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a) Generator Models and Parameters for Combined Cycle Power Plant

GENROU

Round Rotor Generator Model (Quadratic Saturation)
This model is located at system bt # IBUS, p, ~MECH | | SPEED _ speed
machine # I g, EFD ISORCE o  current
This model uses CONs starting with # J, VOLT at GENROU | o
and STATEs starting with # K, VT erminal % Terminal Voltage
The machine MVA is for each of Bus ANGLE 1 ngle
units = MBASE
ZSCORCE for this machine is +j on
the above MBASE
CONs | # Value Description STATEs # Description
J T’ 4o (>0) (sec) K E'q
J+1 T” 4 (>0) (sec) K+1 E'q
J+2 T’ g0 (>0) (sec) K+2 Ykd
J+3 T” 40 (>0) (sec) K+3 Ykq
J+4 Inertia, H K+4 A speed (pu)
J+5 Speed damping, D K+5 Angle (radius)
J+6 X4
147 Xq
J+8 X'g
J+9 Xq
J+10 X" =X"q
J+11 X1
J+12 5(1.0)
J+13 5(1.2)

Xd, Xgy X'y X’g, X7d, X7, X, H, and D are in pu,
machine MVA base.

X”q must be equal to X4
IBUS, ‘GENROU’, I, T'do, T"do, T g0, T” g0, H, D, Xd, Xg, X'd, X'q, X”4, X1, $(1.0), S(1.2)/
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IEEEST
IEEE Stabilizing Model
This model is located at system bus # IBUS,
machine # l. Input VOTHSG
This model uses CONs starting with # J, Bas:d on IEEEST Auxiliary
and STATEs starting with # K, ICON(IC) Signal
and VARs starting with # L, Value
and ICONs starting with # IC.
ICONs| #| Value Description STATEs | # Description
IC ICS, stabilizer input code: K 1t filter integration
1-rotor speed deviation(pu) K+1 nd filter integration
2-bus frequency deviation (pu) K+2 3" filter integration
3-generator electrical power on K+3 4" filter integration
MBASE base(pu) K+4 T1/T, lead-lag integrator
d-generator accelerating power (pu) K+5 Ts/Tq lead-lag integrator
5-bus voltage(pu) K+6 Last integer
6-derivative of pu bus voltage
IC+1 IB, remote bus number 2,5,6
Note:  ICON(IC+1) may be nonzero only when ICON(IC VARs # Description
is 2,5, or 6. L Memory
If ICON(IC+1) is zero, the terminal quantity is L+1 Derivative of pu bus voltage
used.
CONs # Value Description
J A
J+1 Az
J+2 As
J+3 Aq
J+a As
J+5 As
J+6 Ti(sec)
47 To(sec)
J+8 Ti(sec)
J+9 Ta(sec)
J+10 Ts(sec)*
J+11 Te(>0)(sec)
J+12 Ks
J+13 Lsmax
J+14 Lsmin
J+15 Veu(pu)(if equal zero, ignored)
J+16 Ve (pu)if equal zero, ignored)

*If Ts equals 0., sTs will equal 1.0.
BUS, ’IEEEST’, I, ICS, IB, A1, Az, As, A, As, As, T1, Ta, T3, Ta, Ts, Te, Ks, Lsmax, Lsmin, Veu,Ver/



Input
Signal

LANETLULUUNRN8LAY 1

Filter
1+A5S+A652 1+sT, o 1+sT3
(1+A15+A252)(1+A3S+A452) 1+sT, 1+sT,
L Output Limiter
T SMAX [Ve=Vss, if (Veu>Ver>Vel)
5 .
K » V=0, if (Vcr<V
ST 5T, Ve S (Ver<Ver)

V=0, if (Vcr>Veu)

—» VOTHSG




Bus Fed or Solid Fed Static Exciter

SCRX

LANETLULUUNRN8LAY 1

This model is located at system bus # IBUS, ECOMP
machine # . VOLTHSG
This model uses CONs starting with # J, VUEL EED
and STATEs starting with # K, VOEL SCRX >
XADIFD
ETERM
CONs # Value Description STATEs Description
J Ta/Ts K First integrator
J+1 Tg(>0)(sec) K+1 Second integrator
J+2 K
J+3 Te(sec)
J+4 Evin(pu on EFD base)
J+5 Emax(pu on EFD base)
J+6 Cswirc
J+7 rc/rfd
Set Cswircn = 0 for bus fed.
Set Cswircn = 1 for solid fed.
Set CON(J+7) = 0 for exciter with negative field current
capability.
Set CON(J+7) = 0 for exciter without negative field cur-
rent capability. (Typical CON(J+7)=10.)
|BUS, ‘SCRX’, |, TA/TB, TB, K, TE, EM\N, EMAX; CSWITCH; I’C/I'fd/
CswitcH=0 Cswitch=1
Ei» | - 10
VRer Emax i
+
14T s K Ebridge
Ec(pu) —> 1+Tgs 1+TEes . Negative
+ Current Logic > EFD
Laglta —®
Vs Emin

Vs = VOTHSG + VUEL + VOEL



GAST2A

Gas Turbine Model

LANETLULUUNRN8LAY 1

This model is located at system bus # IBUS,

machine # I SPEED GAST2A PMECH

This model uses CONs starting with # J,

and STATEs starting with # K,

and VARs starting with # L,

CONs # Value Description CONs # Value Description

J W-governor gain (1/droop) J+25 an
(on turbine rating) J+26 br,

J+1 X (sec) governor lead time constant J+27 Co

J+2 Y (sec)(>0) governor lag time J+28 Rated temperature, Tx(F)
constant J+29 Minimum fuel flow, Kg(pu)

J+3 Z - governor mode J+30 Temperature control, Tc(F)
1 - Droop
0 -1S0

J+4 Em (sec)

J+5 Tep (sec) STATEs | # Description

J+6 Trate turbine rating (MW) K Speed governor

J+7 T (sec) K+1 Valve positioned

J+8 MAX (pu) limit (on turbine rating) K+2 Fuel system

J+9 MIN (pu) limit (on turbine rating) K+3 Radiation shield

J+10 Ecr (sec) K+4 Thermocouple

J+11 K3 K+5 Temperature control

J+12 a(>0) valve positioner K+6 Gas Turbine dynamics

J+13 b(sec)(>0) valve positioner K+7 Combustor

J+14 c valve positioner K+8 Combustor

J+15 Tdsec) (>0) K+9 Turbine/exhaust

J+16 Kr K+10 Turbine/exhaust

J+17 Ks K+11 Fuel controller delay

J+18 Kq K+12 Fuel controller delay

J+19 Ts(sec) (>0)

J+20 Ta(sec) (>0) VARs H Description

J+21 Ti(sec) (>0) L Governor reference

J+22 Ts(sec) (>0) L+1 Temperature reference flag

J+23 af L+2 Low value select output

J+24 br1 L+3 Output of temperature control

IBUS, "GAST2A’, LW, X, Y, Z, Etp, Tep, Trate, T, MAX, MIN, Ecr Ks, a, b, ¢, Tr, Kr, Ks, Kg, T3, Ta, T, Ts, ar1, bri, ar, bra, Cro, Tr, Ks,, T/
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MAX TC Fadiation
L Thermocoupla Shaeld
+ = Twbme
Temperatwe | 155+ 1 e — 1 D3 P
Control* T ‘-._:_J Tygs+1 — B Tas+11[" ;
Twhbme Exhaust
Raference —
i 5 giE 4
R MAX K6 il Fuel
+ A r _F-‘;’El . Positiomar System W
WKe+1) Low Conizel Fuél Combustor
g Wl Wl Faa _ T L s a 1 X ow | LE |
[ii-”'_.. T+ Z — Sl.e].?; _F\.:E"_" K3 ¥ e '\I —* bs+c ™ T+l =R
- A Speed Speed Ti
MM ‘Govemor  Contol Ks |«
(7as Tumbine
Drymanucs
Teps -1
SPEED = Twhine |y,
(pu deviation) PMECH | TRaTE | 2
——— +{ X f
+ MBASE | v L e
3 f
I N I
f] =Tg -ag (L. - wyg) - by (zpeed) fy =ag +bp(w) - opn (speed)

*Temperature control output is set to output of speed governor when temperature control input changes from positive to negative.

wnewn Weusslevdlunisdnuinseissuulni lidvelieuse/deuse dndsdayairsasidalii
91994 59109 Generator Controller Model ; Excitation System Model, Power System Stabilizer Model,
Governor Model viavualuguwuuvasing Power Factory “.pfd” fiannsaldanulaiulusunsy DIgSILENT

Power Factory Usznaunig
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b) Generator Models and Parameters for Thermal Power Plant

GENROU

Round Rotor Generator Model (Quadratic Saturation)

This model is located at system bus # IBUS, p, MECH _ | SPEED speed
machine # I.

This model uses CONs starting with # J, By — 2 RS Source Curtent
and STATEs starting with # K, va VOLT at GENROU | ergrm » Terminal Voltage
The machine MVA is for each of TerB";'SnaI

units = MBASE |ANGLE _ nngle
ZSCORCE for this machine is +j on

the above MBASE

CONs Value Description STATEs Description

J Tao (>0) (sec) K E'q

J+1 T4 (>0) (sec) K+1 E'q

J+2 T’ g0 (>0) (sec) K+2 Ykd

J+3 T” 40 (>0) (sec) K+3 Wkg

J+4 Inertia, H K+4 A speed (pu)

J+5 Speed damping, D K+5 Angle (radius)

J+6 Xd

J+7 Xq

J+8 X4

J+9 X4

J+10 X7y =X"

J+11 X1

J+12 S(1.0)

J+13 S(1.2)

Xdy Xg, X', X'gq, X”g, X", X, H, and D are in pu,

machine MVA base.

X”q must be equal to X”q

IBUS, ‘GENROU’, I, T’do, T”do, T"qo, T”qo, H, D, Xd, Xq, X'a, X’q, X”q, X\, 5(1.0), 5(1.2)/
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IEEE Stabilizing Model

LANETLULUUNRN8LAY 1

This model is located at system bus # IBUS,
ma?chlne ‘ ' # I. Input |EEEST VOT.I-.|SG
This model uses CONs starting with # J, Based on Auxiliary
and STATEs starting with # K, ICON(IC) Signal
and VARs starting with # L, Value
and ICONs starting with # IC.
ICONs # | Value Description STATEs # Description
IC ICS, stabilizer input code: K 1! filter integration
1-rotor speed deviation(pu) K+1 2nd filter integration
2-bus frequency deviation (pu) K+2 3" filter integration
3-generator electrical power on K+3 4" filter integration
MBASE base(pu) K+4 T1/T, lead-lag integrator
d-generator accelerating power (pu) K+5 T3/T4 lead-lag integrator
5-bus voltage(pu) K+6 Last integer
6-derivative of pu bus voltage
IC+1 IB, remote bus number 2,5,6
Note: ICON(IC+1) may be nonzero only when ICON(IC) VARs # Description
is 2, 5, or 6. L Memory
If ICON(IC+1) is zero, the terminal quantity is L+1 Derivative of pu bus voltage
used.
CONs # Value Description
J At
J+1 Az
J+2 As
J+3 Aq
J+4 As
J+5 As
J+6 Ti(sec)
J+7 Ta(sec)
J+8 Ts(sec)
J+9 Ta(sec)
J+10 Ts(sec)*
J+11 Te(>0)(sec)
J+12 Ks
J+13 Lsmax
J+14 Lsmin
J+15 Veulpulif equal zero, ignored)
J+16 Ve(pu)if equal zero, ignored)

*If Ts equals 0., sTs will equal 1.0.

BUS, ’IEEEST’, I, ICS, IB, A1, Az, Az, Ag, As, As, T1, T, T3, Ta, Ts, Te, Ks, Lsmax, Lsmin, Veu,Ver/



Input
Signal
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Filter
1+A5$+A532 1+sT, 1+sT;
(1+A15+A52) (1+Az5+AS?) 1+sT» 1+sT,
L Output Limiter
T SMAX [ V=Vss, if (Veu»Ver>Var)
> Ks—— > V=0, if (Ver<V
S T4sT, Ve Vs (Ver<Veyr)

Lsmin

Vs=0, if (Vcr>Veu)

—» VOTHSG
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SCRX
Bus Fed or Solid Fed Static Exciter

This model is located at system bus # IBUS, ECOMP
machine # . VOLTHSG
This model uses CONs starting with # J, VUEL ) EED
and STATEs starting with # K, VOEL > SCRX
XADIFD
ETERM
CONs # Value Description STATEs # Description
J Ta/Ts K First integrator
J+1 Te(>0)(sec) K+1 Second integrator
J+2 K
J+3 Te(sec)
J+4 Emin(pu on EFD base)
J+5 Ewax(pu on EFD base)
J+6 Cswirc
J+7 rc/rfd
Set Cswircn = 0 for bus fed.
Set Cswiren = 1 for solid fed.
Set CON(J+7) = 0 for exciter with negative field current
capability.
Set CON(J+7) = 0 for exciter without negative field cur-
rent capability. (Typical CON(J+7)=10.)
IBUS, ‘SCRX’, I, Ta/Tg, TB, K, TE, EM\N, Emax, Cswiren, re/red/
Cowitcn =0 Cowirecn=1
Ei» | - 10
Vrer Emax
+
_ 1+TAS K Ebridge
<o . I BN
1+TgS 1+Tes Negative
+ Current Logic [ =EFD
Lagltg —
Vs Emin

Vs = VOTHSG + VUEL + VOEL
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IEEE Type 1 Speed-Governing Model
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This model is located at system bus # IBUS,
machine # l.
This model may be located at PMECHHF‘.
system bus # JBUS, @» IEEEG1
machine # M, M
This model uses CONs starting with # J,
and STATEs starting with # K,
and VARs starting with # L,
Note: JBUS and JM are set to zero for noncross
compound.
CONs # Value Description STATEs # Description
J K K First governor integrator
J+1 Ti(sec) K+1 Governor output
J+2 Tosec) K+2 First turbine integrator
J+3 T(>0)(sec) K+3 Second turbine integrator
J+4 Us(pu/sec) K+d Third turbine integrator
J+5 Ud<0) (pu/sec) K+5 Fourth turbine integrator
J+6 Puwax(pu on machine MVA
rating) VARs # Description
J+7 Puin(pu on machine MVA rating) L Reference
J+8 Tasec) L+1 Internal memory
J+9 Ky
J+10 Ko
J+11 Ts(sec)
J+12 Ks
J+13 Ka
J+14 Te(sec)
J+15 Ks
J+16 Ks
J+17 Te(sec)
J+18 K7
J+19 Ks

IBUS, "IEEEGT’, |, JBUS, M, K, Ty, Ta, Ts, Uo, Ue, Puax, Puin, Ta, K1, Ko, Ts, Ks, Ka, Tg, Ks, K¢, T7, K7, K¢/
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() e )
i i e
Ky K3 Ks K7
Pmax [ A A A
Uo
1] [ 1 1 [ 1
Ts u o T T (1+sTy) T T(1+sTy) "1 T(@sTo) (1+sTy)
C
Pnmin \ v v v
Kz K4 Ke KB
+ +
+ +
L =

PMECH»

-
i
PMECH,p
Pz

wnewn WeUssledlunisfnyinsgisyuulni lidveliense/dweuse dndsdayaseiibaluii
9AU 5IUD9 Generator Controller Model ; Excitation System Model, Power System Stabilizer Model,

Governor Model fiawsaluguuuuvedlig Power Factory “pfd” fianansaldsmléfulusunsy DIgSILENT
Power Factory Usznouse
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Generator General Data

Value  Unit Value  Unit
Generator Name - Base MVA (MVA) MVA
Generator Number # Base Voltage (kV) kv
Installed capacity MW Lagging power factor -
Continuous operating capacity MW  Leading power factor -

Generator capability curve * (Please Attatch Generator capability curve data with this form)

Generator Data for Power System Study

Value  Unit Value  Unit
. . . " .

Xd‘ Direct Axis Positive Phase pu qu - Quadrature Axis pu
Sequence Synchronous Sub-Transient Reactance
Reactance * (Saturated) §
Xq— Quadrature Axis Positive pu Xl_ Amature Leakage pu
Phase Sequence Synchronous Reactance §
Reactance §

! ) . . ! : . .

Xd_ Direct Axis Transient pu Tdo - Direct Axis Ttransient sec
Reactance (Unsaturated) * Open Circuit Time Constant §

/ "

de — Direct Axis Transient pu Tdo — Direct Axis Subtransient sec
Reactance (Saturated) * Open Circuit Time Constant §

/ /

Xq - Quadrature Axis Transient pu qu - Quadrature Axis Transient sec
Reactance (Unsaturated) § Open Circuit Time Constant §

/ "
qu — Quadrature Axis pu qu - Quadrature Axis sec
Transient Reactance Subtransient Open Circuit Time
(Saturated) § Constant §

17 ]
Xd — Direct Axis Sub -Transient pu  H - Inertia of Complete S(ZACV/VM
Reactance (Unsaturated) * Turbo-Generator * VA)
Xclils — Direct Axis Sub-Transient pu  Saturation Factor at 1.0 per unit
Reactance (Saturated) * terminal voltage §

XC’I, — Quadrature Axis pu  Saturation Factor at 1.2 per unit
Sub-Transient Reactance terminal voltage
(Unsaturated) §

- pu value indicated by Generator MVA base

wxn

- Items marked with must be identified by the applicant.
- ltems marked with “§”must indicate within a given time. If applicant does not specify inform the EGAT is about values. And the

applicant must accept all the risk.
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Required Data and Computer Dynamic Model of Power Park Module (PPM) for Power
System Study

INTRODUCTION

Electricity Generating Authority of Thailand (EGAT) now uses the DIgSILENT PowerFactory
software for a power system simulation. EGAT requires suitable and accurate dynamic models for
all Generators connected to, or applying for a connection to the transmission system in order to
assess reliably the impact of the Generator’s proposed installation on the dynamic performance
and security and stability of the Power System. Modeling requirements for thermal and hydro
Generators are processed on the identification by the applicant of the relevant library models in
this simulation program, and the provision of the applicable data parameters in the current
appropriate application form. Where there are no suitable library models available, specially
written models are supplied. These are known in this software as “user—written models”.

Currently, existing library models in this software inadequately represent the dynamic behavior
of Power Park Module (PPM), an electricity generation unit or collection of electricity generation
units that are not synchronously connected to the grid or are connected using power electronics
and also have one single point of connection to a transmission system. EGAT then requires PPM
greater than 5 MW to provide specially written models and associated data parameters specific
to the PPM and any associated controls and reactive compensation equipment to be used in the
applicant’s PPM scheme.

PPM MODELS

Requirement to provide dynamic models

For each PPM the unencrypted dynamic models for the DIgSILENT Power- Factory software
appropriate for each PPM shall be provided. In addition, all relevant data and parameters must
be provided for each model.

These computer models for PPM (based on a mathematical representation of the dynamic
behaviors of the machines) shall be able to calculate how the output quantities such as Active
Power, Reactive Power, DC Voltage, etc. vary as the factors such as the Voltage at the Connection
Point changes or any behaviors of the system. The models must take account of the inherent
characteristics of the PV panels, machines or batteries and the actions of the control systems of
PPM.

Computer environment

The models must run on the DIgSILENT PowerFactory software for EGAT network (released
15.1 or updated). EGAT can from time to time request that the models be updated to be
compatible with changes in EGAT’s computing environment. The PPM ensures that such updated
models shall be provided without undue delay.
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Model aggregation

For computational reasons, it is essential that the dynamic models of individual PPM Unit can
be aggregated into a smaller number of models, each representing a number of PPM unit at the
same site. A representation of the collector network can be included in the aggregate model of
the PPM.

Model documentation

The unencrypted dynamic model shall be fully documented. The documentation of the
model must include the following:

- Description of the equipment that shall be modeled at a level that reveals the aspects of
the equipment that the model describes and may not describe,

- Description on how the model reasonably represents the behavior of the equipment over
the frequency range from DC to 3 Hz including voltage and frequency oscillations.

- Description of the model in mathematical and logical detail including, as appropriate, items
such as Laplace transfer functions, block diagrams, and description of physical and logical
limits, control logic, interlock, supervisory and permissive actions.

- The relationship of all parameters to the physical and logical characteristics of the
equipment. The model documentation must be sufficient to permit the implementation of
the model in the DIgSILENT PowerFactory software. This may require that part of the
documentation of the model be in the form of 'code snippets', however that complete
code of a model will possibly be included in its documentation.

- Description of any behavior not represented by the model.

EGAT can, when necessary to ensure the proper running of its complete system representation
or to facilitate its understanding of the results of a dynamic simulation, request additional
information concerning the model, including the source codes of one or more routines in the
models. In addition, EGAT can from time to time request that the dynamic model information be
updated to be compatible with changes in EGAT’s computing environment. The PPM has to
comply with any such request without delay. Where the PPM or any other party (acting
reasonably) designates such information as confidential on the basis that it incorporates trade
secrets, EGAT shall not disclose the information so designated to any third party.
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VALIDATION OF MODELS

AWl models provided to EGAT for use in dynamic simulations must be validated by strong
evidence that the models effectively reproduce the behavior of the equipment being modeled.
EGAT must be satisfied that the behavior shown by the model under simulated conditions is
representative of the behavior of the real equipment under equivalent conditions. With regard
to validation it is recognized that dynamic modeling falls into two categories:

(1) Models of equipment that can be described explicitly and tested directly either in
laboratory conditions or in specially managed operating conditions. Generators, generator
controls, electrical protection elements, and most transmission system elements are in
this category.

(2) Models of aspects of the power system that cannot be described in explicit detail and
cannot be tested directly. Most aspects of the modeling of load behavior are in this
category.

Validation of models in the first category shall include comparisons of simulations made with
the model with test results or responses produced by other authoritative sources (such as results
from manufacturer's detailed physical design simulations or factory acceptance tests, on-line
recorder response of the equipment to system disturbances and/or performance guarantee
documents.)

Where possible validation of models in the second category shall include comparisons of
simula-tions made with the model to records of events that have occurred on the transmission
system. Where comparison with actual grid behavior is not practical, the characteristics of models
in this category shall be demonstrated by simulations of small scale operational situations and
disturbances chosen so that the proposed model is the predominant factor in the response.
Validation must cover the behavior of the model in the broad range of operational situations that
the equipment is expected to encounter. It must also cover steady state behavior of the
equipment over its full operational range, and dynamic behavior in response to dynamic events
such as:

- Sudden step changes of voltage and frequency at pertinent the Connection Point with
the ¢rid
- Undervoltage fast transients typical to fault clearing and delay fault clearing times
- Step changes of control references and set-points
- Ramps of voltage, frequency, references and set-points
- Oscillatory behavior in the frequency range from 0.1 to 3 Hz
Changes of voltage and frequency considered in validation shall cover the range of amplitude
that will be produced by transmission disturbances from faults to persistent small oscillations.

The conditions validated should as far as possible be similar to those of interest, e.g. low short
circuit level at Connection Point, close up severe faults, nearby moderate faults, remote faults,
Voltage excursions, Frequency excursions, and highly intermittent variations of external
environment factor.

For the purposes of model validation the PPM shall ensure that appropriate tests are
performed and measurements taken to assess the validity of the DIgSILENT Power Factory model.
Where the validity of the model has not been confirmed prior to the commissioning of the PPM,
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appropriate tests shall be carried out and measurements taken at the PPM to assess the validity
of the DIgSILENT PowerFactory model. The tests and measurements required shall be agreed
with EGAT.

The PPM shall provide EGAT with all available information showing how the predicted behavior
of the DIgSILENT PowerFactory model to be verified compares with the actual observed behavior
of a prototype or production PPM unit under laboratory conditions and/or actual observed
behavior of the real PPM unit as installed and connected to a transmission or distribution network.

If the on-site measurements or other information provided indicate that the DIgSILENT Power
Factory model is not valid in one or more respects, the PPM shall provide the revised
unencrypted model whose behavior corresponds to the observed on-site behavior as soon as
reasonably practicable.
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a) Isulwiwaseruuasariing PV power generator

PV FARM DATA

In order to create a valid dynamic model of each PV Power Station, the following data shall
be provided:
A. Generator data
- Photovoltaic (PV) Type:
- PV Manufacturer and Model:
- In one module, number of PV cells in series in each parallel branch:

number of parallel branches of PV cells in series:

-Inone array,  number of PV modules in series in each parallel branch:
number of parallel branches of PV modules in series:

- Number of PV arrays linked in each PV power generator:

- Number of PV power generators linked in each step-up or pad-mounted transformer: __
- Number of step-up or pad-mounted transformers:
- Number of collector system Substation transformers:

B. Internal Network Structure Information
Describe how the PV power station’s internal network structure should be laid out by
means of the single-line diagram of the internal network with line impedances. (The description
should include a breakdown of how the individual PV power generator is linked together as well
as how they are connected back to their switchyard.) Specify different types of overhead line or
underground cable and the individual length of each section of the circuit.
Type 1l Type 2 Type3
Total length (km)
Conductor cross section area per core

(sg.mm.)
Conductor type (AL, Cu, etc)

Extending Table

Number of conductors per circuit )
as appropriate

Number of circuits

Charging capacitance (micro F/km)
Positive sequence resistance (R; : Ohm/km)

Positive sequence reactance (X; : Ohm/km)

C. Data of each Step-up or Pad-Mounted Transformer
Note: These are typically two-winding air-cooled transformers.

- Transformer Rating: MVA

- Base Voltage for each winding (Low/High): / kv
- Winding Connections: (Low/High): / kV

- Available taps: (indicated fixed or OLTC). Operating tap

- Positive sequence impedance (Z;) % ; X/R ratio (on rating MVA base)
% ; X/R ratio (on rating MVA base)
D. Collector System Substation Transformer Data

- Transformer MVA Rating (ONAN/FA/FA): / /

- Base Voltage for each winding (Low/High/Tertiary): / /

- Zero sequence impedance (Zo)
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- Winding Connections: / / (Vector Group )
- Available taps: (indicated fixed or OLTC). Operating tap
- Positive sequence impedance (Z;) % ; X/R ratio (on rating MVA base)

- Zero sequence impedance (Zo) % ; X/R ratio (on rating MVA base)

E. Dynamic Model and Parameter Data of the PV Power Generating System

Dynamic model and parameter data required for transient stability analysis (computer software
based on a mathematical representation of the dynamic behaviors) are specific to each PV power
generator make and model, and shall be certified by the corresponding manufacturers. In
addition, it is essential for computational reasons that the dynamic model of an individual PV
generator can be aggregated into a smaller number of models, each representing a number of
PV generators at the same site. Moreover, a representation of the collector network may be
included in the aggregate models of the PV power generating system. The dynamic models must
represent the features and phenomena likely to be relevant to frequency variation and voltage
stability. These features should include but may not be limited to:

® PV Array Characteristics Model:
O Including all inherent I-V and P-V Characteristics Charts of PV Array
® PV Power generator Model:
O Power generator and its Controller Models
® Including all inherent characteristics and capabilities of the power
generator and the actions of the control system of its.
These dynamic models should appropriately be implemented in the simulation program used
by EGAT, the DIgSILENT PowerFactory software

Features to be represented in the dynamic models

The unencrypted dynamic model must represent the features and phenomena likely to be
relevant to Angular and Voltage stability. These features include but may not be limited to:
a) The Photovoltaic model of the PV panel;
b) The DC Busbar and Capacitor Model,
c) PQ controller model;
d) Active Power Reduction model;

b) Wind Farm Power Stations

WIND FARM DATA

In order to create a valid dynamic model of each Wind Farm Power Station, the following data
shall be provided:

Wind Turbines and Generators

- State whether the type of generators are Synchronous, Permanent Magnetic Synchronous,
or Induction:

- State whether Turbines are Fixed Speed or Variable Speed:

- Provide manufacturer details on electrical characteristics and operating performance with
particular reference to Flicker and Harmonic performance.
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- Provide details of the anticipated operating regime of generation, i.e. continuous, seasonal etc.

- List the anticipated maximum export level in MW for each calendar month, and indicate
how generation would vary over a typical 24 hour period during the month of maximum
export.

- Give details of expected rapid or frequent variations in output, including magnitude,
maximum rate of change expected, frequency and duration.

- For Generators, please state:

How the generator is run up to synchronous speed

Magnitude of inrush / starting current Amps
Duration of inrush / starting current ms
Starting / paralleling frequency Hz

Power factor on starting

Reactive power demand at zero output (no load) KVAr

Give details of reactive power compensation to be installed

Wind Turbine Generator transformer

This is the transformer that connects a Wind Turbine Generator with the internal Wind Farm
Power Station network.

Rating of Wind Turbine Generator transformer MVA or kVA

Wind Turbine Generator transformer voltage kV

Wind Turbine Generator transformer impedance % on rating MVA base
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Internal Wind Farm Power Station network and corresponding data

- Describe how the Wind Farm Power Station’s internal network structure (collector
network) will be laid out (by means of a single-line diagram or other description of
connections).

The description shall include a breakdown of how the individual Wind Turbine
Generators are connected together as well as how they are connected back to
the Wind Farm Power Station substation.

- Specify different cable or overhead line types and the individual length of each section of circuit.

Type 1l Type2 Type3
Total length (m)

Conductor cross section area per core

Conductor type (AL, Cu, etc) Extending
Type of insulation Table as
Charging capacitance (micro F/km) appropriate

Charging current (Amp/km)

Positive sequence resistance (R1:0hm/km)

Positive sequence reactance (X1:0hm/km)

Reactive compensation installed at site

- Number of inductive devices
Indicate for each device the inductive MVAr capability.

If the device has more than one stage, please indicate the number of stages and the
MVAr capability switched in each stage i.e. 0.5 MVAr in 5 steps etc

- Number of capacitive devices
Indicate for each device the Capacitive MVAr capability.

If the device has more than one stage, please indicate the number of stages and the
MVAr capability switched in each stage i.e. 0.5 MVAr in 5 steps etc.

- Method of voltage/reactive power control applied to each controllable reactive
compensation device. This information shall be provided in sufficient details (e.g. transfer
function block dia-grams, control system gain/droop, dead band and hysteresis
characteristics, tap steps, etc.) to allow EGAT develop the appropriate DIgSILENT
PowerFactory models.
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Features to be represented in the dynamic models

The unencrypted dynamic model must represent the features and phenomena likely to be
relevant to Angular and Voltage stability. These features include but may not be limited to:

a) The electrical characteristics of the Generator;

b) The separate mechanical characteristics of the turbine and the Generator and the drive
train between them;

c) Variation of power co-efficient with pitch angle and tip speed ratio;

d) Blade-pitch control,

e) Converter controls;

f) Reactive compensation;

g) Protection relays.
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c) Battery Energy Storage System (BESS)

Battery Energy Storage System General Data

In order to create a valid dynamic model of each BESS, the following data shall be provided:
A. Battery data

- Battery Type:

- Battery Manufacturer and Model:

- Number of Battery modules:

- Number of step-up or pad-mounted transformer:

- Number of collector system Substation transformers:

- Maximum Power deliver to the System (MW):

- Maximum Power consume from the System (MW):

- Maximum storage Capacity (MWh):
- Target Charge Level Percentage (% of Maximum storage Capacity):
- Cut-off Voltage (V):
- Maximum continuous discharge current:

- Discharge current (C-rate) (The measure rate of battery is discharged current relative to
maximum capacity):

- Discharge power (E-rate) (The measure rate of battery is discharged power relative to
maximum capacity):

- Generation technology that commonly use with BESS. (Synchronous Generator,
PV Generators, Wind Turbine Generators and etc.) (If any):

B. Dynamic Model and Parameter Data of the PV Power Generating System

Features to be represented in the dynamic models

The unencrypted dynamic model must represent the features and phenomena likely to be
relevant to Angular and Voltage stability. These features include but may not be limited to:
a) The stage of charge of the Energy Storage Unit;
b) Electrical Characteristic of the Inverter
c) Charge control
d) Frequency control
e) PQ controller model;
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Transformer General Data

Value  Unit Value  Unit
Transformer Name - MVA Rating MVA
Transformer Number # Rated Voltage (HV) kV
Number of winding 2/3  Rated Voltage (LV) kv
Vector Group - Rated Voltage (TV) (for 3 windings) kV

Transformer Data For Power System Study

Load tap-Changing

Tap-Changing Type On Load Tap |:| Off Load Tap
Load Tap-Change at High side |:| Low Side
Number of tap Voltage per tap (%)
At Tap Number Maximum Voltage (kV)
At Tap Number Base Voltage (kV)
At Tap Number Minimum Voltage (kV)
Impedance Voltage (%) Max Tap Rated Tap Min Tap Base MVA

HV to LV

HV to TV (for 3 windings)

LV to TV (for 3 windings)

Zero sequence Impedance Voltage (%) I:l

Neutral Grounding

Tap-Changing Type Solid |:| Unground
Grounding Equipment Have None
Neutral Grounding Type Resistor H Reactor
Connected At High side |:| Low Side
Size (ohms)

Rated Voltage (V)
Rated Current
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Transmission line
This information must represent all types of Transmission lines which connect between High

voltage side of transformer or Station and connection point as shown in Map and Diagrams in
Attachment No.1

Transmission line Number

The length of the transmission line. (km)

Base Voltage of transmission line (kV)

Transmission line Type (Overhead/Underground cable)

Conductor Type and Size

Positive Sequence Impedance (R+jX) per Km (or p.u. and MVA base)

Zero Sequence Impedance (R+jX) per Km (or p.u. and MVA base)

Positive Sequence Charging Admittance (B) per Km (or p.u. and MVA base)

Zero Sequence Charging Admittance (B) per Km (or p.u. and MVA base)

Positive X/R Ratio at Connection Point

Zero X/R Ratio at Connection Point

Note : In case that there are two or more types of transmission lines, please use this form per type of each
type of transmission line.
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