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Carbon Budget - Process

1. Concrete Volume Takeoff + Compressive Strengths =i

2. Identify Benchmark Impacts or Targets Per Mix
» NRMCA Regional Benchmarks, GSA, CalGreen, etc.

Pi= =
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3. Identify Proposed Mix Design Impacts with Lower GWP
» NRMCA Industry Wide EPD Mixes — Varying Cementitious

» Product Specific EPD Mixes from a Concrete Producer

» Calculate Impact of Proposed Mix Proportions with NRMCA Tool

4. Calculate and Compare Total Impact for Benchmark
and Proposed Scenarios

5. Carbon Budget: Proposed Low Carbon Concrete
Scenario + Buffer

> List in specs as a cumulative and/or weighted average target

» See NRMCA Specification Guide



NRMCA Concrete Carbon Calculator

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 R+
structure | —

3. Generates a report documenting the N R Wm“
anticipated reduction a low carbon concrete A4 ——
project can expect compared to the i
benchmark

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.

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




What is a Carbon Budget?

* Project-wide goal
instead of GWP limits
per class of concrete

TOTAL GWP: 4.30 x 106 TOTAL GWP: 4.30 x 106

» Allows the contractor
and producer to adjust
mixes as needed to fit
material,
environmental, and
schedule demands

Shear Walls: |
180 kg CO, eg/m? J

|
I’I

e

Columns: |
190 kg CO, eg/m? J

Floors 2-18:

 Larger reductions in 240 kg CO, eq/m?

foundations and other
vertical members,
smaller reductions in
high early and fast-
paced members

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

Basement Walls:
190 kg CO, eg/m?

* Flexibility prevents
coordination issues Foundation:

175 kg CO, eg/m3

« Same overall carbon
reduction




Establishing a Carbon Budget

Structural Takeoff Benchmark Project Proposed Project
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henasmi.org
Institute

Concrete Manufactured by NRMCA Members I .
— Version 3.2 Declaration

Environmental
A Cradle-to-Gate Life Cycle Assessment of Ready-Mixed PI’ o d uct

INATIOMAL READY MIXED
CONCRETE ASSOCIATION

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

Comissioner: National Ready Mixed Concrete Association (NRMCA)

EPD Program Operator:  NSF International
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Prepared by:  The Athena Sustainable Materials Insitute

December 2021
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Example Project

'|S8t-rgt<§rl;/re: Shear Walls: (yd3®) x (GWP ) = Impact JI I
Residential Tower lﬁ B
Columns: (yd3) x (GWP ) = Impact JI :ﬁﬁi
Location: !ﬁl! =
BOStOﬂ, MA Floors 2-18: (yd3®) x (GWP ) = Impact I %‘ EE nnnnnnn
J ‘ T
1 S S
Concrete: | s Sy
6 pnma ry Classes Floors B2-1: (yd3®) x (GWP ) = Impact J ;;; m Al
% Nk, |
Material: Basement Walls: (yd3®) x (GWP ) = Impact I - E :
Fly Ash and Slag J j o
Available B

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

)

Project Impact



1. Estimating Quantities and Properties

Concrete Element Concrete Benchmark Proposed Mixes
Volume (yd3) Mixes (benchmark)* (IW-EPD)*
. 6,000 psi
Shear Walls 7,630 6,000 psi 30% slag, 20% fly ash
. 8,000 psi
Columns 366 8,000 psi 40% fly ash
. 5,000 psi
Floors 2-18 4,533 5,000 psi 30% slag
. 5,000 psi
Floors B2-1 1,067 5,000 psi 40% fly ash
Basement Walls 444 5,000 psi 2,000 psi

30% slag, 20% fly ash

' . 6,000 psi
Foundation 3,844 6,000 psi 40% slag, 30% fly ash

*Should be augmented with local data, knowledge, capabilities



2. NRMCA Benchmark Mixes

Athena Sustainable Materials Institute. #dvena Sustanabie Matiials Irstibee
Sustainable " smi.org D-1: NRMCA U.S. National
Institute
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Download at https://www.nrmca.org/sustainability



2. NRMCA Benchmark Mixes

" 6,000 psi
Shear Walls 7,630 L [ 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 CFC11e 5.91E-06 6.36E-06 7.32E-06 8.52E-06 1.03E-05 1.47E-05 1.58E-05 1.69E-05
AP kg SO2e 0.67 0.71 0.81 0.93 1.12 2.10 2.22 2.33
EP kg Ne 0.24 0.26 0.30 0.36 0.44 0.69 0.74 0.79
SFP kg 0O3e 14.31 15.21 17.18 19.61 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 Sbe 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

Note: This step is automated when using NRMCA's Concrete Carbon Calculator



2. NRMCA Benchmark Mixes

Concrete Element Concrete Benchmark Mixes Proposed Mixes

Volume (yd?) GWP (Eastern Region) GWP (IW-EPD)*
Shear Walls 7,630 6,0;)(())5psi
Columns 366 8,0:£1psi
Floors 2-18 4,533 5,0;:9psi
Floors B2-1 1,067 5’020809p5i
Basement Walls 444 5:020809I05i
Foundation 3,844 6'0??(?5p5i




3. NRMCA Proposed Industry Wide EPD Mixes
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Download at https://www.nrmca.org/sustainability



3. NRMCA Proposed Industry Wide EPD Mixes

Shear Walls

7,630 6,000 psi

6,000 psi

30% slag, 20% fly ash

5001-6000 psi
(34.48-41.37 MPa)

0-19% Fly Ash and/or Slag
20-29% Fly Ash
30-39% Fly Ash
40-49% Fly Ash

30-39% Slag
40-49% Slag

(0.2

=20% Fly Ash and =30% Slag 6000-50-FA/SL

6000-00-FA/SL
6000-20-FA
6000-30-FA
6000-40-FA
6000-30-SL
6000-40-SL




3. NRMCA Proposed Industry Wide EPD Mixes

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 CO2e 231.47 377.44 377.44 322.63 293.01 261.73 290.83 261.97 233.1 231.47
0oDP 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 -
AP kg SO2e 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 03e 17.76 23.30 22.81 20.42 19.13 17.76 23.10 23.20 23.30 20.73
ADPf 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




3. NRMCA Proposed Industry Wide EPD Mixes

Concrete Element Concrete Benchmark Mixes Proposed Mixes
Volume (yd3) GWP (Eastern Region) GWP (IW-EPD)*
Shear Walls 7,630 6,0;);)5psi 30% Slag,zg(;% fly ash
Columns 366 8,0:é)1ps | 40%3‘:\; ash
Floors 2-18 4,533 5'020:9p5‘ 30°2/o7;|ag
Floors B2-1 1,067 5'02‘);9p5i 40%22»; ash
Basement Walls 444 5'020809p5i 30% Slag’zig% fly ash
Foundation 3,844 6,030(?5p5i 40% Slai,szgff) fly ash

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



3. Alternate: Product Specific EPD Mixes

If available, can use for specific mixes from a specific manufacturer and location

: én\n I:oin;rlieinit;!rl"u’:cill;r:t’l)"e’c:lra ration
ENVIRONMENTAL IMPACTS

Declared Product:

lant
¢s Live Oak Ready Mix P!
Assessment results for ready mix concrete produced at Calportiand

Table 8 Impact

R
Clolted Resuts ALASREYED e :"“ o i e
e S g @ W W e m
Mix 2EFZG8Z2 » San Francisco Plant 30 Plant waenane T ST e o wwmn A LD A wew 1
Description: 2IN LN 0.45 W/C 3/8" EF70 5-7SL CO2 e m R PSSR e G ominmp inomii

o 1w meas xasT am

Compressive strength: 4000 PSlat 28 days /Dw e - » %
WO TR ren oo S -t  man ox

Declared Unit: 1 m® of concrete

o 13- e P

oy ORI ) [~
e onele OO
Global Warming Potential (kg CO>eq) e
Acidification Potential (kg SOxeq) 1.59 s
Eutrophication Potential (kg N-eq) 0.16
Photochemical Ozone Creation Potential (kg Os-eq) 36.6 M —
y L
o At
Abiotic Depletion, non-fossil (kg Sb-eq) 4.12E5
DATEOF E;"i s AT \HHP’
Abiotic Depletion, fossil (M) 1,393 P i
arg Commn —ERI 010 sones o DATE OF SSUE
ot S B et PR, R ——
Total Waste Disposed (kg) 0.27 S —
e caton ot e e s N e
Consumption of Freshwater (m?) 1.69 et s

b [ Sy P Y S P —-
i party verher:

B sy PR e e combucind by

e sert st o e declarmi s

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

i pty vt i e




NRMCA
Concrete
Carbon
Calculator

Producer

M
NRMCA

Designer

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

Contractor: ABC Construction
Ready Mix Producer: NRMCA Member
Prepared by: bwray@nrmca.org
Fruit Technology Inc. - New Office Campus

Somay, Castornia

prengon B s Comrmte
. St ot
i Dot

[ NRMCA Concrete Carbon Calculator
P e
D Ll o S e
1 e oo Ao b T
2 FHEEE -
T
2 el Cobars EE) o e
.
e Wik
. el ks ko oo ur m
5
—
3 R oo £ m
. o [ | ww | s | w

@ raovord

Thes report was generated using the NRMCA's Concrete Carbon Cal 1 & Remember me
[ 1%

e
NRMCA v3 2 Pacific SW. :

*This study includes the following iife cyce stages.

Forgot Passwerd?

Mew 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 envirenmental 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.




4. Compare Impacts: NRMCA Carbon Tool

Y Project

Start New Project

o Basic Information o Project Settings e Project Data o Cnline Report

Project Basic Information

Name * Description * Project type *
{ Residential Tower - Boston { 18 Story CIP Frame [ Building v
Project Address
Street City * State Zip Code *
{ 123 Main Street { Boston [ Massachusetts (MA) ¥ [ 02114
Project Complementary Information
Contractor name Ready Mix Producer Flant Name

’VABC Contracting ’V NRMCA Producer ’V Downtown Boston




4. Compare Impacts: NRMCA Carbon Tool

x Project

Start New Project

« NRMCA Benchmarks v3.2

 National
e« 8 Regions
@ e @ oicctseune » GSA (General Services Administration)
e City of Portland
P e « CLF Baseline (Carbon Leadership Forum)
[impe,ial ' {500{&00 e 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 bt [NRMCA v3.2 Eastern .
J

Reset Cancel

¢ Previous Mext »




4. Compare Impacts: NRMCA Carbon Tool

Y  Project

Edit Project

e Project Data

° Basic Information Project Settings
aize i Carbonation
i Strength s ) o Total Volume Proposed Mix GWP 3
Mix 1D pisi Mix Type Application £ P Factor
y £C02ely. kgCO2efyd®  kgCO2e/yd®
[ ] 1 6000 Norm... « Shear Walls 7630 232 16 o2 3053
[} 2 8000 Norm... ~ Columns 366 303 -17.8 = 360.5
[] 2 5000 Norm... ~ Floors 2-18 4533 T -12.4 B 289
[} 4 5000 Norm... ¥ Floors B2-1 1067 249 -17.7 289
[ ] 5 5000 Norm... ~ Basement V 444 220 35 -18.6 289
B 6 6000 Norm... ¥ Foundation 3844 166.4 32 -0.7 = 305.3
TOTALS 17,884

Baseline GWP

Budget

kgCO2e/project

2,329,439

131,943

1,310,037

308,363

128,316

1,173,573

5,381,671

Proposed Project

GWP

kgCO2e/project

1,770,160

110,898

1,255,641

265,683

97,680

639,642

4,139,704

° Online Report

Total Achievable
Carbonation
kgCO2e/project

-57,988

-6,515

-56,209

-18,886

-8,258

-2,691

-150,547




4. Compare Impacts: NRMCA Carbon Tool

. .
For calculating im f
or calcu at g paCt or a Proposed Mix GWP for 'Mat Foundation'
proposed 70% SCM replacement
. .
in foundations i ) Material Quantity peryd®  UoM
Important information
This result is NOT an EPD. This GWP was _
calculated using the same LCI data sources as [] Batch Water - ‘ 32 v ‘ GAL
o Project [} prescribed in Table Al of the PCR for
Concrete, NSF International, August 2021
v2.1. A3 is assumed to be 9.04 kg CO2eq/m3
per NRMCA's Benchmark Report v3.2. This (] ‘ Portland Limestone Cement (Type |L)/ASTM €595 - Domestic - ‘ ‘ 282 v ‘ LB
) . Carbonation GWP is strictly an estimate and is based on
Total verme Pro it Factor W industry averages, regional data, and average
yd kgCO2e/yd kgCoze/yd® kegcoze/ydfl tra nsp.ortat.uon impacts and should be used
for estimation purposes only. For more . ‘ Fly Ash i v
accurate results, it is recommended that a | y AS M LB
Speaials T &2 T E i) Type Il Third-Party Verified Preduct Specific
EPD be developed.
Columns 366 303 - -17.8 E 360.5 For a more accurate plant specific estimate, ] ‘ Slag Cement/ASTM €389 - Imported . ‘ ‘ 170 v ‘ 18
use your EPD tool provider's EPD estimator.
Floors 2-18 4533 277 Sy B 289
(] ‘ Crushed Coarse Aggregate/ Crushed Fine Aggregate i ‘ ‘ 1650 \/‘ LB
Floors B2-1 1067 249 -17.7 B 289
Basement V 444 220 3= ‘ -18.6 E 289 (] ‘ Natural Fine Aggregate v ‘ ‘ 1350 v ‘ LB
h |
Foundation | | 3844 I 166.4 B 305.3
(] ‘ Plasticizer and Superplasticizer - ‘ ‘ 24 v ‘ FLOZ
Cancel Download Mix Design File Calculate
TOTALS 17,884




4. Compare Impacts: NRMCA Carbon Tool

For calculating the carbonation

potential of each element. Carbonation Factor
Use type * v
ings o Project Data o Online Report]
TotalVolume  Proposed Mix tarbenation 3"‘.5:('.""' BH.’T'“ e P"U"\C’:’,"‘ﬁ" Project 1‘:_ I H“LM Reference Service Life (RSL) (years) * Exposed surface (yd?
& K Iva? Factor VP Budget GWP Carbonation
y £C02e]y kgCO2e/yd® kgCO2e/yd® kgCOZe/project kgCOZe/project kgCO2Ze/project
7630 232 3x -7.6 B 305.3 2,329,439 1,770,160 -57,988
> Exposure category ™ v Cement content (lb/yd?) *
366 303 -17.8 B 360.5 131,943 110,898 6,515
4533 277 -12.4 B 289 1,310,037 1,255,641 -56,209
Percent clinker in cement (%) ~ Parcent limestone in concrete (%) ™
1067 249 -17.7 B 289 308,363 265,683 -18,886
o~
[ |
g 22l q 186 &8 : zes A Percent silica fume in concrete (%) * Percent fly ash in concrete (%) *
3844 166.4 -0.7 B 305.3 1,173,573 639,642 -2,691
Cancel Calculate

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



4. Compare Impacts: NRMCA Carbon Tool

Concrete Budget Report m : Yg{ﬂ I Concrete Budset Report

Contractor- ABC Contracting
Ready Mix Producer: NRMCA Producer
Prepared by: bwray@nrmca.org

Residential Tower - Boston
Boston, Massachusetts

Recommended Specification Additions {continued)
A7 = Quelity Sasurance
A Feady Mized Concrete Manufactirer Qualifications: A company manufactisring ready mixed concrete whe
complies with ASTIM C4/C34M requirements for production faciities and equipment
. Concrete shall be supplied from concrete plants with current certification under the NRMCA
Certification of Ready Mixed Concrete Production Facilities, centification or approvel by a state or
highway agency o equivalent. Criteria of equivalent certification shall ke included in the submittal.
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Queality Control persoanel with responsibiity for concrete mixtures shall document qualifications

M Bamymant Walts il 5] £ il Mz ik M demaonstrating knowledge and experience with concrete technology and development of performance-
Floors B2-1 hased concrete mistures. certified as.an NRMCA Concrete Technologist Level 2, or equivalent. Details

B Recommended Specification Additions: covered in equivalent certification program shall be documented in the submirtal,
B columns 3. When requested, the manufacturer shall fumish a Qusality Plan

Section 033000 - CAST-IN-PLACE CONCRETE
B Shear Walls 4. Documentation that the concrete suppher participated in supphing data 1o the NRMCA Cradie-to-Gate
W it Part 1- GEMERAL Life Cycle Assessment. of Ready-Mixed Concrete,

1. - Related Documants

167,333 A The basts for desipring concrete mistures sad demonstrating comphiance with carbon butget targets shall be Part2 - PRODUCTS
Basaline  Project Frogured  Carbonation s GitRe i 2 .
1. National Ready Mixed Concrete Assaciation {MAMCA] Cradle to-Giate Life Cycle Assessment of Ready A Embogied Carbon Compliance

] ] —_— Mied Comerels Mamhured by BEMCA Menbens.vemion'd jor derl. L. Provide documentation thet the total GWP of l proposed concrete on the project i less than or egual
vowr | et | = =, 2. national Reary Mixed Concrete Association, MAMCA Member Industry Average ERD for Ready Miced 05,785,000 kg of COZ aquivalents or 3 walghted average of 241 kgCO2e/yd3.
w1 aaseline Cancrete - Version 3 jor later).
1 Shearwal: | 760 | 6000 | T ra774 2. - Summary
2 Cohmres =6 | Booo ETC A e Ty
, T e A | aes A Embodied Carbon Footprint Goals
4 Hemgis | e i e B 1. This project has 8 posl of reducing the embodied carbon footprint relative toa benchmerk or typical
2 walls fand 2000 #2.680 EEE fxia aroject by XX %, To accomplish this goal, the target carbon footprint reduction for conerata 1s 20%
& Foundation 3844 6000 | Li7as7az | éawsiné | -a30% | -26m8 | balow the banchmark ostablished in the NRMCA Cradle to-Gate Life Cycle Assessment of Ready Mixed
e AL ErE Concrete Versian 3 for later), Specific targets for Glabal Warming Potential (GWP) are pravided in Section
2, CONCRETE MIXTURES, It shall be permitted to propese innovative prodicts and manufacturing
arocesses for apgroval by the Engineer of Kecord, Propesed altematives shall meet all performance s i .
This report was generated using the NRMCA's Concrete Carbon Calculator, powered by Climate Earth. The results of riteria for strength, dwability, and constnectabifity, and achievs the re wirsd reduction in cardon Guide to lmproving - -
this analysis indicate that an estimated -23.08 % reduction in embodied carbon could be achieved for the concrete feotarint. Specifications for W
scope on Residential Tower - Boston® . The baseline used to calculate this reduction is based on NRMCA v3:2 - Ready Mixed Concrete ', 1‘@
A Embodied Carbon Footprint Submittals - W
et

Tl i ek ides S folcving Bin ey e 1. flant spacific Environmantal Fraduct Declaration (ERD] for each concrite mixtura progosed for the
progect accompanying each concrete morture submittal
a. Itshall be permitted to substitute plant-specific EPDs with those listed in NRMCA Member
Industry Average EPD for Ready Mined Concreta if the proposed mictures ara similas to those
listed and the concrate producer participated in providing data for the NRMCA Cradle-to-Gate
Life Cycle Assessment of Ready-Mised Concrete,
2. Acalcudation showing that the Global Warming Potential (GWP) of all the concrate supplied for the
pregect shall be kower than the GWP target setin Sectlon 2.
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4. Compare Impacts: NRMCA Carbon Tool

Residential Tower - Boston

Boston, Massachusetts
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Total
Mi Concrete fe Baseline Proposed Project Total Project Difference Carbonati
|[|)x Application Quantity 'P;_I] GWP Mix GWP Baseline Proposed GWP from 'k :rozurlm Ifmt.
(yd?) P30 (kgcozelyd®) | (kgcozefyd?) GWP (kgCO2efproject) | Baseline | ' B c/Prolect
(kgCO2efyd®)
1 Shear Walls 7,630 6,000 305.3 232 2,329,439 1,770,160 24 % -T4,774
2 Columns 366 8,000 360.5 303 131,943 110,898 16 % 6,515
3 Floors 2-18 4,533 5,000 289 277 1,310,037 1,255,641 4.2 % -56,209
4 Floors B2-1 1,067 5,000 289 249 308,363 265,683 3.8% 18,886
Basement
5 :\falls[ 444 5,000 289 220 128,316 97,680 23.9% -8,258
6 Foundation 3,844 6,000 305.3 166.4 1,173,573 639,642 45.5% 2,691
5,381,671 4,139,704 -23.1% -167,333




5. Establish Carbon Budget

Project Project GWP Weighted GWP
(kg) GWP (kg/yd?3) 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
=le|UE1N161 4,300,000 kg'eii @@

equivalents or a weighted
\slzlel= 011 240 kgCO2e/yd3




Concrete Resources
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