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Abstract— In this research, we introduce an energy management system that manage energy consumption in
DC-AC hybrid distribution networks. It is being proposed to implement an energy management system that
takes into account distributed generation, load demand, and battery-charge level. The hybrid grid consists of
both ac and dc networks connected together by multi-bidirectional converters. AC sources and loads are
connected to the ac network whereas dc sources and loads are tied to the dc network. Energy storage systems
can be connected to dc or ac links. Uncertainty and intermittent characteristics of wind speed, solar irradiation
level, ambient temperature, and load are also considered in system control and operation. A small hybrid grid
has been modeled and simulated using the Simulink in the MATLAB. The simulation results show that the
system can maintain the load demand under the proposed coordination control scheme.
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I. INTRODUCTION
In the ongoing years, distributed computing has developed
The amount of power that is required all across the world is
constantly increasing. Because there are a limited number
of conventional sources, and because it also has negative
effects on the surrounding environment, this results in a
significant impaling of sources that are based on renewable
energy in the power networks that are now available. A
photovoltaic array system with a large capacity or a wind
energy-based generator can be controlled from a
centralised location by grid operators, but a photovoltaic
system with a small capacity or a wind farm can be
regulated by the customers. However, the majority of non-
conventional sources are unpredictable by their very nature,
and as a result, they have an effect on the grid. Renewable
energy sources, also known as RES, are an effective
alternative that may be used in place of conventional
sources to reduce the amount of pollution that is released
into the environment and improve the quality and
efficiency of power system networks [1]. Solar
photovoltaic and wind energy have the highest potential to
generate power among the various RES sources; however,
the output power of solar energy and PV panels is
primarily dependent on environmental temperature and
solar irradiance, whereas the output power of wind energy
is primarily dependent upon wind speed; this results in a
continuous vacillation in output power[2, 3], [4], [5].
Consequently, a source of stored energy is required to

guarantee continuous power output. In [6], the author
examines a droop control system for balancing the load on
a PV array-storage system with power from another source.
An improved version taking into account a wide variety of
power sources has been introduced in [7, 8]. All of these
methods work well for systems without a DC bus and loads
because they efficiently control the load need and source
power generation. Literature [9][10]introduces a control
method for a mixed system, the focus on optimal sizing
and costing analysis of the PV system and battery storage
rather than  power balancing. AC  microgrids
[11][12][13][14] are  proposed here to reduce the
complexity of the link of RES to existent AC systems. The
AC network accommodates a wide variety of load
configurations. In order to keep up with the demand, it is
necessary to use both AC-DC and DC-DC converters.
Integration of dispersed energy resources has been
extensively discussed in [15][16][17][18]. In order to
connect to the dc microgrid, however, ac power sources
must first be converted to dc. Because of the need for many
converters to accomplish the ac/dc conversion, the system's
performance may suffer. Microgrids, both AC and DC, are
connected to the central converter to guarantee reliable
power flow ([19], [20]). However, the limitations of battery
SOC have been disregarded in terms of feeding power into
the main grid. Numerous power management strategies
have been proposed in the literature for hybrid microgrids.
Voltage balance, crucial for DC loads like EV charging
stations, is not addressed in the surveyed literature. Voltage
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regulation on both the DC and AC buses, as well as a
seamless handoff when switching from the AC to DC
microgrid and back again. And keep the battery storage
unit's minimum and maximum levels in check to lengthen
the battery's cycle life. A proposed system of hybrid
microgrid is depicts in fig.1.
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Fig. 1 Proposed hybrid microgrid system.

1. HYBRID MICROGRID MODELING

A. Modeling of PV Array System

A photovoltaic system typically includes an array of
photovoltaic modules Fig.2. depicts the PV array
equivalent circuit model. PV current is expressed by
equation. Figure 2 depicts the PV array system's internal
circuit. For obtaining the current of PV array
undermentioned approach is applied.
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Fig.2 Equivalent circuit of PV system.

Y
Iy = (E)[Sref + a5c(T, — Tref) 1)
Where, vy represent irradiance level in w/m2, Ta is
temperature in kelvin, a,5. is coefficient of short circuit
current and I, Trer and v, are standard value under
test conditions.
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Fig.3. Incremental conductance MPPT algorithm flowchart
Due to the irradiance in PV array, there is variation in the
generated power and maximum power point tracking
(MPPT). To trace the MPPT, incremental conductance
(INC) MPPT method as shown in Fig.3. is performed with
an adjustable variable step size. This algorithm itself
change the step size to observe the maximum power point
(MPP) with step size adaptation coefficient, and a user
predefine fix value is not important for the junction of this
MPPT method, thus clarify the design of the PV system

B. Modeling of Battery Storage
A bhattery is an origin of electric power made up of one or
more electrochemical cells. SB unit are attuned to diminish
the output of solar slow power fluctuation. The state of
charge (SOC) of the battery is resolved using the method of
current integration, where Q(t0) is the initial charge to the
battery at time to, a is the discharge/charge efficiency and I
is the current

Vg = Voo + Ry Iz — K QHQIBdt

+ A.exp(B [Izdt (2)

Modeling of Wind
The output expression of a WT in terms of ambient wind

speed can be obtained by a piecewise function.
Pr(v=v¢i)
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Where P, (v) is wind turbine generator output with
ambient wind speed v, P. is power of wind turbine at
rated speed and v,; is cut in wind speed , v,,is the cut-out
wind speed and vr is rated wind speed.

I1l. ENERGY MANAGEMENT SYSTEM (EMS)
Figure 4 illustrates the control algorithm of a customized
hybrid microgrid network using the proposed EMS. In this
proposed EMS design, the PV system is linked to the DC
bus by a boost converter, and the battery storage unit is
linked via a bidirectional converter to handle the charging
/discharging process. A main converter is used to connect
the DC and AC buses and exchange the power flow
smoothly. The mode of operation of the hybrid micro grid
is determined by the availability of PV system output
power, wind turbine output power, battery power and SOC,
as well as the demand for DC and AC loads. As a result,
power flow in the hybrid micro grid is always steady. The
EMS works based on following equations:

Grid mode:
Ppy + Py + Py = Pﬁgad +Pfgad (4)

Here in the equations Py, stands for the output of the PV
system, here P, is the output power of wind turbine
generator, term Pg is the battery power (-ve sign here
represents charging of battery and +ve sign represents
discharging). PL2a¢ | pkead  represent the AC and DC

load respectively.
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Fig. 4 Energy management system for hybrid DC-AC
microgrid.
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IV. RESULTS AND DISCUSSION

With the help of simulation results, the regulations of the
hybrid microgrid are validated when subjected to a variety
of load circumstances, as well as alternating and direct
current sources of energy.

The photovoltaic array system, the wind turbine generator,
and the battery storage system are the only ones that
contribute to the generation of electricity while the hybrid
microgrid system is operating in autonomous mode. the
state of charge of the battery will eventually reach a point
where it will surpass its maximum possible state of charge.
This will result in the battery sending excess power to the
conventional grid, as shown in figure 5. (a). As can be seen
in figure 5, the BSS (b) helps to smooth out the fluctuations
in output power that are caused by the PV array system. As
shown in figure 4, the output power of the WT generator is
reduced to 20 kilowatts when the ambient wind speed
reduces from 12 metres per second to 9 metres per second
at time t equal to 10 seconds. (c). As a consequence of this,
and in order to control the amount of power consumed by
the AC load, the EMS cuts off the power supply to the
Battery, as shown in figures 5(a) and 5(c). As can be seen
in figures 6(a) and 6(b) (b), the DC bus voltage is
maintained at a constant level by the duty cycle of the
battery converter. The dc load current (c) and dc load

power (d) are depicted in figures 6(c) and 6(d), respectively.

In the Islanded mode of operation, the battery state of
charge (SOC) is more than the upper limit (SOC>70%).
This can be seen in figure 7. (d). The battery is shown in
figures 6(b) and 7(c) operating in the discharging mode.
The voltage measured at the battery terminals is depicted in
Figure 7(a). SOC of battery lower than the SOC minimum
limit (SOC< 30%) as shown in the fig.7(d). BSS needs to
be in charging state. At t= 0 sec to t=10 sec grid supply is
very less to hybrid microgrid as shown in fig. 7
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Fig. 5 (a) grid power frorlﬁmﬁybr-id MG. (b) PV syétem
output power and battery power (c) Wind generator output
power (d) AC load
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Fig. 6 Islanded mode of hybrid microgrid (a) duty cycle (b)
dc bus voltage (c) dc load current (d) DC load.
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Fig. 7 Islanded mode of hybrid microgrid (a) battery
terminal voltage (b) battery current (c) battery power (d)
battery SOC.
V. CONCLUSION
The paper here proposes a novel approach of
active power control and management system for a hybrid
micro grid that includes both AC and DC loads. The future
EMS regulates the flow of power either in hybrid
microgrids or conventional ones. Therefore, the described
EMS also maintains the dependability of the power supply
to all of the units, even when the amount of electricity
produced by the solar panels and wind turbines varies due
to changes in the amount of irradiance and the speed of the
wind. Simulation and verification of the power
management technique are carried out in the MATLAB
environment. When switching between modes of operation,
there is no disruption to the flow of power. In the future, it
will be possible to adapt this work to match to changeable
load.
References
[1] International Energy Agency, “World Energy
Outlook 2020 - Event - IEA,” World Energy
Outlook 2020 - Event - IEA, pp. 1-25, 2020,

[Online]. Available:
https://www.iea.org/events/world-energy-outlook-
2020.

[2] T. A. Nguyen, X. Qiu, J. D. Guggenberger, M. L.
Crow, and A. C. Elmore, ‘Performance
characterization for photovoltaic-vanadium redox
battery microgrid systems,” IEEE Trans. Sustain.
Energy, vol. 5, no. 4, pp. 1379-1388, 2014, doi:
10.1109/TSTE.2014.2305132.

[3] X. Lu and J. Wang, “A game changer:
Electrifying remote communities by using
isolated microgrids,” IEEE Electrif. Mag., vol. 5,
no. 2, pp. 56-63, 2017, doi:
10.1109/MELE.2017.2685958.

[4] R. R. Deshmukh, M. S. Ballal, H. M.
Suryawanshi, and M. K. Mishra, “An adaptive
approach for effective power management in DC
microgrid based on virtual generation in
distributed energy sources,” IEEE Trans. Ind.
Informatics, vol. 16, no. 1, pp. 362-372, 2020,
doi: 10.1109/T11.2019.2919647.

3| Copyright © 2023. JCT Publications. All Rights Reserved



http://www.jctjournals.com

ISSN(ONLINE):2278 - 3814

[5] M. P. Kazmierkowski, “Solar Powered Charging
Infrastructure  for  Electrical ~ Vehicles: A
Sustainable Development [Book News],” IEEE
Ind. Electron. Mag., vol. 11, no. 2, pp. 72-73,
2017, doi: 10.1109/mie.2017.2704498.

[6] H. Mahmood, D. Michaelson, and J. Jiang,
“Decentralized Power Management of a
PV/Battery Hybrid Unit in a Droop-Controlled
Islanded Microgrid,” IEEE Trans. Power
Electron., vol. 30, no. 12, pp. 7215-7229, 2015,
doi: 10.1109/TPEL.2015.2394351.

[7] TS Biyaand MR Sindhu. Design and power
management of solar pow-ered electric vehicle
charging station with energy storage system.
In20193rd International conference on
Electronics, Communication and
AerospaceTechnology (ICECA), pages 815-820.
IEEE, 2019.

[8] BV Rajanna, SVNL Lalitha, Ganta Joga Rao, and
SK Shrivastava. Solarphotovoltaic generators
with mppt and battery storage in microgrids.Inter-
national Journal of Power Electronics and Drive
Systems, 7(3):701, 2016.

[9] Michael Boxwell.Solar electricity handbook: A
simple, practical guide tosolar energy-designing
and installing photovoltaic solar electric
systems.Greenstream publishing, 2010

[10] Saad Motahhir, Abdelilah Chalh, Abdelaziz El
Ghzizal, and Aziz Derouich.Development of a
low-cost pv system using an improved inc
algorithm and apv panel proteus model.Journal of
Cleaner production, 204:355-365, 2018.

[11]Y. Zoka, H. Sasaki, N. Yorino, K. Kawahara, and
C. C. Liu, “An interaction problem of distributed
generators installed in a MicroGrid,” Proc. 2004
IEEE Int. Conf. Electr. Util. Deregulation,
Restruct. Power Technol., vol. 2, no. April, pp.
795-799, 2004, doi: 10.1109/drpt.2004.1338091.

[12]R. H. Lasseter and P. Paigi, ‘“Microgrid: A
conceptual solution,” PESC Rec. - IEEE Annu.
Power Electron. Spec. Conf., vol. 6, pp. 4285-
4290, 2004, doi: 10.1109/PESC.2004.1354758.

[13]C. K. Sao and P. W. Lehn, “Control and power
management of converter fed microgrids,” IEEE
Trans. Power Syst., vol. 23, no. 3, pp. 1088-1098,
2008, doi: 10.1109/TPWRS.2008.922232.

[14]T. Logenthiran, D. Srinivasan, and D. Wong,
“Multi-agent coordination for DER in microgrid,”
2008 IEEE Int. Conf. Sustain. Energy Technol.
ICSET 2008, pp. 77-82, 2008, doi:
10.1109/ICSET.2008.4746976.

[15] M. E. Baran and N. R. Mahajan, “DC distribution
for industrial systems: Opportunities and
challenges,” IEEE Trans. Ind. Appl., vol. 39, no.
6, pp. 1596-1601, 2003, doi:
10.1109/T1A.2003.818969.

[16]H. Akagi, “Micro-grid Based Distribution Power
Generation System,” pp. 1740-1745.

[17]1K. R. Naik, B. Rajpathak, A. Mitra and M. Kolhe,
"Adaptive Energy Management Strategy for
Optimal Power Flow Control of Hybrid DC
Microgrid," 2020 5th International Conference on
Smart and Sustainable Technologies (SpliTech),
2020, pp. 1-6, doi:
10.23919/SpliTech49282.2020.9243716.

[18] Pradyumna Kumar Behera, Bibhudatta Mishra,
Monalisa Pattnaik, "Geometrical Interpretation of
Incremental Conductance MPPT Algorithm for a
Stand-alone  Photovoltaic ~ System", 2021
Innovations in Power and Advanced Computing
Technologies (i-PACT), pp.1-6, 2021.

[19]1X. Liu, P. Wang, and P. C. Loh, “A Hybrid AC /
DC Microgrid and Its,” vol. 2, no. 2, pp. 278-286,
2011.

[20]Z. Yi, W. Dong, and A. H. Etemadi, “A unified
control and power management scheme for PV-
Battery-based hybrid microgrids for both grid-
connected and islanded modes,” IEEE Trans.
Smart Grid, vol. 9, no. 6, pp. 5975-5985, 2018,
doi: 10.1109/TSG.2017.2700332.

[21]M. O. Badawy and Y. Sozer, ‘Power Flow
Management of a Grid Tied PV-Battery System
for Electric Vehicles Charging,” IEEE Trans. Ind.
Appl., vol. 53, no. 2, pp. 1347-1357, 2017, doi:
10.1109/T1A.2016.2633526

[22]R. R. Deshmukh, M. S. Ballal, H. M.
Suryawanshi, and M. K. Mishra, “An adaptive
approach for effective power management in DC
microgrid based on virtual generation in
distributed energy sources,” IEEE Trans. Ind.
Informatics, vol. 16, no. 1, pp. 362-372, 2020,
doi: 10.1109/T11.2019.2919647.

[23]S. Kewat, B. Singh and 1. Hussain, "Power
management  in  PV-battery-hydro  based
standalone microgrid,” in IET Renewable Power
Generation, vol. 12, no. 4, pp. 391-398, 2018.

4 | Copyright © 2023. JCT Publications. All Rights Reserved



