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ABSTRACT
Power management control using Zelio Logic Smart Relay is applied as a means to make automatic power transition from battery to generator and vice versa. The design of a hybrid system in a laboratory scale is described including the design of software part using Zelio Soft2 (ANONIM 3, 2014). The experiment results show that the values of voltage and power output of the solar cell will increase with the increasing intensity of the sun, while the current will be decreasing. The current sensor used in the system is able to detect the linear changes of current flowing into the load and to respond in a form of voltage to be inputted into Zelio. The automatic operation of genset can be performed properly and the SFC optimum value of the genset of 2.8 kW, 220 V, 50 Hz is 0.67 l/kWh under 72% loading of the generator capacity. Automatic switching of the hybrid system can be realized based on the sensing results of battery voltage and load voltage with the help of Zelio. Load is supplied through the battery inverter when the battery voltage exceeds its voltage, it is supplied directly from the genset and the relay is activated to charge the battery. 
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1. INTRODUCTION
Energy is one of the main factors influencing the economic growth of a country. Its consumption level is indirectly related to the development level of a country, so that the concern of energy reserve must always be considered in order to create a sustainable development. Many efforts  to conserve energy should be accompanied with innovation to explore renewable energy sources.
 Indonesia is a tropical country so get sunlight with high intensity throughout the year. This means that the potential use of solar energy is enormous.
Along with the development of technology, human life is very dependent on electrical energy where electricity demand progressively increasing so that the higher the costs. However, the cost of these expenses can be saved in the presence of solar energy as an alternative energy source. In addition, solar energy can also be used in remote area.
Nowday, the technology of photovoltaic (PV) is growing very rapidly, for example the use of PV systems combined with generator (PV-generator hybrid system). By applying this hybrid system, can improve the efficiency of genset systems, reducing dependence on fuel supply, and maintain a stable supply of electricity (FITRIANA, I., 2003). However, varying electrical load requirements and light intensity change caused performance hybrid PV-genset system is not optimal. To meet the electricity needs of optimal, it is necessary to control the power management of the hybrid system. Therefore, this paper presents the "Power Management Control in Hybrid PV-Generator System Using Zelio Logic Smart Relay”.
This paper aims to get the design of hybrid PV-generator system using Zelio Logic smart relays include: (1) the parameters of voltage, current, and power solar cell; (2) the performance of the load current sensor; (3) automation genset circuit performance and the value of the Specific Fuel Consumption (SFC) is optimal; (4) the performance of Zelio in the switching system

2. DESIGN SYSTEM

2.1 General Description
	PV-generator hybrid system composed of PV Array, Battery Control Regulator (BCR), Battery, Bidirectional Inverter, Generator set (genset), and AC load. To implement the system automatically, it is necessary to use the controller Zelio Logic Smart Relay (read: Zelio). Part system that controlled is between the battery energy from solar panels and genset based on the amount of load attached.
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Figure-1. Block diagram of the power management control system hybrid pv-genset
2.2	Design Current Sensor 
	Current sensor used is a non-invasive MDCSEM5A (ANONIM 2, 2010). The current sensor output voltage form but still small so we need a signal booster. Thus, in this design are used Signal Conditioning Circuit (SCC) is instrumentation amplifier AD620. SCC is designed such that the output can provide input to the Zelio.



Figure 2. Block diagram of the design of the current detector load.

2.3	The design of voltage divider circuit
	The design of the voltage divider circuit is needed to lower the output voltage of the battery into the range of 0-10 V (ANONIM 2, 2010). This is because Zelio only able to detect the input voltage up to 10 V.

[image: ]
Figure 3. The voltage divider circuit.

The magnitude of the output voltage generated depends on the value of R1 and R2 in accordance with the equation:

                          (1)
2.4	Design Automation Genset
	Design automation genset is done by using a relay instead of the genset manually switch contacts. The relay will be conditioned by the Zelio so that the genset can on and off automatically. Replacement of the genset manually switch the relay contacts are shown in Figure 4.
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Figure 4. The series of automation generator.

2.5	Design Program
	Designing software (program) is done using computers (PCs) and software Zelio Soft 2. The programming language used is the ladder diagram (ANONIM 3, 2014). This program is used to control the energy of the battery and the genset based on the load attached, as well as controlling the ON-OFF of the genset for the system to operate properly and optimally.

2.5.1	Design Transition Power Sources between Battery and Genset
	In this design, it is assumed that the initial condition of the system, namely the condition of the battery is still full so that it can supply the load. The transition of power sources from the genset to the battery charge can be shown in Figure 5 below.

[image: ]

Figure 5. The transition between the battery and generator power.

2.5.2	Design of Automatic Starting and Running the Genset
	Design of Automatic Starting on the genset can be seen in Figure 6. This follows.

[image: ]
Figure 6. Automatic starting the generator.

2.5.3	Design Delay OFF on Genset
	This design can be seen in Figure 7 below.

[image: ]
Figure 7. Automatic starting the generator.

2.5.4	Relay Design for Battery Charging
	Designing relays for battery charging is shown in Figure 8 below.

[image: ]
Figure 8. Relay for charging the battery.

6.	Configuration Input / Output on Zelio
	Zelio has 26 I / O consists of 16 inputs and 10 outputs. The configuration of the input / output on Zelio used in this design are shown in Table 1.
Ib and Ic is analog inputs on the Zelio respectively is used to detect the battery voltage and the voltage Ib and Ic load so is the amount of DC voltage in volts (V).
Table 1. Configuration of I/O on the Zelio
	No.
	Input
	Description
	output
	Description

	1.
	Ib
	Battery Voltage Sensor
	Q1
	Genset contact coil

	2.
	Ic
	Load Voltage Sensor
	Q2
	Starting contact coil

	3
	-
	-
	Q3
	Bi-inverter relay for charging

	4
	-
	-
	Q4
	Generator shutdown relay



7.	Testing And Analysis
7.1	Testing of Solar Cell
	Solar cell testing aims to determine the amount of the value of the output of the solar cell in the form of voltage, current and maximum power. Solar cell testing conducted on Thursday, July 17th, 2014 with the condition of 25 ° C at 10:00 to 12:00 pm. Test sites were in 112.612 west latitude and 7.949 south latitude. Solar cell testing circuit is shown in Figure 9. The test results are shown in Table 2.
[image: ]
Figure 9. The series of solar cell testing.

Table 2. Results of testing solar cell 205 Wp
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Figure 9. Graph of the current-voltage characteristic testing.

Table 3 Comparison of the solar cell parameters
	Solar Cell Parameter 
	Specification Value
	Measurement Value

	Open Circuit Voltage (VOC)
	35,2 V
	33,07 V

	Short Circuit Current (ISC)
	7,91 A
	6,9 A



From the test results of the solar cell can be seen that the biggest ISC is 6.9 A, while the largest VOC is 33.07 V. And the graph on the solar cell IV curve is non-linear and inversely. The larger the voltage value VOC, then the smaller the value of the current ISC.

7.2	Load Current Detector circuit testing
	The purpose of testing is the load current detection circuit for detecting calibrate the block diagram and the load current is used to determine the value of the current flowing to the load. Block diagrams and circuit test current sensor is shown in Figure 10. Current sensor test results are shown in Table 4.




Figure 10. Block diagram of the test circuit current sensors.

Table 4. Data MDCSEM5A sensor output voltage and SCC AD620.
[image: ]

	Based on test data indicate that the current sensor output voltage follows the AC waveform of the load. Peak voltage value for current 0.44 A to 4.75 A is 0.128 V to 1.28 V. The value of the effective voltage is 0.084 V to 0.89 V. The effective value of the output voltage SCC is 0.82 V to 8.56 V so that it can be used as inputs Zelio. From these tests, the load current detection circuit is able to work well in accordance with the design. Graph sensor output voltage can be shown in Figure 11 below.

[image: ]
Figure 11. Graph output voltage and current sensor SCC.

7.3	Testing the voltage divider circuit
	Voltage divider circuit testing is done to calibrate and determine the output voltage of the battery to be conditioned in the range of 0-10 V that can be detected by Zelio. Testing circuit is shown in Figure 12. The test results are shown in Table 5.

[image: ]
Figure 12. The circuit test voltage divider circuit.
Table 5. Data from the test voltage divider circuit
	No
	Vin (V)
	Vout (V)
	Error (%)

	
	
	Theory
	Practice
	

	1
	26
	10.20
	10.19
	0.06

	2
	25
	9.80
	9.78
	0.24

	3
	24
	9.41
	9.40
	0.13

	4
	23
	9.02
	8.98
	0.44

	5
	22
	8.63
	8.61
	0.20



Based on the test data in Table 5. The obtained value of the lowest error of 0.06% and the highest error of 0.44%.

7.4	Genset Automation Testing
	This test was conducted to test the automatic starting on generators by using relays automation generator has been designed previously.



Figure 13. Block diagram of test automation generator.

Table 6. Data from the test automation generator.
[image: ]

Based on the test data in Table 6. when the input battery voltage of 9.7 V and Ib = Ic = load voltage of 3.8 V, conditions relays and genset OFF. At the time of Ib = 9.3 V and Ic =9.5 V, the condition of the generator and relay ON. It can be concluded that the automation generator circuit can work and function properly.

7.5	Testing Program
	Program in Zelio important role in the operation of the system. It is necessary to test the software by means of simulations using the features found in the software Zelio Soft 2. This is done to determine whether the program can be run properly.

7.5.1	Testing Transition Program Power Sources from Battery to Genset

[image: ]
Figure 14. Simulation transition program from power sources battery to genset.

7.5.2Testing Automatic Starting Program at Genset

[image: ]
Figure 15a. Simulation Automatic Starting ON program at Genset.

[image: ]
Figure 15b. Simulation Automatic Starting OFF program at Genset

7.5.3 Testing Program Relay for Battery Charging
[image: ]
Figure 16. Simulation for charging relay.

7.5.4Testing Delay OFF Program on Genset
[image: ]
Figure 17. Simulation OFF delay program on the generator.

[image: ]
Figure 18. Simulation of the program when the generator OFF.

7.6	Testing SFC Genset
	Tests SFC genset conducted to determine the characteristics of the amount of fuel consumption so that the genset can be used as a reference in implementing the hybrid system.
In this test, the genset used is the genset with a power capacity of 2.5 kW. Based on the test data in Table 7. The values obtained SFC generator as follows. At the time of the genset under load of 100 W (4% of the capacity of the generator), the value of SFC is very large in the amount of 6.59 l / kWh. And when the generator is loaded to 72% of the capacity of the generator, the SFC is an optimum value which is equal to 0.67 l / kWh

[image: ]
Figure 19. Graph SFC characteristics genset

Based on Figure 19 it can be seen that the value of SFC generator decreases with increasing percentage loading. The greater the percentage of load supplied genset, the smaller the value of SFC generator.

7.7	Testing Overall System
	Testing the whole system is done to determine if the system can run well. In this test, the battery is simulated by using a dc voltage regulator which is then connected to the inverter so that it can supply the load. Whereas, the energy source of the genset is represented by PLN. In this test, switching the two sources (PLN and inverter) is represented by a single relay (Q1: NO and NC) to keep these two sources are not met.

[image: ]
Figure 20. Block diagram of the whole system testing.

Table 9. Testing the overall system
[image: ]

Based on the test results in Table 9, when the battery voltage is 24 V was given a load of 25 W, input Ib = 9.0 V, Ic = 5.6 V, the condition of the relay Q1 (NC) active, Q4 ON. This indicates that the load is supplied by the battery via the inverter, and the condition of the genset / PLN is still OFF. Whereas, when the battery voltage of 23.5 V was given a load of 40 W, input Ib = 8.8 V, Ic = 9.3 V, the condition of the relay Q1 (NO) is active, Q4 OFF. This means that the load is supplied by the genset / PLN. Thus, it can be concluded that the energy transition system battery and the genset can work well.

8.	Conclusion
	Based on the results of the design and testing have been described, some conclusions can be drawn:
1.	Rated voltage and power output of the solar cell will increase with increasing intensity of the sun, while the current will decrease. In addition, there are differences in the voltage and current respectively of 2.13 V and 1.01 A of the measurement results.
2.	Current sensor and SCC are used in the system is able to detect changes in the current flowing to the load linearly with the response form the output voltage becomes the input Zelio.
3.	Automation generator circuit can work and function properly. In addition, the measurement of the generator SFC, SFC optimal value obtained is of 0.67 l / kWh at the time of loading 72% of the capacity of the generator.
4.	The transition energy from the battery to the generator and vice versa can be done by Zelio well. Hybrid system works based on battery voltage sensor (Ib) and load voltage (Ic). When Ib> Ic, the load is supplied by the battery and the generator condition is OFF. When Ib≤Ic, ON generator to supply the load and relay ON charger to charge the battery.
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