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Abstract: Achieving net-zero greenhouse gas (GHG) emissions likely entails not only lowering
emissions but also deploying carbon dioxide removal (CDR) technologies. Here, we explore the
annual potential to store CO2 in building materials. We find that fully replacing conventional
building materials with CO»-storing alternatives in new infrastructure could as much as 16.6 +
2.8 Gt of CO; each year—roughly 50% of anthropogenic CO; emissions in 2021. The total
storage potential is far more sensitive to the scale of materials used than the quantity of carbon
stored per unit mass of materials. Moreover, the carbon storage reservoir of building materials
will grow in proportion to demand for such materials, which could reduce demand for more
costly or environmentally risky geological, terrestrial, or ocean storage.

One-Sentence Summary: Building materials represent an opportunity to store many gigatonnes
of CO; per year.
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Main Text:

Limiting the rise of global mean temperatures and stabilizing Earth’s climate will require
achieving net-zero emissions of long-lived greenhouse gases (GHGs) or balancing out
anthropogenic CO; emissions with an equivalent amount of GHG removal. (7). While
decarbonization efforts are critical and must be scaled urgently, ongoing (residual) emissions
from difficult-to-decarbonize sources (2, 3) will likely need to be balanced by direct removal of
carbon dioxide (COz2) or other GHGs from the atmosphere and subsequent storage in geological,
terrestrial, or ocean reservoirs or products. (hereinafter “CDR”) (4). In comparison, carbon
capture and storage (CCS) of CO; emissions from point sources only contribute to CDR if the
captured CO; was recently in the atmosphere, such as from combustion of biomass. Such CDR
would involve separate mechanisms of both capture and storage of atmospheric carbon. As
highlighted by the National Academies of Science, Engineering, and Medicine, value-added
products are a promising option for storing large quantities of carbon (5). In particular, building
materials offer two characteristics that make them well-suited to act as a storage reservoir: (i)
their quantity — the cumulative mass of infrastructure materials produced from 1900 to 2015 was
nearly as high as that of all human food, animal feed, and energy resources combined (6); and (ii)
their longevity — structural materials typically remain in use for decades, which can contribute to
their sequestering GHGs long enough time horizon to provide climate benefits (7). These two
factors combine to make this enormous human-made mass of materials an immense opportunity
to store GHGs (8). Further, CCS technologies require the construction of pipelines and other
infrastructure to ensure stable underground storage of CO2, which may pose risks to the
environment and human wellbeing (9). Therefore, engineering building materials to act as a
CDR method may be a logical first step given the large mass of materials already consumed in
the built environment if similar performance can be attained, thus eliminating the need to

develop and scale other carbon storage systems.

. In recent years, the production of building materials has resulted in an estimated 3.5-11 Gt of
COze or 10-23 % of global GHG emissions (7/-73). Recent studies have explored the application
of emerging technologies to alter the composition and manufacturing methods of structural
materials to facilitate uptake of CO2 or CH4 by the materials or their constituents, and thereby
reversing some or most of the process emissions (76). For example some studies have examined
the potential for timber buildings to act as a global carbon sink (/7-19), while other studies have
considered the contribution of alternative cements and the impacts of concrete carbonation at
end-of-life on the carbon uptake potential of concrete (20, 21). Here, we examine the global
potential to store carbon in some of the most common building materials: concrete, brick,
asphalt, plastic, and wood. We do not examine alloys because they have very specific functional
tolerances and a limited ability to store carbon. Alternatively, decarbonization strategies for steel
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may include the use of green hydrogen for direct-reduced iron steel production (/0). We
calculated annual storage potential of building materials assuming 2016 levels of consumption
(the most recent year with available data for all materials), all carbon within materials
(stoichiometric or measured) originated from the atmosphere, and the storage is effectively
permanent (details are provided in 15). Our estimates are based on the extent to which
conventional inputs could be substituted by alternatives that either contain biogenic carbon (e.g.,
recently removed from the atmosphere via photosynthesis) (22, 23) or contain key minerals (e.g.,
recently formed carbonate minerals that may solidify with the use of concentrated sources of
CO3) (24). We assume these building materials have negligible use-phase emissions and we
assume these materials are likely landfilled at end-of-life resulting in minimal GHG emissions
(25). However, we note that future research could consider use phase emissions and uptake such
as the emissions associated with the demolition process of building materials, which in some
cases could be substantial (26), as well as emissions associated with burning or anaerobic
decomposition of wood. We highlight companies with pilot-scale demonstrations of these
materials, which have shown substantially lower carbon footprints, and in some cases net-
removal of carbon from the atmosphere, compared to conventional materials. Further, given the
uncertainty around the energy demand and GHG emissions associated with these alternative
materials, we determine the total allowable emissions that would still result in achieving net

carbon removal.

Results
The carbon storage potential of our built environment

We determined the relevant capture mechanisms and magnitude of carbon storage per unit of
different building materials (Fig. 1). While bio-based plastics resulted in the highest storage
potential per kg of material, they contribute the least to total potential due to the relatively small
production quantities compared to all other building materials. Inversely, aggregates in concrete
have one of the lowest storage potentials (<1 kg CO2/kg); yet, due to the substantial scale of
global demand, they present the largest total potential. Considering these tradeoffs, areas ripe for
rapid market penetration and potential for mass scaling could lead to more substantial climate
benefits than driving the greatest degree of uptake for any individual material-based carbon

storage option.
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Figure 1 The potential to store carbon in building materials varies considerably depending on the carbon density of alternative
materials (kg CO; per kg material, A) and the scale at which conventional materials are being used (B).

These building materials have the capacity to store up to 16.6 + 2.8 Gt of CO> (Table 1),
which is equivalent to roughly 50% of CO, emitted from all anthropogenic sources in 2021 (27).
We can attribute most of this storage, 11.5 £ 1 Gt of CO> to aggregates used in concrete and
asphalt pavement. This notable capacity for fixed carbon is driven by the large mass of
aggregates used in these two materials, which outweigh the other materials by three-fold. We
considered different permutations for CO> storage in cement, but we found that the combination
of a magnesium-oxide based cement, synthesized from forsterite (Mg2Si04) and carbonated, with
15 wt% biochar as filler results in the highest level of CO; capture (~ 0.9 kg of CO; absorbed per
kg of cementing binder), resulting in a total potential storage of 2.6 = 1.1 Gt CO». Bricks were
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the next most impactful material for CO; storage, and by assuming a biomass fiber carbon
content of 0.6 kg C/kg, the global production of bricks can result in roughly 0.8 Gt of CO;
storage. This quantity of storage is equivalent to 1/3 of the mass of bricks produced, despite
fibers comprising only 15 wt% of the brick. Additionally, with appropriate raw materials,
mineral carbonation of portlandite (Ca(OH)») in bricks can lead to an additional 1.2 Gt of fixed
CO:s,. If the market and appropriate forestry practices can support increasing wood consumption
by 20%, this change leads to absorption of an additional 0.45 + 0.09 Gt of CO,. We note that this
potential is heavily dependent on forest management techniques and emissions associated with
harvesting, transporting and manufacturing of wood products as well as emissions associated
with fire or decay of biomass residues (28, 29). We can attribute an additional degree of CO>
storage (<5%) to bio-based plastic and asphalt binder, with the low storage potential resulting

from relatively low consumption (less than 0.2 Gt).

Table 1. Summary of the global carbon dioxide removal potential of the materials examined based on 2016 global production
values. Chemical-derived emissions for traditional materials are presented as well for reference.

Global material Global chemical-related Global carbon dioxide

Material production (Gt) emissions (Gt CO>) storage potential (Gt CO,)
Concrete aggregate 21.7 0 -10.5+1
Asphalt aggregate 2.1 0 -1.0+£0.09
Cement 4.2 1.7 -1.3+0.5
Cement filler 0.6 0 -1.3+0.6

Brick 2.4 0 -1.6+0.3

Wood 1.2 -2.3 -0.5+0.9
Asphalt bitumen 0.1 0 -0.2+0.1
Plastic 0.1 0.1 -0.2+£0.06

Total 32.4 -0.5 16.6 + 2.8

Because of the wide range of materials that could store carbon and the amount of carbon per
unit mass of those materials, we tested the sensitivity of estimated storage potential to different
modeling assumptions and the levels of implementation related to different materials (Fig 2).
Our results reinforce the conclusion that the single largest driver of carbon stored and emissions
reduced is the mass of materials consumed, with aggregate and cement for concrete production
having the highest consumption (Fig 2A and 2B, respectively), followed by brick and asphalt
aggregate. Higher assumed carbon content also drives greater storage, but this parameter is
outweighed by material demand in terms of total potential.
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Figure 2 Sensitivity of the theoretical carbon storage potential for each material to carbon content and level of implementation.

Resource availability assessment

Considering that the large material demand for construction is the primary driver in storage

potential, we conduct a preliminary assessment of resource availability to realize the described

carbon storage potential. We did not include carbonatable cements (i.e., cements that solidify

through carbon mineralization instead of hydration) and bricks in our assessment because robust

production pathways for these materials have not currently been identified. For carbon

mineralization pathways of aggregate, we considered various Ca and Mg-rich industrial waste

materials (namely, red mud, blast furnace slag, steel slag, mine tailings, cement kiln dust,

biomass ash, lignite ash and coal ash) and end-of-life concrete as potential feedstocks. Based on

their annual production and elemental composition, we found that roughly 2 Gt of carbonate-

based aggregate can be produced, offering 1 Gt of CO, storage. However, it is important to note

that future supplies of such resources may change. For example, the availability of blast furnace
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slag may decrease as the transition to direct-reduced iron continues (30). While there are
abundant natural resources capable of contributing 10,000 to 1,000,000 Gt of carbon
sequestration through carbonation (e.g. olivine, basalt, serpentine, etc.)(37), these minerals are
difficult to access, and an energy-efficient carbonation process has yet to be identified on a large
scale (32). Therefore, further exploration into the use of these natural resources is needed.
Substitutions of 15 wt% of bricks with biomass fibers, all asphalt bitumen with bio-oil, and all
plastics with bio-based plastics requires only using 5% of the annual agricultural residue (i.e.,
biomass resources from agricultural cultivation that are not directly used for human food). Using
biochar as a filler to replace 15 wt% of cement would utilize another 24% of agricultural
residues. Implementing all biomass strategies we considered would still leave 71% of
agricultural byproducts available for other applications. A potential side benefit of using biochar
is that the process of producing it via pyrolysis could co-produce valuable byproducts, such as
syngas and bio-oil. However, the current production and use of biochar is very limited. Roughly
0.4 Mt of biochar was produced in 2021, whereas the carbon storage we model would demand
600 Mt (33). In scaling-up biochar production to that degree, it would be critical to ensure such
chars remove atmospheric carbon on net and also consistently meet any physical requirements
for safe use. Our estimates of resource demand are based on an assumption of a 1:1 carbon
replacement ratio, where the carbon content of biomass is efficiently converted to the carbon
content of building materials. Any inefficiencies that result in material waste would increase

material demand (see the sensitivity analysis in data S6).

In addition to the quantity of feedstock resources available, it is important to note the
geographical areas where current building materials are produced compared to where these
alternative technologies have the potential to be scaled up. The minerals required for
carbonatable cement production or carbonate-based aggregates are available in large quantities
but are often located deep beneath the Earth’s surface, making them difficult to access.
Therefore, regions with easier access to mineral deposits, such as through surface exposed
continental flood basalts and brine from salt lakes or sea water, could be ideal locations for the
scale up of these new technologies (34). Given that future cement and concrete demand is
expected to grow in regions of Southeast Asia and Africa (35), relevant flood basalt areas and
salt lakes that in these regions may be leveraged (36). Furthermore, Europe has a large potential
for supplying necessary minerals for the carbonation of cement and concrete, due to the higher
potential for removing aging infrastructure, paired with five commercially active mines and 107
other locations compatible for mining silicate rocks. Agricultural residues such as wheat and rice
straw are largely produced in Asia, while the United States (US) is the largest producer of corn
straw (37) and Brazil is the largest producer of sugarcane bagasse (38).These biomass residues

could be converted to be biochar and leveraged for use in cement composites, which is currently
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largely produced in China, India, and the US (39). Alternatively, these residues could be
integrated in brick production which is largely produced in US, China and India (40), or used to
create plastics, roughly 70% of which are produced in Asia and the US (41).

Contribution to CDR targets in mitigation scenarios

According to the IPCC ARG, to stay below 1.5°C and 2°C targets by 2100, a cumulative
maximum of 1133 Gt and 1049 Gt of CO, would need to be removed by CDR technologies,
respectively (7). These CDR requirements reflect efforts to offset the most difficult-to-abate
GHG emissions (and to compensate for any emissions overshoot); such CDR is needed in
addition to rapid decarbonization strategies such as transition to low-carbon or zero-carbon
energy systems, reducing non-CO; emissions, and reducing energy and material demands
through improved efficiency (42). Given that building materials such as concrete and plastics are
considered difficult-to-abate industry emissions, we also include the CDR values that are
necessary assuming that net-zero emissions are achieved (hereafter referred to as net-negative
CDR targets). In other words, these CDR targets reflect the amount of CO2 that would need to
be stored, assuming that traditional concrete and plastics (and other difficult-to-abate sources of
emissions) are replaced with low-carbon (net-zero) emitting technologies or are off-set by CCS
technologies. Although increases in global population and affluence are likely to drive an
increase in materials production (43), we make a conservative estimate that the overall quantities
of different building materials remain at 2016 levels (with the exception of wood, for which we
consider a moderate increase of 20% to stay within future projections of wood harvest from
sustainable forestry practices amounting to 0.4 to 1.75 Gt C in 2050). Given these levels of
material demand, a full transition to carbon-storing alternatives by 2025, 2050, or 2075 would
accommodate at least 1380, 920, and 460 Gt of CO; to be removed by 2100, respectively (Fig 3).
This quantity of storage exceeds the amount of net-negative CDR required by 1.5 and 2°C
targets. Exceeding this amount of carbon storage is important because the techniques for
production of these carbon-storing materials may require more energy than traditional
production. For example, the production of carbonatable cements may require more energy than
Ordinary Portland Cement due to added steps associated with mining, processing magnesium or
calcium oxides, as well as sourcing CO» for the carbonation process (44). Thus, while we did not
model energy-related emissions for new technologies, our calculations suggest that some energy-
related emissions associated with the production of these carbon storing materials could still
occur without inhibiting the ability to achieve desired emissions reduction targets.
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Figure 3. Cumulative CO, removals by 2100 as a function of the year of implementation of carbon storing technologies.
Cumulative carbon storage is compared with the IPCC targets of gross CDR (dark blue) and net-negative CDR (light blue) for
staying below 1.5C and 2C with no overshoot, assuming full implementation of the technologies presented herein. The error bars
represent the minimum and maximum values for carbon dioxide storage.

In addition to energy-related emissions, feedstock resource constraints may also be a limiting

factor to achieving the levels of storage required by CDR in mitigation scenarios. Therefore, we

conducted an additional assessment to analyze the potential for using only currently available

resources: namely, replacing roughly 10% of aggregate with carbonate-based aggregate,

substituting 15% of brick with biomass fiber, fully transitioning to bio-based plastic production,

utilizing bio-oil based asphalt binder, and replacing 6-15% of cement with biochar filler. We

found that fully implementing these technologies by 2045 and 2090 would be sufficient to store
30 and 35% of gross CDR required in median 1.5° and 2°C scenarios, respectively (Table 2).

Table 2. Assessment of resource availability constraints on the ability to meet IPCC climate change targets of 1.5 and 2°C.

Global Take-off year required to achieve cumulative CDR target
warming Scenario 2: Using all currently
target with Scenario 1: Using all available resources but not
limited or no Cumulative CDR by 2100 (Gt CO,) currently available counting increase in wood
overshoot (min, max) resources (min, max) consumption (min, max)

Total CDR 740 (420, 1133) 1916 (1995, 1818) 1910 (1992, 1809)

1.5°C
Net-negative CDR 220 (20, 660) 2045 (2095, 1935) 2043 (2094, 1930)
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Total CDR 630 (442, 1049) 1941 (1990, 1839) 1936 (1986, 1830)
2°C

Net-negative CDR 40 (0, 290) 2090 (n/a, 2027) 2089 (n/a, 2025)

Although these feedstock resources are technically available to be stored in buildings, it is
crucial to recognize that they may also be in demand for other applications such as energy
production or animal feed. As an example, our estimates assume biochar is produced by char-
maximizing slow pyrolysis rather than processes like gasification which produce less char and
more energy. Similarly, insofar as mineral wastes such as blast furnace slag are used as
supplementary cementitious materials (SCMs), they will not be available for use as carbonate-
based aggregate. Furthermore, shifts in demands of feedstock resources may result in unintended
consequences (e.g. indirect land-use change impacts resulting from increased biomass
consumption). Therefore, efforts to derive sustainable cultivation practices and materials
production pathways, proper accounting of GHG fluxes and other environmental impacts beyond
climate damages must be continuously addressed.

Given that the largest driver for the magnitude of carbon that can be stored in building
materials is the mass of materials consumed, estimates regarding future consumption of these
materials can have a substantial impact on results. Policy incentives aimed at mitigating GHG
emissions or other environmental impacts could increase recycling or re-use rates of building
materials or reduce material intensity of construction by changing specifications and design,
thereby lowering demand. For example, studies have shown that improvements in material
efficiency strategies for buildings could reduce future demand by nearly 26% (45). Yet
simultaneously, projected population growth could increase material consumption; for example,
recent estimates have projected a 23% growth in cement consumption(35). Material consumption
might also be affected by changes in feedstock costs, crude oil prices (for plastics and asphalt),
economies of scale in manufacturing, and product innovation. For example, various policies have
been introduced that could increase the demand of bio-based materials such as the European
Green Deal Industrial Plan (46). Therefore, we conduct an additional sensitivity analysis in this
work to examine the effects of changes in future consumption of materials on storage potential.
Namely, we consider a +/- 20% change in demand by 2100 for all materials and find that total
annual storage could range from 13.2 to nearly 20 Gt of CO2 by 2100. Further, if all technologies
were implemented by 2050, cumulative storage achieved by 2100 would change by +/- 14% as a
result of changes in material demand. In addition, we conduct a sensitivity specifically for
plastics, which have been experiencing an alarming growth rate in production over the past few
decades and are anticipated to triple in production by 2100 (47). This sensitivity analysis for
plastics suggests that the contribution of plastics to total carbon stored could increase from less
than 1% to close to 5%, resulting in an additional 0.6 Gt of annual carbon storage potential by
2100 (see Supplementary Data Sheets 4 and 8 for full results).

10
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Discussion

If all the alternatives we considered were applied simultaneously, the built environment could
store 13.8 to 19.3 Gt of CO> each year, assuming minimum and maximum carbon contents,
respectively. Meanwhile, emissions from the production of these materials amounted to
approximately 3 Gt of CO2 in 2016 (or 1.8 Gt of CO; excluding energy-related emissions), so the
combined mitigation opportunity of avoiding process emissions and storing carbon is >20 Gt
COs,. Further, assuming a constant rate of material consumption, we find that over 1200 Gt of
CO: could be stored in the built environment by 2100 if all storage options were used in 2025,
while the production of building materials under a business-as-usual approach would result in

136.8 Gt of cumulative CO; emissions based on process-based emissions alone.

Many of the carbon-storing building materials we consider have the potential to be cost-
competitive with the conventional materials they replace, due to the low cost of feedstocks
needed (such as mineral waste or biomass residues). As a result, an increasing number of
companies are beginning to produce materials with CO»-storing capabilities, suggesting there is

market demand.

Companies working to reduce the carbon footprint of concrete have primarily focused on
producing both low-carbon binding agents and synthetic aggregates. But some companies are
working on the types of alternative cements we modelled here. For example, Solidia
Technologies and Caron Upcycling UCLA are proposing pathways to sequester COz in cement
via carbon mineralization, reporting up to 70% lower CO; emissions than conventional concrete
(48, 49). Meanwhile, BluePlanet and O.C.O Technology (formerly called Carbon8) aim to
produce synthetic carbonate aggregates using alkaline rock and industrial wastes combined with

CO; waste streams to create carbon-negative building materials (50, 51).

Bio-based plastics have been around since the early 20™ century, but only account for roughly
1% of total annual plastic production, 48% of which is used in short-term packaging applications
(52). However, the bio-based plastic market is expected to expand to more durable applications
like construction, driven by policy changes and the shift towards a circular bioeconomy.
Braskem and Biovyn are companies producing bio-based polyvinyl chloride (PVC) and
polyethylene (PE) (53, 54). To limit land-use impacts, companies like Dow and Mango Materials
are using waste biomass and methane as feedstocks (55, 56). Further, despite the impacts of
agricultural processes, these bio-based alternatives have the potential to be carbon-negative with

the use of renewable energy (57).

Brick manufacturers have the potential to produce carbonate-based or biomass-based bricks

that capture CO; by utilizing waste materials. Orbix, for instance, uses carbon mineralization of
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calcium in steel slag combined with CO; to create calcium carbonate-based bricks which has

been claimed to reduce the carbon footprint by 600 kg CO»/tonne (58, 59). Bio Fiber Industries is
using hemp as a feedstock to make building materials such as bricks. Just Biofiber is combining
the two technologies, biomass (such as hemp curd) and mineralization of lime, to produce what

they are proposing will be carbon-negative building blocks (60).

Although the use of bio-oil in asphalt as a replacement for petroleum-based bitumen is not
widely commercialized, Avello Bioenergy is exploring the economic feasibility and carbon
sequestration potential of their patented bioasphalt binder (67). Similarly, in 2021 Avantium, a
chemical company in the Netherlands, partnered with an infrastructure company Roelof, to
develop the first major roadway made from lignin-based bioasphalt (62). These bio-based asphalt
alternatives have been suggested to reduce GHG emissions by 30-60% compared to typical

petroleum-based asphalt (63).

Despite recent advances in industry, there are still a number of roadblocks for achieving the
theoretical carbon storage quantities we determined. Many of the companies mentioned remain
at the prototype or pilot stages of production. The barrier to large-scale production could be in
part due to competitive pricing of conventional building materials and the lack of established
value chains necessary for widespread implementation of these alternative technologies. For
example, carbon mineralization pathways require highly concentrated CO; gas and feedstocks
rich in MgO or CaO. However, CO> sources from direct air capture are currently hindered due to
high costs (64). While not CDR, industry stakeholders could examine the potential for leveraging
flue-gas sources and industries generating alkaline-rich waste streams, such as steel
manufacturing, to make the process economically viable (65). This carbon utilization would not
offer the necessary benefits of CDR, but could provide a means to store carbon while limiting
need for geologic reserves. Similarly, while biomass-to-polymer conversion routes have reached
technological maturity, bio-based plastic manufacturers struggle to scale production due

insufficient access to biomass residues required to meet market demands for plastic.

In addition to barriers associated with costs and feedstock availability, another obstacle for the
upscaling of the carbon storage technologies presented herein is the risk-averse nature of the
building industry as a result of the potential liabilities associated with material failure (66). A
change in material composition runs a high likelihood of altering material performance. A loss in
performance could pose a safety risk if not accounted for in design, and if addressed in design, it
could lead to an increased volume of material to carry the same loads and/or more frequent
replacement, which in turn could contribute to environmental impacts (67). While in theory
improved performance can have an inverse effect, there are hindrances to adoption. For example,
despite promising research indicating comparable or superior performance of carbonation-cured

building materials, they have not yet been incorporated into relevant building codes and

12
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standards, making it difficult to commercialize on a large-scale (65). Therefore, implementing
performance-based codes that allow for changes in concrete composition, while meeting safety
requirements, is likely needed to help achieve large-scale carbon storage in building materials.
Further, despite many bio-based plastics having identical chemical structures and therefore
material properties to their fossil-based counter parts, the use of bio-based plastics in
construction is extremely limited (68). However, it is important to note that long-term durability
studies (and some initial performance indicators, such as constructability characteristics) have
not yet been conducted for some of the carbon-storing materials presented herein, such as
carbonatable cements or the high use of biochar noted as a filler in cement composites.
Therefore, in cases where a loss of desired performance may be expected, research to
systematically quantify durability characteristics and investigation into methods that can
overcome limitations may be warranted (e.g., the use of galvanization to mitigate against steel
corrosion). Further, in this study, it is assumed that the CO- is durably stored in these materials
for many decades. However, if any of this CO: is released either through the degradation of the
material (e.g. in the case of wood), or the disposal of material, it would be important to consider
the timing of emissions uptake and release in order to more accurately determine the CDR
potential (26).

Given projected increases in demand for infrastructure materials (69), valorizing carbon in the
form of long-lived materials could be an area supported through policy mechanisms. The
urgency of mitigating climate damages has led to emissions-reduction pledges and regulatory
frameworks in many regions and countries, including for industrial materials production (e.g.,
California’s recent bill to reach net-zero emissions from the cement industry by 2045 (70)).
Strategies to store carbon in building materials are particularly relevant for policymakers as these
materials are predominantly from regionally available resources, and some proposed pathways to
decarbonization can drive local resource scarcities (7/) and/or lead to increased health burdens on
local populations (72). However, they can simultaneously stimulate local economies and create
jobs. For the implementation of robust incentives and policies to drive CDR, performance-based
metrics for product standards and comparisons must be developed to support the inclusion of
carbon-storing building materials. However, the use of such building materials may be initially
more suitable for non- or low-load-bearing applications (e.g., insulation, flooring, pavements),
which by weight are a substantial fraction of the built environment. Therefore, policymakers
could focus on strategies to increase the use of carbon-storing materials presented herein with
high technology readiness levels (e.g. bio-based plastics, biomass bricks, and wood) for such

applications where risks associated with a change in performance may be more limited.
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