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Summary: Globally increased energy requirements indicate the necessity for introduction of energy saving measures, necessity for applying energetic efficiency as well as more active usage of sustainable energy sources in production of the electricity. One of the possible ways to introduce sustainable energy sources certainly are systems for production of electricity which are based on energy of the Sun and on the wind energy. Because of intense stochasticism of the nature of primary energy sources, there certainly is present the need for their optimization. Thereat, the technical capacities are in dependence with available wind and Sun potential, so with the needs of observed consumer or with possibility to sell the energy inside the program of obligatory redemption. Inside this paper the analysis of optimal usage of the wind energy and the energy of Sun by virtue of hybrid systems in terms of supplying small consumers on Banjaluka region with the electricity  is given. The research was performed by methods for predictive analysis of primary energy sources and their combinations, and so by the algorithm for defining optimal ratio of certain forms of energy according to accepted technical and economic criteria (the lowest price of electricity produced by the hybrid system, availability of the energy, etc.) The resulting data is in compliance with Banjaluka region. The performed method for optimizing and economic-financial analysis has confirmed construction justifiability of systems based on wind and Sun energy. 
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1. INTRODUCTION 
The wind and radiation from the Sun both do have stochastic character. The stochasticity affects on a daily, monthly, seasonal and on the level of a year in a whole. If the weather conditions are convenient, the Sun energy is available only from sunrise till sundown, and it also depends on seasonal alternations of trajectory of the Earth while circling around the Sun. Presence of the wind is higher, but on the region of Banja Luka its intensity is rather low. Coupled usage of those two energy sources increases availability of the energy in total. This approach in some extent reduces limitations resulting from their insufficient individual availability. 
In distant locations, where electric grid is not available, the necessity for supplying with electricity through alternative sources is significant. As one of the solutions, regarding that issue is the possibility of appliance of autonomous hybrid systems based on exploitation of the Sun and wind energy.  The aim of the project was to define optimal configuration of the system represents the configuration which can achieve the lowest price of produced energy (the lowest energy equivalent), predicted to be used in rural off-grid areas 

2. INPUT DATA IN PROCESS OF OPTIMIZATION
Available data for the wind of Banja Luka region are presented as average values of the wind speed sorted by months and with associated rate of silence. Randomized model of the wind speed alteration on the level of one hour is acquired in compliance with Weibull distribution with tolerance of scale parameter of 0.2 and shape parameter of 0.1. Conducting the simulation a variety of possible scenarios were acquired according to which the time dependent distribution of the wind speed can be in progress during the year. One of those results is shown on Figure 1.
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 Fig. 1   Randomized scenario of possible wind speed alteration during the year with monthly mean values of the wind speed, Banja Luka
On the basis of the wind speed model alteration on the level of the one hour the energy production forecast has been made for the wind turbine with cut-in speed of 2 m/s on a daily level.

The calculation of global radiation (based on the available data of measured global radiation on horizontal surface and other available meteorology data) was carried out on principal of altering of certain values of daily clearness index of the atmosphere. Through that method the randomized model of radiation for every angle of surface inclination has been created. On Figure 2 the review of randomized scenario of radiation for horizontal surface for the region of Banja Luka is given. 
This model has been used for forecasting average production of the energy on daily level on unit surface area of polycrystalline photovoltaic panel. 
[image: image3.jpg]Global radiation, W/m2

j L : i i
| i i \Q\ i

CHRMIRRIL Ty s T

S0 1000 1500 200 2600 00 00 AG0 450 5000 500
Time, h

Stochastic model o radiation, horizontal surface
Average value of radiation, Wiini2, day=24 hours

Il
il IJ I
[im

Hhi
] HHMIHHW TR e S
6000 6500 7000 7500 B000 8500





Fig. 2   Randomized scenario of possible radiation intensity alteration during the year with mean monthly values for region of Banja Luka, horizontal surface
For determining investment costs of hybrid system design, prices of certain components have been adopted and presented in units of nominal measure (Table 1). Costs of current maintenance of the system was adopted to be 2% from starting investment on annual level. Besides that, costs related to expenses of the unforeseen additional labor and equipment, consulting services, insurance, concession reimbursement, expenses of loan processing, interests, etc. were also adopted to be 10% from starting investment (1KM = 0.51129EUR).
Table 1  Prices of certain hybrid systems components presented in units of nominal measure 
	Item
	Value
	Unit
	Symbol

	HAWT
	3800.00
	KM/kWnom
	cWT

	Additional costs of wind turbine pole
	280.00
	KM/kWnom/m
	cTWT

	Polycrystalline photovoltaic panel
	3900.00
	KM/kWnom
	cPV

	PV panel support and fastening equipment
	480.00
	KM/m2
	cCPV

	Electric components - controller
	900.00
	KM/kWnom
	cEK

	Electric components - inverter
	500.00
	KM/kWnom
	cEI

	Electric components - electricity meter
	300.00
	KM/kWnom
	cEB

	Batteries
	400.00
	KM/kWnom
	cBAT

	Diesel electric power unit
	1400.00
	KM/kWnom
	cDA


3. CHOOSING OPTIMAL CONFIGURATION OF THE HYBRID SYSTEM
Calculating of excess or lack of the energy 
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Program for optimizing of autonomous system encounters calculation of electricity production from diesel power unit during the year in terms of auxiliary power supply inside the system 
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. Inside the calculating the costs of diesel power unit drive, the price of diesel fuel 
[image: image12.wmf](

)

DF

c

 has been adopted to be 2.4 KM/l and diesel fuel consumption 
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 to be 0.4 l/kWh. Also through the program for optimizing of the grid connected hybrid system the calculating of annual rate of each category of the energy, given or taken from the grid 
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Prices of the energy acquired from the system (equivalent energy, 
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for autonomous systems and
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for the grid connected system. In this case the amount of 
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The results of optimizing are given on Figures 3 to 5. On Figure 6 the result of optimizing for conditions with average wind speed of 5 m/s is given.
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Fig. 3   Result of optimizing for Banja Luka region, PV  poly 139W/m2, WG HAWT 1000W/3.33 m2, peak=0.7, accumulation 3 days
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Fig. 4   Result of optimizing for Banja Luka region, PV  poly 139W/m2, WG HAWT 1000W/3.33 m2, peak=0.7, accumulation 1 day
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Fig. 5   Result of optimizing for Banja Luka region, PV  poly 139 W/m2, WG HAWT 1000W/3.33m2, grid connceted system
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Fig. 6   Result of optimizing for average wind speed of  5 m/s, PV  poly 139 W/m2, WG VAWT 4000W/14.41m2, peak=0.2,  accumulation 1 day
4. CONCLUSION
Results of optimizing have approved annotation related on very weak potential of the wind on the region of Banja Luka. The most convenient conditions for the energy production, in terms of economy, concerning the hybrid system can be acquired without a wind turbine and with the ratio between surface area of photovoltaic panel 
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 (related on polycrystalline module application). Autonomous system with 1 day accumulation is in optimal combination desirable to be added a wind component because in that scenario the nonlinearity in supply with the energy is somewhat moderated. The analyzed combination of ratio between the panel surface area and active surface area of the wind turbine 
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 according to result of optimization and the price of acquired energy is reasonably close to the optimal.

The most favorable conditions of energy production regarding the grid connected system are achieved without a wind turbine present in the system. In case of higher output powers it is possible to appear the necessity for additional transforming of the energy on higher voltage level which makes optimal configuration dependent on expenses of installing electric long distance line and matching transformer, which was not taken into consideration in this particular case. In case of very short distances of the system the ratio between surface area of the photovoltaic panel 
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 was included inside the optimization which was chosen as economically justified and optimal configuration for Banja Luka region.
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