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1. Why the Roadmap Matters 
1.1. Project sponsor, goal, and deliverable 

This project, funded by the American Concrete Institute (ACI) Foundation, aims to identify key 
barriers across the concrete pavement value chain and define actionable strategies to accelerate 
the adoption of alternative supplementary cementitious materials (SCMs), blended cements, 
alternative cements, and other nontraditional materials and technologies related to concrete 
production, placement, curing, and monitoring.  

The primary deliverable is this report, which provides a practical, stakeholder-focused roadmap 
to enable scalable implementation and support industry-wide efforts to address the limited 
domestic supply of traditional SCMs while meeting environmental, cost-effectiveness, durability, 
and performance requirements for concrete infrastructure. 

1.2. Purpose of the work 
This roadmap intends to consolidate the identification of key barriers in one place and bring 
together stakeholder perspectives to identify opportunities and potential solutions. While the 
roadmap does not aim to provide all the answers or tactical details, it is intended to serve as a 
unified document that aligns industry, research, and agency perspectives and guides coordinated 
progress. 
This effort is driven by several sector shifts, including renewed interest in using SCMs beyond 
coal fly ash and blast-furnace slag, improvements in concrete mixture design to meet 
performance-based specifications, clean procurement policies aimed at reducing the global 
warming potential of concrete, and greater attention to performance metrics beyond strength, 
such as durability.  

1.2.1. Alternative and underutilized cementitious materials 
Concurrently, emerging and underutilized materials such as natural pozzolans are regaining 
attention as viable alternatives to the most widely used slag cement and coal ash SCMs, not only 
for their ability to address certain regional supply constraints but also for advantages in cost, 
environmental performance, and supply chain resilience. In parallel, the recovery and beneficial 
use (harvesting) of impounded coal ash, now permitted under the ASTM C618 specification, 
presents an additional opportunity to supplement the SCM supply. 

However, significant barriers exist to the adoption of alternative and underutilized materials. For 
example, despite high Technology Readiness Levels (TRL 8~9) for some materials such as 
calcined clay and other natural pozzolans and the existence of applicable standards, the market 
penetration of these underutilized SCMs and low-clinker (below 75%) blended cements remains 
limited1. As noted in analyses by Columbia Business School, this is largely due to slow adoption 

 
1 Hasanbeigi, A., Srinivasan, P., Chen, H., and Esram, N. 2024. Adoption of Limestone Calcined Clay Cement and 
Concrete in the US Market. Washington, DC, pp.1755-1315. https://www.aceee.org/research-report/i2401 
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of standards, limited supply chain coordination, conservative procurement practices2, or limited 
recent field experience with these materials. 

Implementation will ultimately be driven by project owners, whose motivations vary across 
sectors. In vertical construction, decision-making is largely led by private owners, whereas in 
transportation and civil infrastructure, it is primarily governed by public agencies, often 
following a top-down, policy-driven approach. At the same time, emerging-market actors, such 
as hyperscalers with strong incentives to adopt low-carbon concrete, constitute a distinct group 
of private owners with ambitious environmental commitments.  

1.2.2. Mix Design: reducing the paste content of concrete 
In addition to reducing the clinker content of cementitious materials, another lever in improving 
performance and reducing initial cost and environmental impacts of concrete is optimizing the 
particle packing of aggregates. Unlike most ready-mix plants, mobile concrete plants used to 
produce pavement concrete typically use at least 3 aggregate bins, providing flexibility to 
improve particle packing and lower paste content, thus potentially offering concrete with reduced 
shrinkage and permeability, while also reducing carbon emissions. Barriers to optimization 
include prescriptive minimum limits on cement contents, potential permitting and space issues 
for additional aggregate bins, and limits on individual aggregate gradations. 

1.3. How this work was done 

1.3.1. Tied to the ACI foundation and ACI committees 
The project was sponsored by the ACI Foundation and supported by ACI committees, 
particularly ACI Committee 240- Natural Pozzolans, to support the evaluation, standardization, 
and implementation of alternative SCMs such as natural pozzolans in the pavement sector. 

1.3.2. How information was gathered 
Information for this effort was gathered using multiple complementary approaches to ensure a 
comprehensive understanding of the challenges and opportunities in implementing emerging 
concrete materials. First, stakeholder input was synthesized from a broad range of industry 
participants, including owners, contractors, material suppliers, and researchers, to capture diverse 
perspectives on barriers, practical constraints, and potential solutions. As part of this effort, three 
focused sessions were held with key stakeholders to gather targeted feedback; the session titles, 
dates, and details on featured speakers and panelists are provided in Table 1. Second, existing risk 
management frameworks were reviewed to identify relevant decision-making processes, 
implementation challenges, and best practices that could inform strategies for adopting new 
materials. Finally, laboratory, field, and implementation data were evaluated to assess material 
performance, durability, and real-world feasibility, providing an evidence-based foundation for 
the recommendations and actionable steps presented in the roadmap. 

 
2 Cong, J., Hoyos, I., Mishra, S., Ogawa, H., Riaz, H., Tatsuno, S., Kim, H.R., and Wagner, G. 2024. Decarbonizing 
Cement. Cement and concrete sector overview: The problem. Columbia Business School, 17th September. 
https://business.columbia.edu/sites/default/files-efs/imce-uploads/CKI/CKI%20Cement-240927.pdf#:~:text=Portland-
limestone%20cement%20(PLC)%20is%20a%20modified%20formulation,can%20be%20used%20as%20a%201:1%20replacement. 
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Table 1. Speakers and panelists at the three listening sessions on identifying barriers to implementing 
innovative concrete across the value chain, held online on 2/3/2026, 2/10/2026, and 2/20/2026. 

#  Stakeholder 
Group Speakers Panelists 

1 
Governmental 
and Private 
Project Owners 

Mathew Adams (New 
Jersey Institute of 
Technology) 
John Harvey & Somayeh 
Nassiri (University of 
California, Davis [UC 
Davis]) 

Maria Masten (Minnesota Department of 
Transportation) 
Richard Mulcahy (Massachusetts Department of 
Transportation) 
Robert Spragg (Federal Highway Administration) 
Luca Montanari (ARUP) 
Alan (Chiu) Tam (City of Los Angeles) 
Kerry Sutton (ACI NEU) 

2 
Concrete 
Producers and 
Contractors 

Peter Taylor (Concrete 
Pavement Technology 
Center) 
Burkan Isgor (Oregon 
State University) 

Larry Sutter (Sutter Engineering) 
Dana Rotkovich (KB Concrete Systems, Inc.) 
Alana Guzzetta (Central Concrete) 
Nathan Forest (California Nevada Cement 
Association) 
Kerry Sutton (ACI NEU) 

3 

Cement and 
Alternative 
cements, SCMs, 
Admixture 
Producers 

Kimberly Kurtis (Georgia 
Institute of Technology) 
Sabbie Miller (UC Davis) 

Joseph Thomas (Natural Pozzolan Association) 
Robert Shogren (Amrize) 
Terry Harris (Chryso, Inc.) 
Will Nguyen (Brimstone) 
Rudy Wiechert (Imerys) 
Larry Sutter (Sutter Engineering) 
Kerry Sutton (ACI NEU) 

2. Roadmap 
2.1. Roadmap’s outline  

The information gathered for the roadmap was organized into five key areas: 

• Technology development & validation 
• Market development & adoption 
• Infrastructure, permitting, and scale-up  
• Standards, specifications & test methods 
• Training, guidance, workforce, & implementation support 

For each area, the roadmap outlines what success looks like, why the area is important, the 
challenges stakeholders face, the actions needed to overcome them, and the roles and 
responsibilities for future implementation efforts. 
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2.2.Technology development & validation  
2.2.1. What success looks like 

Success in technology development and validation for nontraditional materials and technologies 
in pavement applications is achieved when new materials and systems are supported by 
sufficient performance data, including constructability, strength, and durability. This information 
is necessary to identify and address risks, enable supply chain development, secure funding, and 
clearly communicate the technology's benefits and limitations to stakeholders. 

2.2.2. Why this is important 
The need for alternative materials and wider adoption of underutilized materials is driven by 
declining production of traditional SCMs such as fly ash and blast-furnace slag in most regions 
of the United States, driving the supply chain to rely heavily on imports. At the same time, there 
is a significant opportunity to diversify the SCM market by incorporating locally available 
pozzolanic materials, thereby enhancing supply chain resilience, reducing dependence on foreign 
or distant sources, and stimulating local economies. 

Beyond addressing supply constraints, broader adoption of alternative SCMs should also 
promote the routine use of concrete mixtures with higher SCM replacement levels. The long-
term objective is to shift the baseline cement and concrete products used in day-to-day 
construction toward lower clinker contents, making clinker reduction the norm rather than a 
project-specific response to sustainability targets. This mindset will require both the development 
and the widespread adoption of abundant, diverse SCMs and blended cements with lower clinker 
contents, as well as a substantial increase in the reliable supply of alternative SCMs. 

2.2.3. Stakeholder challenges 
A major challenge identified across all stakeholders is the lack of sufficient short- and long-term 
performance data, which limits the ability to assess risks and make informed decisions. For 
government and private project owners, as well as Engineers of Record (EORs), the uncertainty 
stemming from a lack of clear early evidence of expected long-term performance makes it 
difficult to approve new materials and specifications. For concrete producers and paving 
contractors, the lack of production, construction, and field performance data creates hesitation, 
particularly given concerns about variability in workability, bleed water, and finishability, setting 
time, and strength development. New materials often require material-specific quality control 
programs and are less tolerant of variability, and admixture compatibility must be carefully 
evaluated through trial batching and construction mock-ups. 

From the perspective of producers of cement, SCMs, and admixtures, challenges include 
building sufficient demand to establish a reliable supply chain and scale up, updating predictive 
models for strength and durability, and achieving comparable performance while also reducing 
energy inputs. Additional challenges include securing funding for the construction of pilot and 
commercial-scale production facilities and updating existing standards—or developing new 
ones—to support the qualification and acceptance of emerging products. Collaboration with 
credible research partners, particularly academic institutions, is essential to accelerate 
development, identify and solve issues, and build confidence among end users. 
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Across all stakeholders, testing and assessment frameworks are often inconsistent and not always 
regionally applicable, and performance data are not always readily accessible. The stepwise 
research and development process is frequently bypassed, with attempts to move directly from 
laboratory testing to pilot or full-scale implementation, sometimes influenced by non-technical 
drivers or overly prescriptive constraints. There is also a tendency to rely heavily on strength 
testing, with fewer resources devoted to durability testing or constructability assessment, 
resulting in an incomplete understanding of curing procedures and interactions among multiple 
SCMs. Variability in SCM properties, such as specific gravity and water absorption, further 
complicates implementation and highlights the need for improved material characterization. 
Small-scale field demonstrations, combined with thorough documentation of constructability and 
performance, remain essential to bridge the gap between laboratory findings and field 
implementation. 

2.2.4. What needs to be done 
Moving forward, a structured and coordinated approach is required. Concrete producers will 
likely focus on a limited number of new materials at each plant or even in a given region, 
progressing through a stepwise evaluation process. Risks must be clearly identified, quantified, 
addressed, and then managed, supported by credible and accessible information. Regional 
evaluation frameworks should be strengthened by building on efforts such as Lab2Slab3, 
MnROAD4, and similar programs, as well as by establishing centralized sources of reliable 
information. 

Follow-up monitoring and documentation of test sections and pilot projects are critical to 
validate the field performance of nontraditional materials in pavement applications. 
Standardization of post-construction assessment practices through the American Association of 
State Highway and Transportation Officials (AASHTO) and the American Society for Testing 
and Materials (ASTM International) is needed. Existing test methods and specifications should 
be reassessed to ensure they remain appropriate for emerging materials. In addition, material-
specific quality control programs should be developed, and existing modeling and mix 
proportioning tools such as ACI 2115, originally developed for portland cement mixtures, should 
be updated to address new materials and used to extend laboratory and early field observations to 
broader-scale applications.  

Additional challenges, including workability issues for new construction materials and 
compatibility with admixtures, must be addressed through innovation. The development of new 
or reformulated admixtures will be important, and emerging tools such as machine learning offer 
opportunities to improve optimization and predictive capabilities. 

2.2.4.1.Priority actions  
• Identify, quantify, and mitigate risks using credible, centralized performance evaluation 

centers. 

• Expand regional evaluation programs and build on existing initiatives to accelerate 
adoption. 

 
3 https://lab2slab.ucdavis.edu/ 
4 https://www.dot.state.mn.us/mnroad/ 
5 ACI Committee 211. 2022. Selecting Proportions for Normal-Density and High-Density Concrete—Guide (ACI 
PRC-211.1-22). Farmington Hills, MI: American Concrete Institute 
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• Monitor and document pilot projects to validate long-term field performance. 
• Standardize post-construction assessment methods and update industry specifications and 

test methods. 
• Develop material-specific quality-control programs and modernize mixture design and 

modeling tools for emerging materials. 
• Address workability and admixture compatibility challenges through innovation, 

including new admixtures and machine learning–based optimization. 

2.3. Market development & adoption  

2.3.1. What success looks like 
A diverse range of materials is readily available for purchase, supported by sufficient 
performance data and standardized specifications, and accepted for use in private and 
government projects. Markets are large enough to support supply chains and economies of scale. 

2.3.2. Challenges 
Market adoption is influenced by a combination of technical, economic, and logistical barriers 
that vary across stakeholders. For government and private project owners, the primary challenge 
is balancing environmental objectives with more conventional decision-making drivers. Public 
agencies are increasingly motivated by environmental considerations, but decisions remain 
constrained by uncertainty regarding performance, cost, and other risks. In contrast, private 
owners, particularly hyperscalers, often have stated environmental goals, but still expect costs to 
remain comparable to conventional ordinary portland cement mixtures, with only limited 
willingness to pay a premium. However, concerns regarding schedule reliability, supply 
availability, and project execution often remain as important as material cost when evaluating 
new technologies. 

Risk and liability considerations are a major barrier to adoption. Those considering new 
materials may be less tolerant of variability, and early failures can significantly impact 
confidence, making it difficult to restore acceptance once issues arise. Producers are inherently 
risk-averse due to potential liability and reputational impacts. A key question remains about cost 
responsibility when performance issues arise, highlighting the need for clear risk allocation 
among stakeholders. Risks must be explicitly identified, quantified, mitigated, and managed. 
Trial projects and phased implementation approaches are essential for reducing uncertainty and 
building confidence, but risk aversion must be addressed directly to enable broader adoption.  

For concrete producers and paving contractors, the key barriers are practical and operational. 
These include limited experience and a lack of established know-how with new materials, 
uncertainty regarding variability in mixture behavior, and a lack of field data to produce early 
estimates of long-term performance and, later, to validate those estimates. Without sufficient trial 
projects and documented performance, adopters remain cautious. 
From the perspective of cement producers, alternative cements, SCMs, and admixtures, the 
challenge lies less in raw material availability and more in developing reliable supply chains that 
can deliver materials consistently across geographically dispersed markets. Regional variability 
in material properties, driven by local lithology, further complicates standardization and 
performance prediction. Transportation logistics and alignment between material production and 
end-use locations are also critical constraints. 
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Across all stakeholders, there is a need for a better understanding of long-term performance, as 
current adoption is limited by the lack of field trials and documented case studies. Additionally, 
the value proposition of these materials is not always clearly defined, considering cost, technical 
and environmental benefits, constructability, and risk. 

2.3.3. What needs to be done 
Advancing market adoption requires a targeted and regionally informed approach. Lower-risk 
applications, such as sidewalks, curbs, and gutters, should be used to build confidence and 
demonstrate performance. Supply chains must be aligned with material availability, recognizing 
regional differences in lithology and resource distribution. Logistics considerations, including 
transportation and proximity of production to markets, should be integrated into planning. 
Finally, a clear value proposition framework must be developed that communicates the multiple 
criteria of initial cost and life cycle cost and initial and life cycle environmental benefits or 
impacts (driven by performance) of alternative materials in a way that resonates with both public 
and private stakeholders. 

2.3.3.1.Priority actions 
• Use lower-risk applications, such as sidewalks, curbs, and gutters, to demonstrate 

performance, build confidence, and de-risk new materials and practices. 
• Align supply chains with regional material availability and resource distribution. 
• Integrate transportation distance, production location, and other logistical constraints into 

market planning. 
• Develop a clear value proposition that addresses initial and life-cycle costs, performance, 

environmental impacts, and risks. 

2.4. Infrastructure, permitting, & scale-up  

2.4.1. What success looks like 
Successful scale-up is achieved when materials availability and production infrastructure are in 
place to support new products at commercial volumes, with facilities that are permitted, 
financially viable, and aligned with local markets. This includes the ability to process, handle, 
and distribute materials efficiently, supported by sufficient market demand to justify capital 
investment and sustain operations. 

2.4.2. Challenges 
Scaling up production remains both technically and economically challenging. Facilities for 
mining, grinding, material handling, and processing are capital-intensive, and developing even a 
first demonstration plant requires significant investment and coordination. Limited industrial-
zoned space and funding further constrain expansion, particularly in regions with high land and 
development costs. 
Permitting presents an additional barrier, especially in California. While permitting may be 
manageable in other Western regions, projects in California often face lengthy approval 
timelines, with processes ranging from two to more than 10 years, high costs, and uncertain 
outcomes. This poses a substantial risk to developers and investors. 
Market and logistical constraints also play a critical role. While ship and rail transport, where 
available, cost substantially less per ton-mile than truck transport, materials generally cannot be 
transported long distances economically, meaning that production facilities must be situated near 
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local demand. Transportation challenges are particularly pronounced for low-density or 
lightweight materials, which can reach truck volume limits before weight limits are reached. In 
addition, smaller production volumes reduce economies of scale, increasing per-unit costs and 
making it more difficult to compete with established materials. 

A critical challenge is identifying the right raw material at the right location and in sufficient 
quantities to support production. The value proposition of alternative materials must also be 
considered in the context of existing uses, as many of these materials may already be used in 
other industries, which can affect availability and price. Ultimately, achieving sufficient scale 
remains a major barrier, as limited production volumes increase unit costs and reduce 
competitiveness.  

2.4.3. What needs to be done 
Addressing these challenges requires coordinated efforts across stakeholders, including local 
communities, materials suppliers, concrete producers, contractors, government agencies, and 
public and private concrete users. Successful examples of community engagement that 
communicate the whole picture of the benefits and impacts of local production, project 
development, and permitting should be documented and shared to build confidence and 
streamline future implementation efforts. Early and continuous stakeholder engagement is 
essential to shift community perception from opposition (“Not in My Backyard” or NIMBY) to 
support (“Yes in My Backyard” or YIMBY). Careful site selection must consider proximity to 
markets, availability of raw materials, transportation logistics, and impacts and benefits for local 
communities. Strategic approaches to capital investment are needed to reduce financial risk and 
support phased scale-up. Emerging market mechanisms, such as Book and Claim for Cement and 
Concrete6, may also help create demand certainty and generate additional revenue streams, 
thereby improving the financial viability of new production facilities and supporting investment 
in emerging materials and technologies. 

2.4.3.1.Priority actions 
• Coordinate communication of expectations across stakeholders, material suppliers, 

producers, contractors, agencies, and concrete users. 
• Document and share approaches to successful community engagement, project development, 

and permitting. 
• Engage stakeholders early and continuously to build local understanding and support. 
• Select sites based on raw material availability, market proximity, transportation logistics, and 

community impacts and benefits. 
• Use phased capital-investment strategies to reduce financial risk during scale-up. 
• Evaluate market mechanisms that can create certainty in demand and improve project 

viability. 

2.5. Standards, specifications & test methods  

2.5.1. What success looks like 
Success in this area is achieved when consistent definitions, specifications, and test methods are 
established, promptly updated, and widely adopted to support performance-based evaluation and 
the acceptance of alternative materials. This includes clear frameworks that translate laboratory 

 
6 https://rmi.org/resources/book-and-claim-for-cement-and-concrete/ 
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and field performance data into practical specifications, supported by reliable, accessible testing 
and standardization processes that keep pace with material innovation. 

2.5.2. Challenges 
A major challenge is the lack of consistent definitions, particularly for concepts such as “low-
carbon concrete,” which leads to variability in interpretation and application across agencies and 
projects. Updates to specifications are often slow, creating a gap between material innovation 
and implementation in practice. The development of product category rules (PCRs) and the 
publication of product- and plant-specific environmental product declarations (EPDs) can 
provide quantified environmental impacts to replace non-standardized and confusing labeling. 
Existing test methods also present limitations. Standard accelerated tests are not always well 
suited to alternative cementitious materials and blended systems, and differences within material 
categories make it difficult to rely on historical test data. While performance specifications are 
increasingly being considered, there is uncertainty regarding how to implement and use them 
effectively in practice. A key gap exists in performance-based quality assurance, where 
appropriate tests and acceptance criteria are not yet fully established. 
The development and updating of standards through consensus-based organizations such as 
ASTM and ACI can also be slow because it is volunteer work that is time- and resource-
intensive. Participation often requires travel to relatively infrequent meetings and significant 
volunteer time, which can limit engagement and slow the standardization process. This adds 
another layer of difficulty in keeping specifications current with emerging materials and 
technologies. 
But adopting such consensus-based national-, state-, or regional-level standards is simpler than 
navigating a myriad of state-, municipal-, private-, and project-specific standards. 
Additionally, commonly used metrics such as 28-day strength may not adequately capture the 
long-term behavior of emerging materials, particularly those with slower strength development. 
A simplified yet sufficiently informative set of tests is needed to rapidly assess transport 
properties and identify potential durability concerns relevant to applications and climate regions, 
while longer-term performance data are being generated.  

A simplified yet sufficiently comprehensive set of tests needs to be adopted or standardized to 
address durability mechanisms relevant to specific applications and climate regions. Examples 
may include ASTM C1585 (sorptivity), ASTM C1876 (bulk electrical resistivity), ASTM C642 
(porosity and water absorption), ASTM C457 (hardened air-void system characterization), and 
ASTM C1556 (chloride diffusion). Together, these tests provide a practical framework for 
evaluating moisture transport, pore structure, freeze-thaw durability, and chloride resistance 
without requiring an overly burdensome testing program and also bridge the gap between 
practical materials qualification and the availability of longer-term performance data. 

Communication and information transmission between organizations further complicate 
adoption, as knowledge is not always shared effectively among stakeholders. 

2.5.3. What needs to be done 
Advancing this area requires a shift toward performance-based frameworks that can 
accommodate a wider range of materials and behaviors. Specifications must be updated more 
regularly to reflect current technologies, but not so quickly that state and local agencies cannot 
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keep equipment and training up to date. Education efforts should be aligned with these changes 
to ensure proper implementation.  

Alternative or revised test methods and durability surrogates (examples provided above) should 
be developed and validated to better represent the long-term performance of new materials. 
Modeling tools can help bridge gaps between laboratory results and field performance, while 
benchmarking specifications across regions can promote consistency and accelerate adoption. 
Efforts to streamline participation in industry-led standards development and broaden 
engagement in federal, state, and local standards development, without further slowing them, can 
also help reduce barriers and accelerate updates. Providing model specifications and organized 
programs for the widespread dissemination of updates to performance and constructability 
information can help prepare standards developers to move forward.  
Consideration can be given to using a mix of in-person, hybrid, and virtual mid-year ASTM and 
ACI meetings to reduce the travel burden and increase participation in standards development. 
Using intermediate virtual meetings between in-person meetings can speed up technical work 
and discussions, facilitate consensus development, and lead to more efficient use of in-person 
meetings. While useful for accelerating standards development, virtual meetings alone have 
limitations: it is difficult to “read the room” to engage all participants and address different 
viewpoints when new concepts are being proposed. 

A mechanism to provide even modest funding for the technical work associated with 
specification development could help improve the consistency of stakeholder participation. 
Developing, reviewing, validating, and updating specifications often requires a significant time 
commitment from subject-matter experts, much of which is currently provided on a voluntary 
basis. 
Existing efforts, including committees that review emerging data and inform agencies, should be 
strengthened and formalized to ensure timely and consistent specification updates. 

2.5.3.1.Priority actions 
• Advance practical performance-based specifications that accommodate a wider range of 

materials and behaviors. 
• Update specifications at a regular but implementable pace, with education and training 

aligned to the changes. 
• Develop and validate revised test methods, durability surrogates, and modeling tools for 

long-term performance. 
• Benchmark specifications across regions, provide model specifications, and organize the 

dissemination of technical updates. 
• Use a mix of in-person, hybrid, and virtual meetings to broaden participation and accelerate 

standards development. 
• Provide targeted support for technical standards work and formalize committees that review 

emerging data. 

2.6. Training, guidance, workforce, & implementation support  

2.6.1. What success looks like 
Success is achieved when the industry has clear, accessible guidance and training that supports 
consistent implementation of new materials across all scales. This includes well-defined 
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practices for production, construction, curing, and quality control, as well as a workforce 
equipped with the knowledge and skills to use new materials confidently. It also requires that 
information be widely available, communication be consistent across the supply chain, and 
stakeholders—from producers to contractors to owners and designers—be aligned in their 
understanding of both risks and benefits. 

2.6.2. Challenges 
A key challenge is the gap between laboratory findings and field implementation. Good 
performance of materials under controlled laboratory conditions does not always scale directly to 
production environments, where mixing, batching, and placement in variable climate conditions 
and with different equipment and operators introduce additional variability. Scaling requires 
time, iteration, and practical experience and cannot be validated through a limited set of 
laboratory tests alone. Trial batches, mockups, and early collaboration with contractors are 
essential but are not always systematically incorporated into project development. In addition to 
logistical challenges, these activities can pose significant cost barriers, necessitating dedicated 
funding mechanisms to support implementation and de-risk the adoption of new materials and 
technologies. 

From an operational perspective, there are significant knowledge gaps regarding trial batching, 
curing procedures, and material handling logistics. Material suppliers and producers may not 
fully understand how new materials behave in real-world production environments, and smaller 
producers, in particular, are often harder to reach with training and guidance. Coordination 
between producers and contractors is critical but not always well established, leading to 
inconsistencies in execution. 

Successful implementation requires coordinated, system-level integration across stakeholders. 
Codes and specifications alone are insufficient; effective adoption depends on strong 
communication, alignment across the supply chain, and repeated, consistent messaging to ensure 
shared understanding. A complete system is needed, including specifications, supply chain 
readiness, testing frameworks, codes, guidance documents, and education. Sharing data from 
early adopters, including large private entities such as hyperscalers, can help accelerate learning, 
build confidence, and enable the sharing of other successful regional experiences.  
Workforce-related challenges further complicate implementation. There is often a disconnect 
between startups or materials developers and the concrete industry, particularly regarding 
practical production and delivery requirements, as well as standards and specification 
compliance. Many individuals working in the field are trained exclusively in conventional 
concrete technology, and existing educational efforts on the underlying concepts of concrete 
technology and new materials do not always reach smaller engineering firms or ready-mix 
producers. At the same time, there is an opportunity to engage and motivate younger 
professionals interested in innovation but who need clearer pathways to participate and 
contribute effectively. Development and inclusion of new materials for use in university and 
technical school training will help produce an increasingly knowledgeable workforce.   
Communication and outreach present additional barriers. There is no centralized location where 
information on materials, performance, and best practices is consistently shared, and funding for 
outreach and information dissemination is limited, even within a given region. As a result, key 
messages must be repeated across multiple platforms, and stakeholders are not always reached 
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effectively. There is also a need to educate customers and decision-makers without overselling 
the technology, maintaining credibility while addressing risk aversion. 

2.6.3. What needs to be done 
Addressing these challenges requires coordinated efforts across training, workforce 
development, information accessibility, and communication. Standardized approaches for 
implementing new materials should be developed, including guidance on variability, quality 
assurance, curing, and construction practices. Trial batching and field mockups should be 
integrated as standard implementation steps, with early involvement of producers and contractors 
to better understand the materials’ performance, reduce risk, and help ensure constructability. 
(Learn on the mockup, not on the project). 

Workforce development efforts should focus on bridging the gap between innovation and 
practice by providing targeted education for small producers and engineering firms, practical 
training for field personnel, and training at universities and trade schools. Collaboration across 
stakeholders responsible for each of these education and training areas should be strengthened to 
align expectations and improve execution. There may also be significant opportunities to 
leverage industry-led initiatives, such as Concrete Industry Management (CIM) programs7, to 
support workforce development, technology transfer, and implementation efforts. 
In parallel, communication and outreach must be improved through centralized platforms that 
provide accessible, credible, and consistent information. Efforts should focus on clearly 
communicating the value proposition of new materials—cost, environmental benefits, and supply 
chain resilience—while addressing risk concerns. Particular emphasis should be placed on 
providing transparent and independently verified environmental performance data. Greater 
reliance on independently conducted or third-party verified LCAs would improve credibility, 
enable more meaningful comparisons among alternatives, and increase confidence among 
owners, designers, and other decision-makers. 
Documenting and sharing successful and unsuccessful projects will be critical to building 
confidence and accelerating adoption across the industry. Training on standardized approaches to 
new material development and implementation that assess and address risks should be part of 
education and communication. This will provide stakeholders with an understanding of the 
stages of development, risk assessment, and mitigation a new material has undergone, and what 
to expect and request in terms of information. 

2.6.3.1.Priority actions 
• Develop standardized guidance for variability, quality assurance, curing, and construction 

practices. 
• Make trial batching and field mockups standard implementation steps, with early 

involvement of producers and contractors. 
• Expand practical training for small producers, engineering firms, field personnel, 

universities, and trade schools. 
• Strengthen collaboration among training providers and leverage industry-led programs for 

workforce development. 
• Create centralized platforms for credible information and clearly communicate cost, 

environmental benefits, and supply chain resilience. 
 

7 https://www.concretedegree.com 
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• Document and share successful and unsuccessful projects, and provide training on risk 
assessment and mitigation throughout material development and implementation 

3. Key Takeaways 
• Benefits of implementation can include cost, performance, supply chain robustness, and local 

economic development, in addition to environmental benefits 
• Adoption is often limited by real or perceived risk, cost, permitting, and lack of 

implementation frameworks; however, for some emerging materials and technologies, 
concerns regarding performance, consistency, and reliability also remain important barriers 
to large-scale deployment 

• Clinker reduction pathways exist, but market uptake depends on supply chain alignment and 
standards and specifications and repeated, consistent demonstration of adequate performance 
across multiple laboratory, field, and durability metrics. 

• A stepwise approach for risk assessment, mitigation, and management (lab → pilot → field) 
is required—short-circuiting this process often leads to failure, which damages confidence 
and increases risk averseness 

• Risk must be explicitly managed, with step-wise assessment and mitigation, clear allocation, 
and use of trial projects to build knowledge and confidence 

• Performance-based specifications, QA frameworks, and timely updates to building codes and 
specifications are critical for scaling new materials, but they must be practical and 
implementable 

• Regional approaches are necessary, given the variability in material availability and logistics 
• Training, communication, access to reliable information, and coordination across 

stakeholders are essential for successful implementation 
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