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What is cement?

• Mineral binding agent used most commonly (with sand and 
aggregate) to make concrete

• Usually we mean hydraulic cements, such as Portland 
cement
• Mix with water to make the fine powder into an adhesive that dries 

hard

• People have been using cement for a very long time
• Burnt lime: Roman era

• It remains one of the highest volume products in the world, 
with large environmental impacts but large benefits



Manufacturing Process
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© Paulo J.M. Monteiro; http://monteiro.ce.berkeley.edu/lectures.html



Lime cement
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© Paulo J.M. Monteiro; http://monteiro.ce.berkeley.edu/lectures.html



Production Process
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• Production of cement is responsible for ~7% of annual anthropogenic CO2

emissions

PROBLEM

© Paulo J.M. Monteiro; http://monteiro.ce.berkeley.edu/lectures.html
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(Monteiro, Miller, and Horvath, Nature Materials, 2017)

Unsustainable Development: Consumption
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Application: Concrete – energy and resources

3% MJ 

9% 

Industrial water 
2% 

Total water 

(Monteiro, Miller, and Horvath, Nature Materials, 2017; Miller, Horvath, and Monteiro, Nature Sustainability, 2018)
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Life Cycle Inventory: Cement Production
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Application: Concrete – what can we do?

(World Business Council for Sustainable Development, 2009; Miller, John, Pacca, and Hovath, Cement and Concrete Research, in press)

680 kg CO2-
eq / tonne

cement

95% 88% 95% 73%
51%

Cement roadmap projections for reducing emissions by 2050

Clinker substitution Alternative fuels Kiln efficiency Carbon capture & storage Total

48%
94% 91%

48%

Implementable methods based on 2015 data

Clinker substitution Alternative fuels Kiln efficiency Total



Sustainable Development: Still considering what a 
material must do

Peter Hess
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Material Design Framework
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(Based on Gursel, A.P. and A. Horvath. Concrete LCA Webtool.  2012  [cited 2014 November 13]; Available from: 
http://greenconcrete.berkeley.edu/concretewebtool.html. )



Alkali-activated Binders
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• Alkali activation is the generic term which is applied to the reaction of a solid 
aluminosilicate (termed the ‘precursor’) under alkaline conditions (induced by the 
‘alkali activator’), to produce a hardened binder 

• The binder is based on a combination of hydrous alkali-aluminosilicate and/or 
alkali-alkali earth-aluminosilicate phases.

(Provis, Cement and Concrete Research, in press)



Potential for scalability

12/4/18 15

• Competition between aluminosilicate precursors used for AAMs and their use in 

blends with Portland cement

• Clays and volcanic soils exist in quantities that vastly exceed demand for the 

foreseeable future

• Alkali metals (particularly sodium) can be obtained from a variety of means

(Provis, Cement and Concrete Research, in press)



Environmental Assessment
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From Miller in press
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Environmental Assessment
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Barriers and incentives
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Barriers
• Key barriers facing industrial-scale production are largely outside the direct 

technical realm, these include:
• The need for control of the supply chain, including reliance on alkali suppliers
• Competition for some precursor materials from existing uses in blended 

Portland cements
• Occupational health and safety

Incentives
• Carbon emissions (especially if there are financial drivers, such as carbon taxes)

• High technical performance
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Miller, S. A., Horvath, A., Monteiro, P. J. M. & Ostertag, C. P. Greenhouse gas emissions from concrete can be reduced by using age 
as a design factor. Environmental Research Letters, 2015. 10: 114017. 



Material Design Framework

Material(
Manufacture(

Mechanical(
Proper1es(

Design(and(
Applica1on(

Durability(and(
Use(

End(–(of(–(Life((

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

  1 

1m
 

4.
5m

 
9 

at
 3

.5
m

 =
 3

1.
5m

 σ"

ε"

12/4/18 21



0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

0 2 4 6 8 10 12 14 

G
lo

ba
l W

ar
m

in
g 

Po
te

nt
ia

l 
(k

g 
C

O
2 

eq
) 

Time (years) 

Hemp Burlap Hemp Linen Jute Burlap Wood Flour 

Durability and Use

im0

im0 + im1

tm0 tm1 Time

Cumulative
Impact

!!"#$%&" = !!" + !!"# !!"#
!

+ !!"# !!"#
!

− !!"# !!"#
!!

!!"  

(theory based on Miller, S.A., M.D. Lepech, & S.L. Billington. Evaluation of functional units including time-dependent properties for environmental impact 
modeling of biobased composites. The Journal of Biobased Materials and Bioenergy, 2013. 7: 588-599 and Lepech, M.D., M. Geiker, and H. Stang, Probabilistic 
design and management of environmentally sustainable repair and rehabilitation of reinforced concrete structures. Cement and Concrete Composites, 2014. 47: 
p. 19-31. )



0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

0 2 4 6 8 10 12 14 

G
re

en
ho

us
e 

G
as

 E
m

is
si

on
s 

(k
g 

C
O

2 
eq

) 

Time (years) 

Hemp Burlap Hemp Linen Jute Burlap Wood Flour 

Time

Cumulative
Impact

Hemp Linen Hemp Burlap Jute Burlap Conventional  
Polymer Decking Mix 1 Mix 2 Mix 3 Mix 4

Durability and Use

(theory based on Miller, S.A., M.D. Lepech, & S.L. Billington. Evaluation of functional units including time-dependent properties for environmental impact 
modeling of biobased composites. The Journal of Biobased Materials and Bioenergy, 2013. 7: 588-599 and Lepech, M.D., M. Geiker, and H. Stang, Probabilistic 
design and management of environmentally sustainable repair and rehabilitation of reinforced concrete structures. Cement and Concrete Composites, 2014. 47: 
p. 19-31. )



Material Design Framework

Material(
Manufacture(

Mechanical(
Proper1es(

Design(and(
Applica1on(

Durability(and(
Use(

End(–(of(–(Life((

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

  1 

1m
 

4.
5m

 
9 

at
 3

.5
m

 =
 3

1.
5m

 σ"

ε"

12/4/18 24



End-of-life

Crushed(Concrete(
a.er(Demoli3on(

Landfilling(

Carbona3on(of(
Crushed(Concrete(

Recycling(as(
Aggregate(

12/4/18 25



References

26

Gursel, A.P. and A. Horvath. Concrete LCA Webtool.  2012  [cited 2014 November 13]; Available from: 
http://greenconcrete.berkeley.edu/concretewebtool.html. 

Gursel, A.P., H. Maryman, and C. Ostertag, A life-cycle approach to environmental, mechanical, and durability properties of “green” concrete mixes with 
rice husk ash. Journal of Cleaner Production.

Jolliet, O. (EPFL, Switzerland), http://gecos.epfl.ch/lcsystems/Fichiers_communs/Recherche/frameimpact2002.htm, accessed February 10, 2004
Lepech, M.D., M. Geiker, and H. Stang, Probabilistic design and management of environmentally sustainable repair and rehabilitation of reinforced concrete 

structures. Cement and Concrete Composites, 2014. 47: p. 19-31.
Miller, S.A. (in preparation)
Miller, S.A., A. Horvath, & P.J.M. Monteiro. (2018) “Impacts of booming concrete production on water resources worldwide.” Nature Sustainability, 1: 69-76.
Miller, S. A., Horvath, A., Monteiro, P. J. M. & Ostertag, C. P. “Greenhouse gas emissions from concrete can be reduced by using age as a design factor.” 

Environmental Research Letters, 2015. 10: 114017.
Miller, S.A.,V.M. John, S. Pacca, & A. Horvath. (in press) “Carbon dioxide reduction potential in the global cement industry by 2050.” Cement and Concrete 

Research.
Miller, S.A., M.D. Lepech, & S.L. Billington. “Evaluation of functional units including time-dependent properties for environmental impact modeling of 

biobased composites.” The Journal of Biobased Materials and Bioenergy, 2013. 7: 588-599 
Provis, J. (in press). “Alkali-activated Materials.” Cement and Concrete Research.
SAIC, Life Cycle Assessment: Principles and Practice, 2006, National Risk Management Research Laboratory, Environmental Protection Agency: Reston, 

VA. 


