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a b s t r a c t

The model of the hybrid solid oxide fuel cell (SOFC) and gas turbine (GT) cycle is used to evaluate the
impacts of the inlet fuel composition on the specific work and efficiency of the cycle. In order to perform
the analysis, the system fueled with methane is considered as the reference case. For alternative cases,
methane is partially replaced with hydrogen, carbon dioxide, carbon monoxide, and nitrogen with an
increment of 5% at each step. The results indicate that the trend of the variations and the magnitude of
the changes depend on the replacing gases. The specific work and efficiency of the SOFC, GT, and cycle as
a whole for the cycle with and without anode recirculation can increased, decreased, or remain unaf-
fected when methane is replaced with these species. All these trends are justified by investigating the
system’s operational parameters. This study confirms the importance of the fuel composition impacts on
the SOFC–GT cycle performance.

� 2014 Energy Institute. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Unlike conventional-combustion-based power generation systems, fuel composition may significantly affect the performance of the fuel
cell-based power generation systems due to the electrochemical processes involved in the internal operation of the fuel cells [1–3]. These
effects are more important for renewable and alternative fuels. In the first part of this presentation, it was shown that the concentration of
methane, hydrogen, carbon dioxide, carbon monoxide, and nitrogen can vary between 1.4% and 97.4%, 0%–50%, 1.6%–38.3%, 0%–60.3%, and
0.2%–65%, respectively [3–8].

In this work, the model presented in Suther et al. (2010, 2011) is used to investigate the impacts of fuel composition on the performance
of the hybrid solid oxide fuel cell (SOFC) and gas turbine (GT) cycle (SOFC–GT cycle) with two configurations: with and without anode
recirculation [9,10]. In Part I of this presentation, Fig. 1 was used to explain the operation of the hybrid SOFC–GT cycle when it was operated
in both configurations. In the analysis, first the reference case was presented where the cycle was fueled with pure methane. In this
reference case, the overall efficiencies of the hybrid cycle were 74.6% and 73.9%, respectively, for the configurations with and without anode
recirculation. The corresponding efficiencies for the SOFC were 58.2% and 50.3%, respectively. Specific works for the SOFC and GT in the
system without anode recirculation were 551 and 394 kJ kgair�1, respectively. Also, specific works for the SOFC and GT in the system with
anode recirculationwere 827 and 369 kJ kgair�1, respectively. Then, methanewas replaced with the fuel that was a mixture of CH4 with each of
the following gases: H2, CO2, CO, and N2, with different percentages. In the analysis, 5% of methanewas replaced by other species at each step
in the corresponding range for each case.

In Part I, the effects of fuel composition on the output power of the SOFC, GT, and the hybrid cycle were investigated. In order to fully
understand the behaviors of the system, the effects of fuel composition on the mass flow rate and energy content of various flows
throughout the cycle along with some other parameters were investigated.

* Corresponding author. Tel.: þ1 (304) 442 3280.
E-mail addresses: farshid.zabihian@mail.wvu.edu (F. Zabihian), alanfung@ryerson.ca (A.S. Fung).

Contents lists available at ScienceDirect

Journal of the Energy Institute
journal homepage: ht tp: / /www.journals .e lsevier .com/journal -of - the-energy-

inst i tute

http://dx.doi.org/10.1016/j.joei.2014.02.003
1743-9671/� 2014 Energy Institute. Published by Elsevier Ltd. All rights reserved.

Journal of the Energy Institute 87 (2014) 28–34

mailto:farshid.zabihian@mail.wvu.edu
mailto:alanfung@ryerson.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joei.2014.02.003&domain=pdf
www.sciencedirect.com/science/journal/17439671
http://www.journals.elsevier.com/journal-of-the-energy-institute
http://www.journals.elsevier.com/journal-of-the-energy-institute
http://dx.doi.org/10.1016/j.joei.2014.02.003
http://dx.doi.org/10.1016/j.joei.2014.02.003


In this part of the presentation, the same approach will be used to study the influence of fuel composition on the specific work and
efficiency of the SOFC, GT, and the cycle as whole.

2. Effects of fuel composition on specific work

Although output power is an important parameter in a power generation system, it does not indicate any information about the size of
equipment and the system as a whole. Therefore, specific work is defined as the output power divided by the inlet air mass flow rate. The
specific work can be considered as a representative of the system physical size.

Fig. 1a–d shows how specific works of the GT, SOFC, and system as a whole vary with respect to various components in the inlet fuel for
two configurations.

To understand the trend in these graphs, both the output power (Fig. 2a–d in Part I) and air mass flow rate should be investigated. Fig. 2a–
d shows the inlet air mass flow rate and air-to-fuel ratio versus various components in the inlet fuel for two configurations, with andwithout
anode recirculation. In this model, the turbine inlet temperature (TIT) is kept constant by manipulating the air-to-fuel ratio. That means to

Fig. 1. GT, SOFC, and system specific works versus various components in the inlet fuel a) H2 b) CO2 c) CO d) N2.
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