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Background
While decarbonization of the energy and 
industrial sectors has advanced in recent years, 
the delivery and management of transportation 
infrastructure has received comparatively less 
attention and development. The Texas Department 
of Transportation (TxDOT), which manages one of 
the nation’s largest infrastructure networks, has 
an opportunity to build a foundation for adopting 
innovative, carbon-reducing technologies as 
they become more viable. By assessing the state 
of Carbon Capture, Utilization, and Storage 
(CCUS) technologies today, TxDOT can prepare 
to take advantage of future policy shifts, funding 
opportunities, and industry advances that will 
shape sustainable, resilient and cost-effective 
infrastructure development in the coming decades.

What the Researchers Did
The research team undertook a comprehensive, 
multi-method assessment of CCUS for 
transportation infrastructure applications. The 
researchers began with a technical review of 
CCUS methods used across industries, ranging 
from direct approaches such as pre-combustion, 
post-combustion, and direct air capture, to 
indirect methods such as mineralization, 
afforestation, and bioenergy with carbon capture 
and storage. Material-focused innovations were 
also evaluated, including advances in concrete, 
asphalt, aggregates, steel, and soil stabilization, 
along with sector-specific applications within the 
transportation industry. Each CCUS technology 
was assessed for its Technology Readiness Level 
(TRL) to help determine its near-term potential.

A lifecycle case study was then conducted on 
a major TxDOT project, the I-35 CapEx South 
project, to evaluate the impacts of CCUS-aligned 
alternatives. Select strategies were modeled and 
compared using a simplified life cycle assessment 

(LCA) methodology. In parallel to this work, a 
national survey of departments of transportation 
(DOTs) was carried out to obtain perspectives on 
awareness, barriers, and opportunities related to 
CCUS adoption. 

Finally, the research team developed an 
implementation guideline resource, which 
includes a series of steps (distilled from the key 
literature findings and from firsthand insights 
obtained from the LCA study) to guide decision 
making for incorporating CCUS into TxDOT project 
planning. 

What They Found
The research found that materials innovation 
represents the greatest near-term opportunity for 
cost-effective emissions reductions. In particular, 
concrete offers the most immediate potential 
through CO₂-mineralized concrete (such as 
through the technology matured by CarbonCure), 
supplementary cementitious materials like fly 
ash, slag, and limestone calcined clay cement, 
and recycled aggregates. These solutions not 
only lower embodied carbon, but also improve 



durability, reduce maintenance needs, and lower 
lifecycle costs. Nature-based solutions also 
presents a highly viable CCUS option for TxDOT 
(in the form of right-of-way vegetation through 
native grass species and cactus vegetation). 
The result of the nationwide survey found that 
most state DOTs remain in the early awareness 
stage with respect to CCUS. While interest is 
growing, implementation is hindered by high 
costs, regulatory uncertainty, and limited 
performance data. However, DOTs expressed 
strong interest in pilot projects, case studies, and 
guidance documents. This shows that TxDOT has 
the opportunity to take a national leadership role 
by validating and standardizing CCUS applications.

What This Means
The research concludes that TxDOT is well 
positioned to begin integrating CCUS into its 
planning and procurement processes. Although 
immediate, large-scale deployment of CCUS in 
transportation is not yet feasible, low-carbon 
concretes, supplementary cementitious materials, 
and advanced asphalt mixes are already ready 
for adoption. By piloting these solutions and 
updating specifications, TxDOT can align 
procurement practices with sustainability goals, 
leverage prospective future federal incentives and 
ensure that projects meet evolving performance 
standards.

Ultimately, this project provides TxDOT with the 
technical foundation and decision framework 
necessary to adopt CCUS technologies into 
its projects. While CCUS is still nascent in 

its widespread deploying, it represents an 
opportunity as a strategic enabler for reducing 
embodied carbon, enhancing resilience, lowering 
costs, and delivering longer-lasting infrastructure, 
and preparing the agency to capitalize on future 
opportunities. The key value of this research 
lies in equipping TxDOT to respond proactively, 
efficiently, and credibly as CCUS becomes a 
greater priority in transportation planning and 
environmental policy.
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