Integrating Modern Carbon into Hot Mix Asphalt:
Meeting Customer Demands with Cost-Effective Solutions

New materials that balance both performance and
sustainability are no longer simply beneficial —they are
essential. Modern Hydrogen is decarbonizing road
materials, which is one of the most critical changes city
and states are undertaking to meet climate demands.

Asphalt covers 94% of roads in the United States and as
much as 70% worldwide, making it an indispensable
component of global infrastructure. However, the
production process for asphalt in the U.S. alone generates
21.7 million metric tons of CO2 equivalent (MMTCO2e)
emissions annually—contributing about 0.3% of the
nation’s total greenhouse gas emissions.

Efforts to decarbonize road construction face a unique
challenge: sustainable materials must meet stringent
performance standards. Reducing emissions from material
production is critical, yet it cannot come at the expense of
durability or resilience. Frequent repairs or replacements
resulting from inferior materials would only undermine the
sustainability goals they aim to achieve.

The drive to decarbonize construction materials centers
around identifying technologies, techniques, and materials
that maintain—or even enhance—the performance of
asphalt and other essential infrastructure components,
without compromising on environmental objectives.

In response to these challenges, Modern Hydrogen has
developed Modern Carbon, a pioneering material that
integrates carbon derived from methane pyrolysis directly
into asphalt mixes for performance-enhancement.

This approach not only offsets carbon emissions by
sequestering carbon in roads but also provides a scalable
path to reducing greenhouse gas emissions associated
with asphalt production.

Recent projects across North America—in regions ranging
from New York to Texas to California—demonstrate the
growing adoption of this innovative solution, underscoring
the industry’s readiness to transition toward sustainable,
high-performance materials.

Active Modern Carbon HMA Projects

Projects highlighting Modern Carbon’s versatile
applications—from urban infrastructure projects in San
Antonio and Long Island to community initiatives in
Snohomish and Long Beach—are accelerating the
adoption of Modern Carbon-sequestering asphalt.

This expansion signals a promising pathway for the asphalt
industry to achieve its dual objectives of reducing
emissions while delivering reliable, durable infrastructure.
Through these pilot initiatives, Modern Hydrogen is setting
a new standard in the sustainable transformation of the

asphalt industry. "
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Clark Asphalt Products, Texas

Expanding the Reach of Carbon-
Sequestering Asphalt: Recent Initiatives

Modern Hydrogen's commitment to sustainable
infrastructure has gained momentum through a series of
projects demonstrating the transformative impact of
carbon-sequestering asphalt.

The incorporation of Modern Carbon—solid carbon
captured from renewable natural gas (RNG) or natural
gas—into hot-mix asphalt (HMA) enables a scalable and
impactful approach to reducing the carbon footprint of
road construction, aligning with both state and national
climate goals.

This expanding initiative not only validates the
technology's potential across diverse climates and
infrastructure needs but also underscores the readiness
of Modern Carbon to meet the stringent demands of
performance and sustainability required by today’s
construction standards.

One recent demonstration took place in Bellmore, New
York, where Modern Hydrogen partnered with National
Grid to showcase Modern Carbon-sequestered asphalt
in a live setting at a Long Island facility. This event, held
on September 30, 2024, drew the attention of officials
from the Department of Public Works and the
Department of Transportation, and industry
stakeholders who witnessed the application of Modern
Carbon in asphalt in a parking lot patch.

“It's essential for us to stay informed on the latest
technologies that can enhance our operations,” said Pat
Guidice, Business Manager, IBEW Local 1049. "We
remain focused on ensuring that any future
technologies we support meet the high standards our
members uphold every day.”

"Our Building Trades Council believes strongly in the
future of the hydrogen industry here on Long Island,"
said Matthew Aracich, President of the Building and
Construction Trades Council of Nassau and Suffolk
Counties. "Our Council commends this National Grid
initiative which represents just the first step towards
unlocking the full potential of hydrogen. As we progress
into the future, with good industry partners like
National Grid, the sky is the limit for hydrogen
applications and technology."

The project highlighted how Modern Carbon, a product
of methane pyrolysis, can serve as a viable, sustainable
alternative to the oil-derived bitumen traditionally used

in asphalt.
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By using Modern Carbon, captured directly from RNG,
the technology exemplifies how carbon can he
permanently sequestered within the asphalt,
transforming a greenhouse gas liability into a
sustainable infrastructure asset.

Significantly larger projects further expanded the
deployment of Modern Carbon in diverse settings,
from urban infrastructure to residential roads in the
first half of November, 2024.

In San Antonio, Texas, a high-profile HMA paving
project showcased Modern Carbon’s adaptability in
large-scale construction. This project utilized 200 tons
of asphalt material, half of which was Modern Carbon-
modified.

"It's an exciting time to be here because carbon
capture and sequestration is really front of mind for
next-generation infrastructure development - and
what we're demonstrating today is the efficacy and
high value of carbon sequestering materials here in the
heart of the il patch in Texas," said Mothusi Pahl, VP
of Business Development at Modern Hydrogen.

All teams involved in the project took note of the mix
warkability and will continue to monitor the resulting
pavement -- particularly, what it means for business.

"Today, we're partnering with Modern Hydrogen to
produce a carbon-sequestering hot mix. We're placing
2 inches of carbon-sequestered hot mix in a parking
lot," said Corey Clark, co-owner of Clark Construction
of Texas at the live event.

"Clark Construction has been in business since 1978,
when my grandparents started it," said Clark. "Just
trying to keep the dream going in a good family
company.”

The live event drew key stakeholders, including
representatives from local utilities and Bexar County’s
Department of Public Works.

At the live event, Aaron Martinez, Superintendent and
Supervisor of the Bexar County Public Works Judson
Service Center, said, "We want to make sure the
asphalt lasts longer. That's less maintenance for us, for
the maintenance department.”

The initiative underscores the scalability of Modern
Carbon-modified asphalt in urban settings with
demanding sustainability requirements.

"That's why we're here today. We're always, in an
innovative way, looking at materials that enhance our
products, and | believe carbon-sequestered asphalt is
one of the ways we want to go,” said Martinez.




In Long Beach, California, a different application
underscored the versatility of Modern Carbon in smaller-
scale community projects.

The Family of Faith Christian Center partnered with
Modern Hydrogen to apply approximately 100 tons of
carbon-sequestering asphalt to repair its parking lot. With
local contractor El Camino Asphalt and Blue Diamond
Materials (a subsidiary of Sully-Miller) supplying the
asphalt, the Long Beach project represents a model for
implementing sustainable paving solutions in urban
community centers.

Highly visible media coverage further highlighted how
carbon-sequestered asphalt serves as an accessible, cost-
effective solution for organizations and municipalities
aiming to meet their environmental goals.

“California has been leading the way in adopting new
advanced materials, sustainable materials, in their
infrastructure projects. This is something that can fit right
into that picture, said Modern Hydrogen Senior Product
Development Manager Michael Baba.

“So, for California, they're able to take advantage of that
technology to further their vision of reducing emissions
associated with civil construction as well as reap some
economic benefits.”

iamond Mate{éa[s, CA

Moving northward, the versatility of Modern Carbon was
also demonstrated on the residential roads of a
homeowners association (HOA) in Snchomish,
Washington.

This project used 500 tons of asphalt, 100 tons of which
were Modern Carbon-modified, to revitalize and
decarbonize roads that face considerable wear,

Partnering with Harms Paving, this initiative reflected
Modern Hydrogen’s commitment to enhancing both
durability and sustainability for roads in residential areas
where road longevity is crucial. The project showcases
how Modern Carbon not only reduces emissions but also
improves the resilience of infrastructure in a variety of
environmental conditions.

“As we expand the impact of our technology at Modern
Hydrogen, we're sequestering carbon — removed from
natural gas — into increasingly bigger projects,” said
Modern Hydrogen’s Travis Janke at the Snchomish project
site.

“We're really excited about deploying carbon into roads
for the first time, demonstrating its performance in higher
demand operating environments.”
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These projects, each tailored to unique regional needs,
collectively highlight the adaptability of Modern Carbon
across climates, use cases, and infrastructure demands.
From high-profile municipal projects to community-
driven initiatives, Modern Hydrogen's approach
illustrates a scalable path toward decarbonizing road
construction and setting a new benchmark for
sustainable infrastructure. As municipalities,
contractors, and asphalt producers turn to low-CO2
paving materials, Modern Carbon provides an effective
solution that aligns with the industry’s increasing focus
on sustainable construction practices and regulatory
campliance.

To monitor the quality and performance of the material,
Modern Hydrogen will:

« Gather multiple QC samples per batch of asphalt
and perform standard acceptance tests to ensure
quality (Superpave volumetrics)

« Do density testing of the control and the carbon
modified asphalt once it has been placed and
continuing at regular intervals of ~3 months, which
will provide a point of comparison to the "typical”
DOT mix and the modified mix

« Perform regular visual inspections and take
photographs to monitor for other failure modes

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 anly 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.

s



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 Bahia, 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 capable 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
demanstrating the potential of Modern Carbon to act
as a binder extender, which is particularly valuable
given the high cost of asphalt bitumen.

The initial laboratory research sought to show that a
standard asphalt binder could be effectively extended
and thereby reduce material costs without
compromising quality.

To achieve these objectives, a variety of
methodologies were employed in material testing and
analysis. The research utilized Performance Grade (PG)
Binder Grading tests, including Bending Beam
Rheometer (BBR), Rolling Thin Film Oven(RTFO),
Multiple Stress Creep Recovery (MSCR), viscosity
testing, and Aging Index assessments

to thoroughly evaluate the modified binders.
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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, indicating its potential for
practical application without compromising
workability in real- world paving operations.
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Modern binder extender protects asphalt pavement from
stripping.

Modified Asphalt Pavement

The examination of modified asphalt pavement brings
to light more intriguing findings, particularly through
gyratory compaction tests. Typically, a binder stiffening
additive is expected to necessitate additional gyrations
compared to a control sample due to increased

stiffness,

This assumption holds even more in the context of
lower mixing temperatures associated with warm-mix
asphalt, where heightened binder stiffness could
potentially exacerbate workability issues.

Contrary to these expectations, the Modern Carbon-
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 wisdom
and suggests potential for Modern Carbon to function
as a warm-mix additive, an attractive proposition as
the industry moves towards more sustainable
manufacturing practices by reducing fuel consumption.

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 resistance to rutting, a commaon
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.

Moreover, the evaluation of the pavement's resistance
to stripping—where the binder is eroded away from
the aggregate—highlighted 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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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
accommaodate 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 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
C0O2 emissions, and seamlessly sequester Modern
Carbon.
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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 tonnes 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
CQO2e 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
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 Modern 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 Modern 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 Modern 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 November 2024, the deployment of Modern
Asphalt products had expanded beyond initial pilot
projects, reaching applications in 6 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 pramising 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.

Modern
Hydrogen

Conclusion

The shift toward sustainability in the construction
sector, particularly in asphalt production, is not just a
trend 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 guality 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 Madern's asphalt products is a step towards a
greener, more sustainable future for our roads and
the communities they serve.

To schedule a demo, contact:
Michael.Baba@ModernHydrogen.com

Learn more at
Modern-Asphalt.com and ModernHydrogen.com
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