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This study examines balanced truncation applied to a linearized multi-inverter
microgrid represented by a 14-state dq model obtained at the nominal operating point
of 50 Hz and rated steady-state voltage. The objective is to determine how model order
affects the accuracy of dynamic behavior when reducing the full model to lower orders.
The reduction is performed for orders from 1 to 13 and focuses on orders 4 and 8. The
Hoo evaluation shows that the order 4 model yields errors close to 1.2 %1072 for channels
driven by Inputs 1 and 2 toward Outputs 1 and 2, yet errors exceed 10 for channels
associated with Inputs 3 and 4, indicating the loss of significant modes. The order-8
model produces errors ranging from 3.1 <107 to 2.2 < 1072 across all channels and
preserves transient and frequency responses observed in impulse and Bode analyses.
The findings suggest that order-4 may serve applications with limited channel interest
while order-8 provides broader fidelity with reduced computational burden. The results
offer a quantitative guideline for selecting reduced-order models in multi-inverter
microgrid simulations and control studies.

1. INTRODUCTION

Microgrids play an important role in the context of energy
transition and smart operation since they integrate distributed
generation units, storage devices, and local loads into
controllable electrical networks that can operate in islanded
mode. When several converters interact through a common
network the overall dynamics often take the form of a multiple
input multiple output structure with several coupled state
variables. Such a structure is central to voltage regulation,
power sharing, and stability assessment in modern microgrids
because it links local control actions with system level
performance under changing operating conditions and

disturbances [1].

The increasing penetration of renewable sources, advanced
storage technologies, and hierarchical controllers drives
orders.
representations that capture inner control loops, virtual
impedance, and network dynamics can involve many states
and several control inputs and outputs [1, 2]. These features
simulation, and
controller design more demanding. Time domain studies with
many scenarios or frequency domain evaluations over a wide
range of operating points require repeated evaluations of
models that may contain more than ten states and several
control channels [2, 3]. This situation motivates the use of
reduced order models that preserve the dominant dynamic

microgrid models toward higher

improve accuracy but make analysis,

behavior while easing computational effort.

Model order reduction has become a widely used tool in this

context since it provides simpler models that approximate the
response of high order systems in a controlled way [3].
Examples include reduced order representations of converters
with droop and virtual impedance [1], soft robotic structures
governed by finite element models [2], and linear active
disturbance rejection controllers that benefit from more
compact dynamic descriptions [3, 4]. Other works present
techniques that combine structural methods and performance
indices to reduce system order while keeping stability and
limiting integral errors such as Integral of Time-weighted
Absolute Error (ITAE), Integral of Absolute Error (IAE), and
Integral of Squared Error (ISE) [4, 5]. Studies on
electromagnetic field problems and delayed wind energy
frequency control also employ reduced order models to
decrease the gap between detailed and simplified dynamics in
a systematic way [5, 6]. Model order reduction has further
been applied to high pressure heavy water reactor models and
parameterized large scale circuit descriptions for VLSI
applications where the number of states can be very large [7,
8]. Hybrid schemes based on classical approximations and
moment-based approaches have been proposed to generate
stable reduced models for complex mechanical systems [9,
10]. In power electronics and control, several contributions
exploit time domain parameters, Markov data, or meta
heuristic optimization to tune reduced order models and to
minimize integral error criteria for converters and related
systems [11, 12].

Within this broad family of methods, balanced truncation
stands out as a reliable and conceptually clear approach for
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linear time invariant systems [13]. The method relies on
controllability and observability Gramians to transform the
state space model into a balanced coordinate frame in which
each state has an associated Hankel singular value that
measures its joint contribution to input to state and state to
output transmission [13, 14]. States with small Hankel singular
values can then be discarded to form a reduced model while
stability is preserved and error bounds are available [14, 15].
Balanced truncation has been applied to phase locked loop
models in wind farm synchronization studies, to dynamic
systems with special forms of outputs, and to switching
systems with known switching sequences where time varying
Gramians help construct reduced switching models [14-16]. In
digital signal processing the method supports dedicated
algorithms for finite impulse response multiple input multiple
output filters and helps reduce their computational cost while
keeping high accuracy [17]. Further works investigate
adaptive order selection, compression of deep learning models
on embedded platforms, and combinations with meta heuristic
procedures in order to handle complex electrical networks and
to extract informative error features for grid connected power
electronic systems [18-21]. These studies confirm that
balanced truncation can reduce model complexity in many
application domains while keeping the essential dynamic
characteristics of the original systems [13, 21].

Despite this progress the literature still provides limited
insight into how balanced truncation behaves when applied to
multi-inverter islanded microgrids that are modeled as coupled
multiple input multiple output systems. Existing works that
use model order reduction in converter control or networked
power electronic systems often focus on specific controllers or
device level models and rarely present a systematic scan of the
reduced order together with a channel wise error analysis [1,

Up
INVERTER 1

Up
INVERTER 2

3, 4]. In particular the sensitivity of different output buses to
truncation has not been quantified in a way that can guide
practitioners in the selection of a suitable reduced order for
microgrid simulation and control studies.

The present paper addresses this gap by applying balanced
truncation to a linearized dq frame model of an islanded
microgrid benchmark that includes two micro sources, two
inverters, and two RLC loads [22]. The benchmark model in
the study [22] has fourteen states, four control inputs, and four
output voltages at a nominal frequency of fifty hertz. Balanced
truncation is used to construct reduced models with orders
from one to thirteen. The analysis focuses on orders four and
eight and evaluates H infinity norms for each input output
channel as well as impulse responses and Bode plots. The
results show that some output voltages are much more
sensitive to truncation and that the eight-state model offers a
good compromise between simplicity and fidelity. These
findings provide a quantitative guideline for selecting reduced
order models in multi-inverter microgrid applications where
accurate dynamic behavior and manageable computational
effort are both required.

2. MICROGRID SYSTEM MODEL

Figure 1 illustrates the structural diagram of an islanded
microgrid system. In this system, two micro sources are
integrated via inverters. Each micro source is connected to a
Resistor-Inductor-Capacitor (RLC) load arranged in parallel at
a common connection point. These loads are adjustable,
allowing the simulation of standard electrical and electronic
devices for testing and research purposes [22].

Low
Voltage
LOAD1 Network
Rr1, Ly, Cra Re, L

LOAD 2

Ri2, L1z, Ci2

Figure 1. Islanded microgrid system model with structure consisting of two inverter sources

In islanded mode, the inverters are primarily controlled
using a voltage-based control scheme to maintain the stability
of the output voltage. These inverters are connected to the low-
voltage grid through series filters composed of resistors and
inductors. It is assumed that each micro source has the
capability to dispatch power or is equipped with a sufficiently
large storage system to maintain a stable DC voltage at the
inverter’s input. Additionally, the low-voltage grid is
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considered predominantly resistive, which simplifies the
circuit modeling. Each inverter is connected to an individual
load through a filter Z;; = Rs; + jwLs; with i = 1, 2
representing the inverter index. The loads are modeled as
parallel RLC branches that can be adjusted to simulate
standard electrical consumption devices.

Based on the diagram in Figure 1, we can derive the state
equations of the microgrid system in a three-phase reference



frame by applying Kirchhoff’s voltage and current laws.
Specifically, the basic equations are as follows [22]:
Voltage across the inverter 1 filter:

dl
f1
Rf1[f1 + Lflﬁ'i' Ul - Ufl = 0 (1)

Current at the Point of Common Coupling (PCC) of inverter

du, Uy

I+ Cy—— at -l =0 (2)

L

Voltage across the load of inverter 1:

dl
Uy — Ryl — Ly d? =0 3)

Voltage across the inverter 2 filter:

dl,
Ufz _szlfz _LfZW_UZ = O (4)
Current at the PCC of inverter 2:
du, U,
IfZ_ILZ_CLZW_R_LZ=0 (5

Voltage across the load of inverter 2:

dl
U RLZILZ LLZ dli'z = 0 (6)

Current in the low voltage network:

dl
Uy = Rely = Ly—=— U, = 0 ™)

cosa  cos(a— %ﬂ) cos(a + 2?”)

e 2 2 27 ||

- - T - v
U, |= 3 —sina —sm(a—?) —Sln(a+?) U, (8)
U 1 1 1 te

N2 J2 V2

For the convenience of analysis and control, the above
equations are transformed from three-phase quantities into the
dq frame using a transformation matrix. Here, « = wt is the
rotating phase angle with angular frequency w. After
transformation, the state equations of the three-phase system
in the dq frame are expressed as follows Eq. (8).

Voltage across the inverter 1 filter:

di digy N 1 N Rgq | 1 0 9
dt jwis + Ly T U Lt lr1 Lt Urp = )

Current at the PCC for inverter 1:

du, 1 1 1 1

+jou, + Up =gy + iy — =i
@ Mt R e et e e S T o)

=0

Voltage across the inverter 1 load:

T+ja)iL1+L—iiL1 L =0 (11)
Voltage across the inverter 2 filter:
d;;;z + jwip, + Zj ir, — iuﬁ =0 (12)
Current at the PCC for inverter 2:
du, 1 1 . 1 . 1 .
ar +jou, + muz +C—L21L2 +C—L215 —C—Lzlfz (13)
=0

Voltage across the inverter 2 load:

digs 1 : 1

L2 iwi, +—u +—i
Jjwig, LL22 L, 12~ L,

= —u,=0 (14

The equation describes the current through the connection
between two inverters:

1

1
L_s —1U, (15)

S .
—i. +
§ Lg

u —_—
L, 1

dt — + jwis = —

Model f(x,u) =0 = Ax = AAx + BAu, linearized at
V =1,pu, f =50,Hz, P, =P, = cons. After combining
the state equations of both inverters in the dq frame, a 14th-
order state-space model is obtained. The vector x(t) consists of
14 state variables corresponding to the current and voltage
components in the dq frame of the two inverters and the low
voltage network, the vector u(t) comprises 4 components
representing the control voltages from the inverters, and the
vector y(t) comprises 4 components representing the load
voltages in the dq frame are defined as follows:

f@:ﬂ@+mw

y() = Cx(t) + Du(t) (16)

where, A is the state coefficient matrix; B is the input matrix;
C is the output matrix; D is the direct transmission matrix [22].
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Table 1 summarizes the parameters and values of the
microgrid system. These parameters include resistances,
inductances, and capacitances for the inverters, low-voltage
networks, and loads [22]. The table provides a clear overview
of the system components and their characteristics.
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Table 1. Microgrid system parameters and values

Component Parameter Value Description
Inverter Filter 1 R 1.5 mQ Resistance of inverter 1 filter
erte ¢ La 300 uH Inductance of inverter 1 filter
Inverter Filter 2 Rp 8 mQ Resistance of inverter 2 filter
nverter Fiter Le 900 uH Inductance of inverter 2 filter
Rs 1Q Resistance of LV network
LV Network Ls 100 mH Inductance of LV network
Rwi 58Q Resistance of load 1
Load 1 Lii 113.8 mH Inductance of load 1
CLi 84.8 uF Capacitance of load 1
Ri2 100 Q Resistance of load 2
Load 2 Li2 200 mH Inductance of load 2
Cr2 67 uF Capacitance of load 2
Rfl 1
— 0 0 0 0 0 0 0 0 0 0 — 0
Lfl Lfl
Ry 1
-w —— 0 0 0 0 0 0 0 0 0 0 0 —
Lfl Lfl
! 0 0 ! 0 0 0 0 0 0 0 0 0
_ P R—
Cr1 Cra
0 ! 0 0 ! 0 0 0 0 0 0 0 0
- —w _
Cry Crq
0 0 — 0 —-—— w 0 0 0 0 0 0 0 0
Ly Ly
0 0 0O — —-w —— 0 0 0 0 0 0 0 0
Ly Ly
0 0 0 0 0 0 Bs ! 0 ! 0 0 0
4o L L, Ly
0 0 0 0 0 0 R 0 ! 0 ! 0 0
© T L, L,
R;, 1 1
0 0 0 0 0 0 0 0 - w _—— 0 S — 0
Ly, L, L,
R;» 1 1
0 0 0 0 0 0 0 0 -0 —— - 0 —
L, L, Ly,
0 0 0 0 0 0 ! 0 0 0 0 ! 0
_ W I
Crz Crz
0 0 0 0 0 0 0 ! 0 0 0 0 !
_— — _
Cr2 Cr2
1 Re,
0 0 0 0 0 0 0 0 0 0 — 0 - w
sz sz
1 Rf,
0 0 0 0 0 0 0 0 0 0 0 — -0 =
sz sz |

3. BALANCED TRUNCATION MODEL ORDER
REDUCTION TECHNIQUE

Balanced truncation is a classical model order reduction
method in control engineering that produces a balanced

realization of the state space model [13]. In this realization, the
controllability Gramian and the observability Gramian are
equal and diagonal and the diagonal entries are the Hankel
singular values. States with small Hankel singular values have
a limited impact on the input to output behavior so they can be
removed while the main dynamics remain. The present work
follows the standard balanced truncation procedure and the
Lyapunov equations, Gramian factorizations, singular value
decomposition, state transformation and truncation steps are
given in Egs. (17) to (24):
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T =S"12yT[T.7-1 = RUS~1/2

PAT + BBT + AP = 0

QA+CTC+ATQ =0

P = chol(R)T
Q = chol(L)T
LTR =vsuT

S 0
=[0 .l
0 Srem

(17)
(18)
(19)
(20)
@1)

(22)

(23)



A12
A22

B,
B,

A=

=10 G

[An (24)

wr al =[]

The reduced-order model is then obtained by retaining the
blocks A44, By, C4.

By truncating the states with negligible contributions,
balanced truncation ensures that the reduced-order model
retains the key characteristics of the original system while
minimizing the error between their outputs.

4. RESULTS AND DISCUSSION

A reduction of the microgrid model from fourteen states
down to order one yields a family of reduced systems whose
H., errors vary with the retained order, as shown in Figures 2
to 5. For order one, the errors are very large for channels from

Inputs 1 and 2 to Outputs 1 and 2, with values around 33.39
and 17.89, while the errors related to Inputs 3 and 4 remain
near 0.058. Orders two and three still exhibit non-uniform
behavior since errors for Outputs 1 and 2 decrease only
gradually, and some channels that involve Outputs 3 and 4
keep values above 14. At order four, the errors for channels
that terminate at Outputs 1 and 2 fall to about 0.0012 while
errors for channels that terminate at Outputs 3 and 4 stay near
14.5. Orders five to seven show irregular patterns in which
several channels reach values in the range of 10 to 30, while
others already move into the range of 10 to the power of minus
three. Order eight marks a turning point because the errors for
all input-output pairs fall into a narrow band between
0.000318 and 0.002189. Orders nine to thirteen keep the errors
at low levels with small variations that do not change the
qualitative picture.

Error Trends for Input 1

_ _ Error Trends for Input 1 to Output 1 8= Hinf Ervor
. 10°F T . T T T T
<]
I
- 1 1 1 1 1 | 1
1 2 3 4 5 6 7 8 9 10 1" 12 13 14
Reduced Order
o o o Error Trends for Input 1 to Output 2
_10°F Y Y — T T T T T T T T =
g h 4 4 4 © & & = o e Py i
W
- 1 1 1 1 1 1 1 1 1 1 1 1 1 ~
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Reduced Order
0 Error Trends for Input 1 to Output 3
_ 10 L4 ¥ ¥ ¥ ¥ '=!b.: — T Py I g
el - ) ¢ - g
w1010 b= =
10 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 1" 12 13 14
Reduced Order
Error Trends for Input 1 to Output 4
. 100 —='='='='='='L\é T T T T T
E - 2 4 ) ¢ - -
W 4010 = -
10 1 1 1 1 1 1 1 L 1 1 L 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Reduced Order
Figure 2. H, error plot from Input 1 to the four outputs
Error Trends for Input 2
o _ _ _ Error Trends for Input 2 to Output 1 Hint Ervor
= T T T T T T T T T T T T =
§ 10 r\"‘-.___= o Py Py Py o o ° Py Py
5 - .
10_10 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Reduced Order
_ Error Trends for Input 2 to Qutput 2
_10°F s . T T T T T T T T
<] ® © © © © © € © © .
fin}
- i 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Reduced Order
0 Error Trends for Input 2 to Output 3
. 10 _'=.='=.=='=£\ & 8 a P J b §
4 I T T T 1
1 4010 b= —
wo 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Reduced Order
0 Error Trends for Input 2 to Output 4
L S S S ASSSS SESSS AU AU e S— w————
2 I T 1
w4910} s
10 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Reduced Order

Figure 3. H,, error plot from Input 2 to the four outputs
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Error Trends for Input 3
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Figure 4. H,, error plot from Input 3 to the four outputs

Error Trends for Input 4
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Figure 5. H,, error plot from Input 4 to the four outputs

Table 2. H., error matrix for reduced order r = 4

Component  Input 1 Input 2 Input 3 Input 4
Output 1 0.001168 0.001266  0.059077  0.057463
Output 2 0.001266 0.001168  0.057463  0.059077
Output 3 0.157201 0.154186 14.764552 14.447584
Output 4 0.154186 0.157201 14.447584 14.764554

The detailed H., error matrix for order four in Table 2
confirms that channels associated with Outputs 1 and 2 behave
very differently from channels associated with Outputs 3 and
4. For Inputs 1 and 2, the errors to Outputs 1 and 2 are close to
0.001,2, while the errors to Outputs 3 and 4 stay near 0.15. For
Inputs 3 and 4, the errors to Outputs 1 and 2 are around 0.058,
while the errors to Outputs 3 and 4 are about 14.7. Impulse
responses in Figures 6 to 9 illustrate the same pattern.
Channels from Inputs 1 and 2 to Outputs 1 and 2 show almost
indistinguishable transients and steady state behavior between
the order four and full order models. Channels that involve
Outputs 3 and 4 show visible deviations during the transient
interval and converge only in the steady state region. The
magnitude and phase plots in Figures 10 to 13 reinforce this
observation. Channels from Inputs 1 and 2 to Outputs 1 and 2
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display very close magnitude and phase curves across the
studied frequency range, while channels that involve Outputs
3 and 4 show noticeable differences at higher frequencies. For
Inputs 3 and 4, the magnitude curves in Figure 12 agree well
with the full order model below about ten to the power of four
radians per second, while larger discrepancies appear at higher
frequencies and across multiple bands for channels that end at
Outputs 3 and 4. Phase responses in Figure 13 differ over most
of the frequency range for channels that originate from Inputs
3 and 4, which indicates that the order four model is not
suitable when accurate phase information is needed on those
paths.

The H., error matrix for order eight in Table 3 shows a
different picture. All channels now have errors between
0.000318 and 0.002189. Channels that involve Outputs 1 and
2 lie near the lower end of this band, and channels that involve
Outputs 3 and 4 lie near the upper end, yet still remain very
small. Impulse responses in Figures 14 to 17 show an almost
exact match between the order eight and full order models for
all input-output pairs across the entire time axis. The reduced
model captures both the transient overshoots and the settling
behavior without visible distortion. Magnitude plots in Figures
18 and 20 reveal very small differences over most of the



frequency range. For Inputs 1 and 2, the magnitude curves are
practically identical for Outputs 1 and 2 and stay very close for
Outputs 3 and 4 up to about ten to the power of five radians
per second. For Inputs 3 and 4, the magnitude agreement is
very good for Outputs 3 and 4 and remains acceptable for
Outputs 1 and 2 in the same frequency band. Phase plots in

Figures 19 and 21 display small deviations that become visible
at higher frequencies yet remain limited in size. Channels from
Input 1 to Output 2 and from Input 3 to Output 4 show almost
coincident phase traces, which suggests that the order eight
model can replace the full order model for phase-related
studies on these paths.

C

From: In(

1)

T

—— Original order-14 system
Reduced order-4 system|

To: Out(1)

To: Out(2)
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To: Out(3)

To: Out(4)

0.04

0.05 0.06 0.07 0.08 0.09

Time (s) (seconds)

Figure 6. Impulse response of the r = 4 reduced model and the full-order model for Inputs 1 to 4

Impulse Response Comparison
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Reduced order-4 system
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Figure 7. Impulse response of the r = 4 reduced model and the full-order model for Inputs 2 to 4
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Figure 8. Impulse response of the r = 4 reduced model and the full-order model for Inputs 3 to 4
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Impulse Response Comparison
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Figure 9. Impulse response of the r = 4 reduced model and the full-order model for Input 4 to 4 outputs
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Figure 10. Magnitude response of the r = 4 reduced model and the full-order model from Inputs 1 and 2 to 4 outputs
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Figure 11. Phase response of the r = 4 reduced model and the full-order model from Inputs 1 and 2 to 4 outputs
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Figure 13. Phase response of the r = 4 reduced model and the full-order model from Inputs 3 and 4 to 4 outputs
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Figure 21. Phase response of the r = 8 reduced model and the full-order model from Inputs 3 and 4 to 4 outputs

Table 3. H,, error matrix for reduced order r = 8

Component Input 1 Input 2 Input 3 Input 4
Output 1 0.000318  0.000318  0.000740  0.000740
Output 2 0.000318  0.000318  0.000740  0.000740
Output 3 0.001331  0.001331  0.002188  0.002189
Output 4 0.001331  0.001331  0.002189  0.002188

A comparison of the two reduced orders indicates a clear
trade-off between simplicity and fidelity. The order four model
preserves the dominant dynamics for channels associated with
Outputs 1 and 2, which makes it attractive when the study
focuses on those buses, and a compact representation is
desired. The same model fails to represent channels that
involve Outputs 3 and 4 due to the removal of states that are
important for the remote part of the network. The order eight
model retains the dominant modes for all outputs and achieves
uniformly low H infinity errors, so it is better suited for
applications that require accurate behavior across the entire set
of input-output channels.

Impulse and Bode responses provide insight into the root
cause of the different sensitivity between outputs. Outputs 3
and 4 correspond to buses that lie further from the inverters
and are strongly shaped by the second RLC load and the line
impedance. The states that describe these elements have
smaller Hankel singular values than the states that dominate
Outputs 1 and 2. Balanced truncation with order four discards
part of the contribution from these weaker yet still relevant
modes, which leads to large H infinity errors in channels that
terminate at Outputs 3 and 4, even when channels related to
Outputs 1 and 2 remain accurate. Balanced truncation with
order eight keeps the leading modes associated with all four
outputs, so the errors for Outputs 3 and 4 fall into the same
small range as the other channels. This behavior implies that
voltage nodes located deeper in the microgrid and more
influenced by RLC dynamics are more sensitive to order
selection and should be treated with care when low-order
models are used in control design and performance
assessment.

5. CONCLUSIONS

This study examined balanced truncation applied to a
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fourteen-state multiple-input multiple-output microgrid model
and showed how the choice of reduced order shapes accuracy
across individual input-output channels. The analysis of H
infinity errors, impulse responses, and Bode plots indicates
that a four-state model captures the dominant dynamics at the
buses associated with the first two outputs but fails to represent
satisfactorily the behavior at the more remote buses that define
the third and fourth outputs. An eight-state model preserves
the main modes that govern all four output voltages and
achieves small and nearly uniform errors, so it offers a
practical balance between model simplicity and fidelity.

The results highlight an important qualitative insight for
microgrid applications. Voltage nodes located farther from the
inverters and strongly influenced by RLC elements are more
sensitive to state reduction than nodes that lie closer to the
sources. Reduced models that are acceptable for studies
focused on local buses may not be adequate when the analysis
or controller design requires accurate behavior across the full
network. The work provides a quantitative guideline for
selecting reduced orders in such cases since it links order
choice, channel-wise H infinity errors, and time and frequency
domain responses.

The present model relies on a linear time-invariant
representation obtained by linearizing the microgrid dynamics
around a single operating point, and the study considers only
a standard balanced truncation procedure. Nonlinear effects,
operating point variation, and parameter uncertainty are not
captured explicitly, so the conclusions apply to a restricted yet
practically relevant class of operating conditions. The
evaluation is based on simulation rather than experimental
data and does not include implementation aspects in embedded
platforms.

Future research can extend this framework in several
directions. One promising line is to explore balanced
truncation within nonlinear or parameter-dependent
formulations that track changes in loading and generation.
Another is to combine balanced truncation with other model
order reduction techniques in hybrid schemes tailored to
microgrids, such as positive real variants or mixed energy-
based approaches. Real-time capable reduced models
integrated in hardware in the loop setups and experimental
validation on laboratory microgrids would further test the
robustness and practical value of the proposed guideline for



order selection.
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