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Abstract—Hybrid energy system combining two or more generating technologies is cost effective and high reliable compared to energy system with only single type of generation. In hybrid energy system the disadvantages of particular generation iscompensated by other. Sizing of various technologies of hybrid energy system is obtained by two main objectives; hybrid power generation has to meet the load demand and life cycle cost of system should below. This paper studies the sizing of hybrid energy system including photovoltaic, wind turbine, battery storage and diesel generator. Comparative analysis is performed on system with only diesel generating system and only renewable generation system and their combination.
Keywords—Life Cycle Cost (LCC), Hybrid Energy Sources (HES.
Introduction 
Due to rapid industrialization, fossil fuel extraction rate is more than nature replenishes them. On other hand emissions are produced by burning fossil fuels. Emissions produced by the burning of fossil fuel are main cause of global warming. Many countries came into Kyoto protocol to decrease emissions production. Kyoto protocol is protocol to the United Nations Framework Convention on Climate Change (UNFCCC). Fast depletion of fossil fuels and growing awareness about environmental protection leads to the scenario of energy crisis in the world. There are many ways to decrease the pollutants produced by burning of fossil fuels, they are
· Managing and reduce emissions 
· Increase energy efficiency 
· Buy renewable energy
Best solution to decrease fossil fuel usage and protection of environment is by increasing renewable installations. Developing countries have to take more concentration about installation of renewable energy generation because   there is more hunger of electricity.
	Size of power generating system chooses such a way that power generation has to meet the load demand by consumer. This is true when only single type of generating system supplies the entire load demand. When generating system is hybrid, the main objective is not only meeting the load, but also the cost of energy should be low. The power generation can be achieved through the two ways. They are conventional and non conventional generating systems. Conventional generating systems need low capital cost and high operating cost. On counterpart, non-conventional generating systems need high capital cost and low running cost. Hybrid generation by both conventional and non conventional generation gives less Net Present Value (NPV).
	The main aim of this paper is to compare three system configurations to prove that the system with both conventional and non conventional generation has lower NPV.HOMER pro software is used to evaluate the system size.
System Description
Optimal size of various types of units can be achieved by giving various input data such as load profile, resources data, cost data and technical specifications. Metrological data at GVP College of Engineering is considered for sizing of standalone hybrid energy system. Solar and wind resource data is downloaded from National Aeronautics and Space Administration (NASA). Solar and wind resource data are use to predict the annual energy production from solar and wind generating units. Annual average solar radiation is 5.118kWh/m2/day and annual average wind speed is 5.39 m/s. To choose size ofthe generating units, converting and storage units the annual load profile has to be taken into account. Daily load demand variation of GVP College of Engineering is taken as reference. Average daily load demand of 2012 year is scaled to 4000kWh. Scaled load profile is shown in Fig.1.

Fig.1: Scaled Daily Load Demand of GVP College
In HOMER, by minimizing total system Net Present Value each technology sizing is. Generation system with lower cost of generation is chosen more ratios. For example, if PV system produces energy with lower cost of generation then PV system chooses more ratio than Wind system. Cost data place major role for economic sizing of various technologies in the hybrid system.
	Cost details and life time of various technologies are shown in Table 1. 
Table 1: Cost Details of Various Technologies
	Name of technology
	Capital Cost in Rs.
	Replacement Cost in Rs.
	Life Time

	Cummins  200kW/250kVA
	13,00,000
	12,00,000
	20,000 hr

	WAREE PV System 1kW
	1,00,000
	75,000
	25 Yrs

	C&F 25kW Turbine
	35,00,000
	30,000
	20 Yrs

	System Converter per 1kW
	70,000
	50,000
	15 Yrs

	AMARA RAJA 1000AH,2V Lead Acid Battery
	20,000
	15,000
	15 Yrs


Technical data of various components useful to predict the power generation and losses in the system. For example wind turbine modelled with power curve to predict the annual power generation. These type technical data obtained by standerd field tests. Usally from manufacturur data sheet we can obtain technical data.Data of various components dewscribed below:
A. Diesel Generator:	Cummins 200kW/250kVA dieselgenerator is selected for power generation.Fuel curve of the diesel engine is used to calculate annual fuel consumption, thereby we can estimate the fuel cost. Fuel consumption of cummins generator is obtained from its datasheet. Table 2 shows fuel cunsumption at 75%  and at 100% of full load.
Table 2:Fuel Cumsumption of Cummins 200kW Generator
	Persantage load (%)
	Fuel Cunsumption           (litre /hr)

	75
	41.83

	100
	57.51


B. PV System:WAREE 300W PV panel characteristics are used for modelling PV system. PV system modelled as fixed roof mounting with 19 degrees panel slope. For proposed location 19 degrees panel slope gives the maximun annual energy production.Ground reflectance is 20% and temparature coefficiet of power is -0.385 %/oC. Efficiency at standard test condition is 15.46%.
C. C&F 25kW Wind Generating System:	The power output of wind turbine is obtained as a function of the wind speed . Each turbine has its power performance curve. Without considering technical data of various components of system we can predict the power output by using power performance curve. The power curve of C&F horizontal axis wind turbine shown in the Fig.2

Fig. 2: Power Performance Curve of C&F 25kW Turbine
D. Lead Acid Battery:Renewable generation is intermitted in nature. Generation is available when nature demand. Energy storage is needed to remove mismatch between load and generation. Lead acid batteries manufactured by AMARARAJA company with 1000AH,2V rating is consinder for economic analysis of the proposed model. Initial state of charge assumed is 80% and minimum state of charge is 30%. Battery string size is 60 (120V).
E. Converter:System conver modelled as it can operate parallel with AC generator.The efficiency of converter is 95%. Rectifier relative capacity is 80% and efficiency is 90%.  
Cost Optimization
HOMER software is used to determine the sizing of each technology in hybrid energy system.HOMER simulates the system for each hour of day in an year for different combinations and searches for best combination with lower net present cost.HOMER optimizes the hybrid energy system by minimizing the life cycle Cost.The net present cost (or life-cycle cost) is the present value of all the costs of installing and operating over the project lifetime minus the present value of all the revenues that it earns over the project lifetime.
Net Present Cost = 
Here,
Co = Initial Investment	
Cn =Cash flows in nth year
r = Annual rate of interest	
n= Project life time
	HOMER system model proposed shown in Fig.3. C&F 25kW wind turbine designed for integrating with AC bus by using back to back connected IGBT bridges.[image: ]
Fig. 3: HOMER Model Diagram of proposed system
 optimization results
The optimization conducted with HOMER software, the best combination with lower life cycle cost is obtained. The best combination with lowest life cycle cost has capacities PV-1013kW, wind turbine -3, battery storage–40 string, converter–521kW and diesel generator- 400kW.Cost details of project are
· Net Present Cost	: Rs. 27, 69, 37, 931
· Capital Cost	: Rs. 19, 88, 39, 024
· Cost Of Energy	: Rs. 14.67 /kWh
The PV and wind systems monthly generation is shown in Fig. 4.

Fig.4: Monthly Generation of PV and Wind System
If renewable generation is not sufficient to supply load, then diesel generator has to supply the power to the load. Diesel generator monthly generation is shown in the Fig. 5.

Fig. 5: Monthly Generation of Diesel Generator
	The main drawback of the standalone systems is the excess energy produced can’t be sold or serve to the load. Waste of excess energy in the stanalone system is due to two reasons; unable to store the energy and load not available when there is more energy. Monthly excess energy of optimized combination is shown in the Fig. 6.

Fig. 6: Monthly Excess Energy of Optiomized System
Comparitive analysis
To extend the analysis further, it is decided to compare the proposed hybrid system with same load supplied by only diesel generation and only renewable system. As the more generating options are there to meet the load, the life cycle cost of project is much lower. Table 3 shows the comparative analysis between three systems with conventional, renewable generation and combination of both. The renewable capital cost is much higher and Operation &Maintenance charges are less. Diesel generation requires lower capital cost and high O&M costs.Proper combination of conventional and renewable sources requires lower net present value. Proposed system-III has lower net present cost compare to system-I and system-II. The net present cost of the system-III is 27.67 crore where system-I has 74.47 croreand system-II has 39.22 crore. The cost of energy system-III is Rs. 14.67 /kWh.
Table 3: Comparative Analysis of Standalone Systems
	
	System-I
(DG set only)
	System-II
(PV and Wind Generation)
	System-III
(PV, Wind and DG set)

	Diesel generator
	600kW
	-
	400kW

	PV System
	-
	1643 kW
	1013 kW

	Wind System
	-
	17 Nos.
	3 Nos.

	Converter
	-
	607 kW
	521 kW

	Battery strings
	-
	74
	40

	Net Present Cost    (NPC)
	Rs. 74,47,44,100
	Rs. 39,22,59,400
	Rs. 27,69,36,200

	Capital Cost
	Rs.
39,50,000
	Rs.
35,51,58,250
	Rs.
19,88,39,024

	Cost Of Energy      (COE)
	Rs. 39.46
	Rs. 20.79
	Rs. 14.67

	Excess Energy
	13,05,509 kWh/Yr.
	15,21,100 kWh/Yr.
	2, 93,184 kWh/Yr.

	CO2  Emissions
	22,53,003 kg /year
	-
	1,60,823 kg/year


Excess energy of system-III is less compared system-I and system-II.System-III has CO2 emission 1,60,823 kg/year which is much less than CO2 emission of system-I.Stadalone hybrid energy system with both convention and non convention sources is far better than the other system models. 
Conclusion
The economic sizing of the hybrid energy system simulated for scaled load 4000kWh /day of Gayatri Vidya Parishad College of Engineering.The optimized system has 1013kW of PV system, 75kW of wind power system, 521kW of converter,40 strings of battery storage and 400kW of two 200kW diesel generator sets.Optimized system has net present cost of Rs. 27, 69, 36,200 and COE is Rs.14.67 /kWh. The comparative analysis with two other systems is done. It can be observed from the comparative analysis proposed configuration is much superior to the other configurations. 
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