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The global cement industry = ~7% of world CO2
Production
4.1 billion tons annual

Emissions
2.3-2.8 billion tons CO2
6-8% of global

Growth
12-23% to 2050

Location
90% in developing world
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The modern cement 
production process

Price tag:
$200 - $400 million 

~2500 in the world

Produces:
> 1 million tons of 
cement annual
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Diagram from IEA and WBCSD (2009), Cement Technology 
Roadmap 2009: Carbon Emissions Reductions up to 2050
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Cement plant in Broceni, Latvia
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Cement - temperatures up to 1500 C needed
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 Lea’s Chemistry of Cement and Concrete (5th Edition, 2019)
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Incredibly cost optimized industry
Marginal cost = ~$20-40 per ton!
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Estimates from: “Production costs from energy-intensive industries in the EU and third countries”, Moya & Boulamanti (EC JRC) 2016 and from McKinsey and VDZ 2008 study on clinker 
costs in Europe vs. Egypt, China and Saudi Arabia; Both charts from “Production costs from energy-intensive industries in the EU and third countries”, Moya & Boulamanti (EC JRC) 

2016
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Main sources of CO2 emissions in Cement
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+

 Diagram from LEILAC project
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CO2 in the industry reached a tipping point in 2019
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Press articles
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Resulting sector plan for net zero emissions 
(2021)
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An approach to classifying cement CO2 technologies
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Landscape of innovations for cement CO2 
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Sector-specific considerations for viability & scalability
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Feasibility framework: Target characteristics

● Have widely available, distributed, and 
economic raw materials for production

● Produce material which maintains 
simplicity & reliability of use downstream

● Not increase variable cost of production of 
the material substantially

● Ideally be synergistic with capital stock of 
$1 trillion already in the industry
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Four interesting emerging innovations
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Binder efficiency / particle size optimized fillers
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Source: [image source] 
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Challenges - Gradation, Dispersion, Workability
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 “Eco-efficient cements: Potential 
economically viable solutions for 
a low-CO  cement-based 
materials industry”; UN 
Environment, Karen L. Scrivener, 
Vanderley M. John, Ellis M. 
Gartner.
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Some common Supplementary Cementitious Materials (SCMs)
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From course “Cement Chemistry and 
Sustainable Cementitious Materials”, Ecole 
Polytechnique Fédérale de 
Lausanne,  https://courses.edx.org/course
s/course-v1:EPFLx+cementX+3T2018/cou
rse/
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New generation of SCMs
● Material sources

○ Mining tailings

○ Low value fly ash

○ Incinerator ash

○ Natural pozzolanic materials

○ Steel slags (vs. blast furnace slag)

○ Waste glass

● Beneficiation techniques

○ Physical - Surface & size modification

○ Thermal - calcination

○ Chemical - activation

Key components:

Calcium (or metal) oxides

Amorphous silica

Large scale availability

Consistency of content
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Issue with Carbon Capture is cost

21

https://www.linkedin.com/in/erictrusiewicz/


ALL RIGHTS RESERVED - Cement Decarbonization  - Eric Trusiewicz - 20 October  2022 - Presentation for CARB

Process capture lowers parasitic load & OPEX
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 Diagram from EU LEILAC project 
(left) and from IEA / WBCSD 
(right)
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New process controls = 10-20% increased efficiency
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McKinsey study on AI 
implementation in cement:

https://www.mckinsey.com/bu
siness-functions/mckinsey-an
alytics/our-insights/ai-in-prod
uction-a-game-ch 
anger-for-manufacturers-with-
heavy-assets
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Example - Kiln optimization model
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 Diagram 
Courtesy of Optimitive SL (Spain)

 All rights reserved Optimitive SL
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Example - Mill optimization model
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 Courtesy of Optimitive SL (Spain)
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Four interesting emerging innovations
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Some new high-potential additions
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Cement electrification - projects & barriers
● Calciner electrification is less difficult than kiln (900-1000 C vs. 1450-1500C)

○ Calciner is 50%+ of energy + electrification yields additional benefits (CO2 concentration)

● Projects to electrify various parts of cement production already exist
○ Calciner direct electrification already exists (Calix / LEILAC project)
○ Other types of electrified calciners also under development
○ Plasma fired full cement plant with kiln project in Scandinavia undertaken several years ago

● Electrification is hindered more by cost of electricity than technical hurdles
○ Using direct electrification vs. load shifting to achieve baseload industrial heat
○ Cost of energy from fossil (or waste) combustion is (generally) a fraction of base load electricity cost
○ Harnessing intermittent renewables in thermal storage can yield a much lower cost of baseload heat 
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Thank you!
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Eric Trusiewicz
erictr@stanford.edu
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