Asphalt

Modern Carbon Slashes HMA
Emissions and Costs

New Data and Case Studies Reveal
Unprecedented Eco-Efficiency

The decarbonization of construction materials is
one of the most important factors in the fight
against climate change. New materials are
necessary for those aiming to meet the dual
demands of performance and sustainability in a
changing world.

This industry faces an urgent imperative to
decarbonize materials due to tightening
environmental regulations and a clear policy shift
towards sustainable construction practices. The
growing demand for eco-friendly paving and
infrastructure solutions underscores the immediate
need for innovation in this sector. Additionally,
there are potential cost savings achievable through
energy-efficient production methods.

While it's widely reported that concrete's impact
accounts for as much as 5% of worldwide carbon
emissions, it's crucial to recognize that asphalt
pavement is another critically important, energy-
intensive material. 94% of roads in the United
States and as much as 70% of roads worldwide are
paved with asphalt. Cradle-to-gate, U.S. asphalt
production from natural resource extraction
through production of asphalt mixtures at the plant
is responsible for 21.7 MMTCO2e emissions
annually. That is about 0.3% of total U.S.
greenhouse gas emissions. (NAPA)

Embarking on the journey of decarbonization
reveals a significant hurdle. The performance of
construction materials cannot suffer while reducing
emissions from their production and use. Achieving
sustainability requires not only reducing the
environmental impact of raw materials and
processes but also maintaining steadfast
performance standards. Inferior materials that
necessitate frequent replacements or increased
maintenance directly conflict with sustainability
objectives. Consequently, the quest for
sustainability in construction hinges on identifying
technologies, techniques, and materials that
preserve, if not enhance, the performance of
construction materials without compromising
environmental goals.

Summary

This paper is focused on innovative asphalt
solutions in the context of sustainable building
materials. It will cover sustainability in construction,
through research and development phases, to real-
world application challenges and impacts.

Specifically, this paper focuses on Modern Carbon:
a new sustainable asphalt material being developed
by Seattle-based company Modern Hydrogen. This
new material aligns with market demand for
solutions that reduce emissions, creating a new
pathway for asphalt producers and customers to
reduce the carbon footprint of their paving
materials. At the same time, the companies will
reduce material costs.
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What are Sustainable Building Materials?

A sustainable building material is fundamentally
characterized by its embodied carbon and a
comprehensive lifecycle assessment, which are
crucial parameters in determining its
environmental footprint. Embodied carbon pertains
to the total greenhouse gas emissions generated
during the production of the material. This is
exemplified by cement, which results in
approximately 900 kilograms of CO2 for every ton
produced. Beyond production, the lifecycle
assessment extends the scope of evaluation to
include the material's entire lifespan—from raw
material extraction through to its eventual disposal
or recycling—encompassing all associated
emissions. The overarching aim of employing
sustainable materials within the construction
industry is to substantially reduce these emissions,
ensuring that every phase of the material's life
contributes as minimally as possible to the overall
carbon footprint. This holistic approach not only
addresses immediate production impacts but also
emphasizes the importance of long-term
environmental stewardship, ensuring that the
materials we use today do not become the
ecological burdens of tomorrow.

Existing Sustainable Building Materials
and Their Limitations

It's crucial to acknowledge the current strides in
emissions reduction within the asphalt industry.
However, it is also critical to identify significant
limitations in existing processes and efforts.
According to the National Asphalt Pavement
Association (NAPA), ongoing emissions reduction
strategies focus on the maintenance of the asphalt
plant to maximize the efficient use of heat. They
also look to reduce the volume of virgin liquid
asphalt binder by utilizing recycled materials, most
notably recycled asphalt pavement (RAP). By
NAPA estimates, these steps currently avoid
around 3.4 MMT CO2e of emissions every year,
equal to an approximate 13% reduction of
emissions compared to if those measures were not
taken. (NAPA)

The prevalent practice of incorporating reclaimed
asphalt pavement (RAP) to supplant virgin
materials currently achieves a national average
replacement rate of roughly 21.9%, with a potential
maxing out at around 40% under existing plant
capabilities. "It should be noted that of the 32
States using 20 percent or more RAP, 28 of them
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report using softer binders and or recycling
agents in a percentage of their RAP mixtures,"
according to a 2021 report titled Asphalt
Pavement Industry Survey on Recycled Materials
and Warm-Mix Asphalt Usage. (NAPA)

Emissions reduction methods have made
significant strides but face challenges, including
those related to the utilization of recycled asphalt
pavement (RAP). While technology exists to
incorporate 100% RAP, transitioningtoiton a
large scale requires careful consideration due to
various factors.

Hot-mix designs using 100% RAP are achievable,
according to Asphalt Pro Magazine. "Everything
from drum length to flight patterns to burner
technology to baghouse design/ductwork

has been modified over the past decade to
accommodate higher RAP percentages," said the
Asphalt Pro Magazine team. For example,
"Ammann has built a dual-dryer plant specifically
for 100% RAP production."

These are notable adjustments to asphalt

plant infrastructure and operational processes to
use 100% RAP. Also, the inclusion of rejuvenators
as additives can ensure the binder meets required
standards. These adjustments, while feasible,
require careful planning and investment. (NAPA)

Moreover, beyond plant modifications, there are
supply chain considerations. The US DOT notes
the availability of RAP may not currently meet the
demands for widespread use, necessitating the
continued use of virgin aggregate and binder.
Overall, while there are challenges to overcome,
there's potential for further integration of recycled
materials in asphalt production with thoughtful
planning and investment, and the U.S.
government is actively working to encourage and
incentivize the use of more RAP in public
projects. (Federal Highway Administration)

There are other strategies currently being
explored to reduce the associated emissions
associated with asphalt pavements, many focused
on reducing the emissions linked to the process
heat necessary for mix production. These
strategies include the enhanced maintenance
practices, the use of alternative fuels (such as
biodiesel, renewable natural gas, etc.), utilizing
warm-mix asphalt techniques/additives, or even
transitioning to cold-mix asphalt mixes that
replace heat with chemical solvents for mixing. All
of these strategies have limitations in their ability
to impact associated emissions or are made
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impractical due to severe limitations on
availability. Efforts to curtail emissions via
improved plant maintenance and the adoption of
warm mix asphalt techniques or alternative fuels
confront their own set of limitations, ranging from
minimal emissions reduction impact to severe
constraints on fuel availability due to the current
infrastructure. This landscape vividly highlights
the pressing need for innovative solutions in the
realm of sustainable construction materials,
underscoring the urgency of transcending
existing boundaries to significantly diminish the
industry's carbon footprint.

Exploration: Modern Carbon as an
Alternative Material for Asphalt

The initial phase of research and development for
a new carbon reduction process or material
embarked on a detailed exploration of Modern
Carbon as a potential reinforcing additive for
asphalt, a concept backed by historical studies.

Modern Carbon Research and
Development

This investigative journey began with tests at the
Modified Asphalt Research Center (MARC) at the
University of Wisconsin. Led by industry leader Dr.
Hussain Babhia, the University of Wisconsin’s
asphalt research team has been widely
recognized for their significant contributions to
the field of pavement materials and design.
Modern Carbon research included a broad scope
of binder grading testing, incorporating various
doses of carbon, assessments across
temperatures, and evaluations of the material's
aging process. These steps laid the groundwork
for a comprehensive understanding of how solid
carbon interacts with asphalt binders and the
potential benefits it could bring to asphalt
production in terms of performance and
sustainability.

The primary objectives of the lab research phase
were centered around binder grade modification
and binder extension. The ambition was to
manufacture modified asphalt-bitumen grades
capabile of facilitating the creation of high-
performance pavements. Specifically, the goal
was to enhance the high-temperature grade of a
Performance Grade (PG) asphalt binder by 4
degrees Celsius, thus improving its resistance to
rutting and other forms of thermal degradation.
Additionally, the research aimed at demonstrating
the potential of Modern Carbon to act as a binder
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Gyratory compaction tests were utilized to
simulate the compaction of asphalt mix in the field
and to predict its density and voids
characteristics. The Hamburg Wheel Tracking
Test (HWTT) assessed the rutting resistance of
the asphalt, a critical parameter for its long-term
performance under traffic loading. Additionally,
evaluations of stripping inflection and the Crack
Temperature (CT) Index provided insights into the
material's resistance to moisture damage and its
thermal crack resistance. Through these
multifaceted assessments, the investigation
aimed to validate Modern Carbon's viability as a
material that could enhance the sustainability and
performance of asphalt mixtures, addressing both
current environmental concerns and the demands
of modern infrastructure.

Evaluation of Modern Carbon:
Properties and Strategic Advantages

Binder Modification

A thorough examination of Modern Carbon's role
as a binder modifier reveals significant
enhancements to asphalt binder performance.
Laboratory testing has highlighted Modern
Carbon's capability to strengthen binder
resilience, particularly at elevated temperatures.
This enhancement is evident in the results from
the Rolling Thin Film Oven (RTFO) tests, where
Modern Carbon at ranging dosages, markedly
improves the binder's real grade. Such
improvements suggest an increased ability of the
binders to withstand rutting and other forms of
deformation in hot weather conditions.

Further analysis into the binder's performance at
lower temperatures showed nuanced effects. A
5% Modern Carbon dosage surprisingly elevated
the low-temperature grading by a degree during
Bending Beam Rheometer (BBR) testing.
However, this positive trend did not hold at higher
dosages, aligning instead with the anticipated
decrease in low-temperature grading due to the
binder's overall stiffening.

The most unforeseen results emerged from
binder viscosity testing. Unlike other stiffening
additives, which can significantly heighten mixing
viscosity—SBS, for instance, was found to
increase stiffness by up to 500% compared to the
control binder—Modern Carbon amended binders
exhibited only marginal increases in mixing
viscosity. This suggests that the introduction of
Modern Carbon into the binder does not adversely
affect the mixing or compaction processes,
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GYRATORY COMPACTION indicating its potential for practical application
without compromising workability in real-world

1 paving operations.

0.95 Modified Asphalt Pavement

The examination of modified asphalt pavement
09 brings to light more intriguing findings, particularly
through gyratory compaction tests. Typically, a
binder stiffening additive is expected to
0.85 —— CModified (275F) necessitate additional gyrations compared to a
—— C Modified (220F) control sample due to increased stiffness. This
08 assumption holds even more in the context of
lower mixing temperatures associated with warm-
asphalt, where heightened binder stiffness could
0.75 potentially exacerbate workability issues. Contrary
0 90 100 150 200 250 to these expectations, the Modern Carbon-
Gyrations modified asphalt mixture displayed workability on
par with the control mixture, a result that remained
consistent even at the reduced temperature of 220
Fahrenheit typical for warm-mix asphalt. This
unexpected outcome challenges conventional
HWTT - RUTTING wisdom and suggests potential for Modern Carbon
to function as a warm-mix additive, an attractive
0 proposition as the industry moves towards more
2000 4400 6000 8Qoo 1000 1200 sustainable manufacturing practices by reducing
fuel consumption.
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Further analysis into the in-situ performance of
Modern Carbon-modified pavement revealed
substantial improvements in key areas of durability
and sustainability. One of the most critical
assessments of pavement performance is its
———C Modified resistance to rutting, a common failure mode for
roadways. In this regard, Modern Carbon-modified
asphalt demonstrated a significant reduction in
rutting, decreasing it by approximately 56%
compared to the control. While polymer-modified
asphalt mixes exhibited a slightly higher
improvement in rutting resistance, at 72%, the
results for Modern Carbon-modified asphalt are
nevertheless compelling, indicating its potential to
extend road lifetime and reduce the amount of
asphalt-bitumen needed for construction.
STRIPPING INFLECTION POINT Moreover, the evaluation of the pavement's
20000 resistance to stripping—where the binder is
18000 eroded away from the aggregate—highlighted
16000 Modern Carbon-modified asphalt's enhanced
ability to maintain binder-aggregate adhesion,
thereby mitigating raveling and prolonging the
service life of roads. This aspect of performance
underscores the material's contribution to
addressing another prevalent failure mode,
offering a promising avenue for enhancing
pavement longevity and structural integrity.
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Modern HMA Pilot Project

This section introduces the Modern HMA Pilot
Project, an innovative exploration into Modern
Carbon-modified asphalt, undertaken by Modern
Hydrogen at the facilities of NW Natural in Portland,
Oregon. The initiative represents a significant stride
towards sustainable construction practices, focusing
on the practical application and scalability of this
environmentally friendly material. Through a
strategic approach to material integration and
testing, the project seeks to uncover the potential
benefits and implications of carbon incorporation
into asphalt mixes, setting the stage for detailed
discussions on its execution and outcomes.

Modern Asphalt Pilot Project Development

The development of the Modern HMA Pilot Project
emerged from a unique collaboration between
Modern Hydrogen and NW Natural, focusing on the
application of Modern Carbon-modified asphalt
within a real-world context. NW Natural, a partner in
methane pyrolysis technology development,
provided a section of an industrial lot in Portland for
this innovative paving project. The opportunity arose
following the removal of a portion of the lot for new
equipment installation, providing an ideal setting for
a field pilot test.

The project aimed to integrate carbon into the
asphalt mix at the production level. This approach
was adopted to ensure that even minimal amounts of
Modern Carbon would not adversely affect the mix's
quality or performance. By starting with lower carbon
concentrations, the project intended to validate the
absence of negative impacts from the additive.
Positive results from these initial tests would then
justify gradual increases in carbon content, allowing
for a methodical exploration of the benefits this
modification might bring to asphalt paving in
practical settings.

Operational Strategies and Design
Innovations for the NW Natural Lot and
Modern Asphalt Pilot Project

The NW Natural Lot Pilot Project was a
collaborative endeavor which began in February,
2024 and involved key industry players: Reimers
and Jolivette as the general contractor, Lakeside
Industries owning the site and project. The Asphalt
Pavement Association of Oregon (APAO) also
contributed, showcasing a unified approach to
innovative, sustainable asphalt application.

The project led by Reimers and Jolivette, acting as
the general contractor, navigated through the
intricacies of implementing a Modern Carbon-
modified asphalt solution in an industrial
environment. Their role was crucial in assessing the
site's specific requirements and orchestrating the
collaboration of all parties involved.

Given the lot's industrial nature, which needed to
accommodate heavy equipment like forklifts, boom
lifts, and trucks, selecting the appropriate asphalt
mix was paramount. Lakeside's choice of a standard
traffic-grade hot-mix blend was aimed at fulfilling
these demanding conditions.

Addressing safety concerns and ensuring the
integrity of the pavement were among the top
priorities, especially considering the challenges
posed by the site's layout and the presence of
sensitive equipment. The project demanded a high
degree of efficiency and precision, as the work had to
be completed in relatively confined spaces on an
actively used site. Compounding these challenges
were the adverse weather conditions experienced in
Portland during February—near-freezing
temperatures coupled with significant wind chill—
which necessitated a fast-paced workflow to prevent
any loss of hot mix quality.
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A Kkey innovation of the project was the
introduction of meltable bags for Modern Carbon
dosing—a solution crafted by Modern Hydrogen.
This method circumvented the lack of existing
infrastructure for small-scale Modern Carbon
addition at the asphalt plant. These specially
designed bags, which melt at temperatures below
those required for asphalt mixing, ensured a
seamless integration of Modern Carbon into the
mix without necessitating any modifications to the
asphalt plant's operations or compromising the
asphalt's performance. This approach exemplified
the project's inventive spirit and underscored its
commitment to enhancing sustainability and
efficiency in construction practices.

Scaling Challenges

Scaling up the use of Modern Carbon in asphalt
mixes presents distinct challenges. To leverage
its benefits, such as reduced binder usage and
lower mixing temperatures, specialized mixing
processes are necessary. Furthermore,
integrating this high-volume material into
production demands substantial logistical
support. Large volumes of Modern Carbon are
required to significantly impact binder fraction
and mix temperature. Asphalt mixing plants
lacking a suitable solids storage and handling
system for Modern Carbon may need to install
such infrastructure to accommodate the material,
highlighting the need for careful planning and
investment in adapting current production
facilities for its use.

Navigating the Challenges: Effective
Strategies for Scaling Modern Carbon-
modified Asphalt

To effectively incorporate Modern Carbon into
hot-mix asphalt at scale, it's essential to explore
and apply innovative blending techniques.
Utilizing methods similar to those for adding anti-
strip additives, such as blowing the carbon into
the mix drum along with the asphalt binder,
ensures an even distribution of carbon throughout
the mix. This technique allows the carbon to fully
integrate without any loss, enhancing the mix's
overall quality. Another approach involves
premixing the carbon with the binder before it's
added to the hot mix, ensuring a homogeneous
blend and maintaining the integrity of the asphalt.

On the logistical front, the asphalt industry is
already equipped with the necessary
infrastructure, such as sealed silos and solids
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conveyance systems, for handling materials like
Modern Carbon. The key challenge likely lies in the
willingness of asphalt plant operators to make facilities
updates. However, by adapting existing systems, the
industry can both simplify the integration of Modern
Carbon, and meet customer requirements for more
sustainable asphalt production practices. Through
these strategic adaptations, the asphalt industry can
significantly reduce operating costs, reduce embodied
CO2 emissions, and seamlessly sequester Modern
Carbon.

Environmental Impact and Sustainability
Considerations of Modern Carbon Asphalt

As the construction industry moves towards
sustainable practices, the evaluation of environmental

benefits offered by new materials becomes paramount.

Modern Carbon, a groundbreaking innovation in
asphalt production, stands out not only for its
performance but also for its considerable
environmental advantages.

Significant Reduction in CO2e Emissions: Traditional
U.S. asphalt mixtures contribute approximately 51.4 kg
of CO2e emissions per ton of mix produced, with
asphalt cement production and plant heating being the
primary sources. Modern Carbon addresses these
concerns head-on by reducing the volume of asphalt
binder needed and allowing for lower mixing
temperatures. This dual approach can cut the carbon
emissions associated with asphalt mix production by
up to 20%, translating to a potential reduction of 4
million metric tones of CO2e annually. (NAPA)

Reduced Asphalt Binder Usage: Asphalt binder is a
major contributor to the embodied emissions of
pavement. By decreasing the binder requirement,
Modern Carbon significantly reduces asphalt cost per
lane mile, improves the sustainability of asphalt
production, and paves the way for greener
construction materials.

Lower Mixing Temperatures: Transitioning to warm-
mix asphalt temperatures reduces the need for fuel in
the heating process. Modern Carbon facilitates this
transition, diminishing the fuel consumption and
emissions from plant operations without

compromising the mix's workability. Compared to
traditional asphalt and other construction materials,
Modern Carbon asphalt demonstrates superior
environmental performance. Its ability to lower CO2e
emissions and reduce energy consumption during
production places it at the forefront of sustainable
building materials. Additionally, the reduction of the
use of bitumen material contributes to a more
sustainable building materials. Additionally, the
reduction of the use of bitumen material contributes to
a more sustainable construction lifecycle.

The adoption of Modern Carbon in asphalt production
is not just a step towards reducing immediate
environmental impacts; it represents a commitment to
long-term sustainability. Life cycle analysis of Modern
Carbon asphalt shows that, beyond the immediate
benefits of reduced emissions and energy
consumption, its use contributes to the longevity and
durability of pavement structures. This results in fewer
repairs and replacements over time, further reducing
the material and energy footprint associated with road
construction and maintenance.

In summary, Modern Carbon is a key innovation in
sustainable infrastructure and construction materials.
By addressing the key environmental challenges
associated with asphalt production, Modern Carbon
paves the way for a future where infrastructure
development harmonizes with responsible
environmental practice. As the construction industry
embraces Modern Carbon, it takes a significant stride
toward meeting accelerating customer demand for
reducing environmental impact.

Emissions of Asphalt Mixes
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Modern's Innovative Asphalt Suite

Modern's suite of asphalt products stands out for
its pioneering use of Modern Carbon. The
company’s series of products is not only a
testament to the potential of captured carbon but
also serves as a beacon for the industry's
sustainable transformation. Modern's offerings
include:

* Hot-Mix Asphalt (HMA): This foundational
product is enhanced with carbon captured
from biogas, RNG or natural gas, making it a
premier choice for standard paving operations.
Its strengthened composition ensures
durability and longevity, providing a
sustainable alternative without compromising
performance.

* Cold-Patch Asphalt: Tailored for repair and
maintenance operations, including pothole
filling, this product incorporates captured
carbon to offer enhanced resilience and
reliability. Its easy application and robustness
make it an ideal solution for quick fixes that
stand the test of time as well as rising
temperatures.

* Asphalt Sealers: With an infusion of carbon,
these sealers not only boast improved pigment
and longevity but also contribute to the
reduction of the carbon footprint associated
with the maintenance and preservation of
asphalt surfaces.

By March 2024, the deployment of Modern
Asphalt products had expanded beyond initial
pilot projects, reaching applications in five U.S.
states and Alberta, Canada. This geographical
spread and variety is a clear indicator of the
growing acceptance and demand for sustainable
asphalt solutions in the construction industry.

The suite of Modern Asphalt products
encapsulates the company's commitment to
innovation, sustainability, and quality. This
evolution towards greener materials showcases a
promising path forward for asphalt producers,
infrastructure developers, and policymakers alike,
demonstrating that sustainable alternatives can
indeed meet, if not exceed, the demands of
modern infrastructure development.

Conclusion

The shift toward sustainability in the construction
sector, particularly in asphalt production, is not
just atrend but a necessity. With the introduction
of Modern Carbon, the asphalt industry is
presented with an unprecedented opportunity to
significantly reduce both costs and carbon
dioxide (CO2) footprint without sacrificing the
quality and durability essential to our roads and
infrastructure.

For asphalt producers, the message is clear:
adopting Modern Carbon is a forward-thinking
decision that aligns with both environmental
objectives and market demands. This innovative
material not only promises to lower greenhouse
gas emissions but also to enhance the
performance of asphalt, ensuring longer-lasting
roads with less maintenance required. Embracing
Modern Carbon as a material in asphalt positions
producers at the forefront of the sustainable
construction movement, offering a competitive
edge in a market increasingly driven by green
credentials.

Policymakers, too, have a pivotal role to play in
this transition. By recognizing and supporting the
use of clean materials like Modern Carbon-
modified asphalt in public projects, they can set
new standards for sustainability in infrastructure
development. This is an opportunity to lead by
example, demonstrating a commitment to
environmental stewardship while fostering the
adoption of innovative technologies that
contribute to a more sustainable future.

The availability of Modern Carbon marks a turning
point in the quest for sustainable construction
materials. It offers a practical solution to one of
the industry's most pressing challenges: how to
reduce the environmental impact of asphalt
production without compromising on
performance or price. For asphalt producers and
policymakers alike, the choice to invest in and
advocate for Modern Carbon and Modern’s
asphalt products is a step towards a greener,
more sustainable future for our roads and the
communities they serve.
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