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ABSTRACT 

As the conventional sources are neither approachable nor 

are economical in most of the remote areas. So solution is 

possible only when locally available renewable sources are 

being harnessed and utilized for electricity production in 

such areas. Fortunately India has large potential of these 

sources most of which is yet untapped. Isolated operation 

of these power units is not effective in terms of cost, 

availability, efficiency and reliability. A viable solution can 

be achieved by combining two or more of these systems to 

form hybrid energy system Hybrid energy systems are 

pollution free , have less cost , take less gestation time and 

are user friendly. Hybrid energy systems can provide 

electricity at a comparatively economic cost in most of the 

remote areas. Present paper provides review of various 

research work done for finding solution for rural 

electrification. 
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I. INTRODUCTION 
Electricity has now become one of the most important for 
socioeconomic and industrial development of a country. In 
most parts of the world the areas without electricity are 
considered to be less developed. Rural parts and remote areas 
are mostly affected by lack of electricity. There are several 
reasons for unavailability of electricity which include capacity 
shortage, difficult terrain and insufficient transport.   
The growth of electricity sector in India may help find a 
sustainable alternative to traditional fuel burning. Total 
installed capacity of power generation in India as on Aug 2015 
is 284,634 MW out of which 199,947MW is being generated 
by thermal power plants which accounts for 70.25% of total 
power generation till date [1]. Still 67.2% of the population is 
not having access to electricity [2]. Hybrid power plants 
capture best features of the available resources and can 
provide grid quality electrical energy with locally available 
sources Initial installation cost of such plants is very high 
however as these sources are not using any fuel so running and 
maintenance cost is negligible for such sources. The analysis 
serves two purposes. First, it determines whether the system is 
feasible. Second, it estimates the life cycle cost of the system, 
which is the total cost of installing and operating the system 
over its lifetime. The feasible system is one which can 
adequately serve the electric and thermal loads and satisfy any  
 
 

 
other constraints imposed by the user. The lifecycle cost is a 
convenient metric for comparing the economics of various 
system configurations. The economic study is based on a 
financial evaluation of different configuration of the sources 
used. Main objective of techno economic analysis of hybrid 
plants is to analysis the system technically as well as 
economically. Technical feasibility of renewable power plants 
mainly depends on availability of the energy source at  
 
proposed area. As most of the sources are inherently 
intermittent two or more than two renewable sources are used 
for power generation in case of Hybrid power plants. 
 

II. RENEWABLE SOURCES IN INDIA 
 

Renewable energy source is defined as an energy resource that 
is replaced by a natural process at a rate that is equal to or 
faster than the rate at which that resource is being consumed. 
Under the category of renewable energy are the sources such 
as the sun, wind, water, geothermal, ocean thermal, tidal, 
agricultural residue, firewood, and animal dung etc.  
With its growing electricity demand, India has initiated steps 
to develop its large potential for renewable energy based 
power generation.. Energy conservation measures and 
renewable energy technologies go hand in hand so far as 
energy for sustainable development is concerned the current 
practice is to treat both in isolation. Total potential of 
renewable sources in India is approximately 1,02,772 MW[3] 
but only a part of it is being utilized. As on March, 2015 India 
has an installed capacity of about 37 GW of renewal 
technologies-based electricity, about 13% of its total power 
generation . 
As on August 2015, India has deployed renewable energy to 
provide electricity in 8846 remote villages, installed 48.23 
million family biogas plants,  and 8.9 million square meters of 
solar water heating capacity.   
 

III. EXPLOITATION OF POTENTIAL IN 

REMOTE/RURAL AREAS 
While considering a renewable source for power generation, it 
should check for its availability in the area, its cost 
effectiveness and reliability. K.V.Alexander,E.P.Gigges[4]  
presented an overview of a program for a modular set of cost 
effective micro hydro  scheme for site heads below those 
serviced by pelton wheels. It also discussed practical issues of 
site selection and tried to develop a bench mark hybrid 
systems based on renewable energy technologies. The 
different parameters that were calculated for comparing the 
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various systems are payback period, internal rate of return 
(IRR), net present cost (NPC) and cost of energy (COE). 
P.Saxena, discussed about actual exploitable potential of small 
hydro power in India. He suggested that small and mini hydro 
power plant can provide solution for energy problems in rural 
and hill areas where grid connection is comparatively 
uneconomical. Development of hydro power was also 
discussed in the paper.[5] 
M.A.Wazed and Shamsuddin Ahmad collected data from 
Sapachari waterfall in Bangladesh to find solution to energy 
problems of local people. They found that a micro-hydro 
power plant at the water fall can be installed to provide 
solution up to some extent.[6] 
S.G.Jimmy Ehnberg [7] investigated the potential in solar 
energy for autonomous power systems in rural areas. The 
availability of sufficient energy was calculated for solar 
energy with and without Hydro power to study storage power 
capacity required.  
 

IV.COST ANALYSIS OF HYBRID POWER 

PLANTS 
Main objective of techno economic analysis of hybrid plants is 
to analysis the system technically as well as economically. 
Technical feasibility of renewable power plants mainly 
depends on availability of the energy source at proposed area. 
As most of the sources are inherently intermittent two or more 
than two renewable sources are used for power generation in 
case of Hybrid power plants. 
George C. Baker developed simulation model of hybrid 
system consisting of wind and hydro power system aiming at 
producing low cost electricity.[8] Application on the site was 
analyzed results are presented. The simulation program was 
based on stochastic behavior of weather. Results showed 
considerable reduction of electricity cost. In place of run of 
river, rain water harvest storage reservoir is used which 
guarantee sufficient water during dry weather. 
Ajay Gupta et. al. reported an investigation of the economic 
aspect of a typical hybrid energy system for remote area in 
India.[9] The model was optimized using LINDO Software 
6.10 revision. Cost of power generation by single system was 
calculated. From the results they concluded that diesel 
generator is least economic and optimized system can be 
modeled for best utilization of locally available renewable 
sources. The results also showed that there is a variation of the 
optimized cost of energy with increase in the load. 
At a certain weather condition, the output power of a PV panel 
depends on the terminal voltage of the system. To maximize 
the power output of the PV system, a high-efficiency, low-cost 
DC/DC converter with an appropriate maximum power point 
tracking (MPPT) algorithm is commonly employed to control 
the terminal voltage of the PV system at optimal values in 
various solar radiation conditions.[10-12] 
Researchers are now trying to combine Hydro (micro and 
mini) power plants with solar power systems as solar power 
systems are more suitable for day time loads but are not 
suitable without storage batteries. Solar power can be 

combined with  micro hydro power plants to daily needs of a 
locality. 
PV Hydro Hybrid plants have mostly being used for remote or 
rural areas where grid connectivity is not economical due to 
difficult terrain. S.Ashok[13] developed community based 
hybrid energy system model using decision support system for 
electrification of  rural areas of Western ghats in India. 100% 
renewable systems were selected for designing to eliminate 
the need for diesel generator. A system using combination of 
different sources has advantage of balance and stability which 
offers strength to sources which complement each other.  
The result show that the proposed Wind Micro-hydro Hybrid 
system with battery backup is most cost effective. The model 
helps to find optimal combination of locally available source 
which include solar PV, Wind, Micro-hydro with diesel and 
battery back up for a rural community, minimizing the total 
life cycle cost  with reliable operation. Benatiallah,et.Al [14] 
presented a study and design of a complete hybrid system 
using MATLAB programming  for fulfilling energy 
requirements of a family house at  a remote location Adrar in 
Algeria. The results indicated that the location consist 
appropriate scope for deployment of hybrid PV/WG system. 
Joseph Kenfack, et al used [15] optimized model using Micro 
and PV power in a village of Republic of Cameroon. They 
showed that consistent exploitation of the two sources is 
necessary for feasible solution. Using HOMER software 
various combinations of component size and quantities were 
compared to show cost variation with resources variability. 
Homer shows results for all feasible combinations for power 
generation..From the result It was observed that the system 
with 100% renewable sources has minimum cost of electricity. 
M.D.Moniruzzan, Samial Hasan used Solar and wind data of a 
tourist place at Bandarban , Bangladesh. Analysis was done 
for renewable based hybrid system as well as grid connected 
system. They made cost comparison of both and found per 
unit cost of PV-wind grid connected system was found to be 
lowest.[16] 

V.FEASIBILITY, OPTIMAL DESIGNING 

AND UNIT SIZING 
As use of renewable energy sources is non economical and 
less reliable in isolated operation due to their intermittent 
nature,  hybridization could result in low cost, improved 
quality and high reliability if proper technology selection and 
unit sizing is done. Feasibility of hybrid system mainly 
depends of optimal designing and unit sizing of hybrid power 
plant.Renewable energy sources used in hybrid energy 
systems needs to be designed optimally.. Energy management 
of the hybrid energy system includes optimal sizing of the 
system as per load requirements. Proper unit sizing of 
available energy resources is required to ensure proper 
generation schedule.. 
Yang Hongxing used LPSP method to find optimal design for 
a wind solar hybrid system[17].The author recommended an 
optimal design model for designing hybrid solar–wind systems 
employing battery banks for calculating the system optimum 
configurations and ensuring that the annualized cost of the 
systems is minimized while satisfying the custom required 
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loss of power supply probability (LPSP). Tarujyoty B. [18] 
Conducted a survey to assess the functionality of PV system to 
provide lighting in villages of Assam Meghalaya Jharkhand 
M.P. and Chhattisgarh it was observed that monthly 
expenditure on lighting reduce substantially the scheme was 
found to be more beneficial for women and children it was 
easy to do houseful activates children got enough electricity to 
study at night. Hydro power plants are said to have significant 
effect on living standards , health, education and other 
household activities development of area where they are 
implemented [19,20]. Small hydro plants when implemented 
in cost effective manner can provide solution to problems of 
rural electrification. 
Nitesh Kumar e t al did realibility anlysis of PV Diesel hybrid 
system and showed system reliability varies for types of 
system as load increases . they showed that it is important to 
determine optimal sizing.[21].  
I Monica et al developed a design and sizing method for wind 
PV hybrid system to make better use of resources. For remote 
village electrification it also indicated that selection of worst 
month for sizing the renewable sub system makes a 
compromise between sizing for the average month and sizing 
each sub system.it makes it possible to achieve meadium 
result providing a compromise between realibiality wasted 
energy and investment.[22] 
Anula Khale , et al did technical and economic analysis and 
assessment of integration of main power supply of habibganj 
railway station central India with PV panels . they used three 
modified versions of partical sworm algoritham to solve 
problem of determining the optical placement and location for 
PV grid integrated system. They showed that although RE 
based low emission PV systems are not cost competataive 
against conventional fossil fuel power system but they may be 
integrated to main grid supply continious power with optimal 
design of the system[23] 
Mohan Kolhe et al presented a feasibility study of an off grid 
hybrid renewable system for supplying electricity to a rural 
community in a small village at srilanka. A hubrid 
combination consisting of PV wind, battery and diesel 
generation were selected and optimal sizing of each 
componenet was done using HOMER software. It was found 
that optimized hybrid system can supply the increasing 
demand without significant change in cost but the renewable 
fraction reduces as load increases. Sustainable energy 
techonolgy and assessment.[24] 
R.Chedid,et.al. presented a feasibility study of a hybrid PV 
diesel generator connected to unreliable grid under the 
climatic condition of Lebnan. [25].The study has demonstrated 
that introduction of PV panels had decrease the diesel fuel 
consumption of the diesel generation operating as a backup 
source with unreliable grid, it was shown that with little 
incentive measure from govermennt , the cost of energy from 
hybrid system is reduced. 
 

VI. OPTIMIZATION AND CONTROL 

 

Prime objectives of energy management are cost minimization 
and energy sustainability.  This accounts for solution of multi-
objective optimization problem . Gabler and Luther use energy 
pay back time as figure of merit for system optimization. 
System model consisted of computer model of real energy 
system. Wind-solar with conventionally fuelled hybrid system 
was considered [26]. Optimal sizing of a hybrid energy system 
was done by designing a controller using linear programming 
principles in. To show PV alone and wind alone prove to be 
costly, cost comparison of wind alone and PV alone with 
wind-PV hybrid system was done for a specific load and 
simple numerical algorithm was developed, taking economic 
factors into account to find optimum size of the components. 
Borowy and Salameh used 30 years of long term data to show 
that overall cost of the system depends on no. of PV cells and 
batteries and combination of PV/Batteries can be taken to 
minimize cost of the system[27 ].  
With the advent of time various software techniques were 
developed to solve the problem associated with Hybrid Power 
Generation Systems. Senjyu, Hayashi et al used a graphical 
user interface program in MATLAB economic analysis based 
on comparison of overall reduction in cost [28].  
Kavin Mousa et al proposed a design of hybrid solar wind 
power system using MATLAB. The variables which are 
optimized include the number of PV modules , the wind 
turbine height , the number of wind turbines and turbine rotor 
diameter . test result revealed a complimentary relation 
between both individual systems[29].  
A multi-criteria designing of hybrid system was done by 
Wang and Sing using modified Particle Swarm Algorithm 
(PSO) which included cost reliability and emissions also. 
Modeling was done using Autoregressive moving average 
time series at different time instants [30]. Random variations 
of load demands were also considered. Apart from stand alone 
hybrid systems grid connected systems can also be used to 
improve efficiency. Utility grid can be provided to replenish 
levels in case of power shortage trom renewable energy 
sources. 
Neethi R.Nair et. Al. presented operation and control of hybrid 
power system when connected to grid. Variation in Solar 
irradiance and wind speed were also taken into account.[31] 
Loc Nguyen et. Al.developed control technologies UPC and 
FFC to simplify operation of grid connected microgrid. 
Technique develoved resulted in improved performance and 
stability of the system.[32]. T.Praveen Kumar also presented  
UPC and FFC modes of control for getting maximum output 
with reduced no. of mode changes and improved stability[33]. 
Houda Labidi used control technologies to maximize power 
output from the system.System proved to be better for variable 
solar irradiance and wind power[34]. 
M.M.Rajan Singaravelused  et.al developed new topology of 
hybrid distributed generator based and PV and wind driven 
PMSG. Only one convertor followed by one invertor is used in 
place of no of power convertors. Two low boost controllers 
are also used for tracking maximum power from the 
system.[35] 
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Storage is an integral part of hybrid power generation systems. 
There are capacity oriented energy storage technologies as 
pumped hydroelectric systems, and hydrogen storage do not 
have fast response time and are used for long term energy 
storage and access oriented storage devices with fast response 
time such as batteries, flywheel, superconductors and SMES 
are used for responding to short time disturbances. For stand 
alone operations storage cost is major economic constrain. 
Optimum mix of PV module and batteries depends on the 
particular site, load profile for desired reliability of hybrid 
system. Batteries can be used as composite energy systems 
with ultra capacitors which have high capacity density. Nehrir 
et. al. used electrolyzer as dump load with fuel cell as backup 
generation so that efficiency of storage system can be 
improved[30].  
While average load demand and average supply pattern are 
used at the design stage, the system is subjected to fluctuating 
wind speeds and solar insulation as well as to varying load 
demand during operation, so controller is designed to 
determine how much energy is available from each component 
and how much to use of each. Classic controllers for wind 
systems can be updated by development of more efficient 
strategies based on modern control techniques as fuzzy logic 
control, robust control etc. sliding mode control has proven to 
be very robust with respect to system parameter variations and 
external disturbances.[36,37,38] 
Accurate models for electric load forecasting are also essential 
to the operation and planning electricity generating utility. 
There are classical time series and regression methods and 
artificial intelligence and computational intelligence methods 
which include neural network, support vector machines 
etc.[39] 
As hybrid systems consist of no. of components so energy 
management of such systems  requires multiobjective 
optimization of the problem which will include minimizing 
cost of energy generation, maximizing use of available and 
stored energy and minimizing emissions of harmful gases. 
Traditional methods are too slow to solve such multi objective 
problems so heuristic multi-objective optimization techniques 
can be used. Adding more than one objective to an 
optimization problem, add complexity of problem. To solve 
the problem, different optimization techniques can be used. 
These techniques use iterative method, algorithms of heuristic 
method. Algorithm terminates in a limit number of steps. 
Iterative methods converge to a solution and heuristics provide 
approximate solution to some problem. Iterative methods may 
be Newton’s method, finite difference method, approximation 
theory etc. Heuristic methods include mimetic algorithm 
dynamic relaxation, Genetic  algorithms , PSO , simulated 
annealing etc. Nehrir et.al.used Particle Swarm Algorithm for 
real time optimization of a multi-objective and multi-
constrained problem and compared the results with 
conventional analytical optimization technique, Sequential 
Quadratic Programming (SQP) and shown that results are 
same but the convergence time of PSO is 90 times faster than 
SQP technique. [40,41,42,43]. 
 

VII. CONCLUSION 

 
It can be observed that hybrid energy systems are having 
several advantages as they overcome limitations of renewable 
energy systems. Overall power management of hybrid power 
generation system can be done by use of appropriate design 
techniques optimization techniques and control techniques. In 
India there are very good potential sites for these systems but 
very little work has been reported so there is large scope for 
development of such systems. In India About 68% of 
population is still not electrified yet and the key objective of 
the development of power sector is to supply electricity to all 
areas including rural area. Both the central government and 
state government make effort to achieve this objective.  . 
Efforts are to be made to ensure that the task of electricity to 
all and rural electrification is reached to poor and marginal 
sections of society at marginal rates. Reaching non electrified 
rural population is still difficult due to economic feasibility. 
Therefore, infrastructure investments in rural areas have to be 
approached with cost competitive reliable and efficient tool. 
Off grid or stand alone renewable techniques satisfy energy 
demand directly and avoid need for long distribution 
infrastructure. Hybrid system can be considered a better 
solution as it combines best features of each renewable energy 
source to provide grid quality electricity for rural 
electrification. 
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