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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

● What is Embodied Carbon?
● What is SE 2050?

○ Program Requirements
○ Database
○ Resources

● How can we address reducing Embodied Carbon?
○ Design Efficiency
○ Material Specification and Procurement

● What Opportunities exist for structural engineers?
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What is 
Embodied Carbon?
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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 

Assessment

Illustration: Laura Karnath

Terms and Definitions





Success!
Reduced emissions 
while continuing to 

build



Embodied Carbon is…



Global CO2 Emissions 
by Sector
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Every year, 66 billion square feet of buildings are construction.  The 
embodied carbon emissions of that construction is approximately 3.8 

billion metric tons CO2 per year.

We’re building a new New York City every month for the next 30 years

Source: Architecture 2030



Contextualizing the Impact of 
Structural Engineers

Hawaii



Cement Manufacturing
Mojave, CA
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Stages of Whole Life Carbon

Kim, Webly Kim Kim, Jim

A1-A3 A4-A5 B1-B7 C1-C4

Credit: NBI

And Module



Environmental Product Declarations (EPDs)
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▪ EPDs are LCAs of Products
▪ Third Party Verified
▪ ISO 14044 & EN 15804
▪ Avoids Greenwashing
▪ EPDs can be Industry Average 

or Manufacturer / Plant / 
Product Specific

Building Transparency



Concrete EPDs in the 
KC Metro Area
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Running the Calc

Quantities of Building Materials

From BIM takeoff or hand 
calculation

x GWP per material
(kgCO2e/unit)

from Material EPDs or other 
aggregated data

= Whole Building GWP
(kgCO2e)



Say 50% of all new building embodied carbon is from structure
About 1.9 billion metric tons CO2 per year
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What is SE 2050?



www.SE2050.org
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Org Structure & Focus Initiative



PROGRAM STATS – SIGNATORY FIRMS

23

Firms 
Committed

+150

Projects Submitted 
to Database (Public)

+1,000

ECAPs 
Received

+250
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PROGRAM 
REQUIREMENTS
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HOW IT WORKS

Leadership 
Commitment 

Letter

Plan

Embodied 
Carbon 

Action Plan 
(ECAP)

Assess

Report

Project Data 
to SE 2050 
Database

Target

AnnualInitiation



EMBODIED CARBON ACTION PLAN (ECAP)
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Education
Building Understanding

Reporting 
Measuring to Manage

Advocacy
Building a culture of change

Reduction
Strategies Making an Impact

KNOWLEDGE SHARING DATA

IN
TE

RN
A

L
EX

TE
RN

A
L



ECAP

• Designate Firmwide Embodied Carbon Champion
• Write up an Education Plan
• Share an Embodied Carbon 101 

Presentation/Webinar
• +lots of optional “electives”
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EDUCATION

Education



Education Spotlight
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• Initial Reporting Minimums to Database

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

Education Reporting
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SE 2050 DATABASE



EMBODIED CARBON BENCHMARKS

SE 2050 Benchmark
Proposed Building



SE 2050 BETA DATABASE

Familiarize structural 
firms with embodied 

carbon reporting
Collect GWP results at 

minimum
Increase visibility of 
need for embodied 
carbon benchmarks

Priorities:



EMBODIED CARBON BENCHMARKS

*Red flag added for 
dramatic effect



Reporting Spotlight
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• Set a Goal and Report on Progress

• Discuss what strategies worked and what didn’t
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ECAP REDUCTION 
STRATEGIES 

Education Reporting Reduction



Reduction Spotlight
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• Share your commitment

• Educate clients

• Engage in groups like CLF
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ECAP ADVOCACY

Education Reporting Reduction Advocacy



Advocacy Spotlight
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RESOURCES
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SE 2050 RESOURCES
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SE 2050 RESOURCES
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ECOM

Embodied Carbon 
Order of Magnitude Estimator

Fast, easy, free 
carbon calculation 
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Design and Specification Guidance
Link to Embodied Carbon Calculation

Quantities of Building Materials

From BIM takeoff or hand 
calculation

x GWP per material
(kgCO2e/unit)

from Material EPDs or other 
aggregated data

= Whole Building GWP
(kgCO2e)

Design Guidance Specification Guidance
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Design and Specification Guidance
Link to Embodied Carbon Calculation
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How can we address reducing 
Embodied Carbon?
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Design and Specification Guidance
Link to Embodied Carbon Calculation

Quantities of Building Materials

From BIM takeoff or hand 
calculation

x GWP per material
(kgCO2e/unit)

from Material EPDs or other 
aggregated data

= Whole Building GWP
(kgCO2e)

Design Guidance Specification Guidance



Design Guidance
Hierarchy for Reducing Embodied Carbon Emissions

Design Guidance

Repurpose / refurbish / reuse
Maximize space utilization

Appropriate structural configurations
Appropriate design criteria

Highly-utilized structures
Carbon-efficient materials 

Prefabricate components
Improve construction practices

Use less 
stuff!

Specify low-
carbon

Offset

Build nothing

Build less

Build clever

Build efficiently

Minimize 
waste

Source: IStructE
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Design Guidance
Steps to Improving Material Efficiency

Source: Buro Happold
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Design Optioneering

Source: Buro Happold
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Build Light: Composite & Hybrid Floor Systems

Source: Buro Happold

TRADITIONAL COMPOSITE FLOOR SYSTEMS ALTERNATIVE HYBRID FLOOR SYSTEMS

Decking systems are engaged with steel framing through shear 
connectors: thereby reducing required weight of steel framing.

Timber decking as an alternative to concrete can significantly 
reduce the embodied carbon of the floor structure. 

Source: AISC
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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
▪ Use structural optimization methods

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

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

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

● Curated list of strategies to write 
lower embodied carbon 
specification documents

● Topics include:
○ Requesting product-specific 

EPDs
○ Performance specifications
○ GWP limits
○ Material-specific guidance 

(concrete, steel, wood, CMU)
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Concrete
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Concrete
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Performance-Based Concrete Spec 

• Starting point to 
communicate with GC 
and suppliers

• Remove overly 
prescriptive limits

• Carbon budget approach
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What is Changing?
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CLF Policy Map

● Buy Clean
● WBLCA Performance
● Building Reuse
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Seeds of Opportunity
Save Cost through Efficiency

Save Cost 
through Efficiency



“Spruce Goose”, Los Angeles
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Seeds of Opportunity
Add Value to Existing Buildings

Save Cost 
through Efficiency

Add Value to 
Existing Buildings
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Seeds of Opportunity
Add Value to Existing Buildings

Save Cost 
through Efficiency

Add Value to 
Existing Buildings

“Spruce Goose”, Los Angeles
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Seeds of Opportunity
Market the Wins

Save Cost 
through Efficiency

Add Value to 
Existing Buildings Market the Wins
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Seeds of Opportunity
Recover Materials for Reuse

Save Cost 
through Efficiency

Add Value to 
Existing Buildings Market the Wins Recover Materials 

for Reuse
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Alexis Feitel
KL&A
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Dan Bergsagel
Schlaich Bergermann Partner
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Envisioning the Future of 
Structural Engineering

70
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“I’d be a pessimist but 
it would never work.”



WHAT CAN I 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!
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www.SE2050.org

THANK YOU!

Questions?

Are you ready to join the 
movement? 

https://se2050.org/sign-up/

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



77

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:
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10 cubic yards
A project has a total of 100 concrete 
trucks delivered to site.

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



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?

TEST YOUR KNOWLEDGE:

79

○ 5 flights
○ 10 flights
○ 25 flights
○ 50 flights



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?

TEST YOUR KNOWLEDGE:

○ 5 flights
○ 10 flights
○ 25 flights
○ 50 flights

80
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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)
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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
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CONCRETE JOIST OFFICE ECID
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COMPOSITE STEEL OFFICE ECID
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MASS TIMBER POST-AND-BEAM OFFICE ECID
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MASS TIMBER POST-AND-BEAM OFFICE ECID
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HYBRID MASS TIMBER / STEEL OFFICE ECID
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HYBRID MASS TIMBER / STEEL OFFICE ECID
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MASS TIMBER POST-AND-BEAM OFFICE ECID
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MASS TIMBER POST-AND-BEAM OFFICE ECID



MILD-REINFORCED CONCRETE FLAT PLATE 
RESIDENTIAL ECID
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LIGHT-FRAMED RESIDENTIAL ECID
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LIGHT-FRAMED RESIDENTIAL ECID
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EMBODIED CARBON INTENSITY DIAGRAM 
SUMMARY
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EMBODIED CARBON INTENSITY DIAGRAM 
SUMMARY
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ECOM TOOL



ECOM TOOL

● Embodied Carbon Order of Magnitude Tool
● A simple product tool that calculates global warming potential
● Designers can identify hot spots

https://se2050.org/ecom-tool/
98



EXAMPLE – FLOOR FRAMING
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FLOOR PLATE MATERIAL QUANTITIES

Item Quantity
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 2.25 Tons
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TEST YOUR KNOWLEDGE:

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

○ 3 Tons CO2e
○ 30 Tons CO2e
○ 300 Tons CO2e
○ 3,000 Tons CO2e

101



TEST YOUR KNOWLEDGE:
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Estimate the embodied carbon (Phases A1 - A3) in the 
floor framing

○ 3 Tons CO2e
○ 30 Tons CO2e
○ 300 Tons CO2e
○ 3,000 Tons CO2e



SE 2050 – ECOM - INPUT
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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 
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TEST YOUR KNOWLEDGE:

105

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



SE 2050 – ECOM OUTPUT

Concrete
Deck

Beams
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TEST YOUR KNOWLEDGE - CONTEXT

The embodied carbon in the floor is roughly equivalent to 
driving….

○ >500 Miles?
○ >5,000 Miles?
○ >50,000 Miles?
○ >500,000 Miles?
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TEST YOUR KNOWLEDGE - CONTEXT

The embodied carbon in the floor is roughly equivalent to 
driving….

○ >500 Miles?
○ >5,000 Miles?
○ >50,000 Miles?
○ >500,000 Miles?
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CASE STUDIES



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.

111



SIGNATORY CASE STUDIES
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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.



SIGNATORY CASE STUDIES

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

● Contribute knowledge in reducing emissions at an 
industry level

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

● Uncover narratives behind one anonymized data point 
in the database

● Demonstrate leadership to clients and future talent

We hope to hear from you!
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EMBODIED CARBON 
POLICIES



EMBODIED CARBON POLICIES

● Carbon Leadership Forum’s Policy Map
● SE 2050-NCSEA Policy Subgroup
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EXTERNAL RESOURCES



EXTERNAL RESOURCES 

• Reference Materials:
o “Sustainability Guidelines for the Structural Engineer”
o “Whole Building Life Cycle Assessment – Reference Building 

Structure and Strategies”
o “Structural Materials and Global Climate”
o “Achieving Net Zero Embodied Carbon in Structural Materials 

by 2050”
• Web Resources:

o www.SE2050.org
o www.seisustainability.org
o https://carbonleadershipforum.org/

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