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ABSTRACT : This paper introduces method for electrification of villages through Micro-grid in islanded mode. A potential function for each component like wind turbine, fuel cell, voltage regulator unit, control box, DC coupling device and DC blocking device is used in this work. Secondary voltage control of micro-grid is achieved through voltage regulator unit. The studies are simulated in time-domain continuous mode using MATLAB/ Simulink. Wind-fuel cell based hybrid energy system is tested with various wind speed. It is observed that the proposed system is working satisfactorily.
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I. Introduction

The electrical power system is changing to address the requirements of market and consumers. The development in the power system is expected to provide continuous, reliable and qualitative power based on distributed energy resource (DER) units, control and power management strategies. Recently, it is becoming a common cognition and inevitable trend to make use of renewable energies and construct sustainable power systems. Distributed generation systems (DGs) attract worldwide attention in recent years, including photovoltaic generation and wind power generation systems. The main benefits of these systems are supply can be provided locally, reduce grid investment, operation costs and transmission line losses, decrease network capacity, save the peak load demand and increases reliability as well as reduce environmental pollution. 

II. Microgrid structure
A. Wind turbine
There are many DERs available but as the place for which the study carried out is near to coastal area and proper wind potential is available so one of the sources considered is wind turbine. The selected wind turbine is having pitch angle control and synchronous generator to have better performance.100KVA sizing considered to take care 50KW balanced load for future expansion. 
B. Fuel cell
Another source chosen for this system is fuel cell which should be able to cater load any time. Fuel cell output voltage selected 1000 V DC to match with the DC bus of wind turbine. The coupling point selected is DC bus. Source capacity selected as 100 KW to cater the 50 KW current load and 50KW for future expansion. 
III. Integrated microgrid and control philosophy
Wind turbine is able to cater load while wind speed is in range of 6 m/s to 30 m/s. In between this wind speed only wind turbine should be in switch on condition and above or below that wind speed, fuel cell should switch on immediately so that purpose of continuous supply can be maintained.
As control philosophy plays an important role in this small micro-grid, it should be able to decide which source should be in service at a particular time. The wind range should be wide enough to take-care of this situation so that fuel cell cut-in time can be minimized and in a way economical output can be achieved. In this model wind speed is taken from 6m/s to 30 m/s to investigate performance of the system.
IV. Model of wind turbine with Voltage regulator

Alone wind turbine is not being able to generate voltage in specific range. Voltage regulator unit needed to add up to get desired output. Step by step model is simulated for three different wind speeds and results are elaborated below. 
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Figure:1 Wind turbine with voltage regulator unit.
The unit is simulated for three different wind speed i.e. 6 m/s, 12 m/s and 30 m/s. Figure1 shows wind turbine integrated with voltage regulator unit. The objective of the study is to observe the four parameters which are,
1) Vabc wind turbinei.e.voltage waves at wind turbine
2) Vabc Load i.e. Out put voltage at load side

3) Iabc Load i.e. Out put current at load side

4) Vdc i.e. DC Bus Voltage

B. Wind turbine at 6 m/s with voltage regulator unit(VRU)
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Figure : 2  Results at 6m/s wind speed.
From Figures 1, 2 & 3, it is clear that output voltage wave is almost sinusoidal and it is well within acceptable limit values for the entire range of wind speed input. Current wave is dependent on voltage wave and it is observed that it is within acceptable limit.

V. Model of Fuel cell with voltage regulator unit

Second source is fuel cell and it should be able to cater the load properly. It is tested with same voltage regulator unit. Results are taken to check its functionality. Figure 4 shows SOFC fuel cell integrated with voltage regulator unit. Step by step model is simulated for two different load patterns and results are shown in Figure - 5 & 6. 

B. Wind turbine at 12 m/s with VRU
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Figure : 3 Results at 12m/s wind speed
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Figure : 4 SOFC Fuel cell with VRU
Two test cases are considered to investigate the performance which are observed and shown in Fig. 5 & 6. The parameters are:-
1) Vabc Load i.e. Output voltage at load side

2) Iabc Load i.e. Output current at load side

3) Vdc i.e. DC Bus Voltage/Fuel cell

4) Idc i.e. DC current of fuel cell
Test Case 1: SOFC Fuel Cell & VRU with RC Load
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Figure : 5 SOFC Fuel cell with RC load.
The load connected with the system is 50KW to check the functionality of this model. DC output of fuel cell is directly connected to DC bus in this model so it is advisable to check it with all possible load patterns.

From Figure - 5 & 6, it is clear that output voltage wave is almost sinusoidal and it is well within acceptable limit values. Current wave is also looks sinusoidal but THD values needs to be checked for acceptance. 

VI. Model of Integrated Micro-grid

As from all simulation it is clear that when wind speed is below 6m/s and more than 30 m/s the unit will not serve the purpose.  

To run the system on fuel cell only is also un-economical. Integration of both of them leads to quantitative and qualitative supply all the time to the load. Figure 7 shows integrated micro grid model consisting of wind generator, fuel cell with voltage regulator unit.
Test Case 2 : SOFC Fuel cell & VRU with RLC Load
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Figure : 6 SOFC Fuel cell with RLC load.
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Figure : 7 Integrated Micro-grid Model
This integrated unit is having control box which decides which energy source needs to put in service for economical as well as availability aspect. Control box also ensures the stable DC voltage while wind turbine is not available due to scarcity of wind or abundance of wind. 

This unit is also equipped with reverse blocking diode unit in reverse biased condition so that DC voltages of both source can connect in suitable condition only and feed the load accordingly.
Integrated Micro-grid model is also simulated for selected wind range e.g. scarcity of wind and abundance of wind. The results are captured consisting of following parameters 

1) Vabc Wind Turbine at turbine output

2) Vabc Load i.e. Output voltage at load side

3) Iabc Load i.e. Output current at load side

4) Idc i.e. DC current of fuel cell

5) Vdc i.e. Voltage of Fuel cell
1) Case 1 : Scarcity of wind i.e. integrated micro-grid consisting of wind turbine and fuel cell at 6m/s wind speed
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Figure : 8 Integrated Micro-grid results at 6m/s wind speed.
2) Case 2 : Normal wind i.e. integrated micro-grid consisting of wind turbine and fuel cell at 12m/s wind speed
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Figure : 9 Integrated Micro-grid results at 12m/s wind speed.
3) Case 3 : Abundance of  wind i.e. integrated micro-grid consisting of wind turbine and fuel cell at 30m/s wind speed
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Figure : 10 Integrated Micro-grid results at 30m/s wind speed.
4) Case 4 : Scarcity / Abundance of  wind                 i.e. integrated micro-grid consisting of wind turbine and fuel cell at 4 m/s / 31 m/s wind speed

From Figures 8,9,10 & 11, it is clear that output voltage wave is almost sinusoidal and it is well within acceptable limit values. Current wave is also sinusoidal. Operation of control box can also be visualized from Idc current fed by fuel cell. It is easy to judge that fuel cell is not getting cut-in as Idc current value is zero between 6m/s to 30m/s. The same is having value in between 40 to 65 amps while wind speed is out of range i.e. 4m/s or 31m/s.

VII. Control box logic diagram

Wind speed sensor is connected to control the value of wind speed in the logic box is shown in Figure 12. DC bus value is also measured continuously to ensure continuous output through this device in the micro-grid. DC bus lower and upper limit is decided from figures and values are used to trigger SR flip flop. Q output of SR flip-flop is being OR with the upper (30m/s) and the lower (6m/s) wind speed to switch on the fuel cell.
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Figure : 11 Integrated Micro-grid results at 4 or 31m/s.
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Figure : 12 Control box logic diagram.
This logic ensures the fuel cells cut-in on proper time and serve the purpose of continuous output voltage from this micro-grid. 
VIII. Conclusion
This paper introduces the concept of micro-grid operation to enable electrification of villages /isolated placed through economical energy sources like the wind and fuel cell. The vision behind the proposed concept is to electrify isolated villages with minimum transmission losses, no interruption and environment friendly power supply through micro-grid. This paper proposes the control strategy of two sources of micro-grids in islanded mode. The studies are carried out in time domain using the MATLAB/Simulink software. The study confirms the practical installation of wind-fuel cell based micro-grid for off-grid electrification for villages/isolated places.
REFERENCES
[1]
S. A. Papathanassiou and M. P. Papadopoulos. Dynamic behavior of variable speed wind turbines under stochastic wind. IEEE Transactions on Energy Conversion, vol. 14 no. 4:  pp. 1617 – 1623, Dec. 1999.

[2]
F. D. Kanellos, S. A. Papathanassiou, and N. D. Hatziargyriou. Dynamic analysis of a variable speed wind turbine equipped with a voltage source ac/dc/ac converter interface and a reactive current control loop. In Proc. of Electrotechnical Conference, vol. 3, pp. 986 – 989, May 2000.

[3]
S. Heier. Grid Integration of Wind Energy Conversion Systems. John Wiley & Sons, Ltd, Chicester, UK, 1998.

[4]
J. G. Slootweg, S. W. H. de Haan, H. Polinder, and W. L. Kling. General model for representing variable speed wind turbines in power system dynamics simulations. IEEE Transactions on Power Systems, vol. 18 no.1,  pp. 144 – 151, Feb. 2003.

[5]
R. Mukund. Wind and solar power systems. CRC Press, CRC Press LLC, 2000 N.W., Corporate Blvd., Boca Raton, Florida 33431, 1999.

[6]
B. Lindgren. A Power Converter for Photovoltaic Applications. PhD thesis, Department of Electric Power Engineering, Chalmers University of Technology, Göteborg, Sweden, 2000.

[7]
S. Campanari, L. Boncompagni, and E. Macchi. Microturbines and trigeneration ,Optimization strategies and multiple engine configuration effects. Journal of Engineering for Gas turbines and Power, vol. 126: pp. 92 – 101, January 2004.

[8]
T. Ackermann. Wind Power in Power Systems. John Wiley & Sons, Ltd, Royal Institute of Technology, Stockholm Sweden, 2005.

[9]
J. G. Slootweg, S.W. H. de Haan, H. Polinder, andW. L. Kling. Modeling wind turbines in power system dynamics simulations. In Power Engineering Society Summer Meeting, 2001. IEEE, vol. 1, pp. 22 – 26, Vancouver, Canada, 15-19, July 2001.

[10]
S. Roy, O. P. Malik, and G. S. Hope. A k- step predictive scheme for speed control of diesel driven power plant. IEEE Transactions on Industry Application, vol. 29 no.2, pp. 389 – 396, March/April 1993.

[11]
N. Jenkins, R. Allan, P. Crossley, D. Kirschen, and G. Strbac. Embedded Generation. The Institution of Electrical Engineers, UK, 2000.

[12]
R. Lasseter. Microgrids. In IEEE Power Engineering Society Winter Meeting, 2002, vol. 1, pp. 305 – 308, New York, NY, 2002.

[13]
The future of village power supply in remote areas. [Online]. Available: http://www.iset.uni-kassel.de/.






ISSN: 0975 – 6736| NOV 11 TO OCT 12 | VOLUME – 02, ISSUE - 01

Page 84



