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Fig. 1. MCFC cell schematic with chemical reactions and placement 
in cement plant [6]  

Assumptions: 
• 90% carbon capture verified with Spinelli[1] 
• Forecasted cement demand with StatsCan[2] data and 

tuned to match the 2016 NIR Report[3]. (See Fig. 2) 
• Exshaw plant[4] characteristics are similar to the 

second cement plant in Alberta 
• An Organic Rankine Cycle (ORC) was evaluated to 

capitalize the waste heat produced from the MCFC 
• CO2 exiting the MCFCs is captured and sent to either 

storage or enhanced oil recovery 
• An economic analysis was conducted to determine the 

implementation year for Alternative Scenario #2. 
 
Table 1 below shows the main differences between the 
reference and alternative scenarios. Figures 5 and 7 are 
based on the results of Alternative Scenario #2. 

 

Table 1. Comparison of reference and alternative scenarios 

[1] Spinelli et al. 2015. “Application of Molten Carbonate Fuel Cells in Cement 
Plants for CO2 Capture Clean Power Generation.” Politecnico di Milano, 
Milano, Italy, Energy Procedia 63 (2014) 6517-6526, 2014 
[2] Government of Canada, "TableP82105bCanadianproduction of principal 
non-metallic minerals, 1886 to 1975 CONCLUDED" 02 July 2014[Online] 
Available: http://www.statcan.gc.ca/pub/11-516-x/sectionp/4147442-eng.htm 
[3] Environment Canada, “National Inventory Report 1990-2014” Ontario, 
Canada, Part 3, April 2016 
[4] R. Anbari, Private Communications, 27th September 2016 
[5] Fuel Cell Energy, "2.8 MEGAWATTS DFC3000" August 2013 [ Online] 
Available: http://www.fuelcellenergy.com/assets/Product-Specs-DFC3000-2.8-
MW.pdf 
[6] D. Layzell, “Cementing Lower Emissions through Links to Power 
Generation”, University of Calgary, Calgary, AB, 2016. 

Calcination of limestone and fuel combustion 
are key reactions in the cement-making 
process.  
Not possible to reduce CO2 emissions 

without compromising production.  
The implementation of MCFCs will result in a 
net export of “emissions-free” electricity to the 
grid. 
Create a precedent for new policies on 

low-emission cement and promote the use 
of MCFCs. 

The ORC was found to produce minimal 
benefits in terms of electricity production 
relative to the MCFC. Return on investment for 
the MCFC was calculated to be 5 years. 

Molten-Carbonate Fuel Cells generate a 
considerable amount of power and can 
significantly reduce CO2 emissions depending 
on the installed capacity.  
In this project, MCFCs reduce up to 2.43MtCO2 
by 2060, generate enough power to run the 
plant, and export green electricity to the grid. In 
comparison, the addition of an ORC to the 
retrofit was not deemed economically viable. 
From an economics standpoint, 2020 is too 
early for MCFCs to be implemented. The 
analysis suggests that after 2036, MCFCs will 
likely become a more feasible carbon capture 
solution. New policies for the production of low-
emissions cement will also aid with increasing 
the rate at which this technology can be 
adopted into common practice. 
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Reference Scenario Alternative Scenarios 
Zero carbon capture ~90% Carbon Capture of cement 

flue gas 
~10MW electricity 
imported to plant 

Zero electricity import 
Net export to the grid 

  
  
No MCFCs 

#1: MCFC Capacity[5] matches 
cement production 
#2: Implementation based on 
economic analysis 
#3: Total MCFC Capacity installed 
in first year 
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MCFCs require 
natural gas 

 for operation 

MCFCs produce 
enough power for 
cement plant use 
and exportation 

100% of emissions 
created by MCFCs 

are captured 

90% of emissions 
created by cement 
plant are captured 

We assumed 
the natural gas 
contains 100% 

methane 

Cement 
intensity drops 
abruptly as a 

result of 
installing 
MCFCs 

Cement-making processes produce high emissions  at 
low economic value relative to other industrial 
processes in Alberta(AB). In 2016, the AB cement 
industry will produce approximately 1.7Mt of cement 
which will result in 1.7Mt of CO2 emissions[6]. 
Molten-Carbonate Fuel Cells (MCFCs) have been 
proposed to be implemented into cement plants (See 
Fig. 1) because they can capture a significant amount 
of CO2 and can also produce electricity. This project 
will affect the emissions produced by the AB industrial 
and electricity production sectors. 
 
 

Fig. 2 Fig. 3 

Fig. 4 Fig. 5 

Fig. 6 Fig. 7 
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