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Carbon & Concrete
Key Terms

What's Carbon:

“Carbon” = Greenhouse Gases

Carbon Dioxide (CO,) 1xco02
Fossil Fuel Combustion
(Coal, Natural Gas, Gasoline, Diesel..)
Natural Sources

Other Greenhouse Gases:
+ Methane (CH,)
Landfills
Agriculture
Natural Gas Systems

Nitrous Oxides (N,O)

Car Emissions, Manufacturing
Soils Management

Hydrofluorocarbons (HFCs 1,000+ xCO2
Refrigerants, Manufacturing

Perfluorocarbons (PFCs) | 10,000+ x CO2
Aluminum Production
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Two Categories of Carbon:

Operational
Carbon

Emissions from:

« Energy Use
from building
operations

+ Water Use
from building
operations

Embodied
Carbon
Emissions from:

« Material Extraction

* Manufacturing

« Transport to Job Site
« Construction Activity
* Renovation Activity
+ Demolition

- Disposal
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Carbon & Concrete
Key Terms

When Emitted - The Life Cycle Stages A through D

04

CONSTRUC-
PRODUCT TION
Embodied Embodied
GHG
Emissions
=
Time
Extract Transport Manu- Transport Con-
ra to factory facture to site struct
materials products the

building

BEYOND

THE
LIFECY-

END OF LIFE CLE

Embodied Embodied

[

A S O iy, ‘,"

» Demol- Haul away Recycling Disposal Reuse/

E Operational =
: Energy  Water
= Use Use

+ ishthe  waste Recovery
» building materials



Carbon & Concrete
Key Terms

When Emitted - The Life Cycle Stages A through D
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Carbon & Concrete
Key Terms

When Emitted - The Life Cycle Stages A through D

BEYOND
THE
CONSTRUC- LIFECY-
PRODUCT TION END OF LIFE CLE
Embodied Embodied Embodied Operational Embodied Embodied
GHG . .
Emissions .
e : : & d‘e U &“ ‘:
- : : (]
ime - ¥
Extract Transport Manu- Transport Con- Use hainte-  Repair Replace- Refur- EEnergy Water Demol- Haul away Recycling Disposal Reuse/
rany to factory facture to site struct nance ment  bishment: Use Use . ishthe waste Recovery
materials products the building materials

building

“Cradle to Gate”
(i.e., most EPDs) “Upfront 2

Carbon” i.e. Wh

Life Cyc
(WBLC

The Big @
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Carbon & Concrete
Key Issues

Cement’s Impact on Concrete Emissions

Cementis

1.25%

of USA
total emissions*

Concrete

Cement

Cement is up to

90%

of all GHG emissions

in a conventional
concrete mix

Gravel, Sand, Water,
SCMs like Fly Ash or Slag
and Chemical Admixtures


http://www.sellen.com/

Carbon & Concrete
Key Terms

Disclosing Emissions: EPDs

Er“\wronmen"tal Produg:t Declaratlons (EPDs): NATIONAL READYMEX
a “food label” for building materials ENVIRONVENTAL PRODUCT mi«mou _—
Mix S63C650S1 + Vernon Plant NATIONAL READY MIXED CONCRETE COMPANY

This Environmental Product Declaration (EPD) reports the
. impacts for 1 mS of ready mixed concrete mix, meeting the
- EPD “Nutrition” Label ornspactistons: ENVIRONMENTAL IMPACTS
Nutr Facts Declared Product:
% Your Bulldlng Product ¢ ASTM C94: Ready-Mixed Concrete ] Mix S63C650S1 * Vernon Plant
—— * UNSPSC Code 30111505: Ready Mix Concrete intion.
Amount Per Serving b ONAL UNIT: * CSAA23.1/A23.2: F:oncrete Materials and Methods of I— Compressive strength: 4000 PS| at 28 days |
Calories 230 Calorioe T Faldo ) Concrete Construction
L alorles from Fat ~ ERSIHEY TOTAR e CSl Division 03-30-00: Cast-in-Place Concrete Declared Unit: 1 m3 of concrete
% Dalty Veloe NP Primary Energy (M 124
otal Fat 8 129 COMPANY. I Global Warming Potential (kg COz-eq) 247 J
0
sraluratFecll gal 1g 5% Ozone Depeion To T Czone Depletion Potential (kg CFC-11-60) B67EG |
ransve o Acidification Potential {mol H* eg) 003 National Ready Mix
! Acidification Potential (kg SOz-eq :
e L = Eutrophication Potential (kg N"eq) 6.43E-04 15821 Ventura Boulevard, Site 475 Eu; — : "‘“ng ) 112
Sodium 160mg 7% Photo-Oxidant Creation Patential (kg 03eg) 0421 Encino, CA 91436 il sl iy Lag ) =
Total Carbohydrate 37g 12% Photochemical Ozone Creation Potential (kg Oz-eq) 20.7
= = e Your Product's Ingredients: Listed Here
Dietary Fiber 4g 16% PLANT Abiotic Depletion, non-fossil (kg Sb-eq) 2.64E6
Sugars 1g == = =
- Vernon Plant Abictic Depletion, fossil (MJ) 397
Protein 3g 2626 26th Street
5o Total Waste Disposed (kg) 1.85
Vernon, CA 90058
Consumption of Freshwater (m°) 3.06
EPD PROGRAM OPERATOR Product Components: natural aggregate (ASTM C33), slag
ASTM International T cement (ASTM C989), Portland cement (ASTM C150), admixture
100 Barr Harbor Drive (ASTM C494), batch water (ASTM C1602)
West Conshohocken, PA 19428 lI
N u Additional detail and impacts are reported on page three of this EPD
Ll
Terms: DATE OF ISSUE
04/03/2020 (valid for 5 years until 04/03/2025)

EPD: Environmental Product Declaration

.
. o . ISO 21930:2017 Sustainability in Building Construction — Environmental Declaration of Building Products: serves as the core PCR
« Product and Plant Specific EPD: Specific to a Mixand the batch plant PCR for Concrete, NSF intemational, February 2019 serves as the sub-category PCR
. . . . . Sub-category PCR review was conducted by Thomas P. Gloria + Industrial Ecology Consultants
* Type lll EPD: Verified through Life Cycle Analysis and by a Third Party
Independent verification of the declaration, according to ISO 14025:2006: [ internal 4 external
° Gwp . GlObal Wa rml ng pOtentlal - the emISSIOHS In kg In COZ eqU|Va |ents Third party verifier Thomas P. Gloria (t.gloria@industrial-ecology.com) « Industrial Ecology Consultants
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Owners
Private Projects, Public Commitments

Companies Investing in Carbon Reductions

+ Corporate Pledges _
for Net Zero Carbon and Total Hes S o
Offsetting of historical
emissions

N 2z

« Responding to Investors’

Demands Coalition

« Authoring Guidance
on Carbon Reductions

materialsCAN

Carbon Action Network

* Responding to Employee
Demands and Customer Reducing Embodied
Values Carbon in Construction

+ Reduction Required in some:
« Data Centers
» Corporate Office
* Higher Education
* Healthcare
* Sports Training Facilities




Owners
Public Sector Projects

Required Carbon Tracking and Required Reductions

Transit Agencies
 Emissions Tracking for Mixes
* Performance Specifications
 Lower Carbon Mixes

 Ports:
* Port of Seattle Century Agenda
« Concourse C Expansion at SeaTac

« State of Washington Projects
« Helen Sommers Building
« Newhouse Building Renovation

Photo: Flickr, Atomic Taco, CC BY-
SA2.0

« In-progress Federal Projects funded
by the Inflation Reduction Act (IRA)

&
3
5
2RERzalz%

Locations of Federal Projects
requiring Lower Carbon
Materials




Designers
Design Strategies to Reduce Carbon

Selection of Material-Efficient Model Carbon Emissions Allow in the Specs: Blended Cements
Design / Efficient Load Paths over Building’s Lifetime Extended Maturity Dates, SCMs
« Reducing Concrete Volumes « Test the carbon impact of early « Performance Specifications
saves money and carbon massing alternatives and instead of prescriptive cement and
different structural options SCM amounts
« The lightest structure possible
that meets the project needs « Model the Lifetime Carbon « Allow Multiple Types of
Emissions and Carbon Update Blended Cements
« Reducing spans where possible with Life Cycle Assessment (LCA) « 1L (PLC)
Software « 1S,1P, or 1T

- Efficiency core design, stacking
columns « Allow Multiple Types of SCMs

« Consider Allowing
Recycled Aggregate (RCA)

- Don't Specify a fixed w/cm Value
—let ACI 318 govern

« Maturity Dates: Let the
construction team determine
what applications can have 56 day

= sl = or longer maturity dates

oomam; | §
Igﬂ!!!ll%




Designers
How are Carbon Reductions being Specified?

Material-level Reductions Building Level Reductions

-- focused on one material:

- considers multiple materials:

Compare a Weighted Average Emissions of all Mixes to Compares the Emissions of a “Whole Building”
an Industry Baseline - Design to a Reference Building -
Requires a Percent Reduction of Emissions Requires a Percent Reduction of Emissions
= Requirement is expressed a percent reduction » Requirement is expressed a percent reduction
compared to baseline emissions compared to reference building

Example: Concrete required to be 30% below Example: Building Design requires a 10%

the weighted average NRMCA regional baseline emissions reduction from to a Reference Building

= Considers just concrete: a proportionally = Considers materials in multiple assemblies in a
weighted average is used building (structure, enclosure etc.)

= Measures only “Cradle to Gate” Carbon = Measures “Cradle to Grave” carbon
(Manufacturing) (Entire Project Life)
L a1 { a2 [ a3 L a1 [ a2 | A3 |

= Straightforward to specify = Requires Life Cycle Analysis & Software

= Allows procurement flexibility for contractor, = Allows multiple materials to contribute

but needs tracking throughout construction in the project’'s carbon savings strategy.
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Turning Down the Heat
Solutions Available Today
Calcination Process:

Blended Cements Reducing Process Emissions
Limestone at high heat

« 60% of Ordinary Portland releases significant CO2
Cement (OPC) Emissions are
from the Calcination Process

The majority of GHG
emissions released from
cement are caused by
the chemical reaction

of turning limestone to
clinker. They also come

« Calcination is a chemical
reaction when limestone is
heated to high temperatures

« Bypassing the Kiln
avoids emissions from from the fuel needed to
Calcination fire the kiln. l l

+ Portland Limestone Cement Limestone
(PLC or Type 1L) reduces In*

.. Out*
emissions by 10% to 15% : HE BN
« Other Blended Cements also

reduces impacts compared
to OPC

With Blended Cements about 10% - 15% does not go
through kiln and does not have calcination emissions

Image Credit: Sellen



Turning Down the Heat
Solutions Available Today

Replacing OPC with Working with Team to have Using Recycled Aggregate
Supplementary Cementitious Materials Extended Maturity Dates

« Replacing Cement with * Less Schedules-sensitive « Avoiding Emissions from
Supplementary Materials Applications reaching design Quarrying
reduces emissions strength in 56 days or longer:
+ Co-benefit of Avoiding
« Some SCMs may have co- « Foundations Landfilling Demolished
benefits: « Slabon grade/ mat slabs Concrete
« Slag: lighter appearance « Topping slabs on metal
« Fly Ash: workability decks « Consider Recycled Aggregate
« Site Flatwork such as for Lower Risk Applications
- Special Use/Emerging SCMs: sidewalks * Flatwork
* Natural Pozzolans * Sidewalks
« Silica Fume + Mass Concrete / Controlling

« Ground Glass Heat of Hydration




Turning Down the Heat
Future Solutions

Carbon Capture and

Sequestration of Kiln Emissions

« CCUS = Carbon Capture and Storage « Pilot Projects in Progress
is needed to Reach Net Zero Heidelberg, Holcim, CEMEX

« CCUS is the strategy « Locations of Cement Plants are Fixed;
with the largest potential savings The Availability of CO2 Sinks are Limited by Geology

CO, emissions ) e

(gigatons) : .
d Contributions to net zero

Efficiency in design
and constructions

Efficiency in concrete production

Savings in cement and binders

Savings in clinker production

< Reductions from CCUS

Use of renewable electricity CO, sink

— e engray | Al
Recarbonization o 20 5“’“.‘ o S mont XSO B, A, ok FR SO SO 0% o
FECM Carbon Capture Cement Fadility-Annual CO2 Sinks
Project Metric Tons CO2e Baset
s ) P — (k=1000,M=1,000,000) G
Cement Facilities and FECM Projects & - FeD Avarced o 250
- = ’ Salne
@  Small Pilot, Awarded : ::” —— Existing CO2 Pipeine
CarbonSAFE Project O FEED Pipsiine Awarded
@  Busting/Anarded @ 15

@~
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Low Carbon Mixes as a Competitive Advantage
Comparing Impacts

What's meant by “Low” Carbon?

Compares the emissions found the mix’s EPD, with...

Compares
Mix Emissions to:

Published Baseline
Averages
« Carbon
Leadership
Forum's
Publications

Regional Averages

* NRMCA's
Pacific Northwest
| Mmoo (il
Data Env(ijronmenta[ (((E ( @B‘AEW £
Product i @BIB@| conc.. Readpe s

F ut u re M et ro_ Declaration NRMCA 4 notin Mf SOMD: 1 m nem.m::
. . @BICE Conc-SOMD above 12 B - ... P —

STRY- = :
S p eC I fl C d a t a ::::)snx:::l}ssg':résgr: RO @B1D@ Conc-interior 06 = :':::“:
@BIE® Conc-interior BU Slab Q search [ERERIRSPETAEY
@BIF@ Conc-Shear Wall L1 and above m ReadyMex: 830374C.

EC3 Database
+ Allows
comparison with
"peer” products

Material Baselines




Low Carbon Mixes as a Competitive Advantage
Comparing Impacts

How Designers are Using EC3

Often their first stop in EC3

urﬁerstandmg oezl (Embodied Carbon Calculator in Construction)
IXES Free Online Tool

If your mix is not in EC3, L e & ¢ &
it may not be visible to 1 B |
designers SO

Compares Mix’s Carbon

T -

Performance of to the . lwl_
o, . [ ]
competition — 3
[ Iy
(SR ;o
9 ildi 4
Able to fi Iter by stren g th https://buildingtrans parency.ora/
class and by distance PRODUCT EPD B R
ra d i u S from p I’O_] ect samples: 32 Achievable: 214 kgCO2e Average: 226 KgCO2e & 6.06% Conservative: 241 kgCO2e Declaked Unit: 1 yd3 é\mwms o 7 Res l ]
 Manufactu... (& ||« Plant & 2~ Compressi.. | ‘
 Product & ||« Description (& < EC3/1yd3 4 || StraightlineD... | & Details
° ° ° @ W W
LI m Itatlons' Stoneway Concr... | Seattle 330173 F1,50%Slag #5..  4ksi 206 kgCO2e 12.3 miles  Detaits | view]
Filtering by strength [ je=]
) ReadyMix Stoneway Concr... | Houser ARCAA45425 3/4" Agg. 40% RC... 4 ksi 239 kgCO2e 12.7 miles  Detaits [ view]
C | ass doeS N t mMean a I | ReadyMix Stoneway Concr... | Houser 330173 F1,50% Slag #5...  4ksi 215 kgCOzZe 12.7 miles  Detaits | view]

Stoneway Concr... | Houser 4W50414 #57CA 4" Slump  4ksi 236 kgcoze 127 miles | Detaits | view]

mixes work for all ez -
applications S -
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https://buildingtransparency.org/

Low Carbon Mixes as a Competitive Advantage
Outreach to Designers

Informing Reduction Targets During Design

Hold an Embodied Carbon Concrete Workshop Agenda:
* During Preconstruction ]
* In Design Development before Specs are finalized * 4-way Conversation:

Concrete Supplier, Contractor, Architect &
Structural Engineer

« Criteria Review:
the structural design criteria for each application

*  Where's the Opportunity:
Discuss relative quantities of each application

«  What's Schedule or Weather Sensitive:
Get GC's input on early strength needs for pour cycles
and weather/temperature concerns

« What's Business as Usual:
Discuss the business-as-usual emissions for similar
strengths and applications

« Get a Game Plan:
Identify applications for priorities for reductions and
establish reduction targets
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Low Carbon Mixes as a Competitive Advantage
Ability to Participate in Major Projects and/or Leading Edge Projects

Projects with Low Carbon Concrete

Specifications & Bid Requirements

Microsoft Campus Expansion Project
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Model Specification Language
for Lower Carbon Concrete
from Carbon Leadership Forum

Bid Packages Require EPDs
at time of bidding

Selection of Successful Bids
considering Lower Carbon Mixes

Tech Firms Researching
low carbon protypes & GWP targets

RNy R T o

Projects with Funding Requirements Projects Pursuing
tied to Lower Carbon Materials “Deep Green” Building Certifications
« GSA Funding Requirements « Embodied Carbon Reduction

of Lower Carbon Concrete in Requirements in:

Inflation Reduction Act Projects
« New version of LEED

» Net Zero Carbon Certification
» Living Building Challenge
Certification

Pacific Hwy US-Canada Border Crossing Port of Seattle Maritime Innovation Center

\‘
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Thinking Bigger:
An Evolution in Policy and Code Focus

Moving from General Intentions ... to Caps ... to a Whole Building Focus

Climate Action Plans

currently without Report-now;
implementing Material Caps
Codes or Legislation set Later
Report-only
Requirements
for Materials
Policies Report Only
Whatcom Co. Washington
Thurston Co.
Spokane
Vancouver WA
Tacoma
King Co
Bellevue Passed Passed
Seattle
and others Buy Clean /

Buy Fair Law
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Affecting
Specific Public
Projects:
Mandatory
Emissions for
Materials Caps

Material-level Focus

Portland

Affecting Public and
Private Projects:
Mandatory Emissions
Caps for Materials

Washington

State Bldg.
Code Proposal

Mandatory
Emissions
Reduction for
Project using
Life Cycle
Assessment

CALIFORNIA REPUBLIC

Passed

CalGreen
Bldg. Code



Thinking Bigger:
Opportunities of Thinking at the Building Scale

Thinking at Building Scale Considers Emissions at all Life Cycles Stages

Potential Avoided Emissions
over the Project’s Life Cycles

AVOIDED FINISHES
AND PLANT i LOWER ENERGY USE
Exposed concrete allows additional Concrete’s thermal mass

finishes and plant to be designed out,
cutting embodied C0: and space
requirements. See page &.

can significantly reduce the
energy needed for cooling.

See page 12. LOW MAINTENANCE

A Concrete's durability ensures
INITIAL a long service life with a minimal
need for maintenance.
EMBODIED Ssapae &,
CO:

DESIGN

CAREONATION
Concrete buildings absorb atmospheric CO;
over their life cycle. See page 18.
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REUSE OF BUILDING

The longevity of concrete frame
buildings means they can often be
rewsed, saving significant embodied
C0; compared to new build.

See page 15.

END OF LIFE

CARBONATION
AT END-OF-LIFE

When concrete is crushed at the end of a
building's life, atmospheric Oy is rapidly
absorbed due to the huge increase in the
concrete’s surface area. See page 18.

WHOLE LIFE CO:
OF CONCRETE
(EVALUATED AT
BUILDING LEVEL)



Thinking Bigger:
Opportunities of Thinking at the Building Scale

WBLCA Modeling informing Design Decisions

Some Design Questions that WBLCA may help Answer:

WBLCA =
Whole Building « Structural Material Choice and Type of Structure
Life Cycle Assessment * Canlreach reduction goals through mix optimization alone?
Which type of concrete structural system has the lowest embodied carbon?
Uses software to model «  What's the carbon impact of a Hybrid Structure (mix of structural materials)?
emissions (and other
impacts) of multiple « Durability
materials in multiple * Which materials have the longest service life?
building elements over *  What's the carbon impact of frequent replacement cycles?

the project’s lifetime.

« Energy Co-benefits
 What are the energy co-benefits associated with thermal mass?

Examples of LCA Software: - Carbon Uptake

«  Which materials and building element can sequester carbon?

/7,¢ I ™ «  What's the amount of carbon uptake from concrete (Carbonation)
&p? c.scale

« New Build vs. Renovation
«  What's the carbon impact of a major renovation vs. a new build?

One L?:)\
Click =72
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Key Takeaways:

1. Owners are interested in embodied carbon reductions in
concrete — some projects are requiring reductions.

2. There is a business opportunity for suppliers who offer
lower carbon mixes, have EPDs and reach out to
designers.

3. Significant reductions are possible today
using blended cements, replacing OPC with SCMs and
relaxing maturity dates.

4. Larger reductions in the future
will likely use Carbon Capture and Storage (CCUS).

5. Legislation is not going away
and may move from material emissions caps to
considering emissions on the building scale

6. Whole Building Life Cycle Analysis is an opportunity
to focus not only on just structural materials and
emissions fromm manufacturing but considers carbon over
the lifetime of the project




Thanks

- Dave Walsh
AlA, LEED AP BD+C
Sustainability Consultant & Architect
' Dave Walsh Consulting

dave@davewalshconsulting.com
206.641.1986
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