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Abstract – The research work presented in this paper is focused on 
the holistic modelling of a combined Photovoltaic (PV), Wind and 
Fuel Cell, (FC) power system. The modelling approach is based on 
the Handel C programming language and is using the DK5 
modelling / design environment from Mentor Graphics. The aim of 
the research was to achieve a combined model of a photovoltaic –
wind-fuel cell energy system, enabling an holistically optimized 
digital control system design, followed by its rapid Field 
Programmable Gate Array (FPGA) prototyping. Initially, the 
functional simulations of the integrated system were performed, 
than, the controller design was downloaded in hardware onto a 
RC10 development board containing a Xilinx Spartan FPGA and 
was successfully tested experimentally. This approach enables the 
design and fast hardware implementation of efficient controllers 
for Distributed Energy Resource (DER) hybrid systems. 
 
Index Terms — FPGA, renewable energy, modelling, control 
systems, power systems. 
 
 

REFERENCES 
[1] M. Liserre, T. Sauter, J. H. Hung, Future Energy Systems: Integrating Renewable Energy Sources into 

the Smart Power Grid Through Industrial Electronics, IEEE Trans. Ind. Magazine, pp. 13-37, March 
2010. 

[2] Cirstea, M.N., Dinu, A., Khor, J., McCormick M., Neural and Fuzzy Logic Control of Drives and 
Power Systems, Elsevier Ltd., Oxford, 2002. 

[3]  Liu, C., Chau, K. T., Zhan, X., An Efficient Wind–Photovoltaic Hybrid Generation System Using 
Doubly Excited Permanent-Magnet Brushless Machine, IEEE Trans. Ind. Electronics, vol. 57, no. 3, 
March 2010. 

[4] http://www.mentor.com 
[5] Deshmukha, et al, S., Modeling of hybrid renewable energy systems, Renewable and Sustainable 

Energy Reviews 12 (2008) pp. 235–249, 2008. 
[6] P. Nema, R.K. Nema, R. Saroj, A current and future state of art development of hybrid energy system 

using wind and PV-solar: A review. Renew Sustain Energy Rev, vol. 13, no 8, pp. 2096-2103, 2009. 
[7] A. Parera-Ruiz, M.N. Cirstea, S.E. Cirstea, A. Dinu, Integrated Renewable Energy System Modelling 

with direct FPGA Controller Prototyping, Industrial Electronics Conference, (IECON'09), Porto, 
Portugal, pp. 2963-2968, 2009. 

[8] N. Mohan, T. Undeland, W. P. Robbins, Power Electronics, Wiley, 2003. 
[9] K. Petrinec, M.N. Cirstea, K. Seare, C. Marinescu, A novel FPGA fuel cell system controller design, 

11th International Conference on Optimization of Electrical and Electronic Equipment,. OPTIM 2008, 
pp. 401 – 406, 2008. 

[10] M.J. Khan, M.T. Iqbal, Analysis of a small wind-hydrogen stand-alone hybrid energy system, Applied 
Energy 86 (2009), pp. 2429–2442, 2009. 

[11] J. Schonberger, R. Duke, S.D. Round, DC-Bus Signaling: A Distributed Control Strategy for a Hybrid 
Renewable Nanogrid, IEEE Trans. Ind.  Electron., vol. 53, Issue 5, pp. 1453 – 1460, Oct. 2006. 

[12] A. Timbus, M. Larsson, C. Yuen, Active Management of Distributed Energy Resources Using 
Standardized Communications and Modern Information Technologies, IEEE Trans. Ind. Electron., vol. 
56, no. 10, Oct. 2009. 

[13] P. J. Moriarty, S. B. Butterfield, Wind turbine modelling overview for control engineers, American 
Control Conf., ACC '09,  pp. 2090–2095, 2009. 

[14] M.J. Vazquez, , J. Marquez, F.S. Manzano, A Methodology for Optimizing Stand-Alone PV-System 
Size Using Parallel-Connected DC/DC Converters, IEEE Trans. Ind. Electron., vol. 55, no. 7, pp. 
2664-2673, July 2008. 

[15] G. Petrone, G. Spagnuolo, R. Teodorescu, M. Veerachary, M. Vitelli, Reliability Issues in Photovoltaic 
Power Processing Systems, IEEE Trans. Ind.  Electron., vol. 55, no. 7, pp. 2569-2580, July 2008. 

[16] F. Blaabjerg, , F. Kerekes, T. Teodorescu, R, Trends in power electronics and control of renewable 
energy systems, 14th Int. Power Electronics and Motion Control Conference (EPE/PEMC), pp. K-1- 
K-19, 2010. 

[17] K. Jin, X. Ruan, M. Yang, M. Xu, A Hybrid Fuel Cell Power System, IEEE Trans. Ind. Electron, Vol. 
56, pp. 1212 – 1222, 2009. 

[18] W. Greenwell, A.Vahidi, Predictive Control of Voltage and Current in a Fuel Cell–Ultracapacitor 
Hybrid, IEEE Trans. Ind. Electron, vol. 57, no. 6, June 2010. 

[19] A. Tisan, M.N. Cirstea, A. Buchman, A. Parera-Ruiz, S. Oniga, D. Ilea, Holistic Modeling, Design and 
Optimal Digital Control of a Combined Renewable Power System, IEEE International Symposium on 
Industrial Electronics, ISIE 2010, pp.2713-2718, 2010. 


