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Electromechanical oscillations, also known as power oscillations, are a phenomenon of angle stability of 
power systems under small perturbations [1]. Electromechanical oscillations involve generators which oscil-
late against each other in the power system. Electromechanical oscillations can be seen in the different vari-
ables of the power system, such as bus frequencies and voltages, power flows and current flows through the 
branches of the power system, among others. Electromechanical oscillations can be divided into local oscil-
lations and inter-area oscillations [1], [2]. Local oscillations involve oscillations between groups of coherent 
generators close to each other and their oscillation frequencies can be around 0,7-2,5 Hz. Inter-area oscilla-
tions involve oscillations between groups of coherent generators in remote areas and their oscillation frequen-
cies can be around 0,1-1 Hz. Although traditionally small-signal angle stability in power systems was domi-
nated by the dynamics of synchronous machines [3], in modern power systems power-electronic-based de-
vices could have a significant effect on this stability phenomenon, which has been classified as converter-
driven stability – slow interactions [4]. Incidents during the past years show the problem of inter-area oscilla-
tions in the Continental Europe (CE) power system [5]. 

One of the most effective ways to damp electromechanical oscillations is by means of supplementary control-
lers attached in the different devices of the power system: 

• Synchronous machines: By means of using Power System Stabilizers (PSS). This group includes syn-
chronous power-generating modules and synchronous condensers. 

• Facilities containing power-electronic-based devices, such as Power Park Modules (PPM), Energy 
Storage Systems (ESS), Flexible Alternating Current Transmission Systems (FACTS), High Voltage 
Direct Current (HVDC) transmission systems: By means of using Power Oscillation Damping (POD) 
controllers. 

The use of POD controllers in Voltage Source Converters (VSC) with Grid-Following (GFL) control has been 
studied during the past years. Specifically, examples of POD controllers can be found for wind PPMs [6], 
[7], [8], [9], [10], [11], solar Photovoltaic (PV) PPMs [12], [13], power converters in general (including energy 
storage systems) [14], [15], FACTS systems [16], [17], [18], [19], [20], [21], [22] and VSC-HVDC systems [23], 
[24], [25], [26], [27]. In addition to VSC-based systems with GFL control as the ones mentioned earlier, POD 
controllers in VSC converters with Grid-Forming (GFM) have also been proposed recently [28]. Finally, it 
should be mentioned that POD controllers could also be implemented in current-source HVDC systems (LCC-
HVDC) [29], [30], [31]. 

The proposal for review of the European regulation for requirements for generators (Commission regulation 
EU 2016/631 (RfG) [32]), subject to public consultation by ACER in July 2023, proposes technical require-
ments for POD controllers. The draft document is known as Requirements for Generators 2 (RfG2) [33]. At 
national level, the draft proposal of the operation procedure (Procedimiento de Operación, PO) 12.2 [34], 
submitted to the Ministry for the Energy Transition and Demographic Challenge (Ministerio para la Transición 
Ecológica y el Reto Demográfico, MITERD) of the Spanish Government in Jun 2022, proposed technical 
requirements for POD controllers, in line with the current European regulation [32], [35] and the Spanish reg-
ulation [36]. These requirements are generic, and no specific implementation of POD controllers are imposed. 
Independently of the degree of freedom of a particular POD controller, it is important that POD controllers are 
aligned with the technical capabilities expected from them. 

The Spanish System Operator (SO) proposed the creation of a working group (so-called GT_POD)1 with the 
different stakeholders from the electrical energy sector to write a specification on the technical capabilities of 
POD controllers. The objective of this working group was to have a common and agreed vision on this type of 
controllers,  technical specifications and acceptance criteria, potential implementation and particularities de-
pending on the technology. 

  

 

1 Working group GT_POD took place between June 2023 and June 2024, and this document was elaborated as a result of this working 

group.  
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This document describes the implementation and technical specifications for POD controllers in the following 
facilities: 

• Wind or solar PV PPMs 

• Energy Storage Systems (ESS). 

• Hybrid facilities. 

• HVDC systems. 

• FACTS. 

This document will use the term Electricity Storage Module (ESM) proposed in the draft document of 
RfG2 [33]. An ESM could be a standalone energy storage system and it could also be included in a hybrid 
facility. Besides, according to the proposal of [33],an ESM can be of type synchronous power generating 
modules (SPGM) or of type PPM. POD controllers addressed in this document only include for ESM systems 
of type PPM and the term ESM-PPM will be used along this document to refer to them. 

This document describes POD controllers in VSC-based power converters with GFL control, which is the 
control approach more extended, discussing particular aspects of each type of system. Specific aspects re-
lated to the implementation of POD controllers depending on the technology and evaluation of their perfor-
mance will be discussed in this document. The document mainly focuses on POD controllers applied to PPM 
and ESM-PPM systems. Finally, technical requirements of POD controllers are summarised. 

The document deals with technical capabilities that POD can provide to the power system, but specific design 
methods of POD are not described. It is important to highlight the relevant role of having correct settings of 
POD controllers, because they are directly linked to the effectiveness of POD controllers. However, this doc-
ument does not address specific design methods of POD controllers, because manufacturers should have 
freedom to choose the design method to determine the settings of POD controllers, as long as they provide 
the expected technical capabilities to the power system.  

The following entities have participated in this working group and in the writing of this document: 

• Red Eléctrica: System Operator (coordinator of the working group). 

• Ministry for the Energy Transition and Demographic Challenge (MITERD) of the Spanish Govern-
ment (supervisor of the working group). 

• Associations/representative entities of companies of distribution of electrical energy (Utilities): aelec, 
ASEME, CIDE and UFD. 

• Associations of companies of electrical energy storage systems: AEPIBAL and ASEALEN. 

• Associations of companies of renewable energies: AEE, APPA Renovables and UNEF. 

• Accredited laboratories and accredited certification companies: SGS and Fundación CIRCE. 

During the working group, a total of 4 meetings have been held, leading to technical discussions between all 
the participants. Additionally, the SO and the rest of participants of the working group have presented simula-
tion results, supporting the technical content of this document. 

The need for pilot projects at national level as a proof of concept of POD controllers has been raised in the 
working group. The SO has manifested its support to this type of initiatives and the objective is to execute 
them during the following years. Currently, there are examples of facilities with POD controllers in the Spanish 
power system. For example, the 2x1000 MW VSC-HVDC Spain-France interconnector (INELFE-1) [37], in 
operation since 2015 is equipped with POD controllers [38]. Furthermore, the planning of the Spanish electri-
cal system for period 2020-2026 includes four STATCOMs (4x150 Mvar) with POD controllers connected to 
different points of the power system [39]. In addition, a pilot project with POD controllers in a wind power park 
module with energy storage system has been carried out [40]. Regardless of these examples, it is advisable 
to carry out more pilot projects in the coming years so that POD controllers reach sufficient technological 
maturity so that the integration of POD controllers is effective and reliable. 

Finally, it is emphasized that this is a living document, in the sense that the working group on POD controllers 
could agree to include modifications to the document in the future if considered necessary, based on industry 
experience in this type of controllers over the next few years. 
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This section presents the literal text related with POD controllers from the following documents: 

• Draft document of Requirements for Generators 2 (RfG2) (European regulation). 

• Draft document of Procedimiento de Operación (P. O.) 12. 2 (Operation Procedure 12. 2, at national 
level in Spain). 

 

The draft document of the regulation of technical requirements for generators (RfG2) (at the date of writing 
this document) [33] refers to POD controllers in the following parts: 

• Article 21.2.f (type-C generators):  
With regard to power oscillations damping control, if specified by the relevant TSO a power park 
module shall have a power oscillation damping function which, through the control of the active power, 
reactive power, or both, helps to attenuate the power oscillations.be capable of contributing to damping 
power oscillations. The power oscillation damping shall be able to damp inter-area oscillations in the 
range of, at least, 0,1 Hz – 1,0 Hz. The voltage and reactive power control characteristics of power 
park modules must not adversely affect the damping of power oscillations. 

• Article 22.2 (type-D generators):  
2. With regard to power oscillations damping control, type D power park modules shall have a 
power oscillation damping function which helps to attenuate the power oscillations, through the control 
of the active power, reactive power, or both. The power oscillation damping shall be able to damp inter-
area oscillations in the range of, at least, 0,1 Hz – 1,0 Hz. The relevant TSO in co-ordination with the 
relevant system operator shall have the right to request and approve the tuning of the power oscillation 
damping by the power-generating facility owner to damp the inter-area oscillation mode based on 
frequency ranges specified by the relevant TSO in coordination with adjacent TSO or TSOs. The rel-
evant TSO shall have the right to request the tuning of the power oscillation damping by power-gen-
erating facility owner to damp the local oscillation mode, in which the power park modules is oscillating 
against the network. The proposed power oscillation damping control shall be approved by the relevant 
TSO. 

In turn, the RfG2 states: 

• Section “Whereas (3)-(s1)”  
The requirements on electricity storage are considered to be the same as those on power generation 
modules unless explicitly stated otherwise in this Regulation. 

 

The draft document of the P. O. 12.2 (at the date of writing this document) [34] refers to POD controllers in 
the following parts (literal text written in Spanish language):  

• Módulos de generación de electricidad que no tengan consideración existente – Módulos de genera-
ción de electricidad del SEPE – Requisitos de frecuencia – Control de la potencia (sección 5.1.1.1) 
Los controles de la potencia de despacho (de establecimiento, de limitación, de limitación de rampa, 
de anti vertido en autoconsumidores o si el módulo de generación de electricidad dispone de un sis-
tema de control que impida que la potencia activa que pueda inyectar a la red supere la capacidad de 
acceso concedida), se diseñarán de forma que no se impidan las inyecciones transitorias de potencia 
acumuladas derivadas de la regulación potencia frecuencia (MRPF, MRPFL-O y MRPFL-U) ni, en su 
caso, de la emulación de inercia, amortiguamiento de oscilaciones u otros controles incrementales 
de la potencia del módulo de generación de electricidad. 
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• Módulos de generación de electricidad que no tengan consideración existente - Módulos de genera-
ción de electricidad de los SENP - Requisitos de tensión - Amortiguamiento de las oscilaciones de 
potencia para módulos de parque eléctrico de tipo C y D (sección 5.2.2.4) 
En el caso de no contribuir al amortiguamiento de las oscilaciones de potencia, el diseño de todos 
sus controles será de tal forma que se asegure que no generarán o contribuirán a desamortiguar 
oscilaciones de potencia entre 0,2 Hz y 2,5 Hz. No obstante, el operador del sistema podrá estable-
cer valores diferentes por subsistema eléctrico. Estos nuevos valores deberán ser comunicados al 
Ministerio para la Transición Ecológica y el Reto Demográfico que deberá pronunciarse sobre los 
mismos en el plazo de un mes. Transcurrido ese plazo sin pronunciamiento expreso, éste se enten-
derá realizado en sentido favorable. 

• Instalaciones híbridas – Modalidad A (sección 10.1) 
Los equipamientos de almacenamiento de parque eléctrico de tipo C o D deberán disponer de un 
sistema POD-Q (Power Oscillation Damping), módulo destinado a amortiguar oscilaciones mediante 
potencia reactiva, y POD-P (Power Oscillation Damping), módulo destinado a amortiguar oscilaciones 
mediante potencia activa, tanto en generación como en consumo en su caso. Dependiendo del tipo 
de almacenamiento y para evitar un envejecimiento prematuro del mismo, el control POD-P solo se 
activará cuando la amplitud de la frecuencia de oscilación supere un umbral definido por el operador 
del sistema. El control se mantendrá activo hasta que la amplitud de la frecuencia de oscilación per-
manezca durante 5 minutos por debajo del umbral. En el caso de tecnologías de almacenamiento o 
sistemas híbridos que permitan este control de manera continua sin un envejecimiento extra, el ope-
rador del sistema podrá mantener activo este control de manera continua. La integración de estas  
funciones podrá ser implementada en un plazo transitorio de 1 año a partir de la entrada en vigor del 
presente procedimiento. 

• Instalaciones híbridas – Modalidad B (sección 10.2) 
Si el conjunto es de parque eléctrico de tipo C o D deberá disponer de POD-Q (Power Oscillation 
Damping), módulo destinado a amortiguar oscilaciones mediante potencia reactiva, y POD-P (Power 
Oscillation Damping), módulo destinado a amortiguar oscilaciones mediante potencia activa, tanto en 
generación como en consumo en su caso en las mismas condiciones que se requiere en la modali-
dad A. 

• Sistemas HVDC y módulos de generación de electricidad en corriente continua - Requisitos para el 
SEPE - Requisitos de frecuencia (sección 9.1.1.1) 
Los controles de la potencia de despacho (de establecimiento, de limitación, de limitación de rampa 
o si el módulo de parque eléctrico en corriente continua dispone de un sistema de control, que impida 
que la potencia activa que pueda inyectar a la red supere la capacidad de acceso concedida), cum-
plirán los mismos requisitos de diseño establecidos para los módulos de generación de electricidad 
del SEPE. 

• Sistemas HVDC y módulos de generación de electricidad en corriente continua - Requisitos para los 
SENP - Requisitos de frecuencia - Capacidad de amortiguación de oscilaciones de potencia (sección 
9.2.1.4) 
Los sistemas HVDC de los SENP deberán amortiguar posibles oscilaciones electromecánicas en 
el rango de frecuencia de 0,2 Hz a 2,5 Hz modificando el correspondiente rango establecido en el 
apartado 13 del Anexo III de la Orden TED 749/2020 para los sistemas HVDC del SEPE.   

• Sistemas de almacenamiento independiente (sección 11) 
Si el equipamiento de almacenamiento inyecta y absorbe su energía a la red a través de alternadores 
o convertidores electrónicos propios, y éste no forma parte de una instalación hibrida, cumplirá los 
requisitos técnicos correspondientes al equipamiento de almacenamiento según la modalidad A esta-
blecidos en el apartado 10. 
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This section presents a general description of POD controllers in facilities involving power converters con-
trolled with grid-following (GFL) type, and their implementation following most extended schemes, for illustra-
tive purposes. In order to provide a general description of POD controllers, a generic GFL converter which 
represents a facility will be considered. This document will refer to this facility in a generic way as GFL device. 

 

A Voltage Source Converter (VSC) with GFL control (GFL device) connected to the power system is consid-
ered, as shown in Figure 1. Active- and reactive-power injections of the GFL device are denoted by P and Q, 

respectively, and the current injection phasor is denoted as 𝐼.̅ The voltage at the connection point is denoted 

as �̅� = 𝑉∠𝛳 and the frequency at the connection point as ω (pu). A simple control structure is assumed, to 
facilitate the analysis: 

• Active-power (P) control. 

• Reactive-power (Q) control.  

 

 

Figure 1: GFL device.  

The objective of a Power-Oscillation-Damping (POD) controller is to damp electromechanical oscillations in 
the power system (also known as power oscillations). The GFL device can contribute to the damping of elec-
tromechanical oscillations by means of supplementary controllers in two ways: 

• Modulation of the active-power injection (POD-P). 

• Modulation of the reactive-power injection (POD-Q). 

It should be noticed that POD-P controllers are linked to the primary energy source of the power converter. In 
energy storage systems, a POD-P controller could be implemented with full and guaranteed functionality only 
if a power and energy operating band is reserved. On the other hand, in an PPM a POD-P control could be 
implemented with a specific reserve for this application, or with only downstream operation (when there is no 
primary upward reserve available) or with an additional energy storage system. 
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In general, different options for POD controllers could exist: 

• POD controllers with different input signals. For example, frequency at the connection point, voltage 
magnitude at the connection point, remote variables (frequency at a remote bus, etc…), or a combi-
nation of signals. 

• POD controllers with different output signals. POD-P: supplementary active-power set point, supple-
mentary d-axis current set point, etc… POD-Q: reactive-power supplementary set point, supplemen-
tary q-axis current set point, supplementary voltage set point, etc… 

• POD controllers with different control structures. 

However, this document will only describe the most common and established structures for POD controllers. 
POD-P and POD-Q controllers should be: 

• Effective 

• Robust 

Figure 2 shows a general scheme of POD controllers in GFL devices. POD-P controller has as input signal 

𝑦𝑃 and as output signal a supplementary set point of the active-power injection (∆𝑃𝑟𝑒𝑓,𝑃𝑂𝐷). POD-Q controller 
has as input signal 𝑦𝑄 and as output signal a supplementary set point of the reactive-power injection 

(∆𝑄𝑟𝑒𝑓,𝑃𝑂𝐷). 

 

Figure 2: General scheme of POD controllers. 

The set-point values of the active- and reactive-power injections are given by:  

 

𝑃∗ = 𝑃0 + ∆𝑃𝑟𝑒𝑓,𝑃𝑂𝐷 (1) 

𝑄∗ = 𝑄0 + ∆𝑄𝑟𝑒𝑓,𝑃𝑂𝐷 (2) 

 

where:  

• 𝑃0 is a constant active-power set-point term.  

• 𝑄0 is a constant reactive-power set-point term.  

• ∆𝑃𝑟𝑒𝑓,𝑃𝑂𝐷 is the supplementary active-power set point provided by the POD-P controller.  

• ∆𝑄𝑟𝑒𝑓,𝑃𝑂𝐷 is the supplementary reactive-power set point provided by the POD-Q controller. 
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Independently of the specific aspects of each implementation, the behaviour of POD controllers should have 
the following general characteristics: 

• A POD controller should contribute to the damping of electromechanical oscillations in the power sys-
tem. 

• A POD controller should be focused on small disturbances. This means that, as much as possible, a 
POD controller should act continuously in the presence of small disturbances, unless otherwise indi-
cated in particular cases due to specific aspects related to the technology of the facility. 

• Specific parameters of a POD controller should ensure that its control actions go in the correct direction 
to contribute to the damping of electromechanical oscillations in the electrical system. 

• Specific parameters of a POD controller should ensure that control actions are significant enough to 
contribute to the damping of electromechanical oscillations of the power system, but guaranteeing that 
the system is stable. 

• The POD controller should have a saturation parameter, to limit the control action when large disturb-
ances occur (∆𝑃𝑚𝑎𝑥 y ∆𝑄𝑚𝑎𝑥 in Figure 2). 

• The POD controller should have all necessary filtering elements to make it effective for the input signals 
considered. 

• A POD controller should not act in steady state when the input has an average value (“DC component” 
or “offset”). 

 

Figure 3 shows the general structure of POD-P and POD-Q controllers in GFL devices, following the most 
common implementation. It should be clear that the implementation of POD controllers described in this sub-
section is a possible option based on common schemes for this type of controllers, but this document does 
not indicate this particular implementation for POD controllers is mandatory. The objectives of including this 
description of a common implementation of POD controllers in this subsection are the following: 

• To show an example of the implementation of a POD controller, following the most common block 
diagrams and using public information. This is intended to be useful and help the different stakeholders 
to become familiar with or go deeper into POD controllers, if necessary. 

• For illustrative purposes. 

The general scheme of the POD controller, following most common implementation (Figure 3), has the follow-
ing components: 

• Low-pass filter. 

• Wash-out filter (high-pass filter). 

• Lead/lag filter (phase-compensation filters). 

• Controller gain. 

• Controller saturation parameters. 

Parameters of each bock can be identified in Table 1 with a brief description. 

This general structure of POD controllers has been widely studied in the technical literature (see refer-
ences [14], [18], [41], for example) and it is analogous to the one used in Power System Stabilizers (PSS) in 
synchronous machines [42].  

Following the common practice for POD controllers and PSSs, it is assumed that the parameters of the POD 
controllers in Figure 3 are written in per unit magnitudes (pu), referred to the nominal apparent power of the 
device in MVA. It is important to note that the manufacturer has freedom in choosing the per-unit base value 
in its POD controller, or even in real magnitudes could be used. Hence, the use of a specific base value for 
pu is not imposed. 

POD controllers can be implemented with a symmetrical structure for POD-P and for POD-Q controllers, as 
in Figure 3. The POD-P controller has a “-1” in its block diagram, because, for the same input signal, the POD-
P controller and the POD-Q controller should have opposite directions, in general. POD-P and POD-Q con-
trollers could be activated simultaneously (POD-PQ). 
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Figure 3: General scheme of POD controllers, following most common implementation. 

Supplementary active- and reactive-power set-point values for POD-P and POD-Q controllers, written in the 
Laplace domain, are given by: 

∆𝑃𝑟𝑒𝑓,𝑃𝑂𝐷 = −𝐾𝑃 ∙
𝑠𝑇𝑃,𝑊

1 + 𝑠𝑇𝑃,𝑊
∙

1

1 + 𝑠𝑇𝑃,𝑓
∙ (

1 + 𝑠𝑇𝑃,𝑆1

1 + 𝑠𝑇𝑃,𝑆2
)

𝑁𝑃,𝑆

∙ 𝑦𝑃 
 

(3) 

∆𝑄𝑟𝑒𝑓,𝑃𝑂𝐷 = 𝐾𝑄 ∙
𝑠𝑇𝑄,𝑊

1 + 𝑠𝑇𝑄,𝑊
∙

1

1 + 𝑠𝑇𝑄,𝑓
∙ (

1 + 𝑠𝑇𝑄,𝑆1

1 + 𝑠𝑇𝑄,𝑆2
)

𝑁𝑄,𝑆

∙ 𝑦𝑄 

 

 

(4) 

The electromechanical modes of interest must be observable in the input variables of POD-P and POD-Q 
controllers (𝑦𝑃 and 𝑦𝑄, respectively), and, in general, there are multiple options that can result in effective and 

robust POD-P and POD-Q controllers. 

One input variable for POD-P and POD-Q controllers that exhibits good robustness properties is the frequency 
deviation at the connection point: 

𝑦𝑃 = 𝑦𝑄 = ∆𝜔 (pu) (5) 

where: ∆𝜔 = 𝜔 − 𝜔0 and 𝜔0 = 1 pu is the nominal frequency of the GFL device. In general, POD gains are 
assumed to be positive (see the sign criterion). It should be noticed that the options of using the frequency 
deviation or the frequency as in input signals are equivalent, due to the presence of the high-pass filter (wash-
out).  

In general, when using the frequency deviation as input signal for POD-P and POD-Q controllers of Figure 3, 
gain values are typically positive (𝐾𝑃 ≥ 0 y 𝐾𝑄 ≥ 0), although this is not mandatory and it depends on the 

particular design of POD controllers, on the dynamic response of the facility and its controllers, and on its 
location. 

In GFL converters, the frequency, 𝜔, is measured with a Phase-Locked Loop (PLL) and this signal can be 
used directly as the input signal of POD controllers, or, alternatively, other methods of frequency estimation 
could be used. 

Table 1 presents a description of the parameters of POD-P and POD-Q controllers and typical values, assum-
ing POD-P and POD-Q controllers using frequency deviation as input signal. In the fourth column, it is indi-
cated whether the parameter is designed/fixed. It should be noted that POD-P and POD-Q controllers could 
be activated simultaneously (POD-PQ). 
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Table 1: Parameters of POD-P and POD-Q controllers. Typical values for parameters using the frequency 
deviation in pu as input signal, for illustrative purposes. 

Controller Parameter Description Design/fixed Comment 

POD-P 𝐾𝑃 Gain Design Gain to obtain a reasonable value of damping ratio of the mode or 
modes of interest in the case study to be analysed. 

Typical values for a POD-P controller gain using frequency deviation 
(in pu) as input signal: within the range [-400, 400] pu (pu with respect 
to the apparent power of the device). 

Typically, 𝐾𝑃 ≥ 0, although there could be exceptions in particular 
cases. 

𝑇𝑃,𝑆1, 

𝑇𝑃,𝑆2 

Lead/lag filters Design Required phase compensation. There is also the option of neglecting 
this filter. In general, a POD-P controller could be effective without the 
need of this filter if the active-power control of the device is fast 
enough. 

𝑁𝑃,𝑆 Exponent of 
lead/lag filters 

Fixed Typical values: 𝑁𝑃,𝑆 = 1, 𝑁𝑃,𝑆 = 2 or 𝑁𝑃,𝑆 = 3. 

Reference value: 𝑁𝑃,𝑆 = 2. 

𝑇𝑃,𝑊 Wash-out filter Fixed Typical values: within 1-20 s. 

Reference value: 𝑇𝑃,𝑊 = 5 s. 

𝑇𝑃,𝑓 Low-pass filter Fixed Typical values: within 0-0,20 s.  

Reference value: 𝑇𝑃,𝑓 = 0,1 s. 

This parameter could represent a filter implemented in the controller, 
or it could be a representation of the measurement process of the in-
put signal. 

±∆𝑃𝑚𝑎𝑥 Saturation pa-
rameter 

Fixed Typical values: within 5%-20% (% with respect to the apparent power 
of the device). 

Reference value: ±∆𝑃𝑚𝑎𝑥 = ±10 %. 

POD-Q 𝐾𝑄 Gain Design Gain to obtain a reasonable value of damping ratio of the mode or 
modes of interest in the case study to be analysed. 

Typical values for a POD-Q controller gain using frequency deviation 
(in pu) as input signal: within the range [-400, 400] pu (pu with respect 
to the apparent power of the device). 

Typically, 𝐾𝑄 ≥ 0, although there could be exceptions in particular 

cases. 

𝑇𝑄,𝑆1, 

𝑇𝑄,𝑆2 

Lead/lag filters Design Required phase compensation. There is also the option of neglecting 
this filter. Not always is true that POD-Q designs without this filter are 
effective and robust, but this may occur in some cases. Factors that 
could have influence in the required phase compensation are: how 
fast the reactive-power controller of the device is and the power sys-
tem (e.g., SCR, etc..). 

𝑁𝑄,𝑆 Exponent of 
lead/lag filters 

Fixed Typical values: 𝑁𝑄,𝑆 = 1, 𝑁𝑄,𝑆 = 2 o 𝑁𝑄,𝑆 = 3. 

Reference value: 𝑁𝑄,𝑆 = 2. 

𝑇𝑄,𝑊 Wash-out filter Fixed Typical values: within 1-20 s.  

Reference value: 𝑇𝑄,𝑊 = 5 s. 

𝑇𝑄,𝑓 Low-pass filter Fixed Typical values: within 0-0,20 s.  

Reference value: 𝑇𝑄,𝑓 = 0,1 s. 

This parameter could represent a filter implemented in the controller, 
or it could be a representation of the measurement process of the in-
put signal. 

±∆𝑄𝑚𝑎𝑥 Saturation pa-
rameter 

Fixed Typical values: within 5%-20% (% with respect to the apparent power 
of the device). 

Reference value: ±∆𝑄𝑚𝑎𝑥 = ±10 %. 
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As stated previously, POD controllers should be targeted at small disturbances and, as far as possible, they 
should act continuously when subject to small disturbances. In some energy storage technologies, a continu-
ous modulation of the active-power injection, even if small, could degrade their lifetime, based on technical 
discussions with different manufacturers. For this reason, the use of an activation threshold for the POD-P 
controller in ESM-PPM systems is allowed. In this way, the POD-P may be activated only when a continuous 
oscillation in the system is detected with an amplitude greater than or equal to a certain threshold. 

Since electromechanical oscillations are well observed at the frequency of the different buses of the system, 
one option is to use the frequency at the connection point to detect power system oscillations. In this case, a 
general scheme of the POD-P controller of an ESM-PPM (whether it is stand-alone or part of a hybrid facility) 
will be as in Figure 4. The POD-P controller will be activated only when a sustained oscillation over time with 

a certain amplitude is detected in the frequency at the connection point: if its amplitude (𝑓) is greater than or 

equal to a specified threshold (𝑓𝑡ℎ𝑟). 

 

Figure 4: General scheme of a POD-P controller in a ESM-PPM with activation threshold. 

The activation threshold of the POD-P controller can be implemented in different ways (specific algorithm for 
oscillation detection, time rules, sampling windows, hysteresis characteristics for activation/deactivation, 
etc…). There are no restrictions in implementing the activation threshold of the POD-P controller in ESM-PPM 
systems using different methods, as long as its correct behaviour is guaranteed and tested. 

Typical values for the activation threshold could be around 𝑓𝑡ℎ𝑟 = 0 − 40 mHz. The proposed reference value 

is an amplitude of 𝑓𝑡ℎ𝑟 = 15 mHz. The range of the frequencies of the oscillations to be detected is 0,1-2,5 Hz. 

Figure 5 shows an illustrative example of sustained oscillations of 0,2 Hz observed in the frequency: one with 

an amplitude of 𝑓 = 5 mHz, in blue, and another with an amplitude of 𝑓 = 40 mHz, in red. The interpretation 

of the activation threshold 𝑓𝑡ℎ𝑟 = 15 mHz is also shown in Figure 5. The POD-P controller of the ESM-PPM 

system would be activated by the oscillation of amplitude 𝑓 = 40 mHz (in red), but not by the one of amplitude 

𝑓 = 5 mHz (in blue). In the example, the mean value of the frequency is 50 Hz, but the mean value of the 
frequency may be different due to continuous change in the frequencies of the system due to small perturba-
tions. 

Finally, it should be mentioned that the use of an activation threshold in POD-P controllers in ESM-PPM 
systems is allowed, but this does not mean that it is mandatory. 
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Figure 5: Illustrative example of an oscillation of 0,2 Hz observed in a bus frequency.  
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This section discusses aspects related to the oscillation frequency of the electromechanical modes of the 
power system, with the aim of avoiding confusion related to this aspect and clarifying the acceptance criteria 
according to the current Spanish Compliance Monitoring Technical Standard (NTS) [43]. 

In general, a POD controller is designed to contribute to increasing the damping ratio of electromechanical 
modes of the power system and the main modes of interest are the inter-area modes. In turn, although there 
are indicative values for the oscillation frequencies of the electromechanical modes (as presented in Section  
1), it is not possible to set rigid limits to the oscillation frequencies in real-world power systems. An additional 
challenge is the uncertainty of how the electromechanical oscillations and their dynamic properties will evolve 
in power systems with a high content of power-electronic devices; and the responsibility of the SO is to guar-
antee power system stability. 

Taking these aspects into account, the SO considers it necessary to have POD controllers with good perfor-
mance in the oscillation frequency range of 0,1-2,5 Hz. However, the SO is aware that it is not realistic to 
expect POD controllers with significant improvements in the entire specified frequency range. Therefore, the 
following nuances must be taken into account for POD controllers for facilities located in the Peninsular Span-
ish electrical system (Sistema Eléctrico Peninsular Español, SEPE): 

• Electromechanical oscillations within the range 0,1-0,3 Hz: It is expected that POD controllers are 
effective within this frequency range, since the critical inter-area modes in the Continental European 
system are within this range [5]. The performance of the POD controller within this frequency range is 
monitored and accepted according to the criteria proposed in this document and according to the 
NTS [43]. 

• Electromechanical oscillations within the range 0,3-1,5 Hz: It is expected that POD controllers provide 
reasonable results within this frequency range (improvements may be small or, at least, the damping 
ratio of the electromechanical mode should not be decreased). The performance of the POD controller 
in this frequency range is monitored and accepted according to the criteria proposed in this document 
and according to the NTS [43]  

• Electromechanical oscillations within the range 1,5-2,5 Hz: It is expected that POD controllers do not 
excite other modes of the system that could be in this frequency range, but no improvements are 
expected. It is assumed that the design of the POD controller proposed by the manufacturer is suffi-
ciently robust to guarantee this and that the manufacturer will perform/adopt the necessary simulations 
and/or measures to ensure this. 

• Oscillations of another nature: It is expected that POD controllers do not excite other modes of the 
system. It is assumed that the design of the POD control proposed by the manufacturer is sufficiently 
robust to guarantee this and that the manufacturer will perform/adopt the necessary simulations and/or 
measures to ensure this. 

Non-Peninsular Spanish electrical systems (Sistemas Eléctricos No-Peninsulares, SENP) have some partic-
ularities, because (a) the oscillation frequencies of the inter-area modes are higher, (b) nowadays electrome-
chanical oscillations are not critical in these systems and (c) due to the small size of this type of systems and 
the incorporation of non-synchronous generation and power-electronic devices expected in the coming years, 
there is significant uncertainty about the how the electromechanical modes of these systems will evolve (in 
nature, damping ratio and oscillation frequency). For the evaluation of POD controllers in the SENP, the eval-
uation methodology will be the same as the one used for POD controllers in the SEPE, and it may be updated 
in the coming years if the nature of electromechanical oscillations in this types of systems requires it. Due to 
the uncertainties above, it is considered necessary that the facilities are equipped with POD controllers, but 
these shall be deactivated. If in the future it is considered necessary, the SO may request the activation of the 
POD controllers. The way of evaluating POD controllers in SENP is described in Subsection 5.2. It is empha-
sized that all the aspects mentioned here are compatible with current regulation (Spanish and European). 
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The evaluation of the behaviour of POD controllers will be performed according to the Spanish Compliance 
Monitoring Technical Standard (NTS) [43]. Any additional nuances would be proposed to the Compliance 
Monitoring Working Group (GTSUP) for its evaluation. The synthetic two-area system of the NTS is consid-
ered (Figure 6). The synthetic system represents an inter-area oscillation between a synchronous generator 
in a small coherent area (bus 1) and an equivalent synchronous generator in a larger coherent area (bus 4). 
This synthetic system allows to represent an electromechanical oscillation with different oscillation frequen-
cies, by adjusting the reactance of line 2-3 (𝑋𝐿 = 𝑋23). The synthetic two-area system and the methodology 
for inter-area-oscillation analysis with limited information were proposed in [44], and its application for the 
analysis of the impact of a PPM on the damping of inter-area oscillations was proposed in [43]. The objective 
of this synthetic system is to capture the general properties of inter-area oscillations in the Continental Europe 
power system with limited information. 

 

Figure 6: Synthetic two-area system (NTS). 

 

The GFL device is connected to bus 5 and it will have a nominal apparent power of 1500 MVA, following the 
NTS methodology. All system data can be found in [43]. This simplified system allows to analyse the impact 
of the GFL device on the damping ratio of the inter-area mode in a two-area system. 

A design for POD-P and POD-Q controllers is proposed for a GFL device in this system. For the simulations, 
the facility must have all its controllers activated, in addition to the POD controllers, following the NTS guide-
lines [42]. 

Comparison of different cases: 

• Base case results, only synchronous machines connected and without GFL device (B0). 

• Base case results where the GFL device is included without POD controllers (B1). 

• Base case results where the GFL device with POD-P controller included. 

• Base case results where the GFL device with POD-Q controller included. 

• Base case results where the GFL device with POD-PQ controller included. 

• All the results of the base system where the GFL device is included shall be carried out for 
a. Constant reactive power mode. 
b. Voltage control mode, with a droop constant of the voltage control – reactive power (QV) droop 

control of 2%, 4% and 7%. 

Notice that POD controllers shall be effective in all control modes and operating points of the GFL device. 

However, for the evaluation of POD controllers, representative cases have been chosen and it is not required 

to perform the entire list of simulations that are required for the evaluation of other technical capabilities, 

according to the NTS. 
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For the analysis, the dynamic models must be appropriate for electromechanical simulations, also known as 

Root-Mean Square (RMS) type models. That is, taking into account the dynamics of interest in the dynamic 

models of the devices and representing the electrical grid with algebraic equations. For small-signal stability 

studies (eigenvalue analysis and frequency-domain methods), the dynamic models must be prepared for lin-

earisation around an operating point. 

The particularities of POD controllers depending on the type of facility are explained below: 

• PPM systems: the regulations in force as of May 2024 do not require PPM systems to have POD 
controllers. In the event that a PPM system voluntarily has POD controllers to contribute to the damping 
of electromechanical oscillations in the power system, the acceptance criteria for POD controllers de-
scribed in this document will apply. 
It should be mentioned that POD-P and POD-Q controllers could be validated independently. For ex-
ample, a PPM could have POD-Q only and, therefore, the acceptance criteria would only apply to the 
POD-Q controller. 

• In the case of systems involving energy-storage systems (hybrid facilities (Mode A and Mode B), and 
stand-alone energy-storage systems), the regulations in force as of May 2024 do not require these 
controllers either, although the new regulatory proposal for PO 12.2 does consider it: then the ac-
ceptance criteria for POD controllers described in this document will apply. 

Both, the evaluation methodology and the acceptance criteria for POD controllers proposed in this document 
will be agreed with the Compliance Monitoring Working Group (GTSUP), once the PO 12.2 or any other reg-
ulations requiring this type of controllers have been approved, if necessary. 

 

In order to determine whether POD controllers contribute to improving the damping of inter-area modes, the 
cases with POD controllers shall be compared with the base case (with GFL device and without POD control-
lers, which corresponds to case B1). If the electromechanical modes obtained in the cases with POD control-
lers have greater damping ratio than the base case, then the performance of the POD controllers would be 
satisfactory. Notice that the improvement of case B1 (with GFL device and without POD) with respect to case 
B0 (base case without GFL device) is already covered in the current NTS standard. For this reason, the impact 
of the POD controllers is compared only with case B1. 

The acceptance (or admissibility) criteria for POD controllers proposed in this document are divided into two: 

• Acceptance criterion for the robustness of the POD controller. 

• Acceptance criterion for the effectiveness of the POD controller. 

These acceptance criteria apply both to PPM systems with POD control and to energy-storage systems (ESM-
PPM). 

 

The POD-robustness acceptance criterion consists of the evaluation of the behaviour of the POD controllers 
in a range of frequencies of the electromechanical mode, following the methodology and acceptance criteria 
of the NTS [43]. 

The behaviour of the POD controllers could be evaluated in two ways, following the guidelines of the NTS: 

• Small signal stability analysis (eigenvalues) (procedure and acceptance criteria detailed in sections 
5.10.2.1 and 5.10.3.1 of [43], respectively). Acceptance criterion: damping ratio of electromechanical 
modes greater than or equal to 5%. 

• Time-domain simulation (procedure and acceptance criteria detailed in sections 5.10.2.2 and 5.10.3.2 
of [43], respectively). 

Ideally, it would be expected that when activating the POD controller, the damping ratio of the electromechan-
ical mode would be greater than or equal to the one obtained without POD controller (case B1) for the entire 
frequency range covered by changing the line reactance from 0,01 pu to 0,6 pu (pu using a power base of 
100 MVA). However, there could be some cases in which for a specific value of the line reactance this is not 
fulfilled, and it is more practical to use only criterion of damping ratio the electromechanical modes greater 



 
 
 
 
 

Guide for the implementation of power oscillation damping controllers. 15    

 

than or equal to 5%. This means that the POD-robustness acceptance criterion does not quantify the improve-
ment that POD controllers should produce and, except for the way of expressing it, in practice there are no 
differences with respect to the acceptance criteria for power oscillations in PPMs according to current compli-
ance standards in Spain (NTS). 

 

Without prejudice to what could be said in the GTSUP and, if applicable, established in the NTS standard [43] 

as a certification criterion for these controllers, in the absence of this development in the current NTS, the 

following efficiency criterion is proposed, as a result of the technical discussions and analysis carried out in 

the GT_POD. 

The system in Figure 6 is considered with a line reactance of 𝑋𝐿 = 0,6 pu (base 100 MVA), which corresponds 

to a frequency range of 0,10-0,25 Hz, approximately. Table 2 summarises the effectiveness acceptance cri-

teria. All the results of the base system where the GFL device is included shall be carried out for voltage 

control droop constants of 2%, 4% and 7% (droop QV). It is worth to emphasise that, due to the POD-robust-

ness acceptance criteria, the damping ratio of the electromechanical mode must be greater than or equal to 

5% for all cases and values of reactance 𝑋𝐿. The POD-effectiveness acceptance criterion can be tested by 

means of small-signal stability analysis (eigenvalues) or by time-domain simulation. 

Unlike the robustness acceptance criterion, the POD-effectiveness acceptance criterion quantifies the im-

provement on the damping ratio of the electromechanical mode produced by the POD controller. The required 

improvement is quantified using a single operating point (𝑋𝐿 = 0,6 pu), since it would be unrealistic to require 

a specific improvement for the entire frequency range. 

The increase in damping ratio of the electromechanical mode required in the POD-effectiveness acceptance 

criterion, proposed in Table 2, is defined as: 

 

∆Ϛ𝑖 = Ϛ𝑖 − Ϛ𝐵1  (6) 

 

where: 

• Ϛ𝐵1: damping ratio of the electromechanical mode obtained in case B1 (%). 

• Ϛ1: damping ratio of the electromechanical mode obtained in the case with POD-P controller (%). 

• Ϛ2: damping ratio of the electromechanical mode obtained in the case with POD-Q controller (%). 

• Ϛ3: damping ratio of the electromechanical mode obtained in the case with the POD-P and POD-Q 
controllers activated simultaneously (POD-PQ) (%). 

It should be noted that the increment values obtained in the damping ratio of the electromechanical mode ∆Ϛ𝑖 
of Table 2 should only be evaluated for the POD controllers that the facility has. For example, if a PPM only 
has POD-Q controller, but it does not have POD-P controller, the effectiveness acceptance criterion for POD-
Q controller (∆Ϛ2 ≥ 5 %) is required for compliance, but naturally the effectiveness acceptance criteria for 
POD-P controller or both simultaneously (POD-PQ) ((∆Ϛ1 and ∆Ϛ3, respectively) are not required for compli-
ance. 
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Table 2: Proposed POD-effectiveness acceptance criteria. Two-area system with 𝑋𝐿 = 0,6 pu (which corre-
sponds to an oscillation frequency of de 0,15-0,25 Hz, approximately).  

Case POD-effectiveness acceptance criterion 

With POD-P controller Increment of the damping ratio of the electromechanical mode, ∆Ϛ1, of 
at least 5 % compared to case B1: ∆Ϛ1 ≥ 5 %. 

With POD-Q controller Increment of the damping ratio of the electromechanical mode, ∆Ϛ2, 

of at least 5 % compared to case B1: ∆Ϛ2 ≥ 5 %. 

With POD-PQ controller Increment of the damping ratio of the electromechanical mode, ∆Ϛ3, 

of at least 5 % compared to case B1: ∆Ϛ3 ≥ 5 %. 

 

 

The context of electromechanical oscillations in SEPE and SENP systems is different and, therefore, the 
assessment of POD controllers will have particularities in each case. 

On the one hand, inter-area oscillations in the Continental European power system are observed in the SEPE 
and they are a critical issue nowadays. The most critical inter-area oscillations are within the frequency range 
0,1-0,3 Hz. In this case, a facility with POD controller will necessarily be located in the coherent generator 
area of the SEPE, which oscillates against the other coherent areas of the Continental Europe power system. 

On the other hand, SENP systems have different characteristics from each other, and typically the oscillation 
frequencies of the electromechanical modes are higher than the ones present in the SEPE (they can be within 
the range 0,8 Hz-2,5 Hz). Nowadays, electromechanical oscillations in SENP systems are not problematic. 
However, this situation may change in the future, in terms of damping ratio and frequencies of the electrome-
chanical modes, due to the changing nature of this type of systems (due to the incorporation of non-synchro-
nous generation and power-electronic devices). In turn, a facility equipped with POD controller may be located 
in different coherent areas of the electromechanical oscillations. For these reasons, it is considered necessary 
that facilities should have POD controllers implemented, but determining their settings today does not guar-
antee their correct performance in the future. 

Along these lines, a reasonable proposal for the evaluation of the behaviour of POD controllers in the SEPE 
and in the SENP system is as follows: 

• SEPE: Evaluation of the behaviour as described at the beginning of Section 5 and with the acceptance 
criteria of Subsection 5.1. 

• SENP: Evaluation of the behaviour as described at the beginning of Section 5 and with the acceptance 
criteria of Subsection 5.1. But the facility shall always have the POD controller deactivated. If in the 
future the SO considers it necessary to activate the POD controller of the facility, a study will be jointly 
defined by the owner of the facility to define the parameters of the POD controllers, with the collabo-
ration of the SO. 
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In ESM-PPM systems, the use of an activation threshold for the POD-P controller is allowed. In this case the 

POD-P controller would be activated when an oscillation of a certain amplitude (𝑓𝑡ℎ𝑟) is detected (see Section 
3.3). Independently of this, to test the performance of the POD-P controller when subject to small disturbances 
it is necessary to run some simulations with the activation threshold deactivated, regardless of whether they 
actually have it activated or not. 

The particularities of the evaluation of the performance of the POD-P controller in ESM-PPM systems are the 
following: 

• Evaluation of the performance as described at the beginning of Section 5 and with the acceptance 
criteria of Subsection 5.1. For these simulations, the activation threshold of the POD-P controller must 
be deactivated. This is, the POD-P controller must act continuously for any oscillation amplitude. 

• Additional verifications of the time-domain simulation of the synthetic system of Figure 6, with the 
activation threshold of the POD-P controller activated: 
1. Simulation with a sufficiently small disturbance that does not cause the activation of the POD-P 

controller. 
2. Simulation with a sufficiently large disturbance that causes the activation of the POD-P controller. 
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Some additional aspects related to the implementation of POD controllers are discussed below: 

• POD controller options: at the PPM/ESM-PPM Power Plant Controller (PPC) level or at the converter 
(power generation unit, PGU) level. 

• POD controller input signals. 

• Processing and modelling of POD controller input signal. 

• POD-P and POD-Q controller variants. 

• POD-Q controller variants. 

• POD controller particularities depending on the technology. 

 

POD-P and POD-Q controllers can be implemented in two different ways: 

• At Power Plant Control level (PPC) level. That is, at a centralised level in the PPM/ESM-PPM. 

• At converter level. This is, at PGU level. 

 

The main characteristics are the following: 

• In this case, the supplementary active- and reactive-power references provided by POD-P and POD-

Q controllers (∆𝑃𝑟𝑒𝑓,𝑃𝑂𝐷 and ∆𝑄𝑟𝑒𝑓,𝑃𝑂𝐷, respectively) are added to the references of the active- and 
reactive-power injections of the PPC of the PPM or ESM-PPM. 

• The PPC is responsible for distributing the references for active- and reactive-power injections of the 
plant (𝑃∗ y 𝑄∗ de (1) and (2), respectively) between the converters in the park (at PGU level). For this, 
a communication system is necessary. Communication delays (calculation time + communication la-
tencies) can have an impact on the behaviour of the POD controllers and, therefore, they should be 
represented in the models and taken into account in the design of POD controllers. 

• It is common to use measurements at the connection point of the plant as input signal for POD-P and 
POD-Q controllers, such as frequency or voltage magnitude at the connection point. 

• Usually, the PPC is slower. Therefore, in order to obtain effective POD-P and POD-Q controllers, an 
appropriate design of the lead/lag filters is required, to obtain an appropriate phase compensation of 
POD controllers.  

 

The main characteristics are the following: 

• In this case, the supplementary active- and reactive-power references provided by POD-P and POD-

Q controllers (∆𝑃𝑟𝑒𝑓,𝑃𝑂𝐷 and ∆𝑄𝑟𝑒𝑓,𝑃𝑂𝐷, respectively) are added to the references of the active- and 
reactive-power injections of the converter, at PGU level (i.e., each PGU has its own POD controllers). 

• The total active- and reactive-power references of each PGU will be the terms corresponding to the 
reference sent by the PPC and the term of the POD controller (𝑃∗ and 𝑄∗ of (1) and (2), respectively). 

• Each PGU could use local measurements, such as frequency or voltage module at its AC terminals. 
Alternatively, they could also use measurements at the connection point of the park, requiring com-
munication, having to take into account the associated delay times, although the former implementa-
tion seems more practical.  

• It is essential to coordinate POD-P and POD-Q controllers at converter level (PGU) with the PPC, 
since, if these control layers are not coordinated correctly, the PPC could cancel or attenuate the effect 
of POD-P and POD-Q controllers at PGU level. 

• The cleanest implementation of POD-P and POD-Q controllers at PGU level is when the PPC is con-
trolled in open loop. This is, when the PPC does not have a proportional-integral (PI) regulator with 
negative feedback of the active- or reactive-power injection (or voltage) measurements. This means 
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that the distribution of setpoints between the PGU is carried out by a calculation of the setpoints at 
PPC of the PPM/ESM-PPM level. 

 

There are different input signal possibilities for POD-P and POD-Q controllers. In references [9], [11], for 
example, POD-P and POD-Q controllers in wind power parks using different input signals are discussed. 

In general, it is an extended practice to choose one of the following input signals for POD-P and POD-Q 
controllers in GFL converters: 

• Frequency (or frequency deviation from the nominal frequency) at the connection point. 

• Voltage magnitude at the connection point. 

POD-P and POD-Q controllers could have different input signals. The frequency and voltage magnitude will 
be measured at the connection point. If POD controllers are considered at PPC level, the connection point will 
be the one of the park at the high voltage side. If POD controllers are considered at converter level (PGU), 
the connection point will be the AC terminal of the converter. 

Input signals which are considered appropriate for POD-P and POD-Q controllers could be used, if their ef-
fectiveness and robustness are proven. However, the SO has a preference for the use of frequency signals 
as input signal for both POD-P and POD-Q controllers, due to the robustness properties they provide to the 
controllers, in the context of interest: 

• Inter-area oscillations in the Continental Europe power system. 

• Iberian Peninsula: coherent area of synchronous generators at one edge of the inter-area oscillations 
of interest. 

• Devices with POD-P and POD-Q controllers in located in the Iberian Peninsula. 

Reference [41] studied POD-P and POD-Q controllers using frequency and voltage input signals, discussing 
the main aspects of each option. Most relevant properties of POD-P and POD-Q controllers using frequency 
or voltage signals as input are presented below: 

• POD controllers using frequency measurement as input signal: 
o POD-P controllers are typically more effective than POD-Q controllers when frequency signals 

are used as input signal. 
o Frequencies at the edges of the inter-area oscillation have a high observability. 
o Frequencies at points close to the centre of the inter-area oscillation have a low observability. 
o The observability factors of the inter-area mode at the frequencies at the system buses at the 

two edges of an inter-area oscillation have a significant phase shift (opposite phase between 
the two opposite points of the oscillation). 

• POD controllers using voltage-magnitude measurement as input signal: 
o POD-Q controllers can be more effective than POD-P controllers when voltage signals are 

used as input signals for such controllers. 
o POD-Q controllers using voltage as input signal could be more effective than POD-Q control-

lers using frequency as input signal, if the design is appropriate and depending on the system 
topology. 

o Observability factors of the inter-area mode in voltages at buses of the system can have high 
magnitude at mid-points of the inter-area oscillation. 

o Observability factors of the inter-area mode in voltages at buses in the system (in magnitude 
and phase) strongly depend on the network topology, power flows in the system and the loca-
tion of voltage control elements in the system (e.g. connected generators, etc…). 

For the reasons stated above and in particular due to their robustness properties, the SO has preference for 
the use of frequency input signals for POD-P and POD-Q controllers. Although, as already indicated above, 
any option of POD controller is valid as long as its correct performance is proved and agreed with the SO. 

The frequency input signal can be the frequency at the connection point (if the POD controllers are imple-
mented at PPC level), the frequency at the AC terminal of each converter (if the controllers are implemented 
at PGU level) or even a frequency signal from a remote bus of the system could be used as input signal. In 
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general, if the frequency is used as input signal for POD controllers, any of these variants is allowed. If the 
input signal from a remote bus is used, the SO must be informed of this circumstance. 

 

The model of POD-P and POD-Q controllers shall contain a realistic representation of the processing of the 
input signals (𝑦𝑃 and 𝑦𝑄), including measurement filters and communication delays (if any). 

For example, if the measurement process of the input signal can be approximated by a first-order filter with a 
time constant of 80 ms (i.e. 1/(1 + 𝑠𝑇𝑚) with 𝑇𝑚 = 0,08 s), this transfer function should be included in the 
dynamic models of POD-P and POD-Q controllers. 

If these dynamics were not taken into account in the models, the designs of POD-P and POD-Q controllers 
may be inappropriate, and this could lead to wrong conclusions. This effect could be represented properly in 
the model by using an approximation, if the dynamic behaviour represents the reality with sufficient accuracy. 

 

In general, effective POD-P and POD-Q controllers may be of different nature. For example: 

• Different block diagrams. 

• Different input signals (for example, frequency, voltages, power flows through a line). 

• Input signals with local measurements or remote measurements. 

• POD controllers with different output signals: 
o POD-P: supplementary reference for the active-power injection, direct-axis current, etc… 
o POD-Q: supplementary reference for reactive-power injection, transverse-axis current, or volt-

age, etc… 

• Fixed or adaptive parameters. 

• Different variants of POD-Q controller implementation when the GFL device is in voltage control mode. 
This aspect is related to the POD-Q controller output signal. Because it may be more common, this 
aspect is addressed separately in Section 6.5. 

In general, the SO will consider valid any variant of POD-P and POD-Q controllers as long as that their effec-
tiveness and robustness are guaranteed (see Section 5.1). 

• POD-P and POD-Q controllers based on the general structure described in this document using the 
frequency at the connection point (or frequency deviation at the connection point with respect to the 
nominal frequency) as input signal and complying with the technical requirements: they will be ac-
cepted by the SO. 

• POD-P and POD-Q controllers based on other variants or other input signal: they shall be submitted 
to the SO with the corresponding studies. The SO will analyse both the POD controllers and the stud-
ies, to determine their acceptance. 
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The POD-Q controller in Figure 3 is valid not only for a GFL device with control of the reactive-power injection 
at the connection point, but also when a GFL device controllers the voltage magnitude at the connection point, 
as long as the voltage control loop has an intermediate calculation of a reactive-power setpoint, the imple-
mentation is correct and it is ensured that the voltage control and the POD-Q controller do not interact. 

Alternatively, if the GFL device is controlling the voltage module at the connection point, an alternative to the 
one shown above for the POD-Q controller is to include a supplementary voltage reference instead of a reac-
tive-power reference. This controller can keep the name POD-Q (implementation 2) or, eventually, it could be 
known by the name POD-V, but it is for the same application. In this case (Figure 7), the total voltage reference 
would be given by: 

𝑉∗  = 𝑉0 + ∆𝑉𝑟𝑒𝑓,𝑃𝑂𝐷  

(7) 

∆𝑉𝑟𝑒𝑓,𝑃𝑂𝐷 = 𝐾𝑉 ∙
𝑠𝑇𝑉,𝑊

1 + 𝑠𝑇𝑉,𝑊
∙

1

1 + 𝑠𝑇𝑉,𝑓
∙ (

1 + 𝑠𝑇𝑉,𝑆1

1 + 𝑠𝑇𝑉,𝑆2
)

𝑁𝑉,𝑆

∙ 𝑦𝑉 
 

(8) 

 

where: 𝑉∗  is the voltage reference of the GFL device, 𝑉0 is a constant value, ∆𝑉𝑟𝑒𝑓,𝑃𝑂𝐷 is the supplementary 
voltage reference of the POD-Q control (implementation 2 or POD-V) and 𝑦𝑉 is its input signal. 

 

 

Figure 7: POD-Q controller with implementation 2 (POD-V). 

 

It should be noticed that, like the POD controllers in Subsection 3.2, this particular implementation is presented 
with illustrative purposes and there may be different implementations that would also be acceptable. 

If this option is chosen, its correct design and effectiveness must be guaranteed. 
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Technical requirements for POD-P and POD-Q controllers are summarised below, according to the status of 
the regulations as of May 2024: 

• PPM: According to the current regulations, it is required to the PMM (types C and D) to not produce 
negative effects on the damping of inter-area oscillations (Orden TED-749-20) [36]. It is not required 
explicitly to the PPM to be equipped with POD-P and/or POD-Q controllers, but it could have these 
controllers voluntarily or if needed to comply with the requirement of not producing negative effects to 
the damping of inter-area oscillations. 
In the proposed European regulation RfG2 [33], it is required to the PPM (type D) to have POD con-
trollers implemented: either only POD-P, or only POD-Q or both (POD-PQ). In type-C PPMs, POD 
controllers could be required if specified by the relevant TSO. 
In case the PPM has POD-P and/or POD-Q controllers, these shall fulfil the technical functionalities 
as described in this document. 

• Electricity storage module (ESM): according to the proposal of P. O. 12.2 [34], the electric energy stor-
age system (types C and D), whether it is stand alone or a part of a hybrid installation, shall be 
equipped with POD-P and POD-Q controllers. Depending on the energy-storage technology and to 
avoid its premature degradation, the POD-P controller will only be activated when the amplitude of the 
frequency oscillation exceeds a threshold defined by the SO (all details described in [34]). This is in 
line with the proposed European regulation RfG2 [33]. 
In the proposed European regulation RfG2 [33], it is required to the ESM-PPM (type D) to have POD 
controllers implemented: either only POD-P controller, or only POD-Q controller, or both (POD-PQ) 
(since it is explicitly stated that the requirements for PPM apply also to ESM-PPM). In type-C ESM-
PPMs, POD controllers could be required if specified by the relevant TSO. 
In case the ESM-PPM has POD-P and/or POD-Q controllers, these shall fulfil the technical functional-
ities as described in this document. 

• HVDC systems: POD-P and POD-Q controllers are required as mandatory (Orden TED-749-20) [36]. 

• FACTS: It is treated as an additional component of a power-generating module (ACPGM). Therefore, 
technical requirements related to power oscillations are applied in an aggregated way to a PPM (do 
not decrease the damping ratio of the inter-area oscillation), as described above. For example, it could 
happen that a POD controller is attached in a FACTS device which is integrated in the PPM. In this 
case, POD-P and POD-Q controllers shall fulfil the technical functionalities as described in this docu-
ment. 
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Technical specifications for the POD controllers, for compliance with technical requirements of the regulation, 
are summarised below: 

• Technical requirements according to the European regulations [32], [33], [35], Orden TED-749-20 [36] 
and the draft of the new P. O. 12.2 [34]. 

• POD controllers can be implemented according to the proposal of this document (following the most 
common and accepted block diagrams and using the frequency (or frequency deviation with respect 
to the nominal frequency) as input signal, as described in Section 3). The frequency input signal can 
be the frequency at the connection point (if POD controllers are implemented at PPC level), the fre-
quency at the AC terminal of the converter (if the controllers are implemented at PGU level) or even 
the frequency signal of a remote bus could be used as input signal. 
Also, other variants of POD controllers other than those described in this document can be imple-
mented. However, the correct behaviour of POD controllers shall be guaranteed, and the proposal 
must be accepted by the SO. 

• POD controllers can be implemented at plant control level (PPC) or at converter level (PGU). In any 
case, the correct behaviour of POD controllers shall be guaranteed. 

• The evaluation of the behaviour of POD controllers will be carried out according to the NTS stand-
ard [43] regulations (Section 5 of this document). In case of using other variants of POD controllers 
and in case that additional tests are needed due to limitations in the extractable conclusions of the 
NTS synthetic system when using these variants, complementary studies that guarantee the correct 
behaviour of the POD controllers would be accepted. 

• Technical specifications: Saturation parameters of POD controllers shall comply with the technical 
specifications described in Table 3. These technical specifications apply to any POD-control variant, 
including other schemes different than the ones described in this document. It should be highlighted 
that these specifications apply to saturation parameters, but they are not related to the concept of 
active- and reactive-power reserve of the facility. 
If the most common implementation of POD-P and POD-Q controllers (Figure 3) is used with the fre-
quency deviation in pu as input signal, then POD-controller parameters shall be consistent with those 
in Table 4. 

• In the case of POD-P controllers in energy-storage systems (see Section 3.3), the threshold of the 
frequency-oscillation amplitude defined by the SO from which the POD-P controller will be activated 

shall be adjustable and 𝑓𝑡ℎ𝑟 ≤ 15 mHz (amplitude of the sinusoidal signal with respect to the mean 
value, not peak-peak amplitude) for oscillations detected between 0,1-2,5 Hz (see Section 4 for more 
information on oscillation frequencies of electromechanical modes). Notice that an activation threshold 

of 𝑓𝑡ℎ𝑟 ≤ 15 mHz means that the POD-P controller will only be activated for oscillations in the frequency 

with amplitude 𝑓 > 15 mHz. The activation threshold shall be implemented with all control elements 
needed to ensure its correct operation (for example, hysteresis characteristic or timing for activa-
tion/deactivation, etc.), although the specific details of these aspects are not specified here, since there 
are different ways of doing it. The SO may request to modify the value of the activation threshold upon 
express notification. This is included in Table 3. 

• In facilities in the SEPE, POD controllers shall be activated all the time, unless otherwise indicated by 
the SO. In facilities in the SENP, POD controllers shall be deactivated. In the future, if considered 
necessary to guarantee the reliability and security of the power system, the SO may request to activate 
the POD controllers of facilities in the SENP. 
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Table 3: Technical specifications for POD controller parameters in PPMs and ESM-PPMs. 

Controller Comment Parameter Recom-
mended/manda-
tory 

POD-P POD-P controller ac-
cording to the scheme 
of Figure 2. 

Saturation parameter ∆𝑃𝑚𝑎𝑥: adjustable and 
within the range 0-20 %. 

(% with respect to the nominal apparent 
power in MVA).  

Reference value: ∆𝑃𝑚𝑎𝑥 = 10 %. 

Mandatory value: ∆𝑃𝑚𝑎𝑥 ≥ 10 %, unless a 
lower value is specified by the SO.  

Subject to reserve availability.  

Mandatory 

Only for ESM-PPM. 
POD-P controller, ac-
cording to the scheme 
of Figure 4. 

Activation threshold 𝑓𝑡ℎ𝑟: adjustable and 

within the range 𝑓𝑡ℎ𝑟 = 0 − 40 mHz. 

Reference value: 𝑓𝑡ℎ𝑟 = 15 mHz. 

Mandatory value: 𝑓𝑡ℎ𝑟 ≤ 15 mHz, unless a 
lower value is specified by the SO.  

Mandatory 

POD-Q 

 

POD-Q controller ac-
cording to the scheme 
of Figure 2. 

(implementation 1) 

Saturation parameter ∆𝑄𝑚𝑎𝑥: adjustable and 
within the range 0-20 %. 

(% with respect to the nominal apparent 
power in MVA).  

Reference value: ∆𝑄𝑚𝑎𝑥 = 10 %. 

Mandatory value: ∆𝑄𝑚𝑎𝑥 ≥ 10 %, unless a 
lower value is specified by the SO.  

Subject to reserve availability. 

Mandatory 

POD-Q controller vari-
ant applied to a voltage 
reference (POD-V) ac-
cording to (7). 

(implementation 2) 

Parameter ∆𝑉𝑚𝑎𝑥: adjustable and within the 
range 0-10 %. 

Reference value: ∆𝑉𝑚𝑎𝑥 = 5 %. 

Mandatory value: ∆𝑉𝑚𝑎𝑥 ≥ 5 %, unless a 
lower value is specified by the SO. 

Subject to reserve availability.  

Mandatory 
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Table 4: Parameters of POD-P and POD-Q controllers, according to most common implementation (Figure 
3), using the frequency deviation in pu as input signal.  

Control Parameter Description Comment Recommended/mandatory 

POD-P 𝐾𝑃 Gain Range [-400, 400] pu (pu con with respect to the 
nominal apparent power  

Typically, 𝐾𝑃 ≥ 0, although there could be excep-

tions in particular cases. 

It shall be tuned. 

Recommended 

𝑇𝑃,𝑆1, 𝑇𝑃,𝑆2 Lead/lag filters They shall be tuned. Recommended 

𝑁𝑃,𝑆 Exponent of 
lead/lag filters 

Typical values: 𝑁𝑃,𝑆 = 1, 𝑁𝑃,𝑆 = 2 or 𝑁𝑃,𝑆 = 3. 

Reference value: 𝑁𝑃,𝑆 = 2. 

Recommended 

𝑇𝑃,𝑊 Wash-out filter Typical values: within 1-20 s. 

Reference value: 𝑇𝑃,𝑊 = 5 s. 

Recommended 

𝑇𝑃,𝑓 Low-pass filter Typical values: within 0-0,20 s.  

Reference value: 𝑇𝑃,𝑓 = 0,1 s. 

Recommended 

±∆𝑃𝑚𝑎𝑥 Saturation pa-
rameter 

Typical values: within 5%-20% (% with respect to 
the apparent power of the device). 

Reference value: ∆𝑃𝑚𝑎𝑥 = 10 %. 

Mandatory value: ∆𝑃𝑚𝑎𝑥 ≥ 10 %, unless a lower 
value is specified by the SO. 

Mandatory 

𝑓𝑡ℎ𝑟 Activation 
threshold 

Only for ESM-PPM 

Typical values within 𝑓𝑡ℎ𝑟 = 0 − 40 mHz. 

Reference value: 𝑓𝑡ℎ𝑟 = 15 mHz. 

Mandatory value: 𝑓𝑡ℎ𝑟 ≤ 15 mHz, unless a 

lower value is specified by the SO. 

Mandatory 

POD-Q 𝐾𝑄 Gain Range [-400, 400] pu (pu con with respect to the 
nominal apparent power  

Typically, 𝐾𝑄 ≥ 0, although there could be excep-

tions in particular cases. 

It shall be tuned. 

Recommended 

𝑇𝑄,𝑆1, 𝑇𝑄,𝑆2 Lead/lag filters They shall be tuned. Recommended 

𝑁𝑄,𝑆 Exponent of 
lead/lag filters 

Typical values: 𝑁𝑄,𝑆 = 1, 𝑁𝑄,𝑆 = 2 o 𝑁𝑄,𝑆 = 3. 

Reference value: 𝑁𝑄,𝑆 = 2. 

Recommended 

𝑇𝑄,𝑊 Wash-out filter Typical values: within 1-20 s.  

Reference value: 𝑇𝑄,𝑊 = 5 s. 

Recommended 

𝑇𝑄,𝑓 Low-pass filter Typical values: within 0-0,20 s.  

Reference value: 𝑇𝑄,𝑓 = 0,1 s. 

Recommended 

±∆𝑄𝑚𝑎𝑥 Saturation pa-
rameter 

Typical values: within 5%-20% (% with respect to 
the apparent power of the device). 

Reference value: ∆𝑄𝑚𝑎𝑥 = 10 %. 

Mandatory value: ∆𝑄𝑚𝑎𝑥 ≥ 10 %, unless a lower 

value is specified by the SO. 

Mandatory 
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The System Operator publishes this document for the purpose of facilitating the understanding and implemen-
tation of power oscillation damping controllers. This document has no regulatory value. The information is 
intended to be up-to-date and accurate, but the System Operator declines all responsibility for the information 
contained in this document. Such information is of a general nature and does not refer to the specific circum-
stances of any particular subject and does not constitute professional or legal opinions. 

The System Operator declines all responsibility for losses suffered as a result of decisions, actions or omis-
sions based on the information published in this document. In particular, the System Operator declines all 
responsibility for economic losses or indirect damage, including, without limitation, any commercial loss or 
loss of profit, resulting directly or indirectly from, or related to, the publication of this document by the System 
Operator, and the use that may be made of this document. 

It should be noted that there is no guarantee that the information disseminated in this guide accurately repro-
duces official texts. Only the texts of the Spanish and European regulations, as published in the “Boletín Oficial 
del Estado” and in the Official Journal of the European Union), respectively, are considered authentic. 

In the event of any possible confusion in the interpretation of any specific aspect between the Spanish and 
English versions of this guide, the reference document is the one written in Spanish. 

The latest updated edition of this guide is available in the customer area (“área de clientes”) of the corporate 
website www.ree.es. 

 

Any doubts or queries that may arise from this guide, as well as doubts or incidents in the platform, shall be 
created and sent through Red Eléctrica’s Customer Services Platform (“Portal de Servicios a Clientes”) 
(www.ree.es), in the “Contact us” module (“Contacta con nosotros”). 

Red Eléctrica – Redeia 
Dirección General de Operación 
Dirección de Desarrollo del Sistema 
Paseo Conde de los Gaitanes, 177 
28109 Alcobendas, Madrid, España 
Telephone: 91 659 91 19 

 

  

http://www.ree.es/
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