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Disclaimer

As with all concrete mixtures, trial batches should be
performed to verify concrete properties. Results may vary
due to a variety of circumstances, including temperature

and mixture components, among other things.

You should consult your slag cement professional for
assistance. Nothing contained herein shall be considered or
construed as a warranty or guarantee, either expressed or
implied, including any warranty of fitness for a particular
purpose.

www.slagcement.org #slagcement



Learning Objectives

Key terms and definitions commonly used when discussing
the carbon impact of concrete;

How initiatives like the LEED point system, Architecture
2030, and the Carbon Leadership Forum are influencing
the use of concrete materials;

How to reduce the carbon impact of concrete using SCMs
like slag cement; and

How to use product specific information on slag cement
including EPDs and LCA Calculator tools to show customers
sustainable and durable options for concrete.

www.slagcement.org #slagcement
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Resilient Concrete

Durable yet remindful of long-term global
environmental impact changes

According to the Resilient Design Institute, it is “the intentional
design of buildings, landscapes, communities, and regions in order
to respond to natural and manmade disasters and disturbances—
as well as long-term changes resulting from climate change...”



Disclaimer-

short term Trade offs need to be balanced between time constructabiity and
longer-term durability and sustainability goals

Summer Winter




Understanding Carbon

* Key Terms

e Operational Carbon: Carbon load created by the use of energy to heat
and power a building — 28% of total emissions

* Embodied Carbon*: The Ere_:er]house gasses that are emitted to
construct structures and buildings - 11% of total emissions

e Carbon: term used to indicate all greenhouse gas emissions, not just
CO2

* (EPD) Environmental Product Declaration: document that quantifies
environmental information on the life cycle of a product to enable
comparisons between products fulfilling the same function

* (PCR) Product Category Rules: documents that provide rules,
requirements, and guidelines for developing an product EPD

* (LCA) Life Cycle Assessment: process to evaluate, assess, and improve
the environmental burdens associated with a process, product, or
activity by identifying and quantifying energy and materials used and
wastes released to the environment.

*Some consider embodied carbon to include the entire life cycle of
a building, including the operational carbon. As we are discussin
building materials, we will focus on initial embodied carbon, or the
impacts associated with extracting, manufacturing, and
transporting materials to a jobsite.



Transparency in Green Building

—
\

PHIUS
ENERGY STAR s
ASID WELL A
NZEB
S .. BREEAM

¥ CHALLENGE



Environmental Initiatives - Architecture 2030

New bldgs., developments and major renovations designed to
meet a fossil fuel, GHG-emitting, energy consumption performance
standard of 60% below average/median for that building type.

60% 70% | | 80% | | 90% | |cARBON
-
‘ |
TODAY 2015 2020 2025 2030

:| Fossil Fuel Energy Reduction I:I Fossil Fuel Energy Consumption

The 2030 Challenge

Source. 2010 2030. Inc / Architecture 2030, All Rights Reserves
*Using no fossil fus) GHGemitling ensvgy (o operate



http://architecture2030.org/

TOOLKITS  MARKETPLACE NEWS  CONTACTUS  ABOUT THE NETWORK  BECOME A DISTRICT

As of June 2020 there are 22 cities

New York City

CINCINNATI, OH Erie PA

2030 Districts are designated urban areas committed to
meeting the energy, water, and transportation emissions
reduction targets of the 2030 Challenge for Planning.

24 MILLION SQUARE FEET
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TORONTO TUCSON



http://architecture2030.org/

City Vision 2030

* “We are making global progress in reducing
operating emissions,” said Erin McDade, program
manager at Architecture 2030. “According to the
best scientific data and consensus, we have to
phase out all fossil fuel emissions by 2050. ...
Without embodied carbon, we will not meet our
climate targets.”

* Why are we here?

* To reduce the environmental impact of the buildings and
structures we create.



Sustainable Metrics

Climate Ambition

The GCCA launched its Climate Ambition
Statement on the 1* September, announcing to
the world our industry’s plan to provide the
world with carbon neutral concrete by 2050.

In consideration of setting requirements
for low-carbon cement and concrete

Recently, the Canada Green Building Council (CaGBC) shared with the Treasury Board of Canada
Secretariat our industry perspective on the government's proposed requirements for low-carbon cement
and concrete as detailed in their Request for Information EN578-200001.

Such a move would reduce environmental impacts by using life-cycle assessment (LCA) techniques to
address embodied carbon in construction and renovation materials. Considering the potential impact of
these changes, CaGBC felt it important to provide some overarching constructive feedback on behalf of
Canada’s green building indusiry.



Concrete is the most used material next to water
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How do we accomplish this?

e Use Smart

* Do the materials you use need to be new? Are
there recycled or salvaged materials that can be
used instead of creating new materials?

e Build Smart

 Use materials, tools, and resources available to
build the best Broduct (outcome) that will also
reduce the carbon impact. Life Cycle Assessment,
and other modeling tools are available to
compare the use of different materials

* Buy Smart

* Use Environmental Product Declarations as the
“nutrition label” of a products environmental
impact.



What is an EPD?

STEPS TO BUILDING AN EPD

Utilize or;
create
Product
Category
Rules

PCR = Guidelin&EPD = Communication

Conduct

and
Verify
LCA

3rd Party
Verification
of EPD

“Nutrition label”

Register
EPD with
Program
Operator

EPD “Nutrition” Label

Your Bullding Product

|
Amount per Unit

LCA IMACT MEASURES TOTAL
Primary Energy (M.J) 124
Global Warming Potential (kg C0° eq) 0.96
Ozone Depletion (kg CFC- 11 &q) 1.80E-08
Acidification Potential {maol H eq) 043
Eutrophication Potential (kg N-eq) 6.43E-04

Photo-Oxidant Creation Patential (kg 03eq) 0421

Your Product's Ingredients: Listed Hera



Slag Cement LCA Results —
1 metric tonne

Raw Material

Transport

Manufacturing

Category Indicator Unit Supply Total
Al A2 A3

Global warming potential kg CO, eq. 4.6 57.0 85 146.6

Acidification potential kg SO, eq. 0.2 1.2 0.7 2.1

Eutrophication potential kg N eq. 0.01 0.05 0.21 0.27

Smog creation potential kg O; eq. 0.4 20.2 5.8 26.5

Ozone depletion potential kg CFC-11 eq. 4.21E-07 9.57E-06 6.9E-06 1.69E-05

Total primary energy consumption

Non-renewable (fossil, nuclear) MJ 88.9 848.4 1497.2 2,434.5

Renewable (solar, wind, biomass M. 8.6 1.2 66.1 75.9

hydroelectric, & geothermal)

Material resources consumption

Non-renewable materials kg 11.0 0 0.1 11.1

Renewable materials kg 0.5 0.1 1.9 2.5

Recovered materials kg 1102.0 0 0 1102.0

Fresh water I 26.1 0 5.4 31.6

Waste generated

Non-hazardous kg 0 0 0.3 0.3

Hazardous kg 0 0 0.02 0.02




How does slag cement fit into the
picture?

* How does slag cement reduce the
carbon footprint of concrete?

 What other durable benefits does slag
cement contribute to concrete?

* How do | use LCA tools to convey these
benefits?

* How can | use slag cement to get LEED
credit?



2016 PCA Industry EPD

for Portland cement

Metric Cradle-to-gate total per Unit
metric tonne of production
Environmental impact
Global warming potential (100 years) 1040 kg CO2-eq.
Acidification potential 245 kg SO2-eq,
Eutrophication potential 122 kg N-eq.
Formation potential of tropospheric ozone 488 kg O3-eq
Ozone depletion potential 261E-05 kg CFC1l-eq.
EPD Summary Results - One metric ton of slag cement
Category Indicator Unit mt:'p:::'ial Transport Manufacturing} )
Al A2 A3
Global warming potential ke COy eq. 45 57.0 85 146 6
Acidification potential kg S0, eq. 0.2 12 07 21
Eutrophication potential kg Neg. 001 0.05 021 0.2
Smuog creation potential kg Oy eq. 04 202 L3 265
(Ozone depletion potential kg CFC-11eq.| 42107 | 9.57E-06 6.9E-06 163E-05




2016 CAC Industry EPD

for general use and gul (IL) cement

Table 3: LCA Results -Type GU one metric ton — absolute basis

Al Raw A3
Category Indicator Unit Total Material |A2 Transport .
Manvufacturing
Supply
TRACI v.2.1 Category Indicators
Global warming potential, GWP kg CO2eq. 940.5 17.9 2.0 913.4
Acidification potential, AP kg SO2 eqg. 3.7 0.16 0.1 3.5
Eutrophication potential, EP kg N eq. 0.4 0.06 0.004 0.3
Smog creation potential, POCP kg Oz eq. 62.9 2.6 2.2 58.1
Ozone depletion potential, ODP kg CFC-11 eq. 9.8E-04 1.2E-06 1.8E-08 7.8E-06
Table 4: LCA Results — Type GUL one metric ton — absolute basis
Al Raw A3
Category Indicator Unit Total Material |A2 Transport .
Manufacturing
Supply
TRACI v.2.1 Category Indicators
Global warming potential, GWP kg CO:zeq. 855.6 17.4 8.3 829.9
Acidification potential, AP kg SOz eq. 3.4 0.15 0.1 3.2
Eutrophication potential, EP kg N eq. 0.38 0.05 0.004 0.3
Smog creation potential, POCP kg Oz eq. 57.4 2.5 2.1 52.8
Ozone deplefion potential, ODP kg CFC-11 eq. 2 .0E-06 1.9E-06 1.6E-08 7.2E-06




LCA Results

Slag Cement relative to Ordinary Portland Cement
& Portland Limestone Cement ....

Global Warming Potential _ _
(kg CO, equiv./kg) Primary Energy Consumption
MJ /kg

1.2

0.8 -
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0.2 -
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OPC PLC sc _ oPC PLC

OPC —92% clinker, 3% limestone, 5% gypsum
PLC — 82% clinker, 13% limestone, 5% gypsum



LCA Results for
Concrete
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Concrete Environmental

Life Cycle Study (CTL)
Ingredient Ready Mix
(3,000 psi)
Cementitious 376 Ib/cy
Water 237 Ib/cy
Coarse 1,900 Ib/cy
Aggregate
Fine 1,400 Ib/cy
Aggregate

Ready Mix

(5,000 psi)

564 Ib/cy

237 Ib/cy

2,000 Ib/cy

1,200 Ib/cy

Precast

(7,500 psi)

850 Ib/cy

300 Ib/cy

1,770 Ib/cy

935 Ib/cy

Block

337 Ib/cy

237 Ib/cy

1900 Ib/cy

1400 Ib/cy

Source: PCA SR2137: Environmental Life Cycle Inventory of Portland Cement Concrete



Reduced CO, to Produce Concrete and
Concrete Products
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Carbon Dioxide Emissions (lb/cy)

RM 3000 psi RM 5000 psi Precast Block

B 100% Portland M 35% Slag W 50% Slag



The Concrete reallty Ohio DOT example

Life Cycle Assessment Results

Life Cycle AssessmentResults |
QC-130%lg_laC-25sig2saslolass ¢ olass Copt1 [class Copt2 [ClassCopt3 | |
[ Climate Change (kg CO2-eq) PLRA 24828 189.15 32188 278388 20847 22987
D A Taotn 723606 74006  54SE06 783606 676606 726806 65706
[ Acidification (kg502-eq ) G 096 079 100 089 094 00

[ Eutrophication (ke N-eq ) R 030 023 038 033 035 028

Photochemical Ozone Creation/Smog (kg 03-eq ) PEES) 18.81 15.73 20.76 18.69 19.64 17.70

e Class C concrete with 600ib of Portland cement
* Has 321 CO2kg/yd3? 15% higher than NRMCA U.S. GL benchmark

¢ BenChmark 4000 pSl with 617 Ibs cementitious (511/18slg/88ash)
* Has 281 CO2kg/ yd3

¢ ODOT QC]. with 450lbs Portland cement and 150lbs slag cement

* Has 260 CO2kg/yd?® 7% less than NRMCA U.S. GL benchmark and 19% less
then class ¢



Example of low carbon concrete
using slag cement

e Scenario ready mix producer and concrete flatwork
construction company need to find ways to lower
the global warming potential on a retail shell and
core box store in Avon Ohio.

* Project consist of the following concrete items
* Footings 3000 psi
* Max Portland allowed 456 Ibs or gwp 313 kgCO2e/m3

* Interior slab on grade 4000 psi
* Max Portland allowed 503 Ibs or gwp 338 kgCO2e/m3



SCA LCA resources

e SCA industry EPD
* https://www.slagcement.org/portals/11/Files/PDF/Sus-

197.EPD.pdf

Environmental Declaration Sustainabillty > Environmental Declaration

> Life Cycle Assessment Calculator

> LEED Certification

> Environmental Declaration

Environmental Product Declaration

The growing need to understand the true impact of a products impact on the environment has
lead the SCA to assist in creating an Environmental Product Declaration (EPD) for slag cement.
The EPD provides quantifiable environmental data on the materials, transportation and
processing impacts in the production of slag cement. View the full EPD below:

EPD on Slag Cement ENVIRONMENTAL

PRODUCT
DECLARATION

.



https://www.slagcement.org/portals/11/Files/PDF/Sus-197.EPD.pdf

SCA LCA resources

* SCA Athena Life Cycle Assessment
Calculator for Ready mixed concrete

* https://www.slagcement.org/sustainability/li
fecycleassessmentcalculator.aspx

Life Cycle Assessment Calculator Sustainability > Life Cycle Assessment Calculator

Life Cycle Assessment Calculator Slag Cement Life Cyde Assessment Calculator Calculator Support
The Slag Cement Association (SCA) commissioned the Athena Institute to produce this Ready For any comments or questions related to
% LEED Certification Mixed Concrete Life Cycle Assessment (LCA) Calculator for Slag Cement - Version 1.0 to show the use or interpretation of this calculator,
the impacts of using slag cement in ready mixed concrete. please email the Slag Cement Association at:
5 Environmental Declaration The LCA calculator allows you to enter custom concrete mixes and then substitute 5CA-LCA-Calc@slagcement.org
varying amounts of slag cement through a simple dashboard interface. You simply select

a preset mix or enter the details of 2 custom mix and the calculator will allow you to increase Sustainability »
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

Registration is required to download content. Registration information is used by the 5CA to
track use and will not be distributed to any third party.

Please review additional information below for instructions and frequently asked


https://www.slagcement.org/sustainability/lifecycleassessmentcalculator.aspx

Owner’s low carbon
requirements

Cement limits
for use with prescriptive
compliance methods 19.07.050.1
and 19.07.050.2

GWP limits
for use with performance compliance
methods 19.07.050.3 and 19.07.050.4

Minimum specified
compressive strength Maximum ordinary Portland cement Maximum Global Warming Potential,
f'., psi (S) content, lbs/yd® (1,2, 4) GWP, kg CO,e /m?

up to 2500 (3,4) 362 260
2501 to 3000 410 289
3001 to 4000 456 313
4001 to 5000 503 338
5001 to 6000 531 356
6001 to 7000 594 394
7001 and higher 657 433

up to 3000 light weight 512 578
3001--4000 light weight 571 626
4001--5000 light weight 629 675




Using the SCA Calculator
Inputs

* On the customer mix tab enter custom mixes you
would like to use.

* Type in Mix id

* Pick mix strength class

* Type in mix proportions

* Multiple mix classes can be entered in the custom
mixes tab and mixes will be populated in the
comparison to benchmark tab, impacts in whole
building tab and a drop down selection in slag
substitution tab.



Ready Mixed Concrete LCA Calculator for Slag Cement - Version 1.1

Athena

Institute Enter Data for Custom Mixes on a per yd3 basis

)
UL

Concrete Mix (per yd3)
m Footer max Pol Footer 25%slag Footer 40% slag SOG max port SOG 25%slag
Strength for Benchmarking (psi) Eees 3000 3000 4000 4000
Portland Cement (Ib) &S] 350 282 503 405
Slag Cement (Ib) k¥ 120 188 135
Fly Ash (Ib)
Crushed Coarse Aggregate (Ib) pipls] 1710 1710 1695 1695
Natural Coarse Aggregate (Ib)
Crushed Fine Aggregate (Ib
Natural Fine Aggregate (Ib) pE}:3E] 1560 1547 1527 1433
Manufactured Lightweight Aggregate (Ib
Accelerating Admixture-Chlorides (oz
Air Entraining Admixture (oz) EE} 94 94 0 o
Water Reducing Admixture - plasticizer (oz

—
]

v
— — | —

High Range Water Reducing Admixture - superplasticizer (o
WEIEAEEY] 27.60 28.50 28.50 29.40 32.00

~N
—_—

Additional Mix Options

Blended Cement (Ib)
M| Introduction Slag Substitution | Custom Mixes .~ Comparison to Benchmark Impacts in Whole Building ~#J




Using the SCA Calculator
Review

* The comparison to benchmark tab will show the
environmental impacts compared to the NRMCA

Industry EPD.

* On the Slag substitution tab select NRMCA region
(column f, row 5). This will show the regional values
for your area in this case the project is in Ohio.

e Caution please note that NRMCA now is on version 3 so
this tool should be used to compare mixes and v3 results

may be higher or lower.



Comparison of Entered Mixes to Strength Class Benchmarks

160%
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Depletion of non-renewable energy resources kS 99% 92% 99% 92%

M | Introduction Slag Substitution Custom Mixes | Comparison to Benchmark .~ Impacts in Whole Building ¥

N IE

Life Cycle Assessment Results

Footer 25%sag |Footer 40%1ag|SOG max port [SOG 25%slag
Climate Change (kg CO2-eq) pZIFEE} 203.81 175.93 268.46 230.55



Using the SCA Calculator
Review

* If you go to the Slag substitution tab you can scroll
on mix id (Column C, row 8 ) select what mix to use
as the benchmark then use the slag adjustment bar
(column b row, 5) to see how lowering or raising
the slag will impact the results.



7 Athena

Adjust Slag Cement %

I | Institute

Slag Cement %
¢ | 3

Concrete Mix

Select Mix to Adjust

+ Me mix with 28% 5lag

Slag Cement (Ib) o]
Fly Ash (Ib) [i]

L water[ga) B
Additional Mix Options

M| Introduction | Slag Substitution /* Custom Mixes  Comparison to Benchmark

28%
4000
36l
141
0
1685

1527

o O o o O

Impacts in Whole Building

Select Region

Region
Great Lakes Midwest

Comparison to Strength Class Benchmark

# Climate Change
160%
10 1 Ozone depletion
1200
100% 4 0 Acidif ication
80%
Eutrophication
60% -
40% 1 B POCF (Smog)
20%
0% - 1 Depletion of non-
SOG max port Same mixwith 28% Slag renewable energy
rEsOUrCEs

Mix 1D|S0G max port Same mix with 28% Slag

Strength (PS1) of Rele ntEIeru:hmarl:;

Climate Change EEE] 77%
7] [
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Material Cost

Determining Product Cost

Product and materials cost includes all taxes and expenses to deliver the material to the project site incurred by the
contractor but excludes any cost for labor and equipment required for installation after the material is delivered to
the site.

To calculate the total materials cost of a project, use either the actual materials cost or the default materials cost.

Actual materials cost. This is the cost of all materials being used on the project site, excluding labor but including
delivery and taxes.

Default materials cost. The alternative way to determine the total materials cost is to calculate 45% of total
construction costs. This default materials cost can replace the actual cost for most materials and products, as
specified above. If the project team Is including optional products and materials, such as furniture and MEP items,
add the actual value of those items to the default value for all other products and materials.



MATERIALS & RESOURCES

PREREQUISITES CREDITS

Storage and Collection of  Building Life-cycle Impact Reduction*
Recyclables

Construction and Demolition
Waste Management Planning

Long-term Commitment**

Interiors Life-cycle Impact Reduction**

-Building Product Disclosure and Optimization -
Environmental Product Declarations

BPDO - Sourcing of Raw Materials
BPDO - Material Ingredients
Construction & Demolition Waste Management

* BD+C Only
** ID+C Only

Copyright @ U.5. Green Building Council 2019

Slide from USGBC LEED V4.1 Road Show Cleveland 10/7/2019 presented by Stefanie Young



MR Credit: Building Product Disclosure and Optimization
—environmental product declarations
1-2 points

Intent

To encourage the use of products and materials for which life-cycle information is available and that have
environmentally, economically, and socially preferable life-cycle impacts. To reward project teams for
selecting products from manufacturers who have verified improved environmental life-cycle impacts.

Option 1. Environmental Product Declaration (EPD) (1 point)
Use at least 20 different permanently installed products sourced from at least five different manufacturers
that meet one of the disclosure criteria below.

¢ Product-specific declaration.

o Products with a publicly available, critically reviewed life-cycle assessment conforming to
ISO 14044 that have at least a cradle to gate scope are valued as one quarter (1/4) of a
product for the purposes of credit achievement calculation.

¢ Environmental Product Declarations which conform to ISO 14025 and EN 15804 or ISO 21930
and have at least a cradle to gate scope.

o Industry-wide (generic) EPD -- Products with third-party certification (Type Ill), including
external verification, in which the manufacturer is explicitly recognized as a participant by
the program operator are valued as one half (1/2) of a product for purposes of credit
achievement calculation.

o Product-specific Type Il EPD -- Products with third-party certification (Type [ll), including
external verification in which the manufacturer is explicitly recognized as the participant
by the program operator are valued as one whole product for purposes of credit
achievement calculation.

e USGBC approved program — Products that comply with other USGBC approved environmental
product declaration frameworks.



Environmental Initiatives LEED
v4

* MRc2: Building Product Disclosure and

Optimization: Environmental Product Declaration
(Possible 2 Points)

4 OPTION 1. Environmental Product Declaration (EPD) (1
Point)

% Use at least 20 different permanently installed products
sourced from at least five different manufacturers (v4.1
is now 10 epd’s)

% Industry Wide EPD = % product, Product Specific Type Il
EPD = whole product (v4.1 industry 1pt)

% Product Specific Type Ill EPD = whole product (v4.1 Tl
Specific 1.5 pts)



MR Credit: Building Product Disclosure and Optimization
— “Benchmarking on V4~
1-2 points

Option 2. Multi-Attribute Optimization (1 point)
Use products that comply with one of the criteria below for 50%, by cost, of the total value of permanently
installed products in the project. Products will be valued as below.

e Third party certified products that demonstrate impact reduction below industry average in at least

three of the following categories are valued at 100% of their cost for credit achievement
calculations.

o global warming potential (greenhouse gases), in CO:ze;

o depletion of the stratospheric ozone layer, in kg CFC-11;

o acidification of land and water sources, in moles H+ or kg SOz;

o eutrophication, in kg nitrogen or kg phosphate;

o formation of tropospheric ozone, in kg NOx, kg O3 eq, or kg ethene; and

depletion of nonrenewable energy resources, in MJ.

¢ USGBC approved program -- Products that comply with other USGBC approved multi-attribute
frameworks.

For credit achievement calculation, products sourced (extracted, manufactured, purchased) within 100
miles (160 km) of the project site are valued at 200% of their base contributing cost.



MORE ACCESSIBLE

ENVIRONMENTAL P

CASHMERE

BPDO - EPDs Credit

Option 2. Multi-Attribute Optimization

Cost requirement lowered from 50% to 10%

OR Option for # of products
(10 for all project types)

Tiers available...

Slide from .1"Road Show Cleveland 10/7/2019 presented by Stefanie Youn

ight © U.S. Green Building ColMicil 2019



Building Product Disclosure and Optimization — Environmental

Product Declarations
Credit

Option 2. Multi-Attribute Optimization

Action Plan: Reward manufacturer progress towards optimization by analyzing product lifecycle
impacts and publicly committing to reductions (50% of cost or % product)

i. Life Cycle Impact Reductions in Embodied Carbon:
. 5% reduction in GWP: compared to industrywide EPD, product-specific LCA, or Type IIl EPD
(100% of cost, or 1 products)
ii. 10% reduction in GWP: compared to industrywide EPD, product-specific LCA, or Type Il EPD
(150% or 1.5 products)

iii. 20% reduction in GWP: considered exemplary; must be compared against type Il EPDs only;
must also include 5%+ reduction in two additional categories (200% or 2 products)

Copyright & U.5. Green Building Council 2019
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Comparison of Entered Mixes to Strength Class Benchmarks
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MR Credit: Building Life-Cycle Impact Reduction

2-6 points

Option 4. Whole-Building Life-Cycle Assessment (3 points)

For new construction (buildings or portions of buildings), conduct a life-cycle assessment of the
project’s structure and enclosure that demonstrates a minimum of 10% reduction, compared with a
baseline building, in at least three of the six impact categories listed below, one of which must be
global warming potential. No impact category assessed as part of the life-cycle assessment may
increase by more than 5% compared with the baseline building.

The baseline and proposed buildings must be of comparable size, function, orientation, and operating
energy performance as defined in EA Prerequisite Minimum Energy Performance. The service life of
the baseline and proposed buildings must be the same and at least 60 years to fully account for
maintenance and replacement. Use the same life-cycle assessment software tools and data sets to
evaluate both the baseline building and the proposed building, and report all listed impact categories.
Data sets must be compliant with ISO 14044.

Select at least three of the following impact categories for reduction:

global warming potential (greenhouse gases), in kg COoe;

depletion of the stratospheric ozone layer, in kg CFC-11;

acidification of land and water sources, in moles H+ or kg SOz2;
eutrophication, in kg nitrogen or kg phosphate;

formation of tropospheric ozone, in kg NOx, kg O3 eq, or kg ethene; and
depletion of nonrenewable energy resources, in MJ.



Building Life-Cycle Impact Reduction credit

Option 4. Whole-Building Life-Cycle Assessment

Path 1: Conduct a life cycle assessment of the
project’s structure and enclosure (1 point)

Path 2: 5% reduction (2 points)
Path 3: 10% reduction (3 points)

Path 4: 20% reduction + some amount of reuse (4
points)

Copyright © U.S. Green Building Council 2019
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Example of benchmark concrete for
whole hiiildjne asnect

Amount in Building (yd3) k]

Comparison of Entered Mixes to Building Constructed with Benchmark Concrete

160%
150%
140%
1308
120%
110%
100%

Zon: on
Acidi
0% utro n
80% POCP (Smog]
0% letion of no /bl  resources
50% Depletion of non-renewable energy resources
50%
40%
30%
20%
10%

Climate Change Ozone depletion Acidificton Eutrophication POCP [Smog) Depletion of non-renewable

BNergy resgurces
Life Cycle Assessment Results Total Impacts

Impacts of Individual Mixes

3000 footer 4000 int 4000 air 4000 stair 1500 lean 3500 |wt

1,681,604.08 23,526.51 172,082.30 191,161.73 12,503.63 16,812.21 211,303.88
1.79E-02 5.88E-04 4 29E-03 4 77E-03 3.11E-04 4 21E-04 5.89E-03
8,277.08 86.08 61279 660.62 3975 64.37 740.68

Custom mixes used in a given project to calculate the cumulative whole
building impact. The results are based on a case study building that is a
typical 50,000 square foot 5 story office building that uses 2,800 yd3 of
concrete. The calculator adds in nonconcrete impacts (steel, glazing,
insulation, etc) in amounts proportional to the amount of concrete selected.



MR Credit: Building Product Disclosure and Optimization
—sourcing of raw materials
1-2 points

Intent

To encourage the use of products and materials for which life cycle information is available and that have
environmentally, economically, and socially preferable life cycle impacts. To reward project teams for
selecting products verified to have been extracted or sourced in a responsible manner.



MR Credit: Building Product Disclosure and
Optimization

—sourcing of raw materials
1-2 points
Option 1. Raw Material Source and Extraction Reporting (1 point)

Use at least 20 different permanently installed products from at least five different manufacturers that
have publicly released a report from their raw material suppliers which include raw material supplier
extraction locations, a commitment to long-term ecologically responsible land use, a commitment to
reducing environmental harms from extraction and/or manufacturing processes, and a commitment to
meeting applicable standards or programs voluntarily that address responsible sourcing criteria

o Products sourced from manufacturers with self-declared reports are valued as one half (1/2) of a
product for credit achievement.

o Third-party verified corporate sustainability reports (CSR) which include environmental impacts of
extraction operations and activities associated with the manufacturer’s product and the product’s
supply chain, are valued as one whole product for credit achievement calculation. Acceptable
CSR frameworks include the following:

o Global Reporting Initiative (GRI) Sustainability Report

o Organisation for Economic Co-operation and Develoment (OECD) Guidelines for
Multinational Enterprises

o U.N. Global Compact: Communication of Progress

o 180 26000: 2010 Guidance on Social Responsibility

o USGBC approved program: Other USGBC approved programs meeting the CSR criteria.



MR Credit: Building Product Disclosure and Optimization

—sourcing of raw materials
1-2 points

Option 2. Leadership Extraction Practices (1 point)
Use products that meet at least one of the responsible extraction criteria below for at least 25%, by cost,
of the total value of permanently installed building products in the project.

o  Extended producer responsibility. Products purchased from a manufacturer (producer) that
participates in an extended producer responsibility program or is directly responsible for extended

producer responsibility. Products meeting extended producer responsibility criteria are valued at
50% of their cost for the purposes of credit achievement calculation.

» Materials reuse. Reuse includes salvaged, refurbished, or reused products. Products meeting
materials reuse criteria are valued at 100% of their cost for the purposes of credit achievement
calculation.

» Recycled content. Recycled content is the sum of postconsumer recycled content plus one-half
the preconsumer recycled content, based on cost. Products meeting recycled content criteria are
valued at 100% of their cost for the purposes of credit achievement calculation

o USGBC approved program. Other USGBC approved programs meeting leadership extraction
criteria.

For credit achievement calculation, products sourced (extracted, manufactured and purchased) within
100 miles (160 km) of the project site are valued at 200% of their base contributing cost. For credit
achievement calculation, the base contributing cost of individual products compliant with multiple
responsible extraction criteria is not permitted to exceed 100% its total actual cost (before regional
multipliers) and double counting of single product components compliant with multiple responsible
extraction criteria is not permitted and in no case is a product permitted to contribute more than 200% of
its total actual cost.



Environmental Product Declarations
Feeding Whole Building Life Cycle

Assessment

* Environmental Product Declarations (EPD’s) can give
you more specific carbon footprint information on a
given product.

* However, it is difficult to compare one EPD directly to
another.

* Whole building life cycle assessment (WBLCA) looks at
the multiple impacts of building materials over the
entire life cycle of the structure.

* Takes the information from the EPD’s and calculates a better,
whole picture of the true impacts of construction and use.

* Special software has been developed to do this for
design and construction professionals.

e Athena Impact Estimator
e Tally



http://www.athenasmi.org/our-software-data/impact-estimator/
http://choosetally.com/

Cement and Concrete Specific
LCA

 Ready Mixed Concrete Life Cycle Assessment
Calculator for Slag Cement

* Free Download on SCA website

* The calculator lets designers enter custom concrete
mixes and then substitute varying amounts of slag
cement through a simple dashboard interface allowing
them to compare different mix designs.

* The tool also allows users to input mix design
information into a hypothetical whole building life cycle
assessment scenario.

e Step by step how to use instructions are available on
the website.



https://www.slagcement.org/sustainability/lifecycleassessmentcalculator.aspx

Thank You

QUESTIONS?

www.slagcement.org #slagcement



