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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

Sustainability Requirements

 ACI 318, Appendix N
 ACI 323 – Low-Carbon Concrete – Code Requirements
 ACI 301 – Specifications for Concrete Construction

 EPA Interim Guidelines
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ACI 318 Appendix N
 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’c (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

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)
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ACI 323
 Low-Carbon Concrete – Code Requirements & Commentary
 Cast in place concrete

• Buildings
• Pavements
• Bridges
• Other structures 

 Purpose: Limit max GWP of concrete on a project
 No compromise to strength, stability, serviceability, 

durability, or integrity of the concrete structure.

Does not apply to 
• precast concrete, 
• auger cast concrete, 
• shotcrete, or 
• concrete strength < 2500 psi or > 8000 psi

ACI 323
 Upfront embodied GWP of Concrete Mixtures
 GWP Documentation 

• Independent 3rd party LCA
• Independent 3rd party product-specific EPD
• Independent 3rd party LCA tool

 EPD or LCA in accordance with ISO 21930
 Current PCR – NSF International, 2021
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ACI 323
 Weighted average project benchmark GWP

 Weighted average project GWP

 GWP project avg≤ α GWP benchmark avg

 α = 0.85 for large projects with Appendix A

Appendix A in 323:
Appendix C: NRMCA Member National 
and Regional LCA Benchmark (Industry 
Average) Report – V 3.2 (Athena 
Sustainable Materials Institute 2022).

ACI 323
 “Large projects”
 Buildings floor area ≥ 50,000 sq ft

 Pavements ≥ 7,500 yd3

 Bridges deck area ≥ 25,000 sq ft

 Other structures ≥ 7,500 yd3

 Smaller projects

 Report GWP 

 Strategies to reduce GWP
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ACI 323 - Example

ACI 323 - Example
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EPA Label Program

 Label Program - Low Embodied Carbon Const. Matls (EPA)
 Data Quality Improvement
 US EPA Criteria for Product Category Rules (PCRs)
 Setting Thresholds for “Substantially Lower GWP”
 Industry averages
 Based on collected EPDs

EPA Label Program
 GWP from product-specific Type III EPDs

 Concrete EPDs rely on upstream facility specific cement EPDs

 Targets based verified source of same product category

 EPA Interim Guidelines to GSA and FHWA

 Lowest 20th percentile

 Lowest 40th percentile

 Less than Industry average
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FHWA GWP Benchmarks (from NRMCA)

• 6 Conventional Concrete Mixtures &

• 3 Lightweight Concrete Mixtures

• Developed 20th and 40th percentiles

NRMCA Concrete 
Carbon Calculator:
How to Reduce, Quantify, 
and Specify Carbon
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Division 03 
Section 033000 
Cast-In-Place 
Concrete

Step #1:

Performance-Based 
Improvements

Step #2:

Carbon Accounting 
and Targets

Step #1 – Performance Based Improvements

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
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Performance Specs

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

Step #2 – Carbon Accounting and Targets

Goal:  

Trigger the use of low carbon materials

Methods:

 Collect EPDs

 Establish a Carbon Budget

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

producer
 Buffer for as-built conditions
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Specifications for Sustainability

Collaborative carbon budget     vs. GWP limit per mix class

Preferred 

Max. GWP 
(kg/yd3 
CO2e)

250

250

300

250

350

350

300

300

250

300

250

Specifications for Sustainability

Project Budget Individual Mix Limits

VS

Shear Walls: 
180 kg CO2 eq/m3

Columns: 
190 kg CO2 eq/m3

Floors 2-18: 
240 kg CO2 eq/m3

Floors B2-1: 
225 kg CO2 eq/m3

Basement Walls: 
190 kg CO2 eq/m3

Foundation: 
175 kg CO2 eq/m3

TOTAL GWP:  4.30 x 106 TOTAL GWP:  4.30 x 106
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Establishing a Carbon Budget

Benchmark Project Proposed Project

VS

Structural Takeoff

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

Example Project

Structure:
18-Story 
Residential Tower

Location:
Boston, MA

Concrete:
6 Primary Classes

Material:
Fly Ash and Slag 
Available
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Concrete Element Concrete 
Volume (yd3)

Benchmark
Mixes (benchmark)* 

Proposed Mixes 
(IW-EPD)*

Shear Walls 7,630 6,000 psi 6,000 psi
30% slag, 20% fly ash

Columns 366 8,000 psi 8,000 psi
40% fly ash

Floors 2-18 4,533 5,000 psi 5,000 psi
30% slag

Floors B2-1 1,067 5,000 psi 5,000 psi
40% fly ash

Basement Walls 444 5,000 psi 5,000 psi
30% slag, 20% fly ash

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

Estimating Quantities and Properties

*Should be augmented with local data, knowledge, capabilities

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

NRMCA Benchmark Mixes 
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NRMCA Benchmarks - Regions

2021 Version 3

2021 Version 3 2024 Version 4
(In Progress)

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

NRMCA Benchmark Mixes 

Shear Walls 7,630 6,000 psi 6,000 psi
30% slag, 20% fly ash

Concrete Element Concrete 
Volume (yd3)

Benchmark Mixes
GWP (Eastern Region)*

Proposed Mixes 
GWP (IW-EPD)

Shear Walls 7,630 6,000 psi
305

Columns 366 8,000 psi
361

Floors 2-18 4,533 5,000 psi
289

Floors B2-1 1,067 5,000 psi
289

Basement Walls 444 5,000 psi
289

Foundation 3,844 6,000 psi
305

Identifying Global Warming Potential

* Note: Pay attention to units as the report has GWP listed per yd3 and per m3
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Environmental Product Declaration (EPD)

3rd party verified & registered documents that communicate transparency 

NRMCA Proposed Industry Wide EPD Mixes

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

Shear Walls 7,630 6,000 psi 6,000 psi
30% slag, 20% fly ash
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Concrete Element Concrete 
Volume (yd3)

Benchmark Mixes
GWP (Eastern Region)

Proposed Mixes 
GWP (IW-EPD)*

Shear Walls 7,630 6,000 psi
305

30% slag, 20% fly ash
232

Columns 366 8,000 psi
361

40% fly ash
303

Floors 2-18 4,533 5,000 psi
289

30% slag
277

Floors B2-1 1,067 5,000 psi
289

40% fly ash
249

Basement Walls 444 5,000 psi
289

30% slag, 20% fly ash
220

Foundation 3,844 6,000 psi
305

40% slag, 30% fly ash
166**

Identifying Global Warming Potential

* 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

DesignerNRMCA

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

NRMCA Carbon Tool
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NRMCA Carbon Tool

• 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

NRMCA Carbon Tool
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NRMCA Carbon Tool
For calculating impact of a 
proposed 70% SCM replacement 
in foundations 

NRMCA Carbon Tool

For calculating the carbonation 
potential of each element.
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NRMCA Carbon Tool

Project Project GWP 
(kg)

Weighted
GWP (kg/yd3)

GWP
Reduction

Benchmark Mixes 5,382,000 301 0

Proposed with Fly Ash 
and Slag Mixes

4,140,000 232 - 23%

Establish Carbon Budget 4,300,000 240 - 20%*

Final Results

* 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 
equal to 4,300,000 kg of CO2 
equivalents or a weighted 
average of 240 kgCO2e/yd3

Example – Specification Language
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Example – Mix Table

Example – Tech Campus

Performance 
Improvements:

• BWS makes 
optimization 
recommendations

Carbon Bidding:

• BWS connects with 
member producers 
in region to identify 
locally applicable 
carbon targets
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Example – Tech Campus

Example – High Rise
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Contractor – Carbon Accounting

CALGreen – Embodied Carbon

Effective Date:

July 1, 2024

Buildings Impacted:

Nonresidental: >100,000 ft2

Schools: >50,000 ft2

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
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CALGreen – Low Carbon Concrete

Prescriptive GWP Compliance Path: 

• 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 III product-specific EPDs for each mix

• Comparison to mix GWP limits

OR

Prescriptive Path #2 (Exception):

• Type III product-specific EPDs or NRMCA industry-wide EPDs

• Calculation of GWP totals where: 
Total GWPSupplied is less than Total GWPAllowed

CALGreen – Prescriptive Path #1

Examples:
Prescriptive Path #1:

* Requires Type III Product-Specific EPDs

Mix Class Application Max 
GWPAllowed

*GWPSupplied Mix GWPA > GWPS

1 4000 psi Foundations 566 225 Yes 

2 6000 psi Columns/Walls 701 375 Yes

3 5000 psi Slabs 661 350 Yes
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CALGreen – Prescriptive Path #2

Examples:
Prescriptive Path #2 (Exception):

* Can be Industry-Wide EPDs 
if producer is participant

** Note: Allows for individual mixes 
to be above individual GWP limits

Mix Class Application Volume (cu. yd) Max GWPAllowed Total GWPAllowed *GWPSupplied Mix Total GWPSupplied

1 4000 psi Foundations 2000 566 1,132,000 225 450,000

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 500 701 350,500 725** 362,500**

TOTAL 4750 632 2,999,750 341 1,618,750

Total GWPAllowed > Total GWPSupplied

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
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