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Abstract
The increasing penetration of Inverter Based Generation 
(IBG) over the last years has led to much effort on the 
development of IBG models for power system dynamic 
studies. CIGRE and CIRED established the joint 
working group CIGRE C4/C6.35/CIRED: “Modelling 
and dynamic performance of inverter based generation 
in power system transmission and distribution studies” 
with the aim of collecting the present best practices in 
the industry on modelling of IBG for power system 
dynamic studies, with the focus on photovoltaic systems. 
For that purpose, a questionnaire was distributed to 
utilities and system operators around the world. This 
paper summarizes some of the key findings about: 1) the 
studied power system; 2) the used IBG models (RMS and 
EMT models); and 3) the type of the performed studies. 
This survey supports utilities and system operators as 
well as research institutes and academia to benchmark 
their approach against the prevailing international 
industry practice.

1. Introduction
Presently, many regions around the world are seeing 
ever increasing penetration of Inverter Based Generation 

(IBG), such as type 3 and 4 wind generation systems 
and PhotoVoltaic (PV) generation. The dynamic 
characteristic of IBG is different from conventional 
synchronous generators, and so this ever increasing 
penetration of IBG means that the dynamic performance 
of the power system following disturbances may change. 
Therefore, analyses of the high penetration levels of IBG 
require much focus on the type of the IBG models being 
used in power system dynamic studies.

There are many levels of models used for all types 
of power equipment. At one end of the spectrum are 
stability models, sometimes also referred to as positive 
sequence or Root Mean Square (RMS) models. At the 
other end of the spectrum are very detailed equipment 
level Electro-Magnetic Transient (EMT) based models. 
However, since all models have limitations, the selection 
of the model type is crucial based on the objectives of 
the study to be performed with the model. Therefore, 
the adequate model type could change depending on 
the type of power system dynamic study and the system 
conditions to be studied. 

Static load models are still widely used around the world, 
except in North America [1], where reliability standards 
now mandate that dynamic load models be used at 
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The aim of this paper is not necessarily to recommend 
the application of any specific dynamic model for a 
specific power system dynamic study, but, rather, to 
identify what dynamic models are presently applied and 
to provide some fundamental information on their use. 
Based on the key findings and observations, this paper 
states a clear message for the necessity and importance 
of the use of IBG models.

2. Survey
2.1. Organization

The original questionnaire that was distributed consists of 
four categories, whereas this paper focuses on the results 
of the two main categories. The main categories and the 
corresponding questions are listed in Table I. Further 
results of the original questionnaire can be found in [8].

Category 1 is about the characterization of the studied 
power system and gives a basic, but comprehensive, 
overview of the analyzed grids. The participants of 
the survey describe the overall system they study, e.g., 
the system connectivity, the installed capacity of their 
generation and the highest percentage of the penetration 
level of IBG.

Category 2 describes the type of model that is used by 
the utility and system operator for a specific type of 
power system dynamic study. In this category two types 
of models are distinguished, namely RMS and EMT 
models. A detailed comparison between RMS and EMT 
models is given in Section 3. Furthermore, category 2 
refers to 14 different types of studies, including well 
known phenomena such as frequency, voltage, transient 
and small-signal stability. In this context, it should be 
noted that the evaluation of voltage fluctuations at steady 
state is not considered as long-term voltage stability.

2.2. Participants

Potential survey participants were identified by the 
JWG members and contacted via e-mail. The considered 
utilities and system operators were either Transmission 
System Operators (TSOs), or utilities and system 
operators that operate both, transmission and distribution 
systems. However, Distribution System Operators 
(DSOs) were not considered for this paper, because most 
of them replied that they do not perform power system 
dynamic studies.

least when studying heavy summer loading conditions 
[2]. Thus, because most of the PV generation in many 
regions around the world is connected to the distribution 
level, such as medium and low voltage networks, it is 
more likely that negative static load models are being 
used in many countries for the representation of IBG.

RMS models for IBG have been developed over 
the last years for generation connected at the bulk 
electric system level that is, at the transmission level. 
Two industry working groups were established, one 
within the Western Electricity Coordinating Council 
(WECC) [3] in North America, and another within the 
International Electrotechnical Commission (IEC) [4], 
in order to develop generic models of different types of 
IBG for power system dynamic studies. Some of those 
models have been already implemented in widely used 
commercial power system analysis software tools [5], 
[6]. However, these generic models are still not widely 
used yet by the industry, especially in Europe, as they 
are still relatively new. With respect to IBG, connected 
at the medium and low voltage distribution level (e.g. 
residential PV), there are still no widely accepted 
aggregated dynamic models. In this context, the most 
recent work has been done by WECC [7], but it is presently 
under review and discussion for further changes. Some 
of this is driven by new grid code requirements that need 
to be considered in the development of generic models 
for IBG, e.g., the changing IEEE 1547 standard in North 
America or the newly proposed German grid code for 
the high voltage network VDE-AR-N 4120. This might 
be another reason that generic models for IBG are not 
widely used yet.

In October 2013, CIGRE and CIRED established the new 
Joint Working Group (JWG) CIGRE C4/C6.35/CIRED: 
“Modelling and dynamic performance of inverter based 
generation in power system transmission and distribution 
studies”, to look at some of these evolving issues. One of 
the tasks of the JWG is to identify the present industry 
practice on modelling of IBG, with the focus on PV 
systems, for power system dynamic studies. For that 
purpose, a comprehensive questionnaire was developed 
and distributed during the spring of 2015 to 63 utilities 
and system operators in 21 countries on five continents. 
This paper summarizes some of the key findings from 45 
responses to the survey, which have been received by the 
summer of 2016.
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questionnaires, 35 came from TSOs, and 10 came 
from utilities and system operators that operate both, 
transmission and distribution systems.

3. Type of models
3.1. RMS models

RMS models are mainly used to study power system 
stability for large interconnected systems, this includes 
electromechanical oscillations (small-signal stability), 
as well as rotor-angle stability of synchronous 
generators and voltage and frequency stability [9]. 
Phasor simulation methods are used when only the 
magnitude and phase of the voltages and currents are of 
interest. It is not necessary to solve all the differential 
equations resulting from the interaction of R, L, and C 
elements. Hence, the network is simulated with fixed 
complex impedances instead of differential equations 
[10]. RMS simulation tools consider phenomena with a 
bandwidth of typically 0.1 to 3 Hz, since the network 
model’s fidelity diminishes rapidly for phenomena with 
frequencies significantly outside of this range. However, 

As depicted in Table II, the questionnaire was sent to 
63 utilities and system operators around the world 
between spring 2015 and summer 2016. Out of these 63 
contacted utilities and system operators, 45 replied to the 
JWG. Hence, the response rate of 71 % was reached. 
The 45 received questionnaires from utilities and system 
operators came from 21 countries on five continents.

Participants Total
Sent questionnaires to utilities and system operators 63
Received questionnaires from utilities and system 
operators 45

Response rate from utilities and system operators [%] 71

Received questionnaires from continents 5
Received questionnaires from countries 21

Table II: Survey participants and response rate

It should be noted that software vendors, consultancies, 
research organizations and academia are out of scope 
and only responses from utilities and system operators 
were considered for the survey. Out of the 45 received 

No. Category No. Question

1 Characterization of the 
studied power system

1.1 What system is the model intended to be used for (transmission/distribution/both)?
1.2 What is the system connectivity (isolated small grid/interconnected grid)?
1.3 What is the main purpose of the power system dynamic study?
1.4 What is the total generation capacity?
1.5 What is the total inverter based generation capacity?
1.6 What is the highest percentage of penetration level of inverter based generation?

2

Type of model used 
for a specific type of 
power system dynam-
ic study

What type of model do you use for a specific type of power system dynamic study?
2.1 Frequency stability (large system)
2.2 Short-term voltage stability (seconds)
2.3 Short-circuit provision from inverter based generation
2.4 Low voltage ride-through
2.5 High voltage ride-through
2.6 Transient stability with balanced faults
2.7 Transient stability with unbalanced faults
2.8 Long-term voltage stability (minutes)
2.9 Small-disturbance angle stability
2.10 Unintentional islanding
2.11 Transients including switching transients
2.12 Control system interactions (high frequency)
2.13 Control system interactions (low frequency)
2.14 Protection coordination

Table I: Survey categories and questions
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EMT models may also be required under the following 
special system conditions (where RMS time-domain 
simulation programs may not be accurate or suitable 
anymore):

• Weak system conditions (with a very low short-
circuit ratio)

• Detailed inverter and collector system design
• Detailed equipment and system interaction studies
• Unbalanced faults (note that many RMS models 

are positive sequence models)

4. Results
4.1. Category 1: Characterization of the studied 
power system

Question 1.1 (What system is the model intended to 
be used for (transmission/distribution/both)?) in this 
category is about the type of power system that is studied. 
For this paper only utilities and system operators that 
perform studies with either the transmission system only, 
or with both, the transmission and the distribution system, 
were considered. Out of the considered participants, 
78 % perform transmission system studies only, whereas 
22 % perform studies for both, the transmission and the 
distribution system.

Question 1.2 (What is the system connectivity (isolated 
small grid/interconnected grid)?) analyzes the system 
connectivity. Out of the considered participants, 
87 % of the utilities and system operators operate an 
interconnected grid. Furthermore, there are 9 % of the 
utilities and system operators, which operate both, an 
interconnected and an isolated small grid. This is the 
case for countries that also consist of islands. Just 4 % of 
the survey participants perform studies with an isolated 
small grid only. 

Question 1.3 (What is the main purpose of the power 
system dynamic study?) in this category is about the 
predominant studies that utilities and system operators 
usually perform and the results are shown in Figure 1. 
The participants could select between different types of 
studies given in category 2 in Table I. The results indicate 
that the utilities and system operators mainly perform 
stability studies, such as frequency stability (study 2.1) 
with 89 %, short-term voltage stability (study 2.2) with 
89 % and transient stability with balanced faults (study 
2.6) with 89 %. It should be noted that recently announced 

the control loops modeled on individual power plants 
may cover phenomena up to 10 Hz. Another commonly 
used terminology for RMS type models is to call them 
“positive-sequence stability” models. In essence, 
such models assume a perfectly balanced network and 
consider only the positive sequence components of all 
phenomena.

Converters are included in RMS programs using their 
averaged models. They provide the behavior of the 
converter ignoring fast switching transients and any 
control with very small time constants compared to the 
time steps and the phenomena considered. For instance, 
in stability analysis there is usually no need to model 
the inverter in detail since its transients are much faster 
than the dynamics being studied. Therefore, only the 
fundamental frequency outputs of the converter are 
modelled, which are mainly reflected in the electrical 
control model. Due to this averaged representation, 
the modelling of different technologies of IBG can be 
unified using sub-models for each basic component 
according to their characteristics.

3.2. EMT models

When the phenomena to be studied are significantly 
outside of the range of fidelity of RMS models (for 
example studying electro-magnetic transients, or sub-
synchronous torsional interactions, etc.), then EMT 
simulation software should be used, together with 
detailed equipment specific models. EMT analysis 
programs solve the differential-algebraic equations of 
a three phase electrical network [11]. This distinction 
means that EMT analysis is capable of representing 
electro-magnetic transients (hence the name EMT), the 
frequency dependence of network components (e.g. 
change in transmission line resistance/reactance with 
frequency), harmonics, unbalanced networks, power 
electronic devices, including the switching transients as 
well as the detailed controls and protection systems.

Users need to be careful on the selection of the type of 
models between RMS and EMT. RMS models usually 
do not include the inner current control loops of the 
converter, the detailed phase-locked loop model and 
various other details of the converter. Nevertheless, 
RMS simulations are much faster to execute than EMT 
and are thus dominant for specific types of power system 
dynamic studies.
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present penetration level is calculated considering the 
values given by questions 1.4 and 1.5, and therefore 
represents the installed capacity. The main characteristics 
of the box plot shown in Figure 2 are: the median, shown 
as the black bar inside the grey box; the 25 %- and 
75 %-quantile, represented as the top and the bottom of 
the grey box; and the min. and max. value, depicted as 
the whisker. The results can be interpreted as follows. 
The median of all of the utilities and system operators 
reaches 12 %. The min. and max. values are 0 % and 
57 %, respectively. This means there are some of the 
utilities and system operators with no IBG, and some of 
the utilities and system operators reach a high share of 
IBG with 57 %.

Figure 2: Question 1.6: What is the highest percentage 
 of penetration level of inverter based generation?

grid code requirements for IBG, like low voltage ride-
through (study 2.4), are also very common with 82 %. 
Other power system dynamic studies, such as transients 
including switching transients (study 2.11) with 40 %, 
control system interactions (studies 2.12 and 2.13) for 
high frequencies with 44 % and low frequencies with 
47 % as well as unintentional islanding (study 2.10) with 
53 % are less commonly performed by the utilities and 
system operators. However, even for the less commonly 
performed studies it should be noted that almost every 
second utility and system operator performs these types 
of studies. The main observation of the results is that 
69 % of the participants perform the listed power system 
dynamic studies (studies 2.1 to 2.14), as seen in the last 
row of Figure 1.

Question 1.4 (What is the total generation capacity?) 
analyzes the size of the system regarding the installed 
generation capacity. The average value of the system 
sizes of all of the utilities and system operators is about 
50 GW. The system size starts with 84 MW grids and 
ranges over large-scale power systems with 780 GW.

Question 1.5 (What is the total inverter based generation 
capacity?) is about the amount of installed IBG. The 
average value of installed IBG of all of the participants 
is about 5 GW, which is 10 % of the average value of 
the total installed generation capacity. However, there 
are also utilities and system operators with no IBG and a 
few with a high amount of IBG of about 44 GW.

Question 1.6 (What is the highest percentage of 
penetration level of inverter based generation?) 
investigates the penetration level. The results to this 
question are depicted in Figure 2 as a box plot. The 

Figure 1: Question 1.3: What is the main purpose of the power system dynamic study?
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the negative load model. Furthermore, the studies 2.1 to 
2.7 in Figure 3 show that the application of IBG models 
is predominant (about 75 % in average) compared to the 
negative load model (about 25 % in average). For the 
studies 2.8 to 2.14 except 2.11 the share of the negative 
load model increases, whereas for study 2.11 it exceeds 
the IBG model. The main finding of the results is that 
35 % of the utilities and system operators still use the 
negative load model for power system dynamic studies, 
as seen in the last row of Figure 3.

Part 2 (distinction between RMS and EMT model) 
deals with the decision of utilities and system operators 
with the type of IBG model that is used for a specific 
type of power system dynamic study. The results of 
the comparison between RMS and EMT models are 
presented in Figure 4. In general it can be concluded 
that in the studies 2.1 to 2.10 and 2.13 as well as 2.14 
RMS models are predominant. Only for transients 
including switching transients (study 2.11) utilities 
and system operators prefer the EMT model instead. 
For control system interactions (high frequency) 
(study 2.12) the participants apply equally both, RMS 
and EMT models with 50 %, respectively. It should 

4.2. Category 2: Type of model used for a specific 
type of power system dynamic study

Category 2 is about the type of model that is used for 
a specific type of power system dynamic study. The 
results for this category are divided into three parts. Part 
1 analyzes whether an IBG model or a negative load 
model is used. If an IBG model is applied, a further 
distinction is made between RMS and EMT model, 
which is investigated in part 2. Part 3 is similar to part 2 
while the focus is on the expected application of RMS 
and EMT models in the future. For all of the three parts, 
the answers were separated into 14 different power 
system dynamic studies, as shown in Table I. The results 
are discussed below.

Part 1 (distinction between IBG model and negative 
load model) describes a fundamental decision by the 
utilities and system operators, whether they represent 
IBG with an associated model or with a negative load 
model. The results of this distinction are depicted in 
Figure 3. It can be seen that for 13 out of 14 studies 
the participants decide for the IBG model instead of 
the negative load model. Only for transients including 
switching transients (study 2.11) the participants prefer 

Figure 3: Question 2: What type of model do you use for a speci�c type of power system dynamic study? 
Distinction between Inverter Based Generation (IBG) model and negative load model.



Cigre Science & Engineering • N°8 June 2017

31

seen that RMS models are still prevailing compared to 
EMT models. The majority of the participants use RMS 
models for 11 out of 14 power system dynamic studies. 
Only for transients including switching transients (study 
2.11) as well as control system interactions (high and 
low frequency) (studies 2.12 and 2.13) EMT models 
are predominant. It should be noted that for stability 
studies, such as frequency stability (study 2.1), voltage 
stability (studies 2.2 and 2.8) and rotor angle stability 
(studies 2.6, 2.7 and 2.9), RMS models are still widely 
used (about 75 % in average) by the utilities and system 
operators. Furthermore, similar to Figure 4, for power 
system dynamic studies that analyze transients, like 
unintentional islanding (study 2.10), transients including 
switching transients (study 2.11), control system 
interactions (high and low frequency) (studies 2.12 and 
2.13) as well as protection coordination (study 2.14), the 
share of expected EMT models in the future used by the 
participants is considerable increased. The main finding 
by analyzing the results is that 63 % of the participants 
apply RMS models instead of EMT models for power 
system dynamic studies in the future, as seen in the last 
row of Figure 5. By comparing the results, the last row 

be noted that for stability studies, such as frequency 
stability (study 2.1), voltage stability (studies 2.2 and 
2.8) and rotor angle stability (studies 2.6, 2.7 and 2.9), 
RMS models are widely (about 90 % in average) used 
by the utilities and system operators. Furthermore, for 
power system dynamic studies that analyze transients, 
like unintentional islanding (study 2.10), transients 
including switching transients (study 2.11), control 
system interactions (high and low frequency) (studies 
2.12 and 2.13) as well as protection coordination (study 
2.14), the share of EMT models used by the utilities and 
system operators is considerable increased. The main 
observation of the results is that 78 % of the participants 
apply RMS models (if they use IBG models at all (refer 
to Figure 3)) instead of EMT models for power system 
dynamic studies, as seen in the last row of Figure 4.

Part 3 (distinction between RMS and EMT model in the 
future) analyzes in the same way as part 2 (distinction 
between RMS and EMT model) the type of IBG model 
that is used by the utility and system operator, with 
the difference that part 3 is focused on the expected 
application of RMS and EMT models in the future. The 
results are shown in Figure 5. At the first sight, it can be 

Figure 4: Question 2: What type of model do you use for a speci�c type of power system dynamic study? 
Distinction between Root Mean Square (RMS) and Electro-Magnetic Transient (EMT) model.
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and other technologies. In general, there is still a lack 
of well-validated and generally accepted dynamic 
simulation models, particularly for distributed PV 
systems, for the use in power system dynamic studies.

•	 Lack	of	widely	accepted	generic	models	for	IBG:

 Usually utilities and system operators do not create 
their own (user-written) models. They request 
validated models from manufacturers, either 
proprietary or adjusted generic models. This request 
poses two main disadvantages: 1) the manufacturer 
wants to keep the confidentiality of their proprietary 
user-written model; and 2) the extra effort for the 
manufacturer for tuning the parameters of the generic 
model including the validation of the simulations 
against the field measurements. Thus, the importance 
of developing reliable and flexible generic models 
for different technologies and manufacturers of IBG 
should be noted. Advantages of generic models are: 
vendor and manufacturer independent, grid code 
compatible, public model structure (control block 
diagram), software simulation tool independent, etc. 
For some technologies, like wind generation, these 
models are already being widely used, however, 
the latest generic models had only recently been 
developed at the time the questionnaire survey was 
conducted. 

•	 Lack	of	widely	accepted	range	of	model	parameters	
for	IBG:

 Although widely accepted generic models are 
provided, the control model parameters are crucial 
for power system dynamic studies. Because many 

of Figure 5 with the last row Figure 4, it is important to 
mention that the share of EMT models used for power 
system dynamic studies will increase in the future from 
22 % to 37 %.

5. Discussion
5.1. Negative load model

From the results it is remarkable that still 35 % of the 
utilities and system operators use negative load models 
for the representation of IBG in power system dynamic 
studies. According to the results of the questionnaire 
survey, the following reasons may explain this approach:

•	 Lack	 of	 model	 requirements	 of	 IBG	 for	 specific	
power	system	phenomena:

 As the penetration level of such IBG technologies 
increases, various aspects of power system stability 
and dynamic performance in the grid may change. 
Therefore, requirements that address the necessary 
functionalities that need to be modeled of IBG 
for specific power system phenomena need to be 
developed. These functionalities include various 
aspects, such as control, protection and the capability 
of IBG. Considering these requirements, utilities and 
system operators can select specific models for each 
power system phenomenon.

•	 Lack	of	well-validated	IBG	models:

 In recent years there has been much effort on the 
development of validated models for IBG. This work 
has been primarily related to wind generation. Now, 
further attention is starting to be devoted to PV systems 

Figure 5: Question 2: What type of model do you use for a speci�c type of power system dynamic study? 
Distinction between Root Mean Square (RMS) and Electro-Magnetic Transient (EMT) model in the future.
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on both, local (distribution level) and widespread 
(transmission level) studies.

5.2. Necessity of IBG models

The high penetration level of IBG has resulted in the 
displacement of conventional synchronous generators. 
Therefore, the impact of IBG on the dynamic performance 
of the system increases. The dynamic characteristic of 
IBG is different compared to synchronous generators, 
and with proper control system design and functionalities 
of modern IBG technologies, they can provide many of 
the same or even better services (e.g. voltage control, 
frequency response etc.). None the less, they do need 
to be modeled differently and properly. Therefore, the 
development of the proper computer simulation models 
for IBG with such additional functionalities is vital for 
power systems analyses.

Moreover, DSOs have a representation of their networks 
and have details about connected consumers and 
producers to some extent. However, the limited data is 
generally not suitable for dynamic simulations for either 
the distribution or the transmission system or, at least, 
has not been used for that purpose in the past, due to the 
high level of detail. From the point of view of the DSOs, 
time-domain simulations may also now be necessary 
to assess, e.g., protection system behavior, distribution 
network automated operation, unintentional islanding 
of part of distribution systems including IBG, voltage 
issues, etc. For these types of power system dynamic 
studies detailed IBG models are needed.

Therefore, the necessity of IBG models should be 
clarified for each type of power system dynamic study. 
A few examples are given as follows:

•	 Frequency	stability	(refer	to	study	2.1	in	Table	I):

 Frequency stability studies often involve looking 
at the frequency response of the grid to a large 
disturbance, such as the loss of the largest generating 
unit (or facility) on the system and assessing if the 
resulting frequency response of the system is stable 
and avoids under frequency load shedding. Such 
studies are typically performed using RMS (positive-
sequence) simulation models and tools. 

•	 Short-circuit	provision	from	IBG	(refer	to	study	2.3	
in	Table	I):

grid codes do not define the detailed specification/
characteristics of the inverter control, the control 
model parameters could be different depending on 
the manufacturer of the inverter. Even if the control 
model parameters of one inverter can be identified 
through validation, it is almost infeasible to identify 
the parameters of all inverters connected to the power 
system. Therefore, a set of realistic control model 
parameters need to be provided.

•	 Lack	of	grid	code	requirements:

 Due to the lack of grid code requirements in the past, 
specifying detailed control functionalities of IBG, the 
approach of using negative load models for power 
system dynamic studies was justified. However, 
with the development of new grid codes, certain 
functionalities of IBG are required (e.g. voltage 
control, frequency response etc.) and therefore, the 
negative load model is not adequate anymore.

•	 Lack	of	information	about	the	power	system:

 The aforementioned increased penetration level of 
IBG also makes system operation, both for TSOs and 
DSOs, more challenging than in the past. Already, in 
some areas the consumers’ demand is mostly covered 
by generation which is connected directly to the 
distribution system. TSOs routinely run time-domain 
simulations to assess the stability of the power 
system. Models, which are currently used to represent 
distribution systems, are only based on a limited 
amount of information, generally related to the high 
voltage network.

•	 Lack	of	agreed	methodology	for	the	aggregation	of	
IBG:

 Present trends towards the integration of an increasing 
range of IBG technologies, widely differing in size 
and number, poses serious concerns in the industry 
on how to represent these new technologies in 
power system dynamic studies. There is not only 
a lack of validated dynamic computer models of 
individual distributed generating technologies, such 
as distributed PV systems, fuel cells, micro turbines 
etc., but also there is no agreed methodology on how 
to represent or aggregate the enormous number of 
distributed generation, embedded in very low voltage 
grids, for power system dynamic studies, focusing 
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islanding detection and therefore, the EMT model for 
the IBG is the only option to analyze unintentional 
islanding. On the other hand, if the used anti-islanding 
protection system does not consider voltage harmonics 
and if the power systems model includes many IBG 
models, the RMS model for the IBG may be adequate 
to analyze unintentional islanding.

•	 Protection	coordination	(refer	to	study	2.14	in	Table	
I):

 Many protection systems need to be coordinated. 
Depending on the type of protection systems to be 
studied, either an RMS or EMT model for the IBG is 
needed. 

6. Conclusions
The aim of this paper is not necessarily to recommend 
the application of any dynamic model for a specific 
power system dynamic study, but, rather, to identify 
what dynamic models are presently applied and to 
provide some fundamental information on their use.

The main contributions and key findings of this paper are:

•	 Prevalent	type	of	power	system	dynamic	studies:

 The most dominant type of studies performed by 
TSOs are stability studies, such as frequency stability, 
short-term voltage stability and transient stability 
with balanced faults. This is done by 89 % of those 
who responded to the survey.

•	 Prevalent	 type	 of	 model	 (IBG/negative	 load)	 for	
power	system	dynamic	studies:

 35 % of the utilities and system operators still use a 
negative load model for power system dynamic studies. 

•	 Prevalent	 type	 of	 model	 (RMS/EMT)	 for	 power	
system	dynamic	studies:

 78 % of the utilities and system operators apply RMS 
models instead of EMT models for power system 
dynamic studies. EMT models are more likely to be 
used for various high-frequency transient studies (e.g. 
switching transients).

•	 Prevalent	type	of	model	(RMS/EMT)	in	the	future	
for	power	system	dynamic	studies:

 63 % of the utilities and system operators expect to 
continue to apply RMS models instead of EMT models 

 Short-circuit studies are performed, typically by 
protection engineers, to identify the setting for 
protection relays as well as to assess the capability 
of existing (or new) circuit breakers to be able to 
withstand and interrupt the short-circuit levels that 
will be seen on the network during fault conditions. 
Such studies are typically performed in EMT tools 
and other software tools specifically designed for 
short-circuit studies. Thus, appropriate models of IBG 
are needed in such tools.

•	 Low	 voltage	 ride-through	 (refer	 to	 study	 2.4	 in	
Table	I):

 To properly assess the actual low voltage ride-through 
capabilities of IBG, analyses have to be performed 
using detail vendor specific EMT type models and 
simulations. Furthermore, such simulations may be 
verified by factory tests of the equipment. It usually 
then suffices to translate the observed performance 
to simplified RMS models that will mimic the low 
voltage ride-through capabilities of the equipment for 
large-scale power system dynamic studies. Thus, both 
appropriate RMS and EMT models of IBG are needed.

•	 Transient	stability	(refer	to	study	2.6	in	Table	I):

 For bulk power system transient stability studies 
validated RMS (or positive-sequence) models are 
needed for IBG. However, in some cases EMT models 
may also be needed when investigating, e.g., the 
connection of a large IBG power plant to a very weak 
part of the power system. 

•	 Long-term	 voltage	 stability	 (refer	 to	 study	 2.8	 in	
Table	I):

 Long-term voltage stability is often analyzed using 
continuous power flow analysis, such as P-V or Q-V 
analyses. For such studies, the dynamics of IBG are 
often neglected, and a quasi steady-state model that 
respects the real and reactive power limits of the 
IBG is sufficient. If mid-term time-domain dynamic 
simulations are performed, then a suitable RMS 
(positive-sequence) IBG model is needed.

•	 Unintentional	islanding	(refer	to	study	2.10	in	Table	
I):

 For this type of study, either an RMS or EMT model 
for the IBG is needed. Some anti-islanding protection 
systems utilize the harmonics of the voltage for the 
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and the proper model type needs to be selected depending 
on the type of power system dynamic study and the 
system condition.

The results of the questionnaire emphasize the clear 
message for the necessity and importance of the use of 
IBG models. Furthermore, the final technical brochure 
of the CIGRE JWG C4/C6.35/CIRED will give guidance 
in selecting adequate models for IBG for specific power 
system dynamic studies.

With these contributions the paper supports utilities 
and system operators as well as research institutes and 
academia to benchmark their approach against the 
prevailing international industry practice.
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in the future for power system dynamic studies. It is 
important to mention that the share of EMT models 
used for power system dynamic studies will increase 
in the future from 22 % to 37 %.

Based on the results of the questionnaire, the following 
reasons for the approach of the negative load model are 
identified:

•	 Lack of model requirements of IBG for specific 
power system phenomena

•	 Lack of well-validated IBG models
•	 Lack of widely accepted generic models for IBG
•	 Lack of widely accepted range of model 

parameters for IBG
•	 Lack of grid code requirements
•	 Lack of information about the power system
•	 Lack of agreed methodology for the aggregation 

of distributed IBG

Some reasons have been resolved mainly for models 
of wind generation. The IEC 61400-27-1 and 61400-
27-2 standards under development are presently in 
the process of providing more refined generic wind 
turbine and generic wind power plant models and the 
procedures for validating those models. A standard 
range of parameters, similar to WECC [12], is also 
expected to be illustrated in the future IEC documents. 
The methodology for the aggregation of distributed IBG 
has been discussed in the WECC and is presently under 
review [7]. The second generation generic renewable 
energy system models, developed in the WECC, as 
well as the generic wind turbine models, developed in 
the IEC, are now implemented by several commercial 
software vendors and utilities and system operators 
start using these models for power system dynamic 
studies with IBG. None the less, much learning as 
well as technical challenges still remain, such as the 
methodology of the aggregation of distributed IBG 
considering the diversified control parameters, and 
therefore, further effort is needed.

In light of the observations of the survey, the necessity 
of the IBG model for the several representative power 
system dynamic studies is discussed highlighting the 
need of IBG models. Furthermore, the recommended 
type of model is also emphasized providing the approach 
of RMS or EMT model for IBG. It can be concluded that 
every type of model has advantages and disadvantages 
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wecc.biz/Reliability/WECC%20Solar%20PV%20Dynamic%20
Model%20Speci�cation%20-%20September%202012.pdf.
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