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Abstract: This paper proposes a modified control scheme for a grid connected microgrid, which is
contrived by integrating multiple nanogrids. In the considered system, each nanogrid consists of a
generation unit from solar photovoltaic (PV) along with battery energy storage (BES) system and local
loads. The nanogrid has the flexibility to operate in microgrid connected mode or islanded operating
mode. Similarly, the microgrid can also be operated in grid connected mode or islanded mode.
To achieve appropriate load sharing between different nanogrids considering local load demands
and source power availability, a modified control scheme is developed. The proposed scheme
compensates for the required reactive power, harmonics and unbalanced currents locally which are
demanded by the local loads in nanogrids in order to improve the power quality in the microgrid.
The smooth transition between the modes of operation of nanogrids and microgrid is achieved with
the proposed modified control scheme. In addition, the proposed modified control scheme allows the
microgrid and main grid to remain free from transients generated by load disturbances in nanogrid
and disturbances in the microgrid respectively. Therefore, the effect of disturbances on voltage
and frequency of the microgrid is reduced. A simple control scheme is developed to address the
challenging issues for smooth operation of the microgrid such as active power sharing among the
sources based on their ratings, power quality enhancement (compensation of harmonic components,
unbalanced current and reactive power) and seamless transition between the modes of operation
(during islanding from grid and re-synchronisation with grid). The performance of the proposed
modified control scheme is verified in a real time simulator during variable loading conditions.

Keywords: grid connected converter; power quality; islanded mode; nanogrid

1. Introduction

The utilisation of renewable energy sources (RESs) is increased due to depletion in fossil fuels
and global warming. The power generated from solar is increasing, but it is not in the usable form,
because of variable dc voltage. Therefore, a power electronic interface is used in between the RES
source and the system. The RES along with power electronic interface is connected to the system as
distributed generation (DG). These are located near to the loads. To increase the reliability in the system,
DG should provide a reliable supply to the local loads. The DG and local loads together constitute a
nanogrid. A nanogrid can be termed as a small microgrid which is spread over a small geographical
area with smaller capacity. It must have at least a single load and often has an energy storage associated
to it. A cluster of these nanogrids are interconnected to form a microgrid [1–3]. The microgrid can
operate in grid connected mode or in islanded mode/stand-alone mode. An intelligent control
technique is required for load sharing among the DGs in the microgrid based on their ratings [4].
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The challenging issues for smooth operation of a microgrid are active power sharing among the
sources based on their ratings, power quality enhancement (compensation of harmonic components,
unbalanced current and reactive power) and smooth transition between the modes of operation (during
islanding from grid and re-synchronisation with grid). To address the aforesaid issues, different control
schemes are presented in the literature [5,6].

For decentralised control, the droop method is used for load sharing. Here, DGs are controlled
as voltage control sources. The reference voltage for the controller is estimated from the droop
equations. The load sharing among the DGs is done based on their respective droop constants.
The droop constants of DGs are defined based on their ratings [7,8]. The conventional droop method
is more sensitive to the line impedance. To overcome this issue, a virtual impedance is added in
the controller [9,10]. Whenever the total nominal power of DGs and total load demand are unequal,
then the operating voltage and frequency of microgrid is other than a nominal value. To restore
the voltage and frequency of the microgrid to its nominal value, a hierarchial control is developed
in [11–13]. In the droop method, the non-linear loads are shared by extracting the harmonic components
of current and by adding additional control loops in the controller [14,15]. Similarly, the unbalanced
loads are shared by extracting the symmetrical components (positive and negative sequence) [16,17].
Therefore, the droop method becomes complex to implement if there is a variation in line impedance,
non-linear load demand, unbalanced load demand and mismatch between total power generation
& total load demand. In this method, a smooth transition will occur when a microgrid disconnects
from the main grid and operates in islanded mode. However, the transition of the microgrid from the
islanded mode to grid connected mode is quite complex. In [18–22], seamless transition is achieved
during the transition of microgrid from islanded mode to grid connected mode by developing different
intelligent techniques.

Average power sharing method, concentrated control and master-slave control are the other load
sharing techniques which are presented in the literature [4]. In average power sharing method and
concentrated control, the power sharing among the DGs are equal. In master-slave method, one DG
will be controlled as voltage source; which acts as master DG and the remaining DGs will act as slaves.
The co-ordination between the DGs in the microgrid is controlled by centralised controller [23,24].
In grid connected operating mode, DGs in the microgrid are controlled as slaves. During this mode,
the main grid maintains the system voltage. The transients in the microgrid are taken care by the
main grid, by this the burden on main grid will increase when multiple microgrids are connected to
main grid. The single microgrid disturbance will not affect the main grid because it has high inertia.
However, disturbance due to multiple microgrids will affect the main grid and burden will increase.
In islanded operating mode, one DG which have higher power rating among the DGs in the microgrid
will maintain the system voltage by acting as master DG and the remaining act as slaves by injecting
the reference power which is obtained from the centralised controller. The total transients will be
handled by the master DG during the disturbances in the microgrid. Therefore, the burden on master
DG is more as compared to other DGs in the microgrid [25,26]. The main drawback of master-slave
method is that the functioning of microgrid is mainly dependent on the master DG, which implies that
if master DG fails then system has to shutdown.

This paper proposes a modified control scheme for the microgrid (which is contrived by
integrating multiple nanogrids) to improve dynamic performance under the disturbances. In addition,
it also address the challenging issues for smooth operation of the microgrid such as active power
sharing among the sources based on their ratings, power quality enhancement (compensation of
harmonic components, unbalanced current and reactive power) and seamless transition between the
modes of operation (during islanding from grid and re-synchronisation with grid). The proposed
control for DG in the nanogrids achieve the transient free operation of the microgrid, which is
unaffected by the nanogrid disturbances and constant loading of the microgrid in the main grid during
grid connected mode of operation. The seamless transition is achieved with reduced complexity
during changeover of operating modes of nanogrids and microgrid. The microgrid power quality is
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enhanced by compensating the harmonic currents, unbalanced current and reactive power demand
locally in the nanogrid.

The major contributions of this paper are

1. The nanogrid demands constant active power from the microgrid, despite the variation in active
power demand in the nanogrid. Therefore, the microgrid is unaffected from the nanogrid
disturbances and the burden on master DG is reduced.

2. The reactive power demand in the nanogrid is compensated locally; therefore, the effect of reactive
power demand on the microgrid voltage is avoided and hence voltage profile of microgrid
is improved.

3. The nanogrid demands balanced current from the microgrid even though the load demand in the
nanogrid is unbalanced, which avoids three phase voltage unbalance in the system.

4. The voltage distortion due to non-linear loads is minimized by compensating the harmonics
current locally in the nanogrid to improve power quality in the microgrid.

5. The smooth transition is achieved during the change in operating modes of nanogrid and
microgrid; therefore, critical loads in the nanogrid remains unaffected during the transition
period. The reliability of the microgrid and nanogrid is improved.

6. The disturbances occurred in the microgrid will not be reflected in the main grid, which makes
the main grid transient free from the microgrid disturbances.

2. System Configuration

Figure 1 represents the schematic of proposed microgrid, which consists of solar PV along with
battery storage system and multiple nanogrids. The nanogrid is a combination of roof top PV system,
battery storage, voltage source converter (VSC) and local loads. The VSC output side have low pass
LC filter (interfacing inductor L f with internal resistance R f and capacitor C f ) as shown in Figure 2.
Each nanogrid is connected to microgrid through static switch. The nanogrid can operate in microgrid
connected or islanded mode. Similarly, the microgrid is connected to the utility grid through a static
switch and can operate either in grid connected mode or islanded mode. In Figure 1, signal S is a
control signal for static switch of microgrid and non-critical loads. The signals S1, S2 and S3 are the
control signals for the respective nanogrid static switch and critical loads.

Figure 1. Schematic of proposed microgrid for residential community.
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Figure 2. Schematic of voltage source converter (VSC) in distributed generations (DGs).

3. Proposed Modified Control Scheme

The modified control scheme is shown in Figure 3. The controller is developed for a DG such
that it can operate either in grid connected mode or islanded mode. During grid connected mode,
the DGs are controlled by proposed power control scheme. If any fault occurs in main grid, then the
microgrid operate in islanded mode by getting disconnected from the main grid. During islanding
of microgrid from main grid, the controller of DG4 is switched to modified voltage control technique
as shown in Figure 3. The remaining DGs controller in the microgrid will not change their status;
which are controlled by proposed power control scheme. After the clearance of the fault in the main
grid, the microgrid will reconnect to the main grid by switching the controller of DG4 to proposed
power control scheme. Whenever a fault occurs in the microgrid, the nanogrid disconnects from
the microgrid and operates in islanded operating mode by switching the controller of respective DG
to modified voltage control technique as shown in Figure 3. After the clearance of the fault in the
microgrid, the nanogrid will reconnect to microgrid by switching the controller of respective DG to
proposed power control scheme.

Figure 3. Modified control scheme for DGs.

3.1. Proposed Modified Voltage Control Technique

The modified synchronisation unit is developed to achieve smooth transition during islanding
and re-synchronisation with the main grid. The block diagram of the modified synchronisation unit is
shown in Figure 4. When the microgrid is operating in grid connected mode, the DGs in the microgrid
will operate in power control mode. The instantaneous phase for reference signal is estimated from the
synchronous reference frame (SRF) phase lock loop (PLL). During this period the input signal for the
PLL is taken from respective PCC voltage. If any fault occurs in the main grid, then the microgrid will
disconnect from main grid by controlling the static switch; which is controlled by DG4. The controller
of DG4 is switched to the modified voltage control mode with the help of mode-1 signal. When the
controller of DG changes from power control mode to voltage control mode, then there is phase jump
in the microgrid voltage; because the instantaneous phase for reference signal to the DG4 is generating
independently at 50 Hz with rated nominal voltage. In order to avoid the phase jump, the reference
signal instantaneous phase generate at the rate of 50 Hz independently; but the rise starts at previous
instantaneous phase of the main grid before disconnecting. The mode-1 signal as shown in Figure 4
helps to avoid the phase jump. When fault is cleared in the main grid, the microgrid voltage will
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synchronise with main grid voltage before reconnecting the microgrid to main grid by generating
mode-2 signal as shown in Figure 4. Similarly, the seamless transition will occur in the nanogrid during
islanding and re-synchronisation with the microgrid.

Figure 4. Proposed modified voltage control for DG during islanded operating mode.

The DG4 will be controlled as voltage source in the islanded mode. To maintain the reference
voltage (~vre f _Nk) at respective DG output, the controller is implemented.

~vre f _Nk = Vmax 6 θk (1)

where, k = 1, 2, 3, 4. The schematic of VSC of DG is shown in Figure 2. To regulate the output voltage,
the reference current through capacitor is,

~ire f _Nk = C
d~vNk

dt
(2)

The Equation (2) is converted into SRF frame (dq-frame)

ire f _Nk−dqejωt = C
d(VNk−dq ejωt)

dt
(3)

ire f _Nk−dq = C
dVNk−dq

dt
+ jωCVNk−dq (4)

In (4), VNk−dq is a state variable. The control variable idq−c, is obtained by passing the error
between the actual voltage (Vtk−dq) and the reference voltage (Vre f _Nk−dq) through proportional plus
integral (PI) controller,

idq−c = C
dVNk−dq

dt
(5)

ire f _Nk−dq = idq−c + jωCVNk−dq (6)

In Figure 2, the output voltage equation of VSC is

~vtk = R f~iNk + L f
d~iNk

dt
+~vNk (7)

The Equation (7) is converted into dq-frame,

Vtk−dqejωt = RINk−dqejωt + L
dINk−dqejωt

dt
+ VNk−dqejωt (8)
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The Equation (8) can be rewritten as,

Vtk−dq = jωLINk−dq + RINk−dq + L
dINk−dq

dt
+ VNk−dq (9)

In (9), INk−dq is a state variable. The control variable UNk−dq is obtained by passing the error
between the actual current (INk−dq) and the reference current (Ire f _Nk−dq) through the PI controller

UNk−dq = RINk−dq + L
dINk−dq

dt
(10)

By solving (9) and (10),

Vtk−dq = jωLINk−dq + UNk−dq + VNk−dq (11)

The terminal voltage of VSC in terms of dq-frame modulating index is,

Vtk−dq = mdq_k
Vdc
2

(12)

By solving (11) and (12),

mdq_k
Vdc
2

= jωLINk−dq + UNk−dq + VNk−dq (13)

By resolving (13) into real part and imaginary part,

md_k =
2

Vdc
(−ωLINk−q + UNk−d + VNk−d) (14)

mq_k =
2

Vdc
(ωLINk−d + UNk−q + VNk−q) (15)

The (14) and (15) are converted from SRF frame to abc-frame, for generating the PWM signals to
VSC. The block diagram is developed by using the equations from (1) to (15), as shown in Figure 4.
In islanded mode, the reference voltage signal for the controller is generated at 50 Hz independently
with nominal rated voltage. During the re-synchronisation of microgrid with the main grid, the grid
voltage is taken as reference to the controller. From this, the microgrid voltage and the main grid
voltage are maintained at same magnitude and phase. However, the sudden change in reference
voltage signal causes the voltage spike from the controller in the microgrid to get the desired voltage.
In order to overcome the aforementioned issue, the reference signal is passed through the rate limiter
(RTL) as shown in Figure 4.

3.2. Proposed Modified Power Control Scheme

In grid connected operating mode, all DGs in the microgrid are controlled by using the modified
power control scheme as shown in Figure 5. However in islanded mode, except the master DG;
the remaining DGs are controlled by modified power control scheme. This controller is proposed
to achieve

• The system is immune to local disturbances. The nanogrid disturbances will not be reflected in
the microgrid and similarly the microgrid disturbances will not be reflected in the main grid.

• The reactive power demands are compensated locally.
• The non-linear and unbalanced load will not affect the microgrid and the main grid.

The feedback signals for the proposed power control scheme are respective PCC voltage and
nanogrid current which are supplied by the microgrid. The DG in the nanogrid is controlled to
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maintain constant power demand from the microgrid despite the variation in local load demand.
The constant power demand value is estimated from the average load demand in the nanogrid with
the help of prior knowledge.

Pre f _Nk = Pavg_Nk (16)

where Pavg_Nk is the average power demand of kth nanogrid local loads and Pre f _Nk is reference power
for kth nanogrid local DG.

Each nanogrid has non-critical loads, critical loads and most critical loads. In the islanded
operating mode of nanogrid, the most critical loads are only connected because of limitations in local
power generation capacity. Whenever, the nanogrid gets connected to the microgrid, then the critical
loads are connected in the nanogrid. The reference power value (Pre f 1) in islanded mode is estimated
from the average load demand of critical loads in the nanogrid. Whenever the microgrid is connected
to the main grid, then all loads (most critical, critical and non-critical loads) are connected in the
nanogrid. The reference power value (Pre f 2) in grid connected mode is estimated from the average
load demand of the critical loads and non-critical loads in the nanogrid.

Figure 5. Proposed Power Control Scheme for DG during grid connected operating mode.

The SRF PLL is used to obtain the respective PCC voltage instantaneous phase. The proposed
power control scheme is developed in dq-frame. The instantaneous phase of PCC voltage is used to
transform the PCC voltage and nanogrid current in dq-frame. In the proposed power control scheme,
the reference current is

Ire f _Nk−d =
Pre f _Nk

VNk−d
(17)

The nanogrid demands only the active power from the microgrid, the local DG compensates for
the reactive power demand in the nanogrid; therefore, the reference current is

Ire f _Nk−q =
Qre f _Nk

VNk−d
= 0 (18)

By using (17) and (18), the reference currents are estimated. Once the reference currents are
estimated, then the modulating signals are obtained by using Equations (7)–(15); which are required to
generate the pulses for the VSC of respective DG. The proposed power control scheme block diagram
is shown in Figure 5.

4. The Proposed Microgrid Performance Evaluation

The proposed microgrid is implemented in real time simulator (OPAL-RT) to evaluate the
performance of modified control technique. The parameters of proposed microgrid are shown in
Table 1. The proposed control scheme is developed in discrete mode. The step size for discrete time is
taken as 30 µs. The ode3 (Bogacki-Shampine) solver is used. The proposed modified control technique
performance is evaluated during the following operating conditions
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1. Nanogrids in grid connected operation mode.
2. Transition of nanogrid between grid connected and islanded operation mode.
3. Microgrid in grid connected operation mode.
4. Transition of microgrid between grid connected and islanded operation mode.

Table 1. The Microgrid Parameters.

Sr.No. Parameter Value

1 Microgrid Voltage 415 V (L-L)
1 Microgrid Frequency 50 Hz
2 Rating of DG1 30 kVA
3 Rating of DG2 25 kVA
4 Rating of DG3 20 kVA
5 Rating of DG4 50 kVA
6 Line Impedance 3 mH, 1.334 Ω
7 Filter (R f , L f and C) 0.15 Ω, 6 mH and 50 µ F
8 DC link Voltage of DGs 760 V
9 Switching Frequency of VSC 3150 Hz

4.1. Nanogrids in Grid Connected Operation Mode

In grid connected operating mode of nanogrids, the respective DGs are controlled by using
the proposed power control scheme. During this mode of operation, the nanogrids demand the
constant active power from the microgrid. The constant power value is obtained from the estimation
of average load demand in the nanogrid during grid connected operating mode. The average power
demand in nanogrid-1, nanogrid-2 and nanogrid-3 during this operating mode are 12 kW, 8 kW and
6 kW respectively.

In nanogrid-1, initially the active power (PL1) load demand is 9 kW and the reactive power (QL1)
demand 6.75 kvar as shown in Figure 6e,f, respectively. The corresponding three phase load currents iL1

(iL1a, iL1b and iL1c) are represented in Figure 6a. The active power (PN1) demanded by nanogrid-1 from
microgrid is 12 kW, the additional 3 kW active power is stored in local storage system of DG1 which is
indicated as PDG1 in Figure 6e. The QL1 demanded by the local loads in nanogrid-1 is compensated
by the DG1 which is indicated as QDG1 in Figure 6f. The three phase current supplied by DG1 and
nanogrid-1 are represented as iDG1 (iDG1a, iDG1b and iDG1c) and iN1 (iN1a, iN1b and iN1c), respectively
in Figure 6b. At t1 instant in Figure 6a,e,f, the PL1 and QL1 demand in the nanogrid-1 is increased to
14 kW and 10.25 kvar. Even though, the load demand has changed in nanogrid-1; the PN1 and QN1

demand from the microgrid remains unchanged. Therefore, the deficit power of 2 kW is supplied by
DG1 in the nanogrid-1 shown in Figure 6a–c,e. The QL1 is compensated by DG1 as shown in Figure 6f.
At t2 instant, the unbalanced load is connected in nanogrid-1 as shown in Figure 6a. The balanced
iN1 is demanded from the microgrid irrespective of unbalance in iL1. The total unbalance current is
supplied by DG1 as shown in Figure 6b,c. At the t3 instant, a non-linear load (650 Ω resistive load with
bridge rectifier) is connected to the system and the corresponding change in iL1 is observed in Figure 6a.
The total harmonic currents demanded by the local loads in nanogrid-1 are compensated by DG1 and
the corresponding currents (iL1 and iDG1) are shown in Figure 6a,b, respectively. Therefore, the local
load variations, unbalanced load and nonlinear loads of nanogrid-1 will not affect the microgrid
voltage vN1 (vN1a, vN1b and vN1c) at PCC1 is shown in Figure 6d. The Figure 6 validates that a constant
power demand by nanogrid-1 from microgrid is maintained irrespective of local load demand variation.
Therefore, the bus voltage of microgrid remains unaffected under local load variations of nanogrid-1.
In addition to this, the power quality of the microgrid is improved by compensating for unbalanced
and harmonic currents demanded locally using respective local DG. The performance of DG2 and DG3

in nanogrid-2 and nanogrid-3 are similar to above, shown in Figures 7 and 8 respectively.
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(a) Load current in nanogrid-1 (b) DG1 current

(c) Current from microgrid (iN1) (d) PCC1 voltage (vN1)

(e) Active power flow (f) Reactive power flow

Figure 6. Current waveforms, PCC1 voltage and power flow curves in nanogrid-1.

(a) Active power flow (b) Reactive power flow

Figure 7. Power curves in Nanogrid-2.
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(a) Active power flow (b) Reactive power flow

Figure 8. Power curves in Nanogrid-3.

4.2. Transition of Nanogrid Between Grid Connected and Islanded Operation Mode

During healthy condition of microgrid, the nanogrids are interconnected with the microgrid.
Initially, the load demand PL3 is shared by DG3 (PDG3) and microgrid (PN3) as shown in Figure 9a.
If a fault occurs in the microgrid, the nanogrids will be disconnected from the microgrid and operate
in islanded mode. In this paper, the islanding is made intentionally to observe the transition of
nanogrid between the two modes of operation. During the transition of the nanogrid to islanded
mode, the controller of respective local DG is changed to modified voltage control technique and the
voltage spike in the nanogrid (vN3) is controlled as shown in Figure 9b to achieve smooth transition.
During islanded operation of nanogrid-3, the PN3 becomes zero and the PL3 is met with PDG3 as shown
in Figure 9a. When the microgrid is restored to a healthy condition, the nanogrid-3 will reconnect
to the microgrid. However, before this reconnection; the nanogrid voltage is synchronised with the
microgrid voltage by selecting the mode-2 shown in Figure 4. The seamless transition occurs during the
reconnection of the nanogrid to the microgrid with the help of modified control technique, as shown
in Figure 10.

(a) Active power curves (b) Nanogrid-3 Voltage

Figure 9. Transition of nanogrid-3 during grid connected to islanded operating mode.
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(a) Active power curves (b) Nanogrid-3 Voltage

Figure 10. Transition of nanogrid-3 during islanded to grid connected operating mode.

4.3. Microgrid in Grid Connected Operation Mode

The active power demand by nanogrids in the microgrid are represented as PN1, PN2, PN3 and PN4.
PGrid is the active power supplied by main grid to the microgrid. During the grid connected operation
mode of the microgrid, the DG in the nanogrids are controlled by proposed power control scheme.
In Figures 6–8, it is observed that the nanogrid load disturbances will not be reflected in the microgrid.
Furthermore, the disturbances in the microgrid will not be reflected in the main grid with the help
of the modified control scheme. During grid connected operating mode, the microgrid demands
constant power from the main grid. This constant power value is estimated from the knowledge
of additional average load demand by the microgrid during this operating mode. At t1 instant in
Figure 11, the nanogrid-3 is disconnected from the microgrid. Even though the power demand in the
microgrid changes, constant power is demanded from the main grid shown in Figure 11. At t2 instant,
the nanogrid-3 is reconnected to the microgrid; however, the power demand by the microgrid from
the main grid remains constant which is shown in Figure 11. Therefore, the main grid is unaffected by
the disturbances occurring in the microgrid, which improves the stability of the main grid.

Figure 11. Microgrid active power curves.

4.4. Microgrid Transition from Grid Connected to Islanded Operation Mode and Re-Synchronisation

When the main grid is in a healthy condition, then the microgrid operates in grid connected
mode. In this operating mode, DGs in the microgrid are controlled by the proposed power control
scheme. If a fault occurs in main grid, then the microgrid will work in islanded mode by disconnecting
from the main grid. To observe the transition of the microgrid between the two operating modes,
an intentional islanding is done. During the transition of the microgrid to islanded mode, the controller
of DG4 is changed to modified voltage control technique and the voltage spike in the microgrid
(vN4) is controlled as shown in Figure 12b to achieve smooth transition. The power curves for the
corresponding case are shown in Figure 12a. When the microgrid is restored to healthy condition,
the microgrid will reconnect to the main grid. But, before this reconnection; the microgrid voltage is
synchronised with the main grid voltage by selecting the mode-2 as shown in Figure 4. The modified
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control technique achieved seamless transition during the reconnection of the microgrid to the main
grid, shown in Figure 13.

The proposed control scheme is compared with various other control schemes reported in the
literature. The detailed comparison is given in Table 2.

(a) Active power curves (b) PCC4 Voltage

Figure 12. Transition of microgrid during grid connected to islanded operating mode.

(a) Active power curves (b) PCC4 Voltage

Figure 13. Transition of microgrid during islanded to grid connected operation mode.

Table 2. Comparative analysis of proposed control scheme.

Criteria [13] [18] [20] [23] [24] Proposed

Voltage regulation yes yes yes yes yes yes
Compensation of reactive power,
harmonics and unbalanced current yes yes - yes Yes yes

Seamless transition between
modes of operation - yes yes - - yes

Dynamics during disturbances
(on voltage source) medium poor medium poor poor good

Control complexity more medium medium medium medium less

5. Conclusions

The proposed control scheme is verified for dynamic performances under grid connected and
islanded operating mode of the microgrid. The local DG in the nanogrids compensates for the
unbalanced currents and reactive power locally; therefore, the microgrid voltage profile is maintained.
The transient free operation of microgrid under load variations in the nanogrid is achieved by
implementing the proposed modified control scheme. With this technique, smooth transition of
the nanogrid between the grid connected and islanded operating modes are achieved. The overall
microgrid acts as a constant load on main grid under various disturbances in the microgrid by using
a modified control scheme for DGs; therefore, the microgrid is transient free from the disturbances.
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In addition, the smooth transition of the microgrid as well as the nanogrid between the operating
modes (grid connected and islanded operating mode) are achieved. By implementing the proposed
control scheme, the combined operation of various nanogrids with the main grid is achieved.
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