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Abstract-

The wind and solar energy are omnipresent, fregdilable, and environmental friendly. The wind
energy systems may not be technically viable atsd#ts because of low wind speeds and being more
unpredictable than solar energy. The combinedzatibn of these renewable energy sources are treref
becoming increasingly attractive and are being Wyidesed as alternative of oil-produced energy. Booic
aspects of these renewable energy technologiesudfieiently promising to include them for risingower
generation capability in developing countries. Aewable hybrid energy system consists of two orengarergy
sources, a power conditioning equipment, a comtraind an optional energy storage system. Thesddhyb
energy systems are becoming popular in remote pogeer generation applications due to advancements i
renewable energy technologies and substantialimiggices of petroleum products. Research and dpwednt
efforts in solar, wind, and other renewable eneaephnologies are required to continue for, imprgvtheir
performance, establishing techniques for accurgtedyicting their output and reliably integratirttem with
other conventional generating sources. The aimhisf paper is to review the current state of theigies
operation and control requirement of the stand@lBl solar—wind hybrid energy systems with conweal
backup source i.e. diesel or grid.

KEYWORD- Wind turbine, pv-solar cell.

1. Introduction controller and power conditioning unitre used to
maintain the grid quality power . Alternatively,céu

Recent research and development in Renewable
energy sources have shown excellent potential, as a
form of supplementary contribution to conventional
power generation systems. In order tomeet sustainéystems are also known as integrated renewable
loaddemands during varying natural conditions€nergy systems (IRES). The concept of hybrid energy
different energy sources and converters need to B¥Stem is shown inFig. 1 in this system the
integrated with each other for extended usage &Pnventional systemeither diesel generator or gréd
alternative energy. Renewable energy sources, asichused as a back-up generator. Various hybrid energy
photovoltaic, wind energy, or small scale hydrcsystems have been installeith many countries over
provide a realistic alternative to engine-driverfhe last decade, resulting in the development of
generators for electricity generation in remoteaardt ~ Systems that can competewith conventional, fuetdhas
has been demonstrated that hybrid energy systems ¢gmote area power suppliesn many applications.
significantly reduce the total lifecycle costof Research has focused on the performance angbfsis
standalone power supplies in many situations, watile demonstration systems and the development of
the same time providing a more reliable supply offficient power converters, such as bi-directional
electricity through the combination of energy sasrc  inverters, battery management units. Maximum power
The widely used term hybrid energy system (HEgyoint trackers . Various simulation programsre
describes a stand-alone energy system whi@vailable, which allow the optimum sizing of hybrid
combines renewable and conventional energy sourc@dergy systems. The recent state of art hybridggner
with lead-acid batteries for chemical storage, powesystem technological development is the result of
conditioning equipment and a controller. Theactivities in a number of research areas, such as
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Advances in electrical power conversion through thgenerators, and some by combinations of the
availability of new power electronic semiconductorenewableenergy solutions described above. Some
devices, have led to improved efficiency, systemesearchers used metrological station data for

quality and reliability. _ Development of versatileprefeasibilitystudy and design of hybrid energy
hybrid energy system simulation software; contiguin system. Combinationof PV and wind in a hybrid
advances in the manufacturing process and improve energy system reduces the battery bank and diesel
efficiency of photovoltaic modules. The developmentequirements. Feasibility of hybrid PV/wind energy
of customized, automatic controllers, which improvesystem strongly depends on solar radiation and wind
the operation of hybrid energy systems aneénergy potential available at the site. Various
reducemaintenance requirements. Development td#asibility and performance studies are reported to
improved, deep-cycle, lead-acid batteries foevaluate option of hybrid PV/wind energy systems.
renewable energy systems. _ Availability of more

efficient and reliable AC and DC appliances, whict - WECS -

mlin

can recover their additional cost over their exezhd |- 1 _ |——a——
operating lifetime. _ The task for the hybrid energ| = _-_-': : —
et | —"| Hybrid [

system controller is to control the interaction o oo
various system components and control power flo
within the system to provide a stable and reliabl
source of energy. With the wide spread introductibn
net-metering, the use of small isolated or gri
connected hybrid energy systems is expected to grov
tremendously in the near future. The aim of thipgra
is to review the current state of the design anfig. 1. Concept diagram of hybrid energy systems.
operation of hybrid energy systems, and to present

future developments, which will allow a further Photovoltaic array area, number of wind machines,

expansion of markets, both in industrialized an@nd battery storage capacity play an important irole

Conventional
source
(DieseliGrid)

developing countries. operation of hybrid PV/wind—diesel system while
satisfying load. Celik proposed a technique to
2. Pre-feasibility analysis of hybrid system evaluate feasibility of hybrid PV/wind energy syste

using synthetically generated weather data. Dingj an

Climatic conditions determine the availability Buckeridge discuss the desired hybrid energy system
and magnitude of wind and solar energy at particul£0NSisting two or more renewable energy sources
site. Pre-feasibility studies are based on weatlaga which has the advantage of stability, the objectife
(wind speed, solar insolation) and load requirementi9hting pathway at the project site can be actdetvyg
for specific site. In order to calculate the pemiance Making use of the wind, solar and hydro energy
of an existing system, or to predict energyOUrces. The information about local wind, a salad
consumption or energy generated from a systemein thydro energy source indicates that a feasible Hybri
design stage, appropriate weather data is requites. €Neray system can be planned, modeled and designed
global whether data could be obtained from interndpr the above purpose. The collected data of the
and other sources like local metrological statibhe ~Va&rious energy sources was analyzed in order to pla

global weather pattern is taken from NASA surfacfor the structure of the system. Simulations and
metrological station shown. modeling were carried out over a period of 12manths

The red and yellow indicate high winccegy allowing the statistical informationabout local
is available while theblue colors reflect lower @in Weather to F’e truly representative. .This model also
energy potential zone. showsthe solar insolatiorlle 2/l0OWs anoptl.mal capacity of the hybrid energy syst
at different areas of the world. Wind andsolar fybr © b.e determined. Kha.n. and Iq@scussed a primary
system can be designed with the help of theddesign and pre-feasibility analysis of a hybridrege
globalweather patterns, for any location all ovee t Systém for a household in or arognd St. John’s,
world. Deciding on the best feasible solution wiled Newfoundland. He collected 1-year wind speed, solar
to be done, on a site-to-sitebasis. Some sitesbean radiation and power consumption data of a house in

best serviced by mains or grid power,others b§t. John’s, Newfoundland which was used for the
feasibility study of a hybrid energy system.
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sizing of stand-alone PV/WG systems using genetic
3. Unit sizing and optimization algorithms. They applied design approach of a power
generation system, which supplies a residential
After pre-feasibility study the selection of household. Optimum size of hybrid PV/wind energy
proper sizing of equipment is made based on weathdystem can be calculated on an hourly basisn the

data and maximum capacity. The unit sizing of@sis of daily average power per month, the day of
finimum PV power per month, and the day of

deciding the reliability and economy of the systém. Minimum wind power per month. Performance of
this section, study by the different researcherdYPrid PV/wind energy system was compared on
discussing different methods to determining thedwinhourly basis; by fixing the capacity of wind
generator capacity and the number of PV panels a§§nerators, yearly loss of load probability (LOLP)
other sources and number of battery needed for tHAth different capacity of PV array and battery kan
stand-alone system is reviewed. Rahman and Chedigre calculated. Trade off curve between the batter

gives the concept of the optimal design of a hybrifank and PV array capacity for given LOLP helps to
wind-solar power find optimum configuration at least cost. They

employs a linear programming techniques to minimize

integrated power system plays an important role i

P

m

G

? U ; il the average production cost of electricity while
(G I (“! \& meeting the load requirements in a reliablemanner,
B '| v, and takes environmental factors into consideration

| ! '$W2%  pothin the design and operation phases.

: ; Various optimization techniques suchiasar

! i ; I programming probabilistic approach iterative
e > h m,o), » 0, technique dynamic programming , multi-objective
Fig. 5. (i) Power coefficient vs. tip spéed raticd an 9€netic algorithm were used by researchers to desig
(ijoutput power vs. rotor speed for three differennyPrid PV/wind energy system in a most cost effecti
wind speed. system for either autonomous or gridVay- In order to calculate reliability cost implizans
linked applications. They Proposed lineaof hybrid PViwind energy system in small isolated
programming techniques to minimize the averagBOWer systems. Karki and Billinton presented a
production cost of electricity while meeting theadb Monte- Carlo simulation approach. Samarakou et al.
requirements in a reliable manner, and takegompared results of two optimization techniquestlas
environmental factors into consideration both ie thOn Simplex and other algorithm for hybrid PV/wind
design and operation phases. Markvart described®f€rgy system. They presented a method for
procedure for determines the sizes of the PV aray aSSessment on the basis of loss of load probability
wind turbine in a PV/wind energy hybrid system.(LOLP) to decide an optimal proportion of PV and
Using the measured data of solar and wind energy atVind generator capacities in hybrid PV/wind energy
given location, author employ a simple graphicaPyStem; optimal system combination was selected on
construction to determine the optimum configuratiod® basis of capital cost and annual autonomy level
of the two generators that satisfies the energyatheimn Autonomy level of the system is defined in terms of
of the user throughout the year. Katti and KhedkdrOLP and is been used to find system configuration
develop the algorithm uses hourly average winddpee”rotogeropoulos et al.have developed general
insolation, and power demand to determine thB'ethodology by considering design factor such as
wind/PV generation capacities required to meet thgutonomy, for sizing and optimization. Ai et al.sha
demand without loss of power supply probabi”typresented a complete set of math calculation msthod
(LPSP). Elhadidy and Shaahicalculated optimum for optimum sizing of PV/wind hybrid system. In ghi
battery storage size for hybrid wind energy sysbym method, the more accurate and practical mathematic
studying an impact of variation of battery storagé“Ode|3 for characterizing PV module, wind generator
capacity on hybrid power generation. Trade offind batteryare adopted; combining with hourly
between size of the storage capacity and dieseepowneasured meteorological data and load data, the
required for the load, assuming a constant windegowPerformance of ~a PViwind hybrid = systenis
output, was also reported by the authors. In 2006€termined on a hourly basis; by fixing the capeoit

Koutroulis et al. presented a methodology for optim Wind generators, the whole year's LPSP (loss of
power supply probability) values of PV/wind hybrid
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systems with different capacity of PV array and
battery bank are calculated, then the trade-offreur
between battery bank and PV array capacity is drawn
for the given LPSP value; the optimum Conﬁguratiorbonclusion
which can meet the energy demand with the minimum

cost can be found by drawing a tangent to theeuiid a viable alternative to grid supply or conventional

curve with the slope representing the reIationshiRjel_based, remote area power supplies all over the

between cost of PV module and that of the batter\4\'/orld. The literature review reveals that, renel@ab

Yang developed a conventional power plant an%nergy based low emission hybrid systems are reit co

calculated optimal system configuration on the $’aS'competitive against conventional fossil fuel power

of Life cycle cost. Natlgnal 'Re:\ne\{vable Energysystems. However, the need for cleaner power and
Laboratory (NREL)'s, Hybrid Optimization Model for

Electric R ble (HOMER ion 2.198s b improvements in alternative energy technologies bea
ectric enev_va_l e i _ver.5|on -19hs been good potential for widespread use of such systems.
used as the sizing and optimization software tdol .

) Moreover, the rural households in industrialized an
contains a number of energy component models arI]edss developed countries attach high value to a
evaluates suitable technology options based on c%li

and availability of resources. Analysis with HOMER

The hybrid energy systems are recognized as

iable, limited supply of electricity. Community
) . ) facilities such as rural hospitals, schools,
reqmre; information  on  resources, econor_n'?elecommunication and water pumping stations can
F:onstralnts, and conrol methodg. It also requUIrSontribute significantly to the welfare of peoplada
inputs on component types, their numbers, COStﬁJraI development. While it is recognized that
efficiency, longevity, etc. technology can only be one aspect of community
] ] development, the renewable energy systems have
4. Modeling of hybrid renewable energy demonstrated the potential to provide support imeso
system (HRES) of the basic infrastructure needs in remote andmrb
Components areas for different application.

Literature review reveals that over the lasRefer ences
decades, HRES applications are growing rapidly and
HRES technology has proven its competitiveness f(ﬁ]

remote area applications. It is observed thaéontrol design. IEEE Transactions

approximately 90% of studies reported are %Bn control Systems Technology 1996;4(2):141-51.

design/economic aspects of HRES. However, fewgb, o, jiqy A, Shaahid SM. Role of hybrid (wind
studies were reported on control of HRES. Utility, diesel) power systems in

interactive HREShas yet not gained the popularity. Itmeeting commercial  loads Renew Energy
is expected that within the next few yearszo04_29(1)_109_18 '

HRESbecomes competitive with utility grid power for[3] Yang HX, Lu L, Burnett J. Weather data and
wide spread distributed applications. Hence, tfie@ Erobability anclallysis c;f hybrid '

Wu JC, Liu TS. A sliding-mode approach to fuzzy

negd tg |(rj1vest|gate potential and p(larfc:rmanlce Tf P hotovoltaic—wind power generation systems in
and wind energy system to calculate level o ong Kong. Renew Energy

penetration in existing networks of developed 05003'28(11)'1813—24

developing countries in order to improve quality Ofy o R, Billinton R. Reliability/cost implicabns
power supply. The simulation results prove th%f PV and wind energy

operating principle, feasibility and reliability ahis utilization in small isolated power systems. IEEE
proposed system. Solar/diesel/battery hybrid POWEF, o hsactions on Energy

systems have been modeled for the electrification @ io 2001:16(4):368-73.

typical rural households and schools in remote sare 5
Kolhe et al.elaborately discussed the analytical mOdjbptimum configuration for

for predicting the viability of hybrid PV/wind engy renewable generating systems in residence using
system with hydrogen energy storage for Iong-terrBenetiC algorithm.

utilization.
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