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Leveraging the Properties of Concrete in Net-Zero Buildings

1. Communication 6. Admixtures

2. Quality Control and Quality Assurance 7. Limitation of Ingredients

3. Optimization of Concrete Design 8. Targets for Carbon Footprint
4. Alternative Cements 0. Sequestering CO2 in Concrete
5. Supplementary Cementitious Materials 10. Innovation
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Presenter Notes
Presentation Notes
The recommendations are listed broadly in order of priority, but not in order of impact reduction. All are important and should be implemented. In addition, the strategies are meant to achieve a lower carbon footprint without impacting other traditional performance criteria for concrete. Let’s start with the top 10 things you can do to lower concrete’s carbon footprint. Then I will go through each one in detail.

Communicate carbon reduction goals
Ensure good quality control and assurance
Optimize concrete volume
Use alternate cements
Use supplementary cementitious materials
Use admixtures
Don’t limit ingredients
Set targets for carbon footprint
Sequester carbon dioxide in concrete, and finally,
Encourage innovation





Presenter Notes
Presentation Notes
We are finding that this is the most important step. One of the basic tenets of achieving a goal is to effectively communicate that goal to everyone on the team. All must understand why we are doing what we are doing.

For concrete, this is also especially important because there are so many parameters and criteria for concrete mixtures. To make sure that reducing embodied carbon remains a top priority throughout the project, it must be included in drawings and specifications that are communicated to the owner, contractor, and product suppliers. 
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Presenter Notes
Presentation Notes
We are seeing that we need to communicate the problem in simple terms…

Greenhouse gas emissions have increased every year since the Paris Agreement was signed and are expected to continue rising.

Global average temperature: The global average temperature is currently 1.3°C above pre-industrial levels and is projected to keep on increasing to soon pass the 1.5% goal of the paris climate accord.

Even if political and technological breakthroughs accelerate the transition to net zero emissions, the 2°C limit is likely to be exceeded due to system inertia.


The Concrete Construction Industry Will Play a Pivotal Role
in Global Decarbonization

Annual Global 'L‘.C.‘r2 Emissions

- Embodied carbon from the
building materials produce 11%
of annual global GHG

emissions. o
. (] e:!:il:{::gns
- Concrete, iron, and steel alone P 6%

produce ~9% of annual global
GHG emissions.

- Likely will need to build with

more robust materials like ES—— v uilding
concrete. 22% Conslti'g%ction

How do we minimize
environmental impacts? et L



Presenter Notes
Presentation Notes
The concrete Construction Industry will play a pivotal role in Global Decarbonization. Global energy related carbon emissions for building materials are expected to be around 11%.


Environmental Impacts on a Per Unit Basis
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Presenter Notes
Presentation Notes
Concrete is not the most carbon intensive material but there is just so much of it on the planet. It is so valuable for infrastructure, roads, buildings and the long lasting resiliency of such that we must find a way to make it less carbon intensive as it will have a tremendous impact on the planet.


Carbon Impacts of Concrete
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Presenter Notes
Presentation Notes
The carbon in concrete primarily comes from the limestone used in the production of cement, which releases carbon dioxide (CO2) as a byproduct when heated to high temperatures during the manufacturing process; essentially, the carbon is released from the chemical breakdown of calcium carbonate (CaCO3) in the limestone, forming calcium oxide (CaO) and carbon dioxide (CO2).

Additionally, the energy required to heat the kiln often comes from fossil fuels, further contributing to carbon emissions.


In Traditional Mixtures, Cement Drives Concretes’
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Presenter Notes
Presentation Notes
In Traditional Mixtures, Cement Drives Concretes’ Greenhouse Gas Impact, in a 3000 psi mixture without scms cement contributes only 13% of the mass of concrete but that 13% accounts for 93% of the Green House Gas emissions.
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Presenter Notes
Presentation Notes
In 2021 the Rocky Mountain Institute produced a report on Reducing Embodied Carbon in Buildings – low cost, high value opportunities. It shows that a 14-33% reduction in carbon in concrete is available at little to low cost. And in rebar a 5% reduction is possible at little to no cost. These numbers continue to improve as technology develops.


We are Seeing....

Collaboration during design process

. Early on, in meetings and charettes
. Communication of the problem and possible
solutions

Articulation of goals in Concrete Spec

. Ex. This project has a goal of reducing the embodied
carbon footprint over a typical project by 30%

Re-Articulation in Prebid Meetings

. Re-state the carbon reduction goals and
encourage innovation


Presenter Notes
Presentation Notes
We are seeing three basic communication recommendations: 

The first is to collaborate. Bring your team on board early.
The only way you can set your carbon footprint goal is to understand the capabilities of contractors and producers who will work on the project. Invite them in for meetings with your design team. Understand what technologies and concrete ingredients are available locally. Just because a product (slag cement for example) isn’t generally used in a market, it doesn’t mean you should not specify a product or prohibit its use. Generally, the reason a product is not used is because there is no demand for it. You need to create the demand by permitting and encouraging its use.

Next, specify your goals or targets. We will talk more about this later.
State your goal at the beginning of the concrete specification. In Section 03300 of the specification, Part 1, make it clear what level of carbon reduction you are trying to accomplish for the project and for the concrete itself. 

And finally Communicate again in pre-bid meetings.
It is also important to communicate carbon reduction goals in other ways. Most projects have pre-bid meetings, which can be opportunities to communicate carbon reduction goals for all products to all potential bidders. 





Presenter Notes
Presentation Notes
There are several ways to ensure quality control and assurance in concrete such as testing of materials, regular inspections, allowing for proper curing, correct equipment, appropriate mix design, climate and environmental control adjustments etc. These all require qualified staff, equipment and facilities.


Manufacturer Qualifications:

* NRMCA Certified Concrete
Production Facility

* NRMCA Concrete Technologist
Level 2

Installer Qualifications:
* ACI Flatwork Finisher

Testing Agency Qualifications:

* Meets ASTM C1077

* ACI Concrete Field-Testing Technician Grade |

* ACI Concrete Laboratory Testing Technician Level |
* Results certified by a registered design professional
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Presenter Notes
Presentation Notes
We are finding that the best way to provide all this is to require certifications for manufacturing facilities, mixer trucks, concrete technicians, and plant operators. NRMCA offers..





Presenter Notes
Presentation Notes
This strategy is just about employing good design practices. If a structural element such as a column or beam is designed larger than required, then excessive concrete is being used which increases embodied carbon. Alternatively, for a high-rise building, reducing the size of the columns might be critical to keeping the rentable space to a maximum. That means using high strength concrete which generally means higher carbon footprint.
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Presenter Notes
Presentation Notes
We partner with Universities on the latest research and design in the concrete sector, on strategies and tactics to reduce carbon in concrete for both buildings and infrastructure. This relationship has been invaluable, they have come up with many new innovations, for example, carbon uptake calculators and accelerators, synthetic scms (which we will talk about later), ways to optimize mix design and ways to cut down on over design.




Presenter Notes
Presentation Notes
One way to optimize concrete design is to Consider exposing concrete wherever possible. Finish materials have a considerable carbon footprint, and since exposed concrete can be attractive and is fire resistant without the need for additional protection, this is an excellent strategy for reducing the carbon footprint of the building. The other benefit of leaving concrete exposed is that concrete absorbs carbon over time through a process called carbonation. 


No. 4:

Concrete Materials: Use A|ternat|ve

* Hydraulic Cement: ASTM

150, ASTM C595, or Cements
ASTM C1157 =



Presenter Notes
Presentation Notes
Both ASTM C595 and ASTM C1157 have been permitted in national standards such as ACI 318 and 301, ASTM C94 (ready mixed concrete) for at least two decades. But most project specifications inadvertently prohibit their use by not listing them in the specification. The solution for this one is easy: Just list all three types of hydraulic cement in your specification.




ASTM C595

e [ootton | woer

Portland-Limestone | Where X can be between
5 and 15% limestone

No. 4:

Use Alternative
Cements

Type IL (X)

Portland-Slag Where X can be up to

Type IS (X) LS
Cement 70% slag cement Portland-limestone cement isintended
' to fully replace ordinary Portland
Type IP (X) Portland-Pozzolan |Where X can be up to 40% pozzolan cement, 10% reduction in carbon
Cement (fly ash is the most common) footprint.

Where X can be up to 70% of

Ternary Blended |pozzolan + limestone + slag, with

Type IT (AX)(BX
ype IT (AX)(BX) Cement pozzolan being no more than 40%

and limestone no more than 15%



Presenter Notes
Presentation Notes
There are several alternates to portland cement, but the most common are called blended cements. These combine ordinary portland cement with other materials. The most common type of blended cement is portland limestone cement often called PLC for short or, technically, ASTM C595 Type One-L cement. This blended cement combines up to 15% limestone interground with portland cement to make a cement with a carbon footprint that is up to 10% lower than ordinary portland cement with performance that is identical to— and in some cases better than—ordinary portland cement. 

There are four types of blended cements under ASTM C595 ranging from Type One-L cement to Type One-S, combining slag and portland cement, Type One-P, combining a pozzolan like fly ash with portland cement and Type One-T that combines two of these constituents with portland cement. 

There is also another standard, ASTM C1157, for performance based blended cements with no limits on cement composition which allows considerably more flexibility. 




Presenter Notes
Presentation Notes
Nearly all concrete used today has some amount of supplementary cementitious material. The most common are fly ash, slag cement, and silica fume in that order. However, there are others, such as volcanic ash, rice husk ash, and ground glass, just to name a few. Some are waste by-products of other industrial processes and others are naturally occurring materials that require little processing and therefore have small carbon footprints. 


Many Binders Can Be Used in Concrete

Portland Cement Natural Pozzolans

Calcined Clay
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Presenter Notes
Presentation Notes
Concrete Materials:�
Cementitious Materials: Use materials meeting the following requirements:
Hydraulic Cement: ASTM C150, ASTM C595, or ASTM C1157
Fly Ash or Natural Pozzolan: ASTM C618
Slag Cement: ASTM C989
Silica Fume: ASTM C1240
Glass Pozzolan: ASTM C1866
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Presenter Notes
Presentation Notes
Nearly every concrete made today uses some sort of admixture. Most affect the plastic properties in order to make concrete more workable, economical, shorten or lengthen set time, and so on. Without admixtures, concrete could not be pumped hundreds of feet in the air or transported hundreds of miles, and many architectural finishes could not be achieved. There are water reducing admixtures that in effect reduce cement demand, accelerators that improve strength gain, and viscosity modifiers that permit concrete to flow into very tight spaces.


Concrete Materials:

Chemical Admixtures:

1.

2.

3.

Air-Entraining Admixture:

ASTM C 260/C 260M
Water-Reducing Admixture
ASTM C 494/C 494M Type A
High-Range Water-Reducing
Admixture: ASTM C 494/C 494M
Type For G

Accelerating Admixture:

ASTM C 494/C 494M Type Cor E
Retarding Admixture: ASTM C 494/
C494M Type Bor D

Hydration Control Admixture:
ASTM C 494/C 494M Type B or D

Concrete Constituents
) Coarse aggregates

. Fine aggregates
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Presenter Notes
Presentation Notes
Another simple solution: all admixtures that meet an ASTM standard should be permitted and listed in your concrete specification and those that do not meet a standard should still be considered with proper submittals and technical backup. 
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Presenter Notes
Presentation Notes
All too often, there are seemingly random limits on material ingredients in project specifications that limit the concrete producer’s ability to meet performance criteria, let alone reduce carbon footprint. 


Establish Performance Based Specifications

» Goal:

» Prescription | > Performance

» Methods:
» Emphasize ACI 318 Exposure Classes

» Alt testing for durability/design
» Shrinkage, MOE, RCP, ASR
» Expand acceptable materials
» Extended strength development

-‘3|. e T |

ENGINEERING:
Specifing for Performance

SEMLL Publicrson 2P0 200

Guide to Improving
Specifications for

Ready Mixed Concrete
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Presenter Notes
Presentation Notes
With performance-based improvements, the goal is simple. Transition from prescriptive criteria to performance criteria. 

The big focus with performance-based specs is to emphasize, ACI 318 exposure classes. We're talking about freeze-thaw exposure, sulfate exposure, whatever it happens to be. There are certain requirements that need to be done with the concrete mix. And ACI has a very good step-by-step process for that. We need to make sure that we're not overly prescribing those criteria or the performance metrics that go along with that on mixes that don't have that same exposure. 

Also, alternate testing for durability and design, looking at such things as shrinkage testing, modulus of elasticity testing, rapid chloride permeability, other things and those as well that can help further move the needle towards efficient mix designs. 

The other thing is going to be expanding the list of acceptable materials. So don't focus in on ASTM C150 cement only, but also allow for ASTM C595 blended cements, other things like that as well. And then also incorporating an easy one is going to be extended strength development. So don't just fix it on 28 days, which is what everyone really knows concrete for, but focusing in on 56 days or 90 days when the application and the schedule allows for it. Because a lot of these strategies that we're implementing for low carbon concrete ultimately have benefits to later age strength. 
The one thing about performance-based specs is that they allow for sustainable mix designs, but they don't require it, which is a design intent in that regard, because we don't want to be prescriptive with sustainability. Now, what this ultimately means is that if you don't ask for sustainability in some way, shape, or form, it's unlikely you'll get it. So what we're going to touch on here is really what we need to do, and that's the step two. 
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Presenter Notes
Presentation Notes
Having unnecessary limits on the water to cementitious materials ratio is one example. In most cases, requiring a maximum w/cm is unnecessary and drives up cement content. There are times when a maximum w/cm makes sense, mostly for cases of concrete exposed to freezing and thawing, but it is not necessary to call it out in the specification. Identifying the exposure class of the concrete per ACI 318 and ACI 301 will suffice. The requirements for w/cm for concrete exposed to freezing and thawing are outlined in the specification. 

The same is true for air content. It’s only required for concrete exposed to freezing and thawing. Air entraining decreases concrete strength. For instance, a 10% increase in cementitious materials content for 4000 psi air entrained concrete compared to non air-entrained concrete of the same strength would roughly translate to a 9% increase in carbon footprint.

Do not list a maximum or minimum cement content, maximum or minimum SCM content, or quantity of admixtures. 

Do not limit water used for making concrete to potable water (there is an ASTM specification for water used to make concrete). 
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Presenter Notes
Presentation Notes
We are seeing more carbon budgets used early on. This strategy is for those who have some knowledge of life cycle assessment, experience with environmental product declarations, and an understanding of global warming potential for the targets to be implemented effectively. First, resist the temptation to set carbon footprint limits for individual classes of concrete. In effect, this is the same as providing prescriptive limits on materials and leaves little room for the contractor and producers to innovate and meet the project performance requirements, including budget and schedule. The best approach is to use a whole building life cycle assessment to set a carbon budget for all the concrete on the building. It is still necessary to have a general idea of what the carbon footprint of each mix will be to set a carbon budget for the building.


Establish a Carbon Budget

+ Goal:

» Trigger the use of low carbon materials

* Method:

a) Set Baseline

b) Collect EPDs

c) Establish a Carbon Budget

Guide to Improving
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Ready Mixed Concrete
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Presenter Notes
Presentation Notes
Instead of specifying specific strategies, we want to set targets that trigger the use of low carbon ingredients and methodologies.  (click) This begins with collecting environmental product declarations and builds off the adage that “You can’t reduce what you don’t measure.” Critically, we encourage asking for product specific EPDs, but also allowing for industry-wide EPDs as both can be powerful in establishing and achieving carbon goals.  With EPDs, we can then establish a carbon budget that becomes the north star that is a guide for the project on its sustainability journey. (click) This results in the procurement of low carbon concrete, flexibility for the contractor and producer, and a buffer for as-built conditions.



Establish a Carbon Budget
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Presenter Notes
Presentation Notes
The budgetary approach is preferred over a piecemealed approach (CLICK) because it allows the project team to strategize and adjust mixes as needed to fit material availability and schedule demands.  For instance, post-tensioned deck mixes require high early strength to maintain a tight schedule surrounding form cycling.  If the mix had a hard limit on GWP, early strength time periods might be extended, resulting in schedule complications.  With a budgetary approach, the field team can produce a reasonably sustainable mix that still meets the schedule demands.  They can then make up for this larger GWP impact via corresponding reductions in non-critical path items such as foundations where ultimate design strength is not realized nor needed for months if not years into the schedule.  Through this method, the aggregated GWP for the project can still meet aggressive sustainability goals.  The end result between the two methods can be the same sustainability-wise, but the added flexibility of a budget will prove to be beneficial to the project.



Establish Comparison Between Benchmark and Project
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Presenter Notes
Presentation Notes
Now, as we previously discussed, the best approach for accomplishing this is to use life cycle assessment to quantify the impacts of the concrete scope. First, concrete applications and performances should be established, followed by the generation of a material takeoff. These figures can then be used to establish what a non-sustainably minded benchmark project would entail via using the NRMCA Cradle-to-Gate LCA of Concrete Report. (CLICK) Then, a proposed low-carbon version of the project can be quantified using NRMCA Industry Wide EPDs, of which there are currently 72, or (CLICK) producer generated product specific EPDs which entail a detailed impact for a specific mix at a specific concrete plant. Additionally, our new tool that I’m about to dive into has an option for inputting specific mix design proportions and materials to generate an estimated EPD using current Life Cycle Inventory data.



Life Cycle Analysis
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Presenter Notes
Presentation Notes
Essentially, for each instance, benchmark and proposed, it is simple arithmetic once you’ve identified the tabulated GWPs for each class of concrete.  To demonstrate this concept, we will use the 18-story residential tower seen on the screen here and locate it in the Boston region. 



Estimating Quantities and Properties

Concrete Element Concrete Benchmark Proposed Mixes
Volume (yd3) Mixes (benchmark)* (IW-EPD)*
shear Walls G 6,000 psi 30% sg‘;u:ngasiw ash
Floors 2-18 4,533 5,000 psi Z*:;":’SIF;S;
Floors B2-1 1,067 5,000 psi 43;2‘?%'21
pasement Walls 444 5,000 ps! 30% slsaigu,?ﬂg:iﬂv ash
Foundation 844 6,000 psi 40% slﬁa:;n:ﬂ‘?p:iflv ash

*Should be augmented with local data, knowledge, capabilities
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Presenter Notes
Presentation Notes
Here we see the various concrete elements, their volumes and performance properties as required by design.  Note that for the proposed mixes, we need to go one step further from just strength to also consider the cementitious combinations.  We’ll touch on this more in a minute.



NRMCA Benchmark Mixes
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Download at https://www.nrmca.org/sustainability



Presenter Notes
Presentation Notes
The NRMCA LCA Benchmark Report Version 3 released in 2021 documented a 21% reduction in average GWP by the concrete industry since 2014. For our example, once volume and performance criteria have been determined, this report can be used to establish the benchmark impacts.  Alternatively, in the calculator tool, these figures will automatically populate based on region and strength designation.


Regional EPDs

Environmental (((z (
Product .
Declaration NRMCA

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

Appendix C: NRMCA Member
National and Regional LCA
Benchmark (Industry Average)

December 2021

2021 Version 3
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Presenter Notes
Presentation Notes
In the current Version 3 report, benchmark impacts are reported Nationally, as well as over 8 regions as seen here. 



Regional EPDs

2021 Version 3

) 2024 Version 4
(In Progress)

o (

Download at https://www.nrmca.org/sustainability



Presenter Notes
Presentation Notes
The soon to be released Version 4 will show a further reduction in typical GWP over previous versions and also parse data into smaller regions and possibly even be metro-focused in certain areas.  Here you see the proposed regions for the upcoming report, do note though that this is not finalized.




Regional EPDs

Concrete EPD Availability by State

Concrete EPD Availability By State
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Presenter Notes
Presentation Notes
We are seeing significant epd different availability by state. Some states mandade thresholds like NYS and CA and some states give incentives like NJ.



NRMCA Benchmark Mixes

6,000 psi
30% slag, 20% fly ash

Shear Walls

Results Table E2-Eastern LCA Results (per cubic yard)

Strength psi @28 days | 2,500 3,000 | 4,000 5,000 5,000 8,000 3000LW 4000LW 5000LW
Core Mandatory Impact Indicator I I

GWP kg CO2e 183.29 201.48 240.22 289.03 l | 305.26 l 360.51 395.35 437.90 480.10
oDp kg CFC11e 2.91E-06 b.36E-06 7.32E-06 8.52E-06 8.96E-06 1.03E-05 1.47E-05 1.58E-05 1.69E-05
AP kg 502e 0.67 0.71 0.81 0.93 0.98 1.12 2,10 2.22 2.33
EP kg Ne 0.24 0.26 0.30 0.36 0.37 0.44 0.69 0.74 0.79
SFP kg O3e 14.31 15.21 17.18 19.61 20.57 23.34 29.85 31.81 33.89
ADPF M, NCV 400.61 412.16 442.07 482.50 503.70 248.75 2,225.23 2,290.96 2,344.41
ADPe kg She 1.28E-04 1.30E-04 1.36E-04 1.42E-04 1.48E-04 1.55E-04 1.71E-04 1.79E-04 1.87E-04

N "". M

k. COMFERE®R

Ay, G OBER & E0E UL
b

' % ! %3
L] H_ L 1 :‘
L &

Download at https://www.nrmca.org/sustainability



Presenter Notes
Presentation Notes
Once volume and performance criteria have been determined, the NRMCA’s published Cradle-to-Gate Life Cycle Assessment of Ready-Mixed Concrete report can be used to establish the benchmark impacts. (click) For our example project, the first class of concrete was 6000 psi shear walls located in the Eastern Region.  Here we can see that the corresponding benchmark for this mix is 305 kgCO2e/yd3.  Now, when using the new NRMCA Carbon Calculator Tool, it is not necessary to identify the benchmarks directly yourself as they will automatically populate based upon the selected benchmark and strength class so this is purely informational should you be doing this analysis manually.



Collect EPDs

3™ party verified & registered documents that communicate transparency

produch Desaration

Envirorenonial
ENVIRONMENTAL IMPACTS

Declared Product:

Mix ZEF Z5G8722 = San Frandisco Plant 30 Plant
Description: 2 LN 0.45 WAC 38" EFT0 5-T5L CO2
Compressive strengthc 4000 PS5 at 28 days

Declared Unit: 1 m” of concrate

Gkl Warming Potential (i COs-an)

Acicification Poleniial ey 50-eq) 1.58
[Erophication Potomtial (] bag VR[]
[Phwobochemical Crone Creation Pobential g Cyeg) Xa
Apsietic Doplotion, norviotel g 50-aq) A1XEE
MAbiotic Depletion, fosed (LU 1,33
Total Wasto Disposed (kg oI
Canaumption. of Freamsmtar m* 1.8

______________________________________________|
Product Components: natural aggregale (ASTM C33) slag
camen] [A5T CHis, Postland camen (ASTIM C150) fy ash (ASTM
CEE), bsboh watar (ASTI CIBIE, admodurs (ASTM Cage)



Presenter Notes
Presentation Notes
Next, the proposed sustainable alternative mixes need to be quantified.  This is done through the use of Environmental Product Declarations (EPDs).  EPDs are essentially focused LCA’s that look at the cradle-to-gate aspects of the processes to generate a product.  Once generated, an EPD is effectively a nutritional label for the individual mix design with the core metric being Global Warming Potential (CLICK) which is what we are interested in for our analysis. EPDs can be broken down into two primary categories for our purposes: Product Specific and Industry Wide.  Here we see a product specific EPD for an explicit mix from a specific producer and production facility. 
�



Compare to NRMCA Industry Wide EPD Mixes

Shear Walls

6,000 psi

30% slag, 20% fly ash

N ——————

Table 10b. Summary Result

(A1-A3): 5001-6000 psi (34.5-41.4 MPa) R

5001 - GO00- 50071-G000- 5001 -G000- S001-H00D- S0 1-GO00- 500 1-G000- S0 - HO00- S001-E000-
Binirmum Maximurn O0-FA/SSL 20-F& 30-F& a0-FA 3051 A0-5L S0-5L S0-FASSL

Core Mandabory Impact Indicator
GWP kg COZe 231.47 377.24 aT1.44 373.63 233.01 6173 290.53 261.57 233.1 13147
ooe kg CFC11e 6,508 - D6 9.71E-06 9. 16E-06 7.90E-D6 T.23:-08 ES0E-06 9.49E.06 9. GO0E D6 5.71E-D8
Ap kg 502e 0.E1 110 1407 0.55 088 81 108 1.09 1.10 0.497
EP kg Me 0.30 0.45 0.45 0.29 0.35 032 0.37 0.22 0.32 0.30
5FP kg 03e 17.76 23,30 22.81 042 13.13 17.76 23,10 23,20 23.30 20,73
ADPE M, DY 503,28 575,31 57531 541.31 52754 50328 550,69 54348 534.27 515.21
ADPe kg She 1.71E-p4 1.50F-04 1.50F-04 1.3GF-D4 1.755-04 1.71F-04 1.36F-04 1.31E-04 137504 1.27F-04

Download at https://www.nrmca.org/sustainability
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Presenter Notes
Presentation Notes
In the absence of product-specific EPDs, we can easily use NRMCA’s Industry Wide EPD.  In fact, in early design where specific producers are not at the decision table, use of the industry wide EPD is necessary since official submittals with product specific EPDs can be months to years in the future.  The industry wide EPD is essentially a matrix of 72 individual EPDs broken down by strength class and cementitious combination. (click) For each concrete element we’ve identified, we will isolate the appropriate strength class and then the available cementitious makeup that is reasonable for the region. The latter does require knowledge of what producers have available and as such, we suggest communicating with NRMCA or the producer directly to better identify mix potential.  (click) For our shear wall example, we identified 6 ksi with 50% SCM replacement. (click) When navigating to the EPD, we find that particular mix has a GWP impact of approximately 232 kg/CO2e/yd3.



Identify Global Warming Potential

Concrete Element Concrete senchmark Mixes D aors
Volume (yd3) GWP (Eastern Region) GWP (IW-EPD)*
Shear Walls 7,630 L 30% slag,zzg% fly ash
Columns 366 361 4{]%33:ash
Floors 2-18 4,533 289 Eﬂgﬁ?s?lag
Floors B2-1 1,067 289 4[’%2;: ash
Basement Walls 444 D 30% slag,z:g% fly ash
Foundation 3,844 305 40% sla gl,ﬁ% fly ash

*Should be augmented with local data, knowledge, capabilities

{
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-
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Presenter Notes
Presentation Notes
Performing this exercise for all mixes yields the GWP impacts you see here.  When using the NRMCA Carbon Calculator, the most hands-on portion for the user is going to be the proposed mix GWP which will generally be populated via one of three ways: Industry Wide EPDs, Product Specific EPDs, or via mix design analysis with the tool’s Life Cycle Inventory data.  The latter is important for us in this example as we are intending to use a 70% ternary SCM replacement mix for the foundations.  Presently, the Industry Wide EPD only covers up to 50% replacement.



NRMCA
Concrete
Carbon
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Presenter Notes
Presentation Notes
Now that we have our necessary inputs, we can transition into the tool which is accessible on our website under sustainability resources.  The tool itself is web-based and is used to document and compare a projects mixes with various benchmarks.  Designers can use it to generate a comparison and corresponding reduction potential for a project.  Producers can use it to demonstrate compliance with a goal or to simply demonstrate the potential of their mixes.  As it pertains to connecting designers and producers, NRMCA can be a resource to help identify targets, particularly in early design.  Our design assistance group can help generate these reports for your projects to help establish a carbon target.



NRMCA Carbon Tool

»

e

Project

Start New Project

o Basic Information o Project Settine:

Project Basic Information

~ Mame ~ Description * — Progact typse
Residential Tower - Boston ‘ 18 Story CIP Frame Building

Project Address

- Stoeet City * _ State Zip Code
123 Main Street [ Bostan Massachusetts (MA) - [ 02114

Project Complementary Information

~ CONrACLor name —~ Riscy Mix Produce

ABC Contracting ‘ WRMCA Producer

Downtown Boston

39



NRMCA Carbon Tool

3 . Cr—
l x Project

Start New Project « NRMCA Benchmarks v3.2
* National
+ 8 Regions

@ sasicintormation O Fooiectsetings « GSA (General Services Administration)
« City of Portland
e S « CLF Baseline (Carbon Leadership Forum)

Fbeanure System

imperial - 500000 . Q@Lgﬁﬂ {l n- PFOQ FESS]

More to be added in the future

Carbon Budget Source Settings

udpet

I'will use an industry or local policy baseline - {D [ MRMCA v3.2 Eastern - ]

ek Cancel & Previous Mt



Presenter Notes
Presentation Notes
Identify your benchmark conditions. (Click) This can include NRMCA Benchmarks, General Services Administration, or other state or local municipality requirements as they become available in the tool.



NRMCA Carbon Tool

* Project

Edit Progect

o Basic information ﬂ Project Sethng a Fraject Data a Online Report

. . . Carbonation Baveline GWP Froposed Project Tota| Achicvabls
srrenpth g otal Videme  Proposed Mix GUWF _ =
16} dix Ty Faclar Budel GIWP Carbonaton
29 wd hgliire)pd?
kpCoZelyd g OOy yd” hEpCOLe/project kgL0Ie) prodect RECOZe! praject
T 1
[} 1 5000 Horm.., = Shear Walls TE30 | 2% Bl s E| 05,3 2529430 1,770,160 57305
| | [
f I 1
[ ] 2 5000 Narm... = Columns 365 303 Bl -1rs E| 60,5 131,543 110,598 6,515
I 1 i1
[ ] 3 50040 Nogrm... ™ Floors 2-18 4533 | 7T B || 124 E| 188 1,310,037 1,255,641 5E,208
[ ] 4 | s000 Morm... = | Floors Bi-1 1667 | 241 B|| -1 E| 288 208,363 265,683 18806
L L ]
[ ] 5 5000 Hedm... ™ BasementV | | 442 | 220 B || -158 E| 288 128,316 o7 60 8258
B & B0 Hedm... = Foundation | | 3824 1664 B - E| 05,3 1173573 630,642 2691
- B B
TOTALS 17,854 5,351,671 4,139,704 -150,547
ol 4



Presenter Notes
Presentation Notes
Next, populate mix information and the proposed low carbon mix GWP.  Here, the baseline GWPs will automatically populate based upon region and concrete strength.  



NRMCA Carbon Tool

For calculating impact of a

proposed 70% SCM replacement
in foundations

B a Froject I3

yd KECO2a)yd®

RECORe u;_::.:.:_: v
Shear Walls Tain 132 m 1.6 E 5.3
Colusmns 366 303 B I7.8 B IE05
i
Flavars 3-18 48533 T 2] 12.4 B b
Floors B2-1 1067 43 B I7.7 B o)
Basemant¥ | | 444 220 B 18.6 B P
Foundatian 3844 1664 B B 053
TOTALS 17,584

Froposed Mix GWF for ‘Mat Foundation®

Important information

This result is MOT an EPD, This GAP was
calculated using the sarme L] data sourdes B3
prescribed in Tabie AL of the PCA fior
Concreir, KSF international, August 2021
VAL A3 i assumiad to bi 004 k CO0og/ma
prer KRMCA' Bonct
AT i strigtly an st
industry swerages, regional data, and average
braresportation impacts and shoeld be used
for estimation purposes only. For moee
wruded that a

Proshuct Sescific

@Lcurabes sereulis, iT H reco

Typee 11 Thire-Party
EPD be deweloped.

Fear @ iniiare

b plant specilic s mals,
s your EPD bodl provider's EP D estimabor

Batch Water

Portland Limestone Cement {Type ILASTM C595 - Damessic

Fly Ash

Slag Coment ST M £3589 - Importad

Crushed Coarse Aggregate Crushed Fina Aggregato

Maturad Fine Aggrepste

Plasticizer and Suparplasticlzer

Caveal [
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Presenter Notes
Presentation Notes
For our foundation mix, we had a 70% SCM replacement mix that is not listed in the Industry Wide EPD. If you have a product specific EPD, that can be used to populate the mix impact. (Click) To estimate the impact another way, we can use the tool’s Life Cycle Inventory (LCI) data by clicking the calculator icon and inputting mix proportions.  This requires knowledge of mix design or proportion feedback from a producer.



NRMCA Carbon Tool

For calculating the carbonation

-
potential of each element. Carbonation Factor
Usze type * -
a Frogect Cata a Uinfine Report
_ L irbnnat Raseling Fr Progect il & Referen fie [RS i - CVE B Fori .- #
mll'f.' ¢ Proposed oo Factar CF a GWF Carbioniatie ' ' = ' ‘I yoriyd')
¥ hpC0daye b CO 2 el Jeiyd’  kpCide/preject g COIZeproject RptO 2l praject
Tain | 232 m 053 1,.539.435 1,7T00E0 275988 . = &
p Exposure category = v amment content {lbfyd™) *
3566 | 303 E JE0S 131,943 110,558 E, 515 '
4533 | aTT m i) 1310037 el ]
Percent clinker in cement [%a) * Percent limestone in concrete
BT | 245 B 205, 6EY 18,856
444 |12|: B a7, 580 £,258 Percent silica furne in concrete . arcant flv ash in concrate
FErCer Ca Tur (s rFarcent Ty as L
344 | LG4 = 630642 2541
Cancel Calculate

17 884

5,381,671 4,135,704 150,547



Presenter Notes
Presentation Notes
Lastly, if desired, you can input physical and environmental conditions to estimate the carbon absorption of the concrete over a designated life cycle. (Click) You’ll notice that buried or covered elements have smaller absorption potentials while high volume-to-surface area elements absorb a much greater quantity of atmospheric CO2.



NRMCA Carbon Tool
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Presenter Notes
Presentation Notes
Here we have the output report from the Calculator.  If the report was done involving our design assist team, we can include specification language recommendations as seen here. 


Residential Tower — Boston
Boston, Massachusetts

__________________ G, 000,000
5,381,671
5,000, 00
. 4,139,704 B Foundation
=2 o ] - B Basement Walls
5 = ==
S 3,000,000 . . ¥ Floors B2-1
s z 2,000,000 B Floors 2-18
: 3 B Columns
I“_' 1,300,300
B Shear Walls
I:l A —
B Carbonation
-167.333
=1,000, 000
i Project Propect Carbonatien
- - Baselme Proposed
chiy | ddone it | Total
TN T | " Concrete y Baseline Froposed Project Total Praject Difference ”
S i ¢ r':]: Application Quantity i:r:l' GWP Mix GWP Baseline Proposed GWP from ::Lﬁ?aﬂfnl
I B~ N I fye’ " | (kgcozelye”) | ikgcozerya®) GWP (kgcOle/project) | Baseline | [NECOZelproject]
i s o 1| (kpCO2efyd’)
! 1 Shear Walls T,630 G000 305.3 232 2,325,439 1,770,160 -24 % 74,774
T renam wat generantd sing e ML 2 Columns 366 B.DDO 360.5 303 131,943 110,538 16 % 6,515
his gealvsisincate that 31 eimaned i
g Mot o - st W 1123 Flowors 2-18 4,533 5,000 189 2717 1,310,037 1,255,641 4,2 %% 56,200
" Fain ety inciuckes the follow ng B cpcis of ' 4 Flaors B2-1 1,067 5,000 2189 249 308,363 265 hR3 -13.8 % -18 886
| Ba;’fﬂ'}::m 444 5,000 289 20 128,316 97,680 239% 8258
[ & | Foundation | 3,344 | &000 305.3 166,4 1,173,573 639,642 -45.5 % 2,601
| 5,381,671 4,139,704 -23.1% -167,333
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Presenter Notes
Presentation Notes
Zooming in on the mix summary, we can see the benchmark and proposed impacts for each concrete application.  The importance of a carbon budget becomes apparent when you see that the implemented carbon reductions vary dramatically between the different applications and use cases.  For instance, Floors 2-18 might be subjected to an accelerated schedule and cold weather, requiring high early strengths to meet form cycling needs. The corresponding reduction in this case is only 4% against the baseline while foundation mixes have a 45% reduction.  Aggregating all of these impacts is the premise behind a carbon budget and is how we ultimately get to a weighted average impact reduction of 23% for the project.


Final Results

Project Project GWP Weighted GWP
(kg) GWP (kg/yd?) Reduction
Benchmark Mixes 5,382,000 301 0
Proposed with Fly Ash
4,140,000 232 -23%
and Slag Mixes
Establish Carbon Budget 4,300,000 240 - 20%*

* Consider added bufferftolerance

COMFERENMCE
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Presenter Notes
Presentation Notes
Once the carbon budget report has been generated, total GWP for each scenario, benchmark vs proposed, can then be compared to realize the achievable reduction potential.  We suggest added tolerance to account for variability and schedule impacts.  As we all know planned vs as-built conditions can vary on occasion. In our example, 23% reduction was identified and as a buffer for the project’s carbon budget, we will establish a target of 20% reduction.
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Set Targets for
Carbon Footprint

« Concrete Materials:
A.Supply concrete mixtures such that

the total Global \WWarming Potential
(GWP) of all concrete on the project
BAEEERUE N @=Te[SE1R (34,300,000 kg

of COZ2 equivalents or a weighted
=\=ele[=1011240 kgCO2e/yd3



Presenter Notes
Presentation Notes
Once you’ve calculated the carbon footprint target for the proposed building, list that target in your specification as shown here as either a bulk or weighted average target.  This follows a budgetary approach and allows the project team to strategize and adjust mixes as needed to execute the project.  Eventually, simple accounting techniques can be used to ensure compliance with the goal.
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Presenter Notes
Presentation Notes
Carbonation is a naturally occurring process by which CO2 penetrates the surface of hardened concrete and chemically reacts with cement hydration products to form carbonates. For in-service concrete, carbonation is a slow process with many dependent variables. The rate decreases over time. This is because carbonation decreases permeability and carbonation occurs from the surface inward, creating a tighter matrix at the surface that makes it more difficult for CO2 to diffuse further into the concrete. While slow, the carbonation process does result in an uptake of some of the CO2 emitted from cement manufacturing, a chemical process called calcination. Theoretically, given enough time and ideal conditions, all the CO2 emitted from calcination could be sequestered via carbonation.



Concrete Materials:

s | A. Normal-weight Aggregate:

| ASTM C33
- B. Lightweight Aggregate:

g : ASTM C330

== C. Recycled concrete aggregate

(crushed concrete) meeting the
requirements of ASTM C33 or
ASTM C330 may be used in

| structural concrete up to 10% of

iy i the total aggregate.

S D. Artificial limestone aggregate

, - —— T meeting the requirements of

T - ASTM C33 or ASTM C330is

QW ' - : permitted.

x ) \ el e\ N - E. Carbon mineralization by injecting
| : - CO2 into concrete during
manufacturing or curing in CO2
atmosphere shall be permitted. 49



Presenter Notes
Presentation Notes
Consider permitting the use of recycled aggregates made of demolished concrete on the project and possibly require that those recycled aggregates be exposed to air for one year before being used. In some cases, a certain percentage of aggregate used in concrete to be recycled (up to 10%) can be permitted or it can simply be required that all aggregate base or fill be made of crushed concrete. 
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Presenter Notes
Presentation Notes
Throughout this presentation I’ve talked about the importance of not listing specific products or naming certain technologies. Instead, simply list the standards that one must meet. The problem with this approach is that it permits innovation but does not necessarily encourage it. And many innovations might not meet a standard. We are seeing countless new strategies in development including:


The Competition Landscape of Low-Carbon Cement

Competition Landscape
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Presenter Notes
Presentation Notes
In the US The low-carbon concrete competition landscape includes numerous players in different stages of development (Proof of Concept, Prototype, Pilot and in commercial development). Different strategies include: Reduction, Readjustment, Reformulation, and Innovation in Production methodology.
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Is cement the solution to storing renewable energy?
Engineers at MIT think so.

Supercapacitors could make powering your home and electrie vehieles easier and more
sustainable

By Macis Parker Giche Cormespasdent. Updaled Augest 27 7003, 536 am El - f ' @ .'H.'-

B h
it the Massachusetts institute of Technology, from lett, profiessor Adeir Masic, visiting scholar James Weaver, pastdoc Damian S8efaniué, and professor Frang-
Joesef Lim suronded a supercapaciior, which can stone renewable enengy using cement, water, and carbon. SUEARME KREITERGLOBE STAFF
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Presenter Notes
Presentation Notes
We are seeing case studys like the case Harvard University above which describes in their effort to decarbonize its supply chain by replacing cement with a low-carbon Ground glass  scm substitute called Pozzotive® material made with post-consumer recycled glass. This case illustrates the flow of emissions along a simple supply chain, from concrete production to Harvard University’s construction project. Students explore the different methods of measuring carbon emissions, including the greenhouse gas protocol and the E-liability approach proposed by Professors Robert Kaplan and Karthik Ramanna. The case further features the opportunity to leverage blockchain technology to facilitate the flow of comparable and reliable emissions information.

We are also seeing new cross technology developments such as the one MIT engineers have created, a “supercapacitor” made of ancient, abundant materials, that can store large amounts of energy. Made of just cement, water, and carbon black (which resembles powdered charcoal), the device could form the basis for inexpensive systems that store intermittently renewable energy, such as solar or wind energy.


Over the last 2 years, more than $500 Million has
been invested in lower-carbon concrete startups.

EXECUTING LOW-CARBON
CONCRETE SYMPOSIUM

Eheroton Denwer Tech Center, 7007 5 Clinton Strect, Greemeood 'lu'ill-ngn_. 0O BONZE
April 23, 2024
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AWARD PROGRAM
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A Scalable Pathways

GHG Efficiency

Raw material \

Cost Efficiency

Scalable lower-carbon pathways for concrete must have adequate and
distributed raw material supply, align w/existing capital investments, and
be understood by the concrete and construction workfaorce.

MIT Concrete Sustainability Hub
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Presenter Notes
Presentation Notes
The MIT CSHub states that over the last 2 years more than $500 Million dollars have been invested in lower-carbon concrete startups. 

The NRMCA provides many communication channels to keep tract of latest startup developments including webinars, symposiums, case studies and the concrete credentials podcast.

We are seeing that to successfully scale, lower-carbon pathways for concrete must have adequate and distributed raw material supply, align with existing capital investments, and must be understood by the concrete and construction workforce 
The MIT CSHub suggests a four-pronged approach: 1) Identifying scalable supplementary cementitious materials (SCM) solutions to produce lower-carbon concrete, 2) developing tools to optimize the design of concrete mixtures, including those using novel SCMs, 3) enabling efficient concrete production operations, and 4) road mapping possible changes to drive down emissions from cement production. 
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Presenter Notes
Presentation Notes
The world bank reports that a #PriceOnCarbon is increasingly being considered in new sectors such as aviation, shipping and waste? 

Blockchain technology offers a promising solution to improve transparency and efficiency in carbon credit data. We are seeing new Carbon credits and blockchain technologies that can be used together to help reduce carbon emissions and make carbon offsetting more transparent and efficient in offsetting carbon taxes.


EPA IRA Government Grant

$250M allocated to the Environmental Protection Agency

(EPA) to help manufacturers develop Environmental
Product Declarations (SEC. 60112)

$100M Notice of Funding Opportunity (NOFO) issued in October 2023
Proposals were due January 2023

NRMCA applied to provide funding for producers to publish EPDs
NRMCA was selected for a grant for $9.63M

Public announcement happened on 7-16-2024

Grant will likely start funding in October-December 2024 timeframe
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Presenter Notes
Presentation Notes
We are seeing increasing government Federal and state assistance in carbon reduction. 

NRMCA was recently selected for a 9.63 million dollor EPA grant to help manufacturers develop EPD. This grant will likely start funding in the Oct. to December 2024 time frame.

Through this five-year project, NRMCA proposes to increase the quantity and robustness of ready-mix concrete Environmental Product Declarations (EPDs) by providing grants to producers to create EPDs from an additional 3,000 plants (up from 1,500 currently). NRMCA plans to provide data quality management oversight and training, as well as education for producers by training additional EPD verifiers and certifying up to 500 EPD specialists through an online education system. NRMCA also plans to enhance its existing low-carbon concrete tool and host five low-carbon concrete training workshops per year for five years. NRMCA will work to improve the Product Category Rules (PCRs) for concrete and data availability for critical inputs, including cementitious materials, aggregates, and admixtures.
NRMCA will collaborate with various partners, including state ready mixed concrete associations, national material supplier organizations, state agencies and academic institutions such as the Massachusetts Institute of Technology (MIT) through the Concrete Advancement Foundation.



Insurance Costs
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Presenter Notes
Presentation Notes
We are also seeing much talk about insurance costs and the carbon associated with rebuilding communities after storms or fires or other climate related disruptions which need to be included in our carbon data. There is a significant reduction in Builders Risk and Property Risk Insurance rates.


Progress to Date
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Presenter Notes
Presentation Notes
I wanted t just highlight how the US industry has progressed It started in 2009 by adopting a carbon reduction goal of about 30% by 2030. In 2012, the industry adopted the Architecture 2030 Challenge for products, which had a stated goal of about 50% carbon footprint reduction by 2030, and then embodied carbon neutrality by 2050. The industry needed to establish some form of benchmark for our industry. 

And as such, to do this, NRMCA started and launched a EPD program and lifecycle analysis for ready mix concrete report, which was published in 2014. 
Since then, there's been about three additional versions and NRMCA is in the process of working through the fourth version which should be published this year. This also includes the release of industry-wide EPDs, presently 72 EPDs that cover ready mix concrete in very different proportions. In 2021, NRMCA reaffirmed their commitment to this goal by adopting and partnering with PCA on their roadmap to carbon neutrality by 2050. 

The UN environmental status report does stipulate the growth of building space throughout the world is going to be upwards of almost a couple trillion square feet, by 2050. But inevitably, there's going to be a lot of new construction and and from that new construction, you can see here on the left, concrete production is anticipated to grow considerably by 2050. The goal here for the Concrete industry is to ratchet down CO2 intensity, specifically of concrete per cubic yard or cubic meter. And that's what you see on the right. Ratcheting it down to the point where the carbon intensity of concrete has come down significantly. That’s the GOAL

The bottom  left image is from the 2030 challenge for products. As you can see, 2030 was the goal of 50% reduction, in overlaying our industries image toward that goal you can see that we're about halfway there, roughly, with about 6 years to go. 

Via NRMCA’s LCA report, they have been able to document from 2014 to 2021 a 21% reduction in embodied carbon. Version four of the report, this coming later this year, will highlight a further reduction and see where we stand over the next five years and where we need to go. 

The concrete industry as a whole has really taken an initiative to adopt EPDs quite widely. There's still plenty of holes throughout the country where they're not as readily available, but regardless, it's accelerating every day. Over 80,000 EPDs. They're growing really fast especially compared to all other industries or other materials.



NRMCA Resources
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Presenter Notes
Presentation Notes
NRMCA offers many resources from the Carbon Calcuator, to specification guides, to LCAs and Regional EPDs at no cost.


Leveraging the Properties of
Concrete in Net-Zero Buildings

Frank Mruk, FAIA
NRMCA
fmruk@nrmca.org

Concrete LC2, designed by Stefan Zwicky in 1980
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