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ABSTRACT 

Construction materials represent an intersection between buildings and industry for 

meeting decarbonization goals in both sectors. Manufacturer support is essential for successful 

efforts to label, report, and track the embodied carbon content of building materials, effect a 

market transformation, and support development of codes and standards for building materials. 

The authors engaged key materials manufacturers and trade associations (i.e., steel, 

cement, wood products, insulation, chemicals, aluminum), along with stakeholders from the 

buildings and codes/standards communities to propose a market transformation approach for 

embodied carbon that includes its characterization, reporting, and procurement. Hurdles to 

overcome, in advancing the greater use of low-carbon materials and promoting market 

transformation, include strengthening the underlying knowledge infrastructure, ensuring robust 

industrial commitments, creating supportive government policy, economic incentives, codes, and 

standards, and advancing technology innovations.  

In making the business case for low-carbon material production, this paper describes the 

economic demand, policy, and regulatory market drivers, assesses the risks of business-as-usual 

versus making the switch to low-carbon products, presents a rationale for change that describes a 

future vision for industry, and describes a pathway toward transformation. 

Introduction 

The buildings and construction sectors are responsible for approximately 39% of global 

energy-related carbon emissions annually as of 2018, with 28% due to building operations (from 

energy needed to heat, cool, and power buildings) and the remaining 11% (referred to as 

“embodied carbon”) from the manufacture of building materials and products such as steel, 

cement, aluminum, and the construction process itself (GABC 2019, 2020). In the United States, 

the production of iron and steel, cement, and aluminum accounts for 7%, 6%, and 2% of carbon 

emissions, respectively, although the produced materials are used in many applications in 

addition to building construction (IEA 2021, EPA 2021a, WEF 2020). Targeting and reducing 

the embodied carbon of building materials represents an effective mechanism for reducing 

carbon emissions in the buildings and industrial sectors simultaneously. In addition, materials 

like steel and concrete are heavily used in the construction and maintenance of infrastructure 

such as roads, bridges, and water systems, which further expands the potential impacts of 

embodied carbon reduction efforts. 



 

 

This paper assesses how a market transformation approach could enable the increased 

production and availability of low-embodied-carbon materials by the manufacturing sector while 

encouraging the more-consistent use of such materials in building construction. Further, it makes 

the case for why change is required, considers how the change may be made by identifying the 

elements needed for a market transformation, and broadly proposes the business case for 

including embodied carbon in building codes. 

What Is Embodied Carbon and Why Is It Important? 

Embodied carbon refers to carbon emissions associated with the manufacture of building 

products and construction, from raw material extraction to manufacturing, transportation, and 

installation, to product use stages, to end-of-life disposal or recycling. These activities 

correspond to the A1-A5, B1-B5, C, and D life stages in a product lifecycle as shown in Figure 

1. Embodied carbon is responsible for 11% of global greenhouse gas (GHG) emissions, 23-28% 

of global building sector emissions, and potentially up to 72% of emissions associated with 

global new construction between now and 2030 (Architecture 2030).  

 

 
Figure 1. Embodied carbon definition and life cycle stages (Esram and Hu 2021). 

The world population is projected to grow dramatically over the next 40 years, and the 

global building floor area is expected to double by 2060 with the addition of 2.4 trillion ft2 (230 

billion m2) of new floor area to the global building stock. This is the equivalent of adding an 

entire New York City to the world every month for 40 years (GABC 2017, Architecture 2030). 

The projected increase in new construction is tied to the increased use of building materials and 

an associated increase in embodied carbon emissions. 

Furthermore, as operational carbon from existing and new buildings decreases with the 

use of energy efficiency measures, building energy upgrades, and use of renewable energy to 



 

 

power buildings, the share of embodied carbon emissions in total building emissions is set to 

increase proportionally (Architecture 2030, GABC 2017). A study published in 2016 looking at 

90 case studies showed that for low-energy buildings, embodied carbon accounted for 30-60% of 

total lifecycle carbon, while in net-zero-energy buildings, embodied carbon accounted for 75-

100% of total lifecycle carbon (Chastas, Theodosiou, and Bikas 2016).  

It is important to recognize that low-carbon materials need to meet the same performance 

parameters (e.g., structural, thermal) as conventional materials and the embodied carbon 

emissions in building materials are fixed in the building structure once the construction process 

is completed. That means it is critical to reduce the embodied carbon at the point of manufacture 

and during the design and construction phases. This opens the door for the industrial sector to 

play a leading role in reducing building GHG emissions and help reach Paris Agreement GHG 

reduction goals. 

Three high impact building materials account for 23% of total global emissions from the 

built environment—steel (10%), concrete (11%), and aluminum (2%)—so reducing the 

embodied carbon from the production of these materials is an important area of focus for policy, 

design, material selection, and specification to help reductions for buildings (GABC 2018). 

While there was a temporary reduction in energy-related emissions from the buildings sector in 

2020 due to the COVID-19 pandemic, emissions have rebounded in 2021 as economies reopen 

and building construction activities ramp up (GABC 2021). 

Collaborative Pathways to Reduce Embodied Carbon 

With growing calls for building owners and real estate companies to take climate actions 

(Boland et al. 2022), leading engineering firms are looking to significantly reduce carbon 

emissions from energy-intensive building materials through initiatives such as MEP 2040 and 

SE2050 (CLF 2020, 2021). One emerging and promising route is to require manufacturers to 

report and disclose the embodied content of these materials through Environmental Product 

Declarations (EPD)1, which can aid building designers and policymakers in setting purchasing 

specifications and building standards associated with embodied carbon, while enabling material 

suppliers to respond to customer demands for lower-carbon products. It also gives the buildings 

and manufacturing communities the opportunity to collaborate on practices for assessing and 

tracking embodied carbon through their supply chains. EPDs serve as an important tool for the 

public and private sectors to support discussions on building codes to reduce embodied carbon.  

Several efforts are currently building momentum in this arena, including voluntary rating 

systems, “Buy Clean” initiatives, and voluntary reporting and disclosure protocols. Building 

codes and standards can be an effective tool to influence design and construction practices in the 

building community and accelerate reductions in embodied carbon from the built environment. 

However, two central questions are whether industry has the capacity and necessary tools to 

collect, track, and report embodied carbon data through the supply chain, which is needed for a 

robust knowledge infrastructure underpinning standards and codes development, and whether 

industry has bought into the business case for producing low-carbon materials. Thus, creating 

 
1 An EPD is defined by the International Organization for Standardization (ISO) 14025 as a Type III declaration that 

“quantifies environmental information on the lifecycle of a product to allow comparisons of different products with 

the same function based on standard LCA principles” (ISO 2006a, ISO 2006b). 



 

 

market pull for the production of low embodied carbon building materials represents another 

market challenge linking the buildings and industrial sectors. The growing demand for materials 

is due to the increasing need for buildings and floor area (GABC 2018, OECD 2019) and 

replacement of aging or climate-related damaged infrastructure (ASCE 2021, NOAA 2021). 

Additionally, bills passed by the U.S. Congress in 2021 are set to upgrade roads, bridges, and 

water infrastructure (WEF 2021). Thus, switching to lower embodied carbon materials is 

important to limit emissions from these construction activities. Other federal legislation is also 

expected to impact the manufacturing sector’s transition to low carbon fuel sources and 

consequent production of innovative, lower embodied carbon building materials (ACA 2022). 

A Market Transformation Approach 

Changing a complex market involving multiple actors is challenging. It is important to 

engage all market players to shift decisions and incentives for all actors to transition to a new, 

preferred state. This concept has been implemented many times over the past 30 years with 

energy-efficient appliances and equipment, using an approach referred to as market 

transformation. 

Market transformation is defined as "a set of strategic interventions that aim to alter the 

market by removing identified barriers and leveraging opportunities in an attempt to cause 

lasting changes in the structure or function of a market, or the behavior of market participants, 

resulting in an increase in the adoption of energy-efficient products and services and making it a 

matter of standard practice” (ACEEE 2016). The term “market transformation” appears to have 

first been used at the 1992 ACEEE Summer Study in a paper on energy efficiency in buildings 

(Eckman, Benner, and Gordon 1992). 

The marketplace for construction materials represents an intersection between the 

building design and construction industry and the construction material manufacturers and 

involves an interconnected supply chain that provides the information needed to select products 

and deliver them to the construction site. For a market transformation effort to be successful, all 

these market participants must be engaged, and their needs and concerns must be addressed. It is 

also important for all market actors to have clear and consistent information on which they can 

act. In comments shared during interviews, most materials manufacturers noted they have not 

been very engaged in this process and they expressed concerns about policymakers’ expectations 

of the industrial sector and uncertainty about compliance with forthcoming requirements and 

regulations. 

Methods and Sources of Knowledge 

To gather stakeholder perspectives on how to drive a market transformation toward the 

selection of low embodied carbon building materials, the authors reviewed the literature and 

interviewed a range of stakeholders from the industrial, buildings, and codes/standards 

communities to identify elements needed for the transformation. ACEEE also hosted an initial 

meeting on how the buildings and industrial sectors might collaborate to tackle embodied carbon 

together. Interviewees and stakeholders included representatives from trade associations for the 

steel, cement, insulation, and wood products industry, as well as current and former employees 

from the steel, aluminum, and chemical industries. The authors also gathered input from 



 

 

members of the structural engineering, architectural, and design communities, some of whom 

were also members of building codes and voluntary standards development committees. The 

questions raised during this process focused on the current state of embodied carbon initiatives in 

each industry or sector, the barriers to adopting low embodied carbon products or codes, and the 

incentives, partnerships, and pathways required to advance the transformation process.  

This research identified several elements that influence the strength and durability of 

customer demand for low embodied carbon products both globally and in the United States. At 

minimum, these include the market demand for building materials, the economic environment, 

and the policy and regulatory environment for low carbon alternatives. 

Drivers of Market Transformation 

The following factors are expected to influence the demand for low embodied carbon 

products and consequently drive changes in the market for low embodied carbon materials. 

Federal and State Policies on Low-Carbon Construction Materials 

Over the past few years, California, Colorado, and Washington have enacted Buy Clean 

legislation, and at least five more states (Oregon, Texas, Minnesota, New York, and New Jersey) 

are considering it, all of which will impact building products manufacturers (CA 2017, CGA 

2021, WEC 2020, AISI 2022). In late 2021, the White House issued Executive Order 14057, 

Catalyzing Clean Energy Industries and Jobs Through Federal Sustainability, and an 

accompanying plan to launch the first-ever federal Buy Clean program (WH 2021, 2022). These 

Buy Clean initiatives guarantee that low carbon products and materials are used for large-scale 

public infrastructure projects and will drive increased demand for these products, while also 

increasing demand in the private sector. 

International Agreements and Foreign Policy  

Several international treaties and goals could potentially drive the push toward low 

embodied carbon materials. For example, the 2015 Paris Agreement included goals limiting 

global warming to well below 2°C and for carbon dioxide (CO2) emissions to peak as quickly as 

possible in the coming decades (UNFCCC 2015). To achieve the Paris Agreement goals, there is 

a push to decarbonize the global buildings and construction sector by 2050 by reducing 

emissions from the manufacture of building materials and construction and avoiding future 

embodied carbon emissions by adopting circular economy, reuse, and recycle principles (GABC 

2021). 

The United Nations Framework Convention on Climate Change along with partner 

organizations and coalitions have set goals for a sector-wide transformation that includes 

stipulations such as halving emissions in the building sector by 2030, ensuring 100% of new 

buildings have net zero carbon operations, ensuring at least 40-50% reduction in embodied 

carbon, and having all new and existing assets at net zero across the whole lifecycle, including 

operational and embodied emissions, by 2050 (UNFCCC 2021).  

In the past, embodied carbon was addressed largely through voluntary approaches, with 

many countries, regions, and cities using certification systems, standards, and guidelines, 



 

 

including in Europe and North America. Going forward there is likely to be a greater focus on 

whole-life carbon and circular economy considerations in policy frameworks (EC 2020). Several 

countries are introducing GHG emission limits for new buildings, lifecycle assessment 

requirements for public buildings, or national net zero commitments. Such international efforts 

have important implications for industries like steel, cement, aluminum, and chemicals, which 

have transnational business and manufacturing interests and supply chain considerations. 

Rationale for Change 

In the current policy and market context, increasing the production of low embodied 

carbon products may be considered a risk mitigation strategy with several potential benefits for a 

material manufacturer. It insulates manufacturers from the risk of loss that comes with customers 

switching from regular construction materials to low-embodied-carbon products, changes in 

codes and standards that specify low-carbon materials, and changes to local, state, national, and 

international policies, and regulations, including carbon border adjustment mechanisms (KPMG 

2021) that favor low-carbon materials. Making the transition to low-carbon material production 

may increase market competitiveness both domestically and internationally. It also helps 

manufacturers with corporate climate disclosures and GHG-reduction commitments that are 

required for scope 1 and scope 2 emissions and possibly scope 3 emissions (SEC 2022). From a 

cost-benefit perspective, despite substantial financial and capital investments required in the 

short term to make the switch to new technologies, there are potential benefits to be gained from 

increased sales in the longer term. Anticipating and responding to economic and regulatory 

signals supports future business sustainability and brand reputation.  

A transformed market will create businesses opportunities, including preparation for and 

financial protection from climate risks, alignment with market demand, contribution to the 

reduction in GHG emissions, protection of shareholder investments, and growth of the business 

in new directions. Participating in a transformed market will allow manufacturers to build strong 

coalitions of like-minded manufacturers and political groups. A transformed market will also 

lead to an increase in domestic jobs, ensuring the support of labor groups and unions, and garner 

the support of environmental groups, all of which will help facilitate policy development that is 

favorable to industry and the manufacturing sector.  

A Vision of the Transformed Market 

Future of manufacturing materials. The future of low embodied carbon manufacturing will 

include many facets, depending on whether new building materials are being produced or 

previously used materials are being recycled and re-used. There are some differences in the way 

primary and secondary steel and aluminum are viewed, valued, and handled in the marketplace, 

and potentially in codes and standards. Alterations in traditional compositions of cement and 

concrete and reuse of concrete are being assessed for performance to ensure they meet the 

durability, strength and other requirements established in codes and standards. 

For the production of new materials, there will be a reduced (or no) reliance on fossil 

energy sources, with increasing renewable energy use to power the manufacturing process for 

materials like steel, cement, and aluminum that rely on high process heat and consequently have 

high embodied carbon. For materials like cement and concrete, strategies to reduce clinker in 



 

 

their composition and the use of blended cements will become increasingly more important. 

Circularity of material use, reuse, and recycling of building materials will also assume greater 

value as the circular economy approach gains traction across the building, construction, and 

manufacturing sectors. Several countries in the UK and the EU are already setting up industrial 

clusters to promote industrial ecology principles (EU 2021, UK 2022). 

Equity considerations. The vision for the future also includes just and equitable considerations 

in future workforce development and public health for disproportionately impacted and 

disadvantaged communities that work for or live near industrial and manufacturing 

establishments and may have heightened environmental exposures.  

Role for codes and standards. A transformed market would also result in a new role for 

building codes. Currently, building codes specify energy provisions and energy consumption in 

the form of energy conservation codes. In a transformed market, newly enacted building codes 

would specify material- and manufacturer-agnostic performance requirements for low carbon 

building materials, which would create market pull for the innovation and production of low-

carbon materials by all manufacturers in an industry, without picking winners and losers.  

How to Facilitate the Market Transformation  

In interacting with stakeholders, the authors noted observations that offer a baseline for 

the transformation process. Manufacturers from all subsectors are aware of and interested in 

being engaged on the issue of embodied carbon. However, different industrial, buildings, and 

codes/standards stakeholders are at different points in the process of innovating and developing 

their capacity to produce low-embodied-carbon products. These stakeholders have differing 

viewpoints on the best starting point for the path to market transformation. But, nearly all 

stakeholders advocated for a unifying and coordinating government role in the market 

transformation process for embodied carbon. 

This research ascertained overarching general considerations that may be slowing the 

market transformation process. Additional focus or clarity in these areas could serve to accelerate 

the transition. Institutional inertia exists at various levels stemming from being unsure of where 

to begin, a lack of knowledge or unwillingness to deviate from choices that have worked 

historically. Unintended consequences of incomplete or non-responsive embodied carbon 

policies that arbitrarily include some material categories and omit others create implementation 

hurdles for companies. Industrial efforts are often ahead of government policy and regulation 

leading to a mismatch in implementation timelines (e.g., the steel and cement/concrete industries 

have developed low-carbon alternatives that have not yet been incorporated into codes and 

standards, which limits their use in the construction sector). There is a lack of accurate, accepted 

embodied carbon data on which to base lifecycle assessments (LCA), develop EPDs, and 

ultimately establish codes and standards. Many construction materials industries operate on low 

margins and require support to make the transition. Existing trade barriers require U.S. 

manufacturing to be incentivized to stay competitive in the international market. For example, 

the steel industry has already made the necessary capital investments to develop low-carbon 

technologies, but it is hampered by the lack of supportive government policy to address carbon 

border adjustment mechanisms (CBAM), which in turn reduces the competitive strength of the 



 

 

U.S. steel industry. Lastly, there is a need to level the playing field across small, medium, and 

large firms to ensure that all can participate in the process and have their concerns addressed. 

The research identified the following main elements are required to facilitate a market 

transformation: 

Industrial and Building Sector Strategic Initiatives and Voluntary Commitments  

Key manufacturing sectors, including cement, have formally articulated their 

commitments to lower carbon materials through the development of roadmaps to carbon 

neutrality (PCA 2021), while others are shifting to the production of low carbon materials (steel) 

or advertising low carbon alternatives (wood products). Some industries are promoting and 

supporting emission reductions across the entire value chain (cement) and advocating for natural 

carbon sink qualities offered by their products (cement, wood) as a means of offsetting carbon 

emitted during the manufacture and transportation stages of the lifecycle.  

Stakeholders from the structural engineering community highlighted ongoing voluntary 

commitment programs such as the SE2050, through which 75 firms have committed to work 

toward net zero carbon over the next 30 years. Additionally, initiatives such as the SE2050 

Database project are collating data from low embodied carbon building projects to inform and 

create benchmarks and targets for use of low carbon materials in prototype or archetypal 

buildings to reduce embodied carbon emissions and fill acknowledged data gaps at the whole-

building level (Esram and Hu 2021). These kinds of commitments from the industrial and 

building communities show the interest and motivation within these sectors and should be further 

leveraged and amplified in the market transformation. 

Role for Government in Policy Support  

Several stakeholders shared that the industrial and buildings sectors lacked a level 

playing field. Typically, only elite or large firms, savvy building owners, or flagship construction 

projects tend to consider embodied carbon issues. Additionally, building products, design, and 

construction firms tend to have very thin margins and may not be able to answer the call for 

improvements purely on a voluntary basis. Not everyone participates unless there is a 

requirement to do so. A key element required for market transformation for embodied carbon is 

an active leadership role by government agencies to support development of whole-building 

databases, protocols, standards, benchmarks, and goal setting.  

Stakeholders sought government support, with industry input, for the development of 

whole-building LCAs and EPD regulatory frameworks, systems, and policies that are transparent 

and trustworthy, based on accurate measurements, allow equivalent comparisons, and eliminate 

the risk of gaming and greenwashing. Other possible areas for government involvement include: 

the creation of a mandate in the form of standards or requirements for the use of low embodied 

carbon materials that include minimum prescriptive elements coupled with performance-based 

requirements, advancing the research and development of innovative low embodied carbon 

technologies, and supporting the development of common, widely accessible databases and tools 

that consider both operational and embodied carbon in a balanced whole-building approach.  

At the same time, industry stakeholders highlighted important barriers to relevant and 

robust policy development such as the lack of inclusion of material manufacturers in the policy 



 

 

development process from the beginning to inform what is feasible and the need to work together 

in creating policy that will constructively advance low-carbon initiatives. Several groups along 

the market value chain, including industry and the building architecture and engineering 

communities, noted they have not always been engaged in the policymaking process, at either the 

federal or state levels. This lack of involvement of all impacted market entities at the state and 

federal levels has resulted in potential implementation hurdles, including lack of awareness, 

longer timelines, and feasibility concerns for small and medium-sized entities. 

Technology Innovation 

With respect to technology research, development and demonstration (RD&D) and pilot 

deployment projects, stakeholders advocated for elements such as: the deployment of innovative 

technologies to reduce emissions while simultaneously working on other elements such as 

building the knowledge infrastructure to reduce the time required to bring low-carbon 

technologies to market; the involvement of as many stakeholders as possible in the market 

transformation process, which will spur innovation by applying pressure at multiple points along 

the market value chain; and the establishment of a mandate by government or the codes and 

standards community to reduce product carbon intensity through the use of low carbon 

technologies that create low embodied carbon building materials and ensuring these new low 

carbon materials are rapidly incorporated into the generally lengthy codes and standards 

development process. 

Strong Knowledge Infrastructure 

While LCAs and EPDs are a key pathway for advancing low embodied carbon materials, 

the knowledge infrastructure (data, methodologies, and tools) that underpins LCAs and EPDs 

contains significant gaps that remain to be addressed. A recent study (Esram and Hu 2021) 

found: many LCA databases rely on secondary (not primary) data; there is a lack of 

standardization and transparency of databases (documentation not readily available); there is 

limited whole-building-level assessment data, methodologies, and tools for benchmarking and 

goal setting; there are discrepancies in embodied carbon results between different tools and a 

lack of standardized procedures to benchmark tools; there is greater focus on upfront embodied 

carbon and less on use-phase and end-of-life stages; and there is a lack of supply chain data and 

insufficient understanding of how to integrate recycling/reuse data.  

Industry stakeholders also expressed several specific concerns with the existing 

knowledge infrastructure and barriers to its reliability and use such as: the inability to rely on 

EPDs for an apples-to-apples comparison between products and the need for data harmonization 

and elimination of potential gaming of the system by EPD creators; the failure to recognize the 

historic/stored/sequestration benefits of certain materials such as wood and cement and 

accounting for stored carbon in buildings long term; a siloed approach in considering operational 

and embodied carbon that limits significant, accurate, whole building and total carbon dataset, 

and LCA method development; the lack of a database of projects and simple tools to help 

architects and designers assess embodied carbon; the need for a mandate to create design and 

data consistency with EPDs and to level the playing field and bring firms of all types and sizes 

into the transformation process, not merely elite, large ones; and the need for a tool (similar to 



 

 

energy modeling) that allows varying data inputs to show how a project can balance operational 

and embodied carbon to meet optimal goals. 

Despite these barriers, industry stakeholders pointed to promising, current efforts to 

strengthen the knowledge infrastructure, such as: the insulation subsector, which is leading EPD 

development and advocating for reliable LCAs and data on which to base EPDs; and the wood 

products subsector, which has committed to transparent interactions with stakeholders and 

partners, robust dataset development (representing 86% of the wood market) to facilitate creation 

of comparable EPDs, and collaboration with the forest sector (upstream supply chain), NGOs, 

and LCA tool developers to share data and identify issues of concern. 

Economic Incentives 

Economic incentives can take many forms, including incentives for manufacturers and 

the industrial sector to make low carbon products, for end-use consumers to purchase low carbon 

products, and to increase overall demand for low carbon products across the market spectrum 

from supply to demand and all points in between. Institutional investors and the financial 

marketplace may also motivate low carbon product development and adoption based their 

exposure to the financial risks of climate change.  

Standards and Building Codes 

Stakeholders from the building sector and codes/standards communities noted that it 

could take a decade or more to develop new ANSI standards and codes and have them adopted 

by local jurisdictions. Therefore, code development should occur simultaneously while the 

knowledge infrastructure that underpins standards and codes is being clarified and strengthened. 

Additionally, standards currently being developed may offer clues to where manufacturers and 

builders can focus their efforts to identify, manufacture and use low embodied carbon products. 

Stakeholders from the architect, designer, and codes/standards communities noted that 

AIA 2030, SE2050, and MEP2040 have already established various goals to reach operational 

zero and net (whole life) zero carbon emissions between 2030 and 2050. The most recent 

ASHRAE 90.1 Appendix G (ASHRAE 2019) took the initial step of including the conversion of 

energy consumption to carbon emissions, so both energy and carbon may be considered. 

California’s Marin County uses a material-based approach that offers both a performance-based 

compliance path and a prescriptive concrete strength-based limit for builders to meet concrete 

emission requirements (Marin 2019).  

Some stakeholders advocated for a mandate by the codes/standards communities for 

LCAs and EPDs with minimum prescriptive requirements coupled with performance-based 

requirements. In the case of concrete for example, performance-based specifications may relate 

to cement quantities, water-to-cement ratios, supplementary cementitious materials (SCMs) 

quantities, or low carbon cement alternatives in concrete mixes (CarbonCure 2020). Industry and 

building sector stakeholders noted that while incorporating embodied carbon into standards and 

codes may not be the magic bullet, it is an important element in the solution. 

Some other potential barriers to the codes development process that industry stakeholders 

identified include: (1) how lobbying interests argue about building envelope tradeoffs and 

varying levels of stringency in the development of energy codes; (2) how some subsectors such 



 

 

as insulation are in favor of robust building envelope stipulations in energy codes; and (3) the 

need to consider and stipulate reductions across the value chain in a whole-of-carbon approach 

and not merely focus on materials, with inherently unavoidable emissions due to chemical 

processes, such as in the cement and chemical industries. 

Early Purchases 

A growing number of national, state, and provincial-level jurisdictions in the United 

States, Canada, and the EU are adopting Buy Clean procurement policies based on global 

warming potentials (GWPs) stipulated in EPDs and assessed through LCAs for public 

infrastructure building projects. These large-scale projects with large buying power have the 

potential to help transform the market by increasing demand for low embodied carbon building 

materials and highlights the strategic role of governmental and institutional buying in market 

transformation. Aggregating public sector demand in this manner sends a powerful market signal 

to manufacturers and builders to focus on the production and use of low embodied carbon 

materials and drives the development of building standards and codes. 

How to Effect Change? 

While the path forward for creating a market transformation includes some required 

steps, it also illustrates the varied approaches of the industrial, building sector, and 

codes/standards development communities. 

In general, all stakeholders were in agreement with the following common elements in 

the path forward: giving industry a seat at the table early in the process, in the planning stage, 

before policy is developed; having industry work out missing details/data gaps across materials; 

developing a data disclosure mechanism for material and building-level embodied carbon; 

developing a uniform data system across states, jurisdictions, and communities; bringing all the 

stakeholders into the process and allowing innovation; starting the code development process 

while underlying data systems are being clarified due to the lengthy codes process; learning from 

standards that are currently being developed for clues about where manufacturers and builders 

can start their low embodied carbon efforts; and ensuring outlier building materials with high 

impacts are also included in the transformation. 

However, stakeholder groups varied in opinion with respect to the timeline and sequence 

of steps. The main arguments centered around first doing foundational work on harmonizing 

systems to manage data before moving into policy and standards/codes development versus 

working on both simultaneously to not lose time and deploying innovative technologies to 

reduce emissions while simultaneously working on data gaps and harmonization issues instead of 

choosing to do one after the other. 

Some industrial stakeholders highlighted the following specific industry concerns to 

ensure they are included in any path forward: using a value chain approach to reductions (i.e., 

considering reductions across the value chain with all parts working together to identify 

opportunities); needing the federal government/stakeholders to work together to create a 

regulatory framework (e.g., Buy Clean policies) that promotes transparency, accurate 

measurement, the same treatment for all products, and equivalent comparisons, not merely being 

a vehicle for greenwashing or gaming in the marketplace; creating a mandate (from government, 



 

 

industry, or building codes and standards for construction/operation) to spur innovation; using a 

combination of performance-based requirements with some prescriptive and iterative minimums; 

and using a whole-building approach and a whole- or total-carbon approach to balance 

reductions between operational and embodied carbon to meet optimal goals. 

The strategy to follow in making the transition to a low carbon future is one that 

collectively involves multiple sectors of the market, including supply chains, government 

coordination, building material manufacturers from other industrial subsectors, the investment 

and financial communities, the codes and standards communities to ensure a clean articulation of 

the types of materials needed, and the research and innovation communities to create the best 

possible new technologies so that the transition takes place at a systemic level and in the shortest 

possible timeframe.  

With respect to a timeline for change, a one-size-fits-all approach may not be feasible for 

all manufacturing subsectors. Depending on the status of embodied carbon thinking and efforts 

in each industry, differing timelines and sequencing of submarket transformation steps may be 

required. Additionally, local building codes and standards must be tailored for local context 

based on stakeholder and environmental needs in each jurisdiction. 

Conclusions and Recommendations 

The authors’ engagement of key construction professionals, material manufacturers, and 

their trade associations together with members of the buildings and codes/standards communities 

identified technology, data, policy, and market barriers to expanding adoption of low embodied 

carbon materials. Strengthening the knowledge infrastructure to support standards and stimulate 

production of low-carbon alternatives was identified as a critical need, as well as articulating a 

business case to manufacturers for supporting a market transformation. The elements to create an 

environment that supports transformation include marketplace and policy actions to accelerate 

demand for low-carbon products, engaging manufacturing support and commitment, and using a 

strengthened knowledge infrastructure (e.g., lifecycle assessment) to follow embodied carbon 

through the supply chain. The latter requires product-level, carbon-related technical standards, 

purchase specifications, building codes, and environmental product declarations. 

The authors suggest engaging building material manufacturers to demonstrate the 

strategic benefits that would accrue from their support for building the underlying knowledge 

infrastructure and establishing standards and codes that encourage the adoption of low-

embodied-carbon building materials. Since standards and codes are highly dependent on a robust 

knowledge infrastructure, when the industrial sector and material manufacturers work in concert 

to contribute high-quality data, they can enable the faster development of standards and codes to 

standardize products across the building sector. In turn, standards and codes development will 

allow industry to streamline its product offerings and benefit from the economies of scale that 

come with standard specifications and large-volume product demand. Thus, engaging 

manufacturers will help drive the market toward greater adoption of low-carbon building 

materials for construction. A transformed market will ultimately benefit companies as it opens 

new lines of business and makes them resilient to future business and economic shocks that 

come with the global transition to a low-carbon economy. 
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