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“Structural engineers face significant challenges in the 21st century
and among them, global environmental challenges must be a
priority for our profession. On a planet with finite natural resources
and an ever-growing built environment, engineers of the future must
consider the environmental, economic, and social sustainability of
structural design. To achieve a more sustainable built environment,
engineers must be involved at every stage of the process.”

- John Ochsendorf

“The greatest threat to our planet is the belief that someone else
will save it.”

– Robert Swan
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https://courses.washington.edu/cee380/ochsendorf.pdf
https://www.activesustainability.com/environment/robert-swan-and-our-planet/?_adin=02021864894


Embodied Carbon 101
Embodied carbon is the sum of carbon emissions
released during these life-cycle stages: raw
material extraction, transportation, manufacturing,
construction, maintenance, renovation, and
end-of-life for a product and/or system. Embodied
carbon is reported as Global Warming Potential
(GWP) and is measured relative to the impact of
one molecule of carbon dioxide, usually over a
100-year time-frame. One kilogram of carbon
dioxide equals a GWP of 1 kgCO2e.

‘Upfront carbon’ refers to carbon emissions caused in the materials
production and construction phases of the lifecycle before the
building or infrastructure is in use (stages A1 to A5).

There are different ways to measure the embodied carbon of
structural systems and all methods offer varying degrees of
information on the overall impact of the system. In general, the most
common are to either 1) consider the entire life cycle of the building
from initial raw material extraction to the end of life and final
recycling of building components or 2) to consider only the product
impacts of stages A1-A3 which start at raw material extraction but
are bound by just before the product, or structural component,
leaves the fabrication facility.

To consider the full life cycle impacts, a life cycle assessment is
performed using commercially available software that requires the
user to input structural material quantities and assign material types

to those quantities. The full life cycle impacts are embedded within the software’s program. Using the product
impact only case, the product impacts are typically calculated by multiplying the structural material quantities
by embodied carbon factors included in available environmental product declarations (EPDs) for each material.

See the section on ‘Tools’ for available
resources and softwares commonly used to
perform LCAs and/or embodied carbon
calculations.

Resources / References:
● Carbon Leadership Forum Architect Toolkit
● SE 2050 Embodied Carbon Overview
● SE 2050 Project Resources
● Building Transparency Embodied Carbon Resources
● AIA Embodied Carbon Guide
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https://carbonleadershipforum.org/clf-architect-toolkit/
https://se2050.org/resources-overview/embodied-carbon/
https://se2050.org/project-resources/
https://www.buildingtransparency.org/resources/learn-about-embodied-carbon/
https://content.aia.org/sites/default/files/2021-10/21_10_STN_DesignHealth_474805_Embodied_Carbon_Guide_Part1.pdf


Tools
Leveraging Digital Capabilities
Recent development of tools have enabled
designers, contractors, and owners to examine
data rapidly and collaborate to significantly
reduce the carbon footprint of buildings. Several
existing tools and offerings are summarized
below.

EC3 (Embodied Carbon in Construction
Calculator) - A free database of construction environmental product declarations (EPDs) and a matching
building impact calculator that can be used during design and material procurement processes. EC3 is a
dynamic tool that provides embodied carbon results tailored to users’ specific search criteria based on the
latest EPD data available.

Beacon - Open-source Autodesk Revit
plugin launched by Thornton Tomasetti.
Beacon generates data visualization of a
project’s embodied carbon by material type,
building element, while evaluating a model’s
embodied carbon levels against the Carbon
Leadership Forum’s database of models.

Tally - A plug-in application for Autodesk
Revit that performs on-demand LCAs and
embodied carbon assessments during the
design process. Tally offers users three types

of analysis: whole building LCA, design-option comparison, and material selection.

Athena - Athena’s software tools include the Athena Impact Estimator for Buildings and the Athena
EcoCalculator for Assemblies. The Impact Estimator allows users to model custom assemblies to calculate
operating and embodied effects. The EcoCalculator is a spreadsheet tool with pre-defined assembly
configurations that allows users to input square footage and receive embodied life cycle impact assessments.
Athena also offers a Pavement LCA, an LCA-based software tool that measures the environmental impact of
roadway designs.

Carbon Leadership Forum 2021 Material Baselines - The 2021 Material Baselines was published by the
CLF in July 2021. The values presented in the document intend to give “a rough order of magnitude of
embodied carbon impacts and represent a high estimate of the embodied carbon footprint of a product if no
effort is made to choose a low-carbon alternative.”

Greenhouse Gas Equivalencies Calculator - Developed by the United States Environmental Protection
Agency, the Greenhouse Gas Equivalencies Calculator allows users to better understand “abstract”
measurements by translating quantities into convenient units of measurement, such as annual car emissions.

Resources/References:
● Building Transparency
● Beacon Information Page
● KieranTimberlake Tally Overview
● Athena Software Overview
● CLF 2021 Baselines

● EPA Greenhouse Calculator

Additional Resources:
● BHoM LCA - Toolkit
● One-Click LCA
● SimaPr
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https://www.buildingtransparency.org/
https://www.thorntontomasetti.com/capability/beacon
https://choosetally.com/
http://www.athenasmi.org/our-software-data/overview/
http://www.athenasmi.org/our-software-data/impact-estimator/
http://www.athenasmi.org/our-software-data/ecocalculator/
http://www.athenasmi.org/our-software-data/ecocalculator/
http://www.athenasmi.org/our-software-data/pavement-lca/
https://carbonleadershipforum.org/2021-material-baselines/
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://www.buildingtransparency.org/
https://www.thorntontomasetti.com/capability/beacon
https://kierantimberlake.com/page/tally
http://www.athenasmi.org/our-software-data/overview/
https://carbonleadershipforum.org/2021-material-baselines/
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://github.com/BHoM
https://www.oneclicklca.com/
https://simapro.com/


Client Impact

Key Thoughts:
● It is time for anyone impacting real estate development to get serious about embodied carbon from the

structural design on down.
● Establishment of carbon targets early in a project will reduce costs and communicate the prioritization

of a project team’s commitment to sustainability initiatives.
● Anyone impacting real estate development plays a role in advancing commitments and conversations

concerning embodied carbon reduction.

Commitments to Reducing Embodied Carbon
ownersCAN (Owners Carbon Action Network) - A group of developers, users, and managers of buildings
dedicated to measuring and reducing the embodied carbon of their projects. This group has developed the
ECAP (Embodied Carbon Action Plan), an interactive web resource outlining the key steps and actions
necessary to reduce embodied carbon of buildings.

AIA 2030 Commitment - Climate strategy
providing a set of standards and goals for
reaching net zero emissions by 2030. The list
of over 900 participating firms can be found
here.

Mission Zero - In response to Race to Zero, the
United Nations initiative to rally support from
businesses, cities, regions, and investors for zero
carbon recovery, Lendlease has committed to
Mission Zero, a roadmap to achieve net zero carbon
by 2025 and absolute zero by 2040.

Resources / References:
● CLF Embodied Carbon Toolkit for Building Owners
● WBCSD’s Report - “Decarbonizing Construction - Guidance for Investors and Developers to Reduce Embodied Carbon” (July

2021)
● CLF Owner Resource - Reducing Embodied Carbon in Construction
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https://www.buildingtransparency.org/programs/ownerscan/
https://www.buildingtransparency.org/programs/ownerscan/ecap/
https://www.aia.org/pages/6464938-the-aia-2030-commitment
https://www.aia.org/2030-directory?query=
https://www.lendlease.com/missionzero/
https://unfccc.int/climate-action/race-to-zero-campaign
https://carbonleadershipforum.org/clf-owner-toolkit/
https://www.wbcsd.org/Programs/Cities-and-Mobility/Sustainable-Cities/Transforming-the-Built-Environment/Decarbonization/Resources/Decarbonizing-construction-Guidance-for-investors-and-developers-to-reduce-embodied-carbon
https://www.wbcsd.org/Programs/Cities-and-Mobility/Sustainable-Cities/Transforming-the-Built-Environment/Decarbonization/Resources/Decarbonizing-construction-Guidance-for-investors-and-developers-to-reduce-embodied-carbon
https://carbonleadershipforum.org/how-microsoft-is-reducing-embodied-carbon/


Policy Impact
What is a Buy Clean Policy?
Buy Clean is a procurement policy approach that aims to fill a current gap in climate policy by incorporating
low-carbon construction purchasing requirements that address the greenhouse gas emissions from
construction materials into government purchasing. Buy Clean policies use a combination of disclosure,
incentives and standards to leverage the significant purchasing power of public agencies to encourage a shift
toward lower-carbon options in the broader construction materials market.

Embodied Carbon Policy: City Policy Framework to Reduce Embodied Carbon
Developed by CNCA, OneClickLCA and
Architecture 2030, this report is intended for
cities and other government bodies to
develop and adopt a strategy, action plan and
policies to dramatically reduce embodied
carbon. It is meant to be a manual and a
blueprint for cities and governments to
respond to the climate emergency. The report
contains 52 policies that cities can adopt to
reduce embodied carbon, policies which have
been previously implemented and new ideas,
which have yet to gain traction.

Low Carbon Concrete Policy at Work in California
Marin County of California, has developed practical
requirements for the composition of concrete that reduces
greenhouse gas emissions while maintaining adequate
strength and durability. The project team has developed a
Code Amendment Toolkit to make it easier for other counties
to implement similar policy. The code requires compliance
with cement limits as well as embodied carbon limits for
concrete mix designs.

C40 Clean Construction Declaration
The mayors of signatory cities around the world (Los Angeles
included!) have pledged to introduce regulations for net zero carbon
buildings and to work closely with state and regional governments on
these matters. With an additional projected 2.5 billion people living in
cities by 2050, cities must start to implement more sustainable
requirements for their urban infrastructure. C40 cities have committed
to enact regulations and/or planning policy to ensure new buildings
operate at net zero carbon by 2030 and all buildings by 2050.

Local Policy Proposal Alert! Assemblymember Chris Holden, who represents District 41, introduces
measure AB 2446, the Carbon Intensity of Construction and Building Materials Act

6

https://carbonleadershipforum.org/what-is-a-buy-clean-policy/
http://carbonneutralcities.org/wp-content/uploads/2021/02/City-Policy-Framework-for-Dramatically-Reducing-Embodied-Carbon.pdf
https://www.marincounty.org/depts/cd/divisions/sustainability/low-carbon-concrete
https://www.stopwaste.org/concrete
https://www.marincounty.org/-/media/files/departments/cd/planning/sustainability/low-carbon-concrete/12172019-update/low-carbon-concrete-code.pdf?la=en
https://www.c40.org/declarations/clean-construction-declaration/
https://a41.asmdc.org/press-releases/20220217-assemblymember-chris-holden-introduces-carbon-intensity-construction-and


SE 2050
In the past year and a half, +75 structural
engineering firms have joined SE 2050 to
“support the vision that all structural
engineers shall understand, reduce, and
ultimately eliminate embodied carbon in
their projects by 2050.”

Resources are developed by volunteers and
shared on the Commitment website. Embodied
Carbon Intensity Diagrams (ECID) took designs
from several engineers and compared results
from different LCA tools to provide a reasonable
range of results for typical floor systems.

All Signatory Firms are required (see below) to
develop and annually update an embodied
carbon action plan (ECAP) that will be shared
publicly as well as contribute to a project
database from which future benchmarks may
be determined.

Additional Resources:
● Signatory Firms Page (with ECAPs!)
● Achieving Net Zero Embodied Carbon in Structural

Materials by 2050 (2020)

● Resources Page
● Database Page
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https://se2050.org/
https://se2050.org/resources-overview/embodied-carbon/embodied-carbon-intensity-diagrams/
https://se2050.org/signatory-firms/
https://seisustainability.files.wordpress.com/2020/05/how-to-get-to-zero-200525.pdf
https://seisustainability.files.wordpress.com/2020/05/how-to-get-to-zero-200525.pdf
https://se2050.org/resources-overview/
https://se2050.org/se-2050-database/


Top 3: Concrete
Designing for Low Carbon Concrete

● Optimize concrete volume
● Talk to your concrete suppliers!

○ Communicate carbon reduction goals
○ Develop performance-based concrete specifications

Performance Concrete and Embodied Carbon Specifications
Concrete mix includes: cementitious material (e.g. Portland cement, fly ash), coarse and fine aggregates,
inert fillers (e.g. limestone powder), water and chemical admixtures (e.g. plasticisers). The problem of carbon
emissions due to Portland cement production is widely recognised. The 4 billion tonnes of cement produced
annually are responsible for 2.2 billion tonnes of CO2 each year.

This has led to a rapidly increasing
demand for low carbon concrete.
Although aggregates occupy most
of the total volume of concrete,
they generally have a lower
carbon footprint because their
production processes are relatively
simple, e.g. quarrying, crushing,
transporting. Yet, it is possible to
replace a percentage of these
natural aggregates with waste and
by-products or other proprietary
technologies.

The following list are suggestions for specifying low carbon or performance-based concrete:

● Add Portland Limestone Cement (PLC) to specifications. PLC (ASTM C595 cement) is a direct
replacement for ordinary portland cement (ASTM C150 cement) and is an approximate reduction of
~10-15% GWP.

● Remove prescriptive limits such as minimum cement content, maximum water-cement ratio, maximum
fly ash or cement replacement (SCM) contents

● Require EPDs for each mix*
● Provide benchmark average unit embodied carbon for various concrete strengths depending on

geographical region (see NRMCA regional benchmarks)

*Building Transparency has developed a carbon query database that digitizes EPDs by geography,
the Embodied Carbon in Construction Calculator (EC3) Tool. The EC3 tool allows for simple sorting
and visualization of supply chain specific EPD data, with the ability to see material category
baselines and set material category targets.

Resources / References:
● Building Transparency EC3 Tool
● NRMCA Regional Benchmarks (Nov 2019)
● Central Concrete - Specification Guide Capturing the Value of Low Carbon

Mixes
● Concrete Cure- The 4 Things You Should Know about Concrete EPDs
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https://buildingtransparency.org/auth/register
https://www.nrmca.org/wp-content/uploads/2020/02/NRMCA_REGIONAL_BENCHMARK_Nov2019.pdf
https://cdn.zephyrcms.com/e44ee44d-24bc-47ec-bfb4-92eba2cfcdd6/-/inline/yes/specification-guide-capturing-value-low-carbon-jul-10-2018-final-r-4.pdf
https://cdn.zephyrcms.com/e44ee44d-24bc-47ec-bfb4-92eba2cfcdd6/-/inline/yes/specification-guide-capturing-value-low-carbon-jul-10-2018-final-r-4.pdf
https://www.carboncure.com/concrete-corner/concrete-epds-the-4-things-you-should-know/


Top 3: Steel
Steel Production: Basic Oxygen Furnace
(BOF) vs. Electric Arc Furnace (EAF)

BOF: Blast furnaces heat purified coal, also known
as coke, limestone and mined iron ore; this metal
concoction is then injected with oxygen to reduce
the carbon content and remove impurities

EAF: Uses electrical currents to melt scrap and
recycled steel (instead of raw iron) to produce
molten steel. This process produces 75% less CO2
per ton of steel than blast furnaces do.

Metals Are an Integral Part of Our Society

Recycled Content: EAF-made steel can have a recycled
content up to nearly 100%. All domestically produced
hot-rolled structural shapes (Wx, Cx, Lx) are made in EAF
mills. A limited amount of virgin material may be added to
achieve the proper metallurgical balance required for the
steel grade, resulting in an average recycled content of 93%
for hot-rolled structural shapes. Other sections, such as plate
or HSS, a secondary steel product made from hot-rolled coil,
may come from either EAF or BOF mills domestically.
BOF-made steel has a recycled content around 35%, versus
the 90% -100% commonly found in EAF products.

<Click Me

Recyclability: All structural steel is 100% recyclable. The steel used in an automobile can be recycled into the
steel used in an appliance and recycled into a steel beam. This is true recycling, without any loss of the
material properties of the steel, as opposed to other materials, such as concrete, which is primarily
down-cycled rather than recycled into new concrete.

Reuse: Structural steel can be reused without
being recycled. Currently, only a small amount of
recovered structural steel is re-fabricated and
directly reused in new building projects. AISC
360-16 Appendix 5 provides a framework for
testing requirements for evaluation of the
properties for recovered and reused steel. A large
amount of steel is reclaimed from deconstructed
buildings and facilities for reuse in non-building
applications.

Circular economy (including reuse):
https://worldsteel.org/circulareconomy/
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https://econ243.academic.wlu.edu/2016/03/07/bof-and-eaf-steels-what-are-the-differences/
https://econ243.academic.wlu.edu/2016/03/07/bof-and-eaf-steels-what-are-the-differences/
https://clearpath.org/tech-101/steel-101/
https://www.aisc.org/globalassets/aisc/publications/white-papers/more-than-recycled-content.pdf
http://www.aisc.org/specifications
http://www.aisc.org/specifications
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fworldsteel.org%2Fcirculareconomy%2F&data=04%7C01%7CLuke.Lombardi%40BuroHappold.com%7Cc3e72150d1c643276d1508d9f8badb4d%7C50ee6418869e48f5a9823607fcee1e1d%7C0%7C0%7C637814303711890677%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=Jhc%2BEOorPHTd3vjT5np0RQRxMxhEAAHxXjOKlT6DiOg%3D&reserved=0


Top 3: Timber
Wood Products Extend the Natural Forest Carbon Cycle

● Less embodied energy and lower embodied carbon
than other common building materials

● Less fossil fuel consumed during manufacture
● Extended carbon storage for the life of the wood

product – and beyond
● Opportunities for reuse to further extend carbon

storage and promote a circular carbon economy

Public vs Private Landownership in the U.S.
● Creates economic incentive to keep forest land

forested, ensuring a stable or increasing forest
carbon stock at the national level

● Forested land area in U.S. has remained stable
● Timber volume on that land has increased
● Encourages land management practices that

improve forest health and ensure they remain
carbon sinks1

Strong Rule of Law in the U.S. Regarding Forest Land Management
● Low risk of illegal harvesting in U.S. and Canada due to strong regulatory structure
● National Forest Management Act (1976): to “sustain the multiple uses of its renewable resources in

perpetuity while maintaining the long-term health and productivity of the land”
● Lacey Act (2008 amendments) to prevent illegally harvested wood from entering the U.S.
● Best Management Practices (BMPs) that are voluntary or regulatory, depending on the state, but are

implemented appropriately 92% of the time across the U.S.2

● Beyond ensuring the legality of the wood fiber, designers can pursue responsible sourcing of wood
which includes fiber sourced from jurisdictions with regulatory or quasi-regulatory BMPs or via
third-party procurement standards such as FSC Controlled Wood or SFI Certified Sourcing.

● Responsible procurement standards are aimed at the mills to limit the risk of fiber coming from
undesirable sources.3

● Beyond responsible sourcing, designers can pursue certified lumber from an internationally recognized,
voluntary forest certification standard such as ATFS, CSA-SFM, FSC, PEFC, or SFI.

Resources / References:
1 https://www.thinkwood.com/education/impact-wood-use-north-american-forests
2 https://www.stateforesters.org/wp-content/uploads/2019/12/NASF-2019-BMP-Final.pdf
3 https://www.thinkwood.com/blog/10-questions-with-sustainable-forestry-expert-dr-edie-sonne-hall

● CLF Wood Series (try: Trees, Forestry, and Carbon 101, Carbon Neutrality)
● WWF - Biogenic Carbon Footprint Calculator for Harvested Wood Products
● Visual Capitalist - Visualizing Carbon Storage in Earth’s Ecosystems
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https://www.thinkwood.com/education/impact-wood-use-north-american-forests
https://www.stateforesters.org/wp-content/uploads/2019/12/NASF-2019-BMP-Final.pdf
https://www.thinkwood.com/blog/10-questions-with-sustainable-forestry-expert-dr-edie-sonne-hall
https://carbonleadershipforum.org/wood-carbon-seminars/
https://www.youtube.com/watch?v=ciY6G5IbAYE&list=PLRxUko9E7I-3mTTCIvMgtGaibmb9MRvvB&index=3&ab_channel=CarbonLeadershipForum
https://www.youtube.com/watch?v=qaqIwqAnD3g&list=PLRxUko9E7I-3mTTCIvMgtGaibmb9MRvvB&index=5&ab_channel=CarbonLeadershipForum
https://www.worldwildlife.org/projects/biogenic-carbon-footprint-calculator-for-harvested-wood-products
https://www.visualcapitalist.com/visualizing-carbon-storage-in-earths-ecosystems/


Future Lookahead (Teaser Pt. 2)
Resilience
Resilience is the ability to suffer less damage and recover
more quickly from adverse events. Resilient design should
focus on practical and realistic solutions. Designing for
low-damage and a long service life lessens the life-cycle
environmental impact of the building.

Adaptive Reuse
Adaptive Reuse refers to the process of reusing an old site or
building for a purpose other than which it was built or
designed for. This also maximizes the useful life of the
building and utilization of current building stock.

Fun Fact: DTLA 2040 Community Plan Update is revising rules for
adaptive reuse projects in DTLA,

which would allow more flexibility in adaptive reuse of existing
buildings in the DTLA area.

Design for Deconstruction (DfD) and Circularity
Material sustainability depends upon closing the material
loops; use → collect → process → reuse. Deconstruction
refers to a demolition method where a structure is
methodically disassembled to salvage as many components
as possible. DfD is arguably the most important strategy
since actual building life is highly unpredictable. Strategies
include:

● Material labeling (similar to wood grading), sometimes called material passports. This helps designers
identify the strength and quality of used materials.

● Consider how the structure will be disassembled at some point in the future. Design the initial structure
to improve safety and stability during disassembly. Mechanical connections preferred to adhesive ones.

● Simplify and standardize connection details: This allows for efficient construction and deconstruction.
● Reduce building complexity: This will reduce costs, as well as simplify the deconstruction process.

Resource/Reference
● Ellen MacArthur Foundation
● Regenerate Tool
● Dirk M. Kestner, and Mark D. Webster., "Achieving Sustainability

through Durability, Adaptability, and Deconstructability," Structure magazine,
March 2010, pp. 10-12.

● Erica C. Fisher, Megan Stringer, and Christopher Horiuchi.,
“Professional Issues: What Structural Engineers Need to Know about
Resilience.”, Structure magazine, January 2017, pp. 34-37.

● Curt B. Haselton, and Ronald O. Hamburger., “Resilient Design and
Risk Assessment using FEMA P-58 Analysis.”, Structure magazine, March
2018, pp. 12-15.

● Mark D. Webster, and Daniel T. Costello, “Designing Structural
Systems for Deconstruction: How to Extend a New Building’s Useful Life and
Prevent it from Going to Waste When the End Finally Comes.”, Greenbuild
Conference, Atlanta, GA. November, 2005.

● Central City Association of Los Angeles, “CCA White Paper:
Adaptive Reuse. Reimagining Our City's Buildings to Address Our Housing,
Economic and Climate Crises.” April 2021.
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https://ellenmacarthurfoundation.org/
https://regenerate.urbanflows.ac.uk/resources/


https://se2050.org/

https://carbonleadershipforum.org/
https://community.carbonleadershipforum.org/
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http://se2050.org
https://se2050.org/
https://carbonleadershipforum.org/
https://community.carbonleadershipforum.org/

