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Abstract
[bookmark: _GoBack]Tourism has a massive contribution to regional development also share environmental issues. Reducing reliances on fossil fuel yet still adequating energy consumption cause development of reneweble energy in crucial position for tourism desicition. Optimal configuration of reneweble energy system energy are planned using Genetic Algorithm in this work. This research conducted to optimize reneweble  energy system in Parangtritis, Kretek, Bantul Central Java. The system consists of solar cells and wind turbines, the storages used are batteries and fuel cells. The algorithm minimize the objective function consisting of investment, replacement as well as operating and maintenance costs. Reability evaluation of the system given by Equivalent Loss Factor (). This index inform insufficient energy in the systems. The simulation showed, optimum size of the system  achieved using size of PV, battery, wind turbine, electrolizer, hidrogen tank and fuel cell are  3, 48, 36, 3, 2, 8 respectively. The ELF used in this simulation is 0.01.
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1. introduction
Tourism is one of important economic driver of a region. At the same time, it still very depends on fosil energy sources, that are very vulnerable to fuel availability as well as the rise and fall of oil costs, to meet energy needs. Integration of reneweble energy, using appropriate combination,  is able to compensate the weakness of one source using advantages of the other source. 
Variation of several combinations, both renewable energy sources and storage media, and system cost optimization have been done by several researchers. Yang et al (2008) proposed optimization of hybrid system of wind turbine, solar cell and battery banks using loss of power supply probability (LPSP) methods. Hakimi and Tafreshi (2009) performed optimization in Kahnouj in the southeastern region of Iran using particle swarm. In this research, Hakimi and Tafreshi (2009) assumed stand-alone system consisting fuel cells, some wind units, some electrolyzers, a reformer, an anaerobic reactor and some hydrogen tanks. Optimal cost for stand-alone hybrid reneweble energy system also has been found by Tolooi et al (2014) using evolutionary algorithm. This algorithm based on collective intelligence (gravitational search algorithm). Furthermore, Tolooi et al (2014)  also found optimal value for hydrid system using particle swarm optimization as comparation. 

The method proposed in this study is the genetic algorithm. This algorithm is widely used because of its ability to find an optimal solution to an optimization problem. In this study, genetic algorithm is used to optimize the design of renewable energy systems for the area Parangtritis consisting of solar cells, wind turbines, batteries and fuel cells. Design of optimal system minimizes the net present cost (NPC), including the cost of the investment (capital cost), the cost of the replacement (replacement cost), and operating and maintenance costs (operation and maintenance cost).

2. hyrid system
The hybrid system combines two or more sources of energy, from renewable or conventional energy sources, with storage media. This hybrid system design can be different following the renewable energy sources available locally to meet the load requirements. Parangtritis located in Kretek, Bantul, Central Java, has a high potential of hybrid renewable energy system considering the geographical location as well as the intensity of the sun and wind velocity.
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Figure 1. Configuration of reneweble energy system

Integration of several sources and different media used in this work as ilustrated in Figure  1.  Reneweble energy sources are wind turbine and solar cell. As a storage media, battery and fuel cell are used.
2.1 Reneweble Energy Componenets 
To predict the performance of the system, first step is how to model each of individual components of the system. After modeling, every component can be combined for further evaluation to meet the load requirements. 

2.1.1 Photovoltaic
Solar panel power output is influenced by insulation condition. Suryoatmojo (2010) and Penangsang et al (2013) used Equation 1 for the modeling of solar cells
	
P PV(t) ApN PVE(t)                  ...................................................................................(1)
For  efisiensi energy conversion (%), AP is the area of the solar panel (m2), NPV is the number of photovoltaic panels, E (t) is the data solar insulation per hour (W / m2).

2.1.2 Wind Turbine
Determination of wind turbine modelling is crucial for the output power. Yusuf (2012) used mathematic model of Equation 2

 (
=
)..................................(2)

Where vt is the wind speed in one step a time, vcutin is the value when the cut-in wind speed, vcutout is the value of the current wind speed in cut out and vrated is the value of wind speed (rate) of the wind turbine (m/s). While pmax is the maximum output power and pfurl is the power output at a speed of cut-outs (kW) calculated after passing through the inverter.

2.2  Storage Components  
2.2.1 Battery 
There are two conditions need to be considered related to charging and discharge condition for the battery at the time t. While battery charging, Suryoatmojo (2010) used Equation 3

Cbat(t) =Cbat(t-1)+(Pren(t)-P load(t))........................................................................................(3)

And for discharging Equation 4 is used,

Cbat(t) =Cbat(t-1) - (Pload(t)-Pren(t)).........................................................................................(4)

where Cbat(t) is the capacity of the battery during the time t, Cbat(t-1) is the capacity of the battery at previous time.

2.2.2 Fuel Cell
The fuel cell system consists of electrolizer, hydrogen tank and fuel cell. A mathematical formula is as follows:


2.2.2.1 Electrolizer
The power generated from the electrolysis process obtained using Equation 5 (Yusuf, 2012)

..............................................................................................(5)

Pel,t is the electrical power delivered to the electrolyzer from renewable system

2.2.2.2 Hydrogen Tank
Energy flow into the hydrogen tank  can be explained by the Formula 6 (Yusuf, 2012)

 .............................................................................................(6)

Ctanks, t and C tanks, (t-1) are the total amount of energy in the hydrogen tank when t and the previous time (t-1) respectively.

2.2.2.3 Fuel Cell
Output from the fuel cell is proportional to the input power of hydrogen calculated by Equation 7 (Yusuf, 2012)

 ............................................................................................(7)

2.3 Genetic Algorithm
The concept of genetic algorithm is different from the traditional search and optimization methods in the engineering problems. In this algorithm, basic principle of genetic processes in biology is imitated in search process. This technique was introduced to search the optimal solution based on natural selection (Suryoatmojo,2010).

In the genetic algorithm, like other algorithms in search optimization, requires defining optimization variables and function costs. Like another algorithm, the value of convergence will be tested.

Main components using in genetic algorithm is as follows (Bramantyo, 2006):
1. Coding Scheme
2. Population
3. Natural selection 
4. Selection
5. Mating
6. Mutation
7. The next generation


Cycles of genetic algorithm is depicted in figure 2. 
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Figure 2. Flowchart of genetic algorithm 



2.4 Problem Formulations
2.4.1 Objective Function (Economic Modelling Based on Net  Present Cost (NPC))
Cost component was calculated using the Net Present Cost (NPC) consisting of  cost of the investment (capital costreplacement cost, and operating and maintenance costs . This cost will be calculated by the value of money at this time.
This method can be described by Equation 8:

..............................................................................(8)

Where CCi is the investment cost ($ / unit). RC is the replacement cost ($ / unit). While MCi  is operating and maintenance costs ($/unit-year). Replacement cost RCi will be multiplied by Ki. A conversion factor value for money at a certain moment in the future to the current time because the calculation of the cost calculated by the value of money at this time. While the operating and maintenance costs will be multiplied by PWA (annual payment present worth) that is used to convert annual cost of operating and maintaining backwards today.

2.4.2 Constrain
Some restriction were used to optimize objective function in renewable generation systems is as follows:
(1) The balance of power system

 .....................................................................................................(10)

(2) Index of reliability system

 .......................................................................................................(11)
 
(3) Number of units and equipment

........................................................................................(12)

(4) Boundary of batteries 

.............................................................................................(13)

(5) Limitation of Hidrogen Tank

.........................................................................................(14)

2.4.3 Equivalent Loss Factor (ELF)
Equivalent Loss Factor will compare the difference between the energy produced to the load requirements in one year. Bashir and Garcia and Weisser (2006) calculated ELF using equation (15)

ELF =   .....................................................................................................(15)

H is the total number of time steps (8760), Q(i) is the total load that can not be met and D (i) the total load demand per time step.

2.5 Operational Strategy 
Operational strategy used in this reneweble energy system is depicted as follow:

1. When the total load demand load is smaller than the output produced renewable generation systems, the remaining energy will be stored into the battery
2. When the battery capacity is full (and there is still residual energy) charging will be continued to the fuel cell
3. When the fuel cell has the maximum capacity, the excess energy will be discharged into dump load
4. When the load demand is greater than the power that can be supplied by renewable generation, the shortage will be supplied by the battery
5. When the load demand remains greater, despite being supplied by the battery, the energy shortage will be fulfilled by fuel cell


3. IMPLEMENTATION
The proposed methode implemented using flowchart depicted in Figure (3)

[image: ]
Figure 3. Implementation of Genetic Algorithm

3.1 Simulation 


Parangtritis was  used for the case study in this study to design the hybrid system simulation. Daily load demand characteristic in Parangtritis is shown in Figure 4.This simulation used data per hour for one day and repeated for one year or 8760 hours. The time period of this project was 20 years. The specification of PV panel, wind turbine, battery and fuel cell used in this study can be seen in Table 1, 2, 3 and 4. The parameters of GA used in this study are shown in Table 5. 


Figure 4. Daily load profile
The solar panels used are the solar cell modules of Canadian Solar CS6P-240p (K.M. Iromi ,2013). 

Table 1. Specifications solar cell module Canadian Solar CS6P-240p (at standard test conditions Irradiance 1000W / m2, AM1.5 spectrum and solar cell temperature 25 ° C) (K. M. Iromi, 2013)

	Nominal Maximum Power
	
	240 W

	Optimum operating voltage 
	
	29.9 V

	Optimum operating current
	
	8.03 A

	Open circuit voltage 
	
	37.0 V

	Short circuit current
	
	8.59 A

	Module efficiency 
	
	14.92 %

	Temperature coefficient at Pmpp
	
	-0.43% °C-1

	Nominal Operating Cell Temperature 
(NOCT)
	
	45 ± 2°C

	Capital Cost
	CC
	7000 ($/unit)

	Replacement Cost
	RC
	6000($/unit)

	Maintenance Cost
	MC
	20($/unit)



BWC Excel-R / 48 artificial Bergey Wind Power's used in this study. The specifications of this wind turbine is shown in Table 2(A Navaeefard et al, 2010),(M. Bashir and J. Sadeh ,2012), (Nowdeh et al, 2010).

Table 2 Specifications of Wind Turbines
	Cut-in Speed
	
	3(m/s)

	Cut-out Speed
	
	25(m/s)

	Rated Speed
	
	15(m/s)

	Maximum Output Power
	
	8,1(kW)

	Maximum Output Power Cut-out
	
	5,8(kW)

	Capital Cost
	CC
	16.400($/Unit)

	Replacement Cost
	RC
	13.000($/Unit)

	Maintenance Cost
	MC
	400($/Unit-year)



For this study the battery used is Surrette-6CS25P the assumed life of the battery is 10 years old and the depth of discharge is about 80%.

Table 3. Specifications Battery Storage (M. Bashir, 2012)
	Battery Capacity
	
	6,94 (kWh)

	Charge Efficiency
	
	0,9

	Discharge Efficiency
	
	0,9

	Time periode 
	
	10 (tahun)

	DOD
	
	0,8

	Capital Cost
	CC
	1.250($/Unit)

	Replacement Cost
	RC
	1.200($/Unit)

	Maintenance Cost
	MC
	20($/Unit-year)



Table 4. Fuel cell Spesifications (http://hypertextbook.com)

	Capacity
	
	0,5kWh

	Efficiency 
	
	0,7

	Time Period
	
	20(tahun)

	Capital Cost
	CC
	3.000($/Unit)

	Replacement Cost
	RC
	2.500($/Unit)

	Maintenance Cost
	MC
	175($/Unit-year)



The algorithm parameters used in Table 5 below.

Table 5. Genetic Algorithms Parameters

	Population
	32

	Mutation rate
	0.02

	Crossover
	One point crossover

	Iteration
	120



4. RESULT 
The total cost of the system can be specified for each element in renewable generation systems as shown in Figure 5. The investment costs for the system built is $ 711,120, while the cost of battery replacement, elektrolizer, hydrogen tank and a fuel cell for $ 29,484. In this study assumed replacement battery as much as one but not the other component replacements performed over the life of the project. The cost for operating and maintenance costs of the system is $ 57,970 
[image: ]
Figure 5. 

In this simulation crossover rate used is one point crossover, while the probabilty mutation (mutation rate) used was 0.2. When the maximum number of iterations reached, an optimal configuration is obtained. In the last iteration can be concluded cost required for these renewable energy systems is $ 798,570 for system configuration as shown in Table 6. 

Table 6.
	No 
	Components
	Size

	1
	Solar cell
	3

	2
	Batteries
	48

	3
	Wind turbine 
	36

	4
	Electrolizer
	3

	5
	Tangki hidrogen
	2

	6
	Fuel cell
	8



The cost for each of component as in Figure 6.
 



Figure 6. Figure 13 Cost for each system component
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