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Cement & Concrete in the News



Carbon Dioxide (CO2)
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25% 20%5%2.5%47%

Carbon dioxide (CO2) has been identified as a green-house-gas



Carbon Dioxide (CO2)
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1 ton≈
CO2

1 Ton of Portland 
Cement Clinker

1 ton of portland cement clinker is approximately 
equal to 1 ton of CO2

2020: US estimated 90 million metric tons
2020: World estimated 4.1 billion metric tons

(China estimated 2.2 billion, India estimated 340 million)



Buy Clean Movement

Buy Clean is a movement of non-profit organizations, private 
companies, and public officials working to end the consumption 
of high-carbon products and close the carbon loophole.

Governments and private 
companies around the world 
are changing the way products 
are made by demanding low-
carbon energy sources and 
climate-friendly processes 
in their supply chains.



Buy Clean Policies

• Federal: A Buy Clean program was drafted 
in the Clean Futures Act, and clean 
manufacturing programs and incentives are 
included in Biden’s Climate Action Plan and 
Infrastructure Plan.

• State: Iterations of Buy Clean were 
introduced in Oregon in 2017, Washington 
in 2018, Minnesota in 2019, and Colorado 
in 2020.  Material-specific low-carbon 
incentives were also introduced in New 
York, Maryland and New Jersey

• Local: Cities are adopting regional or 
material-specific variations of Buy Clean, 
such as lower-carbon concrete 
procurement in Portland, Oregon and 
Kansas City, KS. 

Buy Clean policies are 
spreading rapidly.



CLEAN Future Act, H.R.1512 – 117th Congress (2021 – 2022). 

The CLEAN Future Act, also known as the Leadership and 
Environmental Action for our Nation’s Future, is legislation which 
creates requirements and incentives to reduce emissions of 
greenhouse gases. The law establishes an interim goal to reduce 
greenhouse gas emissions to at least 50% below 2005 levels by 2030 
as well as a national goal to achieve net-zero greenhouse gas 
emissions by 2050. 

Every federal agency must develop a plan to achieve these goals.

Clean Future Act



Buy Clean Policies

Buy Clean acts are legislation that promotes use of 
typically low GWP products though common tactics of 
financial incentives/disincentives or exclusionary caps
• Started in California, then introduced in other states such as 

Minnesota and Colorado

“Cement factories said there is no way to produce cement 
without polluting the way we do now. We found that there are 
many European companies producing cement that release only 
half the greenhouse gas, so there is the technology there… 
When we passed our $20 billion infrastructure bonds, we said, 
‘Let’s not build any of those roads without that technology.’”

-Arnold Schwarzenegger, CA Governor, 2007



Private Sector
• “I want low-carbon products”
• Lower carbon footprint goals / requirements
• Market demanding consistent improvement and 

transparency
• Investors demanding the same

“I am optimistic that 
innovation can help reduce 
the downsides of concrete… 
researchers are developing new materials 
that would cut down on our need for 
concrete in the first place.”

-Bill Gates, June 25, 2014

Sustainability Becomes Policy



Sustainability Becomes Policy



Global Warming Potential (GWP)

GWP is a metric where the abilities of different gases to 
absorb heat is normalized to a CO2 equivalent, represented 
in metric tons of CO2/kg of the gas being evaluated

Industry Average:
Type I: 922 CO2/kg

A relative measure of 
how much heat a 
green-house-gas traps 
in the atmosphere



Carbon Dioxide (CO2) & Lowering the GWP
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Limestone and raw materials are crushed and proportioned that the resulting 
mixture contains the desired composition cement

The material is fed into a kiln fueled by fossil fuels to approximately 
3,000˚Fahrenheit (˚F)



Carbon Dioxide (CO2) & Lowering the GWP
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This process chemically changes the raw material into cement clinker which 
is then processed into cement

It is the burning of this material, termed ‘calcination’ that emits approximately 
75% of the CO2 a plant emits



Carbon Dioxide (CO2) & Lowering the GWP

15

Any attempt made to reduce the amount of  material fed into the kiln will 
reduce the CO2 emissions at a plant
Transitioning from TI to TIL PLC will reduce the Global Warming Potential 
(GWP) of the plant



Carbon Dioxide (CO2)
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1 ton≈
CO2

1 Ton of Portland 
Cement Clinker

1 ton of portland cement clinker is approximately 
equal to 1 ton of CO2

2020: US estimated 90 million metric tons
2020: World estimated 4.1 billion metric tons

(China estimated 2.2 billion, India estimated 340 million)
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25% 20%5%2.5%47%

Carbon dioxide (CO2) has been identified as a green-house-gas

What does this mean with 
respect to cement Specifications? 

Cement Specifications



25% 20%5%2.5%47%

Specifications

ASTM 
C150

However, the 
cement industry 
needs to: 
• Decrease its CO2

output
• Improve its 

Global Warming 
Potential (GWP)



25% 20%5%2.5%47%

Specifications

ASTM 
C150

ASTM C595



• ASTM C595 Standard Specification for Blended Hydraulic 
Cements
o According to ASTM C595, the nomenclature is: Type IL(X) 

where X represents the amount of targeted limestone
• For example:  Type IL(10)

o Note:  There are other ASTM C595 Cements
• For example:   Type IS(30), or Type IP(5), 

Type IT(S30)(P5)

• ASTM C1157 Standard Performance Specification for 
Hydraulic Cement
o Type GU, General Use
o There are no restrictions on the limestone addition or 

any other composition of the cement or its constituents

Specifications



Lowering a Plant’s GWP
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25% 20%5%2.5%47%

Carbon dioxide (CO2) has been identified as a green-house-gas

Question:  Why would a cement plant 
transition to ASTM C595?

Transitioning from < 5% limestone to make TI, to
< 15% limestone to make TIL PLC a plant will reduce
its Global Warming Potential (GWP)

Answer:  To lower the plant’s
Global Warming Potential (GWP)



History of ASTM C595 in Michigan & Ohio

• MI & OH have been building with ASTM C595 cements since 2005

22

UM - Big House 
Football Stadium Renovations

Type IT(S25)(P5) M-231 Bridges and Bypass
Holland & Grand Haven, MI

Type IT(S25)(P4)



History of ASTM C595 in Michigan & Ohio
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Residential Driveways
Type IS(20)

• MI & OH have been building with ASTM C595 cements since 2005



TIL Portland Limestone Cements (PLC) are acknowledged and accepted 
for use wherever ASTM C150 TI is specified or cited in all National 
Codes, Specifications, Standards, and Guides

24

Cement Specifications & Codes



TIL Portland Limestone Cements (PLC) are acknowledged and accepted 
for use wherever ASTM C150 TI is specified or cited in all National 
Codes, Specifications, Standards, and Guides



Why Would Codes & Specifications Allow PLC?

By following well-documented mix design and control practices, 
concrete made with PLC perform similarly to concrete without limestone

• Although relatively inert compared to clinker or supplementary 
cementitious materials (SCMs), limestone contributes to properties 
through three mechanisms:

1. Particle Packing Effects, which can reduce water demand (and 
therefore water-to cement ratios for equivalent workability) 
and subsequently increase strengths; 

2. Nucleation Effects, in which hydration products of traditional 
cement reactions are accelerated slightly; and 

3. Chemical Reactions, which only occur to a minor extent, to 
produce carboaluminate phases, which can reduce porosity.
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Portland Cement Association (PCA)
State-of-the-Art Report on Use of Limestone in Cements at Levels of up to 15%

P. D. Tennis, M. D. A. Thomas, and W. J. Weiss



Comparisons:  T-I to Type IL(10) PLC

Quarterly Competitive Test Program
• Mix containing 564 lbs of cement, while incorporating:

o Same aggregate source throughout the test program
o Same laboratory personnel

27



Developing Test Data



Developing Test Data



Type I v. Type IL(10) - Slump
Type I v. Type IL(10) – Slump



Type I v. Type IL(10) – Initial Set
Type I v. Type IL(10) – Initial Set



Type I v. Type IL(10) – 1 Day Strength
Type I v. Type IL(10) – 1 Day Strength



Why Would Codes & Specifications Allow PLC?

By following well-documented mix design and control practices, 
concrete made with PLC perform similarly to concrete without limestone

• Although relatively inert compared to clinker or supplementary 
cementitious materials (SCMs), limestone contributes to properties 
through three mechanisms:

1. Particle Packing Effects, which can reduce water demand (and 
therefore water-to cement ratios for equivalent workability) 
and subsequently increase strengths; 

2. Nucleation Effects, in which hydration products of traditional 
cement reactions are accelerated slightly; and 

3. Chemical Reactions, which only occur to a minor extent, to 
produce carboaluminate phases, which can reduce porosity.
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Portland Cement Association (PCA)
State-of-the-Art Report on Use of Limestone in Cements at Levels of up to 15%

P. D. Tennis, M. D. A. Thomas, and W. J. Weiss



Type I v. Type IL(10) – 7 Day Strength
Type I v. Type IL(10) – 7 Day Strength



Type I v. Type IL(10) – 28 Day Strength
Type I v. Type IL(10) – 28 Day Strength



Comparisons:  T-I to Type IL(10) PLC Field Work

Customer Field Work
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Comparisons:  T-I to Type IL(10) PLC Field Work
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Comparisons:  T-I to Type IL(10) PLC Field Work
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Comparisons:  T-I to Type IL(10) PLC Field Work
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• The use of SCMs such, as fly ash or slag cement, and Type IL PLC 
will be similar to the use of Type I and SCMs

Type I v. Type IL(10) – Data with Slag Cement



Type I v. Type IL(10) – Slag Cement Mixes: Slump/Set
Type I v. Type IL(10) – Slag Cement



Comparisons:  T-I to Type IL(10) PLC Field Work
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Comparisons:  T-I to Type IL(10) PLC Field Work
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Comparisons:  T-I to Type IL(10) PLC Field Work
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• Finishers may notice about a 10% reduction in bleed, yet the TIL(10) 
concrete will appear to be creamer on the trowel

• Three mechanisms:
1. Particle Packing Effects
2. Nucleation Effects
3. Chemical Reactions

Type I v. Type IL(10) – Finishability



T-IL(10) T-I

Type I v. Type IL(10) – Color



Specifications and the Design Community



• There is no considerable differences with respect to the hydration process of Type I and 
Type IL PLC

• The standard of the industry is that an ASTM C150, C595, and C1157 cementitious product 
shall be utilized identically or in a ‘like-for-like’ manner with respect to mix design 
calculations, and especially with w/cm calculations

• Density and Relative Density (Specific Gravity) of TIL(10) Portland Limestone Cement
• The particle density of portland cement ranges between 3.10 and 3.25, averaging 3.15 Mg/m3
• When calculating mix designs the relative density or Specific Gravity is a dimensionless 

number determined by dividing the cement density by the density of water at 39.2˚F (4˚C )
• As a standard of the industry, 3.15 is used for the relative density (Specific Gravity) of Portland
• However, the relative density (Specific Gravity) may change for your particular TIL PLC

o For example:  Alpena TIL(10) is 3.10

Specifications and the Design Community



Mill Certification Reports
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Specifications:  MDOT

• MDOT recognizes 
ASTM C595 ‘as equal’
to ASTM C150

50



Specifications:  MDOT

• “Published national research supports findings that the fresh and hardened 
properties of concrete produced using Type IL Portland cement are like 
those of normal Type I.” – Field Guide

• “Further, there is added evidence that Type IL Portland cement may 
contribute toward improved durability for concrete exposed to harsh 
environmental conditions.” – Field Guide

• “The Contractor may substitute Type IL Portland cement in lieu of Type I 
Portland cement for concrete mixtures and other applications where Type I 
Portland cement is specified, provided documentation showing specification 
compliance as described herein.” – Special Provision

51
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Batson Children's Hospital - Jackson, MS 

Numerous Commercial Buildings -
Seattle, WA

Renovations - Davis Wade Stadium
MSU, MS

I-40, Oklahoma City, OK
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Bridging North America (Gordie Howe Bridge)
Detroit, MI & Windsor, ON – Canada

Started in 2019 with: ASTM C595 Type IP(13)
2022 transitioned to: ASTM C595 Type IT(L9)(P13)



TIL Portland Limestone Cement (PLC) - Conclusions

• It is the responsibility of the cement and concrete industry to address the 
current climate situation

• Cement companies have taken steps to reduce the CO2 output in the 
manufacturing process at their plants

• One of the greatest ways to reduce CO2 emissions is by eliminating the 
production of ASTM C150 Type I, and replacing it with an ASTM C595 
Type IL Portland Limestone Cement (PLC)
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• Type IL (PLC) is an engineered product and, as a standard of the industry, is 
specified and considered ‘as equal’ to Type I

• Type IL (PLC) is acknowledged and accepted for use wherever Type I is 
specified or cited in all Specifications, Codes, Standards and Guides

• To summarize:  Responsible Governments, Owners, 
Specifiers, and Consumers demand Type IL (PLC)

57

TIL Portland Limestone Cement (PLC) - Conclusions
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Claude Bergeron
Holcim Technical Services
Phone:  (734) 231-3040
claude.bergeron@holcim.com

TIL Portland Limestone Cement (PLC) - Conclusions



Working with Reduced Carbon 
Concrete Mixes

Daniel DeGraaf, P.E.

Michigan Concrete Association

6-9-22



Low Embodied Energy and Embodied CO2 contents of Concrete 
relative to other materials



Reduced Carbon Concrete Mixes

1. Type 1L Cement: What is it?, What changes should we see?, 
Documentation?

2. Well-graded Aggregates

3. Supplemental Cements – SCM’s

4. Temperature control

5. Concrete Placement – including the addition of water

6. Curing Protection

7. Sealing prior to first winter



March 17,2022:     GSA - New Requirement



Conversions

The manufacturing of Type 1 cement produces approximately 0.9 pounds of CO2 for 
every pound of cement.



CO2 Reduction



How do I specify?

• Add the following to your list of approved cementitious materials:

Type IL blended cement per ASTM C595/AASHTO M240

Type 1L is not considered a C-150 Cement even though it is produced 
with the identical clinker

Type 1L is produced to react just like Type 1



What about current Approved Mix Designs with ASTM C-150 Type 1 cement?

• MICHIGAN

• DEPARTMENT OF TRANSPORTATION

• SPECIAL PROVISION

• FOR

• PORTLAND CEMENT (TYPE IL)

• CFS:JFS 1 of 2 APPR:TES:TEB:12-14-21

FHWA:PR:12-16-21

• a. Description. The Contractor may substitute Type IL Portland cement in lieu of Type I Portland

cement for concrete mixtures and other applications where Type I Portland cement is specified, provided

documentation showing specification compliance is provided as described herein.

• The Contractor must provide the Engineer a minimum of 14 calendar days prior notification of their intent to

substitute Type IL Portland cement in lieu of Type I Portland cement for the project.



c. Construction. At least 7 days prior to concrete production, the concrete producer must provide

test data (specified below) generated from a four cubic yard (minimum) trial batch of concrete using Type IL

Portland cement for the Engineer’s review and approval. The trial batch must represent a current approved

JMF for either a standard MDOT Grade 3500, Grade 3500HP, Grade 4500, or Grade 4500HP concrete

mixture produced using Type I Portland cement, as described in section 1004 of the Standard Specifications

for Construction. Ensure the materials and mixture proportions for the Type IL JMF are the same as those

documented in the above mentioned JMF using Type I Portland cement. Minor adjustments to chemical

admixture dosages are permitted in efforts to achieve the specified fresh concrete properties. Trial batch

compliance for applications other than Portland cement concrete mixtures will be in accordance with the

contract.

1. Fresh Concrete Properties.

A. Concrete temperature,

B. Air content of fresh concrete, and

C. Slump.

2. Hardened Concrete Properties.

A. 7-day compressive strength.



• The Engineer will review the trial batch test data to determine if the fresh and hardened concrete

properties of the Type IL JMF meet specification requirements for the respective MDOT Grade of

concrete represented by the trial batch. If the Engineer determines that the trial batch test data are in

conformance with specification requirements, then the Type IL Portland cement will be permitted to be

substituted in lieu of the Type I Portland cement for all approved concrete mixtures generated at the

concrete production facility for the project. If the Engineer determines that the trial batch test data do

not meet specification requirements for the respective MDOT Grade of concrete, the Contractor will

not be permitted to substitute Type IL Portland cement in lieu of Type I Portland cement. Mix design

and JMF documentation for concrete mixtures using Type IL Portland cement will then be required in

accordance with subsection 1003.03.C of the Standard Specifications for Construction or the contract,

where applicable.



• Once Type IL Portland cement is approved for use on the project, reinstatement of Type I Portland

cement into the JMF is not permitted. Substitution of other material types or sources, including

admixtures, as documented in the initial Type I JMF is not permitted.

• The Engineer will complete field sampling and testing for all production lots containing Type I

Portland cement JMF prior to respective Type IL Portland cement substitution. Do not include

concrete mixtures containing Type I and Type IL Portland cement types in the same production lot.



• d. Acceptance. The Contractor may substitute Type IL Portland cement in lieu of Type I

Portland cement for the project with no additional laboratory trial batch requirements, as described in

subsection 1003.03.C.2.a of the Standard Specifications for Construction, provided the Engineer has

reviewed the concrete producer’s test data generated from a four cubic yard (minimum) trial batch of

concrete, described above, and has determined that the fresh and hardened concrete properties of

the Type IL JMF meet specification requirements for the respective MDOT Grade of concrete

represented by the trial batch.

• e. Measurement and Payment. The work included in this special provision will not be paid for

separately and is included in other pay items in the contract.



Long Term Performance of Type 1L

• ACI Concrete International January 2022

• Durability of Portland Limestone Cement Concrete

• Neil Berke – Tourney Consulting Group, LLC,  Kalamazoo, MI

• 100-year service life concrete:  Based on the concrete testing performed, PLC 
concrete with Class F fly ash can provide better performance related to 
chloride ingress than Type 1/11 OPC concrete with Class F fly ash.



2. Well-graded Aggregates

• A uniform blend of all sizes of aggregates from big to small

• This makes it easier to move the material – the rocks roll over each other, 
they do not have to climb over themselves

• Small rocks fill small holes – we don’t need as much cement paste –
reduced CO2 output

• Aggregate is stronger than cement paste



2. Well Graded Aggregate



Optimized Aggregates

3500

4500

3500HP

4500HP



3.  Utilize Supplemental Cement - SCM

• These are recycled materials that increase the concretes performance & 
reduce the CO2 output

• These materials react after the cement does and internally densifies and 
strengthens the concrete over a period of time 

( 2 days to 90 days)

• The mix does not set up as fast – it is easier to work with

• The concrete is more durable when we place it correctly



Snow is coming – sometime?



4. Temperature Control

• With SCM’s in the mix it will be a bit more workable

• Mix temperature is critical 
• Above 70-degree mix temperature the saw time will be similar
• On hot summer days the mix temperature will likely stay below 90-dergees

• Pour early in the day when possible
• This will allow more of the day-time temperature to help the setting reaction 
• Then set up for the next days pour in the afternoon

• Curing is a big deal –protect it from traffic - at least the first day



Caution on Saw times

• Summer –Ground is warm, concrete surface is warm & the Concrete 
sets from the surface down – ideal conditions for sawing joints

• Fall – Ground is warm while air and the concrete surface may be cool –
concrete may set from the ground up creating a critical saw window.  
Heating the concrete mix will help

• Spring – Ground is cold, concrete materials are cold, set will likely be 
delayed.   Heating the concrete mix will help kick start the setting 
process



5. Proper Placement Practice

• Well graded mixes with SCM’s do not 
need extra water – They just look 
stiff

• They do need vibration

• Water should be added at plant and 
not on the grade when possible

• Producers should not hold back 
water just so the contractor can add 
some on site



6. Keys to proper cure
• Apply curing compound immediately – this seals in the water needed for the cement to react and 

reach its full strength

• You almost can’t do it too soon

• The surface is the most critical – we must protect it

• Once the concrete dries the cement reaction stops!

• Must have complete coverage

• If white: the surface should look like a clean sheet of paper  

• If blotchy – the surface will not reach proper strength

• If plastic sheeting: completely cover until it reaches strength

• SCM’s are secondary reacting cements

• they must still have water available for several days

• cannot let surface dry out



Curing

Start early – as soon as sheen 
disappears

Complete coverage – not blotchy



7. A word on sealers...

• Paint it – Surface coat: Epoxies, polyurethanes, methacrylate's, waxes, 
acrylics and chip seals.

• Pore Blocker – Reacts with CH forming a gel that blocks pores -
Blocks moisture movement in and out of concrete: Lithium, linseed oil

• Chemically Reactive – Water repellent – Reacts with Silica or 
moisture to form a permanent attachment to the water-repellent 
molecule – allows moisture to leave the concrete: Silanes, Siloxanes



When to apply?

• Sealers are not curing membranes – they should be applied to 
hardened concrete, generally after 28 days.

• Keeping the water and salt out is critical

• SCM’s provide great long-term density, as long as the reaction is 
allowed to be completed

• SCM’s take time to fully react, this is long after reaching open to 
traffic strength

• Sealers are recommended for flat work installations prior to the first 
winter



Silane or Siloxane?

• Silanes:

• Extremely small molecular size – deeper penetration

• Chemically bond with silica to form a permanent attachment to water-repellent molecule

• Don’t change the skid or slip resistance

• Performs better on poured in place concrete

• Siloxanes:

• Slightly larger molecular structure

• They do not chemically bond to the silica – they react with moisture to form hydrophobic 
resin

• Ideal for treating concrete block or non-cementitious materials like brick, stucco and stone



Questions

• Dan DeGraaf, P.E.    ddegraaf@miconcrete.net Cell (517) 862-5632

• Steve Waalkes, P.E. swaalkes@miconcrete.net Cell  (616) 633-9629

• Heather Smith hmsmith@miconcrete.net Cell  (989) 714-0980

mailto:ddegraaf@miconcrete.net
mailto:swaalkes@miconcrete.net
mailto:hmsmith@miconcrete.net
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