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LEARNING OBJECTIVES

1 . Understand and be able to define embodied carbon

1. Clearly be able to communicate the value structural engineers bring to
clients and projects when considering embodied carbon

1. Learn about the resources available to structural engineers on se2050.org



AGENDA

e \What is Embodied Carbon?

e \What is SE 20507

o Program Requirements
o Database
O Resources

e How can we address reducing Embodied Carbon?
o Design Efficiency
o Material Specification and Procurement

e \What Opportunities exist for structural engineers?




What is
Embodied Carbon?



Terms and Definitions

GHG Greenhouse Gas

GWP Global Warming Potential
kgCO2eq unit of measure for GWP, i.e.
“carbon”

EPD Environmental Product
Declaration

LCA Life Cycle Assessment
WBLCA Whole Building Life Cycle

lllustration: Laura Karnath






U.S. Administrations
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Embodied Carbon is...

Extraction Processing Manufacturing  Transportation Construction Operation Demolition Landfill Recycling



Global CO2 Emissions
by Sector
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We're building a new New York City every month for the next 30 years
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Contextualizing the Impact of
Structural Engineers

Cut one economy
fight to  Hawaii

Cut meat, dairy and beer
from your diet

S &

Stop driving £
your car o

20% structural embodied
carbon reduction achieved @

Save 1,600kgCO.e

Save 2,000kgCO.e per year

I Save 3,000kgCO.e per year

Save 200,000kgCO.e per year




Cement Manufacturing




Stages of Whole Life Carbon

STAGE AndModule
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Environmental Product Declarations (EPDs)

Food Nutritional Labels

Health Impacts

acts

r Serving Size 2/3 cup (55q)
Senvings Per Container About 8 ""--..,

Amount Per Serving

Calories 230 Calories from Fat 40

% Daily Value*

| | Total Fat &g | —2% |

Saturated Fat 1g 5%
Trans Fat Og

Cholesterol Omg %

Sodium 160mg 7o

Total Carbohydrate 37g 12%
Dietary Fiber 4g 16%
Sugars 1g

Protein 3g

|

Vitamin A 10%

Vitamin G 8%

Calcium 20%

Iron 45%

*Parcent Daily Values are based an a 2,000 calarie diet
Your daily value may be higher or lower dependng on
WOUT Calone needs,

Product EPDs

Environmental Impacts

Environmental Impacts

Declared Product:
Mix 4FO5C501 » Bode Plant
EF50 Gen Use 4" line wic .50
Compressive strength: 4000 psi at 28 days

Declared Unit: 1 i of corcte |

Global Warming Potential (g COpey 212 I

Calorigs 2 000 2,500
Total Fat Less than  BSg BOg
Sat Fat Less them  20g 25
Chodesiarol Less than  300mg 300rmg
Sodium Lessthan 2.400mg  2400mg
Total Carbohydrate 300g a75g
Dietary Fioer 25g 30g

Queni Doplilian Petential (kg GFC-114a0) THES
Scidification Patential (kg S00eg) 208
Eutraphication Potential (kg M) nav
Photochemical Smog Creation Potertial (g O] =K.
Tatal Primary Enargy Consumgtion M) 57T
Wonraniabls (M) 2504
Ronswablo ) my
Total Concrete Water Consumption (Mg} 168
Batching Water (iry) (X
Washing Water {ma} B.BE3
Nonrenewable Material Resource Consumption [kg) 454
Renewable Material Resource Consumption (kg 1.57
Hazardous Wasts Produciion (kg i
Henhazardous Waste Production (ki 178

|
Product Components: cshed sggregals (ASTM (33, Potland cament (45T
C150h, sl cernent [ASTM CE8G), Ty ash (ASTM CE1B). aciimirtune (ASTM C454)
batch watar (ASTM C1E0E)

Building Transparency

EPDs are LCAs of Products
Third Party Verified

1ISO 14044 & EN 15804

Avoids Greenwashing

EPDs can be Industry Average
or Manufacturer / Plant /
Product Specific
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Running the Calc

ENVIRONMENTAL IMPACTS

Declared Product:
40F11 - Irvine Plant

Compr
Declared Unit: 1 m® of
Gobal Warming Potertial (kg COz-¢q) 4
Ozane Depletion Potential 9,856
Ackification Potertial g 135
0.48
289
3486
Ablotic Depletion, fossil (W) 667
Total Wasto Disposed (g) 319
Consumption of Freshwater (m 299

Quantities of Building Materials GWP per material

(kgCO,e/unit)
From BIM takeoff or hand

calculation from Material EPDs or other
aggregated data

2175

— 2266
5728—

~——6764

Structure_Beam I Structure_Column Structure_Slab Structure_Wall

Whole Building GWP
(kgCO,e)



Other

Enclosure

Structure

Say 50% of all new building embodied carbon is from structure

About 1.9 billion metric tons CO2 per year



What is SE 20507
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www.SE2050.0rg



Org Structure & Focus Initiative

Amencan Society of Ciwvil Structural Engineering
Engineers Institute (SEI}
160,000 members 30,000 members

SEIl Managing Director
Jennifer Goupil

SEl Board of Governors

SE 2050 Focused SEl Manager
Initiative Bianca Augustin

SE 2050 Leadership Group

l
1 | | ] [ | |

Olaami SE 2050 Committee Members
anning ‘ 41 members
Luke Lombardi Co-Chair Database O Comiinications Partnerships Policy Program
: : . ; Genevieve Graham Mechanics
Lauren Wingo Co-Chair | | fachary Chabot | | Mark Webster Chris Jeseritz ; Charlotte Ochoa
Vice Chair Annabel Shephard - —
Erin Winston Secretary SE 2050 Signatory Firms
155 firms




PROGRAM STATS - SIGNATORY FIRMS

Firms Projects Submitted ECAPs
Committed to Database (Public) Received

+150 +1,000 +250



PROGRAM
REQUIREMENTS



HOW IT WORKS

Plan

Embodied Project Data

Initiation hcionian JERAULLISCIRN o E20%0

Datab
T atabase

Leadership Target
Commitment

Letter



INTERNAL

EXTERNAL

EMBODIED CARBON ACTION PLAN (ECAP)

KNOWLEDGE SHARING

Education
Building Understanding

Advocacy
Building a culture of change

DATA
Reporting

Measuring to Manage

Reduction
Strategies Making an Impact



EDUCATION

» Designate Firmwide Embodied Carbon Champion

* Write up an Education Plan

« Share an Embodied Carbon 101
Presentation/Webinar

» +/ots of optional “electives”




Education Spotlight

MEMBERS OF THE DEGENKOLB SUSTAINABLE DESIGN AND
WORKPLACE COMMITTEES AT OUR ANNUAL INTERNAL
CONFERENCE IN SAN FRANCISCO

ACTIONS

Continued to host and increased engagement in firm-wide Embodied Carbon
Interest Group (ECIG)

Created an internal resource hub to share tools, presentations, and upcoming events
Achieved committee involvement across our offices

Engage an embodied carbon expert at every office
Expand onboarding education
Host an external presenter to discuss embodied carbon

Provide every Degenkolber with baseline knowledge and access to resources
for embodied carbon reduction on every project
Engage in industry sustainability committees in all of our geographic regions




REPORTING

* |nitial Reporting Minimums to Database

2x number of firm offices
but not more than
5 Projects

Education Reporting

[T
HIH
[TH

IIIIIII




SE 2050 DATABASE



EMBODIED CARBON BENCHMARKS

SE 2050 Benchmark
Proposed Building




SE 2050 BETA DATABASE

Priorities:

Familiarize structural Increase visibility of
need for embodied

carbon benchmarks

Collect GWP results at
minimum

firms with embodied
carbon reporting




EMBODIED CARBON BENCHMARKS

sustainable DESIGN
Data Insights From Over 500 Building
Projects for Low-Carbon Structures

Since 2020, the SE 2050 Commitment Program has collected emissions data of over 500 building projects
with corresponding structural design characteristics. Key takeaways from the inaugural analysis of the
database are shared here.

By Jonathan Broyles, Mel Chafart, Martin Torg emi Fang

80" Percentile: 350 kgCOze/m?

234 270 |
'K ! ' & I'L |
v b -« § -
N s b o n=241
ALY, |
Median x: Mean
_ . *Red flag added for
0 200 400 600 800 1000 dramatic effect

GWP Intensity Excl. Biogenic (kgCOze/m?)



Reporting Spotlight

unt of Project and Average of Struciure GWP Avg (kgCO2/m2) by ProjectState/Province ConstructionType

- New Construction
ANADS 50 Year LCAConducted

Multiple selections
Count of Project
StructuralBuilding Type
A
Primary BuildingUse Type
A

294

Average of Structure GWP Avg (kgCO2/m2)

roject  LongName

Primany Total GWP(  Gross Structure GWVP
BulldingUse Type  Type (kgC02¢) kgCO2e)  Squarefootage Avg (kgCOX/m2)

100 DCF Westareek Office Building Office e 2814600 2814600 221568 37
6.16017.00 KU Academic Leaming Center Educations! Classroom Building 2416500 2418500 143300 02
0401780 UPNC - Whercy Vision Inst - Garage (Embodied  Healthcare Hospital 5232673 S232673 308300 182
Carbon Data Tracking Ony)
0500200 Kaiser Everett ASC and Clinics Healthcare MO 2760000 270000 154227 9
0302382 Wayne County JC - SH (Embodied Carbon Data  Public Orderand  Office 2062000 2062000 112300 198
Tracking Cata Only) Safely
| 19.09018.00 Potter County District Court Building Public Orderand  Courthouse: 2777000 2777000 140883
i Safety

| 18.24007.07 SOIA ASF - Aftine Support Buiding (ASE) Warehouse Hangar 1863000 3545200 93628
160B6.00 Clemson University - Advanced Materials. Other Classroom Building 2964470 2964470 148716
Innovation Complex - H12-9952-56

Since joining the SE 2050 challenge and enacting HOK's LCA Policy, we have 50 projects with GWP intensity
data. We continue to educate project managers about the policy and importance of conducting an LCA on all
eligible projects. As a next step, we are now working towards conducting multiple LCAs at different design
phases on projects to implement reduction targets early.

GWP Intansity. GWP per m2

At HOK we log project information into an internal databases which is separate from how we log projects into
SE 2050's database. We are still working on a method to merge the information so that project teams do not
have to input it in multiple locations. In addition, since HOK is a multidisciplinary firm and have signed up for
multiple industry environmental challenges/commitments we are trying to streamline our reporting efforts;
similar to CLF's ECHO project.

Health Care Science » Tachnalo. Commarcial etic Sport/Recreation Government Corporate




REDUCTION

STRATEGIES

« Set a Goal and Report on Progress

» Discuss what strategies worked and what didn’t

o A
LESSONS
LEARNED

|l

Education Reporting Reduction



Reduction Spotlight

o Update the remaining material
specifications to provide a low carbon

- specification.
N SPECIFICATIONS o Update our standard specifications to
: capture the “low hanging fruit” item such
as requiring EPDs.
: o Work with our internal ESG department

and our specification team to refine the
low carbon division 1 specifications.

* Aim to perform LCAs on a minimum of 50 percent
of our major projects.
o A major project is defined as a project that has
a structural fee of at least $100,000, has issued
construction documents, and has spent at

DATA least 100 structural man hours within the given
calendar year.
S I R A I E GY o Within these major projects, we set out to run
LCAs in multiple design phases on at least half

of them.
» Aim to have at least 3 projects with sustainability
considerations in their schematic design narrative.




ADVOCACY

« Share your commitment
* Educate clients

* Engage in groups like CLF Carbon

Leadership
Forum

Education Reporting Reduction Advocacy



Advocacy Spotlight

ADVOCACY HIGHLIGHT

Greenbuild 2023 was held in Washington, DC and provided an
ideal opportunity to showcase the Walter P Moore Washington DC
LEED v4.1 ID+C Gold office space. During the week of Greenbuild
we held multiple meetings or events that involved a mix of

peers, clients, and owners. The most significant was the Carbon
Leadership Forum / Building Transparency happy hour we hosted
on the roof deck that had over 200 people in attendance. The DC
office was also one of three stops on a formal Greenbuild tour

of LEED Certified Commercial Interiors. This brought a group of
approximately 25 people through the office space and allowed us
to highlight the final design and its sustainability efforts.

A\

P A
7a¥ Vav, walter

'

A

AVAVA'
N/}

We are continually harvesting and sharing our Embodied
Carbon stories to advance market transformation. We share
our stories through conference presentations, webinars,
articles, and project case studies. We published our first
collection of embodied carbon stories in Embodied
Carbon: A Clearer View of Emissions.

p moore

We have sponsored the Carbon Leadership Forum (CLF)
since 2014 and actively participate in our local hubs.

We provide educational presentations to our clients

about embodied carbon, life-cycle assessment, and the
importance of collaboration in reducing embodied carbon
in our projects.

Our team actively participates in industry-wide events and
embodied carbon round tables.




RESOURCES



SE 2050 RESOURCES

What Is Embodied Carbon? How is Embodied Carbon ECIDs Top Ten Things All Structural Signatory Case Studies External Case Studies SEl Circular Economy
Measured? Engineers Should Know (coming soon) Case Studies

-

Resources for Estimating Embodied Environmental Product SE 2050 Embodied Carbon Green Rating Systems
Carbon Declarations Estimator (ECOM)
General Information Specifications Guidance Design Guidance

)




SE 2050 RESOURCES

What Is Embodied Carbon? How is Embodied Carbon ECIDs Top Ten Things All Structural Signatory Case Studies External Case Studies SEl Circular Economy
Measured? Engineers Should Know (coming soon) Case Studies

SE 2050 Embodied Carbon
Estimator (ECOM)

. O

N\

Resources for Estimating Embodied Environmental Product
Carben Declarations

e e

-—ee e e e -

N\

General Information Specifications Guidance

Design Guidance

[
!
!
!
!
|

- e e s
-—ees e - e -

S

N\ 7




Embodied Carbon Area

Embodied Carbon Totals Embodied Carbon Intensities

o i (i)
T D‘(C‘I_:j’:‘)'ec‘ 929 T‘(’Eg' é’gggft 48339 (kg' 'E':tg“;ei}'?'m}) 520.33
Material Sll'utll.lrul‘ Quantity Unit Tﬂ(:?:;;:}tl Tmcl‘gg:ft l?:::l

2,500 Psl Cubic Yards 0.0%
3,000 psl Cubic Yards 0.0%
4,000 PsI Cubic Yards 0.0%
5,000 PsI 100 Cubic Yards 67,600 3066316 B3.4%
Concrete 6,000 PsI Cubic Yards 0.0%
8,000 PsI Cubic Yards 0.0%

Embodied Carbon
Order of Magnitude Estimator

Fast, easy, free
carbon calculation



Design and Specification Guidance

Link to Embodied Carbon Calculation

Design Guidance

/

~

o

Quantities of Building Materials

From BIM takeoff or hand
calculation

/

Specification Guidance

4 N

ENVIRONMENTAL IMPACTS

Declared Product:

Mix STTC440F11 - hvine Plant

14000PSI PU PL

Compressive sirength: 4000 psi at 28 days

Declared Unit: 1 m® of concrete

an
9866

1.35

048

89

Apiotic Depletion, non-fossil (kg So-eq) 3486
Abiotic Depletion,fossil (VJ) 667
Total Waste Disposed (kg) 319
Consumption of Freshwater 299

Product Components: c

aggrega

GWP per material
(kgCO,e/unit)

from Material EPDs or other

aggregated data

2175

—2266
5728—

——6764

Structure_Beam I Structure_Column Structure_Slab Structure_Wall

o

Whole Building GWP
(kgCO,e)



BUILD SMART:

Design and Specification Guidance

Link to Embodied Carbon Calculation

Carbon reduction
potential

Planning Explore allernatives. Do we build at al

Early-stage design decisions have the
highest potential to reduce embodied
carbon in a built project

a5
0% Construction Operation and maintenance

Project development stages

Ao torn Bringg embochod cartior wofort, INrkd Groer Busidiey

Reference: Bringing Embodied Carbon Up Front (Source: World Green Building Council)

EARLY DESIGN DECISIONS

SPECIFICATION GUIDANCE

Blended Cameants and
Supplementary
Cementitious Materials

Concrate Strength

Specialty Services and

Technologies

Lowear Embodied
Carbon Steal
Reinforcement (Rebar)

Recyclad Contant

Performance
Specifications

Concrate Bosalines

Concrate Resources

CAST-IN-PLACE CONCRETE (CIP)

Blended Cements and Supplementary Cementitious Materials

Most of the carbon lootprint in concreta comes from cemant. Reducing cement can be accomplished by
using supplementary cementitious materials (SCMs) as a portion of the cementitious materials. SCMs can be
saparately batched when producing concrete or included when using a blended cement. Permit all types of
SCMs in concrete and do not ploce prescriptive limits on their use, unless required by code (note that
prescriptive limits are only required in cerain circumstances, for exsample concrate subject to deicing salt
application). Permit the use of ASTM C585 blended cements in the specification. The different types include
Type IP (with pozzolans), Type 1S (with slog) ond Type IL (Portland-limestone cement). Type IL is generally
available in all regions. The same quantity of SCMs can be used in concrete made with Type IL cement as with
mixtures with Portland cement.

Considering thot it may not be feasible to reduce the Portland-cement content in oll concrete mixtures used
on a project (due to lesser strengths, greoter setting times, or other foctors), an alternative strategy involves
specilying a cop on embodied carbon considering the totality of concrete used for the project. This aliows the
contractor flexibility tailoring the SCM quantities in concrete mixtures to address sustoinability requirements
without socrificing performance.



How can we address reducing
Embodied Carbon?




Design and Specification Guidance
Link to Embodied Carbon Calculation

Design Guidance

/

ST,

~

o

Quantities of Building Materials

From BIM takeoff or hand
calculation

Specification Guidance

ENVIRONMENTAL IMPACTS
iant
" i at 28 da:

~

Declared Product:
Mix ST7CA40F11 -

2175

—2266

5728—
——6764

Structure_Slab Structure_Wall

Structure_Beam IStructure,Co\umn

GWP per material
X (kgCO,e/unit)

from Material EPDs or other

/

aggregated data

Whole Building GWP
(kgCO,e)



Design Guidance
Hierarchy for Reducing Embodied Carbon Emissions

Repurpose / refurbish / reuse
Maximize space utilization

Appropriate structural configurations
Appropriate design criteria

Highly-utilized structures
Carbon-efficient materials

Minimize
waste Prefabricate components
Improve construction practices

Specify low-
carbon

Source: IStructE



Design Guidance
Steps to Improving Material Efficiency

P
5 Optimi
Basel ptimise
£ - design i
m scheme loadings |3 %
U ’ L5
- P Reduc e
2 l spans
- - :
o Optimised >
= Serviceability
£ Criteri
L —r Changes
Material Changes in
—_— Material
l Specificatio
R —
TARGET |- -- - - - -~ ---===-========s==ssscssscscsssssessssssssemess=sn======S0 l ————————————————————————————————————
B ——
Optimised Scheme -
Achieves Target
—

Carbon optimisation
Source: Buro Happold



Design Optioneering

kgCO2e Per Material

Vidums Concrote » 5563 m)

o awe

g
atal Dok (804 Avnd 124 heCOTmE
Btructural Sesl (AISC Aeg) b
TOTAL GWP = 591,090 kgC02

TOTAL GWP/AREA = 389 kgCO2'm2

kQCO2e Per Material

Valume Concrete » STL1 m)

o awe

Matal Dok (B4 Avat 124 haCOTm2
Bhricturas Sesl (AISC vy WIS nyOms
TOTAL GWP = 676,732 kgC02

TOTAL GWP/AREA = 445 kgCO2/m2

kgCO2e Per Material

i
o
s ze
Perorn [wgune

Velums Conarete = §T2.0 m)

fanin -

By Wt ik kv 143 kgL DT md

Bt sl Best (MISC Avg) 2973 mgcozmI
TOTAL GWP = 614,216 kgC02

TOTAL GWP/AREA = 404 kgCO2/m2

kgCO2e Per Material

oraas — —
L
P
Porom [ openn [om
Volume Camarete = 5361 m)
wtam ¥ -
o L4
000 pal Comcrete (NAMCA Avg) 373 nglOTmI
Bois Dach (B84 Aeg) 418 hgCOTmT
B brnd Sheed (AISE Argh T ngeOzm
TOTAL GWP = 607,723 kgCO2

TOTAL GWP/AREA = 400 kgCO2'm2

Source: Buro Happold




Build Light: Composite & Hybrid Floor Systems

TRADITIONAL COMPOSITE FLOOR SYSTEMS ALTERNATIVE HYBRID FLOOR SYSTEMS

Source: Buro Happold Source: AISC

Decking systems are engaged with steel framing through shear Timber decking as an alternative to concrete can significantly
connectors: thereby redUCing required Welght Of steel framing. reduce the embodied carbon of the floor structure.



Design Methods: Utilization & Optimization

Be aware of compounding safety factors

Avoid the application of maximum utilization ratios below 1.0
during final design, particularly for floor members.

Avoid rationalization methods, such as enveloping member
demands, which may lead to some elements being
particularly underutilized.

Consider the application of material strengths:

Higher strength materials for strength-controlled members

Lower strength materials for serviceability-controlled
members CARBON

Use structural optimization methods

Size optimization: lightest sections available to meet
criteria set by the engineer

TIME

Shape optimization: structural members may be shaped
to use material where it is most needed COST

Topology optimization: topology or layout of a minimum-
volume structure under given loading, support, and QUALITY
serviceability conditions.



Specifications Guidance

SPECIFICATION GUIDANCE e Curated list of strategies to write

- S ———— lower embodied carbon

A tlmans by ik s o W s, specification documents

e e e i@ T OpiCS iNclude:

et A P e e o Requesting product-specific

B EPDs

o Performance specifications

o GWP limits

o Material-specific guidance
(concrete, steel, wood, CMU)



Concrete

AIR WATER AGGREGATE

ii

COMPONENTS OF CONCRETE



Concrete

7 to 150/0
concrete volume

7N

AIR CEMENT WATER AGGREGATE

COMPONENTS OF CONCRETE

95% carbon g ¥
emissions @




Performance-Base

« Starting point to
communicate with GC
and suppliers

 Remove overly
prescriptive limits

e Carbon budget approach

d Concrete Spec

Concrete Class Table

Exposure Class

Global Warming

Compresslve Strength Maximum Maximum Target Alr Other Design
| ded | Potential Target N
nten Use fe(psl), at28days,uno | £ | g |\ | ¢ | w/cm ratio | Aggregate Size Content (kgCO2e. jyrgal Requirements
Drilled Piers 4000psi NWC at 56 days FO| S0 |wo|Co - 112" - 240
= Q B
@D O @
T ¥ .o
=4
Spread Foollngs 4000psi NWC at 56 days | FO | S0 | WO| CO - 112" - 240 g 5 g_
£ds
b=}
Foundatlon Walls 4000psl NWC at 56 days | FO [ S0 | WO| CO - R - 240 g gﬁ
= w
Grade Beams and Stem | 4500psl MWC at 56 days | F2 | S0 [ w1 | 1 045 304" 6% 200 g8 o
Walls ECS ¢
o B E
= e I
) ot
Core, Shear and Bearing | 5000psi NWC at 56 days | Fo | S0 |wo| co - 3 - 290 2
Walls £3 5
ETE
T5 3
Interor SOG 3000psl NWC at 56 days FO| S0 |wWo|Co - 1" - 205 o c _g
[’r]
=32
Exterlor/ Garage S0OG 5000psi NWC at 56 days | F3 | S0 |W1|C2 0.40 1" 6% 330 g § g
£ ‘g
g =
. 5000psl NWC at 28 days h " =
Interjor PT Elevated Slab (3000psl at stresslng) FO | S0 |Wo| CO 34 - 429 g§ e
c 5
Bg3
Exterior/ Garage PT 5000psl NWC at 28 days . 3= 4
Elevated Slab (3000psi at stressing) F3 (S0 |Ww1|c2 0.40 3/4 6% 429 Se%8%
[ ]
csSE
Columns 7000psl NWG at 26 days | FO | S0 | Wo| co - 3i4" - 430 2580
888
22%e
Interlor Mon - FT 5000psI NWC at 28 days | Fo | S0 |wo| co - a4 - 330 FBED
Elevated Slab
Exterlor/ Garage
X Br Sareg 5000psl NWC at 28 days | F3| S0 [w1|c2|  0.40 3/ 6% 330

Man - PT Elevated Slab

Notes:

1. Concrete proportioning and requirements must comply with ACI 318-19 Tables 18.3.1.1, 19.3.2.1, 19.3.3.1 and 26.4.2.2(b) In addlilon to the requirements

of thls table.

2. Global warming potential (GWP) targets as shown have been established as part of the sustajnable design requirements for the project and are intended
to be maximum values,




What is Changing?
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FEMA Fact Sheet

Highlights of Significant Changes to the

Wind Load Provisions of ASCE 7-22 CLF POIICy Map

DA!C_OTA

H MEBRASKA

ited States

CALIFORNIA" o5 Vegas |
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.
San‘ﬁﬁtc(lo? }

e Buy Clean
e \WBLCA Performance
e Building Reuse

——= ASCE 7-16 700 Year
—— ASCE 7-22 700 Year

(Source: Adapted from Figure 26.5-1B of ASCE 7-16 and Figure 26.5-1B of ASCE 7-22 with permission)
Figure 1: Comparison of basic wind speeds for Risk Category Il buildings and structures in
ASCE 7-16 and ASCE 7-22



Seeds of Opportunity

Save Cost through Efficiency

Save Cost
through Efficiency
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Seeds of Opportunity

Add Value to EX|st|ng Buﬂdlngs
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Save Cost Add Value to “Spruce Goose Los Angeles

through Efficiency Existing Buildings ZG |: ARUP



Seeds of Opportunity

Add Value to EX|st|ng Buﬂdmgs

=

M One Nation, Under
Renovation

For the first time in 20 years, renovations have
overtaken new construction in architectural billings in
the US.

| By Zach Mortice

October 19, 2022 at 5:00 AM PDT
- Updafed on chober 19 2022 at 7:08 AM PDT

Save Cost Add Value to “Spruce Goose”, Los Angeles

through Efficiency Existing Buildings ZG |: ARUP



Seeds of Opportunity

Market the Wins

™ e

| MF
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Save Cost Add Value to

through Efficiency Existing Buildings Market the Wins




Seeds of Opportunity
Recover Materials for Reuse

Circular Design &
Construction Guidelines

NYCEDC will use the Guidelines across all new cépita! projects to

decarbonize buildings.

Save Cost Add Value to Market the Wins Recover Materials

through Efficiency Existing Buildings for Reuse
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PROJECT — MATERIAL MAP
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Envisioning the Future of
Structural Engineering
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“I'd be a pessimist but
it would never work.”



WHAT CAN | DO?

« Join the SE 2050 Commitment Program

* Ask to be included in a project’s sustainability meetings
and design charrettes

* Advocate within industry and to your clients!



TOWARDS ZERO
CARBON

DEVELOPING A ROADMAP FOR THE STRUCTURAL ENGINEERING
PROFESSION AND THE STRUCTURAL ENGINEERING INSTITUTE

WORKSHOP DAY 2
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Towards Zero Carbon: Developing a Roadmap for the Structural Engineering Profession and SEI
ASCE an SEl Workshop held July 23-24, 2024 at Northeastern University



Towards Zero Carbon: Developing a Roadmap for the Structural Engineering Profession and SEI
ASCE an SEl Workshop held July 23-24, 2024 at Northeastern University



STRUCTURAL
=/ ENGINEERING
INSTITUTE
COMMITTING TO NET ZERO

Are you ready to j;oin the
movement:

i ?
Questions™ https://se2050.org/sign-up/

Luke Lombardi, P.E.
luke.lombardi@burohappold.com

THANK YOU!



SLIDE APPENDIX



Engineering is the art of
modelling materials we do not wholly understand,
into shapes we cannot precisely analyse,
so as to withstand forces we cannot properly assess,
in such a way that the public has no reason
to suspect the extent of our ignorance.

-- Dr. A. R. Dykes, British Institution of Structural Engineers




TEST YOUR KNOWLEDGE:

A project has a total of 100 concrete
trucks delivered to site.

The project has achieved a 20%
carbon reduction in the concrete mix.




TEST YOUR KNOWLEDGE:

Approximately how many New York to Los Angeles flights would need
to be avoided by one person in order to achieve the same carbon
savings as the project?

5 flights

10 flights
25 flights
50 flights

O O O O




TEST YOUR KNOWLEDGE:

Approximately how many New York to Los Angeles flights would need
to be avoided by one person in order to achieve the same carbon
savings as the project?

5 flights

10 flights
25 flights
50 flights

O O O O




EMBODIED CARBON
INTENSITY DIAGRAMS



EMBODIED CARBON INTENSITY DIAGRAMS

(ECIDs)

Intent: Start to establish fluency in EC metric

Objective: Using a set of criteria, engineers
were tasked with designing a “typical bay”

Tools:
« Athena IE

« tallyLCA
* One Click LCA

Scope:
« Cradle-to-Grave (Life Cycle Stages A-C)
* Cradle-to-Cradle (Life Cycle Stages A-D)

Office Bays
« PT Concrete

» Concrete Joist

« Composite Steel

* Hybrid Timber & Steel
* Timber (Post & Beam)

Residential Bays
* Mild Concrete
* Light-Framed Wood



POST-TENSIONED CONCRETE FLAT PLATE

OFFICE ECID

B falyLCA A-D
B One Click A-C
Il One Click A-D

80

| | 2
| 30-0 ) ! [eavoeD TENDONS Carbon Intensity
Q_,._ LE _____ —eeeeeeeee * E“'r:rnu_ 200
i i
| 180
| 160
i ﬁﬁg&gﬂgﬁgm 140 Athena A-C
B i _ 120 B Athena A-D
; L 100 B tallyLCA A-C
|
i
|

60 - —
|

Carbon Intensity (kgCO2e / m?)

24"x24" COL,

| Tve(NOT 40

S

i /" INCLUDED ' N i |
! INLCA | | BANDED TENDONS o | . N . : _
O jeffly————t ‘%TJ_ 0 : :
| A, 3 Bay Design #1 Bay Design #2  Bay Design #3

30'x30' POST-TENSIONED CONCRETE
FLAT PLATE OFFICE BAY




CONCRETE JOIST OFFICE ECID

|
45-0" .
| 30"30" COL 1| Carbon Intensity
"x30" COL, POST-TENSIONED
! TYP (NOT INCLUDED GIRDER i
| /_INLCA} [ | 200
e ___IL____:L____IL____:L___I\IIL____I'J___IL____IL____:L.__: T 180
P e e T T T T T T T T 1 | >~ 160
R TR S T T T R R T -7 A kit o
|lI s i i i L F " I 2 I I o~
! ! ¥ I ! " ¥ ! i} TN 8 140 - Athena A-C
b o a2 — e Athena A-D
| ipo ONENATSLEE. | : Z 10— HE tallyLCA A-C
:': ¥ X ¥ ¥ X X 1 ¥ TR g |
‘"?!; T X T T 3 3 r I R 2 s—F B8 tallyLCA A-D
A e e | One Cick AC
g ou|ou dseevalst noon o n n [ | E i One Click A-D
" ' n ¥ A(TYP) 1! 1 X ¥ T S . 1
||| :. :| :‘u/;:( ):I :| :I :1 :I | : ‘
:|: " 1 i n n " ¥ '’ 1 20 —— —]
h Y L &y Y e Yy " ] Y : !
N A N A A 0 '
EE EE EE EE Ei Ei EE Ei EE Ei | E Bay Design #1 Bay Design #2 Bay Design #3
T w nd BB o xn wm Ay heTTh I

30'x45' CONCRETE JOIST OFFICE BAY




COMPOSITE STEEL OFFICE ECID

l U " L -
1 450 1 Carbon Intensity
| ) \ |
O_ — L BEAM #1 :'__ i 200
— 180
5 3 1/4" LWC ON 2" STL £
=) DECK (GAGE 20) S 160
o]
BEAM #1 g 10 . Athena A-C
2 120 Athena A-D
& & {,% % L [ £ 100 tallyLCA A-C
- b vy
8 =4 4 5 fallyLCA A-D
C
BEAM #1 = One Click A-C
g One Click A-D
- W10x49, S
= TYP (NOT
T INCLUDED 20
IN LCA) BEAM £1 ! 5
O T ] I—-

30'x45' COMPOSITE STEEL OFFICE BAY




MASS TIMBER POST-AND-BEAM OFFICE ECID

¢ ¢
1. o 1
O E%E | BEAM# E;H*—
1 I
| |
i CROSS-LAMINATED TIMBER i
5 ! W/ 2" NON-STRUCTURAL |
2 L ! NWC TOPPING SLAB ! L
| |
| |
fran BEAM #1 ! 1
O—1T& 1 i
| v |
GLULAM COL, | .
TYP (NOT ' |
INCLUDED IN
LCA)
18'x30' MASS TIMBER

POST-AND-BEAM OFFICE BAY

Carbon Intensity (kgCO2e / m?)

200 -
180 -
160 -
140 -
120 -
100 -

-100

Carbon Intensity
(without biogenic carbon)

Bay Design #1 Bay Design #2 Bay Design #3

Athena A-C
B Athena A-D
[ tallyLCA A-C
B icllyLCA A-D
B One Click A-C
B One Click A-D




MASS TIMBER POST-AND-BEAM OFFICE ECID

¢ ¢
1. o 1
O E%E | BEAM# E;H+
1 I
| |
i CROSS-LAMINATED TIMBER i
5 ! W/ 2" NON-STRUCTURAL |
2 L ! NWC TOPPING SLAB ! L
I |
| |
fran BEAM #1 ! 1
O—1T& 1 i
| v |
GLULAM COL, | .
TYP (NOT ' |
INCLUDED IN
LCA)

18'x30" MASS TIMBER
POST-AND-BEAM OFFICE BAY

Carbon Intensity (kgCO2e / m?)

Carbon Intensity
(with biogenic carbon)

Bay Design #1

Bay Design #2 Bay Design #3

Athena A-C
B Athena A-D
tallyLCA A-C
Il tclyLCA A-D
B One Click A-C
[l One Click A-D




HYBRID MASS TIMBER / STEEL OFFICE ECID

30'x30' HYBRID MASS TIMBER / STEEL OFFICE BAY

.|L 30'_0“ 1L
| \ !
P ) BEAM #1 &
i T
| CROSS-LAMINATED TIMBER
5 W/ ACOUSTIC TOPPING
[
BEAM #1
S &
5 5
s g 13
T an] o
BEAM #1
. W10x49,
o TYP (NOT
= INCLUDED
g RS BEAM #1 |
A== a
} A }

Carbon Intensity (kgCO2e / m?)

Carbon Intensity
(without biogenic carbon)

Athena A-C
B Athena A-D

tallyLCA A-C
B ialyL.CA A-D
B One Click A-C
[l One Click A-D

Bay Design #1

Bay Design #2 Bay Design #3




HYBRID MASS TIMBER / STEEL OFFICE ECID

.|L 30'_0“ 1L
I \ \ l
P ) BEAM #1 &
T T
| CROSS-LAMINATED TIMBER
5 W/ ACOUSTIC TOPPING
=
BEAM #1
¥ &
E T
S 2 <= 2| <
1 o [an]
BEAM #1
= W10x49,
g TYP (NOT
g INCLUDED
g RS BEAM #1 |
\= = 1 S
} A }

30'x30' HYBRID MASS TIMBER / STEEL OFFICE BAY

Carbon Intensity  (kgCO2e / m?)

200
180
160
140
120
100
80
60
40
20

-20
-40
-60
-80

-100

Carbon Intensity
(with biogenic carbon)

Athena A-C
B Athena A-D
B talyLCA A-C
B fclyLCA A-D
[ One Click A-C

[ One Click A-D

Bay Design #1

Bay Design #2 Bay Design #3




MASS TIMBER POST-AND-BEAM OFFICE ECID

CL) (? Carbon Intensity
1 30-0° 1 (without biogenic carbon)
: . 200
O | | BEAM#1 N 180
% EF 160
| |
| | 140 - Athena A-C
i CROSS-LAMINATED TIMBER i £ 120 | . g M Athena AD
' | W/ 2" NON-STRUCTURAL | 2 100 % . B falyLCA A-C
2 L | NWC TOPPING SLAB L g i ) B  m oiyicanD
| . 2 | 3 B One Click A-C
| | . 60 BT e [ il
. , % il i M One Click A-D
| | Bl | 1 |
. = 2 —~ — L
O‘ @ BEAM #1 EE-— é 0 r[_ ]
| s
| )\' i B
GLULAM COL, | ' -40
TYP (NOT ' !
INCLUDED IN -60
LCA) g
18'x30' MASS TIMBER 100 e ———
ay Design ay Design ay Design
POST-AND-BEAM OFFICE BAY




MASS TIMBER POST-AND-BEAM OFFICE ECID

¢ ¢
1. o 1
O E%E | BEAM# E;H*—
1 I
| |
i CROSS-LAMINATED TIMBER i
5 ! W/ 2" NON-STRUCTURAL |
2 L ! NWC TOPPING SLAB ! L
| |
| |
fran BEAM #1 ! 1
O—1T& 1 i
| v |
GLULAM COL, | .
TYP (NOT ' |
INCLUDED IN
LCA)
18'x30' MASS TIMBER

POST-AND-BEAM OFFICE BAY

Carbon Intensity  (kgCO2e / m?)

200 -
180 -
160 -

140 -
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60-
40-

-20
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Carbon Intensity
(with biogenic carbon)

Bay Design #1

Bay Design #2 Bay Design #3
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B falyLCA AC
B talyLCA AD
B One Click A-C
B One Click A-D




MILD-REINFORCED CONCRETE FLAT PLATE

RESIDENTIAL ECID

1| Sk N 1| Carbon Intensity
O 18— — B — 200
| MILD-REINFORCED | = T80
TWO-WAY SLAB ! £
2 | | > 160
< | [ == § 140 Athena A-C
5 | | 2 10 B Athena A-D
| | 2 100 B talyLCA AC
| ﬁ“;z(::oql'm' i ﬂg 80 B talyLCA A-D
i ::?-Iéli[))ED i £ B One CI!ck A-C
: ! g B One Click A-D
O e 5
% A i 20
24'x24' MILD-REINFORCED CONCRETE 0
FLAT PLATE RESIDENTIAL BAY




LIGHT-FRAMED RESIDENTIAL ECID

24!_0“

FLOOR PACKAGE:
-ACOUSTIC FLOORING
ASSEMBLY
-SHEATHING

-JOISTS OR TRUSSES
SPANNING BETWEEN
DEMISING WALLS

32-0"

BEARING WALLS NOT
INCLUDED IN LCA

&,

LIGHT-FRAMED MULTIFAMILY RESIDENTIAL BAY

—_—— e —————————=-

Carbon Intensity (kgCO2e / m?)

200
180

160

120
100
80
60
40

20

-20
-40
-60

-100

Carbon Intensity
(without biogenic carbon)

T Y

Bay Design #1

Bay Design #2 Bay Design #3 Bay Design #4

Bay Design #5
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B One Click AD




LIGHT-FRAMED RESIDENTIAL ECID

| | Carbon Intensity
24-0" 5 & ¥
1 1 (with biogenic carbon)
| ] 200
O N :F T B — 180 -
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i i =< & B One Click A-C
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2 [ 1.
+ | 5 __ :
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| |
i i -0
1 1 -80
O- ! 1 ----- - _100 -
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LIGHT-FRAMED MULTIFAMILY RESIDENTIAL BAY
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ECOM TOOL



ECOM TOOL

e Embodied Carbon Order of Magnitude Tool
e A simple product tool that calculates global warming potential
e Designers can identify hot spots
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EXAMPLE - FLOOR FRAMING
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FLOOR PLATE MATERIAL QUANTITIES

3,500 psi Concrete 455 Cubic Yards
Rebar 1.25 Tons
Metal Deck 34 Tons
Shear Studs 1 Ton
Welded Wire Reinforcement 4.25 Tons
Steel Shapes 83 Tons
Deck Closure 2.25Tons




TEST YOUR KNOWLEDGE:

Estimate the embodied carbon (Phases A1 - A3) in the
floor framing (ca. 30,000 sf)

o 3 Tons CO.e

o 30 Tons CO.e

o 300 Tons CO,e

o 3,000 Tons CO.e



TEST YOUR KNOWLEDGE:

Estimate the embodied carbon (Phases A1 - A3) in the
floor framing

o 3 Tons CO.e

o 30 Tons CO.e

o 300 Tons CO.e

o 3,000 Tons CO.e



Concrete

Stoal
Reinforcament

Masonry

Stoal

&

Structurl
[ —

2500 PSI

3000 PsI

4000 PSI

5,000 St

8,000 P

8000 PsI

2,000 PSILW

4000 PEILW

5,000 PSILW

Reinfocemant
Post Tensioning

Normal waignt
slock

s)

Steal Deck

old Farmad Matal
Framing

Softwood Lumber

Seftwaad Plywood

Timber

Blulom

Cross Lominoted
Tirmbar

aminated Venaer
Lumber

Cubic vards

Cubic Yards

Cubic Yards

Cubic Yards

Cubic Yards

Cubic Yards

Cubic Yards

Cubic Yards

Cubie Yards

Tons

Tons

Tons

Cubic Yards

Tons

Tons

Cubic Feat

Cubic Feat

Cubic Feat

Cubic Feat

Total Impact
(b coze)

o

22790305

236018

8325

181160

10260

103,376,565

107465

3,774.61

SE 2050 — ECOM - INPUT

Embodied Corbon Area

|'31".Fr.|t.f:"E'l:| 0 00
i |

lotal Areg

2,604
[._I_.I.': .L' .

Rebor

Lieal Walded Wire
Reinforcement Reinfocemsant

Post Tensioning

1.2 Tons

4.25 TOns

1 OMs



TEST YOUR KNOWLEDGE:

Which assemblies are responsible for at least 25% of the
embodied carbon in floor framing? (Choose all that apply)

Steel Beams
Steel Deck

Rebar
Concrete

O O O O



TEST YOUR KNOWLEDGE:

Which assemblies are responsible for at least 25% of the
embodied carbon in floor framing? (Choose all that apply)

Steel Beams
Steel Deck

Rebar
Concrete

o O O O



SE 2050 - ECOM OUTPUT

Deck

Beams

3,000 PSI: 37%

Concrete

2,500 PSI

3,000 PSI

4,000 PSI

5,000 PSI

6,000 PSI

8,000 PSI

3,000 PSI LW

4,000 PSI LW

5,000 PSI LW

Rebar
B Welded Wire Reinfocement
I Fost Tensioning
Il Mormal Weight Masonry Block
I Light Weight Masonry Block
Bl Masonry Grout
B Mortar

Rolled Steel Shapes

Plate Steel Fabrications
B Tube Steel (HSS)
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TEST YOUR KNOWLEDGE - CONTEXT

The embodied carbon in the floor is roughly equivalent to

driving....

o >500 Miles?

o >5,000 Miles?

o >50,000 Miles?
o >500,000 Miles?
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The embodied carbon in the floor is roughly equivalent to

driving....

o >500 Miles?

o >5,000 Miles?

o >50,000 Miles?
o >500,000 Miles?




CASE STUDIES
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SIGNATORY CASE STUDIES

The SE 2050 Resources Working Group is calling on

all signatories to contribute project case studies for publication
on the SE 2050 website!

Firms are invited to contribute project-specific key findings,
recommendations and lessons learned as related to
implemented embodied carbon reduction strategies.

Projects submitted could be SE 2050 database contributions but do not need to be.

Projects may be anonymous or identified.

:'-\s_f;l-_v__ |SE_2_0_§(_) January 5, 2024

CASE STUDY:

Bush School

This project i & new, desp green ciassmom and commons. bulding for o private K-12 school. The bulding
inchudes ten classrooms, casual break-cut aras, 400-seat multipurpose room with pre-function spaces, student
lounge, student/faculty collaboration center, sdministrative off
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SIGNATORY CASE STUDIES

File Home Insert Draw Page Layout Formulas Data Review View Automate Help = Comments
ulj ETLCut Arial 1 LA A = = |£'| B 2% Wrap Text General - @ @ Comma 2 Hyperlink 2 @ g @ EAmoSum - Z\? p
BCpy ~ L — — - f y Fill ~ } -
Paste . == . A . ===z = T . . O ] Conditional Format as Imsert Delete Format Sort & Find & Add-ins | Analyze
" Format Painter B I U jma) o - A =E == & & [E Merge&iCenter $ F O IR Formatting ~  Table ~ MNormal 2 MNormal = - 5 . & Clene~ Fifterv Sebuct+ Date
Clipboard 7] Font ] Alignment [F} Number 7] Styles Cells Editing Semsitivity  Add-ing ~
H26 v i b3 ~
E £ G “ I J K L M N 0 P Q R 5 T 1] a

1
2
a @*m E2050
g COMMITTING TO NET ZERD
8
7 Case study template last updated December 26, 2023
8
g Instructions:
10 1) Pick an "Import" sheet to input project data. (Tip: v1.01 is more likely for projects submitted to the database pre-December-2023. v1.11 was released in December 2023.)
1 2) Navigate to "Inputs” sheet to input more data and narratives in the yellow fields.
12 3) Navigate to "Export" sheet to view any missing data in yellow, add an image, and follow other instructions in gray.
13
14
15

Our provided template makes it easy to prepare a case study submission, especially if you have used the
Database Input Spreadsheet to submit the project.
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SIGNATORY CASE STUDIES

Motivations for this effort include:
e Share lessons learned, successes & challenges

e Contribute knowledge in reducing emissions at an
industry level

o This type of knowledge-sharing was specifically requested by
signatory firms

e Uncover narratives behind one anonymized data point
in the database

e Demonstrate leadership to clients and future talent

We hope to hear from you!

(=)= [SE2050 sonarys. 2026
CASE STUDY:

Bush School

This project i5 @ new, desp green chxssmom and commons builkding for o private K-12 school. The bulding
inchudes ten classrooms, casual break-out areas, 400-seat multipurpose room with pre-function spaces, student
center,
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EMBODIED CARBON POLICIES

e Carbon Leadership Forum’s Policy Map
e SE 2050-NCSEA Policy Subgroup

Embodied Carbon Policy Tracking Map
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EXTERNAL RESOURCES

» Reference Materials:
o “Sustainability Guidelines for the Structural Engineer” g
o “Whole Building Life Cycle Assessment — Reference Building  suamaiiy

Guidelines

Structure and Strategies” e
o “Structural Materials and Global Climate” wa T O
o “Achieving Net Zero Embodied Carbon in Structural Materials
by 2050”
« Web Resources:
o www.SE2050.0rg
o www.seisustainability.org
o https://carbonleadershipforum.org/ sa = e

Structural Materials
and Global Climate

m’
o i -

‘Whole Building:
-,_Life Cycle Assessment S



http://www.se2050.org/
http://www.seisustainability.org/
https://carbonleadershipforum.org/
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