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Scale-up of Calcium Carbonate Looping Technology  
for Efficient CO2 Capture from Power and Industrial Plants 

The SCARLET project aims to obtain reliable information and tools for the scale-up of the Calcium Carbonate Looping 
(CCL) process and pre-engineering of a 20 MWth CCL plant by continuous self-sustaining pilot plant operation. SCARLET 
is a collaborative research project funded by the European Commission within the 7th Framework Programme under the 
grant agreement no. 608578 in the theme “scale-up of advanced high efficiency capture processes”. The project is 
coordinated by the Institute for Energy Systems and Technology (EST) of Technische Universität Darmstadt and runs from 
April 2014 to March 2017. 

OBJECTIVES 
• Long-term pilot testing of the CCL process at 1 MWth scale at TU Darmstadt 
• Development and validation of scale-up tools and guidelines  
• Design, cost estimation, risk assessment study for a 20 MWth CCL pilot plant  
• Techno-economic and environmental impact of commercial full scale CCL application   

PROGRESS 
Scale-up and engineering of 20 MWth pilot plant  
The results from 1 MWth pilot testing and the models obtained within SCARLET were used to design a theoretical 20 
MWth pilot plant with UNIPER's Emile Huchet (France) hard coal power plant as the host site. The process configuration 
was defined and heat and mass balances for design case and various load cases were established. The design considers 
the load cases of the host plant, the variation of reactor temperatures, make-up ratio, carbonator inventory, make-up ratio 
and the type of fuel in the calciner.  The design and performance, i.e. carbonator absorption > 80 %, were confirmed by 
CFD simulation with different model approaches. The design and engineering of the components of the 20 MWth pilot 
plant was carried out concluding in an investment cost (CAPEX) and operational cost (OPEX) estimation. A detailed 
measurement plan (approx. 500 measurements, on-site laboratory for solid analyses) was elaborated to validate the 
process in the scaled-up pilot plant. Furthermore, the operating procedures were defined describing the control strategy 
in normal operation as well as start-up and shut down procedures. The Balance of Plant and the permitting process for 
erection and operation was provided as well. In addition, a detailed plan for operation and logistics was elaborated. 
Health, safety, environment (HSE) and technical risk assessment was jointly conducted showing no “show-stoppers”. 
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CCL integration into full-scale power and industrial plants  
Process simulation for various host plants has been conducted. Boundary conditions of host power plants (hard coal, 
lignite) and industrial plants (cement, steel) were applied to the validated and scaled-up CCL process model. The 
thermodynamic assessment, based on process model validated with the experimental data from long-term testing, shows 
energy penalties of 6 – 7 %-points including CO2 compression. The economic 
assessment concluded in CO2 avoidance costs of 20 – 27 €/tCO2 for power 
plants depending on the host plant and its load case. For industrial plants, 
the economic assessment leads to CO2 avoidance costs of 43 €/tCO2 for 
cement, and 37 €/tCO2 for steel, respectively. The environmental assessment 
based on a life cycle analysis (LCA) shows that CCL technology reduced the 
environmental burden of power and industrial plants. The impact on human 
health and ecosystems can be reduced significantly. 
 
Public SCARLET Workshop 
The 2nd Public SCARLET Workshop took place on 23rd March 2017 at 
Technische Universität Darmstadt focusing on the scale-up and engineering 
of a 20 MWth pilot plant including CFD simulations of the scaled-up pilot 
plant reactors. Integration scenarios of CCL retrofits at various full-scale 
reference power (hard coal, lignite) and industrial (cement, steel) plants 
were assessed evaluating thermodynamics, economics and environmental 
impact. In addition, experimental results from CCL pilot testing in a 1 MWth 
pilot plant with more than 1,200 hours stable operation were presented. The 
possibility of a site visit of the 1 MWth CCL pilot plant was also given. Check 
the presentations and posters at the SCARLET website. 
 
SCARLET at CFB-12  
The 12th International Conference on Fluidized Bed Technology (CFB-12) is a main international event for fundamental 
and applied aspects of fluidized bed systems. In 2017, the CFB-12 conference will take place in Krakow, Poland, on 22th-
26th May. The SCARLET project will be part of with the following oral presentations:  

• 1 MWth long-term pilot testing of the carbonate looping process with hard coal and lignite (TU Darmstadt) 
• Experimental investigation of the flow hydrodynamics in a 1 MWth circulating fluidized bed reactor with a 

capacitive probe (TU Darmstadt) 
• Numerical CFD simulation of the 1 MWth CFB carbonator using the discrete element method (TU Darmstadt) 
• A numerical study of the carbonator design effect on CO2 capture efficiency (Centre for Research and Technology 

Hellas) 
 
SCARLET at CCT2017  
The IEA Clean Coal Centre’s 8th international conference on clean coal technologies (CCT2017) is the foremost platform 
for networking within the global coal research community over all aspects of clean coal technologies highlighting the 
most cutting edge research. The CCT2017 will take place in Cagliari, Italy, on 8th-12th May and TU Darmstadt will present 
the following SCARLET results: 

• Long-term pilot testing of the carbonate looping process in 1 MWth scale  
 
SCARLET at TCCS-9 
The Trondheim Conference on CO2 Capture, Transport and Storage (TCCS) is one of the leading scientific CCS 
technology conferences, and represents an important meeting place for CCS experts from all over the world. The TCCS-9 
will take place in Trondheim, Norway, on 12th-14th June and TU Darmstadt has applied to present the following SCARLET 
results: 

• Experimental and evaluation results of 1 MWth long-term pilot testing of the carbonate looping process (oral) 
• Thermodynamic assessment of the calcium looping process in carbon intense industries – a model based study for 

a cement plant (oral)  
• Thermodynamic assessment of the calcium looping process applied to a lignite-fired power plant (poster)  

CONTACT 
Institute for Energy Systems and Technology (EST) 
Dr.-Ing. Jochen Ströhle / M. Sc. Jochen Hilz 
info@project.-scarlet.eu  
 
Further information about the project is available online and updated 
regularly. Publications and reports will also become available. 
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