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ARTICLE

Fuzzy logic-based energy management system of stand-alone renewable
energy system for a remote area power system
P Ganguly, A Kalam and A Zayegh

Department of Engineering and Science, Victoria University, Melbourne, Australia

ABSTRACT
Renewable energy systems (RES) are being widely accepted as an alternative to standard
conventional energy sources due to depletion of natural resources and their consequential
environmental impact. One of the increasing uses of stand-alone RES is in powering the
remote areas where grid power is significantly expensive due to transportation. However, the
energy management of such systems is quite complex. This paper deals with fuzzy logic-
based controller design for power management of a stand-alone hybrid renewable energy
systems (HRES). The proposed intelligent energy management aims to minimise the opera-
tion cost and the environmental impact of a microgrid while significantly improving the
economic and technical performance of power supply. The proposed fuzzy logic controller
(FLC) ensures the power management between renewable energy generation, energy sto-
rage, and load. The simulation results clearly show that the controller demonstrated high
performance under various load and generation conditions.
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1. Introduction

As the fossil fuels are getting closer to depletion,
researchers all around the world are looking for the
alternate sources of energy. Renewable energy (RE) is
becoming significantly important energy sources due
to their non-depletable nature and minimum impact
on the environment. Among all the RE sources solar
and the wind are most popular and promising
options (Ismail et al. 2015; Merlin, Babu 2014) as
they are available freely, and environment-friendly.
However, RE systems have some significant draw-
backs, they are highly dependent on meteorological
conditions and their high capital cost. Involving more
than one type of RE sources, that is, wind/solar and
proper storage can increase the system reliability and
efficiency to a greater extent (hybrid renewable
energy sources or HRES). One of the increasing
uses of stand-alone RES is in powering the remote
areas where grid power is significantly expensive due
to transportation.

While designing these HRES, one must consider
the fact that the dynamic interaction between load
demand and the HRES can lead to critical stability
and power quality problems (Merlin and Babu 2014;
Ilinca et al. 2003). Therefore, the power flow manage-
ment in HRES is very important to ensure the con-
tinuous energy flow between system components.
This is also required to increase the operating life of
the HRES and to ensure the quality of energy flow.
Few studies have been reported in the literature
related to the power management of hybrid power

systems (Dursun and Kilic 2012). Some researchers
have proposed a power management strategy for
hydrogen production performance and system effi-
ciency (Ipsakis et al. 2009). Onar et al. proposed
a power management strategy algorithm which dealt
with a hybrid (wind turbine/PV/fuel cell) power sys-
tem containing an ultra-capacitor bank (Onar,
Uzunoglu, and Alam 2008). Ahmed et al. proposed
a strategy for power management that considered
power fluctuations on a hybrid power system
(Ahmed, Miyatake, and Al-Othman 2008). An opti-
misation and simulation algorithm for the microgrid
system containing a wind turbine, a microturbine,
a diesel generator, a photovoltaic array, a fuel cell
and a battery storage was suggested by Mohamed
and Koivo (Mohamed and Koivo 2010).

This paper discusses the design of energy manage-
ment system and control algorithms of the microgrid
with energy storage using fuzzy logic control.

The work also presents a simulation model to
control the energy flow, and the simulation results
show that the proposed controller is able to adapt to
a changing configuration.

2. Hybrid PV/wind system model

The recommended methodology has been used to
analyse a stand-alone hybrid PV/wind energy system
with battery backup, which is designed to supply
a community of 20 residential households located in
Portland, Victoria, Australia (38°20′0″S, 141°36′0″E).
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The hybrid system considered in this project con-
sists of three power generation systems, photovoltaic
(PV) arrays and a wind turbine and a diesel genera-
tor. The PV and wind turbine are used as the main
power generation system for the system, and the
diesel generator is assigned as a backup power source
for the continuous power supply. This system can be
considered as a complete ‘green’ power generation
system because the main energy sources and storage
system are all environmentally friendly.

The weather data used here are obtained from the
Australian Bureau of Meteorology (BOM)
(Australia’s Official Weather Forecasts & Weather
Radar – Bureau Of Meteorology” 2017) Figures 1
and 2 shows the Portland Daily global solar exposure
of the months of July and January. Figure 3 shows the
mean 9 am and 3 pm wind speed of Portland (km/h)
for 1 year.

2.1. PV generator model

The hourly output power of the PV generator with an
area Apv (m2) at a solar radiation on tilted plane
module Gt (W/m2) is represented in Equation (2.1)
(Kaabeche, Belhamel, and Ibtiouen 2011a)

PPV ¼ ηpvApvGt 2:1

where ηpv represents the PV generator efficiency and
is represented in Equation (2.2).

ηpv ¼ ηrηpc 1� β Tc � Tcref
� �� �

2:2

where ηr is the reference module efficiency, and ηpc is
the power conditioning efficiency which is equal to 1
if a perfect maximum power tracker (MPPT) is used.
β is the generator efficiency temperature coefficient, it
is assumed to be a constant and for silicon cells the
range of b is 0.004–0.006 (°C), Tcref is reference cell
temperature (°C), and Tc is the cell temperature (°C)
and can be represented by Equation (2.3).

Tc ¼ Ta þ NOCT � 20ð Þ=800½ �Gt 2:3

where Ta is the ambient temperature °C and NOCT is
the nominal cell operating temperature (°C). ηpc, β,
NOCT and Apv are parameters that depend upon the
type of the module used. The data are obtained from
the PV module manufacturers. Table 1 represents the
specifications of the PV panels.

2.2. Wind turbine system model

The wind speed distribution for selected sites as well
as the power output characteristic of the chosen wind
turbine is the factor that must be considered to
determine the wind energy conversion system power
output. Choosing a suitable model is very important
for wind turbine power output simulations
(Kaabeche, Belhamel, and Ibtiouen 2011a). The
most simplified model to simulate the power output
of a wind turbine can be described by (Kaabeche,
Belhamel, and Ibtiouen 2011b) (Pallabazzer 1995)

PwðVÞ ¼
PR V2�V2

C

� �
=V2

R�V2
C

� �
; VC �V �VR

PR; VR �V �VF

0; Otherwise

8<
:

2:4

where PR is the rated electrical power; VC is the cut-
in wind speed; VR the rated wind speed; and VF is the
cut-off wind speed. In this study, the adjustment of
the wind profile for height is considered by using the
power law that has been recognised as a useful tool to
model the vertical profile of wind speed. The equa-
tion can be described by Lu, Yang, and Burnett
(2002)

Figure 1. Portland Daily global solar exposure July.
Source: BOM

Table 1. Specifications of the PV panels.

Type
Voc
(V)

Isc
(A)

Max system
voltage

Opt. operating cur-
rent (A)

Pmax
(W)

CS6K
295MS

39.5 9.75 1000 V (IEC) 9.14 A 295 W
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VðHÞ
VðHref Þ ¼

H
Href

� �α

2:5

where V(H) is the wind speed at hub height H, m/s;
V(Href) is the wind speed measured at the reference
height Href, m/s; α is the power law exponent. The
determination of α becomes very important. The
value of 1/7 is usually taken when there is no specific
site data (Lu, Yang, and Burnett 2002). Table 2 repre-
sents the specifications of the wind turbine.

Figures 2 and 3 demonstrate a significant differ-
ence between solar exposure and wind speed in July
and January. The intermittent characteristics of wind
and solar affect the overall power generation, hence
the power flow management. Hence, the sizes of the
system components (PV generators, wind turbines,
and battery bank) have been optimised for a yearly
load of the targeted community and yearly climatic
conditions using the software HOMER. HOMER
stands for hybrid optimisation model for electric
renewables. HOMER is a very frequently used

software for optimisation of hybrid renewable energy
systems, both off grid and grid connected (NREL
2005). HOMER simulates the operation of a system
by making energy balance calculations for each of the
8760 h in a year comparing the electric and thermal
load of every hour to the energy that the system can
supply in that hour. HOMER also decides for
each hour how to operate the generators and whether
to charge or discharge the batteries for systems that
include batteries or fuel-powered generators. Should
the system meet the loads for the entire year,
HOMER estimates the lifecycle cost of the system,
accounting for the capital, replacement, operation
and maintenance, fuel and interest costs. This ensures
that the generators and storage considered in this

Figure 2. Portland Daily global solar exposure.
Source: BOM

Figure 3. Mean 9am and 3pm wind speed of Portland (km/h).
Source: Australia Govt. Bureau of Meteorology

Table 2. Specifications of the wind turbine.

Type
Rated
power

Cut-in
speed

Rated
speed

Survival wind
speed

Rotor
height

AWS-
V

5 kw 2.5 m/s 10 m/s 55 m/s 5.3 m
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study are capable enough to supply the yearly load
demand with minimum interruption under various
weather conditions/yearly variations.

2.3. Battery bank model

Battery bank storage is sized to meet the load demand
during the non-availability period of renewable
energy source, commonly referred to as days of
autonomy. Normally, the number of days of auton-
omy is taken to be 2 or 3 days. Battery sizing depends
on factors such as maximum depth of discharge,
temperature correction, rated battery capacity and
battery life. Usually, two indexes, the state-of-charge
(SOC) and the terminal voltage, mainly characterise
a lead–acid battery. Besides, the charge or discharge
time and the current value are required (Nafeh and
El-Shafy 2011). The total capacity of the battery bank
that is to be employed to meet the load is determined
using the following expression (Kaabeche, Belhamel,
and Ibtiouen 2011a).

CB ¼ ELSD
VBðDODÞmaxTcf ηB

2:6

where EL is the load in Wh; SD is the battery auton-
omy or storage days; VB is the battery bank voltage;
DODmax is the maximum battery depth of discharge;
Tcf is the temperature correction factor and ηB is the
battery efficiency. Depending on the PV and wind
energy production and the load power requirements,
the state of charge of battery can be calculated from
the following equations (Kaabeche, Belhamel, and
Ibtiouen 2011a)
Battery charging:

SOCðtÞ ¼ SOCðt � 1Þ � ð1� σÞ
þ EGenðtÞ � ELðtÞ=ηinv
� � � ηB 2:7

Battery discharing:

SOCðtÞ ¼ SOCðt � 1Þ � ð1� σÞ
þ ELðtÞ=ηinv � EGenðtÞ
� �

2:8

where SOC(t) and SOC(t − 1) are the states of charge
of battery bank (Wh) at the time t and t − 1, respec-
tively; σ is hourly self-discharge rate; EGen(t) is the
total energy generated by PV array and wind genera-
tors after energy loss of controller; EL(t) is load
demand at the time t; ηinv and ηB are the efficiency
of inverter and charge efficiency of battery bank,
respectively. At any time, t, the charged quantity of
the battery bank is subject to the following two
constraints:

SOCmin � SOCðtÞ � SOCmax 2:9

The maximum charge quantity of battery bank
SOCmax takes the value of nominal capacity of battery
bank CB, and the minimum charge quantity of

battery bank SOCmin is determined by the maximum
depth of discharge (DOD) which can be expressed as
follows:

SOCmin ¼ 1� DODð Þ:CB 2:10

According to the specifications from the manufac-
turers, the battery’s lifetime can be prolonged to the
maximum if DOD takes the value of 30–50%. In their
work, Kattakayam and Srinivasan (Kattakayam and
Srinivasan 2004) recommended through trial and
error and prolonged experimentations that 50% <
SOC < 80% would be ideal working range for the
lead–acid batteries. Considering that, in this work,
the DOD takes the value of 50%.

Most storage systems are not ideal as losses occur
in charging and discharging cycles during storing
periods (Sharma and Agarwal 2008; Zhang and
Chaoying 2011).

Table 3 represents the specifications of one battery
used in this work. In this project, a battery bank of 10
batteries connected in parallel is considered.

The mathematical model of the diesel generator does
not affect the overall structure of the system as the only
function of the diesel generator is to receive an on/off
command and start/stop signal from the controller
depending on the total generated power, load demand
and battery SOC. Hence, the mathematical model of the
diesel generator is not discussed here.

3. The proposed architecture

This work considers an HRES with two different types
of renewable energy sources, wind and solar along
with battery storage along with a standby diesel gen-
erator. The system also has a dump load to absorb the
excess generated power when the battery SOC is 90%.

The main decision factors for the power manage-
ment strategies are the level of the power provided by
the renewable energy system (wind-solar) and the
state of charge (SOC) of the battery bank (Dursun
and Kilic 2012). As the stand-alone system is com-
posed from renewable power sources, the power
management strategies became even more complex.
This project considers the power management strat-
egy using fuzzy logic control.

Figure 4 represents the power management strategy
of an HRES using fuzzy logic control that has been
presented in this paper. The energy management strat-
egy (EMS) should determine the split power between
the photovoltaic, wind turbine and battery while satis-
fying the load power requirement. In the proposed

Table 3. Specification of a single battery.
Type
DOD(%) Nominal capacity(Ah) Voltage Round-trip efficiency

Varta Solar 100 12 .85
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method, the wind turbine, the PV generator, the diesel
generator, the AC load, dump load and the battery all
are connected to one central junction which is a AC bus
and the energy flow between them is controlled and
managed by the FLC as shown in Figure 4. The PV
generator is connected to the AC bus via a DC/AC
converter. The battery has a two-way connection to
the AC bus. When is in charging mode, the battery
bank receives power. In that condition the power flow
towards the battery will be via AC/DC converter. When
the battery is in discharging mode, it delivers power to
the load. So, the DC power of the battery is converted to
AC to supply load demand via DC/AC converter.

Wind power generation is stronger during winter
than summer and solar power generation during
summer is much larger compared to winter. As
a result, solar/wind combination is suitable for most
of the applications as they can compensate each other
for seasonal variation of energy production. The
capacity of the renewable energy sources along with
the storage should be designed to satisfy the load
demand under different conditions.

Energy storage is an indispensable part of
a microgrid to provide a unified dynamic performance
for different types of microsources. The deciding cri-
teria of the ratio of energy storage device tomicrosource
and also the size of energy storage device is mainly
based on the microgrid characteristics, especially the
dynamic response of the microsources and the power
quality required by the loads (Zamora and Srivastava
2014). Power quality is another important criterion to
decide the storage size. A microgrid with high power
quality requirement will need bigger storage while
a microgrid that has an ability to tolerate low power
quality would require a smaller storage. Energy storage
devices help to improve the system reliability and also
can work as a backup power supply, especially for
microgrids working in a stand-alone mode. The system
also contains a backup diesel generator. When the
renewable sources along with the battery are unable to

supply the load, the diesel generator should be started to
meet the load demand.

A comprehensive controller is designed using the
Fuzzy logic control to efficiently manage the power
flow between the renewable sources, load and storage
device and standby generator which will work effi-
ciently between various power flow conditions. The
controller should be able to detect any abrupt changes
in the load and power generation conditions due to
any transient circumstances and accordingly take the
control action and avoid overcharging or discharging
of the battery bank. To ensure that the behaviour of
the controller has been studied under various load
demand conditions, including abrupt change in sup-
ply-demand conditions, which might represent certain
transient situations like passing clouds.

The overall desired actions of the controller could
be described under two scenarios:

Scenario 1: Total generated power of all the
sources is greater than load demand: -

However, the possibility that both wind and solar
power reach their maximum points while the load
demand is at its lowest value is very small. According
to the data reported in Wang and Nehrir (2008), the
excess available power normally is less than half of
the maximum possible value. The amount of excess
energy increases with the penetration of solar energy
(Ismail et al. 2015).

Under this condition, the controller tracks the
total demand and utilises available generated power
to feed the demand first. In case there is excess
the second priority should be given to charging the
storage devices for future uses. It is important to note
that to increase the life of the storage devices one
must avoid overcharging or deep discharging. In this
paper, the state of charge (SOC) of the battery is
regulated between 50% and 90%. Note that these
numbers can be easily changed based on design cri-
terion and will not change the algorithmic
framework.

Figure 4. The schematic diagram of the proposed HRES.
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In case the generated power is excess to the
demand, the controller should check the battery
state of charge (SOC) to decide the next action. If
the battery SOC is less than its maximum value
(90%), the controller should utilise the excess power
to charge the battery till it reaches its maximum value
of SOC (SOCMAX). Once the battery reaches the
SOCMAX, the controller should stop charging the
battery and send the excess energy to dump load.
This strategy aims to protect the battery bank from
overcharging. This would be able to improve the
overall efficiency of the battery to a great extent.

Scenario 2: Total generated power of all the
sources is lesser than load demand: -

When the generated power is less than load
demand the controller should first check the battery
SOC. If battery SOC is greater than the minimum
limit of discharge (SOCMIN) which is 50% in this
case, the controller should discharge the battery to
supply the load demand till it reaches the minimum
SOC (SOCMIN) which is 50% in this case. Once the
battery reaches SOCMIN the controller should discon-
nect the battery to avoid deep discharging and turn
on the diesel generator to supply the load. The aim of
this is to avoid the deep discharge of the battery bank.
This will further help to improve the efficiency of the
battery. The higher is the total energy efficiency of the
battery. The lower is the cost of charging the battery.

The battery charging/discharging control algo-
rithm as well as energy management strategy is illu-
strated in Figure5.

4. The fuzzy logic controller design strategies

The main aim of the energy management strategy
(EMS) is to determine the split power between the
photovoltaic, wind turbine and battery while satisfy-
ing the load power requirement. Power demand is
unpredictable in nature and varying frequently. The
power generated from the RES is highly dependable
on meteorological conditions which result in a very
complex structure of the HRES.

Several control techniques are available in the lit-
erature for the implementation of energy manage-
ment algorithm. Among them FLC has been found
efficient due to lower power dissipation, optimised
cost, reliability and stability (Merlin and Babu
2014). Fuzzy control system a control mechanism
based on fuzzy set theory. As per the fuzzy theory
and logic, a decision is made by mainly three opera-
tions: fuzzification process, an inference engine for
rule base and defuzzification process (Zadeh 1965). It
is a mathematical system that analyses analogue input
values in terms of logical variables that take
a continuous value between 0 and 1, unlike classical
logic and operates on discrete values of either 1 or 0.
It utilises the expert knowledge of an experienced
user to design the knowledge base of the controller.
Figure 6 represents the configuration of fuzzy logic
(Lagorse, Simões, and Miraoui 2009; Männle 2000;
Sala, Guerra, and Babuška 2005).

This work aims to design a FLC which can replace
a conventional controller in terms of making

Figure 5. Energy management algorithm.
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decisions regarding power follow management
between the components of the HRES designed for
a small town located at Portland, Australia.
Commonly, conventional controllers are used in
such scenarios. The advantage of FLC is that it allows
an experienced user to feed their system knowledge
to the controller while designing the knowledge base.
Hence, it is possible to incorporate multiple inputs
and outputs to the controller behaviour even if the
direct mathematical relation between them is not
available. The work is ever evolving, hence once the
basic FLC is designed successfully more precise con-
trol actions can be achieved between the variables.
Hence, this work will emphasise on developing a FLC
to achieve the analogous control actions of
a conventional controller.

This fuzzy logic-based Energy Management
Controller monitors the status of load, Total gener-
ated power from the sources (wind/solar), SOC of
battery and generates control action accordingly to
charge/discharge the battery or to activate the diesel
generator or to supply the dump load.

The selection of the MFs is case sensitive. For each
set of generators, load characteristics, battery storage
capacity the ranges of the MFs will change. As men-
tioned earlier, this FLC was designed for the load
management of a HRES of a small community
located at Portland, Australia. Hence, the ranges of
the MFs were determined as per the study conducted
on the load and power characteristics of the HRES for
a period of 1 year.

The proposed FLC has two inputs, and three out-
puts. Straightforward membership functions are
selected for the input and output variables.

The input variables are ‘Excess Energy’ and
‘Battery SOC’. ‘Excess Energy’ is the difference
between the total power generated by the renewable
sources and the power consumed by the loads. It has
two membership functions. When generated power is
more than load demand, ‘Excess Energy’ will be
‘positive’ otherwise it would be ‘negative’.

Before designing the FLC, a study of the load
demand of that community and the power generated
by the selected generators been conducted for the
supply-demand condition over a period of 1 year.
The unit of energy in this work is kWh. From that

study, it was observed that the excess energy genera-
tion or power deficiency lies within the range of
−70–70 kWh at any time of the year. Hence,
a range of −70–70 has been considered for the MF
of ‘Excess Energy’.

‘Battery SOC’ presents the SOC of the battery at
any state of time. ‘Battery SOC’ has three member-
ship functions: ‘low’, ‘medium’ and ‘high’. The range
of SOC considered in this work is 50–90% for the
analytical purpose which can be changed without
making any significant change to the system struc-
ture. The total capacity of the battery bank is
1000 Ah, and hence the MF for battery SOC is con-
sidered in the range from 200 to 1000 for the
designed purpose considering the practical working
conditions. However, the rules were designed consid-
ering that factor and to ensure that the SOC varies
within the range of 50–90%.

The FLC has three outputs. They are ‘Charge
Battery’, ‘Generator’ and ‘Dump Load’.

The input variable ‘Charge Battery’ is a signal that
decides the charging/discharging of the battery. It has
two membership functions. If this is ‘positive’ the
battery should charge, and in case it is ‘negative’,
the battery should discharge. The second output
would be ‘Generator’ which is associated with the
control action to start the generator. It has two mem-
bership functions. If this one is ‘positive’, the gen-
erator should be on; in case it is ‘negative’, the
generator should remain off. The last output signal
would be ‘Dump Load’ which generates the control
action to send the excess generated power to dump
load when the battery SOC reaches its maximum
value. This output variable has two membership
functions. When this signal is ‘positive’ the excess
load should be sent to dump load, when it is ‘nega-
tive’ the excess energy should be utilised to charge the
battery.

The designed FLC with Two inputs and three out-
puts is presented in Figure 7. The controller is fed
with a predetermined set of rules which leads to
a control surface shown in Figure 8.

As mentioned previously, at this stage, the
designed FLC should demonstrate the performance
that should be comparable to a conventional control-
ler. Hence, the design of the FLC is based on very
straightforward rules.

For example:
If ‘Excess_Energy’ is ‘negative’ and Battery_SOC is

‘high’ then ‘Share’ is ‘positive’ and ‘Charge_Battery’ is
‘negative’.

If ‘Excess_Energy’ is ‘’ and Battery_SOC is ‘low’ then
‘Share’ is ‘negetive’ and ‘Charge_Battery’ is ‘positive’.

The surface viewer for rules is presented in
Figure 8.

As the desired actions were very straight forward,
no optimal tuning methodologies were implemented

Figure 6. Configuration of fuzzy logic.
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at this stage of the work. However, as the work is ever
evolving and once the basic FLC designed success-
fully, more variable and more precise control actions
can be achieved. At that stage optimal tuning meth-
odologies (For example, Genetic Algorithm of PSO or
Cuckoo Search algorithm) would be essential to opti-
mally tune the FLC.

The FLC analyses the individual source power and
load demand then controls the selector switch indivi-
dually. Figures 9–13 represents the membership func-
tions of the FLC.

5. Simulation results and discussions

A model of the HRES along with the energy manage-
ment system was constructed using MATLAB/
SIMULINK environment. The controller was

designed using fuzzy logic toolbox of SIMULINK.
The schematic diagram of the system under study
has been included in Figure 14. The wind turbine,
the PV panel the battery bank were modelled using
Equations (2.1)–(2.10) and Table 1–3. The weather
data used for simulation are collected from The
Australia. Bureau of Meteorology (“Australia’s
Official Weather Forecasts & Weather Radar –
Bureau Of Meteorology” 2017).

To investigate the efficiency of this energy man-
agement system, the performance of the system is
observed under two different demand-generation
conditions to check whether the performance of the
FLC is comparable with conventional controller.

1. Initial SOC of the battery is 70%
The system performance under this condition can

be observed from Figure 15. Initially, the load

Figure 7. Fuzzy logic controller with two inputs and three outputs.

Figure 8. The surface viewer for the rules.
Figure 9. Membership function for input 1: (Excess Energy).
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demand is lesser than the generated power. Battery
SOC is less than its specified maximum capacity, so at
this stage, the excess power is used charge the battery.
Hence, the battery SOC increases. When the load

demand is greater than the generated power, the
battery is discharged to supply the load and battery
SOC decreases. As the excess power is being stored in
the battery, no power is being sent to dump load.
Hence, it can be stated that the FLC demonstrates the
desired performance under the above-stated supply-
demand condition.

2. Initial SOC of the battery is 90%
The system performance under this condition can

be observed from Figure 16. Initially, the load
demand is lesser than generated power, but battery
SOC is at its maximum value as considered in this
project. At this situation, the excess generated power
cannot be stored, so it is being sent to dump load.
When the load demand is greater than the generated
power, the battery is discharged to supply the load
and battery SOC decreases. It can be observed from
Figure 16 that the controller avoided overcharging of
the battery and sent the excess generated power to the
dump load. Therefore, from these results, one can
conclude that the designed FLC is also capable of
satisfactorily delivering desired result under the
above-stated supply-demand condition.

Moreover, the remarkable characteristic is that the
FLC is able to keep the batteries’ SOC above 50%,
thus helping to increase the batteries’ lifetime by
avoiding deep discharge. It is effectively known that
deep discharges of the batteries could be damageable
for the battery lifespan (Florida Solar Energy 1997).

From the results, it also can be observed that with
this control strategy, the batteries act as a short-term
energy buffer and their SOC varies very slowly. This
avoids many charge–discharge cycles to the batteries,
thus again contributing to extend their lifetime.

So, from the results it can be clearly observed that
the FLC can deliver desired system performance and
can successfully replace a conventional controller. It
can keep the batteries from being discharged too
deeply, to keep the load powered continuously. It is
in fact capable of successfully managing the power
flow of the HRES under different load/generation
condition. It can efficiently prevent the unnecessary
charging/discharging of the battery resulting in
higher efficiency of the storage life cycle of the
battery.

6. Conclusions

In this paper, an effective power management system
between PV array, wind generator, battery bank, load
and dump load and diesel generator using FLC has
been presented.

The proposed controller uses fuzzy logic to decide
when to charge or discharge the battery or to send the
excess generated power to the dump load or when to
start the diesel generator. The use of fuzzy logic is
interesting for this application since it allows to easily

Figure 11. Membership function of output ‘Generator’.

Figure 10. Membership function for input 2: (Battery SOC).

Figure 12. Membership function of output ‘Dump load’.

Figure 13. Membership function of output ‘Charge Battery’.

AUSTRALIAN JOURNAL OF ELECTRICAL AND ELECTRONICS ENGINEERING 29



use multiple inputs and to describe the controller’s
behaviour with only a few rules defined by a few
linguistic variables.

To design and analyse the performance of the
controller, a complete model of the renewable energy
system was elaborated. This model is composed of
a submodel for each individual component of the
system. The controller has been designed using
MATLAB/SIMULINK environment. It demonstrated
high performance under various load/generated
power and battery SOC conditions. It could success-
fully manage the battery SOC within the specified

range and could avoid deep discharge or overchar-
ging of the battery which would contribute to greater
efficiency and longer life for the battery. It also
ensured that the load demand is met under various
supply-demand conditions. It can be said that the
FLC makes the power management of the system
efficient.

Hybrid power systems are suitable for supplying
load demand in the remote areas, villages and hill
stations. Fuzzy logic-based power management sys-
tem can control a hybrid power system to provide
uninterrupted power, can minimise the use of diesel

Figure 14. Simulink model for fuzzy logic based energy management system.

Figure 15. Generated power (purple), load demand (green), battery SOC (burgundy), dump load (blue dotted) with initial
battery SOC 70%.
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generator, can effectively utilise the sources and
increase the battery life. By reducing the use of diesel
these systems can reduce the emission of harm gasses
and reduce pollution.
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