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The Future?

• PCA Roadmap for Carbon Neutrality calls for increasing substitution of 
cementitious materials

• Pozzolans, flyashes, slags, calcined clays
• Type IP, IT, etc.

3



4



Pozzolan and Calcined Clay History

• Smeaton lighthouse mortar (1756) used 50:50 blend of hydraulic lime and 
pozzolana. Published in 1791.

• 19th Century – Numerous studies on pozzolans and calcined clays

• 1909 – Mixture of ground burnt clay and Portland cement sold as C.J. Potter’s 
Red Cement

• 1930’s – Studies of use of fly ash in cement as an artificial pozzolana
• 1940’s – Use of burnt clay and Portland Cement as an economic measure
• 1960’s – Extensive use of calcined clay in dam construction in Brazil

Bottom line – calcined clays and pozzolanas are not new technologies
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The Future?

• Calcined clays
• Lower energy than clinker production

• Lower temperature for activation
• Lower heat of reaction (i.e. less energy per ton of material calcined)

• Moisture has a big impact

• No CaCO3 in feed means lower process emissions of CO2
• At least 50% lower CO2 emission due to lack of CO2 from calcination of material
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Example of Current Efforts

• LC3 – Limestone Calcined Clay Cement
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Tailings Ponds – Quarry ops
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Tailings from Oil/Nat Gas Processing
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Alternative Fuels and CO2 Reduction



CARSCHREDDER HOUSEHOLD WASTE GRINDING DUST TETRAPACK RUBBER FROM TIRES

RICE,STRAW, HUSK GRANULED PLASTIC NAPPIES BOTTLE CAPS

ANIMAL MEAL CARPET WASTE NUT SHELLS RDF FROM PACKING RDF PAPER/PLASTIC

IMPREGNATED 
SAWDUST WOOD CHIPS SEWAGE SLUDGE RDF FROM DSD RDF FROM TEXTILES

WASTE WOODCHIPS



Hydrogen



Thermal Efficiency
• In theory, hydrogen firing can improve kiln thermal 

efficiency (lower partial pressure of CO2 in the 
system)

• VDZ targets 13% improvement in thermal efficiency 
and a 10% usage of hydrogen in the fuel mix
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Hydrogen in Kiln Systems
• Tarmac – Tunstead (lime kiln trial)
• Chilean reference (lime kiln – 48% subst.)
• Chinese references (7 rotary lime kilns – COG/LDG* firing with 30% H2 

substitution)
• Chinese alumina plant (2 rotary lime kilns – COG firing with 55-60% H2 

substitution)

• Hanson – Ribbesdale (cement kiln trial)
• Cemex – San Pedro De Macoris (cement kiln trial)
• Argos – Piedras Azules (cement kiln trial)
• Cemex – Rudersdorf (planned 2025 industrial trial)
• ~20 announced small scale electroloysis systems
• 4 announced H2 projects by Cemex in Mexico

16* - Coke Oven Gas / LD Gas



Technical Challenges

• Lime calcination is akin to boiling water, 
clinker production is akin to baking a cake

• Thermal profile of the kiln is critical
• Hydrogen burns faster, with lower 

emissivity
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Kiln Temperature Profile
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Technical Challenges
• Lime calcination is akin to boiling water, clinker 

production is akin to baking a cake
• Thermal profile of the kiln is critical

• Hydrogen burns faster, with lower emissivity
• Burner adjustments and limitations

• Wet exhaust gases and dewpoint issues
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Questions?

Peter Paone, PE
Director of Engineering – East Coast
ZAP Engineering & Construction Services
1 East Broad Street
Bethlehem, PA 18018

484-695-2646
paonep@zapecs.com
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