C O N C R E T E B R I D G E S T E WA R D S H I P

The Time to Begin Addressing the
Environmental Impacts of Bridge
Construction Is Now
by Emily Lorenz

EDITOR’S NOTE
Articles related to bridge
preservation have appeared in the
Concrete Bridge Preservation series
since 2010. While preservation
remains a key focus of ASPIRE®,
we have recognized that the series
needs to be expanded to also
address other important topics such
as sustainability, resiliency, and
system management. Therefore, we
are introducing the rebranded series,
Concrete Bridge Stewardship, which
will encompass the wider scope of
topics. Please contact us at info@
aspirebridge.org to let us know what
you think, and to send us your ideas
for topics.
When PCI issued its first guidance related
to sustainability and precast concrete
back in 2010,1 it focused primarily on
best practices related to sustainable
building design made popular by the
LEED rating system. As the precast
concrete industry and others sought to
determine the environmental impacts
of their products and systems, they
undertook life-cycle assessments (LCAs)
and developed environmental product
declarations (EPDs) to transparently
report the results. Yet this revolution of
sustainability-minded thinking in the
building industry is only just awakening
in the transportation market. This article
discusses the current state of practice
in the transportation market related
to sustainability as well as where the
industry might be headed in the near
future based on precedents in the
building market.

Starting at the Beginning

Even though it has been 35 years since
the Brundtland Commission of the
United Nations defined sustainable
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development as “meeting the needs
of the present without compromising
the ability of future generations to meet
their own needs,” 2 the design and
construction communities still struggle to
define sustainability.
As a concept, sustainability is often
associated with three principles—
referred to as three pillars—namely,
economy, society, and environment. As
the sustainability movement has gained
momentum in the construction industry,
the focus has been primarily on the
environmental pillar.
There are several reasons for this focus
on the environment. Societal impacts
are more difficult to quantify than
environmental ones, and there are fewer
internationally recognized and objective
indicators in the building market related
to the market’s impact on society. For
infrastructure projects, societal impacts
are more likely to be considered in terms
of public benefit or inconvenience. This
trend is changing in the building market,
however, as indicators for societal
impacts related to equity and inclusion
are increasingly being developed.
Economic impacts have not been the
focus of sustainable design because
e co n o mi c s us ual l y take c are of
themselves in a capitalist society: owners
will generally not go forward with design
choices that they cannot afford.
Thus, the emphasis on environmental
impacts has been due to the relative ease
of their quantification (compared with
societal impacts) and because they had
not previously been the focus of design
decisions (unlike economic impacts).
LCA is a well-defined, straightforward
way to quantify environmental impact
potentials. As a methodology, LCA

Key Sustainability Terms
Environmental product declaration
(EPD): A Type III environmental label
(defined by ISO 140255) that is peerreviewed and reports the findings of
a life-cycle assessment (LCA). EPDs
developed for products for buildings and
civil engineering works must conform to
ISO 21930.6
Global warming potential (GWP):
An environmental impact category that
“describes potential changes in local,
regional, or global surface temperatures
caused by an increased concentration
of GHGs [greenhouse gases] in the
atmosphere, which traps heat from
solar radiation through the ‘greenhouse
effect.’”7 The gases carbon dioxide
(CO2), methane (CH4), and nitrous
oxide (N2O) are considered greenhouse
gases; therefore, they can be grouped
together in the GWP impact category.
In terms of GWP, 1 lb of CH4 is 30 times
more potent than 1 lb of CO2, and 1 lb
of N2O is 298 times more potent than
1 lb of CO2. Therefore, CO2 is assigned
a weighting factor of 1, CH4 a factor
of 30, and N2O a factor of 298. GWP
is reported in terms of carbon dioxide
equivalent, CO2e.
Embodied carbon: The GWP from
the following life-cycle stages: raw
material extraction, transportation,
manufacturing, construction,
maintenance, renovation, and end
of life. It includes the GWP from all
life-cycle stages except those due to
operational energy use.
has been used in practice for decades,
and the standards that define LCA
(ISO 14040 3 and ISO 14044 4 ) are
internationally recognized and used. LCA

can be used to quantify environmental
impacts for a complicated system, such
as a building or bridge, or for a simple
product, such as a bolt.

LEED Rating System for
Buildings

The LEED rating system, developed
by the U.S. Green Building Council, is
partly responsible for the “sustainability
awakening” within the design and
construction industry in the building
market. Its simplified, point-based system
is accessible for designers seeking to
reduce environmental impacts in their
designs. The system also has the added
benefit of familiarizing designers with the
basics of sustainability.
In the LEED system, the categories
for earning points—such as increased
recycled content, using local materials,
and reusing materials—were based on
trends realized from past work in LCA.
The developers of the LEED system knew
that, in general,
• re c y c l e d - c o n t e n t a n d re u s e d
materials have less environmental
impact than virgin materials, and
• l o c a l m a t e r i a l s re q u i re l e s s
transportation, and therefore have
less environmental impact, than
materials shipped from farther away.
The LEED rating system thus encourages
reductions in environmental impacts
without having to educate designers in
the building market about the intricacies
of LCA.

Rating Systems in the
Transportation Industry

In 2010, when the Harvard University
Graduate School of Design and the
Institute for Sustainable Infrastructure
launched the ENVISION rating system,
they saw the advantages of a simplified
approach for infrastructure projects and
therefore mimicked the LEED rating
system. Federal and state agencies
also began developing programs to
educate and raise awareness within the
infrastructure design community on
sustainable design principles.
One of the more mature sustainabilityrelated programs within the Federal
Highway Administration (FHWA) is
the Sustainable Pavement Program
(SPP). Beginning with workshops in the
late 2000s, two roadmaps and many

programs have been created to educate
stakeholders and to develop tools
for design and construction of moresustainable pavements. Like sustainability
efforts in the building industry, the SPP
focuses more on reducing environmental
impacts and less on societal impacts. But,
unique to the transportation industry,
a focus on life-cycle cost accounting
(LCCA) is also part of the SPP roadmap.
Based on the latest roadmap published
by FHWA,8 four goal areas have been
developed: pavement systems, assessing
pavement sustainability, guidance
and outreach, and implementation.
Several resources were also developed,
including the following:
• A sustainable pavement design
reference document
• Starter guidelines on how to
implement LCA
• Tech briefs and training on LCCA,
LCA, and other sustainabilityrelated topics
• Case studies on sustainable
pavements
• A free LCA software tool, LCA Pave,
specifically for pavements
Unfortunately, FHWA does not have a
program similar to SPP for bridges. But the
bridge industry can efficiently develop the
tools it needs to assess the sustainability
of bridges based on past work in the
building and pavement industries.

Current Procurement
Regulations Affecting the
Transportation Industry

The time of overlooking the
environmental impacts of our bridges
is coming to an end. The federal
government, as well as the public, will
increasingly be requiring engineers to
minimize the environmental impacts
of bridge designs. In December 2021,
President Biden issued executive order
(EO) 14057, “Catalyzing Clean Energy
Industries and Jobs through Federal
Sustainability.”9 Goal 5 of the EO focuses
on net-zero emissions from federal
procurement, including a “Buy Clean”
policy to promote the use of construction
materials with lower embodied-carbon
emissions. Passed in November 2021,
the Infrastructure Investment and Jobs
Act includes a focus on low-carbon
technologies. In addition, states are
also implementing Buy Clean or green
procurement laws for public projects.

As these laws are applied, contractors,
bridge engineers, and material suppliers
will need to understand basic concepts
related to sustainability and how to
meet the legal requirements. Given the
increasing threat of climate change,
much of the focus of these Buy Clean
or green specification requirements
has been on reducing the greenhouse
gas emissions related to products and
projects.
As an example of green specification
requirements, the General Services
Administration (GSA) has issued new
national standards10 for low embodiedcarbon for ready-mixed concrete and
asphalt in response to EO 14057. These
requirements apply to
all GSA projects, both capital
and small, regardless of
funding source: paving
upgrades, modernizations,
new construction, customerfunded projects through
BA80 Reimbursable Work
Authorizations, privately
financed projects such as
Energy Savings Performance
Contracts, and all Bipartisan
Infrastructure Law projects.11
The standard for concrete requires
construction contractors to submit EPDs
to verify the global warming potential
(GWP) requirements of the standard
have been met (Table 1).
The numbers used in the GSA standards
are also significant because they are
an example of green specification
requirements that were developed
i n c o r re c t l y. T h e G S A re f e re n c e s
benchmark GWP values from a report
by the New Buildings Institute that were
developed based on a geographically
limited data set and without any industry
input.12 Without an understanding of
regional differences among concrete
suppliers, these benchmark values
may be easy for all producers to meet
in one part of the United States, and
nearly impossible to meet in another
part. A better starting point for the GSA
numbers would have been the GWP
values developed by the National Ready
Mixed Concrete Association (NRMCA).13
Marin County, Calif., is attributed
as the first jurisdiction in the United
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Table 1. Maximum global warming potential limits for the General Services
Administration’s low embodied-carbon concrete

Specified concrete
compressive strength, psi

Maximum global warming potential limits,
kg CO2e/m3
Standard
concrete

High-earlystrength concrete

Lightweight
concrete

Up to 2499

242

326

462

2500 to 3499

306

413

462

3500 to 4499

346

466

501

4500 to 5499

385

519

540

5500 to 6499

404

546

N/A

6500 and up

414

544

N/A

Source: Data from the General Services Administration (2021).
Note: These values reflect a 20% reduction from global warming potential (CO2e) limits in
proposed code language from the New Buildings Institute (2022). N/A = not applicable. 1 kg =
2.205 lb; 1 m3 = 1.308 yd3; 1 psi = 6.895 kPa.

States to develop a low-embodiedcarbon concrete code. 14 And while
many jurisdictions would like to
“copy” what Marin County did, few
understand the background of how
those GWP numbers were developed.
When researching what GWP limits
to use in Marin County, an advisory
committee analyzed local GWP data
from averages supplied by NRMCA—
an LCA practitioner—and 400 mixture
proportions used by structural engineers
through the Structural Engineers
Association of Northern California.
From that data analysis, the committee
developed GWP limits that were
applicable to their region.
Another output of the Marin County
process was the development of a
summary document that identifies
keys to success for setting GWP limits,
including the following important
considerations, 15 which were not
followed by GSA in developing its
guidelines:
• Consider the range of projects and
ensure that the code structure is
accessible by all affected project
types.
• Conduct a review of existing mixes
by engaging local engineers and
concrete suppliers.
• Compare these findings to
a benchmark such as the
NRMCA averages, and take into
account that regional mixes
vary by availability and quality

32 | ASPIRE Fall 2022

of raw materials for concrete;
environmental conditions that
may require different concrete
performance; standards of practice;
and market economics. The
findings for the Bay Area will be
different from other regions.
This list of points illustrates why it is
important for all of us in the concrete
bridge industry—suppliers, contractors,
owners, engineers—to understand how
environmental impacts are calculated and
what makes sense from a benchmarking
perspective.

To increase competence in the area of
sustainability, the bridge industry can do
the following:
• Prioritize sustainability education at
industry events.
• Develop a framework for LCA
for bridges that applies across all
materials.
• Write and disseminate articles and
case studies about successes in the
industry.
The transportation industry has
the opportunity to improve the
environmental impacts of our bridges
and infrastructure. But it cannot wait to
implement sustainability concepts any
longer. The time to act is now.

References
1.

P re c a s t / P re s t re s s e d C o n c re t e
Institute (PCI). 2010. PCI Designer’s
Notebooks: Sustainability. DN-1610. Chicago, IL: PCI.

2.

World Commission on Environment
and Development. 1987. Our
Common Future. Oxford, UK:
Oxford University Press.

3.

International Organization for
Standardization (ISO). 2006.
Environmental Management—
Life Cycle Assessment—Principles
and Framework. ISO 14040:2006.
Geneva, Switzerland: ISO.

4.

ISO. 2006. Environmental
Management—Life Cycle
Assessment—Requirements and
Guidelines. ISO 14044:2006.
Geneva, Switzerland: ISO.

5.

ISO. 2006. Environmental Labels and
Declarations—Type III Environmental
Declarations—Principles and
Procedures. ISO 14025:2006.
Geneva, Switzerland: ISO.

6.

ISO. 2017. Sustainability in Buildings
and Civil Engineering Works—Core
Rules for Environmental Product
Declarations of Construction
Products and Services. ISO
21930:2017. Geneva, Switzerland:
ISO.

7.

Carbon Leadership Forum (CLF).
2019. Life Cycle Assessment
of Buildings: A Practice Guide.
S e a t t l e , W A : C L F. h t t p s : /
/carbonleadershipforum.org
/lca-practice-guide.

Getting Up to Speed

Owners, bridge engineers,
contractors, material suppliers, and
procurement specialists should begin
by educating themselves on the
basics of sustainability. Many of the
available resources related to general
sustainability concepts are applicable
to the bridge market. Chapter 1 of the
PCI Bridge Design Manual16 contains a
primer on sustainability concepts related
to bridges.
Once they are familiar with basic
concepts, bridge industry professionals
should feel more comfortable educating
themselves on more advanced topics
such as LCA, EPDs, and how to
compare or create benchmarks for
the environmental impacts of bridge
systems.

8.

9.

Ram, P. V., J. T. Harvey, S. T.
Muench, I. L. Al Qadi, G. W.
Flintsch, J. Meijer, H. Ozer, T.
J. Van Dam, M. B. Snyder, and
K. D. Smith. 2017. Sustainable
Pavements Program Roadmap.
FHWA-HIF-17-029. Washington,
DC:
Federal
Highway
Administration. https://www.fhwa
.dot.gov/pavement/sustainability
/hif17029.pdf.
Biden, J. R. 2021. “Executive Order
14057: Catalyzing Clean Energy
Industries and Jobs Through Federal
Sustainability.” The White House,
December 8, 2021. https://www
.whitehouse.gov/briefing-room
/presidential-actions/2021/12/08
/executive-order-on-catalyzing
-clean-energy-industries-and-jobs
-through-federal-sustainability.

10. General Service Administration
(GSA). 2021. Facilities Standards
for the Public Buildings Service. PBS
P100 2021.v1. Washington, DC:

GSA. https://www.gsa.gov/cdnstatic
/P100%202021%20v1.pdf.
11. Hardy, C. 2022. “Issuance of Low
Embodied Carbon Concrete and
Environmentally Preferable Asphalt
Standards.” GSA memorandum,
March 17, 2022. https://www
.gsa.gov/cdnstatic/Concrete%20
and%20Asphalt%20Issuance%20
Announcement%20-%20
Signed_0.pdf.
12. New Buildings Institute (NBI).
2022. Lifecycle GHG Impacts in
Building Codes. Portland, OR:
NBI. https://newbuildings.org
/wp -c ontent/upl oads /2022/04
/LifecycleGHGImpactsinBuilding
Codes.pdf.
13. Athena Sustainable Materials
Institute. 2020. Appendix D:
NRMCA Member National
and Regional LCA Benchmark
(Industr y Average) Report—V
3.0. Alexandria, VA: National
Ready Mixed Concrete

Association. https://www.nrmca
.org/wp-content/uploads/2020/10
/NRMCA_REGIONAL_BENCHMARK
_April2020.pdf.
14. Marin County. 2019. Section II:
Marin County Code Title 19. https://
www.marincounty.org/-/media
/files/departments/cd/planning
/sustainability/low-carbon
-concrete/12172019-update/low
-carbon-concrete-code.pdf?la=en.
15. Marin County. 2019. Marin County
Process Summary. https://www
.stopwaste.org/sites/default/files
/MarinLCCCProcessSummary2021
.pdf.
16. PCI. 2014. PCI Bridge Design
Manual, 3rd ed. MNL-133-14.
Chicago, IL: PCI.
____________
Emily Lorenz is an independent consultant
who specializes in life-cycle assessment,
green structures and practices, and energy
efficiency, as well as building code and
standards work.

When the Project Throws
You a Curve ...
Five Decades of FormMaking Experience Matters.
Project:

Houston Grand Parkway Project

Clients:

Williams Brothers Construction
Valley Prestress Products

Our Role:

Hamilton Form provided the custom
steel forms for the beltway’s huge
curved U96 beams which were used
to build the first curved U-beam flyover
bridges in Texas.

“Formwork has a significant impact on the success of
a project. That’s why we use Hamilton Form.”
— Valley Prestress Products

Hamilton Form Company
Custom forms
Custom equipment
Practical solutions

www.hamiltonform.com
sales@hamiltonform.com
817-590-2111

For more than 55 years,
Hamilton Form has been
helping the precast
community meet its
greatest challenges.
It’s all we do.
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