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Abstract —This paper will optimized energy
management of the hybrid unit which includes a
photovoltaic (PV), a fuel cell (FC), an electrolyzer
(EL) and a battery.The system was designed to
guarantee the power flow management between the
energy sources and the storage elements.The aim of
the system is to provide a permanent supply to the
isolated site by adapting production to
consumption according to the storage level.The
control of hybrid power production unit under
different types of power generation and load
demand was illustrated using
MATLAB/SIMULINK software.

Index Terms — Energy management, Hybrid power,
renewable energy,Dc micro grid .

I. INTRODUCTION

As stand-alone power system Hybrid Renewable
Energy System (HRES) are becoming popular for
providing electricity in remote areas. A hybrid energy
system consists of two or more renewable energy
sources are used to increase the system efficiency.
There are many renewable sources, combined together
could provide an uninterruptable power supply.

Photo voltalic cell is commonly used for an isolated
places to generate electricity. [1]-[4].
Energy is converted into dc and stored in energy
storage elements, and then it is inverted to ac and
given into the utility grid.Battery energy storage is
used to avoid power outage or power surges in power
system.Using the power grid the energy loss will get
reduse.

However, existior getting high efficiency
and compact appliances are powered by dc, dc is
getting by converted by rectifying.
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Power loss is
distribution about 7%,
Investment also reduse by

reduse by using DC-
saved and 33% space,

about 15% and increased reliabilityby about
200%.Here the system has, green power generator,
energy storage element, dc appliance and equipment,
and energy management system (EMS) with a fuzzy
controller are used.

For design of the green energy systems,
There is a control method is required to optimize
energy distribution of a microgrid system. So that
model construction is necessary for solar energy and
storage devices, The lithium-ion batteries are used to
simulate dynamic changes of the renewable energy
distribution. The design concept of this study was to
increase the useful life of lithium batteries and to
include charge and over discharge protection
mechanisms.

As in Fig. 1, the system configuration are
includes five blocks: power generator, energy storage
equipment, dc-bus regulator, dc load, and EMS.

The power generator includes PV panels and

fuel cells. The fuel cells provide base power for the
emergency loads when the system is operated during
a power failure. Maximum power point trackers are
used in PV panels to draw maximum power, which is
fed into the dc grid. The dc loads are connected to the
dc grid and supplied from the grid directly.
If there is power shortage, the bidirectional inverter
will take power from the ac grid and it is operated in
rectification mode with power factor correction to
regulate the dc-grid voltage.

During the power failure, the Li-ion battery
firstly discharged to supply power for a short-time
interval and if the failure lasts longer (e.g., 2 min),
the fuel cell will start supplying power.Here the
battery discharger will be also responsible for dc-grid
voltage regulation if the bidirectional inverter is not
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in operation. If the bidirectional inverter is in
operation, the battery can be charged.

If there is residual power on the dc grid, the

battery can be charged depending on its status, and/or
the bidirectional inverter can be operated in grid-
connection mode to sell power and regulate dc-grid
voltage to 380 + 20 V. The overall system operation
will be monitored and controlled by the EMS, so
each module in the system has to communicate with
the EMS based on RS-485 or ZigBee communication
protocol. TheEMSwill command the modules when
to operate and collect operational status. However,in
emergency situations, such as excessive current,
voltage or temperature, the modules will protect
themselves without a command from the EMS, but
the modules still have to inform the EMS of their
current status.
The proposed fuzzy control is to optimize energy
distribution and to set up battery state of charge
(SOC) parameters. The control algorithm takes the
priority of selling electricity as the premise of energy
distribution to allow remaining power generated by
the renewable energy of the electrical grid sold
through the connected mains grid.
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Fig 1 Block Diagram of Hybrid System

II. MODELING OF RENEWABLE
COMPONENTS

A.Modeling of Solar cell
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Figure 2 Equivalent circuit of solar cell

Solar panel current equation can be expressed as,

— q Vpn
Ly, = nplpp — 1y L, [exp (mn—s) —1] 1)
where Vpv is output voltage of solar panels, Ipv is
output current
of solar panels, ns is number of solar panels in series,
np is number of solar panels in parallel,

k is the Boltzmann constant

(1.38 x 10-23 J/K), q is electron charge (1.6 x
10-19C), A'is

ideality factor (1-2), T is surface temperature of the
solar panels

(K), and Irs is reverse saturation current.

Iph = [Iscr'l'oc (T - Tr)]% (2)
where Iscr is the short-circuit current at reference
temperature Tr and illumination intensity 1 kW/m2 ,
o. is the short-circuit current temperature coefficient
of the solar panels, and Sis the illumination intensity
(kW/m2).

This study used Sharp NUSOE3E solar modules, each
with a power rating of 180 W, as the photovoltaic
device of the microgrid system. This study used a
solar 5 kW power system, generated by two
photovoltaic arrays in parallel, where each arraywas
built with 14 solar panels in series[5]-[6].

B.Lithium-lon Battery Modeling

Eq. (3) is the discharge equation and (4) the charge
equation of the lithium-ion battery

iti') = E0 — K —2— j*k—2 Bii
f1(iti*i)=E0 - K ooic L k.Q_it.lt+A.exp( B.it) (3)

£2 (it ') = B0 —K —2—i*— K —2—i"— K =%
it-0.1.Q Q-it

it—0.1.Q
i+A-exp(—B-it) 4)
where EO is initial voltage (V), K is polarization
resistance (Q),i» is low-frequency dynamic current
(A), i is battery current (A),itis the battery extraction

capacity (Ah), Q is maximum battery capacity (Ah),
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A is exponential voltage (V), B is exponential
capacity (Ah)—1 .SOC of the battery is an important
factor, which is calculated by SOC = 100[7]-[10].

C. Fuel Cell Modeling

Fuel cells provide a high efficiency clean alternative
to today’s power generation technologies. The
polymer electrolyte membrane (PEM) fuel cell has
gained some acceptance in medium power
commercial applications such as creating backup
power, grid tied distributed generation, and electric
vehicles [1]. Theoutput voltage E of the PEM fuel
cell is represented as

E = En — (—Vact + Vohm + Vcon) (5)

where En is Nernst voltage, Vact is the activation
over potential, V ohm is ohmic over potential, and V
con is concentration.[11]-[14].

1 ENERGY MANAGEMENT SYSTEM

As shown in Fig. 1, the system configuration
of the proposed dc micro grid system includes five
major blocks. To design an accurate controller of the
proposed micro system, the dynamic mathematical
models of the power sources (PV, fuel cell), dc/dc
converters (buck-boost, buck, and phase shifted full-
bridge converters), bidirectional converter
(symmetrical full-bridge converter), and bidirectional
inverter (full bridge inverter) of the integrated micro-
system are necessary.[15]

However, the modeling, analysis, and design
of the proposed integrated dc micro system are not
simple. To maintain the battery SOC with EMS, the
fuzzy controller is needed to meet design
specifications, because the control for EMS is a low
response component and the models of dc/dc
converters, dc/ac converters of the micro-dc micro
grid system are unnecessary. Additionally, the dc
micro system is a nonlinear system and fuzzy logic
can offer a practical way for designing nonlinear
control systems.

Fuzzy control theory is designed and
implemented in EMS for the dc micro grid system to
achieve the optimization of the system. The design
criterion requires that both the photovoltaic device
and the wind turbine are supplied by a maximum
power point tracker to maintain the maximum
operating point. The difference between actual load
and total generated power is taken into account for
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Li-ion battery in charge and discharge modes. The
life cycle and SOC of the battery are in direct
proportion. To improve the life of the Li-ion battery,
we can control and maintain the SOC of battery with
fuzzy control.

AP=Py~(Ppy-Pyyin)

Al 50C

Fuzzy Controller Li-lon Battery

Figure 3 Block diagram of fuzzy control to maintain
the desired SOC of the battery.

A)Fuzzy Control

Fuzzy control is a tool of quantitative expression for
concepts that could not be clearly defined. A fuzzy
control system is based on fuzzy-logic thinking in the
design of how a controller works. The so-called fuzzy
logic is to establish a buffer zone between the
raditional zero and one, with logic segments of none-
zero and none-one possible.

It allows a wider and more flexible space in
logic deduction for the expression of conceptual ideas
and experience. A fuzzy controller differs from a
raditional controller in that it employs a set of
qualitative rules defined by semantic descriptions

The fuzzy controller is applied in the
proposed microgrid power supply system, as shown
in Fig.3.To obtain the desired SOC value, the fuzzy
controller is designed to be in charging mode or
discharging mode for the proposed microgrid system.
The input variables of the fuzzy control are ASOC
and AP and output variable is Al. The definition of
input and output variables are listed as follows:
ASOC = SOCcommand — SOCnow
AP =PL - Ppv

The power difference AP is between
required power for load and the total generated power
of the microgrid. The fuel cells only provide base
power for the emergency loads when the system fails.
The generated power comes from solar power
Ppv, wind turbine Pwind and power load PL for the
proposed system. The input and output membership
functions of fuzzy control contain five grades: NB
(negative big), NS (negative small), ZO (zero), PS
(positive small), and PB (positive big). If the AP is
negative, it means that the renewable energy does not
provide enough energy to the load. Thus, the battery
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must operate in charging mode; if the ASOC is
negative, it means that the SOC of the battery is
greater than the demand SOC. Thus, the battery

must operate in discharge mode.[16].

V SIMULATION RESULTS

The simulation result for the proposed system using
fuzzy controller is in below figures. The fig 4 gives the
output voltage and power of solar power. The figure 5
shows the overall simulation diagram. Where the
system has pv system, fuel cell, battery and the load.
The figure 6 shows the output of the simulation .

SOLAR PANELOUTPUT
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Figure 4 output voltage of solar

L i

Figure 6 output of the system
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V. CONCLUSION

This paper presents the modeling, analysis,
and design of fuzzy control to achieve optimization
of an energy management system for a dc microgrid
system. From the simulation results, the system
achieves power equilibrium, and the battery SOC
maintains the desired value for extension of battery
life by using the control rules for a dc microgrid.
Additionally, the optimization rules can be included
in the intelligent microgrid management system, and
the system can conduct data communication and
control operating status of subsystems. The
management system takes advantage of the design to
control microgrid with power equilibrium, and
achieves optimal control of the dc micro grid system.
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