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What is Sustainability?

] |
Sustainability Basics

"We do not inherit the earth from our ancestors; we borrow it from our children” Wendell Berry

The Triple-Bottom-Line
* Social

* Environmental

* Economic

... Sustainability is in the Overlap

Environment
Viable

!



What is Sustainability?

|
Architectural and Engineering community were early adopters

Construction Practices & Building Design in...
* Material Impacts

* Health and Safety

* Resilience and Durability
* Longevity /Service Life
* Energy Performance
 Suitability for use

Each

... Impact the Environment & Communities



Material Impacts

[
Concrete meets sustainable criteria and is world’s material of choice

After Water, Concrete is the Most Used Material
on Earth

“Each year more than three tons of concrete are

made and used for every person on the Globe...”
* Over 20 billion tons/year

 Demand is growing we are seeing
* 40% +/- increase in building construction
* Building stock will double in 30-years

» To add 280 billion square feet by 2040




What is Sustainability?

™
What makes a material more or less sustainable?

Sustainable Constituents LCA Production Module A1

CO, / Energy Efficient Production ~ LCA Production Module A3

Durability and Resilience LCA Use Stage, Modules B1 - Bg

LCA Use Modules B1 - Bg & End of Use

Long Service Life, Easily Recycled
Stages, Module C1-Cy4



Sustainable Mixes with Slag

Life Cycle Assessments (LCA)

Production Stage

Construction

End Of Life Stage
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Material Impacts

mm
Common Elements = Sustainable Material

Cement and Supplementary
Concrete uses common elements I _
Cementitious Materials hold concrete

* Rock aka coarse aggregate together & give strength

6% Air /

11% Portland Cement

* Sand aka fine aggregate

e Cementasa binder
* Optional SCMs

* Water 41% Gravel or Crushed Stone (Coarse Aggregate)

26% Sand (Fine Agregate)

Admixtures - S——
== = e

Typical % By Volume




—
Material Impacts

|
Constituent Materials - Aggregate

~ 2/3 of the Concrete Mix
Low Embodied Energy
Little or No Mining Waste

Easily Recycled

Durable

| ocal



—
Material Impacts

N
Constituent Materials — Portland Cement

* Embodied Energy

* Fossil Fuel Combustion

* Concrete’s primary CO, source

e ~60% from Calcining CaCO3 — CaO + CO2(qg)

Photo by Larry Rowland

 ~40% from Fuel Combustion & Electrical

With No Supplementary Cementitious Materials...

Cement Can Represent g6% of Total Emissions



CO, in concrete

Global CO, emissions from cement

World Greenhouse Gas Emissions in 2018 Cement’s Impacts Well Documented
Total: 48.9 GtCO,e

Sector End Use/Activity Gas

* Cement global GHG ~ 8% of CO,

* Large emissions source globally

* Target due to high profile industry

C02 745% * Carbon intensive process

Source: Greenhouse gas emssions on Climate Watch, Available at: Mips/ iwwwelmatewatchdataorg

| s

""" WORLD RESOURCES INSTITUTE




CO2 in concrete

| J
Global CO, emissions from cement

Cementitious materials make up >50%
of everything we produce.

It is for this reason they account for

Copper 8% of CO, annually.
Asphalt

Aluminum
Lime I

imber [ “To replace 25% of cementitious materials would require planting
forest 1.5 times the size of India.. Then wait 30-years”

Claﬁred bricks -

Cementitious

10 15 20 25 30

Slide adapted from LC3 presentation 3.31.2023
by Prof. Karen Scrivener

35



CO, in concrete
I

Global CO, emissions from cement

20
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Durability and Resilience

N
Concrete is Resilient

What do you want your home to be made of?
« Will it burn?

« Does it provide passive resistance to file?
 Is it pressurized water dependent

4 .

Why You Sheuld Care-About - Will it rot or be eaten by insects or mold?

Resilience

« Will it blow away?

* |s it worth the risk?

40 Concrete Contracter | AugaySeptamber 2075 www. forconstructionpros.c conc
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HP Resilience Program Overview

Resiliency and Risk Continuum
TIME OF FULL IMPACT
OPERATION DEGRADED

Operational Capaci

INITIAL
IMPACT

ROBUSTNESS

Adopt HP
Standards

Identify and
Correct
Vulnerabilities

Adopt All Hazards
Mitigation
Measures

Adopt
Redundancy

REDUCED SERVICE

Asset A:
High Resilience

RESOURCEFULNESS
Prepared Emergency
Plans
Training and Exercises
Identify Critical
Stockpiles
Information Sharing
Establish Response
Time
Establish Alert System

Emergency
Coordination

Time

RESUMPTION OF OPERATION

Medium Resilience

Asset C:
Low Flesiliencg

RECOVERY

Crisis Stabilization

Contingency
Recovery Plans

Financial Recovery
Plans

Establish MOU/MOA

Reparability Plans
and Execution




Concrete...

Naturally Resilient & Sustainable

Mitigates risk
Highly durable

Significant safety advantages for...
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Durability and Resilience

N
Concrete has a Long Service Life

Do it Once... Do it Right with Concrete

|

The Pantheon in Rome. Circa 126

The Baha'i Temple, Wilmette, IL Circa 1930

Photo by Mathew Schwartz on Unsplash Photo by Larry Rowland



https://unsplash.com/@cadop?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/photos/siKxgzGFems?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Sustainable Mixes with Slag

Life Cycle Assessments (LCA)

Production Stage

Construction

End Of Life Stage
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The Role of LCAs
N N

How it all fits together, then...

Global CO, Emission by Sector

Building
Operations
28% Previous Emissions Estimates Total Carbon Emissions of Global New Construction
(Prior to Energy Efficiency Emphasis) from 2020-2050
Industr b4 100% Business as Usual Projection
£{1)74 [
S |
80% - ‘ 49%
0% \
g 60% § ‘
: Building o 8"
Transportation Materials and £ %
22% Construction M S ‘
O,
1% 20% 1 00/0 '”"
[y I——
8 . 0% EMBODIED OPERATIONAL
Source: © 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources: EMBODIED OPERATIONAL CARBON CARBON
© 2018 2000, lec. ! Archiecture 2030. AN Reserved. Dots Sourcex UN Ervironment Globul Status Report 2017

UN Environment Global Status Report 2017: EIA International Energy Outlook 2017 CARBON CARBON el e

Embodied Emissions

<o lag 85 A < = S5

Use & maintai Demolisk Haul away andfill
Extract raw Transport to Manufacture Transport Construct the ;:_I":i"_ln;;“ .-r‘_._l :“::l:hn'” . .I,_l_‘\u..‘.k:l,_k_‘l' ala ;A:'.I,._IE:E,,:_.I_,
materials plant products to site the building i o d S wes SRS




PCRs Set t s for Reporting

Product Category Rules (PCRs)

Life Cycle Assessments help level the playing
field and report estimated impacts

* Product Category Rules (PCRs) set the baseline
requirements for reporting impacts

o Set scope, and framework of how to do LCAs

for EPDs
PCRs define what is measured and reported

They are product specific
Individual PCRs for...

* Cement valid through March 2025
* Concrete through Feb. 2024

« Slag Cement through Dec. 2025

Product Category Rule

for Environmental Product Declarations

PCR for Concrete

Product Category Rule

for Environmental Product Declarations

©

(ﬂg]‘b) ASTM
I’ INTERNATIONAL

ul
Product Category Rule

for Environmental Product Declarations

PCR for Slag Cement v2.0 (UN CPC 3744 — Slag Cement)

National Center for Sustainability Standards
Valid through December 31, 2025

ncss@nsf.org
© 2020 NSF Intemational

siruar

© 2021 NSF Intermational

Program Operator
NSF Inlemational
Sustanabikty Standards




PCRs Set t,ndards for Reporting

Product Category Rules (PCRs) 11—

ul
Product Category Rule

for Environmental Product Declarations

PCR for Slag Cement v2.0 (UN CPC 3744 — Slag Cement)

* The PCR for Slag Cement

* From cradle-to-gate for life cycle stage Modules A1-A3. |
* For Slag produced to ASTM C 988, AASHTO M 302, CSA A3001 11il
* Declared unit shall be one metric tonne (1,000 kg) of slag cement =~

* Blast-furnace slag shall be considered a recovered material

Program Operator

NSF Intemational

[ ] AI I OWS fo r Ave ra g e E P D S National Center for Sustainability Standards

Valid through December 31, 2025
ncss@nsf.org
© 2020 NSF Intemational |

o Anindustry-average EPD shall be comprised of at least three

companies operating three different manufacturing locations

Only manufacturers who participated in the industry average may
benchmark individual Type Ill EPDs against an industry average



PCRs Set t,ndards for Reporting

Product Category Rules (PCRs)

Product Category Rule

for Environmental Product Declarations

®* The “Concrete” PCR is for Ready Mixed Concrete

* NRMCA was the sponsor of this PCR

* Limited to Ready Mix so it is a subproduct category rule PCR -

o Metric units to be used m3, but can include both US yd3 and metric units

NSF [nternational
National Center for Sustainabiity Standards
Vaid through February 22, 2024

o Gives optional System Boundary diagram SYSTEM BOUNDARY =

Y . . Raw Material Supply (A1) Transport (A2) Manufacturing (A3)
o Allows for option to include LCA Construction Stages 5 ;
Cements & SCMs ‘ l Truck, Rail, Ship | i Energy Carriers (electricity
: i and fuels)
Aggregates | :: | Energy Carriers (fuels) | i

Ancillary Materials

* A4 Transport to site

(lubricants, motor oil,
cleaning chemicals, other
consumables)

Batch Water | i

' Water (manufacturing water,

Fibers & Pigments | i i including wash water for

cement trucks, but excluding
batch water)

|
|
| Admixtures | i
|
I

* Agsfor concrete placement activities

+ | Waste (end of life treatment
i | of ancillary materials and any
packaging)

' | 30% total fleet energy transit
mix plants only




EPDs provide transparency

Environmental Product Declarations (EPDs)

Whatis an EPD?

An Industry Average Environmental Product Declaration
for Slag Cement

“Environmental Product Declarations (EPDs) are
comparable to a “nutrition label” for products which report

a selection of environmental impacts.”

* Provide a summary of LCA Results

* Give environmental information on products.

) ASTM INTERNATIONAL
* EPDs are science and evidence-based tool ASB? GO
o Provides visibility into Impact Categories set by PCR

o Example: list GWP of Mton of slag cement or M3 of concrete




EPDs provide transparency

Environmental Product Declarations (EPDs

Slag Cement Industry Average EPD
* Eight Slag Cement Association Members took part...
» 2-dozen Impact Categories recorded, i.e. Ozone depletion

* GWP Cradle to Gate total is 147 kg CO2 eq. per metric ton

PCA likewise has published an industry average EPD

* GWP Cradle to Gate total is 922 kg CO2 eq. per metric ton

A CRH COMPANY

ARGOS

An Environmental Product Declaration (EPD) S‘ A
’ In accordance with [50 14025 and 150 21930 o A e
i ey

‘ul

Transparency Aclivity and LCI datasels are transparantly disclosed in the project report, including
data solrca.

Uncertainty A sansitivity check was conducied to assess the reliability of the EPD results and
conclusions by determining how they are affected by uncertainties in the data or
assumplions on calculation of LCIA and energy indicator resulls. The sensitivity
chack includes the results of both a sensitivity and Monte Carlo analysis.

Life Cycle Impact Assessment Results

This saction summarizes the production sfage life cycle impact assessment (LCIA) results including resource use and
waste genarated metrics based on the cradle-to-gate life cycle inventory inputs and outputs analysis. The results are
calculated based on 1 metric lon of slag cement type as manufaciured and distributed by Slag Cemant Association
members. [t showld be noted that LCIA results are relative expréssions and do not pradict impacts an category
endpaints, the exceeding of thresholds, safety margins or risks (4], [5]. Further, & number of LCA impact categorias
and invenfory tems are still emearging or under gevelopmeant and can have high levals of uncertainty that precivde
internafional acceptance panding further davedopment. Use caulion when inferprafing results for these categories —
identified with an =" [2].

EFPDs based on cradie-to-gate and cradie-to-gate with options infarmation modules shall nof be comparad. Further,
EPDs basad an a declarad wunif shall nod be used for comparisons [2] Environmeanial gaclarations from different
programs may not be comparable [7]. EPDs are comparable only if they compily with 150 27930, usa the same, sub-
category PCR whave applicable, include all relevant infarmation modules and are based on equivalent scenarios with
respect to the confaxt of construction works [3].

Production stage EPD Results for one metric ton of Slag Cement

Al

Im| and A2,

invenory ndeators nt nnEd‘::::lamn ineport Manufacturing '™
Global warming potential, GWP 100", ARS kg COz aq - 18 [ 826 147.0
Ozone depletion potantial, QDR kg CFC-11 eg 2. BE-07 1.4E-05 1.0E-05 2.4E-05
Smog formation potential, SFP kgO:eq 0.18 &R 428 376
Acidification potential, AP% kg 50z eq 8.7E-03 17 2 BE-01 20
Eutrophication potential, EP2! kg M eg 2.BE-03 0.08 24E-01 0.33
e e kg Sbeq 1.7E-08 24E06  GBEDS  7.2E-05

mineral resources, ADP alerments™”

b e Memex (Dicne  OHoLciv OZINGA

f'\ / st marys
cement
SKYWA LAG —




EPDs provide transparency

Current Inc ustry EPD’s for OPC, GUL and Slag cement

avA atego gicato

Global Warming Potential (GWP)

Acidification Potential (AP)

Eutrophication Potential (EP)

Smog Creation Potential (POCP)

Ozone Depletion Potential (ODP)

kg CO.eq

kg N eq.

kg O, eq.

kg O; eq.

kg CFC -11 eq.

LCA Results - Type OPC/PLC/Slag one metric ton - absolute basis

0lts
OPC PLC Slag
922 846 147.0
1.75 1.64 2.0
1.02 0.94 0.33
32.9 30.2 37.6
2.10E-05 | 2.17 E-05 | 2.4E-05




Carb;n-Accounting Tools — SCAs LCA Calculator

Counting GWP is a simple way to see the impacts are to compare like mixes

* The Slag Cement Association has an excellent, free LCA Calculator

SCA HOME About SCA Why Slag Cement? Sustainability Resources

SLAG CEMENT
ASSOCIATION

1

Slag Cement Life Cycle
Assessment Calculator

The Slag Cement Association (SCA) commissioned the Athena Institute to produce this Ready Mixed Concrete Life Cycle
Assessment (LCA) Calculator for Slag Cement - Version 1.0 to show the impacts of using slag cement in ready mixed concrete.

The LCA calculator allows you to enter custom concrete mixes and then substitute varying amounts of slog cement through a
simple dashboard interface. You simply select a preset mix or enter the details of a custom mix and the calculator will allow
you to increase or decrease the percentage of slag cement and calculate LCA results in real time. The tool also allows you to
compare custom mixes against region-specific industry average mixes and to substitute these mixes into a generic whole

building to calculate cumulative whole-building results.

Download the Calculator Here




Carbon Accounting Tools — SCAs LCA Calculator

Tool is in the form of a downloadable Excel spreadsheet

 Starts out with a disclaimer and requirement to Accept the Terms of use Accept and Continue

AutoSave m [1’-:”3 "'—) - @ - *.ﬂ v v SCA LCA Calculator 20220607 EXAMPLE 3.2023.xIsm « Last Mcdified: Just now ,O Search (Alt+Q) Rowland, Larry (Irving) USA
File Home Insert Draw Page Layout Formulas Data Review View Help  Acrobat
A1 = S READY MIX CONCRETE LCA CALCULATOR FOR SLAG CEMENT (scroll down to accept this disclaimer)
A

1 . READY MIX CONCRETE LCA CALCULATOR FOR SLAG CEMENT (scroll down to accept this disclaimer)

THE “READY MIX CONCRETE LCA CALCULATOR FOR SLAG CEMENT" IS PROVIDED BY THE SLAG CEMENT ASSOCIATION, 38800 COUNTRY CLUB DRIVE, FARMINGTON
HILLS, M1 48331, AS A FREE DOWNLOAD. BY CLICKING THE ACCEPTANCE OF TERMS AND DOWNLOADING, INSTALLING, COPYING, VIEWING OR OTHERWISE USING
THE “READY MIX CONCRETE LCA CALCULATOR FOR SLAG CEMENT” (HEREAFTER THE “SOFTWARE”) YOU AGREE TO A LICENSE TO UTILIZE THE SOFTWARE AND

3 ACCEPT THE FOLLOWING TERMS AND CONDITIONS:

1. WARRANTY AND DISCLAIMER.
YOU ASSUME ALL RISK WITH RESPECT TO THE CONTENT OR YOUR USE OF THE SOFTWARE, INCLUDING, BUT NOT LIMITED TO, THE OUTPUT, RESULTS, DATA,
INFORMATION OR ESTIMATES GENERATED BY THE SOFTWARE OR ANY REPRESENTATIONS OR COMMUNICATIONS YOU MAKE BASED ON THE OUTPUT, RESULTS,
DATA, INFORMATION OR ESTIMATES GENERATED BY OR CONTAINED IN THE SOFTWARE. THE SLAG CEMENT ASSOCIATION PROVIDES NO WARRANTY FOR THE
SOFTWARE, INCLUDING, BUT NOT LIMITED TO, ITS OUTPUT, RESULTS, DATA OR ESTIMATES GENERATED BY THE SOFTWARE OR ANY REPRESENTATIONS OR
COMMUNICATIONS YOU MAKE BASED ON THE OUTPUT, RESULTS, DATA, OR ESTIMATES GENERATED BY OR CONTAINED IN THE SOFTWARE. THE SOFTWARE IS
PROVIDED “AS IS” WITHOUT WARRANTIES, REPRESENTATIONS OR CONDITIONS OF ANY KIND, EITHER EXPRESS OR IMPLIED, WITH REGARD TO THE OUTPUT,
RESULTS, DATA, INFORMATION OR ESTIMATES GENERATED BY OR CONTAINED IN THE SOFTWARE. THE SLAG CEMENT ASSOCIATION AND ITS MEMBERS AND
SUPPORTERS: (1) DISCLAIM ANY WARRANTIES AND CONDITIONS, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR MERCHANTABLE QUALITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE OR NON-INFRINGEMENT, (2) DO NOT ASSUME ANY LEGAL LIABILITY
OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR USEFULNESS OF THE SOFTWARE, (3) DO NOT REPRESENT THAT USE OF THE SOFTWARE WOULD NOT
INFRINGE PRIVATELY OWNED RIGHTS, AND (4) DO NOT WARRANT THAT THE SOFTWARE WILL FUNCTION UNINTERRUPTED, THAT IT IS ERROR-FREE OR THAT ANY
ERRORS WILL BE CORRECTED. ALTHOUGH THE SLAG CEMENT ASSOCIATION HAS ENDEAVORED TO ENSURE ACCURATE AND RELIABLE INFORMATION AND
RESULTS AS CONTAINED IN THE SOFTWARE, THE SLAG CEMENT ASSOCIATION DOES NOT WARRANT THE ACCURACY THEREOF. IF NOTIFIED OF ANY ERRORS OR
OMISSIONS, THE SLAG CEMENT ASSOCIATION WILL TAKE REASONABLE STEPS TO CORRECT SUCH ERRORS OR OMISSIONS. YOUR USE OF THE SOFTWARE IS AT

5 YOUR OWN RISK.




Carbon Accounting Tools — SCAs LCA Calculator

The calculator is separated into four worksheets:

1. Slag Substitution: This main dashboard tab allows you to select from a list of preset concrete mixes and to
then alter the percentage of slag cement in that mix.

2. Custom Mixes: This tab allows you to enter up to 10 custom mixes that will then be available from the
drop-down list on the "Slag Substitution" tab. The environmental impacts of these mixes are calculated.

3. Comparison to Benchmark: This tab is used in conjunction with the "Custom Mixes" tab. It shows
environmental impacts of the entered "Custom Mixes" in absolute terms and as a percentage of region-
specific industry average benchmarks.

4. Impacts in Whole Building: This tab allows you to enter amounts for each of the "Custom Mixes" used in a
given project to calculate the cumulative whole-building impact. The calculator adds in non-concrete
impacts (i.e. steel, glazing, insulation, etc.) in amounts proportional to the amount of concrete. ... the
results in this tab are not considered a whole-building LCA, but do give you a realistic look at how concrete
selection effects whole building impacts.



Carbon Accounting Tools — SCAs LCA Calculator

The calculator is separated into 4 worksheets:

Slag Substitution: This dashboard tab allows you to select from a list of preset concrete mixes
and to then alter the percentage of slag cement in that mix. The user picks:

* What baseline mix to use (What Mix to Adjust)
* The % replacement Example of 20% Replacement
* Regioni.e. Great Lakes Midwest

Ready Mixed Concrete LCA Calculator for Slag Cement - Version 3.0

* Athena
5]

- Adjust Slag Cement % . . ;
I II I Institute ! B Select Mix to Adjust Select Region

UL
Slag Cement % _
< > 20% Great Lakes Midwest -

Comparison to Strength Class Benchmark

[QEY[E] Mas= PLC Same mix with 205 Slag ) = Climate Change
qeA] #Dii0! 20 150%
1| 3000 3000 5
- 0 140 = gzone depletion
FartlandLi ent (16 [ 376 120%
] 0 100% acidification
34 .
0 BO%M
) Eufrophicat
] 1750 1750 605 - dropTEERen
1] 1540 1540 .
0 a0% - B POCP (Smog)
0 0%
0 0% - = Depletion of non-
0 Mass PLC Same mix with 20% skag renawable energy
] Mesources

13 iz 0| 1az5 PLC Same mi with 205 S



Carbon Accounting Tools — SCAs LCA Calculator

The calculator is separated into 4 worksheets:

Slag Substitution: This dashboard tab allows you to select from a list of preset concrete mixes
and to then alter the percentage of slag cement in that mix. The user picks:

* What baseline mix to use (What Mix to Adjust)
* The % replacement Example of 30% Replacement

* Regioni.e. North Central

Ready Mixed Concrete LCA Calculator for Slag Cement - Version 3.0

¥  Athena
_ i Institute Adjust Slag Cement % select Mix to Adjust Select Region

|
Slag Cement % _
Narth Cantral

Concrete Mix

Comparison to Strength Class Benchmark

Same mix with 30% Slag m Climake Change
401% Tk
:-I:ID: AETESY = (Jrona degletion
, 12055

330

W T0IE Beldfication
150

X AL

L Eutrophication
1800 6%

(1]

o A = POCH {Smog)
1400 20

o . ® D pletion of non

M0 L ame il with 0% Slag f-‘"':"ﬂ"dl- = Rnsny

SLrer hI 51wl Relewanl O




Carbon Accounting Tools — SCAs LCA Calculator

Using the “"Slag Substitution” tab & 4,000 psi OPC mix at 30% & 40% substitution

Adjust Select Region

; A 30% Slag Substitution in this mix yields:
Region
orth con * ~47kgCO2eq./yd3Savings

Comparison to Strength Class Benchmark s )
- = Climate Change e ~20% reductionin GWP
140% = Ozone depletion
120%
Acidification

100% -
B0%

60%

Eutrophication Life Cycle Assessment Results

40% 1 u POCP (Smog)

20% - Climate Change (kg COZ-eq)

m Depletion of non-

100% PLC Same mix with 30% Slag renewable energy
resources

Same mix with 30% Slag

Climate Change ELE] 77%

114%

0%

1005 PLC same mix with 30% Slag
230.36 185 44

S94%
93%
88%

Depletion of non-renewable energy resources fi=i4 91%

Life Cycle Assessment Results

Mix ID|100% PLC Same mix with 30% Slag

Climate Change (kg CO2-eq) EELE]



Carbon Accounting Tools — SCAs LCA Calculator

Using the “"Slag Substitution” tab & 4,000 psi OPC mix at 30% & 40% substitution

Adjust Select Region

; A 30% Slag Substitution in this mix yields:
Region
orth con * ~47kgCO2eq./yd3Savings

Comparison to Strength Class Benchmark s )
- = Climate Change e ~20% reductionin GWP
140% = Ozone depletion
120%
Acidification

e A 40% Slag Substitution in this mix yields:
a0ss - rocr o  ~ 63kgCO2eq./yd3Savings

20%

u Depletion of non- i ~ 27% FEdUCtIOn |n GWP

100% PLC Same mix with 30% Slag renewable energy
resources

Same mix with 30% Slag

Climate Change ELE] 77%

114%

0%

S94%
93%
88%

Depletion of non-renewable energy resources fi=i4 91%

Life Cycle Assessment Results

Mix ID|100% PLC Same mix with 30% Slag

Climate Change (kg CO2-eq) EELE]



Carbon Accounting Tools — SCAs LCA Calculator

The “"Custom Mixes” tab allows comparison of up to 10 mixes at once

The user picks a strength class then manually enters the names and the specific quantities
from their mixes. This example is for six 4,000 psi mixes for 5o % 30% slag

Ready Mixed Concrete LCA Calculator for Slag Cement - Version 3.0
7 Athena
>)

T Enter Data for Custom Mixes on a per yd3 basis

Institute
L

Concrete Mix (per yd3)

el 100% OPC 100% PLC 50% PLC / Slag 470# OPC 50/50 @ 470 30% Sag & PLC
Strength for Benchmarking (psi) [glelels] 4000 4000 4000 4000 4000
Portland Cement (lb) sJe[#] 470

Portland Limestone Cement (Ib) 500 250 235 330
Masonry Cement (lb)
Slag Cement (lb) 250 235 140
Fly Ash (Ib)
Crushed Coarse Aggregate (lb) kelo] 1800 1800 1800 1800 1800
[ NaturalFine Aggregate () pRRS 1400 1400 1450 1450 1450
Accelerating Admixture-Chlorides (oz)
0
Water Reducing Admixture - plasticizer (oz) gt 30 30 30 30 30
High Range Water Reducing Admixture - superplasticizer (oz)

WEIEEREEN] 225.00 225.00 225.00 220.00 220.00 220.00




Carbon Accounting Tools — SCAs LCA Calculator

The "Custom Mixes” tab allows comparison of up to 10 mixes at once

Steps to enter custom mixes to compare:

Ready Mixed Concrete LCA Calculator for Slag Cement - Version 3.0
7 Athena

- Typein Mixid

m Institute Enter Data for Custom Mixes on a per yd3 basis

- Pick mix strength class from dropdown ™"

Concrete Mix (per yd3)

3 ' - 100% OPC 100% PLC 50% PLC / Slag  470# OPC 50/50 @ 470  30% Sag & PLC
T Strength for Benchmarking (psi) lslefs] 4000 4000 4000 4000 4000
i ype I n m IX proportlons Portland Cement (Ib) S]] 470

Portland Limestone Cement (Ib) 500 250 235 330
Masonry Cement (Ib)

- Multiple mix classes can be entered in B

Crushed Coarse Aggregate (Ib) k{ele] 1800 1800 1800 1800 1800

3 7 = Natural Coarse Aggregate (b

the custom mixes tab and mixes will be T AT
Natural Fine Aggregate (Ib) gL} 1400 1400 1450 1450 1450

= = Manufactured Lightweight Aggregate (lb

p O p U | ate d I n t h e CO m pa rl S O n to Accelerating Admixture-Chlorides (oz

Air Entraining Admixture (oz) (9

- - Water Reducing Admixture - plasticizer (oz) [g]s] 30 30 30 30 30
benchmark tab, impacts in whole
[ wWater (gal) pREX] 225.00 225.00 220.00 220.00 220.00

building tab and a drop down selection
in slag substitution tab.



Carbon Accounting Tools — SCAs LCA Calculator

The Custom Mixes info populates the info into the "Comparison Benchmark” tab

Ready Mixed Concrete LCA Calculator for Slag Cement - Version 3.0
¥ Athena

| Institute

JHr

Comparison of Entered Mixes to Strength Class Benchmarks

160%

140%

1208

10086 -

BO%

60%

40%

20%

0% -

1

B Climate Change

Qzone depletion Acidification

100% OPC 100% PLC

96%
112%
89%
106%
83%
S9%

50% PLC f

64%
116%
97%
85%
91%
B87%

50% PLC f

Eutrophication

'slag |470% OPC

102%
104%
105%
109%
104%
106%

/ Slag 4 0% OPC

6

7

= POCP (Smog)

61%
111%
93%
83%
87%
B4%

50/50 @ 470

73%
109%
90%
91%
B85%
BE%

H De

_____
" 1] '| a |_-.

K | 4000 4000 4000 4000 4000 4000

30% Sag & PLC

Results shown in the table and plotted graphically

* The GWP or (Climate Change) values are
plotted in dark blue
* Inthis example the GWP values range from:
* ahighof ~257 kg CO2 eq./yd3

for the soo# OPC mix, no slag, Mix 1
to

* alow of ~145 kg CO2 eq. [ yd3
for the 470# PLC mix @ 50% slag, Mix 5



o |
Using the SCA Calculator Athena

Institute

Comparison of Entered Mixes to Strength Class Benchmarks

160%
o 140%
The Comparison to Benchmark o
tab will show the environmental o T i il g
impacts compared to the NRMCA i N | N |
Industry EPD. - S -
0% -
1 2 3 4 5 3 7
m Climate Change m Ozone depletion m Acidification Eutrophication m POCP [Smog) m Deg
. MixinGraph[s o |z 0 J& s s
MixID|MassOPC _ |Mass PLC  |Masssiag  |FloorOPC  [FloorPLC  [Floorslag
Strength [PSI) of Relevant Benchmark| 3000 300( 3000 soop [soo0 |
Climate Change FEEL) 108% 71% 106% a7% 80%
1125 119% 100% 103% 105%
Acidification O] 104% 100% 27% 92%
Eutrophication k= 4% 106% heis ] 37%
) 100% 96% 79% 85%
63% 110% 43% 51%

Mass PLC___Massslag __[Floor OPC___[Floor PLC

=] 230.37 210.33 137.63 295.05 269.00 221.67
B.36E-DE 6.60E-DE 7.51E-06 7.70E-D6 7.86E-D6
0.57 0.64 0.79 0.69 0.73
0.28 0.22 0.37 0.35 0.31
10.57 12.11 15.18 12.40 13.40
319.85 333.96 51494 445.52 45471
1.8BE-D4 1.75E-04 3.37E-04 3.36E-04 3.2BE-D4
38.77 30.94 25.55 60.67 55.57
Use of non-renewable primary energy [MJ ) : 563.35 785.23 1,791.34 B95.67 240.13
[ Frechwatercopsumotion (m3) ER 0.41 0.33 0.51 091 0.83

Introduction Slag Substitution Custom Mixes Comparison to Benchmark Irmpacts in W




Example of benchmark concrete for whole building aspect

Using prescriptive values
OPC 410 Ibs on “"Mass OPC”
OPC 531 lbs on “Floor”, Columns

The Impacts in Whole
Building is an easy
tool for designers to

. 150% % of Impacts of Building with Default Concrete
apply when evaluating e

the impact of slag for gﬁ
their project w I

Foorsieg | | | [ ]
7000 0

POCP (Smog :l]
Depletion of non-renew able energy resourc@lil=r4

compared to the so

10%

NRMCA Industry EPD. .

Acidification Euvtroph ication POCP (Smog) Depletion of mmmnm

Lustom

Building
8,21,776.50 1,230,073.62 1,823,530.08
8.91E-02 3.39E-02 4.74E-02
38,337.72 3.598.68 5,059.99
5,296.60 1,664.40 2,362.65
=] 704,534.81 688,109.96 70,006.43 96,687.58
[(G0)] 69.356,415.02 74,997,134.55| 2,156,225.66 3.484,550.87
— —

Introduction Slag Substitution Custom Mixes Comparison to Benchmark Impacts in Whole Building <



Example of benchmark concrete for whole building aspect

Using original 100% OPC mix values
OPC 470 Ibs on on “*Mass OPC”
OPC 611 |Ibs on “Floors”, Columns

[ P s U U S S

The Impacts in Whole
Building is an easy
tool for designers to

Amount in Building (vd:5) ] 0 0 To00 0 0

Comparison of Entered Mixes to Building Constructed with Benchmark Concrete

160%

. L‘ﬂ 2% of Impacts of Building with Default Concrete
apply when evaluating i Chane oo

110%

the impact of slagfor = -—-pgg---- - [ 0%
A H By . 100
the I r prOJeCt EEE ep 0 sourcElilER
40%
compared to the
0%

N R M CA I n d U St ry E P D - Climate change Ozane depletan Acidification Ewirophication POCP {5mog) Depletion of nonsenewable

ENETRY M5 0uroes

Life Cycle Assessment Results acts Impacts of Individual Mixes

Mass OPC Floor OPC
1.382.215.64 2.065.345.41

3.TZE-02 5.Z6E-02

39,136.94 3.914.53 5.543.36

] 5.315.12 51031 1.529.57 2. E17.88
0d,534.81 70391411 TE,262.78 106,235,358
| 69.356,415.02 75,200,542 96| 2,233517.25 3,604 61063

;} \—}

Introduction Slag Substitution Custom Mixes Comparison to Benchmark Impacts in Whole Building 4




Example of benchmark concrete for whole building aspect

The Impacts in Whole
Building is an easy
tool for designers to
apply when evaluating
the impact of slag for
their project
compared to the
NRMCA Industry EPD.

Using original PLC& Slag mix values

PLC 235 Ibs/ slag 235 Ibs on Mass Conc. (50% Slag for 470# mix)

PLC 458 |bs [ slag 153 Ibs on Floors, Columns (25% Slag for 611# mix)

Comparison of Entered Mixes to Building Constructed with Benchmark Concrete

=N
BO%G
TR
5050
505
A0%
30%
205
10%

o5

Climate Change {0z one dep letion Acidification Euitrophication POCP Smog) Depletion of nonsen ewable
ENETRY S ouroes

otal |ITI|JECtb Impacts of Indlwdual Mixes

Floor OPC

% of Impacts of EIJIlEIInE’ with Default Concrete

Floor PLC

8,254 168,39 7.529.645.22 §25,793.49 1,551,678.94
9.35E-02 102E-01 3.96E-02 5 50E-02
38,915.95 38,613.03 3.827.33 511271
QR 5.515.12 4,733.95 1.326.83 2.143.51
704,554, 51 G87.858.59 T2.654.52 33.785.12
(1)) 63,356.415.02  74,54:3,0585.20 2,003,732.70 3182,937.47
\ /
Introduction Slag Substitution Custom Mixes Comparison to Benchmark Impacts in Whole Building 4

Mass concrete 33% GWP reduction using PLC and Slag
Floor and Columns 15% GWP reduction



Carb;n-Accounting Tools — SCAs LCA Calculator

Accessing the Slag Cement Association free LCA Calculator is Easy and its a Quick Useful Tool

( SLAG CEMENT HOME About SCA Why Slag Cement? Sustainability Resources
WY ASSOCIATION
LCA Calculator

Environmental Product Declaration

SCA Efficiency Model

Committed
to a greener
future.

Durable. Resilient. Sustainable.

There's a reason why slag cement is the
cement industry’'s material of choice.

[
I
ﬂll Hﬂjh N




1.

2.

3-

Key Messages [ Takeaways

Concrete is the Sustainable Building Material!
* Meets the criteria: Sustainable constituents, Low CO2 & Energy, Resilient, Long Lasting

* No viable alternative; true sustainability needs to account for full project life cycle

We have the tools to improve, key levers include:
* Clinker reduction in our cements & SCMS to reduce Portland Cement in our mixes

* SlagCement is an exceptionally good SCM due to high replacement levels

The SCA's LCA Calculator is Good Tool for Comparing Environmental Impacts
* Relies on EPDs for environmental impact accounting
* Fourtabs work together:

o Slag Substitution: Sets Region for other tabs, quick comparison of standard mixes

o Custom Mixes: Compares up to 10 custom mixes that will then be available from the drop-down
list on the "Slag Substitution" tab.

Comparison to Benchmark: Shows impacts of "Custom Mixes"
Impacts in Whole Building: Uses Custom Mixes to compare impacts " ‘ S‘ A



Questions?

...Thank You

Larry Rowland

Sustainability Market Manager

Heidelberg Materials

(610) 462-4250
Larry.Rowland@HeidelbergMaterials.com

G SCA

SLAG CEMENT
ASSOCIATION

\



