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Abstract 

To address concerns about climate change resulting from emission of CO2 by fossil-fuel power plants, FuelCell Energy, Inc. 
(FCE) has developed Combined Electric Power and Carbon-dioxide Separation (CEPACS) system concept. The CEPACS system 
utilizes Electrochemical Membrane (ECM) technology derived from the Company’s Direct FuelCell® products. The system 
separates the CO2 from the flue gas of other plants and produces electric power using a supplementary fuel. FCE is currently 
evaluating the use of ECM to cost effectively separate CO2 from the flue gas of Pulverized Coal (PC) power plants under a U.S. 
Department of Energy contract.  The overarching objective of the project is to verify that the ECM can achieve at least 90% CO2 
capture from the flue gas with no more than 35% increase in the cost of electricity.  The project activities have included: 1) 
techno-economic analysis for an ECM-based CO2 capture system applied to a 550 MW existing PC plant, 2) laboratory scale 
operational and performance tests of a membrane assembly, 3) performance tests of the membrane to evaluate the effects of 
impurities present in the coal plant flue gas, and 4) bench scale testing of an ECM-based CO2 separation and purification system. 
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1. Introduction 

FuelCell Energy, Inc. (FCE), in collaboration with AECOM Corporation and Pacific Northwest National 
Laboratory (PNNL), is developing a novel Combined Electric Power and Carbon-dioxide Separation (CEPACS) 

 

 
* Corresponding author. Tel.: 203-830-7519; fax: 203-825-6273. 

E-mail address: sjolly@fce.com 

Available online at www.sciencedirect.com

© 2017 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the CO2 Summit II

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2016.12.183&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2016.12.183&domain=pdf


 Hossein Ghezel-Ayagh et al.  /  Energy Procedia   108  ( 2017 )  2 – 9 3

system [1]. The CEPACS system is based on electrochemical membrane (ECM) technology derived from FCE’s 
carbonate fuel cell products featuring internal (methane steam) reforming and carrying the trade name of Direct 
FuelCell® (DFC®). The CEPACS system separates the CO2 from the exhaust of other plants such as an existing 
coal-fired plant. The development effort is being carried out under a cooperative agreement with the U.S. 
Department of Energy (DOE). The overall objective of this project is to successfully demonstrate the ability of 
FCE’s ECM-based CEPACS system technology to separate ≥ 90% of the CO2 from a simulated Pulverized Coal 
(PC) power plant flue gas stream and to compress the captured CO2 to a state that can be easily transported for 
sequestration or beneficial use. In addition, a key objective is to show, through Technical and Economic Feasibility 
Study and bench scale testing, that the ECM-based CEPACS system is an economical alternative for CO2 capture in 
PC power plants, and that it meets DOE’s objective related to the incremental cost of electricity (COE) for post-
combustion CO2 capture (no more than 35% increase in COE). The operational principle of ECM cell and the 
process concept for CEPACS system are briefly described here. 

1.1. Electrochemical Membrane Technology - Operational Principle, Attributes and Status 

The operating principle of the ECM cell, including the mechanism for transport of CO2 (by migration of 
carbonate ions through electrolyte) from the cathode to the anode of the cell, is shown in Fig. 1, along with the 
electrochemical reactions.  
 

 

Fig. 1. Transport of CO2 in the Electrochemical Membrane Cell: CO2 is used at cathode as an oxidant and transferred to anode via carbonate ions 

The flue gas from an existing power plant, containing CO2, is fed to the cathode side of the cell. A supplemental 
fuel is supplied to the anode side of the cell. The ECM technology is compatible with numerous methane-containing 
fuels such as: coal and biomass derived syngas, natural gas (NG), and biogas (e.g. anaerobic digester gas). Natural 
gas has been assumed as the supplemental fuel source for this study. Due to the internal reforming capability of the 
ECM cell, methane in the fuel is converted (steam reformed) into hydrogen according to the following reaction: 

242224 HCOOHCH    (1) 

Hydrogen is used as a reactant at the anode. Carbon dioxide and oxygen present in the flue gas are used as 
reactants at the cathode. The electrochemical reaction at the ECM cell cathode (Fig. 1) involves the formation of 
carbonate ions (CO3

2-) by combination of O2, CO2 and two electrons. Carbonate ions produced at the cathode 
migrate to the anode side via the electrolyte in the cell. At the anode, the reaction of carbonate ion with H2 produces 
H2O, CO2 and two electrons. The internal transport of carbonate ions in the ECM cell and the flow of electrons in 
the external circuit results in power generation as a consequence of the CO2 separation process. DC power produced 
is converted to AC power using an inverter. The operating mechanism of the ECM cell results in the separation 
(from flue gas) and transfer of CO2 into the anode exhaust stream which has a much reduced volumetric flow 
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