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                    Abstract
Combined cycles using Solid oxide fuel cells (SOFCs) are expected to provide very high efficiency. The SOFCs are combined with a Gas turbine (GT) or a Gas turbine combined cycle (GTCC). The major SOFC design parameters greatly impact the combined cycle efficiency because the SOFC still produces a majority of the electricity in the combined cycles. In this paper, the influence of the SOFC’s fuel utilization on the efficiency of the combined cycles is carried out using parametric analysis. It is demonstrated and validated that an optimal fuel utilization exists. Four types of SOFC/GT and SOFC/GTCC combined cycles are analyzed. Each combined cycle is found to have an optimal fuel utilization, which is always lower than that of the SOFC-alone system. The main reason is that the turbine inlet temperature rises and thus GT or GTCC power increases with decreasing fuel utilization because of the increased remaining fuel after the cell stack. The value decreases as the power share of the turbomachinery part increases. The peak efficiencies of the SOFC/GT and SOFC/GTCC were predicted to be over 72 % and 76 %. The optimal fuel utilization corresponding to peak efficiency was 0.8 for the SOFC-alone system, 0.7 for the SOFC/GT system, and 0.6 for the SOFC/GTCC system.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A comparative performance analysis of a solid oxide fuel cell and gas turbine combined cycles with carbon capture technologies
                                        
                                    

                                    
                                        Article
                                        
                                         12 March 2019
                                    

                                

                                Byeong Seon Choi, Ji Ho Ahn, … Tong Seop Kim

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Energy and Exergy Analysis of Solid Oxide Fuel Cell Integrated with Gas Turbine Cycle—“A Hybrid Cycle”
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2019
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Performance Assessment of a Hybrid Solid Oxide Fuel Cell-Gas Turbine Combined Heat and Power System
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2014
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	
                                    Gas Turbine World 2014 Performance Specs, 30th Ed., 44 (1) (2014).

	J. J. Conti, Annual Energy Outlook 2015 with Projections to 2040. DOE/EIA-0383(2015), Washington, DC: U. S. Energy Information Administration (2015).

	M. C. Cameretti and R. Tuccillo, Combustion features of a bio-fueled micro-gas turbine, Applied Thermal Engineering, 89 (2015) 280–290.
Article 
    
                    Google Scholar 
                

	T. Komori, N. Yamagami and Y. Shimamura, Development of leading technology for a low-BTU gas-firing gas-turbine combined-cycle plant at a steelwork, MHI Tech. Rev., 48 (2011) 24–28.

                    Google Scholar 
                

	M. C. Williams, Fuel Cell Handbook, 7th ed., U.S. Department of Energy, Morgantown (2004).

                    Google Scholar 
                

	D. Y. Goswami and F. Kreith, Handbook of Energy Efficiency and Renewable Energy (2007).

                    Google Scholar 
                

	U. Bossel, Portable SOFC generator with innovative SPIROCELLs, Solid Oxide Fuel cells VIII, Paris: Electrochemical Society Inc. (2003) 127–134.

	S. Vora, J. Ciferno and S. Plasynski, Solid Oxide Fuel Cells: Technology Program Plan, U. S.DOE/NETL (2013).

                    Google Scholar 
                

	T. Ishikawa, S. Yamashita, T. Sobue and K. Hase, SOFC Development by Tokyo Gas, Kyocera, Rinnai and Gastar, Proceedings of the 23rd World Gas Conference (2006).

                    Google Scholar 
                

	D. Saebea, Y. Patcharavorachot and A. Arpornwichanop, Analysis of an ethanol-fueled solid oxide fuel cell system using partial anode exhaust gas recirculation, Journal of Power Sources, 208 (2012) 120–130.
Article 
    
                    Google Scholar 
                

	D. Saebea, S. Authayanun, Y. Patcharavorachot and A. Arpornwichanop, Effect of anode-cathode exhaust gas recirculation in a solid oxide fuel cell-gas turbine hybrid power system, Energy, 94 (2016) 218–232.
Article 
    
                    Google Scholar 
                

	S. Wahl, A. G. Segarra, P. Horstmann, M. Carré, W. G. Bessler, F. Lapicque and K. A. Friedrich, Modeling of a thermally integrated 10kWe planar solid oxide fuel cell system with anode offgas recycling and internal reforming by discretization in flow direction, Journal of Power Sources, 279 (2015) 656–666.
Article 
    
                    Google Scholar 
                

	A. Buonomano, F. Calise, M. D. d’Accadia, A. Palombo and M. Vicidomini, Hybrid solid oxide fuel cells–gas turbine systems for combined heat and power: A review, Applied Energy, 156 (2015) 32–85.
Article 
    
                    Google Scholar 
                

	D. McLarty, Y. Kuniba, J. Brouwer and S. Samuelsen, Experimental and theoretical evidence for control requirements in solid oxide fuel cell gas turbine hybrid systems, Journal of Power Sources, 209 (2012) 195–203.
Article 
    
                    Google Scholar 
                

	S. Obara, Dynamic-characteristics analysis of an independent microgrid consisting of a SOFC triple combined cycle power generation system and large-scale photovoltaics, Applied Energy, 141 (2015) 19–31.
Article 
    
                    Google Scholar 
                

	Y. Kobayashi, K. Tomida, M. Nishiura, K. Hiwatashi, H. Kishizawa and K. Takenobu, Development of Next-Generation Large-Scale SOFC toward Realization of a Hydrogen Society, MHI Tech. Rev., 52 (2015) 111–116.

                    Google Scholar 
                

	Y. Kobayashi, Y. Ando, T. Kabata, M. Nishiura, K. Tomida and N. Matake, Extremely high-efficiency thermal power system-solid oxide fuel cell (SOFC) triple combinedcycle system, MHI Tech. Rev., 48 (2011) 9–15.

                    Google Scholar 
                

	J. H. Choi, J. H. Ahn and T. S. Kim, Performance of a triple power generation cycle combining gas/steam turbine combined cycle and solid oxide fuel cell and the influence of carbon capture, Applied Thermal Engineering, 71 (2014) 301–309.
Article 
    
                    Google Scholar 
                

	J. H. Yi, J. H. Choi and T. S. Kim, Comparative evaluation of viable options for combining a gas turbine and a solid oxide fuel cell for high performance, Applied Thermal Engineering, 100 (2016) 840–848.
Article 
    
                    Google Scholar 
                

	S. Wongchanapai, H. Iwai, M. Saito and H. Yoshida, Performance evaluation of an integrated small-scale SOFCbiomass gasification power generation system, Journal of Power Sources, 216 (2012) 314–322.
Article 
    
                    Google Scholar 
                

	S. Wongchanapai, H. Iwai, M. Saito and H. Yoshida, Performance evaluation of a direct-biogas solid oxide fuel cellmicro gas turbine (SOFC-MGT) hybrid combined heat and power (CHP) system, Journal of Power Sources, 223 (2013) 9–17.
Article 
    
                    Google Scholar 
                

	Aspen Technology, AspenOne HYSYS, ver. 7.3 (2012).

	W. Zhang, E. Croiset, P. L. Douglas, M. W. Fowler and E. Entchev, Simulation of a tubular solid oxide fuel cell stack using AspenPlusTM unit operation models, Energy Conversion and Management, 46 (2005) 181–196.
Article 
    
                    Google Scholar 
                

	R. Suwanwarangkul, E. Croiset, M. W. Fowler, P. L. Douglas, E. Entchev and M. A. Douglas, Modeling of anode-supported SOFCs operating with H2 and CO feed Mixtures, Solid Oxide Fuel Cells VIII:(SOFC VIII), Proceedings of the International Symposium, The Electrochemical Society (2003) 1348–1357.

                    Google Scholar 
                

	S. C. Singhal and K. Kendall, High temperature and solid oxide fuel cell fundamentals, Design and applications, Elsevier (2003).

                    Google Scholar 
                

	T. Anderson, P. Vijay and M. O. Tade, An adaptable steady state Aspen Hysys model for the methane fueled solid oxide fuel cell, Chemical Engineering Research and Design, 92 (2014) 295–307.
Article 
    
                    Google Scholar 
                

	E. Grol, D. Keairns and R. Newby, Fuel Composition Effects and Other Operational Parameters on Solid Oxide Fuel Cell Performance, DOE/NETL-401/093010, Pittsburgh (2010).

                    Google Scholar 
                

	L. Zhou, M. Cheng, B. Yi, Y. Dong, Y. Cong and W. Yang, Performance of an anode-supported tubular solid oxide fuel cell (SOFC) under pressurized conditions, Electrochimica Acta, 53 (2008) 5195–5198.
Article 
    
                    Google Scholar 
                

	C. Bo, C. Yuan, X. Zhao, C. B. Wu and M. Q. Li, Parametric analysis of solid oxide fuel cell, Clean Technologies and Environmental Policy, 11 (2009) 391–399.
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Graduate School, Inha University, Incheon, 22212, Korea
Ji Hye Yi

	Dept. of Mechanical Engineering, Inha University, Incheon, 22212, Korea
Tong Seop Kim


Authors	Ji Hye YiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tong Seop KimView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Tong Seop Kim.


Additional information
Recommended by Associate Editor Jae Dong Chung

                                J. H. Yi received her M.S. degree from Dept. of Mechanical Engineering, Inha University in 2016. Her major research topic is performance analysis of advanced power system including fuel cell, gas/steam turbine combined cycle, and CCS (Carbon dioxide capture and storage).

                                T. S. Kim received his Ph.D. degree from Dept. of Mechanical Engineering, Seoul National University in 1995. He has been with Dept. of Mechanical Engineering, Inha University since 2000. His research interests are design and analysis of advanced energy systems including gas/steam turbine based power plants.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Yi, J.H., Kim, T.S. Effects of fuel utilization on performance of SOFC/gas turbine combined power generation systems.
                    J Mech Sci Technol 31, 3091–3100 (2017). https://doi.org/10.1007/s12206-017-0553-y
Download citation
	Received: 08 December 2016

	Revised: 06 February 2017

	Accepted: 14 February 2017

	Published: 25 July 2017

	Issue Date: June 2017

	DOI: https://doi.org/10.1007/s12206-017-0553-y


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Solid oxide fuel cell
	Gas turbine
	Combined cycle
	Fuel utilization
	Anode off-gas recirculation
	Efficiency








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.236.224.210
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    