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Sustainable Design & Embodied Carbon:

What Structural Engineers Need to Know

Kelly L. Roberts, PE, SE, LEED AP BD+C
Principal | Walter P Moore, Atlanta

Megan Stringer, PE, SE, LEED AP BD+C
Associate Principal | Holmes Structures

Mission: Promote sustainable design practices within 

the profession of structural engineering through 

leadership, advocacy, outreach and education

NCSEA Sustainable Design Committee 
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Objectives

• Advocate for the inclusion of sustainable design within the practice of structural engineering

• Advocate for the role of the structural engineer in sustainable design

• Support the formation of sustainable design committees on the local SEA level and regularly correspond 

with local SEA committees

• Share/disseminate educational material, white papers, presentations, etc. created at the local level to 

all SEA Member Organizations, as well as materials produced by complementary organizations

• Partner with complementary organizations such as the SEI Sustainability Committee to share 

information, develop best practices, and coordinate activities

• Advocate for the structural engineering community with respect to policy

Goals for Member Organizations

• Find one person in every NCSEA Member Organization (MO) ie SEAoG to serve as a liaison between the 

national SDC and the local MO

• Eventually establish an SDC within each MO

• Share information at meetings between national SDC and Local MOs
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What is Embodied Carbon?

5

6



5/13/2021

4

Total Carbon

Embodied +      Operational     +     Transportation

Every year, 6.13 billion square meters of buildings are 
constructed. The embodied carbon emissions of that 
construction is approximately 3729 million metric tons 
CO2per year.

Every year, 66 billion square feet of buildings are constructed. The 

embodied carbon emissions of that construction is approximately 

3.8 billion metric tons CO2 per year.

7

8



5/13/2021

5

We’re building a new New York City every month for the next 30 years
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Emissions Peak 2080

Emissions Peak 2040-2050

Graphic credit: IPCC
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Embodied carbon will be responsible for 

almost half 
of total new construction carbon 

between now and 2050
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Embodied Impacts for Commercial Construction

Most emissions are from structure

Most are from steel & concrete

Most of the impact from 

concrete is from the cement. 

Cement ≠ Concrete

Structure

Cladding

MEP

Other

What’s happening in our industry?
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8. Materials

Suggested Best Practices 

1. Whole Building Life Cycle Analysis

2. Tracking Building Product Environmental Impacts
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So what can we do?
Step 1: Understand our impact
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Life Cycle Assessment (LCA):

The evaluation of the environmental effects

associated with any given activity from the 

initial gathering of raw material from the 

earth until the point at which all residuals are 

returned to the earth.

Source: US EPA

Harvesting of Raw 
Material

Manufacturing

Transportation

Construction

Demolition

Recycling or 
Disposal

Life Cycle Assessment
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Environmental Impact Categories

Non-

renewable

Energy

Greenhouse 

Gasses

Eutrophication Smog 

Formation

Ozone

Depletion

Acidificatio

n

PCRs, EPDs and LCAs

PCR
Product 

LCA
EPD

Building 
LCA

LCA is a METHOD EPD is a REPORT
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LCA & EPDs

Product 
LCA

EPD Building LCA

Step 2: Reduce our Impact
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Defines the baseline building for 

operational energy modeling

Defines the baseline building for 

embodied energy modeling

So what do we start from? What’s the baseline?

Builds from existing materials
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Whole Building LCA

Foundations

Exterior & 

Interior 

Walls

Windows

Roof

Floors

Beams

Columns
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How do we do this?

WBLCA
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LEED v4.1: Life Cycle Impact Reduction

Option 1: Historic Building Reuse (5 Points)

Option 2: Renovation of abandoned or blighted building (5 pts)

Option 3: Building and material reuse(1-4 points)

Option 4: Whole-Building Life Cycle Assessment (1-4 points)

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

– Path 2: Conduct a LCA, show 5% reduction (2 points).

– Path 3: Conduct a LCA, show 10% reduction (3 points).

– Path 4: Conduct a LCA, show 20% reduction GWP + salvage (4 points).

Embodied Carbon Benchmarking Study

MATERIAL QUANTITY 

ESTIMATE
EMBODIED CARBON 

PER MATERIAL EPDs

BUILDING EMBODIED 

CARBON (EC) 
ESTIMATE
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• Specify less cement

• Specify mixes appropriate for usage 

• Consider longer cure times

• Consider bay size

• Efficiency, efficiency

• Use structure as finish

• Repurpose existing buildings

• Design for deconstruction

• Specify products with EPDs

• Design for lifespan

• Use carbon-sequestering materials

• Use salvaged materials

• Use recycled materials

• Understand your region

• Source locally

• Know the supply chain

• Optimize for material efficiency

• Renewables for manufacturing

• Establish a carbon budget!

Low Carbon Material Strategies

Material Strategies

Concrete

• Specify less cement

• Performance and element-

based specification

• Longer cure times

• Maximize SCMs

• Specify max GWP

• Request EPDs

Steel

• Efficiency

• Buy American

• Specify EAF

• Consider steel shape

• Use salvaged steel

• Design for deconstruction

• Thermal bridging

• Don’t forget about the 

concrete

Wood

• Use structure as finish

• Consider bay size

• Supply chain, specify FSC

• Compare different wood 

products

• Don’t forget about the 

concrete
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SE 2050 Overview
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SE 2050 Challenge

“All structural engineers shall 

understand, reduce and 

ultimately eliminate embodied 

carbon in their projects by 2050”

Summer 2019 December 2019
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www.SE2050.org

November 2019 - Program Launch
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Program Stats

580 Email Subscribers

40 Committed Firms | Goal: 50 by 2022 
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Program Stats – Signatory Firms
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Net Zero

45

• White Paper published in March 2020

• This paper addresses the first question many 
engineers ask about eliminating embodied 
carbon in construction: 

– How is that even possible??

https://seisustainability.files.wordpress.com/2020/05/how-to-get-to-zero-200525.pdf
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Achieving Net Zero Embodied Carbon
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Achieving Net Zero Embodied Carbon

Four Tracks:

1. Design improvements 
implemented by engineers 
and architects. 

2. Greening the electrical grid. 

3. Improving material 
production. 

4. Carbon offsets. 

May be combined in different proportions.

47

Education, advocacy, accountability, firm culture
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Program Requirements

SE 2050 Commitment Program
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SE 2050 Database

Embodied Carbon Benchmarks

SE 2050 Benchmark

Proposed Building
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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:
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Beta Database Precedents
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What data is collected?

Project Descriptors, including:

• Building use type

• Project phase

• Expected building life

• Gross square footage

Structural System Descriptors, including:

• Risk category

• Seismic design category

• Typical floor live load

• Typical column grid

• Primary gravity, lateral systems

• Allowable bearing pressure

LCA Data, including:

• LCA tool used

• LCA stages included

• Biogenic carbon

• Components included

• GWP results

Embodied 

Carbon 

Intensity
kg-CO2e/m2

Carbon 

Intensities

Benchmarks & 

Targets

GWP

Industry Roundtable

Structural Firm

Performance

Relative to

Benchmark

SE 2050 Database: Beta
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SE 2050 Database: Future

• Collect structural material quantities 
(“SMQs”)

• Focus on reducing data variability

• Establish industry benchmarks and targets 
using aggregated data

Reduce this 

variability
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SMQs

GWP

Carbon 

Intensities

Benchmarks & 

Targets

SMQs

LCA Tool

Industry Roundtable

Structural Firm

Performance

Relative to

Benchmark

SE 2050 Database: Future?
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SE 2050
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This is All New!
Where Do We Start?
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Resources
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2-Way Street Commitment 

• Our ask of the Profession

• We Commit to Providing Resources 
and Support to the Profession

61

62



5/13/2021

32

63

64

SE 2050 Resources
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What Can I Do?

What Can I Do?

• Have your firm join the SE 2050 Commitment Program 

• Educate yourself on embodied carbon reduction strategies

• Share your project data to the SE 2050 Database

• Create an Embodied Carbon Action Plan (ECAP)

• Employee embodied carbon reduction strategies on project

• Advocate within industry and to your clients!

• Donate - https://se2050.org/donate/
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Are you ready to join the movement? 

https://se2050.org/sign-up/
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Join Us!

• Interested in getting involved either by just liasing with the NCSEA SDC or starting an SDC in your 

local MO?

– Contact: kroberts@walterpmoore.com

– http://www.ncsea.com/committees/sustainabledesign/

• Want to learn more about SE2050?

– Contact: Megan.Stringer@holmes.us

• Reference materials re: sustainable design in structural engineering:

o Sustainability Guidelines for the Structural Engineer

o Whole Building Life Cycle Assessment – Reference Building Structure and Strategies

o Structural Materials and Global Climate

• Web Resources:

o www.SE2050.org

o www.seisustainability.org

o https://carbonleadershipforum.org/
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