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Carbon dioxide removal (CDR) will be required to keep global temperature rise below

2◦C based on IPCC models. Greater adoption of carbon capture utilization and storage

(CCUS) technologies will drive demand for CDR. Public procurement of low carbon

materials is a powerful and under-utilized tool for accelerating the development and

of CCUS through a targeted and well-regulated approach. The policy environment is

nascent and presents significant barriers for scaling and guiding emerging technology

solutions. The concrete sector has unique attributes that make it ideally suited for

large-scale low-carbon public procurement strategies. This sector offers immediate

opportunities to study the efficacy of a supportive policy and regulatory environment in

driving the growth of CCUS solutions.
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INTRODUCTION

The Intergovernmental Panel on Climate Change (IPCC) has identified that all pathways limiting
global warming to 1.5◦C include removal of carbon dioxide from the atmosphere in addition to
aggressive mitigation of greenhouse gas emissions (Rogelj et al., 2018). Ten gigatonnes of CO2 must
be removed from the atmosphere each year by 2050 to keep temperature rise below 2◦C (Mulligan
et al., 2020). Carbon dioxide removal from the atmosphere, or CDR, is defined as:

“Anthropogenic activities removing CO2 from the atmosphere and durably storing it in
geological, terrestrial, or ocean reservoirs, or in products. It includes existing and potential
anthropogenic enhancement of biological or geochemical sinks and direct air capture and storage
but excludes natural CO2 uptake not directly caused by human activities” (Masson-Delmotte et al.,
2018).

Complete CDR solutions therefore must consist of two components: CO2 capture from
the atmosphere, and an endpoint where CO2 is stored in geological or biological sinks or
utilized within the production of economically valuable products. Multiple pathways have been
identified for carbon removal, including the enhancement of natural systems (e.g., reforestation
and agricultural soil management), and engineered approaches (e.g., direct air capture and
enhanced mineralization).

Private sector entities have long utilized their purchasing power to influence their respective
supply chains, a strategy increasingly deployed to achieve sustainability goals. This has been a
consequential development as indirect emissions arising from the supply chain (referred to as Scope
3 emissions) account for as much as 75% of an organization’s carbon footprint (Huang et al., 2009).
Meta-analyses of sustainable supply chain studies indicate that deployment of capital to promote

https://www.frontiersin.org/journals/climate
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://doi.org/10.3389/fclim.2021.686787
http://crossmark.crossref.org/dialog/?doi=10.3389/fclim.2021.686787&domain=pdf&date_stamp=2021-09-27
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles
https://creativecommons.org/licenses/by/4.0/
mailto:edunford@carboncure.com
https://doi.org/10.3389/fclim.2021.686787
https://www.frontiersin.org/articles/10.3389/fclim.2021.686787/full


Dunford et al. Deploying Low Carbon Public Procurement

sustainable practices has a positive impact on operational and
financial performance, especially for manufacturing industries
(Govindan et al., 2020).

Private firms are now turning their attention toward the
CDR challenge. This effort has been led by the information
technology sector, with multiple firms (including Microsoft,
Shopify, and Stripe) investing in research and development and
the direct purchasing of carbon credits from CDR technology
providers. Early private subsidization of innovation is enabling
the continued development of nascent technologies and fueling
investment interest. Private investment alone however will be
insufficient to drive the advancement of CDR at the scale and rate
necessary to avoid overshooting the 2◦C target.

Federal, state, and local public agencies are the largest
overall spenders in the market and have unmatched capacity
to use their procurement to advance key policy objectives.
Public procurement accounts for ∼13% of the gross domestic
product of OECD countries (Baron, 2016). The scope and
scale of public procurement makes it one of the most effective
policy mechanisms available to governments to drive emissions
reductions (Correia et al., 2013; Grandia and Meehan, 2017).
Government agencies are expected to deliver the best value to
civil society as stewards of public funds. Increasingly, this has
come tomean the delivery of outcomes that offer a broader public
benefit than purchasing the right material at the right quantity
and best price. Recent studies have shown that citizens support
the concept of public agencies using their buying power to deliver
environmental benefits (Keulemans and Van de Walle, 2017).

Data on public views of CDR is more limited. A recent survey
indicates that despite low awareness of CDR and skepticism that
it will address root causes of climate change, there is public
support for CDR provided it is pursued as part of a larger
decarbonization agenda and not as a substitute for mitigation
(Cox et al., 2020).

Low Carbon Procurement Policy Overview
Despite its potential impact and signs of support, there are
few examples of public policy that target carbon reduction
through procurement. As CDR is an emerging policy interest,
governments have preferred to fund grants that support
technology research and development and to provide tax
subsidies for private entities investing in innovation. Low carbon
procurement policies directly promote deployment by linking
policy goals for decarbonization to the purchasing of materials.
This requires government agencies to choose a tender design that
awards a contract based on criteria other than price (Grandia and
Meehan, 2017).

Government procurement focusing on lower carbon products
would stimulate demand for carbon capture and utilization
(CCUS) technologies that reduce the carbon content of materials
vs. conventionally manufactured products. This would not
necessarily lead to increased demand for CDR as the utilized
CO2 could come from industrial point sources. Growth of market
segments that utilize carbon dioxide however would increase
demand for CO2 overall, potentially spurring greater investment
in CDR.

The most prominent low carbon procurement policy model
in North America is the Buy Clean California Act. Buy Clean

directs state agencies to consider the carbon impact of materials
purchased for infrastructure projects (Buy Clean California
Act, 2017). Notably, Buy Clean does not yet cover all classes
of materials, including emissions-intensive materials such as
aluminum, wood, concrete, and cement. Similar legislation was
recently adopted in Colorado, suggesting that it will be broadly
applicable in the United States.

Cement and Concrete
Consumption of concrete materials is deeply interconnected with
public spending, with public sector infrastructure one of the
two largest drivers of concrete production. As much as 39% of
all concrete in North America is purchased by public agencies
(Hasanbeigi and Khutal, 2021). Research by the City of Portland,
Oregon suggests that concrete is the single largest source of
carbon in the supply chain for local governments (Trucost, 2016).
This is largely due to the impact of Ordinary Portland Cement,
the key binding ingredient in conventional concrete products.
Cement is an inherently emissions-intensive industrial material
that is difficult to decarbonize. Cement production generates
∼7% of annual global emissions (Figure 1) (Czigler et al., 2020).

The absence of cement and concrete from Buy Clean is
notable and to date, there is no low carbon procurement policy
enacted at a state or federal level that connects decarbonization
policy objectives with the carbon impact of these materials.
Beyond its importance as a significant source of Scope 3
emissions, concrete has the ability to mineralize CO2. CO2

can be utilized as a substitute, input, or enhancement for the
various constituent materials of conventional concrete, including
water, cement, aggregates, and supplementary cementitious
materials (Cao et al., 2021).

Multiple early-stage companies are already active in this space
that is expected to achieve 1-5Gt of carbon removal per year (refer
to Figure 2). The market for CO2 utilization in concrete products
is expected to grow to $150–$400B by 2030 with 50% of all CO2

reductions in the sector expected to come from carbon capture
and utilization (CO2 Sciences The Global CO2 Initiative, 2016).
This early innovation, combined with the fact that concrete
is the most widely used human-made material in the world,

FIGURE 1 | Cement production’s share of global CO2 emissions (adapted

from Czigler et al., 2020).
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FIGURE 2 | Projected carbon removal potential and climate benefits of CO2-derived products and services adapted from International Energy Agency (2019).

makes it the most immediate and scalable engineered technology
pathway for mineralizing industrial CO2, whether captured
from industrial point sources or from CDR sources such as
bioenergy with carbon capture and storage. Still, many emerging
concrete CO2 mineralization technologies are immature and
not yet commercially deployed (Ravikumar et al., 2021). This
sector therefore presents a crossroads of opportunities: the ability
to achieve public decarbonization commitments and support
scaling of technologies through the procurement of materials
that are already needed for planned infrastructure expansion
and renewal.

Portland cement is the definitive, difficult-to-abate global
industry. For it to attain carbon neutrality within a timeframe
that is meaningful from a climate perspective, breakthrough
technologies must quickly emerge and penetrate the market
at scale. Therefore, public procurement approaches should
be designed to meet the core objective of reducing gross
emissions while also explicitly increasing demand for high-
impact innovations that the private sector would otherwise be too
slow to adopt.

Here we review the potential that low carbon procurement
could have to accelerate CCUS deployment by considering a
recent policy model. The Low Embodied Carbon Concrete
Leadership Act (LECCLA) is a sector-specific CCUS policy
targeting the decarbonization of concrete materials purchased
by public agencies. LECCLA was introduced separately in the
New York (A2591/S542) and New Jersey (A5223) legislatures in
2019 and 2021, respectively (219th Legislature, 2020; Senate Bill
S542A, 2021). At the time of this writing the New York legislature
has passed legislation requiring consideration of the LECCLA
policy mechanism as part of a broader directive to establish a low
carbon concrete procurement standard.

POLICY OPTIONS AND IMPLICATIONS

Before low carbon procurement can occur, existing regulatory
standards must be updated. Any requirement or specification

that prescribes a certain approach or solution can be a significant
obstacle to innovation in procurement (Uyarra et al., 2014).
Existing standards may intentionally or inadvertently limit the
ability of vendors to compete based on carbon impacts, so these
standards must be reviewed and revised for procurement that
considers climate impact to be successful.

All low carbon procurement policies must start from
the same foundation, which is understanding the carbon
content of materials available. If carbon is to be considered
a criterion for contract award, it is necessary to be able
to transparently contrast and compare bids received. The
calculation of the carbon content of materials (referred to as
embodied or embedded carbon) is conducted using life-cycle
assessment (LCA) methodologies. As defined within the ISO
14040 standard, LCA methodologies study the environmental
aspects and potential impacts throughout a product’s life—
from raw materials acquisition through production, use, and
disposal (International Organization for Standardization, 2006).
LCAs therefore serve as inputs to decision-making for selecting
products based on their environmental impacts.

Under LECCLA, this foundational step is accomplished
through a requirement for all concrete vendors to complete LCA
analyses and report on carbon content. The standardized LCA
methodology referred to as a Type III environmental declaration,
or Environmental Product Declaration, is the specified reporting
tool. The cost to complete these analyses is subsidized through
a one-time state tax credit. This incurs a direct cost to the state,
though as the number of concrete producers is limited and the
credit is capped, the cost is nominal.

With the ability to assess the carbon content of materials well-
established, the secondary question is how and to what extent
carbon should contribute to competitive scoring criteria. Carbon
disclosure and reporting may be voluntary or required. Scoring
of carbon content may be binary (pass/fail) or incentives-based.
Two approaches that have been proposed include:

• Benchmark Threshold (binary model)–To compete for public
work, bidders must demonstrate that the carbon content
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of their products meets or exceeds the carbon reduction
threshold established by the purchasing agency. Once this
requirement is met, there is no additional incentive or
consideration offered. Benchmark values are negotiated based
on some balance between market readiness and policy
ambition. Once established, baselines may be reviewed and
adjusted at regular intervals to ensure continual progress. The
low carbon fuel standard utilized by the State of California to
advance vehicle fuel efficiency is an example of this approach
(California Air Resources Board, 2020). This legislation
requires fuel suppliers to ensure that the fuel that they sell
is at or below a fixed carbon intensity target set by the state.
Suppliers that cannot meet this baseline are instead compelled
to purchase credits from other suppliers that generate fuels
with carbon intensities below the fixed target.

• Competitive Bidding (incentives model)–Bidders are
measured against each other’s carbon performance during
the competitive bidding process. Incentives are offered to
the bidder that can provide the lowest impact material,
subsidizing investment by the private sector into low carbon
technologies. This approach is the basis for LECCLA and
mimics the traditional price-based competitive bidding
process commonly utilized by public procurement officials.
The Dutch CO2 Performance Ladder program is a comparable
example that incorporates a discount mechanism directly
linking LCA-assessed performance to bid competitiveness.
First implemented in 2009 for national infrastructure
tendering, the program is now also widely used by local
governments across a multitude of sectors, including waste
management, information technology, and healthcare
(Vastbinder, 2021). Discount incentive mechanisms for
procurement also have precedent in domains unrelated
to environmental performance. For example, the State of
California’s Department of General Services applies a 5% price
discount to certified small businesses (California Department
of General Services, 2017).

With these elements in place, the only remaining question is
to which materials the low carbon procurement policy should
apply. Low carbon procurement policy concepts enacted to date
such as Buy Clean have been broad-ranging, whereas LECCLA is
restricted to one sector.

Challenges
There is inherent uncertainty in calculating the cost impact of low
carbon procurement policies. As the carbon impact of materials
is the combined result of many separate activities, selective
procurement indirectly targets decarbonization in CO2 sources.
LCA calculation methodologies for Scope 3 emissions continue
to improve, but any uncertainty in these calculations can make
direct comparison of materials challenging and undermine
confidence. This concern is reduced when the comparison is
made within an individual materials category.

Adding carbon requirements to public tenders necessarily
increases the complexity of the tendering process, which may
reduce the number of qualified bids received (Cheng et al., 2018).
This is compounded by the fact that there is limited awareness

of climate policy or “carbon literacy” among procurement
professionals. In practice, public procurers operate in an
environment where accountability to complex administrative
requirements is valued over any individual strategic goal such
as decarbonization (Correia et al., 2013). Faced with competing
aims, it can be expected that other agendas could be prioritized
over decarbonization goals.

The use of voluntary frameworks or poorly defined criteria
requirements may undermine the efficacy of any low carbon
procurement policy. To effect change, vendors must experience
a shift in equilibrium and experience new competitive pressure.
Policies with insufficiently ambitious goals and/or weak
incentives are unlikely to create this shift. Voluntary frameworks
may however be desirable for sectors that are difficult to regulate
or when measurement criteria are not fully established.

Understanding the appropriate incentive structure that will
lead to change may also be challenging to predict. Experience in
the Netherlands under the CO2 Ladder suggests that an incentive
as small as 5% is sufficient to drive change in the low-margin
construction sector. Since the introduction of this low carbon
procurement policy, total CO2 emissions in the Netherlands have
decreased beyond expected rates (Reitbergen et al., 2017). The
same incentive for a separate market or jurisdiction however may
not achieve equivalent results. Incentives that are too small will
fail to generate a change in the market, while incentives that are
too large are an inefficient use of public funds.

Policies that utilize a carbon benchmark are subject to
gamesmanship and do not generate incentives to go beyond the
new benchmark “floor.” Benchmarks are necessarily established
based on industry data and perspectives on what is possible to
achieve, thus an opening is created for industry to lobby for
a weaker benchmark than that preferred by the administering
agency (Kadefors et al., 2021). Practical experience with policies
requiring a benchmark suggests that there is also a significant
administrative effort to establish, maintain, and update such
benchmarks. Conversely, under the competitive bidding model it
may be more difficult to measure and communicate progress due
to the lack of a defined benchmark to compare progress against.

ACTIONABLE RECOMMENDATIONS

When developing effective low carbon procurement policy,
evidence from relevant programs and policies suggest several
principles for designing a public procurement strategy that can
accelerate carbon removal:

Focus on High Potential Sectors
Initiate low carbon procurement policies in sectors that offer
significant opportunities for emissions reduction and where the
innovation gap is small. LECCLA focuses on concrete, as this
sector is a large source of carbon in the public sector supply
chain and is the most technologically mature. This is efficient
from a public spending perspective, as these materials are already
purchased by the state in large quantities. Leveraging the power
of public procurement within a specific sector that is primed
for it will provide learning opportunities that can be studied
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and used to inform future procurement approaches in less
developed sectors.

Strategically Deploy Incentives
Contractor decision-making is not strongly driven by internal
commitments to environmental performance (Kadefors
et al., 2021). As shown by approaches such as the Dutch
CO2 Performance Ladder, industry players are responsive
to appropriate incentives that tie carbon performance to
commercial success (Reitbergen et al., 2017). Selectively using
public funds to provide limited incentives in high-impact sectors
sends powerful market, social, and political signals. In the context
of a low margin commodity sector, even modest discounts
applied to bid prices can result in considerable competitive
advantages for high performers. LECCLA’s maximum 8%
discount for top performers is expected to be sufficient to drive a
market response while having a limited fiscal impact.

Utilize a Simple Design
Low carbon procurement is complex and represents a change in
how public procurement agencies operate. Elected officials and
procurement professionals are not and cannot be expected to
be CDR experts. Successful policies will foster an environment
that supports innovation without being overly prescriptive or
administratively burdensome. Striking the right balance between
a policy that is clearly and rigorously structured while still being
approachable so that the market can incrementally learn and
adapt is key.

CONCLUSIONS

To reach ambitious carbon removal targets of 10GT per
year, market signals will be needed beyond the level of
investment observed within the private sector to date.
As the largest consumers of construction materials like
concrete, governments can play a critical role in mobilizing
and shaping the development of nascent CCUS and CDR
technologies. This can be accomplished directly through
procurement and indirectly through policy goals and associated
regulatory strategies. As the public sector procures 39%
of all concrete used, procurement that prioritizes lower-
carbon products will create demand that accelerates the
transition to net zero or even net negative concrete. Without
this economic impetus, these technology solutions may
emerge too slowly to meaningfully contribute to the carbon
removal target.

Although few policy examples exist today, case studies from
the Netherlands, California, and New York lay the groundwork
for further experimentation and evaluation of options for
successful low carbon procurement policies.
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