done as specified in [1], where the scope of the verifica-
tion model has been determined together with the transmission system operator, based on a
proposal from the facility owner.

The facility owner must document the measurements used for verification of the si

for completed compliance tests and cause(s) of any deviations as regards
conditions.

Time-series measurements used for verification i : del must be attached to

cuit ratios)

Verification is not required; Ha

odel for the overall generation facility, includ-
and verification of the generation facility’s static and dynamic
point changes and external incidents in the public electricity sup-
.1.2.and 3.2.2.

be verified.

For synchronous generation facilities consisting of several individual installations, model verifi-
cation must be completed for each individual installation.

For asynchronous generation facilities that consist of several individual installations, have key

control, protection, and regulation functions or use any external components, thus making
these facilities come over as aggregate generation facilities in the point of connection, model
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verification must be completed at an aggregate level and thereby represent all generation fa-
cility properties in the point of connection. Requirements for this type of generation facility, cf.
section 2, comprise specific simulation models for each type of individual installation (e.g. one
model for each turbine type used) and for each type of external component (e.g. one model
for each energy storage units used etc.), and so, modelling of these individual installations and
external components must be verified separately.

4.1.2.1 Special conditions for the verification of models for asynchronous generation facili-
ties (Type C)

There are no general requirements for model verification at an aggregate level in the point of,
connection for asynchronous generation facilities (Type C). Model verification for this type o

gnals, asam

g the generation facility:

e  Active power

Reactive powe : aerator terminals.

uency response for the excitation system and power system stabiliser (PSS)
(Vt/Vref).
e Set points for:
o Active power control.
Power factor control (cos ¢ control).
Q control (MVAr control).
Voltage control.

o O O O

Frequency or speed control.
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e  Signal for activation of system protection.

4.1.2.3 Required signals for verification of asynchronous generation facilities

Subsequent model verification requires that the following measuring signals, as a minimum,
are recorded for the type and compliance tests completed when commissioning the genera-
tion facility:

e Active power —measured in the point of connection.

e  Reactive power —measured in the point of connection.

e  Phase voltages — measured in the point of connection.

e Phase currents —measured in the point of connection.

e  Grid frequency — measured in the point of connection.

e Active power —measured on the primary side of the generator transfor

e Reactive power — measured on the primary side of the generator tra

e  Phase voltages — measured on the primary side of the generator

e Phase currents (resulting) — measured on the primary side of the ge
former.

e  Phase currents (active component) — measured on the
transformer.

e Phase currents (reactive component) — measu
tor transformer.

e  Control signals (alarms) for activation

e  Generator RPM —where relevant.

e Set points for:

Active power cont

[ ]
24
oQ
>
=R
—h
o
-
Q
o
=
<

41.3 lation model (EMT model)

model, cf. section 4.1.2.

ts for harmonic simulation model
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Appendix 1

Synchronous generation facilities
Signals included in the model verification requirement:

e Active power —measured in the point of connection.

e  Reactive power —measured in the point of connection.

e Phase voltages — measured in the point of connection.

e Phase currents — measured in the point of connection.

e  Bay current —measured at the generator terminals (or for the excitation system, if
used).

e Bay voltage — measured at the generator terminals (or for the excitation sy,
used).

e  Generator RPM.

e  Frequency response for the control and regulation system model

Asynchronous generation facilities
Signals included in the model verification requirement:

e Active power —measured in the point of con
generator transformer for type tests).
e Reactive power —measured in the poi
generator transformer for type tests).
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