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Esquema

e Validacion
 Mitigacion de oscilaciones
e Conclusiones
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Introduccion

Facultad de Ingenieria

Estrecha cooperacion por parte de UTE:
Planificacion de la Explotacion y Estudios
Estudios y Proyectos
Protecciones de Transmision
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Introduccion

sincronismo frente a pequenas perturbaciones.

Porqué importa?

e Condicion necesaria para estabilidad transitoria.
o (Calidad de servicio.

e Aporta informacion dinamica relevante.

e Hay poderosas herramientas de analisis.

EPIM 2008 4



Introduccion

Linealizacion:

= Ax Se estudia la respuesta a una condicion inicial
x(0)=x,  fueradelequilibrio.
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Introduccion

e izquierdos u.eC”.
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Introduccion
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una perturbacién con una ()= l(xie""vi
l:
superposicion de modos:

Ejemplo

K K

A e AN
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Descripcion del modelo

e Modelo PSS/E de UTE,
migrado a DSAT (Powertech Labs).
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Descripcion del modelo

Contingencias

e Linea Young-Terra, 150 kV

e Linea San Javier-Fray Bentos, 150 kV

e Barra Trinidad, 150 kV

e Linea San Javier-Salto Grande, 500 kV

e Conexion SG Uruguay-SG Argentina, 500 kV

EPIM 2008



Analisis modal
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Analisis modal

Parametros de referencia (UTE, CAMMESA)

Coeficiente G de amortiguacion minimo: 5%,
equivalente a un 73 % de atenuacidn entre picos consecutivos
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Validacion
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Mitigacion de oscilaciones

FACTORES DE PARTICIPACION DEL MoDO Rio NEGRD

Factor de Maquina Central
participacion
1 TER 131G135 | TERRA
0,83 TER 134135 | TERRA
0,83 TER 132135 | TERRA
0,53 TER 133G135 | TERRA
0,37 BAY 71G7.00 BAYGOERIA
0,37 BAY 72G7.00 BEATGOERRIA
0,33 BAY 73G7.00 BAYGOERRIA
0,04 BOT 101G10.5 | BOTNIA
0,03 BOT 102G10.5 | BOTNIA
0,02 SGU 134G138 | SALTO GEANDE
0,02 SGU 139G138 | SALTO GRANDE

EPIM 2008 15



O T Telatred 3] I (0 )
R efprpns e Gien e on

30 FETERTA &) 1”7
& :

Mitigacion de oscilaciones

‘%‘.
T T

=
e —
=

Tlmee (e=0]
—@-75541 TER_130F138 | - OO0 PSS - FALTA FR-31
98541 TER_I313138 | - 5IN P25 - FALTA FE-]

Figure 2.8: Falta en linea FB-5J. :{ngufas de rotor con y sin PSS.

EPIM 2008

| | Irll
| )I | l r\ I' Nin Al JIA Cim o )
l;'.__-";l Il ! Il I 11 I | Ilr LII | II".'III III.L,'II Illl‘fl |I"t-‘|II x; T ,-/"J-"‘-'-" 1;;';.'-...—.:'— '-_r = _'&_’f =
e I|I| |IJ| |I.,- |u| | TR |
i I,I||| | It I,'
RIRIRI
- I _
303000
II | | || |‘lI
[
l l
Az ] ] ] |
Tl 1400 1300 pade i) 600 30u00

16



Conclusiones

» Validacion sobre modelos PSS/E y DSAT
» Mitigacion de oscilaciones mediante PSS
s Capacidad local de hacer estos estudios

» Formacion de recursos humanos
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Validacion
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Descripcion del modelo

e Condiciones de la licencia academica del paquete.
e Obijetivos concretos del trabajo

- Investigacion académica

- No es un estudio de planificacion de la red

* El modelo usado tiene el nivel de detalle necesario para
los objetivos del estudio.

EPIM 2008
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Descripcion del modelo

Unidad Modelo de | Sistema de | PSS Reg. de
maguina excitacion velocidad
ALMAFUERTE GENSAL X e e
EZEIZA GENSAL X e Slack
RODRIGUEZ GENSAL X X X
YACIRETA GENSAL X X X
SAITO GRANDE | GENSAL UDM UDM | IEEEG2
TERRA GENSAL UDM X X
BAYGOERRIA GENSAL IEEET? e e
PALMAR GENSAL UDM X IEEEG3
BATLLE 4a GENROU X e e
BATLLE 3a GENROU UDM X IEEEGI
BATLLE &a GENROU UDM X IEEEGI
PTA DEL TIGRE | GENROU | ESACEA X IEESGO
BOTNIA GENROU UDM e IEEEGI
CTR GENROU IEEET? e e
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Potential impact of wind-based Synthetic Inertia on
the Frequency Response of the
Argentine-Uruguayan Interconnected Power Systems

Nicolds Yedrzejewski
Facultad de Ingenieria
Universidad de la Republica
Montevideo, Uruguay
nicoyed @fing.edu.uy

Abstract—The high penetration of renewable energy sources
has motivated a growing interest on the frequency response of the
electrical power systems in scenarios with reduced inertia and
on control strategies to cope with them. Among other technically
feasible solutions, synthetic inertia strategies has proven to be
a valuable solution that take advantage of the installed wind
power. This paper describes the implementation of a PSS/E
(Power System Simulator for Engineering) model of synthetic
inertia for wind generators and its use for the assessment
of the impact that this control strategy, implemented on the
Uruguayan wind generators, may achieve for the Argentine-
Uruguayan interconnected power system.

Index Terms—renewable sources, frequency control, synthetic
inertia

I. INTRODUCTION

The object of study of this paper is the frequency response
of the electric power system in scenarios with high wind
energy penetration. In the first few seconds after a sudden
active power deficit —due, e.g. to a generator tripping— the
frequency drops quickly, only limited by the inertia of the
synchronous generation in service. During operational states
with small amount of synchronous generation, the frequency
drop compromises the system stability. A possible solution is
to employ so-called synthetic inertia, i.e. a temporary contribu-
tion of active power from the wind power generation during
this frequency drop. It has been shown in many references
[1] that synthetic inertia is able to limit the initial frequency
drop after the generation loss and keep the system stable
until the primary frequency control takes over. Technically,
the amount of energy provided by the synthetic inertia was
previously stored as the kinetic energy at the wind turbine
which eventually will decelerate. A recovery period is needed
during which the wind turbines are accelerated again back to
their pre-fault speed.

Different control actions were reported recently in the
literature as synthetic inertia (SI). Some authors proposed,
essentially, a continuous active power injection proportional
to the rate of change of frequency (RoCoF), see [2]. In this
paper we follow the lines of references [3], [4] that propose
a fix amount of active power injection. This control law acts

Alvaro Giusto
Facultad de Ingenieria
Universidad de la Reptiblica
Montevideo, Uruguay
alvaro@fing.edu.uy

with some points of contact with the classical load shedding
strategy, hence its role is easier to communicate. However,
the inherent structural constraints associated to the mechanical
stress, and the effect of the recovery period are topics that
deserves close attention.

This article describes the exploration of the feasibility of SI
control law as in [3] to diminish the frequency deviations in
the Argentine-Uruguayan interconnected system (also known
as SIN, by its Spanish acronym) when the SI is implemented
on the Uruguayan wind farms.

Uruguay is one of the countries with higher penetration
of renewable energy sources [5], which is also true for
photovoltaic and wind sources that provide respectively 33 %
and 5% of the total installed power. The remainder capacity
is based on synchronous machines and it is composed by
hydro (33%), biomass (5%) and thermal generation (24%).
This capacity results in a very high share of renewable energy
along the year and the availability of energy surplus to be
exported to the neighbor systems. The interconnection with
Argentine is done by a set of AC power links which creates
a strongly coupled system.

A PSS/E model was built on a standard wind farm model.
The turbine parameters and the control law coefficients were
chosen to respect physical limitations and industry recommen-
dations. The model was validated with a set of simulations
on a well known three machine benchmark suitably modified
to include a wind generator. After that, the model was used
to study the frequency response of the SIN against different
power imbalances with two alternative SI strategies imple-
mented on the Uruguayan Wind Power Plants, WPPs.

Section II describes the SI control strategy and the role to be
played by its main parameters. The model is later implemented
on PSS/E and validated. The effect of two SI strategies on the
SIN frequency response are studied in Section III. Section IV
wraps up the paper with some concluding remarks.

II. SYNTHETIC INERTIA CONTROL STRATEGY

A wind generator model was built with an active power
control system with the ability to temporarily produce greater
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Fig. 1: Behavior of the Synthetic Inertia strategy.

electrical power than the mechanical power extracted from
the wind. This has the cost of the turbine deceleration, so
this overproduction can only be maintained for a certain
time, several seconds. Since this increase in power can be
achieved very quickly, it can be a very beneficial contribution
in the system frequency regulation when disturbances occur in
the network that cause frequency drops. The design adopted
follows the approach presented in [3]. Figure 1 shows the ex-
pected behavior of the wind generator when a drop frequency
disturbance occur in the power system.

As soon as the generator starts operating in the over-
production mode, the turbine speed decreases and the wind
generator drifts from its optimum operating point. Therefore
the mechanical power available also begins to decrease. The
speed of the turbine can be reduced to a certain minimum
value, and once that limit is reached the control mode must
change its strategy in order to increase the speed and return
to the optimal operating point. This new operation mode
will be referred to as recovery mode. To increase the speed
of the turbine, the control will reduce the generation below
the extracted power from the wind. This accelerating power
margin is shown in Figure 1. The negative step in the electrical
power at the beginning of the recovery period is the price that
must be paid for the previous benefit. By the time this period
begins, it is expected that the primary frequency regulation of
the synchronous generators is compensating for the generation
deficit in the system.

A. Turbine model

Figure 2 shows the block diagram of the active power model
developed. Based on [7], equation (1) was used to model the
relation between the wind speed and the mechanical power
extracted:

1
P = ipATCp(x 0)V3. (1)

The characteristic for Cp(\,0) was modeled according to
equations (2) and (3):
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B. Under-frequency detection

The purpose of the block is to detect the system condition
for which the wind turbine is required to start operating in
over production mode. The logic implemented will activate
Ty r flag when the frequency of the power system remains
at a value lower than Fj for a time greater than 7}. For the
variable Ty to be reset, the recovery must remain at a value
greater than F5 for at least a time 75.

C. Production mode

The state diagram presented in Fig. 3 shows the logic
implemented in the active power controller for the transition
between the three operation modes. In normal operation, that
is, when the frequency of the system is close to the nominal
value respecting the margins established by regulation, the
state variable X is set to 0. When an underfrequency event
occurs and Typ goes to 1, X also change to 1 and the
generator increases its production to a value greater than the
mechanical power extracted from the wind. When the speed
of the turbine reach a certain minimum threshold w¢,in,
variable X takes the value 2 and the generator decreases the
power production to a value lower than the mechanical power
available in the turbine. The turbine begins to recover speed
and when it reaches the optimum value again, variable X
returns to O and the generator recovers its normal operating
mode, maximizing production.

D. Rate limiter

To alleviate mechanical stress in the drive train of wind
turbines and extend their lifetime, the rate of change of
electrical power must be kept limited to a maximum value
of 0.45 p.u/s [1]. A block to ensure this condition was
implemented at the output of the active power controller.

2022 IEEE PES Innovative Smart Grid Technologies — Asia (ISGT Asia)
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E. Model validation

For validation, the model was integrated in a three machine
benchmark system [6] adapted to incorporate the connection
of a WPP. A set of simulations were run in order to reproduce
the behavior presented in [3]. A value of 6 seconds was
used for the inertia constant. Figure 4 shows the active
and mechanical power of the wind turbine, the speed and
variable X during a typical underfrequency event. Figure 5
shows the evolution of the frequency for the case with SI
versus the case without SI. Figure 6 shows the power balance
for the synchronous machines computed as the sum of the
respective accelerating powers. When the WPP starts operating
in overproduction mode, the imbalance is reduced and explains
why the frequency drop is reduced by the action of the SI at
the beginning of the disturbance.

III. SYNTHETIC INERTIA PERFORMANCE ON THE SIN

This Section presents the simulations carried out in PSSE on
the interconnected power system of Uruguay and Argentina.
The model usually employed by the utility UTE for the largest
wind farms on Uruguayan system was employed for all the
WPPs in service. This group has 24 WPPs with a total installed
power of 1292 MW. According to references [7] and [1] the

2022 IEEE PES Innovative Smart Grid Technologies — Asia (ISGT Asia)
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Fig. 6: Total synchronous accelerating power.

constant H associated with the inertia of the model is modified
to the value 3.5 s. The base case corresponds with a demand of
15.8 GW, where 1.8GW are from Uruguay and 14GW from
Argentina. In Figure 7 the evolution of the frequency for 6
simulations is superimposed. Three simulations are carried
out causing a disturbance of 800 MW generation loss and
another three with 1300 MW. In each group, one simulation
uses a standard PSSE model without SI for the WPPs. Another
simulation uses the model with SI developed with all WPPs
starting overproduction when the frequency drops below 49.9
Hz, which will be referred to as a flar setting. And a last
simulation, to be referred to as stepped setting, where different
WPPs start the overproduction at different frequencies shown
in Table I. Table II summarizes the main characteristics of the
cases and simulations.

What can be seen from the curves in Fig. 7 is that WPPs
with SI always reduce the frequency drop. The reduction
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Fig. 7: Frequency response for a WPP inertia H = 3.5 s.

Power Freq. setting || Power Freq setting
(MW) (Hz) MW) (Hz)
18 49.8 50 49.4
20 49.8 50 49.4
42 49.8 50 49.4
48 49.8 50 49.4
49 49.8 50 49.4
50 49.8 50 49.4
50 49.6 50 49.2
50 49.6 65 49.2
50 49.6 70 49.2
50 49.6 70 49.2
50 49.6 70 49.2
50 49.6 150 49.2

TABLE I: Stepped frequency setting.

Case Total Wind Pwr. Wind Pwr. SI Generation
Load installed in service Setting Loss
1 15.8 GW 1.29 GW 774 MW No SI 800 MW
2 15.8 GW 1.29 GW 774 MW Flat 800 MW
3 15.8 GW 1.29 GW 774 MW Stepped 800 MW
4 15.8 GW 1.29 GW 774 MW No SI 1300 MW
5 15.8 GW 1.29 GW 774 MW Flat 1300 MW
6 15.8 GW 1.29 GW 774 MW Stepped 1300 MW
TABLE II: Cases description.

is greater in the case of flat setting, when all WPPs enter
simultaneously into overproduction mode. The magnitude by
which the gap is reduced will depend on the additional power
that can be injected by each WPP. A stepped setting can help to
dose the SI resource, involving new WPPs in overproduction
mode as the frequency decreases. The setting should ensure
that all WPPs have entered overproduction mode before the
frequency reaches the first stage of the underfrequency load
shedding scheme.

When WPPs enter in recovery mode, there is a frequency
dip that is more pronounced the more WPPs performed SI.
Only in the case of flat setting and for a deficit of 800 MW
the frequency drop is deeper at the beginning of the recovery
period than the first frequency drop caused by the disturbance.
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But even in this case, the drop in frequency is less than that
corresponding to the simulation without SI. In the stepped
setting, the last WPPs that goes into overproduction mode
counteract the deficit of production of the first WPPs that
goes into overproduction mode. The transient period will be
extended but will also allow more synchronous generators to
contribute in the primary frequency regulation.

The tests carried out on the interconnected system show
that providing the WPPs with a control system with SI is
an effective tool for frequency regulation during disturbances
that cause significant generation deficits since it reduces the
frequency drop in the power system. It is also shown that
entering recovery mode produces smaller frequency drops than
in the case without SI. The WPP model developed respects
the physical constraints of turbines, so the results in the sim-
ulations do not overestimate their performance. The stepped
strategy demonstrates that by using a suitable distribution of
the frequency thresholds, it is possible to achieve specific
objectives in terms of frequency deviation, nadir and transient
width. The specific stepped settings in our simulations were
chosen without a systematic procedure. However, the tuning
of the thresholds is an important topic of research to find the
best configuration adapted to each system needs.

Figure 8 shows the generation of WPPs with flat and stepped
SI setting for the 800 MW generation loss. In the case with
flat setting all WPPs go into overproduction mode while in the
case with stepped setting the WPPs of the last stage do not.

Figure 9 shows the total wind power with both SI settings.
The plot is almost the same for the 800 MW or the 1300
MW disturbance. In the overproduction period, they contribute
approximately 132 MW. Then at the beginning of the recovery
mode, the deficit in generation is approximately 288.8 MW.
Therefore, the frequency drop produced at the beginning of the
recovery mode is limited and will be less significant the greater
the deficit of the original disturbance. Figure 9 shows the same
information for the stepped SI setting where the effort during
over production and the deficit of production at the beginning
of the recovery mode are smaller than flat setting.

IV. CONCLUSION

The study described in this paper is intended to assess the
potential impact that wind based synthetic inertia strategies
may achieve on the frequency response on the interconnected
Argentine-Uruguayan system. A suitable PSS/E model was
built, with a set of parameters that allow us to study its perfor-
mance while the physical turbine constraints are respected. The
model was tested on a benchmark and validated with respect
to recent literature. Two different strategies were tested on a
complete model of the interconnected power system. The basic
parameters of the model and the different triggering strategies
provide us a set of valuable tools for further improving the
performance. The results of the study are very encouraging.
It was proven that these control strategies, implemented on
the Uruguayan wind power plants, are able to significantly
improve the frequency response of the interconnected system
by decreasing the maximum frequency deviation. Currently
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Fig. 8: Active power generation for WPPs. Flat (top), stepped
(bottom) SI setting.

research efforts are being directed to the optimization of the
set of parameters with respect to performance objectives and
operational constraints.
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La generacion eolica vino para aportar

Algo puede salir mal?




Tres lineas de trabajo,
cada una centro de una tesis de maestria:

Huecos de tensidon en redes eléctricas,
|. Afonso/ M. Artenstein

Analisis modal del sistema eléctrico uruguayo,
F. Berrutti / A. Giusto

Operacion intencional en isla en sistemas con
generacion dispersa,
J. Munsch / C. Sena




Que pasa cuando ocurre un cortocircuito?

Hueco de
tension

RESERVA

TENSIONES PE

L #101: VOLT 92150 [ARIL50_B 150.00]
CHNL #102: VOLT 92160 [MEK150_B 150.00]
L #103: VOLT 92161 [TULL50 150.00]

NL #104. VOLT 97492 [ESTL50 150.00]

fHL #105: VOLT 92512 [PUESTO_PIN 150.00]
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L #108: VOLT 92582 [AST150 150.0:0]
CHMNL #109: VOLT 92583 I.-’LIPI:U 150.00]

DBI"JDI:DISJWI
L #114: VOLT 92780 [FINGAND 150 150.00] i
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Qué deberian hacer
los parques edlicos
frente a los
huecos de tension



Should | stay
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Principales resultados

De mantenerse la laxitud inicial de la primera compra

de energia renovable (60MW, 2006-2007) tendriamos 40
eventos anuales con la salida de todos los parques eolicos.
40 apagones masivos por ano.

Los requisitos exigidos en las licitaciones posteriores
aseguran que no saldran de servicio parques eolicos
conectados en diferentes nodos.

No habra, no hay, apagones por esta causa.

Desarrollamos una metodologia mixta calculo/simulacion
para realizar este analisis.
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