
  
energyequipsys/Vol 1/ 2013/ 59-74  

 

 

 

Energy Equipment and Systems 

                www.energyequipsys.com 
 

 
Performance assessment of a hybrid fuel cell and micro 
gas turbine power system  

Ahmad Tahmasebi 
a
 

Ahmad Sedaghat 
b* 

Rasool Kalbasi 
a 

Mahdi Moghimi Zand
c 

 

a 
Islamic Azad University, Najafabad 

Branch, Najafabad, I.R. of Iran 
 
b 

Department of Mechanical 

Engineering, Isfahan University of 
Technology, Isfahan 84156-83111, I.R. 
of Iran 
 
c
 School of Mechanical Engineering, 

College of Engineering, University of 
Tehran, P.O.Box 11155-4563, Tehran, 
Iran 
 

ABSTRACT    

In this paper, a hybrid solid oxide fuel cell (SOFC) and micro gas turbine (MGT) 
power system is parametrically studied to evaluate the effect of different operating 
conditions. The SOFC/MGT power system includes SOFC reactor, combustion 
chamber, compressor and turbine units, and two heat exchangers. The effects of 
fuel utilization, temperature, and pressure are assessed on performance of the 
hybrid SOFC/MGT power system using energy and exergy analyses. This study 
reveals that the main exergy loss occurs in the external reformer and the 
maximum achievable output power is about 7kW for the hybrid system. Finally, the 
promising first law thermal efficiency of up to 83% is achieved when the second 
law efficiency enhances to 65% for the hybrid system.  
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1. Introduction 
 

The demand for power-generation systems of high 
efficiency with low emission is of increasing 
importance. Recently, the fuel cell (FC) has been 
regarded as an enabling clean energy technology with 
great potential worldwide because it can convert the 
chemical energy of the fuel directly to energy; 
therefore, they can theoretically achieve high 
electrical efficiency. Fuel cells produce very low 
levels of pollutant emissions such as NOx, SOx, and 
CO2. They are also amenable to high-volume 
production as standardized power modules.  

Over the years many types of fuel cells have been 
developed with their names based on the type of 
electrolyte utilized. The first type of cells was known 
as phosphoric acid fuel cells (PAFC).  
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 These cells used a phosphoric acid electrolyte and 
platinum electrodes.The problems encountered with 
these cells included leakage of the electrolyte and the 
high cost of platinum electrodes. The next type of 
cells was known as the molten carbonate fuel cell 
(MCFC). These cells use a molten salt as an 
electrolyte and operate at 600°C. The type of cell 
presently under development is the proton exchange 
membrane fuel cell (PEM). These cells have an acidic 
electrolyte in a polymer matrix and are presently being 
sought by the automobile industry to produce electric 
hybrid vehicles. The latest type and probably the best 
suited for central power generation is the solid oxide 
fuel cell (SOFC). These cells use a solid ceramic 
electrolyte of yttria zirconia which the operating 
temperature ranges from about 600 to 1000 °C [1].  

An important advantage of a high-temperature fuel 
cell is the high temperature exhaust gas which can be 
used as an additional heat source for other purposes. 
With combining a gas turbine cycle (GT) to a high 
temperature fuel cell, a hybrid cycle is formed and the  
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outlet exergy is recovered and the thermal efficiency 
is enhanced. The theoretical feasibilities of such 
hybrid power systems have been investigated by 
numerous research groups. Several SOFC based 
power generation systems developed by Siemens-
Westinghouse were simulated using the developed 
SOFC stack model [2]. Veyo and Lundberg [3] 
showed that an atmospheric   pressure SOFC based 
power generation cycle has an thermal efficiency 
range of 45%-50% and the SOFC and gas turbine 
hybrid cycle can provide up to 70% of electrical 
efficiencies [3]. For small scale electrical power 
generation with a range of 250kW, a thermal 
efficiency of 65% can be expected [4]. In general, 
simplified or empirical, mathematical or validated 
model are used to predict the behavior of hybrid fuel 
cell and gas turbine. Stephenson and Richey [5] used 
simplified and empirical relation based on 
performance curves from Siemens-Westinghouse. 
Lunghi and Umbertini [6] used a mathematical model 
with detailed electrochemical loss description, 
simplified assumption of uniform cell and gas 
temperature and current density. Some advanced fuel 
cell models are utilized by Harvey and Richey [7] and 
Costamagna and Massardo [8]. Some studies such as 
Companari [9], Johansson [10], Lunghi and 
Umbertini [6] focused on relatively large systems 
allowing for higher pressure ratio and intercooled and 
reheated gas turbine. But smaller systems is studied 
moderate inlet conditions by Campanari [11] and 
Magistri [12].  

In this study, a combined SOFC and micro gas 
turbine are considered. This system is designed based 
on in town natural gas utilities. With electrochemical 
and thermodynamic properties of SOFC and 
distinguishing different losses in SOFC, the SOFC 
current density during the process. The generated heat  

 of reheated gas partly dissipated to the which combine 
SOFC with a microturbine with and cell voltage are 
calculated. The effects of temperature, pressure, and 
fraction of reactant gases as major parameters, cell 
dimension and proportion of generated power in each 
section as minor parameters are investigated at 
different working conditions. 

 
2. System Configurations 
 
A schematic diagram of the tubular SOFC/MGT 
hybrid power system is given in Fig.1. Although solid 
oxide fuel cells can be fed by a number of fuels 
(methane, natural gas, biogas, syngas, etc.), methane at 
ambient temperature is considered here as the fuel. 
The compressed fuel (methane) is heated in heat 
exchanger and then reformed by using steam and heat 
from the fuel cell. In the reformer, the following 
reaction is reported: 

 
The reformer productions are fed to anode section of 

SOFC. Ambient air is compressed by a turbine driven 
compressor and then heated in the heat exchanger by 
the hot gas stream from the turbine exhaust. The hot, 
high-pressure air is then fed to the cathode. Natural 
gas and air are channeled through the anode and 
cathode compartments, respectively. 
The electrochemical reaction occurs and electrical 
energy is produced associated with heat generation 
reform environment, partly used to the natural gas and 
partly used to heat up the feedstock gases.  

The high-temperature productions and unused 
gases, which compound of unutilized reformed natural 
gas and depleted air, are guided to a combustor where 
residual fuels (hydrogen, methane and carbon 
monoxide), reacts with the excess air. The combustion 
productions with  high  temperature  and  pressure  are 

 

 
Fig.1. Schematic diagram of the tubular SOFC/MGT hybrid power system. 
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