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Low Carbon Concrete Codes
Using the NRMCA Carbon Calculator

Colin Lobo, Exec VP Engineering, NRMCA

Brandon Wray, Senior Director, Building Innovations
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Sustainability Requirements

d ACI 318, Appendix N
A ACI 323 - Low-Carbon Concrete — Code Requirements
O ACI 301 - Specifications for Concrete Construction

O EPA Interim Guidelines
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ACI 318 Appendix N

O For Sustainability - Comply with Appendix N
= N.1 Notation and Terminology
= N.2 Scope
= N.3 Concrete mixtures

1. Max GWP limit for each concrete mixture based on f’. (or other basis)
Limits based on benchmark
Allows project GWP budget - limits for individual mix classes can be exceeded
Documented by - independent LCA, independent EPD, independent LCA tool

2. Reduced GWP of mixture relative to mixtures of same class (producer specific)

(EPD not available in region)
3. Other sustainability limitation — designer’s choice
« Benchmark - industry, regional, or local average
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ACI 318 Appendix N

" N.4 Sustainability of Structural Concrete System
+ Compare systems - Whole building LCA - ASTM E2921
- Impact categories - GWP, acidification, eutrophication, ozone depletion, smog potential

« LCI categories — water consumption, solid waste, total energy demand, total
nonrenewable energy demand

* Permitted to include operational energy in WBLCA (thermal mass benefits of concrete)
» Proposed Structural System - improvement over a reference building

= N.5 Resilience
- Consider reliance for hazards and time to recover

- Intended use, risk based on geography, consequences of damage, time to recover from
damage state
« Owner states required levels of performance for resilience (for hazards)
AR
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ACI 323

A Low-Carbon Concrete — Code Requirements & Commentary
= Cast in place concrete

 Buildings Does not apply to
. Pavements * precast concrete,

: auger cast concrete,
» Bridges

» shotcrete, or
Other structures - concrete strength < 2500 psi or > 8000 psi

= Purpose: Limit max GWP of concrete on a project

= No compromise to strength, stability, serviceability,
durability, or integrity of the concrete structure.
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ACI 323

a Upfront embodied GWP of Concrete Mixtures

= GWP Documentation
- Independent 3 party LCA
« Independent 3 party product-specific EPD
- Independent 3 party LCA tool

= EPD or LCA in accordance with ISO 21930
= Current PCR - NSF International, 2021
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ACI 323

O Weighted average project benchmark GWP

n
Z[ 1 GWPphenchmark i X Voli
n
iz Vol;

Gwpbench mark avg —

O Weighted average project GWP

n
Zi=1 GWPproject i X Voli

GWPyroject avg =
2rol g I, Vol

d GWP project avg < aGWP benchmark avg

d a = 0.85 for large prOJects with Appendix A

EZ( www.nrmca.org | Natio

al Ready Mixed Concre te Associa tion | #cworks24

Appendix A in 323:

Appendix C: NRMCA Member National
and Regional LCA Benchmark (Industry
Average) Report — V 3.2 (Athena
Sustainable Materials Institute 2022).

CONCRETEWORKS
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O “Large projects”

= Buildings floor area = 50,000 sq ft
= Pavements > 7,500 yd?3
25,000 sq ft

= Other structures > 7,500 yd3

® Bridges deck area =

O Smaller projects
= Report GWP
= Strategies to reduce GWP

al Ready Mixed Concre te Association | #cworks24
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ACI 323 - Example

Table B.3 Weighted average benchmark GWP calculations

Column: A B C D E
Application Concret e Voli GWPhenchmarki | Total GWPhenchrmark for class
e Class (psi) (yd®) (kgCO2e/yd?) (kgCO2e)
(Column C x D)
Topping slabs, curbs, 1 4000 1299 242 263,177
footings, SOMD
Below grade walls, 2 5000 469 296 116,171
SOG
Elevator pit walls 3 5000 23 296 6472
Columns, shear walls, 4 6000 1366 312 338,358
vehicle barrier walls
Elevated decks 5 6000 3867 312 1,037,902
£ =7024 X =12,092,686
i3 X vVol;
W Psmetsarkiang = 5L ek 2T = 2R = 297.9 kgCOyd®
W( www.nrmca.org | National Ready Mixed Concrete Association | #cworks24 CONCRETEWORKS
9
ACI 323 - Exampble
Table B.2 Weighted average project GWP calculations
Column: A B C D E
Application Concrete e Voli GWPproject i Total GWPproject for class
Class (psi) (vd?) (kgCO2/yd®) (kgCOx2)
(Column C x D)
Topping slabs, curbs, 1 4000 1299 202.6 263,177
footings, SOMD
Below grade walls, 2 5000 469 247.7 116,171
SOG
Elevator pit walls 3 5000 23 2814 6472
Columns, shear walls, 4 6000 1366 2477 338,358
vehicle barrier walls
Elevated decks 5 6000 3867 268.4 1,037,902
r=7024 X =1,762,082
R GWPyroiecti X Voli ,762,082
GWPprojert avg — T Eildﬂlf = 3 2024 =250.8 kgCOzJ}d“
GV\"‘]:’]:»roien:t avg 250.8 —0.84
Gwpbenchrnarkavg 297.9 &%
(4a N
www.nrmca.org | National Ready Mixed Concrete Association | #cworks24 CONCRETEWORKS

10

Attendee Use Only — Not for Reproduction or Distribution Without Express Permission



NRMCA’s ConcreteWorks 2024

EPA Label Program

d Label Program - Low Embodied Carbon Const. Matls (EPA)
d Data Quality Improvement

= US EPA Criteria for Product Category Rules (PCRS)
O Setting Thresholds for "Substantially Lower GWP”

= Industry averages

= Based on collected EPDs

oy
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EPA Label Program

O GWP from product-specific Type III EPDs
O Concrete EPDs rely on upstream facility specific cement EPDs
O Targets based verified source of same product category
O EPA Interim Guidelines to GSA and FHWA
= Lowest 20th percentile
= |owest 40t percentile

" Less than Industry average
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« 6 Conventional Concrete Mixtures &
« 3 Lightweight Concrete Mixtures

« Developed 20t and 40th percentiles

Table 6: Benchmark for 3,000 psi mixture in Pennsylvania

[all valuesin = 4 Eastern) | A2 (Eastern) A3 (Eastern) I?;;ﬁzg:égl e
e Method) Thresholds
20% 207 12 7 226 257
40% 226 17 9 252 291
50% 229 20 10 259 X
Average 230 22 11 263 318

EZ ( www.nrmca.org | National Ready Mixed Concrete Association | #cworks24
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NRMCA Concrete

Carbon Calculator:
How to Reduce, Quantify,
and Specify Carbon

@c oz

1 e PAVE .« AHEAD
NRMCA ‘

DURABLE. SUSTAINABLE. CONCRE
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- Performance-Based

' Step #2:

Division 03
Section 033000
Cast-In-Place
Concrete

October 10 — October 14 | Aurora,

PART | - GENERAL

SECTION 033000 - CAST-DN-PLACE CONCRETE

RELATED DOCUMENTS

of tha Comract,

2 SUMMARY

Drawings md
Conditions and Divisicn 01 Spacification Sactions, apply 1o thin Section.

Saction inclodes L
mixtare desiga, placement procedures, and fmshes, for the following:

Step #1:

Improvements

Carbon Accounting

and Targets

15
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Goal:
Prescription ‘ Performance

Methods:

» Emphasize ACI 318 Exposure Classes
> Alt testing for durability/design
* Shrinkage, MOE, RCP, ASR

» Expand acceptable materials
» Extended strength development

Results:
Efficient and Optimized Mix Designs

A

(rwmeasghewseomedions )

| ENGINEERING:

Specitying for Performance

Guide to Improving

Specifications for

Ready Mixed Concrete

With Notes on Reducing Embodied Carbon Footprint

16
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Performance Specs

They allow for %
sustainable mix designs, 7%
but don’t require it! '

Goal:
Trigger the use of low carbon materials

Guide to Improving Shi S v
Specifications for

Ready Mixed Concrete

With Notes on Reducing Embodied Carbon Footprint

Methods:
» Collect EPDs
» Establish a Carbon Budget

BUILD wre 2
STRENGTH 7%

Environmental /((Zﬂ(
Product
Declaration NRMCA

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

Results: - be
» Procurement of low carbon concrete
» Flexibility for the contractor and

producer THE TOP 10 WAYS TO |
. . REDUCE CONCRETE’S
> Buffer for as-built conditions CARBON FOOTPRINT

18
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Footings

Specifications for Sustainability

Foundation Walls

Slabs-on-grade

Exterior slabs

Suspended slabs (interior)

Suspended slabs (exterior)

Frame members

Columns (interior)

Columns (exterior)

Walls (interior)

Concrete toppings

Collaborative carbon budget

vs. GWP |limit per mix class

Individual Mix Limits

Shear Walls:

TOTAL GWP: 4.30 x 106

I

180 kg CO, eq/m?

Columns:
190 kg CO, eq/m3

Floors 2-18:
240 kg CO, eg/m?

Floors B2-1:
225 kg CO, eg/m?3

Basement Walls:
190 kg CO, eq/m3

Foundation:
175 kg CO, eg/m?

b , EE e Sl IEISEE
/

Preferred
19‘
Specifications for Sustainability
""""""" ProjectBudget ~Individual MixLimits |
( TOTAL GWP: 4.3Ox105\ [
a.‘ &
20
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Establishing a Carbon Budget

Structural Takeoff

I

LE:E;.E |

, b | i EEEEEIEE

AC to-Gate Life Cycle Assessment of Ready-Mixed
Concrete Manufactured by NRMCA Members
~ Version 3.2

Comissioner: National Ready Mixed Conerete Association (NRMCA)

nnnnnnnnnnnn

Proposed Project

Environmental Product Declaration
AL
v o

21

Example Project

Structure:
18-Story
Residential Tower

Location:
Boston, MA

Concrete:
6 Primary Classes

Material:
Fly Ash and Slag
Available

TOTAL: Project Impact

Shear Walls: (yd?) x (GWP ) = Impact

Columns: (yd3*) x (GWP ) = Impact

Floors 2-18: (yd3) x (GWP ) = Impact

Floors B2-1: (yd3®) x (GWP ) = Impact

Basement Walls: (yd®) x (GWP ) = Impact

Mat Foundation: (yd3) x (GWP ) = Impact

22
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Estimating Quantities and Properties
Concrete Element Concrete Benchmark Proposed Mixes
Volume (yd3) Mixes (benchmark)* (IW-EPD)*
Shear Walls 7,630 6,000 psi 20% Sg'golozoo'f,’/:iﬂy .
Columns 366 8,000 psi 4(8)’022%21
Floors 2-18 4,533 5,000 psi gg,zoslzsgi
Floors B2-1 1,067 5,000 psi 4(5)'022%21
Basement Walls 444 5,000 psi 30% sli’go,ozoof’;:iﬂy ash
Foundation 3,844 6,000 psi 20% sg’go,o??of’:iﬂy .
*Should be augmented with local data, knowledge, capabilities

23

NRMCA Benchmark Mixes

s S N - T
D-1:NRMCA U.S. National

.

sioner:  National Ready Mixed Concrete Association (NRMCA)

EPD Program Operator:  NSF Intemational

Prepared by:  The Athena Sustainable Materials Institute

December 2021

Download at https://www.nrmca.org/sustainability
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NRMCA Benchmarks - Regions

Environmental ((ZZ (‘
Product .
Declaration NRMCA

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

25
NRMCA Benchmarks - Regions
=) 2024 Version 4
s?‘\)/grgamental W(‘ (In prog I'ESS)
Declaration u&'@l«é
:sx)ﬁnﬂxjgs:g,\:l::;JTS:RV-AVERAGE EPD FOR “’r
wy
:::::-:l::ﬁn;‘::ae) CO
NM
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NRMCA Benchmark Mixes

. 6,000 psi

Shear Walls 7,630 6,000 psi 30% slag, 20% fly ash
Results Table E2-Eastern LCA Results (per cubic yard)
Strength psi @28 days | 2,500 3,000 | 4,000 5,000 ﬂ 6,000 1 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 5.91E-06 6.36E-06 7.32E-06 8.52E-06 m 1.03E-05 1.47E-05 1.58E-05 1.69E-05
AP kg SO2e 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 29.65 31.81 33.89
ADPf MJ, NCV 400.61 412.16 442.07 482.50 503.70 548.75 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

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

27

Identifying Global Warming Potential

Concrete Element

Concrete

Volume (yd3)

Benchmark Mixes
GWP (Eastern Region)*

Proposed Mixes
GWP (IW-EPD)

Shear Walls 7,630 6,0;3(;35psi
Columns 366 8,0;):1psi
Floors 2-18 4,533 5,020:9psi
Floors B2-1 1,067 5,020809psi
Basement Walls 444 5'020809p5i
Foundation 3,844 6'0;)(;35psi

* Note: Pay attention to units as the report has GWP listed per yd3 and per m?3

28
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ENVIRONMENTAL IMPACTS

Declared Product:

Mix 2EFZG8Z2 « San Francisco Plant 30 Plant
Description: 2IN LN 0.45 W/C 3/8" EF70 5-7SL CO2
Compressive strength: 4000 PS| at 28 days

Declared Unit: 1 m3 of concrete

Global Warming Potential (kg COeq) 190
T
Acidification Potential (kg SOz-q) 1.59
Eutrophication Potential (kg N-eq) 0.16
Photochemical Ozone Creation Potential (kg Os-eq) 36.6
Abiotic Depletion, non-fossil (kg Sb-eq) 412E5
Abiotic Depletion, fossil (MJ) 1,303
Total Waste Disposed (kg) 0.27
Consumption of Freshwater (m3) 1.69

Product Components: natural aggregate (ASTM C33), slag
cement (ASTM C989), Portland cement (ASTM C150), fly ash (ASTM
C618), batch water (ASTM C1602), admixture (ASTM C494)

catutated
N

Table & Impact Assessment
Resots A1-AD o

Environmental Product Declaration (EPD)

29

Shear Walls

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

Table 10b. Summary Results (A1-A3): 5001-6000 psi (34.5-41.4 MPa) Rl

C product mix design, per

f

—
5001-6000- 5001-6000- 5001-6000- 5001-6000- 5001-6000- 5001-6000- 5001-6000- r 5001-6000-
Minimum Maximum 00-FA/SL 20-FA 30-FA 40-FA 30-5L 40-5L 50-5L 50-FA/SL

Core Mandatory Impact Indicator I
Gwp kg CO2e 231.47 377.44 377.44 322.63 293.01 261.73 290.83 261.97 PEeR | 231.47
obp kg CFClle 6.50E-06 9.71E-06 9.16E-06 7.90E-06 7.22E-06 6.50E-06 9.49E-06 9.60E-06 9.71E-06 | R
AP kg 502¢e 0.81 1.10 1.07 0.95 0.88 0.81 1.08 1.09 1.10 0.97
EP kg Ne 0.30 0.45 0.45 0.39 0.35 0.32 0.37 034 0.32 0.30
SFP kg O3e 17.76 23.30 22.81 20.42 19.13 17.76 23.10 23.20 23.30 20.73
ADPF MJ, NCV 503.28 575.31 575.31 541.31 522.84 503.28 550.69 542.48 534.27 515.21
ADPe kg Sbe 1.21E-04 1.50E-04 1.50E-04 1.36E-04 1.29E-04 1.21E-04 1.36E-04 1.31E-04 1.27€-04 1.22E-04

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

30
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Identifying Global Warming Potential

Concrete Element

Concrete
Volume (yd3)

Benchmark Mixes
GWP (Eastern Region)

Proposed Mixes

GWP (IW-EPD)*

Shear Walls 7,630 6,0;)(;)5p5i 30% slag,zig% fly ash
Columns 366 8,0;Jé>1psi 40%32\; ash
Floors 2-18 4,533 5'020;’9p5i 30°2/o7-;|ag
Floors B2-1 1,067 5'020;9F’Si 40%212; ash
Basement Walls 444 51020809p5i 30% slag,zig% fly ash
Foundation 3,844 6'030;’5p5i 40% slai,ez(i‘? fly ash

* Should be augmented with local data, knowledge, capabilities
** Use NRMCA Tool to input mix proportions which uses Life Cycle Inventory (LCI) data to estimate impact

31

NRMCA

Concrete

Carbon

Calculator

Producer

NRMCA

Access at https://nrmca.climateearth.com/

Concrete Budget Report

s
‘‘‘‘‘
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NRMCA'’s Carbon Tool can Simplify the Process
1. Automatically populates benchmark impacts

2. Calculates estimated carbon sequestration of
the concrete through the life cycle of the
structure

3. Generates a report documenting the
anticipated reduction a low carbon concrete
project can expect compared to the
benchmark

Access at https://nrmca.climateearth.com/

R 5

NRMCA Concrete Carbon Calculator

& Email

@  Fassword

Remember me

Forgot Password?

New user? Register

L

The NRMCA Concrete LCA and Project Budgeting Tool provides a simple and efficient way for ready-mix suppliers and
concrete contractors to calculate the environmental impacts of concrete, assess the impact of lower carbon alternates,
and demonstrate compliance with a pre-determined carbon budget on individual projects. Developers and designers
can also use this tool to establish regionally appropriate carbon budgets for their projects.

33

NRMCA Carbon Tool

>  Project

Start New Project

e Basic Information o Project Settings

Project Basic Information

o Project Data

o Online Report

Name Description

Project type

’VResidentiatTower-Boston ‘ ’718 Story CIP Frame

‘ [Building -

Project Address

Street City * State

’V 123 Main Street ‘ { Boston

‘ ’VMassachusetts(MA} i

Project Complementary Information

Contractor name Ready Mix Producer

Flant Hame

[ABC Contracting ‘ [NRMCA Producer

‘ [ Downtown Boston ‘

B

34
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l % Project

Start New Project

o Basic Information

Basic Settings

NRMCA Carbon Tool

o Project Settings

Unit of Measure System * Total Project Area *
[ imperial v [ 500000
Carbon Budget Source Settings
~ Source for carbon budget

-

‘ | will use an industry or local policy baseline

Reset Cancel

* NRMCA Benchmarks v3.2
+ National
» 8 Regions
* GSA (General Services Administration)
» City of Portland
* CLF Baseline (Carbon Leadership Forum)
* CalGreen (In-Progress)

More to be added in the future

Source for baseline *

’V MRMCA v3.2 Eastern >

& Previous Next »

35

% Project

Edit Project

NRMCA Carbon Tool

C . N carbonation g#Baseline  Ba Proposed Project
i Total Volume roposed Mix GWP = A i
Applicatior & i — actol GWP GWP
Y psnts kgCO2e/yd®  kgCO2e/ kgCO2efproject
u Shear Walls 7630 232 7. 3053 2,329,439 1,770,160 -57,988
[} Columns ‘ ‘ 366 303 ‘ -17.8 ‘ 360.5 131,943 110,898 -6,515
] Floors 2-1& 4533 277 B8 | 124 289 1,310,037 1,255,641 -56,209
i Floors B2-1 ‘ ‘ 1067 249 ‘ -17.7 * ‘ 289 308,363 265,683 -18,886
] BasementV | | 444 220 -186 289 128,316 97,680 -8,258
[ Foundation 3844 166.4 3] ‘ 0.7 3053 1,173,573 639,642 72,591/
L J
TOTALS 17,884 5,381,671 4,139,704 -150,547

36
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NRMCA Carbon Tool

For calculating impact of a
g p Proposed Mix GWP for "Mat Foundation'
proposed 70% SCM replacement
. .
in foundations . . Materal Quantityperyd?  UoM
Important information
This result is NOT an EPD. This GWP was o
calculated using the same LCI data sources as B | BatchWater ~ |32 ./‘ AL
e Project prescribed in Table A1 of the PCR for
Concrz(e,NSFInternauonal.Augustzozl
v2.1. A3 is assumed to be 9.04 kg C02eq/m3
per NRMCA's Benchmark Report v3.2. This B | Portland Limestone Cement (Type IL)/ASTM C595 - Domestic - | |232 \/‘ 1
— Carbonatior Baseline GWP is strictly an estimate and is based on
Eroposed Mix( Fa cwp industry averages, regional data, and average
kgCO2e/yd™ kgCO2e/yd® kgCO2efyd transportation impacts and should be used
for estimation purposes only. For more _ | N - v
accurate results, it is recommended thata u s e LB
‘ Shishal ‘ =20 ‘ | 22 ‘ | s Nz3 Type Il Third-Party Verified Product Specific
EPD be developed,
‘ Columns ‘ ‘ 366 ‘ | 303 -17.8 360.5 For a more accurate plant specific estimate, i |Slag(elnent,‘ASTM 989 - Imported . | |1-,,J ‘/‘ "
use your EPD tool provider's EPD estimator.
‘ Floors 2-18 ‘ ‘ 4533 ‘ | 277 -12.4 289
[} |CrushedCoarseAggregate_’(;mshed Fine Aggregate - | |165u \/‘ 18
‘ Floors B2-1 ‘ ‘ 1067 ‘ | 249 -17.7 289
‘ Basement V ‘ ‘ 444 ‘ | 220 ‘ -18.6 289 @ | Natural Fine Aggregate - | |1zsn ./‘ 8
‘ Foundation ‘ 3844 ‘ | 166.4 ‘ 305.3
e — [} |P\asl\c\zerandSuperp\ast\(izer - | |24 \/‘ FLOZ
Cancel Download Mix Design File Caleulate
TOTALS 17,884

37

NRMCA Carbon Tool

For calculating the carbonation

.
potential of each element. Carbonation Factor
Usetype™ -
ing e Project Data o Online Report ‘
Carbonatior Baseline  Baselin Project otal Achievable
Total dr: ume P s Ihd F: y GWP Cal ation ‘ ‘
y seOzely kgCO2e/yd* kgCOZefyd®  kgCO2e/project kgCO2e/project kgCO2e/project
| 7630 | ‘ 232 B | ‘ 1.6 305.3 2,329,439 1,770,160 57,988
| 366 | ‘ 303 | ‘ -17.8 360.5 131,943 110,898 -6,515 ‘
| 4533 | ‘ 217 B | ‘ -124 289 1,310,037 1,255,641 56,209
Percent clinker in cement (%) *
| 1067 ‘ 308,363 265,683 -18,886
444 97,680 8,258 . P . A . .
ercent silica fume in concrete (9 cent fly ash in concrete (9
| .
| 3844 | ‘ 1664 B | ‘ -0.7 B ‘ 305.3 1,173,573 639,642 2,691
| Cancel Calculate
17,884 5,381,671 4,139,704 150,547
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NRMCA Carbon Tool

L
GWP (kg

Residential Tower - Boston

Boston, Massachusetts

-
A=
NRMCA

ions {continued):

M Foundation
Basement Walls
Floors B2-1

Floors 2-18

Columns

B Shear Walls

—
,,,,, M carbonation
AR e -167,333 ital GWP of posed conerete on the project is less
-1,000,000 ants or a walghted average of 241 kgCOZ2a/yd3
Project Project Carbonation
Baseline Proposed
Total
" Concrete o Baseline Proposed Project Total Project Difference Carbonat
'\I‘; Application Quantity N GWP Mix GWP Baseline Proposed GWP from arbonation
GWP Baseline
1 Shear Walls 7,630 6,000 305.3 232 2,329,439 1,770,160 24 74,774
2 Columns 366 8,000 360.5 303 131,943 110,398 5,515
— | | THETOP 10 WAYS TO
3 Floors 2-18 4,533 5,000 289 277 1,310,037 1,255,641 4.2 56,209 R DO T
4 Floors B2-1 1,067 5,000 289 249 308,363 265,683 13.8 18,886 [FSARRON FOCTRRINT
5 B”\f\f‘”'g”l 444 5,000 289 220 128316 97,680 239 8,258 nebilty  www BulldWithstrength com
6 Foundation 3,844 5,000 305.3 166.4 1,173,573 539,642 455 2,651
5,381,671 4,139,704 23.1% .167,333 sonansen: Climale earh
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Final Results

Project

Benchmark Mixes

Project GWP
(kg)

5,382,000

GWP
Reduction

Weighted

GWP (kg/yd3)

301 0

Proposed with Fly Ash
and Slag Mixes

4,140,000

232 -23%

Establish Carbon Budget

4,300,000

240 - 20%*

* Consider added buffer/tolerance
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Set Targets for
Carbon Footprint

Concrete Materials:

A.Supply concrete mixtures such
that the total Global Warming
Potential (GWP) of all concrete
on the project is less than or
<o|l=|li14,300,000 kg =10 © ©
equivalents or a weighted
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Recommended Specification Additions:

Section 033000 - CAST-IN-PLACE CONCRETE
Part 1 - GENERAL
1.1 - Related Documents

A. The basis for designing concrete mixtures and demonstrating compliance with carbon budget targets shall be
in accordance with:

[

. National Ready Mixed Concrete Association (NRMCA) Cradle-to-Gate Life Cycle Assessment of Ready-
Mixed Concrete Manufactured by NRMCA Members — Version 3 (or later).

2. National Ready Mixed Concrete Association, NRMCA Member Industry Average EPD for Ready Mixed
Concrete — Version 3 (or later).
1.2 - Summary

A. Embodied Carbon Footprint Goals

1. This project has a goal of reducing the embodied carbon footprint relative to a benchmark or typical
project by XX %. To accomplish this goal, the target carbon footprint reduction for concrete is 20%
below the benchmark established in the NRMCA Cradle-to-Gate Life Cycle Assessment of Ready-Mixed
Concrete Version 3 (or later). Specific targets for Global Warming Potential (GWP) are provided in Section
2, CONCRETE MIXTURES. It shall be permitted to propose innovative products and manufacturing
processes for approval by the Engineer of Record. Proposed alternatives shall meet all performance
criteria for strength, durability, and constructability, and achieve the required reduction in carbon
footprint.

1.5 - Action Submittals
A. Embodied Carbon Footprint Submittals

1. Plant specific Environmental Product Declaration (EPD) for each concrete mixture proposed for the
project accompanying each concrete mixture submittal
a. Itshall be permitted to substitute plant-specific EPDs with those listed in NRMCA Member
Industry Average EPD for Ready Mixed Concrete if the proposed mixtures are similar to those
listed and the concrete producer participated in providing data for the NRMCA Cradle-to-Gate
Life Cycle Assessment of Ready-Mixed Concrete.
2. A calculation showing that the Glebal Warming Potential (GWP) of all the cencrete supplied for the
project shall be lower than the GWP target set in Section 2.

Recommended Specification Additions (continued):

1.7 - Quality Assurance

A. Ready Mixed Concrete f: Qualificatic A company facturing ready mixed concrete who
complies with ASTM C94/C94M requirements for production facilities and equipment

[

Concrete shall be supplied from concrete plants with current certification under the NRMCA
Certification of Ready Mixed Concrete Production Facilities, certification or approval by a state or
highway agency or equivalent. Criteria of equivalent certification shall be included in the submittal.

hl

Quality Control personnel with responsibility for concrete mixtures shall document qualifications
demonstrating knowledge and experience with concrete technology and development of performance-
based concrete mixtures. certified as an NRMCA Concrete Technologist Level 2, or equivalent. Details
covered in equivalent certification program shall be documented in the submittal.

w

When requested, the manufacturer shall furnish a Quality Plan

~

Documentation that the concrete supplier participated in supplying data to the NRMCA Cradle-to-Gate
Life Cycle Assessment of Ready-Mixed Concrete.

Part 2 - PRODUCTS
2.2 - Concrete Materials
A. Cementitious Materials: Materials conforming to the following are permitted:

1. Portland Cement (ASTM C150), Blended Hydraulic Cement (ASTM C595), Hydraulic Cement (ASTM
C1157), Fly Ash or Natural Pozzolan (ASTM C618), Slag Cement (ASTM C989)

2.11 - Concrete Mixtures

A. Embodied Carbon Compliance

1. Provide documentation that the total GWP of all proposed concrete on the project is less than or equal
to 5,785,000 kg of CO2 equivalents or a weighted average of 241 kgCO2e/yd3.
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Example - Mix Table

. Max. Suggested
Application St:e:ig)th Eglgzzg;e M?}g::m Aggregatq | GWP Target | [Notes
P Size (in) || (kg/CO%lyd)
Footings, 4000 @ 56
Grade Beams days s2 045 1172 !
Foundation 5000 @ 56
Walls days S2 0.45 ! !
Retaining 5000 @ 56
Walls days c2 0.40 ! 2
Shear Walls, 6000 @ 56 1
Columns days
Slabs-on- 4000 @ 28
grade days 1-12 3
Elevated 3000 @ 4
Post- days 1 3
Tensioned 5000 @ 28
Slabs days
All other uses | 000 LR, ~——
| REQUIRED Weighted Average GWP (kg/CO%/yd) | XXX | 4
| ©

A. Notes:
1. S2 exposure classification requires the use of sulfate resistant cement, C150 Type
II/V or C595/C1157 with HS designation.

2. C2 exposure classification requirement of 0.40 w/cm can be overridden with rapid
chloride permeability values less than 1000 coulombs as tested per ASTM C1202.

3. ASTM C157 shrinkage requirement of 0.050% after 7 days of moist curing followed
by 21 days of air drying.

4. Required weighted average GWE’ is taken across all concrete mix classes and their
individual volumes, allowing suggested GWP to be exceeded for certain applications
as long as overall GWP is achieved.

2021

NRMCA

©2021 National Ready Mixed C
Al ights reserved

NRMCA Publication 2PE004-21c

Guide to Improving
Specifications for
Ready Mixed Conc

With Notes on Redu

Prepared by
Brandon

rete

ion Recommendations:

03 3000 - Cast-in-Place Concrete
and Structural General Notes

v
Senior Director, Building Innovations

buray@:
408-806.0453
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Example - Tech Campus
NRMCA Build With gth: Low Carbon Ci Project lysi:
Performa nce Project:| Confidential (2024) [ Location]] [ Producer;
o

Improvements: ——
Strength Max Agg. Exposure | Volume
(psi) Day w/em Size Air Class (yds)
* BWS ma kes Footings 4000 28 0.45 1 45%:15% | 0.050% |F2,50,WL,CL| 4,200
. . . Walls (interior) 5000 28 0.45 3/a" 0.050% _|F0,50,W0,C1| 3,500
O pt Imization Walls (exterior) 5000 28 0.45 3/a" 45%:15% | 0.050% |F2,50,W1,Cl| 2,600
. Columns (interior) 5000 28 0.45 3/a" 0.050% | F0,50,W0,C1] 1,800
recommen d ations Slabs/Beams 5000 28 0.40 3/a" 0.045% | F0,50,W0,C1| 5,400
Slab on Grade (interior) 4000 28 0.45 r 0.045% | F0,50,W0,C1| 4,300
Slab on Grade (exterior) 4500 28 0.40 T 45%:15% | 0045% |F2,50,W1,C2| 2,500
. o Exterior Concrete (other) 4500 28 0.45 3/a" 45%:15% | 0050% |F2,50,W1,Cl| 9,000
Ca rbon Bldd 1 ng; Topping Slab (interior) 4500 28 0.40 3/8" 0.040% | F0,50,W0,C1| 6,300
TOTAL| 39,600

+ BWS connects with Optimized
b d Strength Max Agg. Exposure Volume
memaiper p roaucers cati (psi) Day w/em size Air Class (yds)
H H H H Footings 4000 56 1 F0,50,W1,C1| 4200
N reg jon to | d e ﬂtlfy Walls (interior) 5000 56 3/4" F0,50,W0,C1| 3,500
. Walls (exterior) 5000 56 0.45 3/4" 4.5% £ 1.5% F2,50,W1,C1| 2,600
I OCa | |y a p p I ICa b | e Columns (interior) 5000 56 3/8" F0,50,W0,C1| 1,800
Slabs/Beams 5000 28 3/a" 0.045% | F0,50,W0,C1| 5400
car bo N ta rg ets Slab on Grade (interior) 4000 28 1 0.045% | F0,50,W0,C1| 4,300
Slab on Grade (exterior) 4500 28 0.40 1 4.5% * 1.5% F2,50,W1,C2| 2,500
Exterior Concrete (other) 4500 56 0.45 3/a" 4.5% % 1.5% F2,50,W1,C1] 9,000
Topping Slab (interior] 4500 28 3/8" 0.040% | F0,50,W0,C1] 6,300
TOTAL| 39,600

*Changes highlighted

44

co

Attendee Use Only — Not for Reproduction or Distribution Without Express Permission



NRMCA’s ConcreteWorks 2024 October 10 — October 14 | Aurora,
co

Example - Tech Campus

Concrete Budget Report (4 %
NRMCA | L

Ready Mix Producer: NRMCA Member Producer
Prepared by: bwray@nrmea.org

D. Embodied Carbon Compliance

1. Provide documentation that the total GWP of all proposed concrete on the project is less
than or equal to a weighted average of 220 kgCO2e/yd3.

2. Input values used to calculate the carbon targets are listed below. Adherence to
prescribed class GWP values will achieve the project’s weighted average goal

Total Project . =
‘ . Concrete fic Baseline Gwp | FTOPOsCdMIX | ine GWP T it Difference 5
Mix ID Application Quantity GWP Proposed GWP from Baseline
1 Footings 4,200 4,000 2365 150 993,300 798,000 20% | | o | oo | o || L | e
2 Walls (Interior) 3,500 5,000 27555 210 364,250 735,000 24% e o |t | o —
3 walls (Exterior] 2,600 5,000 2755 240 716,300 624,000 13% : e R — :: o —
4 Columns (Interior) 1,800 5,000 2755 205 435,900 369,000 26 % o o [ oo | o [ | e [ | o
5 |SuspendedSlabs/Beams| 5400 5,000 2755 230 1,487,700 1,242,000 17 % m oo o] = || wom | ok | o
6 Slab on Grade 4300 4,000 2365 210 1,016,950 803,000 1%
(Interior) o0 | axm 3 oo
Siab on Grad 500,000 6% [ =] = =
7 a9 on brade 2,500 4,500 256 240 640,000 g o
(Exterior)
. Exterior Concrete 5,000 4500 56 20 2,304,000 1,380,000 12% ; - R ——
(Other) :
9 Topping Siab (interior) 6,300 4,500 256 230 1,612,800 1,449,000 10%
39,600 20 10,231,200 8,700,000 15 %

45

Example - High Rise

400 North Lake Shore Drive 7/02/2024
Chicago, IL Issued for Construction

B.  Project Requirements: Sustainable Design Requirements:

=~

1. The GWP of the concrete supplied for this project shall be in conformance with one of
the two Contractor selected compliance methods described below:

a. Compliance Method A - Total Carbon Budget:
1) The total concrete supplied on the project (excluding waste) shall have a

weighted average GWP less than or equal 10 275 kg COoe/cu.yd. This limit
may be exceeded by up to 5%.

111

THEETTNE

2) The table in Compliance Method B includes recommended GWP limits to

1) Individual concrete classes/mixes shall have a GWP less than or equal to
that shown in the table below.

2)  Applications with an age for cylinder testing of 56 days may be extended
to 90 days with approval from the Architect.

e e

STRENGTI AGE FOR CYLINDER | MAXIMUM GWP PER NES
(PSI) TESTING EPD TS
(DAYS) (KGCO2EICUYD.) SRAS
4,000 28 160 RaS
5,000 28 185 H =
6,000 28 195 \u &
8,000 28 230 )
8,600 28 245 ]
10,000 56 270
k 14,000 56 355 ) . P
4
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Contractor - Carbon Accounting

L e ——
CONSTRUCTION EMBODIED CARBON FOOTPRINT CONCRETE MIX REQUIREMENTS PER SPECS
e Global Warming Cost STRENGTH GRS EARLY SLump MAX AGG SIZE | MAX OPC
MIX TYPES Available Potential (GWP) Total GWP TOTALCY 8/cv) (psi) STRENGTH | STRENGTH () (wfcv) Ny (LB/cY) SCM (%6)
Y/N (DAYS) (IFPT)
Rat Slab X. 160 kgCO2e/yd3 49,600 kgCO2e 310CY, 3,000 56 days 4" 0.45 1/2" 200 50-70
Tower Crane Foundation ¥ 192 kgCO2e/yd3 28,800 kgCO2e| 150 CY: 6,000 56 days 4500 5-days 58 0.45 u g 200{ 50-70
Mat Slab & Footings & Grade Beams b 175 kgCO2e/yd3 703,500 kgCO2e 4,020 CY! 6,000 56 days = 0.45 iy 200 50-70
Slab on Grade & Curbs & B.U.S. ¥ 175 kgCO2e/yd3 35,000 kgCO2e| 200CY: 6,000 56 days 6" 0.45 3/4" 200 50-70
Mild steel Decks/Beams - L2 Y 192 kgCO2e/yd3 48,000 kgCO2e 250CY. 8,000 56 days 6" 0.45 3/4" 300 30-60
PT Decks/Beams X 260 kgCO2e/yd3 1,076,400 kgCO2e 4,140CY 6,000 56 days 4500 4-days 6" 0.45 3/a" 300 30-60
Ltwt. Metal Deck Fill X 442 kgCO2e/yd3 44,200 kgCO2e 100 CY; 3,000 56 days 6" 0.45 1/2" 200 50-70
Columns ¥ 190 kgCO2e/yd3 95,000 kgCO2e| 500 CY! 6,000 56 days 8"-10" 0.45 3/4" 250 50-70
Shear Walls, Strength 1-L1 X. 236 kgCO2e/yd3 82,600 kgCO2e| 350 CY: 10,000 56 days 8"-10" 0.45 3/4" 250 50-70
Shear Walls, Strength 2 - L2-Roof ¥ 188 kgCO2e/yd3 188,000 kgCO2e 1,000 CY 8,000 56 days 8"-10" 0.45 3/4" 200 50-70
Pump Primer N kgCoze 50 CY
PROJECT TOTAL] 212 kgCO2e/fyd3 2,351,100 kgCO2e 11,070 CY
MAX PER CARBON BUDGET]
{25% BELOW NRMCA BENCHMARK)| 283 ke COZe/VIER LIS GO02e
DELTA] 71 kgCO2e/yd3 781,950 kgC02e

** Contractor recommended slumps. Check w/ specs, jobsite requirements and with producer
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CALGreen - Embodied Carbon

Effective Date:
July 1,2024

Buildings Impacted:

Nonresidental:

Schools:

>100,000 ft?
>50,000 ft?

Compliance Paths:

1. Building Reuse:
45%+ reuse of existing structure and enclosure

2. Life Cycle Analysis:

10% reduction from baseline in a 60-year cradle-to-grave

analysis

3. Prescriptive GWP:
175% maximum GWP from NRMCA benchmark values

2022 CALIFORNIA GREEN

BUILDING STANDARDS CODE

(A/Green.

CALIFORNIA CODE OF

Cali

URNIA REPUBLIC

ULATIONS | TITLE 24, PART 11
ds C

s Commission
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CALGreen - Low Carbon Concrete

____________________________________________________________________ either product-specific or factory-specific.

Prescriptive GWP Compliance Path:
e 175% maximum GWP from NRMCA benchmark values

* Additional 130% for high early concrete applications (227.5% of
benchmark)

» Concrete can be treated as one collective product (weighted
average)

Verification of Compliance:
Prescriptive Path #1:

* Type lll product-specific EPDs for each mix

* Comparison to mix GWP limits

OR

Prescriptive Path #2 (Exception):

* Type lll product-specific EPDs or NRMCA industry-wide EPDs

e Calculation of GWP totals where:
Total GWPg,jieq is l€ss than Total GWP o peq

5.409.3 Product GWP compliance—prescriptive path. Each
product that is permanently installed and listed in Table 5.409.3
shall have a Type III envirommental product declaration (EPD).
5.409.3.1 Products shall not exceed the maximum GWP
valus i i 54093

Exception: Concrete may be considered one product
category to meet compliance with this section. A
weighted average of the maximum GWP for all con-
crete mixes installed in the project shall be less than the
weighted average maximum GWP allowed per Table
5.409.3 using Exception Equation 5.409.3.1. Calcula-
tions shall be performed with consistent units of mea-
surement for the material quantity and the GWP value.
For the purposes of this exception. industry-wide EPDs
are acceptable.

Concrete, Ready Mixed®*

MAXIMUM GWP
Er i e

up to 2499 ps1 450 kg CO,e/m’
2500-3499 psi 489 kg CO,e/m’
35004499 psi 566 A
4500-5499 psi 661

5500-6499 psi 701 kg COe
6500 psi and greater 799 kg CO,e/m’

ConcreteflLightweight Ready-Mixe]
MAXIMUM GWP'

N oy “Ll(gaf,'z:;“ MEASUREMENT
up to 2499 psi 875
2500-3499 psi 956
3500-4499 psi 1039 J kg COe/m’
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CALGreen - Prescriptive Path #1

Examples:
Prescriptive Path #1:

Allowed 750
1 566 225 ves V'

4000 psi Foundations

2 6000 psi Columns/Walls 701 375 Yes

AN

3 5000 psi Slabs 661 350 Yes

* Requires Type Il Product-Specific EPDs

Environmer

tal Product Deciration

ENVIRONMENTAL IMPACTS

Declared Product:

Mix2EFZG822 + San Francisco Plant 30 Plant
Description: 2N LN 0.45 W/C 3/8" EF70 5-7SL CO2
Compressive strength: 4000 PSat 28 days

Declared Unit: 1 m? of concrete

Gobal Warming Poential (g COz 1) 1%
Ozono Depltion Potental kg GFC-1120) 536
Acidficaton Potential (g SOz<0) 19
Eutropticaton Potetial (g N-eq) o6
Photochemical Ozone Creation Potential (3 Os ) 386
Abiotic Dopltion,non-ossil g Sb-<a) a1Es
Abiotic Dopleton, fossi (M) 1,393
Total Waste Disposed (ko) oz
Consumptionof Frestmwater (%) 169
Product Components: ratural aggrogate (ASTM G33), slag

ement (ASTM C969), Porland cement (ASTM C150), Ty ash (ASTM
(0818), batch water (ASTM C1602), admixture (ASTM C494)

TABLE 5.409.3
PRODUCT GWP LIMITS

Concrete, Ready-Mixed*

MAXIMUM GWP
ALLOWED VALUE

CONCRETE PRODUCT UNIT OF
(GWP, ) MEASUREMENT

kg COje/m’
kg COe/m’

up to 2499 psi

2500-3499 psi 489

35004499 ps1 566 kg COe/m’
45005499 ps1 661 kg COe/m’
55006499 psi 701 kg COe/m’
6500 psi and greater 799 kg CO,e/m’
Concrete, Lightweight Ready-Mixed?
MAXIMUM GWP
N Ecory “Ll(%af,'::ll“ MEASUREMENT
up to 2499 psi 875 kg COe/m’
2500-3499 psi 956 kg CO,e/m’
3500—4499 ps1 1039 kg CO:E.“'DIS

. The GWP wvalues of the products listed in Table 5.409.3 are based on 175
percent of Buy Clean California Act (BCCA) GWP values. except for
concrete products which are not included in the BCCA.

For concrete, 175 percent of the National Ready Mixed Concrete
Association (NRMCA) 2022 version 3 Pacific Southwest regional
benchmark values are used for the GWP allowed. except for High Early
Strength.

Concrete High Early Strength ready-mixed shall be calculated at 130 percent
of the ready-mixed concrete GWP allowed values for each product category.

L

-
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CALGreen - Prescriptive Path #2

Examples:
Prescriptive Path #2 (Exception):

m Application Volume (cu. yd) [ Max GWP,.,eq | Total GWP 0 eq Total GWPs,,jica

4000 psi Foundations 2000 1,132,000 450,000
2 6000 psi Columns/Walls 750 701 525,750 375 281,250
3 5000 psi Slabs 1500 661 991,500 350 525,000
4 6000 psi Shotcrete 350,500 725%* 362,500%*
* Can be Industry-Wide EPDs T @ f f
if producer is participant Product MRM(B.(
** Note: Allows for individual mixes "mmmmwmw:iﬁj Total GWPy5,eq > Total GWPg, iy v
to be above individual GWP limits Exception EQUATION 5.409.3.1 n = each conerete mix installed in the project
GWP, < GWP ... GWP, = the GWP for concrete mix n per concrete
where mix EPD, in kg CO,e/m’
GWP - X (GWP,)(v,) GWP,,,..¢ = the GWP potential allowed for concrete
a " ne mix n per Table 5.409.3
an v, = the volume of concrete mix n installed in

GWP, 0y = T (GWP,,.0)(%,) the project, in m’®

R 5
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Low Carbon
Concrete Codes

NRMCA'’s Concrete
Carbon Calculator

Colin Lobo: clobo@nrmca.org
Executive VP, Engineering

Brandon Wray: bwray@nrmca.org
Senior Director, Building Innovations

7
@r( STRENGTH PAVE « AHEAD

NRMCA DURABLE. SUSTAINABLE. CONCRETE.
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