
IFAC PapersOnLine 52-4 (2019) 30–35

ScienceDirect

Available online at www.sciencedirect.com

2405-8963 © 2019, IFAC (International Federation of Automatic Control) Hosting by Elsevier Ltd. All rights reserved.
Peer review under responsibility of International Federation of Automatic Control.
10.1016/j.ifacol.2019.08.150

© 2019, IFAC (International Federation of Automatic Control) Hosting by Elsevier Ltd. All rights reserved.

10.1016/j.ifacol.2019.08.150 2405-8963

Modeling and Simulation of Inverter based
Distributed Generators for Renewable

Energy Integration �

Carlos A. Macana ∗ Hemanshu R. Pota ∗

Md Alamgir Hossain ∗

∗ School of Engineering and Information Technology, The University of
New South Wales, Canberra, Australia

(e-mail: carlos.macana@student.adfa.edu.au).
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1. INTRODUCTION

The computational simulations are an important tool for
planning and analysis of the power systems. With the
transformation of the conventional power system archi-
tecture, where Distributed Generators (DGs) based on
renewable energy sources (RES) have increased their pen-
etration on the distribution level, the available simula-
tion platforms and dynamic modeling techniques need to
be adapted to these challenges Elizondo et al. (2017).
Two main approaches to simulate the dynamics in power
systems can be found in the literature. Firstly, the de-
tailed non-lineal differential algebraic model of each elec-
tric component is included on the simulation model, such
as network dynamic line and load models, and switching
devices. This approach is known as the electromagnetic
transient (EMT) simulation and is available in commercial
simulation software such as PSCAD EMTDC (2010), and
MATLAB Simulink/Simpower Systems The MathWorks
Inc (2006). This approach results in a high computational
cost owing to the considerable amount of non-linear dif-
ferential equations that must be solved for systems with
number of nodes which are typical on the conventional dis-
tribution systems. EMT simulation models reproduce the
system dynamics in short time scales, and requires small
simulation step size. For this reason in complex multi-
machine power systems, including the traditional distribu-
tion feeders with high penetration of small distributed gen-
erators, the simulation time could be inadequate for practi-
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cal simulation cases Bey and Moudjahed (2016). Looking
for a more efficient method for simulation of large scale
power systems, a second widely used approach consists on
performing the numerical simulation considering steady-
state approximations based on the Fourier coefficients de-
composition of the sinusoidal signals, which can represent
the periodic signals in a complex form called “phasor”
Hannan and Chan (2004). This approximation reduces the
detailed non-linear and switching dynamics to a steady-
state analysis of algebraic harmonic balancing equations.
However, these phasor models do not capture non periodic
transients, and their extension has been proposed, and
it is traditionally known as “quasi steady-state”’ simu-
lations Hannan and Chan (2004). In the phasors sim-
ulation approach only rotor dynamic components into
the electric machine models, and the controller dynamics
are considered, and other dynamics including the net-
work and load components are neglected, and are treated
as time invariant parameters. This simulation approach
has been called Phasor Simulation (PS) and could be
performed in commercial platforms including MATLAB
Simulink/Simpower Systems, and DigSilent Power Factory
Eidiani and Hashem (2016).

Inverter based Distributed Generators (IDG) are essential
elements in the migration to the new smart grids. The
connection or disconnection of the IDGs to the distribution
grid, the change of the current or power reference values,
as well as, the different type of interactions between the
inner controller dynamics and the grid components could
lead to oscillations in the transient dynamics of the distri-
bution system, and eventually lead to unstable operation
Mortazavian et al. (2017). To research the possible impact
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of the selection of a determined simulation approach on
the accuracy and reliability of the simulation studies, in
this paper a dq0 dynamic model of a grid connected CSI is
developed, which reproduces oscillations on the transient
dynamics of the power, voltage and phase signals. These
modeling results are validated with EMT and PS simula-
tions, finding that the PS simulation although effectively
lead to lower computational burden (real simulation time),
it is not helpful to reproduce the oscillation behaviors that
the EMT simulation captures. These results are extended
to a practical scenario with high penetration of IDGs,
where a 13-nodes IEEE distribution test feeder is modified
to emulate a high penetration of photovoltaic (PV) and
wind generators. The dq0, EMT and PS simulation model
are developed in MATLAB Simulink/Simpower Systems
and these results are compared.

In Section 2, EMT, PS and dq0 dynamic simulation models
are developed for a CSI connected to the grid. In Section 3,
the simulation models are validated using the detailed
EMT model as a reference model. Accuracy and reliability
problems can be inferred from the simulation results if
the network dynamics are neglected. Next, a simulation
study of electromagnetic transient (EMT) and phasor
simulation (PS) modes of simulation for dynamic analysis
on a modified 13-nodes IEEE distribution test feeder with
photovoltaic and wind based distributed generation. The
discussion and conclusion of the simulation results are
shown in Section 4.

2. SIMULATION MODELS OF CURRENT SOURCE
INVERTERS FOR RENEWABLE ENERGY
INTEGRATION ON DISTRIBUTION GRIDS

One of the most important components on the new distri-
bution grids are the CSIs, which are a traditional interface
for the most common renewable energy sources including
wind and photovoltaic generators. In this scenario, an
efficient simulation model that can capture the oscillating
phenomena that might affect the reliability of the distri-
bution system is required. Following three simulation ap-
proaches will be evaluated. Firstly, a traditional EMT and
phasor models will be developed considering the controller
dynamics of the CSI. Secondly, as an alternative to the
complexity of the EMT model and the potential lack of
accuracy of the phasor model, a dq0 average model will be
proposed.

2.1 EMT model of a grid connected current controlled
inverter

The EMT models represent the switching dynamics, as
well as, the non-linear and dynamics of both power elec-
tronics devices, and distribution grid. Fig. 1 shows the
EMT model for a CSI, where the dq0 − abc, and abc −
dq0 transformation blocks are implemented according to
the “Reference Frame Theory”. As we can see, the EMT
model includes a DC link, which is modeled as an ideal
DC source, a power electronics module, inner and power
controllers, and a SRF-PLL, as well as, a LC filter. Each
module of the EMT simulation model will be described as
follows.

Fig. 1. EMT model of a grid connected current controlled
inverter

Fig. 2. Current inner controller

Power electronics module A switching device is repre-
sented by a three phase two-level converter, modeled with
IGBT-diode pairs controlled by a PWM generator, which
uses as control signals six firing pulses The MathWorks
Inc (2006). The device on-state resistance is defined as
Rin = 1× 10−3Ω, the snubber resistance is 1MΩ, and the
snubber capacitance is assumed infinity. Additionally, the
inverter is compounded by a power controller, a LC filter,
and a current inner controller.

Current inner controller In strong distribution grids,
where the connection points have voltage and frequency
signals tightly regulated, the injection of active and re-
active power is commonly controlled setting the reference
current values Mohiuddin et al. (2017). The Fig. 2 presents
a widely used inner controller for CSI in current control
mode Kroutikova et al. (2007), and which is used in the
simulation models presented in this work. In this way, a PI
inner controller uses the measured current in dq reference
frame to achieve a proper tracking of a sinusoidal reference
signal. The block diagram of the PI inner controller is
presented in Fig. 2.

Power controller The CSI conventionally uses active-
reactive power (PQ) control mode. The active and reactive
output power can be obtained Mohiuddin et al. (2017):

p =
3

2
[vodiod + voqioq] , q =

3

2
[voqiod − vodioq] (1)

If the synchronous reference frame is selected such that
voq = 0, the active and reactive power injected from the
IDG to the grid can be written as:
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dynamics of the power, voltage and phase signals. These
modeling results are validated with EMT and PS simula-
tions, finding that the PS simulation although effectively
lead to lower computational burden (real simulation time),
it is not helpful to reproduce the oscillation behaviors that
the EMT simulation captures. These results are extended
to a practical scenario with high penetration of IDGs,
where a 13-nodes IEEE distribution test feeder is modified
to emulate a high penetration of photovoltaic (PV) and
wind generators. The dq0, EMT and PS simulation model
are developed in MATLAB Simulink/Simpower Systems
and these results are compared.

In Section 2, EMT, PS and dq0 dynamic simulation models
are developed for a CSI connected to the grid. In Section 3,
the simulation models are validated using the detailed
EMT model as a reference model. Accuracy and reliability
problems can be inferred from the simulation results if
the network dynamics are neglected. Next, a simulation
study of electromagnetic transient (EMT) and phasor
simulation (PS) modes of simulation for dynamic analysis
on a modified 13-nodes IEEE distribution test feeder with
photovoltaic and wind based distributed generation. The
discussion and conclusion of the simulation results are
shown in Section 4.

2. SIMULATION MODELS OF CURRENT SOURCE
INVERTERS FOR RENEWABLE ENERGY
INTEGRATION ON DISTRIBUTION GRIDS

One of the most important components on the new distri-
bution grids are the CSIs, which are a traditional interface
for the most common renewable energy sources including
wind and photovoltaic generators. In this scenario, an
efficient simulation model that can capture the oscillating
phenomena that might affect the reliability of the distri-
bution system is required. Following three simulation ap-
proaches will be evaluated. Firstly, a traditional EMT and
phasor models will be developed considering the controller
dynamics of the CSI. Secondly, as an alternative to the
complexity of the EMT model and the potential lack of
accuracy of the phasor model, a dq0 average model will be
proposed.

2.1 EMT model of a grid connected current controlled
inverter

The EMT models represent the switching dynamics, as
well as, the non-linear and dynamics of both power elec-
tronics devices, and distribution grid. Fig. 1 shows the
EMT model for a CSI, where the dq0 − abc, and abc −
dq0 transformation blocks are implemented according to
the “Reference Frame Theory”. As we can see, the EMT
model includes a DC link, which is modeled as an ideal
DC source, a power electronics module, inner and power
controllers, and a SRF-PLL, as well as, a LC filter. Each
module of the EMT simulation model will be described as
follows.

Fig. 1. EMT model of a grid connected current controlled
inverter

Fig. 2. Current inner controller

Power electronics module A switching device is repre-
sented by a three phase two-level converter, modeled with
IGBT-diode pairs controlled by a PWM generator, which
uses as control signals six firing pulses The MathWorks
Inc (2006). The device on-state resistance is defined as
Rin = 1× 10−3Ω, the snubber resistance is 1MΩ, and the
snubber capacitance is assumed infinity. Additionally, the
inverter is compounded by a power controller, a LC filter,
and a current inner controller.

Current inner controller In strong distribution grids,
where the connection points have voltage and frequency
signals tightly regulated, the injection of active and re-
active power is commonly controlled setting the reference
current values Mohiuddin et al. (2017). The Fig. 2 presents
a widely used inner controller for CSI in current control
mode Kroutikova et al. (2007), and which is used in the
simulation models presented in this work. In this way, a PI
inner controller uses the measured current in dq reference
frame to achieve a proper tracking of a sinusoidal reference
signal. The block diagram of the PI inner controller is
presented in Fig. 2.

Power controller The CSI conventionally uses active-
reactive power (PQ) control mode. The active and reactive
output power can be obtained Mohiuddin et al. (2017):

p =
3

2
[vodiod + voqioq] , q =

3

2
[voqiod − vodioq] (1)

If the synchronous reference frame is selected such that
voq = 0, the active and reactive power injected from the
IDG to the grid can be written as:
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Fig. 3. Power controller

Fig. 4. Synchronous Reference Frame Phase Lock Loop
(SRF-PLL) block diagram.

p =
3

2
[vodiod] , q = −3

2
[vodioq] (2)

From the last expressions, we can see that the active
power could be controlled with the direct component
of the current reference (i∗od), and the reactive power
is proportional to the negative value of the quadrature
current reference (i∗oq). Therefore, a PI power controller
with a feed-forward signal obtained from 2 is implemented
to regulate the active and reactive power injected to the
grid, and is shown in Fig. 3. In this figure, we have that
ηp and ηq are auxiliary variables associated to the PI
integrators, pn is the nominal power of the inverter, kf
is a control gain of the feed-forward signals, kp,p, and ki,p
are the proportional and integral controller gains of the
active power loop, kp,q, and ki,q are the proportional and
integral controller gains of the reactive power loop, and
pref and qref are the active and reactive power references.
The active and reactive power measurement method could
have important effects on the close loop dynamics. Thus, in
this control architecture the active and reactive power are
measured based on the “Theory of Instantaneous Power”
Akagi et al. (2017), where the power measurements are
defined as:

p = 3
2 [vo,αio,α + vo,βio,β ]

q = 3
2 [vo,βio,α + vo,αio,β ]

(3)

where vo,α, vo,β , io,β , io,α are the α and β components of
the voltages and current signals obtained through of the
“Clarke transformation” Akagi et al. (2017).

Synchronous Reference Frame Phase Locked Loop An
essential module of a conventional current controlled in-
verter is the synchronization block, which typically in a
three phase system is based on a Synchronous Reference
Frame Phase Locked Loop (SRF-PLL). The instantaneous
values of output currents are measured and transformed
to dq coordinates using the reference frame theory trans-
formations. In this way, the quadrature output voltage
(voq) is used as phase detector in a SRF-PLL, whose
diagram blocks is shown in Fig. 4. The SRF-PLL provides

Fig. 5. Line and grid connection

the local reference phase (δi) to the power controller and
the transformation (abc/dq) blocks, where the quadrature
output measured voltage (voq) is used as input, and the
phase is locked such as voq = 0.

Line and main grid model A connection feeder of the
IDG to the main grid is represented by a series RL
component as it is shown in Fig. 5.

2.2 Phasor model of a grid connected current source
inverter

A phasor model offers lower simulation times for complex
scenarios with high number of active nodes in a distribu-
tion grid with current source inverters. In order to test the
accuracy of this type of traditional models for represent-
ing the dynamic interactions between the CSIs and the
grid components, a simulation model is developed in this
section. In this way, a block diagram of a phasor model
for a CSI is presented on Fig.6. The current and power
controller blocks are exactly the same as for the EMT
model. The main difference between the EMT and the
PS model are the transformations blocks (which are using
phasors relations), and the reference generator block. The
reference transformation block is based on the symmetrical
components for three-phase systems where:

X̂abc =



X̂a

X̂b

X̂c


 =



1 1 1
1 α2 α
1 α α2





X̂0

X̂1

X̂2


 (4)

and, X̂0, X̂1, X̂0 are the phasors associated to the zero,
positive, and negative sequence, and α = e−

2π
3 . Assuming

a balanced system then X̂0 = 0 and X̂2 = 0, and X̂1 can
be computed from the dq-components as: X̂1 = xd + jxq.
Therefore, the reference signal generator of the current
voltage source (CVS) can be defined as:

V̂ ∗
i = Vi � θ

∗
i = V ∗

i,d + jV ∗
i,q (5)

and, the reference phasor of the three phase voltage source
(X̂a, X̂b, X̂c) can be calculated based on 4.

2.3 Dq0 dynamic model of a grid connected current
controlled inverter

An average dq0 dynamic model is developed based on the
EMT model presented in Section 2.1, as it is presented as
follows.

Power electronics module and LC filter The power elec-
tronic module can be simplified using the periodic average
behavior of the switching devices In this way, the dynamics
of the PWM modulation system, as well as, the switching
devices losses are neglected and its effect is represented by
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Fig. 6. Phasor simulation model of a grid connected
current controlled inverter

a constant gain kpwm (i.e., vidq = 1
kpwmv∗

idq). In the other
hand, a LC filter is commonly integrated to the power
electronics module output to filter the high frequency har-
monics generated on the switching stage. Thus, the filter
inductance and resistance are represented by Rf and Lf

in Fig. 1. The state space equations that represent the LC
filter and the power electronics module in dq coordinates
are given by:

i̇ldq = − 1

Lf
(Rf ildq − vodq + kpwmvidq)+ωpll

[
−ilq
ild

]
(6)

v̇odq =
1

Cf
(ildq − iodq) + ωpll

[
−voq
vod

]
(7)

Current inner controller dq0 dynamic model An asso-
ciated model in dq-reference frame can be found from
the blocks diagram shown in Fig. 2 as: where v∗

idq =

[v∗id v∗iq]
T is the voltage reference vector, γdq is an aux-

iliary variable associated to the PI integrator, iLdq =
[ild ilq]

T is the measured filter currents in dq coordinates,
and kp and ki are the proportional and integral controller
gains.

Power controller dq0 dynamic model The dq dynamic
model of the power controller can be obtained the block
diagram presented in Fig. 3 as:

η̇q =
1

pn

(
pref − p

)
(8)

η̇p =
1

pn

(
qref + q

)
(9)

irefod = kf
pref

vod
+ ki,pηp +

kp,p
pn

(pref − p) (10)

irefoq = kf
qref

vod
+ ki,qηq +

kp,q
pn

(pref + q) (11)

where thee power measurements are defined as: p =
3
2 [vodiod + voqioq] , q = 3

2 [voqiod − vodioq].

SRF-PLL dq0 dynamic model The SRF-PLL block pre-
viously presented in Fig. 4 can be represented by the
following dynamic model in a dq-reference frame:

φ̇ = voq,i (12)

δ̇i = ωpll,i (13)

ωpll,i = wn − kpllφ− kpllp voq,i (14)

Line model A connection feeder of the IDG to the main
grid is represented by a series RL component as it is
shown in Fig. 5. The dynamic model that represents this
connection is given by:

i̇odq = − 1

Ll
(Rliodq + vodq − vbdq) + ωpll

[
−ioq
iod

]
(15)

where vodq = [vod voq]
T is the IDG voltage output vector,

and vbdq = [Vn 0]T is the tightly regulated voltage on the
connection point of the main grid. Vn is the peak nominal
voltage value of the main grid.

Complete model A complete state space model of the
whole system can be found as:

ẋsys = fx(xsym) + fu(u) (16)

where: xsys = [φ δ γdq ildq vodq iodq]
T , and u =

[p∗ q∗]T . The non-linear functions fx, and fu are defined
by the equations (2)-(15).

3. SIMULATION STUDIES

3.1 Dq0 Model validation

In order to validate the accuracy of the dq0 non-linear
model of the grid connected CSI, an EMT model devel-
oped in MATLAB Simulink/Simpower Systems is used as
reference model. The dq0 non linear model is developed
in MATLAB/Simulink according to 16. The systems pa-
rameters are selected from a published study case, and the
control parameters are presented in Table 1. The results
of the validation are illustrated in Fig. 7, and it can be
seen that the dq0 model reproduces with enough accuracy
the dynamics and steady-state values of the EMT detailed
model.

Table 1. Distribution Network and Current
Source Inverter Parameters

Parameter Value Parameter Value

Lf 1.35 mH kp 1
Cf 50 µF ki 460
Rf 0.056 Ω fs 8 kHz
VDC 1000 V kf 0.6
kp,p 30 pn 10 kW

ki,p 1200 kpllp 2.1

kp,q 1 kplli 5000
ki,q 450

ωn 314.15 rad
s

vn 240 V

rl 0.131 Ω ll 0.96 mH

3.2 Simulation Study of dynamics on electric distribution
systems: CSI operating in grid connected

A detailed analysis of a simple case with a current con-
trolled VSI operating in grid connected is proposed. The
control architecture as well as the system and control
parameters are based on Kroutikova et al. (2007) and
shown in Table 1. Firstly, an EMT model is implemented
in MATLAB/Simulink using the SimpowerSystems tool-
box in Discrete Simulation mode, following the model de-
scribed on Fig. 1. This mode reproduces all the non-linear
dynamics of each component including the switching de-
vices and line components. Secondly, the PS model shown
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Fig. 6. Phasor simulation model of a grid connected
current controlled inverter

a constant gain kpwm (i.e., vidq = 1
kpwmv∗

idq). In the other
hand, a LC filter is commonly integrated to the power
electronics module output to filter the high frequency har-
monics generated on the switching stage. Thus, the filter
inductance and resistance are represented by Rf and Lf

in Fig. 1. The state space equations that represent the LC
filter and the power electronics module in dq coordinates
are given by:

i̇ldq = − 1

Lf
(Rf ildq − vodq + kpwmvidq)+ωpll

[
−ilq
ild

]
(6)

v̇odq =
1

Cf
(ildq − iodq) + ωpll

[
−voq
vod

]
(7)

Current inner controller dq0 dynamic model An asso-
ciated model in dq-reference frame can be found from
the blocks diagram shown in Fig. 2 as: where v∗

idq =

[v∗id v∗iq]
T is the voltage reference vector, γdq is an aux-

iliary variable associated to the PI integrator, iLdq =
[ild ilq]

T is the measured filter currents in dq coordinates,
and kp and ki are the proportional and integral controller
gains.

Power controller dq0 dynamic model The dq dynamic
model of the power controller can be obtained the block
diagram presented in Fig. 3 as:

η̇q =
1

pn

(
pref − p

)
(8)

η̇p =
1

pn

(
qref + q

)
(9)

irefod = kf
pref

vod
+ ki,pηp +

kp,p
pn

(pref − p) (10)

irefoq = kf
qref

vod
+ ki,qηq +

kp,q
pn

(pref + q) (11)

where thee power measurements are defined as: p =
3
2 [vodiod + voqioq] , q = 3

2 [voqiod − vodioq].

SRF-PLL dq0 dynamic model The SRF-PLL block pre-
viously presented in Fig. 4 can be represented by the
following dynamic model in a dq-reference frame:

φ̇ = voq,i (12)

δ̇i = ωpll,i (13)

ωpll,i = wn − kpllφ− kpllp voq,i (14)

Line model A connection feeder of the IDG to the main
grid is represented by a series RL component as it is
shown in Fig. 5. The dynamic model that represents this
connection is given by:

i̇odq = − 1

Ll
(Rliodq + vodq − vbdq) + ωpll

[
−ioq
iod

]
(15)

where vodq = [vod voq]
T is the IDG voltage output vector,

and vbdq = [Vn 0]T is the tightly regulated voltage on the
connection point of the main grid. Vn is the peak nominal
voltage value of the main grid.

Complete model A complete state space model of the
whole system can be found as:

ẋsys = fx(xsym) + fu(u) (16)

where: xsys = [φ δ γdq ildq vodq iodq]
T , and u =

[p∗ q∗]T . The non-linear functions fx, and fu are defined
by the equations (2)-(15).

3. SIMULATION STUDIES

3.1 Dq0 Model validation

In order to validate the accuracy of the dq0 non-linear
model of the grid connected CSI, an EMT model devel-
oped in MATLAB Simulink/Simpower Systems is used as
reference model. The dq0 non linear model is developed
in MATLAB/Simulink according to 16. The systems pa-
rameters are selected from a published study case, and the
control parameters are presented in Table 1. The results
of the validation are illustrated in Fig. 7, and it can be
seen that the dq0 model reproduces with enough accuracy
the dynamics and steady-state values of the EMT detailed
model.

Table 1. Distribution Network and Current
Source Inverter Parameters

Parameter Value Parameter Value

Lf 1.35 mH kp 1
Cf 50 µF ki 460
Rf 0.056 Ω fs 8 kHz
VDC 1000 V kf 0.6
kp,p 30 pn 10 kW

ki,p 1200 kpllp 2.1

kp,q 1 kplli 5000
ki,q 450

ωn 314.15 rad
s

vn 240 V

rl 0.131 Ω ll 0.96 mH

3.2 Simulation Study of dynamics on electric distribution
systems: CSI operating in grid connected

A detailed analysis of a simple case with a current con-
trolled VSI operating in grid connected is proposed. The
control architecture as well as the system and control
parameters are based on Kroutikova et al. (2007) and
shown in Table 1. Firstly, an EMT model is implemented
in MATLAB/Simulink using the SimpowerSystems tool-
box in Discrete Simulation mode, following the model de-
scribed on Fig. 1. This mode reproduces all the non-linear
dynamics of each component including the switching de-
vices and line components. Secondly, the PS model shown
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Fig. 9. Voltage profile comparision

in Fig. 6 is implemented, which represents the dynamics of
the controller, neglecting the dynamics associated to the
circuit components such as voltage sources, line and filter
components. The dynamic response to different power ref-
erences changes is simulated for both models, and is shown
in Fig. 8. In a similar way, the voltage profile in the power
connection point (PCP) is compared and shown in Fig. 9.
As it can be seen, both simulation models reproduce simi-
lar steady state values; however, the dynamic responses of
the two model are significantly different.

The simulations were conducted using a system equipped
with an Intel Core i7 CPU having @2.7GHz, 2.9GHz, and
12 GB RAM memory. The simulation type for the dif-
ferent models is variable-step, solver: ode45, with relative
tolerance: 1 × 10−3. The average dq0 model has a better
performance in terms of run time and accuracy for this
simulation case, as it can be seen in Table 2, where the
simulation time was defined as 0 5s. In order to review

a possible effect of the ignored dynamics of the phasor
model, the line parameters are adjusted to emulated a
weak grid (e.g., a rural grid with long distribution lines)
and the dynamic response of both models is compared.
The line parameters are adjusted to Rline2 = 5×Rline and
Lline2 = 5×Lline, and the results are shown in Fig. 10. As
it can be seen, although the PS model reproduces a stable
response, the EMT model generates an unstable response.

Table 2. Simulation performance (Case: Grid
connected CSI)

Model Type Solver Step/Tolerance Run Time

EMT Fixed-step ode3 1.25× 10−6s 115.04 s
PS Fixed-step ode4 1× 10−3s 17.76 s
dq0 Variable-Step ode15s 1× 10−5s 3.59 s
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Fig. 10. Voltage profile: Weak grid case.

3.3 Simulation Study of dynamics on electric distribution
systems with wind and photovoltaic generators: IEEE 13
Nodes Study Case

The IEEE 13-nodes distribution test feeder is taken as base
scenario. To consider the impact of the RES integration,
two sets of DGs based on wind generators, and one set of
DGs based on PV generators are integrated. These sets
(or “farms”) are connected to the distribution test feeder
at the extreme nodes 675 and 680 as it is shown in Fig. 11.
Three wind farms are connected at node 675, and one
PV and one wind farm are connected at node 680. Each
wind farm is compounded by 10 squirrel cage induction
generators (SCIGs) and wind turbines with 10 kW nominal
mechanical output power. The PV farm is compounded by
8 parallel connected PV generators with 100 kW nominal
power, operating with a Maximum Power Point Tracking
(MPPT) controller.

The results of the EMT and PS dynamic simulations
are compared on the node 611 as a monitoring node
to evaluate the effect on the voltage profile of sudden
network changes such as connection of loads and DGs. The
simulation results for both simulation modes are shown in
Fig. 12. At t = 1s, an additional balanced three phase
load of 330 kW and 220 kVAr is suddenly connected
to node 671. In a similar way, at t = 1.5s three wind
farms are connected to the distribution network closing
the switch S1. Next, at t = 1.7s the PV farm is connected
through the switch S3. Finally, the fourth wind farm is
introduced to the system closing the switch S2 at t = 2s.
As it can be seen in Fig. 12, the dynamic behavior differs

2019 IFAC CSGRES
Jeju, Korea, June 10-12, 2019

34

Fig. 11. 13 nodes distribution test feeder simulation base
scenario.
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between the two simulation modes (i.e., the EMT and
PS); however, it can be seen that the detailed model of
the line, stator and load dynamics in the EMT simulation
has an effect of damping on the voltage profile signals.
Therefore, a design that uses the PS model would lead to
a more conservative results owing to this approach does
not consider the damping effect that the line and stator
dynamics might introduce to the system dynamics. On the
other hand, we can see that the dynamic performance on
the voltage profile in the node 611 is significantly different
after the PV farm connection at t = 1.7s. Thus, the
dynamics of the inner controllers, filter components and
electronic devices of the PV generators are not accurately
captured by the PS model. In addition, we can note
different steady state values among the different operation
points, with the worst case in the simulation interval given
by 1.7s < t < 2s. Although the steady state errors are
notable in Fig. 12, these have values lower than 0.005
p.u and might be treated as negligible. In terms of the
computational burden the PS mode leads to lower real
simulation time, where for a simulation time of 2.5s, the
running time of the PS simulation was 13.28 s and the
EMT 124.51 s.

4. CONCLUSION

Simulation and modeling studies have been performed to
analyze the possible impact of the lines, loads, and the
inverter inner controller parameters in the dynamics of
distribution systems with high penetration of distributed
generation based on electronic inverters. Electromagnetic
transient (EMT), Phasorial (PS) , and average dq0 dy-
namic models for grid-connected Current Source Invert-
ers (CSIs) have been developed and validated in three
simulation cases. The dynamic models are used to com-

pare the dynamic response of two different scenarios (i.e,
a simple case of a CSI connected to the grid, and an
IEEE 13-Nodes test feeder with high penetration of PV
and wind DGs). According to the simulation results the
dynamic response is not accurately reproduced by the PS
models and extreme cases were found such as in a weak
distribution system, where the PS model leads to stable
results, and EMT generates unstable results. On the other
hand, the average dq0 model reproduces the dynamics of
the EMT model with good performance and accuracy.
Voltage control dynamics, transient stability, and inrush
over currents dynamics under unbalanced three phase cir-
cuits are identified as important challenges in the dynamic
modeling, and simulation of the new electric distribution
networks.
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Fig. 11. 13 nodes distribution test feeder simulation base
scenario.
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Fig. 12. Voltage profile node 611.

between the two simulation modes (i.e., the EMT and
PS); however, it can be seen that the detailed model of
the line, stator and load dynamics in the EMT simulation
has an effect of damping on the voltage profile signals.
Therefore, a design that uses the PS model would lead to
a more conservative results owing to this approach does
not consider the damping effect that the line and stator
dynamics might introduce to the system dynamics. On the
other hand, we can see that the dynamic performance on
the voltage profile in the node 611 is significantly different
after the PV farm connection at t = 1.7s. Thus, the
dynamics of the inner controllers, filter components and
electronic devices of the PV generators are not accurately
captured by the PS model. In addition, we can note
different steady state values among the different operation
points, with the worst case in the simulation interval given
by 1.7s < t < 2s. Although the steady state errors are
notable in Fig. 12, these have values lower than 0.005
p.u and might be treated as negligible. In terms of the
computational burden the PS mode leads to lower real
simulation time, where for a simulation time of 2.5s, the
running time of the PS simulation was 13.28 s and the
EMT 124.51 s.

4. CONCLUSION

Simulation and modeling studies have been performed to
analyze the possible impact of the lines, loads, and the
inverter inner controller parameters in the dynamics of
distribution systems with high penetration of distributed
generation based on electronic inverters. Electromagnetic
transient (EMT), Phasorial (PS) , and average dq0 dy-
namic models for grid-connected Current Source Invert-
ers (CSIs) have been developed and validated in three
simulation cases. The dynamic models are used to com-

pare the dynamic response of two different scenarios (i.e,
a simple case of a CSI connected to the grid, and an
IEEE 13-Nodes test feeder with high penetration of PV
and wind DGs). According to the simulation results the
dynamic response is not accurately reproduced by the PS
models and extreme cases were found such as in a weak
distribution system, where the PS model leads to stable
results, and EMT generates unstable results. On the other
hand, the average dq0 model reproduces the dynamics of
the EMT model with good performance and accuracy.
Voltage control dynamics, transient stability, and inrush
over currents dynamics under unbalanced three phase cir-
cuits are identified as important challenges in the dynamic
modeling, and simulation of the new electric distribution
networks.
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