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Abstract- The demand for new and environmentally friendlgrgy system is growing worldwide. Renewable
energy sources and conversion units such as Plotteicy Wind turbines, and Fuel cells have beemébto be
promising energy sources toward building a sustdénand environment friendly energy economy in niest
decade. The dynamic interaction between the loacadd and the renewable energy source can leadtitralcr
problems of stability and power quality that ar¢ mery common in conventional power systems. Tieeef
managing the flow of energy throughout the hybiydtem is essential to increase the operating lif¢he
membrane and to ensure the continuous energy flothis , a management system is designed to mathage
power flow between the hybrid power system and gnestorage elements in order to satisfy the load
requirements based on fuzzy logic controllers. @atieance fuzzy logic controller is developed toribiste the
power among the hybrid system and to manage thegehand discharge current flow for performance
optimization. The developed management system peaioce was assessed using a hybrid system comprised
PV panels, wind turbine (WT), battery storage, prmton exchange membrane fuel cell (PEMFC).

Index Terms- Hybrid power system, Battery State of Charge, Epétgnagement System.

1. INTRODUCTION

Renewable energy sources such as hydro, solatassifying loads, and protects the battery fromise
wind, biomass, geothermal and tidal can act as @xtremes[1].
alternative power sources in standalone power gyste
applications, as they provide clean power for remotl.1. AC and DC Microgrid
communities. In general, there is huge potential fol\/l

; icrogrid is defined as a cluster of distributed
utilizing renewable energy sources in most remot

areas which can provide a clean and environmental eneration sources, distributed storage devices and
P Istributed loads that operate so as to improve the

frlendly power supply 0 the community. |_|Owever’reliabiIity and quality of the local power supplgdhof
the main challenge of using renewable energy ssurcg power system in a controlled manner [3]. The

for standalone power system applications is that th

availability of power has daily and seasonal pater microgrid concept naturally arose to cope with the
y ol p y P enetration of renewable energy sources, whictbean

that may not match the load demand. Combining__,. .. . : :
. . alistic if the final user is able to generateyrest
renewable energy generation with a standby gerneratg S
ontrol and manage part of the energy that it will

or energy storage device will render the renewablg X
: .. -consume [2]. The power connection between
energy sources more reliable and adorable. Thid kin - . . o :
) . . . microgrid components, i.e. distributed generation

of electric power generation system with a main @ow

source from renewable energy and back up generatign. < =" storages and loads, can be done through a
; 9y . P9 Qltect current (DC) link or an alternating curréAC)
or energy storage is known as a hybrid power syste

The main obiective of such svstems is talnoe Mink. A microgrid is defined as an independent

as much ener J as possible f)?om the rer?ewabEiStribUtion network comprising various DGs, energy
nergy as p ; Gt\orage systems (ESSs), and controllable loadseThe

sources while maintaining acceptable power qual't¥re two different microgrid concepts: the AC

and rgllabmty. The hybrid power plant is a comple. icrogrid and the DC microgrid. Most systems adopt
electrical power supply system that can be easi

configured to meet a broad range of remote powere AC microgrid concept, because it can utiize

needs. There are three basic elements to the sﬁs&emeXIStmg AC grid technologies, protection schemes,

power source, the battery, and the power managem arr&d standards. However, the DC microgrid concept

. . . has been introduced as the more suitable
center. The power sources are a wind turbine, diese

) interconnection concept for DC loads and DC output
engine generator, an.d solar arrays. The patteoyvall DGs, such as photovoltaic systems, fuel cells, and
autonomous operation by compensating for thSattéries [3] ' '
difference between power production and use. The The péwer connection between  microgrid

power management center regulates power pmduc“%gmponents can be done through a DC link or an AC

from each of the sources, controls power use by link. Many nonconventional energy sources generate
low-voltage DC power, e.g. photovoltaic panels,| fue
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cells etc. Most of these sources supply power tA@n

utility grid and require costly and inefficient peww The module saturation current lo varies with thié ce
converters, even where the power may ultimately hemperature, which is given by

delivered to a DC device. However, power

transmission through a low-voltage DC link produces 3
more losses than transmission through a high-veltag |, = | {L} {@{i - lH 3)
AC link. With development of a microgrid control T Bk (T, T

methods along with cost-effective and efficient pow The current output of PV module is

converters, a DC link microgrid can become a

promising solution for integrating distributed V. o+

generation sources, storages and loads. Addin,g =N.|. —=N_| |:exr<{q pv pv&}_l} (4)
intelligence to a DC microgrid controller further P~ P ph "7pro N_AKT

enables consumer engagement with utility grid s

through smart metering and ultimately with dynamic/Vhere Vv = Voo, No=1 and N= 36

demand management and this could reduce costs . , N
associated with periods of high and low powefA Solar photovoltaic of 2.5KW with an open circuit
consumption [1s]. voltage of 43.2 V with dc to dc boost converter &or

The dynamic interaction between the load demarfHtPut voltage of 211 V is designed. Maximum power

and the renewable energy source can lead to ¢ritidko™M the solar photovoltaic is continuously tracked

problems of stability and power quality that are noWith @ perturb and observe mppt algorithm. These ar
all modeled in Matlab Simulink software.

very common in conventional power systemsS
Therefore, managing the flow of energy throughout
the hybrid system is essential to increase theabiper

life of the membrane and to ensure the continuous
energy flow. The dynamic simulation model is
described for a hybrid power system consists o¥a P
panels, wind turbine, PEM fuel cell, lithium-ioni{L
lon) battery bank, and dc-dc and dc-ac converters.

2. DYNAMIC MODELING OF HYBRID
SYSTEM

In this section, the dynamic simulation model is
described for a hybrid power system consists o¥a P
panels, wind turbine, PEM fuel cell, lithium-ioni{L
lon) battery bank, and dc-dc converters. The Fig. 1. Solar Photovoltaic with boost converter
mathematical models describing the dynamic behavior
of each of these components are given below. 2.2 Wind Turbine
The wind energy component will make a more

, significant contribution in the hybrid system theoiar

2.1 Solar photovoltaic energy. Although the energy produced by wind during

A solar cell is basically a p-n junction fabricateda hight can be used directly without storage. The
thin wafer of semiconductor. The electromagneti®roposed WT model is based on the wind speed versus
radiation of solar energy can be directly convetted WT output power characteristics. The output powfer o
electricity through photovoltaic effect. Being espd  the wind turbine is given by

to the sunlight, photons with energy greater thHaan t P =C (A,ﬁ)p_Aus (5)

band-gap energy of the semiconductor creates somé& P 2

electron-hole pairs proportional to the incident

irradiation.

The photovoltaic panel can be modeled

mathematically as given in equations.

Module photo-current:
| =l + K (T-298)* A/2000 (1)
Modules reverse saturation current - Irs:

|, =1, /[expaV,. / N _KAT)-1] (2)
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Fig. 4.Lithium-ion battery with control ggsn
3. ENERGY MANAGEMENT INHYBRID
POWER SYSTEM

Fig. 2. Wind turbine induction generator with boost

converter For the study, the hybrid power system consist®.5f

KW Solar photovoltaic, 3.2 KW wind turbine
induction generator, 6KW fuel cell and Lithium —ion
battery with a capacity of 6.5 Ah.

The energy management strategy (EMS) should
etermines the split power between the photovgltaic
wind turbine, fuel cell stack and battery while
eﬁ;ltisfying the load power requirement with resgect
dynamic restrictions to the battery and fuel calck.
I{equent power demand variations and unpredictable

Exchange Membrane (PEM) FC power plant is useaad. problem are unavoidable. Adding to _thls, the
because PEMFC power plants have been found to Bgnlmear subsy_stems add to the complexity of the
especially suitable for hybrid energy systems Sinc%tructure of hybrid system. So an advance fuzzgexp

: g system according to the weather variations, load
they have low operating temperature (80-18Dpand gemand and SOC is presented. Fig 3.2 shows the

2.3 Fuel Cell

Alternate energy conversion systems such as P
panels and wind turbines can be combined with F
power plants to satisfy sustained load demandd=@n
power plant uses hydrogen and oxygen to conv
chemical energy into electrical energy. In thisdgtu
among the various types of FC systems, a Prot

fast startup. Moreover, PEMFC is suitable for usin roposed f expert system
the hydrogen produced from the electrolysis of wat P uzzy exp y '
since hydrogen is free from any carbon monoxide [4]

] \

}@ 35
Rl =
= @ =

6 kW 45 Vde Fuel Call Stack

Fig. 3. 6KW Fuel cell with boost converter Fig. 5. Hybrid power system with dc loads

2.4 Lithium —ion Battery A fuzzy logic controller (FLC) is used to decideeth
Batteries are the main technology to be used whe) timum operation qf the PEMFC/battery system.
ere are five possible operating modes they are

continuous energy supply is vital, whereaﬁ_| bri :
; . rid mode, Battery mode, Hybrid power recharge
technologies such as flywheel and super capaciters m></)de Fuel cell rechgrge mode gnd F:Eult mode. 9

more suited to power storage applications and where The battery management system maintains the

very brief power supply is required. The use 0gOC at a reasonable level (40%-80%). Also, it

lithium-ion batteries currently is predominant imet . | " b li h
portable electronics market, their use for autowaoti protects against voltage collapse by controlling t
' ower level required from the battery (PB). An SR

and renewable energy storage applications is ve P(p-ﬂop type has been used for storing battertss
plausible in the not so distant future (BS). The power management system controls the

reference power of the PEMFC stack (FCP ref) by

112



International Journal of Research in Advent Technology, Vol.3, No.9, September 2015

E-ISSN: 2321-9637
Available online at www.ijrat.org

splitting the power demand (PL) as a function @& th
available power of the battery and the PV/WT system
(PH). The FLC relates the outputs to the inputagisi
list of if then statements called rules [1]. Thedrt of
the rules describes the fuzzy sets (regions) ofrihet
variables. In this, the fuzzy variables PH, PL, and
SOC are described by fuzzy singleton, i.e. the
measured values of these variables are used in the
interface process without being fuzzified and degre
of membership are evaluated to obtain the output
controller, and the then parts of all rules areraged
and weighted by these degrees of membership.
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Fig. 6.Lithium-ion battery with control system
4. CONCLUSION

The main objective of the work is to manage the
power flow between a standalone hybrid power
system and energy storage elements in order ®hsati
the load requirements, and to maintain the battte

of charge at a reasonable level. For this work réne
management strategies of hybrid power system were
studied. Modeling of Hybrid power system were
completed in matlab Simulink. Performances of the
different components were obtained with different
load condition and weather conditions.
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