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ISLANDED MODE MICROGRID AUTOMATION BY
USING DROOP CONTROL METHOD FOR
STRANDED ZONE IN BANGLADESH
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Abstract—Distributed generation (DG) is a critical component
of the emerging microgrid concept, which enables sustainable
energy integration within a distribution network. Inverters are
critical components of DG unit operation since they connect
energy sources to the grid utility. By combining inverters with
feasible control mechanisms, the interface may be enhanced
successfully. These controllers are critical in microgrids since
they help to increase the system's performance, stability,
resilience, and dependability. In Bangladesh, areas like Saint
Martin, Hatia are remotely located where this type of
microgrid automation can be implemented. The microgrid can
be operated in grid-connected and island mode. Different
control strategies like droop control, master-slave control,
circular chain control, average current sharing control can be
used to perform grid in island mode. In this study, a
hierarchical droop control methodology has been used. In a
conventional droop control system load-dependent on the
frequency and voltage regulation become poor. In this
research, it has been observed that the hierarchical droop
control network shows stable power-sharing with improved
voltage and frequency regulation. Extensive simulations have
been carried out to validate the proposed control strategy’s
effectiveness in terms of rapid transient response and
stabilization of voltage, frequency, and power equitability
among the micro sources in the islanded microgrid.
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FOSSIL fuel-based power system has less significance
right now due to environmental and economical

aspects. The renewable energy-based power system is
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the future right now. It has many advantages like less
carbon emission, higher reliability, access to the remote
location, LVRT (low voltage ride through), and so on.
But still, this type of Distributed Energy Generation
(DEG) has some drawbacks. Many DEGs will be
connected with the main grid which will decrease the
reliability and efficiency of the grid. Eventually, the grid
will become more complex and vulnerable. Also, there
is a challenge to separate the DEG from the grid at the
time of fault which will again increase the complexity
of the network. That’s where the concept of microgrid
was initiated. The microgrid is an integrated system
where various renewable and nonrenewable energy
generation, storage devices, load control centers, and
energy management systems will be incorporated. It can
be operated in grid-connected mode or isolated mode.
Another key point for the microgrid is that it focuses on
the end-user or consumer which will reduce the cost of
the transmission line. An isolated zone like saint martin,
Bhola, Hatia where power distribution is a challenge,
can be the customer of this microgrid system [1].

Load variation on the consumer side is a common
scenario for every distribution company. In microgrid
due to load variation voltage and frequency will be
changed which will fluctuate the active and reactive
power even more. The nonlinear and unbalanced load
will introduce harmonics to the system which can be
eliminated by using a filter but that is not a cost-
effective system. So to control the grid firmly different
types of control strategies can be implemented which
will be cost-effective. These control strategies are
divided into three layers which are primary, secondary,
and tertiary level. In primary levels, it deals with
voltage and current behavior in the system. The
secondary level controls the fluctuation of voltage,
current, and frequency in the system and regulates the
power quality. Tertiary level concentrate on energy
management for the overall network [2].

LITERATURE REVIEW
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In a microgrid, the mode in which control actions are
implemented to provide coordinated control s
centralized, decentralized, distributed, or hierarchical.
Centralized control utilizes a single central controller to
collect data about DG units and provide control signals
to the DG units. There is no central controller in
decentralized and distributed control. Decentralized
control, on the other hand, operates only on local
information, whereas distributed control operates on
local information in conjunction with surrounding
communication. Because a hierarchical control structure
incorporates both local and upper-level controllers,
voltage stability may wvary, and environmental
emissions, energy-saving, and operating costs all
contribute to the lowering of power system resilience. A
decentralized multi-agent control system can be used to
increase resilience [2].

Droop control is one of the key techniques to achieve
better performance in the microgrid. In isolated mode,
all the inverters are connected in parallel. They will
have the same voltage with different current values.
Current sharing in this type of network will induce
instability because it depends on the rating of the
inverters and sources. This type of load-sharing
instability can be ruled out by using the droop control
technique. Different type of droop control strategy like
conventional droop control, modified droop control,
combined droop control, hierarchical droop control is
available. For this paper, the hierarchical droop control
method has been used [3].
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Fig. 2. Equivalent circuit of a high voltage microgrid
connected to a common bus

The net real and reactive power injections are
calculated using a typical AC power flow model, Piiu. )

and Q},;(t), At time t, the j-th bus is provided by
: Vs
PL©O = ) ViOVe®|Ye| sin (80 +5 - 2%;)
kENj
0y = ) VOV®]¥ sin(8(0) = £%) (01)
kENj

where V;(t) and 6;(t) are the j-th bus's voltage
magnitude and phase angle, respectively and & (t) =
8;(t) — &x ().

For every i € V, The error dynamics of the microgrid
connected to bus i (with frequency and voltage droop
control) are given by

A () = Aw;(t) (2)
Jub@;(£) = =Dy Aw;(t) + APL,(£) — APL () (3)
Jv AVi(t) = =Dy, AV;(£) + AQL, (t) — AQL,; () (4)

where A8;(t) = 8;(t) — 67, Aw;(t) = w;(t) —
w7, AV(0) = Vi(®) = V7, AP (6) = Pl (6) —
Pi;';ef and AQ},; (t) = Qfy; — Qi’;fjef are the deviations
of the angle,

At time t , the error dynamics of the microgrid
connected to each i € V are defined by

JsA8,(t) = —DgA8;(t) + AP () — AP () (5)
JvAVi(£) = =Dy AVy(£) + AQLy (£) — AQ},;(£)  (6)
where /s, and Dy, are the i-th microgrid's equivalent

inertia and damping coefficients with angle droop
control.

- Ds; | Ds 1 i
Awi(t) = T _KASi(t) +]:Apext(t)
1 . 1 ..
A APy ()| — T AP (1) (7
The network of interconnected microgrids'

augmented state, input, and disturbance vectors are
defined as follows: x(t) = [x;(t), x3(t), ..., xy ()],
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u(t) = [up(®), uz(t), ..., un (01 and w(t) =
[wi(t), wy(t), ..., wy(t)]" respectively. we define an
output vector y;(t) for every i€V as y;(t) =
Gty Xi(D), wi(£)), where gb i (6) = [A8;(0) AV(D)]
when g;(t) = 1 and g5« (¢) = [Ad;(t) AV;(t)]’ when
0;(t) = 2. The augmented output vector is y(t) =

[y1(®), y2(©), -, yn ()]

Note that the outputs of each microgrid at any given
time are the quantities for which measurements are
available at that time [4],[5],[6],[7].

. 1 2
x(t) = Agpyx(t) + B(E(E)u(t) + B(E_(g)w(t)

y() = Copyx(t) + Dgyw(t) (8a)

u(t) = Hx(t),
_ 9 @ _ 9 @ _9;
1_6x":’:=%' J _0u‘$;:=%' J _0w‘f;%
ag; ag;
C}':aix]xzo’ f_%xzo (8b)
0xq oxn
H=j: : j where (8c)
oun Jun
0xy oxn x=0,w=0
OAPl,;  OAPl,; 0APl;
Qup | 080k 0Awk - OAVK) e (1, N}
Oxy 00Qf,;  0AQL,;  9AQL,; T T
0A5k 6AOJk aAVk
e [yO1[Q Sy
fto [W(‘E)_ S]-’ R]-] [W(‘E)] dr = V(x(9) -
V(x(to))
if, forall t € R,and j € =V,
yO1 9 Slp®)o,
ol s | lwco) = V@) + g0 +
Y;(x(8))

where ¢;(-),3;(-) are functions that have a positive
definite value w(t) and x(t) respectively.
Assume the following scenario:
S.
Qdesired = Zln:i s Qload

{Qi = Qdesired + AQ;
Ke(E* - VT) = miQdesired
Thus, according to (09) and (10), we can obtain
K J[E* = Vo + (Vp — V)] = my(Quegived + AQ;) (11)
So (11) can be rewritten as
K.(Vr — V3) = m;AQ; (12)
The conservation of energy theorem states that It
should be emphasized that the system must meet certain
requirements.

©)
(10)

Qdesired Z?=1 Si = Qload Si
=1 AQ; =0

?:1 Q; = Q1oad (13)
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IV. SIMULATION MODEL

Figure 3 represents the overall simulation model of
the microgrid network. Vg is considered as a dc voltage
source from DEG. From S1 to S6 represents IGBT
switching for the inverter. After that, a filter and a
distribution line model has connected with the load.
Figure 4 depicts the full control block diagram
associated with alpha-beta control, voltage and current
control loop, and space vector modulation control.
Figures 5-10 has been showing detailed information
about these control blocks. This simulation model has
been created in a MATLAB environment.
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Fig. 3. Microgrid network composed with an inverter, load,
and control system
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V. RESULT ANALYSIS

Figure 11 represents the alpha-beta signal which
arrives from the alpha-beta block. Here alpha signal
leads the beta signal by 90 degrees which shows a
precise response from the modulating signal block.
Figure 12 verifies the produced alpha element's current
monitoring over the benchmark value provided by the
current control loop. Voltage monitoring from the
voltage control loop, as seen in Fig. 13 illustrates
accurate functioning based on the output voltage and
line current elements recorded. Due to the
predominantly resistive nature of the load, the reactive
power component in Fig. 14 is virtually negative, but
the active power portion relates to the assessed value in
the power calculation block.
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Fig. 11. The output of modulating signal
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The outcome produced by Fig 15 demonstrates that
the system is operating steadily and that the voltage has
reached its nominal value. When just the primary
control loop is used, as seen in Figure 15, the output
frequency response exhibits a steady-state inaccuracy,
requiring the use of a secondary control loop for
restoration.
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Fig. 15. (a) Voltage and (b) frequency responses of the grid

VI. CONCLUSION

This article proposes a unique strategy based on
droop control for precisely distributing power across
parallel Microgrid. The effect of various feeder
impedances was examined in this article, and the
simulation findings suggest that changing this parameter
(Zline) does not influence the power-sharing accuracy.
The suggested method also achieves frequency stability
and optimum active power-sharing. Current and voltage
tracking signal waves are perfectly organized with
modulating signals with a proper calculation from Clark
transformation. As the dominant component of grid
impedance, transformer impedance has a substantial
mitigating effect on the accuracy of reactive power-
sharing. Because the suggested robust droop control
technique detects local signals on the high voltage side
of the transformer as feedback signals, the proposed
method is simple and effective to implement in such a
medium-voltage microgrid system.
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