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NRMCA Sustainability Initiatives
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A e sustainable world is
Shaped by Concrete.

CO2 Intensity of Concrete:




Concrete Industry EPD Progress

Carbon Footprint of Concrete

* 2014 to 2021:

e 21% decrease in embodied
CO,

*Projected

* Present Day:
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* 90,000+ EPDs generated

* All other construction materials
combined:
~200+ EPDs




Division 03
Section 033000
Cast-In-Place
Concrete

Step #1:

Steg H#2: 7
Carbon Accounting
and Targets

opynght 2010 AIA

SECTION 033000 - CAST-IN-PLACE CONCRETE
PART | - GENERAL
RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Condrtions and Division 01 Specification Sections, apply to this Section.

2 SUNMMARY
A Section includes cast-in-place concrete,

ds concrete
mixture design, placement procedures, and finishes, for the following:

Footings.
2. Foundation walls.
. Slabs-om-grade.

Performance-Based Improvements




Step #1 — Performance Based Improvements

 Goal:

* Prescription |:> Performance

 Methods:
» Emphasize ACI 318 Exposure Classes Guide to Improving
> Alt testing for durability/design Specifications for
, Ready Mixed Concrete
i Sh r|nkage, MOE, RCP, ASR With Notes on Reducing Embodied Carbon Footprint

» Expand acceptable materials
» Extended strength development

* Results:
* Efficient and Optimized Mix Designs




* They allow for sustainable mix . 29
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Step #2 — Carbon Accounting and Targets

e Goal:

NRMCA Publication 2PE004-21

A Cradle-to-Gate Life Cycle Assessment of Ready-Mixed
Concrete Manufactured by NRMCA Members

Guide to Improving | Vemnd2
Specifications for
Ready Mixed Concrete

With Notes on Reducing Embodied Carbon Footprint

 Trigger the use of low carbon materials

Comissioner: National Ready Mixed Concrete Association (NRMCA)

* Methods:
» Collect EPDs
» Establish a Carbon Budget

EPD Program Operator:  NSF Intemational
Environmental ((ZZ (
| Product .
Declaration NRMCA
NATIOMAL READY MIXEL

RE IDED
‘CONCRETE ASSOCIATION

BUILD
STRENGTH

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

* Results:
> Procurement of low carbon concrete
» Flexibility for the contractor and producer

» Buffer for as-built conditions THE TOP 10 WAYS TO |

 REDUCE CONCRETE’S
' CARBON FOOTPRINT




Specifications for Sustainability

Foortings

Foundation Walls

Slabs-on-grade

Exterior slabs

Suspended slabs (interior)

Suspended slabs (exterior)

Frame members

Columns (interior)

Columns (exterior)

Walls (interior)

Concrete toppings

e Collaborative carbon budget vs. GWP limit per mix class

. Preferred
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Specifications for Sustainability

Shear Walls:
180 kg CO, eg/m?3

Columns:
190 kg CO, eg/m?3

Floors 2-18:

240 kg CO, eg/m?3

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

Basement Walls:
190 kg CO, egq/m?

Foundation:
175 kg CO, eg/m?3




Establishing a Carbon Budget

Structural Takeoff

Benchmark Project

Athena
Sustainable Materials
ﬁ Institute

A 0mdle,t0réite' Life Cycle Assessment of Ready—Mix d
Concrete Manufactured by NRMCA Members
~ Version 3.2 3

Comissioner:  National Ready Mixed Concrete Association (NRMCA)

EPD Program Operator:  NSF International

Prepared by:  The Athena Sustainable Materials Institute

December 2021

Proposed Project

onmental Product Declaration

Table 8: Impact results for ready duced at C: 's Live Oak Ready Mix Plant
Calculated Results A1-A3 per yd3
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Columns. (yd3) X ( GWP) = Impact
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FIoors 2-18: (yd3) X ( GWP) = Impact i ) e
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Example Project

* Structure:
18-Story
Residential Tower

Location:
Boston, MA

Concrete:
6 Primary Classes

e Material:
Fly Ash and Slag Available

Shear Walls: (yd3) x (GWP ) = Impact

Columns: (yd3®) x (GWP ) = Impact

Floors 2-18: (yd3®) x (GWP ) = Impact

Floors B2-1: (yd3®) x (GWP ) = Impact

Basement Walls: ( yd3) x (GWP ) = Impact

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

TOTAL: Project Impact
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Estimating Quantities and Properties

Concrete Element Concrete Benchmark Proposed Mixes
Volume (yd3) Mixes (benchmark)* (IW-EPD)*
Shear Wals 7,630 0,000 pst 30% sli’gofof’;:‘iﬂy ash
Floors 2-18 4,533 5,000 psi gg’;ig:
Floors B2-1 1,067 5,000 psi 4—:’);:‘1%21
Pasement Walls s >/000 pst 30% sli’gofof’;:iﬂy ash
Foundation 844 6,000 psi 40% sliiz;,o;OE;::‘Iy ash

*Should be augmented with local data, knowledge, capabilities



NRMCA Benchmark Mixes

Institute

A Crédle-to-Gaté Life Cycle Assesslhent of Ready-Mixed
Concrete Manufactured by NRMCA Members '
—Version 3.2 3 \

Comissioner:

National Ready Mixed Concrete Association (NRMCA)

EPD Program Operator: NSF International

Prepared by:  The Athena Sustainable Matenials Institute

December 2021

Ahena Sustainale Materias Inséitute
D-1:NRMCA U.S. National

Afhcres Susmnable Matcals bestinge

Table A1-NRMCA National Production Data Summary
Number of Plants 480
% Transit Mix Plants 81%
% central M Plants 1%
% Batch Waste 0.20%
w3 m3
Average Praduction 52,207 47,561
Total production 30,419,087 23,257,058
Minimum Praduction 263 201
Maximum Production 412,088 315,047
Table BINRMCA U.S. National E i cubic yard)
3000 | 2000 | 5000
psi | 2500 so00 | cooo | sooo | uw w w
Portland Cement | Ibs 354 576 610 718 334 475 556
Flyash | Ibs & 101 107 126 & a3 57
Siag cament | ihs n ) 0 ) 19 ) 27
Mixing Water zal 305 315 341 341 308 308 308
bs | 3028 | 3015 | 1083 | 100 | toer | zoi8 o o o
Natural Aggrezate | Ibs | ss3 s | sm 505 521 | a0 o 0 o
60 15 | e 150 158 | 152 161 136
Natural bs 1,282 1270 1233 1171 1,208 1159 1225 1,035
an. - bs 0 B © o o o 880 1,000
Air % % 5% 5% 5% 6% 6% o 5% 6% 2%
Air it Ik oz 1 1 1 1 1 1 1 ]
Plasticizer & 0z 3 3 3 ? 3 3 3 ? 7
oz = FT) o] ) = 2 5 o) 0]
Totsl weight | ths | 3867 | 3886 | 3mes | 3ave | 4037 | soas | 2178 | 2168 | 2158
NRMCA Indusiry Wide LCA Project Reporl - ¥ 3.2 B

Table EL- NRMCA U.S5, National LCA Resuits {per cubic yard)
Srenglt | pe @25days | 2,500 | 3,000 | 4,000 ‘ 5000 ‘ 5500 ‘ 000 ‘ = ‘ a0l | Em
orz Mandatory Impact neicater
BUiP kg COZe 0329 22244 6181 310.9 2503 380.56 297,34 458,78 £79.93
cor g CRCTe 56206 | S11E-06 TOTED6 L2GE-05 ATIE06 100605 1.46E-05 157E-05 1676-06
3 I o2 (= [ 101 o7 FETy 102 10 221
3 kane [0 =D o [ [ ) o1 076 081
= kg 03 158 | s | m | mm | mss | »m | omwm | am | ue
S0P W, Ky 124181 1.342.56 8867 1804.04 180293 a7y 285587 11847 3,391.73
i ke 3be iQ0E0¢ | 243604 | 237E04 245504 280603 LB1E-04 286504 | 322500
#ro MiSophs | wezr | Laes | wsa | umss | wsw wsss | asee | zmw
Ut o P ary Rasources
i LN sew | a2 | tam | mes | sas | ooy | aras: | owar | aooos
W W NC oo oo oo 000 000 2o oo 000 000
NRPRE LR 142565 1.551.32 Lmaz 204887 215027 A48 324827 348499 3,725.78%
NRPRI W, NV 000 .08 0.00 0.00 0.00 00 .02 0.0 0.00
Secondary Materia’, Secondary Fuel and Recowerad Enargy
b e 000 0.00 0.00 0.00 0.00 200 0.00 0.00 0.00
RF W, KV 000 000 0.00 0.00 0.00 200 0.00 0.00 000
s Wi NG 7535 | ms | touas | ine mer | mea | wmn | amw
[ W N oo oce [ 000 a0 oeo 000 000
Mandatary Inwerlary Parametets
o | m [ am | w | am | am [ am | am | aw | o | om
s | kcoze | wies | esss | wem | 1m0 | imm | sz | sem | tonee | 1
Inskatas Describing Waste
« 210 [0 010 010 010 [ 1o 010 010
F EEd 737 EEd a7 i 37 R 3 a7
m3 173808 | 137608 | 1am0e | 1emsoe | 17108 | 1e7e0s | S10e0s | spros | sz
iy 3 2AzE07 241807 2307 232601 L2407 LE-Ob LF1E-De 172606
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Download at https://www.nrmca.org/sustainability




NRMCA Benchmarks - Regions

Environmental N(z (
Product .
Declaration NRMCA

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

Athena
Sustainable Materials www.athenasmi.org
Institute

December 2021

Appendix C: NRMCA Member
National and Regional LCA
Benchmark (Industry Average)
Report - V.32

Summary: Appendix C is intented
for use by NRMCA members, who
participated in the IW-EPD, that
have developed product specific
third-party verified LCAs and/or
EPDs to compare the
environmental impacts of their
products with industry average

impacts.




NRMCA Benchmarks - Regions

2021 Version3 mmmm) 2026 Version &
(In Progress)

Environmental ((ZZ (
Product

Declaration NRMCA
ke

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

Athena
Sustainable Materials www.athenasmi.org
Institute

December 2021

Appendix C: NRMCA Member
National and Regional LCA
Benchmark (Industry Average)
Report - V.32

Summary: Appendix C is intented
for use by NRMCA members, who
participated in the IW-EPD, that
have developed product specific
third-party verified LCAs and/or
EPDs to compare the
environmental impacts of their
products with industry average
impacts.




NRMCA Benchmark Mixes

Shear Walls

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 8,000 3000LW 4000LW 5000LW
Core Mandatory Impact Indicator

GWP kg CO2e 183.29 201.48 240.22 289.03 360.51 395.35 437.90 480.10
ODP kg CFCl1e 5.91E-06 6.36E-06 7.32E-06 8.52E-06 1.03E-05 1.47E-05 1.58E-05 1.60E-05
AP kg S02e 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




|dentifying Global Warming Potential

Concrete Element Concrete Benchmark Mixes Proposed Mixes

Volume (yd?) GWP (Eastern Region)* GWP (IW-EPD)
Shear Walls 7,630 6,030:5psi
Columns 366 8,030601psi
Floors 2-18 4,533 5,020:9psi
Floors B2-1 1,067 5,0;:9psi
Basement Walls 444 5'020809p5i
Foundation 3,844 6,030:5psi

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




Environmental Product Declaration (EPD

ENVIRONMENTAL IMPACTS

Declared Product:
Mix 2EFZG8Z2 + San Francisco Plant 30 Plant

results for ready mix concrete produced 3t Calportland's Live (Oak Ready Mix Piant

Table 8: Impact Assessment
Calculated Results A1-A3 per yd3

Description:
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NRMCA Proposed Industry Wide E

PD Mixes

Shear Walls

7,630

6,000 psi

6,000 psi

30% slag, 20% fly ash

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

C product mix design, per cubic yard

5001-6000- 5001-6000- 5001-6000- 5001-6000- 5001-6000- 5001-6000- 5001-6000- 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

GWP kg CO2Ze 231.47 377.44 377.44 322.63 293.01 261.73 290.83 261.97 233.1 231.47
oDp kg CFC11e 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

aAp kg S02e 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 0.34 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
ADPT M, NCV 503.28 575.31 575.31 541.31 522.84 503.28 550.69 542.48 534.27 515.21
ADPe kg She 1.21E-04 1.50E-04 1.50E-04 1.36E-04 1.29E-04 1.21E-04 1.36E-04 1.31E-04 1.27E-04 1.22E-04

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




|dentifying Global Warming Potential

Concrete Element Concrete Benchmark Mixes e
Volume (yd3) GWP (Eastern Region) GWP (IW-EPD)*
Shear Walls 7,630 2 30% slag,zgg% fly ash
Columns 366 361 40%333 ash
Floors 2-18 4,533 289 30°2/o7s7lag
Floors B2-1 1,067 289 40%21:3 ash
Basement Walls 444 289 30% slag,zgg% fly ash
Foundation 3,844 305 40% slag1,63%; fly ash

*Should be augmented with local data, knowledge, capabilities



|dentifying Global Warming Potential

Concrete Element Concrete Benchmark Mixes Proposed Mixes
Volume (yd3) GWP (Eastern Region) GWP (IW-EPD)*
Shear Walls 7,630 6,030:5psi 30% slag,zig% fly ash
Columns 366 8,030601psi 40%3‘:;\; ash
Floors 2-18 4,533 5'020809p5i 30024’75;38
Floors B2-1 1,067 5'020:9p5‘ 40%212\; ash
Basement Walls 444 5'020809p5i 30% Slag’zig% fly ash
Foundation 3,844 6,030:5psi 40% Slaf'gzgcf 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



NRMCA |
Concrete

- Carbon |
Calculator

Producer

M 5
NRMCA - Designer

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

Contractor: ABC Construction
Ready Mix Producer: NRMCA Member
Prepared by bwray@nrmca org.

Fruit Technology Inc. - New Office Campus

W e Conermte
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B
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N NRMCA Concrete Carbon Calculator
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Remember me

Forgot Password?

This report was generated using the NAMCA's Cancrete Carbon Cal
this analysis B1u% inembx
scope on Fruit Technology Inc. - New Office Campus® The baselin
INRMCA v3.2 Pacific SW.

“This study includes the following life cycle stages

New user? Register

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.



NRMCA Carbon Tool

>  Project

Start New Project

' . . : ) . :
. o Basic Information o Project Settings o Project Data ° Online Report

.

Project Basic Information

MName* Descriptian * Project type *
’7 Residential Tower - Boston [ 18 Story CIP Frame [ Building -
Project Address
Street City * State * Zip Code *
Il ’7 123 Main Street [ Boston ’7 Massachusetts (MA) b ’7 02114
i |
Project Complementary Information
Contracior name Ready Mix Producer Plant Mame
ABC Contracting NRMCA Producer [ Downtown Boston
j ' o % > Aig=avid 5




NRMCA Carbon Tool

B T
x Project
Start New Project « NRMCA Benchmarks v3.2
* National
+ 8 Regions
@ sasicinformasion © poicctseting; * GSA (General Services Administration)
« City of Portland
B BFRngs « CLF Baseline (Carbon Leadership Forum)
Unit of Measure System ° Total Project Area *
meenal ) [ St * CalGreen (In-Progress)
More to be added in the future

Carbon Budget Source Settings

— Source for carbon budget * Source for baseline *
‘ | will use an industry or local policy baseline v @ [’V NRMCA v3.2 Eastern v ]

Reset Cancel ¢ Previous Next »




NRMCA Carbon Tool

Y Project

Edit Project

° Basic Information o Project Settings e Project Data ° Online Report

_! MixID SRR i hppiaion, 0VHe: Fingese A M e e QAT R
¥ £0028ivd kgCOZe/yd®  kgCO2efyd® kgCOZefproject  kgCOZe/project kgCOzefproject
2 [ ] 1 6000 Norm... * Shear Walls 7630 232 -1.6 305.3 2,329439 1,770,160 -57,988
] 2 8000 Norm... ¥ | | Columns 366 303 -17.8 = 360.5 131,943 110,898 -6,515
3 5000 Narm... * Floors 2-18 4533 277 re- -12.4 3= 289 1,310,037 1,255,641 -56,209
4 5000 MNarm... = Floors B2-1 1067 249 -17.7 289 308,363 265,683 -18,886
o 5000 Narm... * Basement V 444 220 re- -18.6 289 128,316 97,680 -8,258
6 6000 MNarm... = Foundation 35844 1l66.4 = -0.7 305.3 1,173,573 639,642 -2,691
¥ B 32
TOTALS 17,884 5,381,671 4,139,704 -150,547




NRMCA Carbon Tool

For calculating impact of a

o Proposed Mix GWP for "Mat Foundation'
proposed 70% SCM replacement
L] L]
N fOU ndatlonS 5 = Material Quantity per yd? UoM
Important information
This result is NOT an EPD. This GWP was
caleulated using the same LC| data sources as [ ] Batch Water - 32 v | GAL
o Project D) prescribed in Table Al of the PCR for
Cancrete, NSF International, August 2021
v2.1. A3 is assumed to be 9.04 kg CO2eq/m3
perNIRMCA's Benchmark Report v3.2. This B Portland Limestone Cement {Type IL)/ASTM C595 - Domestic v 282 v | LB
g Py o N Carbonation Baseline GWP s strictly an estimate and is based on
Total Volume  Proposed Mix GW Fictol Gwp industry averages, regional data, and average
yd* kgCOzefyd® kgCO2e/yd’ kgCOzejyd? transpprtat_ion impacts and should be used
for estimation purposes only. For more _ e i3 v
it Y AS e LB
Shear Walls 7630 237 7.6 E 305.3 accurate rr?sul'(_c..msref:.ommended lhat? 7]
Type [l Third-Party Verified Product Specific
EPD be developed.
Columns 366 303 -17.8 B 360.5 For a more accurate plant specific estimate, i Slag Cement/ASTM €988 - Imported . 170 v o
— > use your EPD tool provider's EPD estimator.
Floors 2-18 4533 277 -12.4 E 289
B Crushed Coarse Aggregate/ Crushed Fine Aggregate - 1650 v | LB
Floors B2-1 1067 249 -17.7 E 289
Basement V 444 220 -18.6 B 289 ] Natural Fine Aggregate - 1350 v'| LB
Foundation 3844 166.4 = B 305.3
B Plasticizer and Superplasticizer - 24 ' | FLOZ
Cancel Download Mix Design File Calculate
TOTALS 17,884




NRMCA Carbon Tool

For calculating the carbonation
potential of each element.

o Project Diata

o Online Report

Total Volirne Carbonation GWP
o "‘;"L"'h' Factor Budget Carbonation
y kgCOe/yd? kgCO2e/yd*  kgCOZe/project kgCO2¢/project kgCO2efproject
7630 232 -1.6 305.3 2,329,439 1,770,160 -57,988 >
366 303 178 360.5 131,943 110,898 -6,515
4533 277 124 289 1,310,037 1,255,641 -56,209
1067 249 177 308,363 265,683 -18,886
[

444 220 i I -18.6 T 97,680 -8,258
3844 166.4 3= 0.7 305.3 1,173,573 639,642 -2,691

17,884 5,381,671 4,139,704 -150,547

Carbonation Factor

Use type * b

Reference Service Life (RSL) (years) ™ Exposed surface (yd /yd”) "

Exposure category * g Cement content (lb/yd-) "

Percent clinker in cement (%) ~ Percent limestone in concrete (%) °

Percent silica fume in concrete (%) * Percent fly ash in concrete {%) *
Cancel Calculate




NRMCA Carbon Tool

Residential Tower - Boston

Boston, Massachusetts
Concrete Budget Report

6,000,000

fons {continued):

Ready 5,000,000
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2 4 000 000 — i ¥ meats for production facilites and equapment
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O 3,000,000 Floors B2-1 resporsibiity for concrete maures shall document guealifications
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] ,009,0[}0 -Mixe] Concrets,
" B Shear Walls
0 —
B Carbonation
_1 6 ?' 3 33 s totsd GWP of afl proposed concrete on the project is less than of sgual
i | st | iy | -1,000,000 ants or a welghtad average of 241 kgCO2a/yda.
Project Project Carbonation
3 e T e T Baseline Proposed
& Foundation 284 6,000 Total
; Concrete ! Baseline Proposed Project Total Project Difference :
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5 Walls[ 444 5,000 289 220 128,316 97,680 -23.9% -8,258 nability www.BulldWithStrength.cam
6 Foundation 3,844 6.000 305.3 166.4 1,173,573 639,642 -45.5% -2,691 =
3, 5,381,671 4,139,704 -23.1% -167,333 soumesry: Climate earth )
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Final Results

Project Project GWP Weighted GWP
(kg) GWP (kg/yd3) 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 buffer/tolerance



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
<lo|V|1N7e14,300,000 kg =i o)

equivalents or a weighted average of
240 kgCO2e/yd3
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