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Abstract

New York City faces a significant challenge in reducing embodied carbon from its construction
and demolition (C&D) sector. Unlike operational emissions, embodied carbon is embedded across
material sourcing, manufacturing, construction, and end-of-life processes, making it more difficult
to regulate and reduce. Addressing it requires not just incremental improvements, but coordinated
changes across design, procurement, waste management, and the data systems used to track materials
over time. While the city has made meaningful commitments to climate action, existing policies lack a
system-wide, scalable, and economically viable strategy for reducing embodied carbon. This research
examines how circular construction can serve as that strategy. It evaluates the implementation,
expansion, and market implications of circular policies as a pathway for reducing embodied carbon at
scale. Using a mixed-methods approach, the study maps the current policy and market landscape in
New York City to identify where barriers, gaps, and opportunities exist. Through policy analysis, semi-
structured interviews, LCA-informed OLS analysis, and policy informed scenario-based econometric
modeling, the research demonstrates that the primary constraint to scaling circularity is not technical
feasibility, but coordination, cost structures, and market signals. It identifies where circular strategies
offer the greatest environmental and economic impact and outlines a planning framework for

accelerating low-carbon, material-efficient, and equitable construction practices in New York City.



Executive Summary

New York City has made real progress in
addressing operational emissions, but embodied
carbon in the construction and demolition (C&D)
sector remains largely unregulated. This gap
1s significant, as material production, use, and
disposal continue to drive a substantial share
of the city’s emissions. This study explores how
circular construction can address that gap, not
as a niche sustainability strategy, but as a system-
level shift in how materials are used and reused

across the built environment.

What emerges is not a lack of technical
solutions, but a lack of alignment. Existing
policies, including New York State’s Buy Clean
framework and New York City’s Executive Order
23, begin to address embodied carbon through
procurement and lifecycle assessment, but they
operate at different scales and do not yet form
a cohesive system. At the same time, industry
perspectives make clear that while awareness of
embodied carbon is growing, project decisions
are still shaped by cost, timelines, and risk.
Circular strategies and material choice are often

considered early, but frequently fall away as

projects move forward, constrained by fragmented

supply chains and the absence of reliable markets.

The quantitative results reinforce this
dynamic. Structural systems, particularly those
dominated by concrete and steel, remain the
primary drivers of embodied carbon, especially
as buildings increase in size. This suggests that
reducing emissions is not simply a matter of
choosing different materials, but of extending
material lifecycles through reuse and recovery.
In other words, the problem is not only what we

build with, but how long those materials stay in

circulation. Economic analysis shows that this
transition is not only possible, but financially
viable. Scaling circular construction would
require meaningful public investment, estimated
at approximately §1.7 billion annually under a
high-adoption scenario. However, this investment
functions less as a cost than as a catalyst, with
projected returns between $2 and $8 billion per
year through job creation, market development,

and reduced material demand.

This study finds that Circular construction
is the mechanism with which lower embodied
carbon 1s achievable, but it 1s constrained by
systemic barriers rather than technological
limitations. Moving forward will require shifting
from project-level optimization to system-level
coordination, supported by integrated policy,
targeted investment, and the use of public
procurement to create stable and lasting market

demand.



I1. Setting the Scene

Structure

This thesis is organized to move from
context to implementation. It begins by situating
embodied carbon and construction waste
within broader climate and urban systems,
and introduces circularity as a framework
for addressing both. It then reviews relevant
literature on circular construction, material flows,
and building systems to establish the technical
and conceptual foundation for the study. The
empirical chapters follow, combining policy
analysis, interviews, and quantitative modeling
to assess how circular strategies are currently
applied in New York City and where key barriers
remain. These findings are then used to evaluate
the potential for scaling circular construction
through scenario analysis. The final chapters
translate these insights into planning implications,

policy recommendations, and a framework for

implementation.
Introduction

The Day the World Stops Shopping by
J- B. MacKinnon examines the persistence of
overconsumption and its relationship to rising
global carbon emissions. Across sectors and
countries, economic growth continues to drive
increased demand for carbon. While emissions
per unit may decline as materials and production
processes become more efficient, these gains are
offset by rising levels of consumption. Products
are replaced rather than reused or remade, waste
continues to accumulate, and overall emissions

continue to increase.

This dynamic makes clear that efficiency
alone 1s not enough. Consumptive demand
continues to outpace operational improvements,
limiting their impact at the system level.
Addressing this challenge requires more than
incremental change. Economic stagnation is
not a viable solution. What is needed instead
is a structural transformation in how materials
are produced, used, and recirculated. What is
proposed in this study is a first step in what would
be a long journey to full economic circularity.
Construction and demolition may provide an
optimal entry point into a circular economic
model that can combat the massive challenge of
human created waste and consumptive driven

emissions and the resulting climate crisis.

Context

Climate change poses one of the most
significant and complex challenges facing
humanity today. A warming planet is already
reshaping ecosystems, threatening species, and
placing increasing pressure on the systems that
support human life (IPCC, 2022). Addressing it
will require a substantial reduction in the drivers
of emissions and a transformation of the systems
that produce them. Climate change is not only
an existential challenge however, it is increasingly
becoming evident that it is also a massive
organizational challenge (IPCC, 2022). One
rooted deeply in the need for human coordination

and cooperation.

Effectively achieving decarbonization and
sustainability depends on coordination across
every level of government, society, ecosystem,
and urban environment (Intergovernmental Panel
on Climate Change [IPCC], 2022). This reality

produces both despair and hope among activists,



citizens, and policymakers. Failure to collaborate
and synchronize across national and international
levels could spell cascading consequences, as
emphasized by the Paris Agreement’s call for
unified global climate action (UNFCCC, 2015).
Yet even as large bureaucratic institutions falter
under polarization and neoliberal capture,

more adaptable and agile actors, like cities, are
emerging with the power to make profound
impacts (Barber, 2013). This shift brings the
potential for significant and needed change
much closer to everyday people, creating a viable

channel for a sustainable future.

In other words, the United States federal
government is falling short of the pace required
to cut emissions and exercise global climate
leadership. Weighed down by bureaucracy,
political gridlock, misinformation, corporate
influence, and powerful lobbyists, the nation-
state is failing to meet the moment (Byrne et al.,
2022, Barber, 2013). The Trump administration’s
second term has significantly altered federal
climate policy, including revoking the EPA’s 2009
endangerment finding. The finding was the legal
basis for regulating greenhouse gas emissions
under the Clean Air Act. Trump’s administration
continues to roll back key environmental
regulations, actions that are now the subject
of ongoing legal challenges (Sabin Center for
Climate Change Law, 2025, World Resources
Institute, 2026). At the same time, the EPA has
moved to weaken or repeal emissions standards
for power plants and vehicles, steps that would
increase fossil-fuel use and slow the transition
to cleaner energy and transportation systems
(Garbon Direct, 2025; Freshfields, 2025). These
rollbacks are paired with a broad deregulatory
agenda across air, water, and pollution rules,

signaling a federal shift away from climate

mitigation at the exact moment when stronger

action 1s needed (Politico, 2025).

In contrast, cities, more permeable,
grounded, and responsive to the public, have a
crucial role to play in making meaningful progress
(Barber, 2013). Many cities have held firm in
their commitments, positioning themselves as key
players in achieving decarbonization and climate
justice (Global Covenant of Mayors for Climate
& Energy, 2025). Even as the federal government
retreats from climate regulation, cities have
continued to pursue their own decarbonization
pathways by adopting local climate action plans,
setting emissions-reduction targets, and expanding
policies on clean energy, building performance,
and transportation (C2ES, 2024; Climate
Advisers, 2024). Coalitions like America Is All
In have also allowed cities, states, and counties
to remain aligned with the goals of the Paris
Agreement, working to fill the vacuum left by
federal rollbacks and signaling that subnational
actors intend to carry climate leadership forward
regardless of shifts in Washington (America Is
All In, 2024). This decentralized momentum
shows that climate progress in the United States
increasingly depends on the choices made in
municipal governments, where policy can move
faster, align more directly with community needs,
and remain insulated from the ideological swings

of national politics.

New York City, as a large and highly
influential metropolitan environment, functions
as a real-world testing ground for climate policy
and innovation, where new technologies and
strategies can be piloted and scaled in live
urban conditions (New York City Economic
Development Corporation, 2023, Global
Covenant of Mayors for Climate & Energy;,
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2025). Scholars and global climate networks alike
argue that cities such as New York drive climate
governance and experimentation in ways that
often surpass national action (Rosenzweig et al.,
2010; Barber, 2013; C40 Cities, 2020). To meet
this responsibility, New York must address two
intertwined challenges: a massive and rapidly
growing waste stream, and a built environment
responsible for staggering levels of embodied
carbon emissions. Together, these crises reveal

a critical opportunity. One where circularity,
adaptive reuse, and material efficiency can turn
waste into value and carbon-intensive practices
into pathways for resilience. This project responds
to that opportunity. It examines the gaps in

New York’s current plans and explores how
circularity, digital information systems, material
science, engineering, incentives, and policy can
be woven together to create a more regenerative,
low-carbon, and economically resilient built

environment for the city.

Background

The Embodied Carbon Problem

The built environment contributes to New
York City’s carbon footprint in two interconnected
ways. The first is operational carbon, which
includes the energy used to heat, cool, and power
buildings throughout their life. For many existing
buildings, especially those constructed under
older performance standards, these operational
emissions still dominate the overall carbon profile.
But as building efficiency improves as a result
of regulation like Local Law 97 and operational
demands shrink, the remaining sources of
emissions become a remaining limitation to

achieving net zero. A growing proportion of

NYC’s climate impact comes not from running
buildings, but from making them. In many new or
high-performance projects, embodied emissions
can account for 20 to 50 percent of a building’s
total life-cycle footprint, sometimes even more
(UKGBC, 2023; Circular Ecology, 2024; IESVE,
2024). In other words, as cities succeed at driving
down operational energy use, embodied carbon
becomes the harder, more structural challenge left

to solve.

This reality is especially important in New

York City, where buildings define the emissions
landscape. The sector is responsible for just over
two-thirds of total greenhouse gas emissions
within the city, largely driven by space heating,
cooling, and lighting (NYC Department of
Buildings, 2024; Urban Green Council, 2024;
NYCEDC, 2025). Because buildings dominate
the city’s emissions profile, the combined weight
of operational and embodied carbon ultimately
determines whether New York can meet its
commitment to reduce emissions 80 percent below
2005 levels by 2050 (City of New York, 2015;
NYC Mayor’s Office of Climate & Environmental



Justice, 2024). As operational emissions decline
through policies such as building electrification
and efliciency improvements, embodied carbon
represents an increasingly significant share of

total building-related emissions.

Cutting embodied carbon through circularity
is therefore not a secondary environmental goal,
but a key opportunity to reshape how climate
solutions are understood and implemented.
Rather than relying primarily on downstream
policies such as cap-and-trade systems, circular
approaches shift attention upstream to the
beginning of the material lifecycle, where
carbon consumption is first embedded. In this
way, addressing embodied carbon is not just
complementary to existing strategies, but essential
to them. Ensuring that embodied carbon is a
central component of the city’s climate trajectory

1s therefore critical.

Concrete, steel, glass, and other
construction materials carry enormous carbon
footprints through their extraction, processing,
manufacturing, and transport (EESI, 2021; U.S.
Department of Energy, 2023). Industry guidance
shows that these material stages account for
roughly 70 percent of embodied carbon in the
built environment, with the remainder coming
from on-site construction, installation, and end-of-
life activities (American Council of Engineering
Companies of New York, 2023; NYCEDC, 2025).
This means the construction and demolition
sector 1s not only a major source of emissions,
but also one of the most promising sites for
meaningful carbon reduction. If the city wants
to cut emissions at the scale required, the way it
builds, renovates, and dismantles buildings will

need to adapt and evolve.

The Waste Problem

Understanding construction and demolition
waste in New York City requires moving past the
idea that waste is simply a byproduct of building
activity. The global literature shows that most
embodied emissions are generated long before
materials reach a job site, which means that when
C&D waste 1s created, the city is not just dealing
with disposal. It is losing the carbon, energy,
and ecological resources that are embedded
in those materials from the moment they were
extracted, processed, and transported (Myint and
Shafique, 2024; De Wolf et al., 2017). Countries
like the Netherlands and cities across FEurope are
already seeing how rising material consumption
undermines climate goals. Waste represents a lost
resource and a renewed demand for high carbon

virgin materials that restarts the entire emissions

cycle (PBL, 2025).

Research on urban metabolism takes this
even further. Cities sit on enormous stocks of
materials such as steel, timber, brick, and stone
that could be harvested and reused if proper
systems were in place (Jawanrudi et al., 2021).

Without those systems, demolition destroys

11
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materials that could have circulated
through multiple building cycles. This
pattern 1s especially clear in New York
City, where high development pressure
and fast construction timelines often make
full demolition the easiest choice. The

city produces millions of tons of C&D
debris each year, although even the basic
numbers are inconsistent. The New York
City Economic Development Corporation
estimates that G&D activity produces
about 7,500 tons of garbage per day,

equating to 2.7 million tons per year. The

Department of Sanitation reports a much
larger figure: roughly thirteen million
tons of total waste annually, about half of
which, or 6.5 million tons per year, is tied
to C&D activity (NYCEDC, 2024; DSNY,
2024). Other studies point out that even these
numbers are incomplete because the city has no
unified system for tracking material flows, which
means that large portions of the waste stream go
unmeasured (Ezrapour et al., 2024). What we do
know is that most of these materials are sent to
landfills or downcycled, even when they still hold
significant structural or architectural value. Much
of the old-growth timber, steel, brick, and stone
inside New York’s existing buildings is recoverable
with selective deconstruction, yet most of it

1s destroyed during conventional demolition

practices.
Why Circularity?

Given the scale of both the waste and
embodied-carbon challenges outlined above,
New York City needs a strategy that does more
than manage waste at the end of a building’s

life. It requires an approach that reduces

Transportation

Extraction

Circularity

Manufacturing

Clonstruction

Repair
Refurbish
Remanufacture
Repurpose
Recycle
Recover
Reuse

Deconstruction

Reduces embodied carbon and
demand for virgin materials

material demand altogether (Dutch Ministry
of Infrastructure and the Environment, 2016;
MacKinnon, 2021). Circularity offers exactly
this kind of structural solution. Instead of
treating materials as disposable, circular systems
keep resources in use for as long as possible
through reuse, repair, repurposing, and high-
value material recirculation. This shift is central
to climate action. Global research shows that
reducing consumption of virgin materials is

one of the most effective pathways for cutting
life-cycle emissions, especially because 60 to 80
percent of embodied carbon occurs before a
material ever reaches a job site (Myint & Shafique,
2024).

For New York, circularity directly addresses
the failures of the current linear system. The city
can turn its enormous C&D waste stream into
a resource by harvesting the materials already
embedded in buildings rather than destroying
them through mechanical demolition. Reusing

existing materials avoids the high-carbon



extraction and manufacturing processes associated
with virgin production (De Wolf et al., 2017),
reduces long-distance transport emissions, and
preserves the carbon already stored in materials
like wood (Souaid et al., 2024). It also brings
material flows back within the city’s boundaries,

shortening supply chains and increasing resilience

in the face of global disruptions (PBL, 2025).

Circularity also produces a set of economic
and social co-benefits that strengthen its policy
relevance. Reuse and deconstruction industries
create local jobs that cannot be outsourced,
supporting new roles in material salvage,
processing, certification, warchousing, and resale
(Falk & McKeever, 2004). As salvage markets
grow and materials circulate through multiple
cycles, cities that implement circularity at scale
see reduced project costs through avoided
disposal fees and lower reliance on volatile
global commodity markets (Ellen MacArthur
Foundation, 2020).

13
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III. Methodology

Research Goal

To identify the primary barriers to circularity

and reducing embodied carbon in New York
City’s construction and demolition sector, and to
evaluate the most feasible and impactful policy
solutions, while clarifying the evolving role of
planners within this increasingly multidisciplinary

urban context.

Research Questions

1. Mapping the Current Landscape

RQ1: What policies, programs, and regulatory
frameworks currently shape embodied carbon and
circular construction practices in New York City?

2. Identifying Gaps and Barriers

RQ2: What structural, regulatory, economic, and
logistical barriers limit the adoption and scaling of
circular construction and adaptive reuse in New
York City?

3. Understanding Current Practice

RQ3: To what extent are circular strategies—such
as adaptive reuse, deconstruction, and material
salvage—being implemented in NYC construction
projects today?

4. Evaluating Systems and Outcomes

ROQ4: How are decisions around material use,
demolition, and reuse currently made in practice,
and to what extent are circular strategies being
implemented across projects?

5. Quantitative Assessment

RQ5: How do building characteristics and material
decisions, particularly structural system, height,
and material specification, shape embodied carbon
outcomes, and what does this reveal about the
most effective points of intervention for reducing

emissions 1n urban construction?

RQ6: To what extent can policy interventions,
particularly public procurement and targeted
incentives, shift market conditions to scale circular
construction and reduce embodied carbon in New
York City?

Analytical Framework

This project uses a few simple but
connected ways of looking at New York City’s
construction and demolition sector. The first
is circularity itself. Circular economy thinking
shows up here as a practical question rather
than a buzzword: are materials kept in use,
reused at a high value, and designed to move
through multiple building cycles, or are they
treated as disposable? This frame guides how I
read policies, industry practices, and proposed
solutions. It helps identify where materials are
being lost, where carbon emissions are being
wasted, where reuse is possible, and where
interventions could meaningfully cut embodied
carbon. The project also uses an institutional and
governance lens. Circularity depends on how
agencies, developers, contractors, haulers, and
reuse actors are organized, what rules they work
under, and where incentives or frictions show
up in everyday practice. This frame shapes how
I interpret interviews, policy documents, and
program designs by asking who has the power or
responsibility to act, who stands to benefit, who
is responsible for coordination, and where that

coordination is missing.

The framework also draws on concepts
from urban metabolism and material stock
thinking, but these are used primarily to inform
how the problem is understood rather than

as a primary analytical method. Buildings are



treated as temporary assemblies of materials
that move through stages of extraction,
construction, use, and eventual dismantling,
which helps contextualize the relationship
between waste, reuse potential, and embodied
carbon. Within this research, this perspective
supports the interpretation of interview findings
and policy analysis by highlighting how design
and demolition decisions influence whether
materials remain in circulation or are lost as
waste. Rather than directly modeling material
flows, this lens provides a conceptual foundation
for understanding why material management,
tracking systems, and design choices are critical to

enabling circular construction.

A final part of the framework focuses
on economic feasibility. Circularity will only
take hold in New York if it works financially for
the people who build, demolish, and manage
projects. This means paying close attention to
costs, savings, and the possible revenue streams
tied to reuse, resale, and avoided disposal. By
looking at economic data, market prices, and
the structure of the city’s development industry,
this lens helps identify where circularity creates
financial opportunity, where it adds cost, and
where policy or market shifts could change those
outcomes. This perspective grounds the analysis
in the realities of New York’s building economy

and helps evaluate whether proposed circular

strategies are workable, not just ideal in theory.

Research Methods

In urban planning, mixed-methods work
lets us use the power of data without losing the
context in which that data is collected, shaped,

and shared. When data are paired with lived

experience and on-the-ground knowledge,
planning gains the ability to answer questions in
ways that are more precise and more grounded in
real conditions. What works in the Netherlands
may not work in New York State. What succeeds
in Amsterdam may fall apart in Brooklyn. What
solves a problem in Brooklyn may not make sense
on the Upper West Side. Much like modular
design or adaptive reuse, planning models need
to be adjusted to fit the places where they are
used. There is no one-size-fits-all approach and
planning must be informed by place (Jacobs,
1961). Similarly, data are only useful when tied
to the people whose lives it reflects, and expert
knowledge is strongest when supported by clear
evidence. For these reasons, this project uses a

mixed-methods approach.

Because this project asks how circularity can
realistically take shape within New York City’s
construction and demolition sector, the research
design needs to capture the measurable patterns
of material flows, the regulatory landscape, and
the expertise of those leading the way in the
field. Qualitative insights reveal how efforts to
reduce embodied carbon are currently being
implemented, why certain practices persist,
how institutions are working to shift them, and
what barriers limit the widespread adoption of
circular construction. Meanwhile, quantitative
analysis identifies which materials are most
emissions-efficient, demonstrates how material
and strcutural choices influence outcomes,
and estimates the level of investment needed
to incentivize and regulate industry practices.
Bringing these forms of knowledge together
creates a fuller picture of how circularity might
work in practice, not only in theory. This
combination of methods provides the structure

needed to study a complex and uneven transition,
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one that spans policy, market behavior, and
everyday decision making across New York City’s

built environment.

Generative Al tools (OpenAl ChatGPT)
were used to support code development, data
visualization, and editorial refinement. All
analytical decisions, model construction, and
interpretations were conducted and verified by

me, the author.

Research Focus and
Explanation

New York City is the chosen site of this
research for several reasons. The city has a mix
of political commitment, economic stability,
and cultural influence that makes it a national
testing ground for new ideas in climate planning
and urban policy (City of New York, 2019;
Urban Green Council, 2024). New York has
already adopted climate laws such as Local
Law 97 and Executive Order 23, which show
not only willingness but active effort to reduce
emissions and move toward circular practices.
New York’s sustained climate planning efforts and
its demonstrated ability to carry out complex,
multi-agency initiatives make it an ideal setting
for testing new policy and design models (NYC
Mayor’s Office of Climate & Environmental
Justice, 2024; City of New York, 2023).

Economically, New York attracts people
from across the country and around the world
who want to live, work, and visit here. This
creates a strong and relatively stable tax base
(NYC Comptroller, 2023; NYC Department of
City Planning, 2023). While taxes may influence
some decisions, the cultural and economic draw

of New York often outweighs concerns about cost



(Florida, 2017; Glaeser, 2011).. The city’s limited
land supply also creates constant demand for
development, a pattern documented across several
decades of redevelopment cycles (NYU Furman
Center, 2022). This steady demand supports stable
returns for builders and developers, which is
important for the transition to circularity. Circular
construction will only scale if environmental

goals align with financial incentives. New York’s
market conditions, political environment, and
institutional capacity make it a better test case

than many other American cities.

The construction and demolition sector
was chosen because it occupies a part of the
economy where material flows are concentrated
and easier to track. Unlike consumer markets,
where millions of individual choices shape
demand, this sector involves a smaller and more
organized group of actors (McKinsey Global
Institute, 2017). Developers know where their
materials come from, how they move through
supply chains, where they are installed, and how
they are handled when a building reaches the
end of 1its life (McKinsey Global Institute, 2017;
De Wolf et al., 2017). Demolition teams know
which materials can be salvaged and who will
collect them (Jawanrudi et al., 2021). Because
decisions in this sector are made by a limited set
of participants, system-wide changes are not only
more realistic but also may provide an ideal entry
point for circular practices in the current linear
model within the United States(McKinsey Global
Institute, 2017). This is an area where circular
practices can increase efficiency, create value from
recovered materials, and help developers meet the
requirements of Local Law 97. For these reasons,
the construction and demolition sector in New
York City provides a practical and meaningful

setting for studying circularity.

These features make New York City a critical
case for understanding how circular construction
might be implemented in the United States. It is
large enough, regulated enough, and economically
complex enough to reveal the pressures and trade-
offs that any circular system must confront. At the
same time, the city’s policy environment, existing
climate commitments, and active real estate
market create conditions where new practices
can be tested, evaluated, and scaled. Studying
New York therefore provides insight not only into
the barriers that shape circularity today, but also
into the kinds of governance structures, financial
tools, and industry relationships that would be
needed for a broader transition. By focusing on
the construction and demolition sector within this
particular urban context, the research is able to
examine circularity within a system that is both
highly carbon-intensive and tightly shaped by
local policy, market incentives, and institutional
capacity. This specific combination allows
the findings from New York to speak to larger
questions about how circularity could take shape
in other American cities with different political,

economic, and spatial realities.

Research Design

Figure 1.1 outlines the logic of the research
design and demonstrates how each method
contributes to understanding how New York City
can reduce embodied carbon by scaling circularity
within the construction and demolition (C&D)
sector. The project follows a layered, mixed-
methods approach that integrates qualitative and
quantitative analysis. It begins by establishing the
global and local context through literature and
policy review, and then builds into three primary

analytical components: semi-structured interviews

17
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and a cross-case synthesis matrix, embodied
carbon estimation using life cycle assessment
(LCA) principles combined with both ordinary
least squares (OLS) and machine learning
modeling, and scenario-based modeling of policy
and market interventions. Each method addresses
a different dimension of the research question,
and together they form the basis for a grounded

and implementable planning framework.

The first stage of the research consists of
a targeted literature review focused on circular
economy strategies, embodied carbon in the built
environment, and material flow systems. This
includes work on building information modeling
(BIM), material passports, and advances in
material science. Rather than serving as a general
overview, this review is used to establish the
technical and conceptual boundaries of circular
construction, identify gaps in current research,
and clarify how technological feasibility intersects
with policy ambition. This foundation informs
both the policy analysis and the design of the

empirical methods that follow.

The second stage analyzes the existing policy
and regulatory landscape in New York City. This
includes key legislation, procurement frameworks,
and planning tools that influence embodied
carbon and material flows. The purpose of this
analysis is to identify where current policies
enable or constrain circular practices, and to
map the institutional structure within which
implementation occurs. These findings directly
informed the design of the interview process by
highlighting areas of uncertainty, fragmentation,

and potential leverage within the system.

The qualitative core of the research consists
of semi-structured interviews with stakeholders

across the public and private sectors of New

York City’s C&D ecosystem. Participants include
individuals working within city agencies, low-
carbon material supply chains, and engineering
roles focused on circular and low-carbon
construction, as well as professionals whose
work interfaces with design and construction
processes through material provision and
technical expertise. These interviews are not
intended to represent the full spectrum of actors
within the sector, but rather to capture a range
of perspectives on the barriers, opportunities,
and conditions shaping the adoption of circular

construction practices.

These interviews were designed to capture
how policies are interpreted and implemented
in practice, how decisions around demolition,
reuse, and material sourcing are made, and what
barriers exist to circular strategic adoption. To
synthesize findings across interviews, responses
were organized into a structured analytical
matrix. This matrix categorizes insights across
key themes, including regulatory constraints,
economic barriers, data limitations, and
opportunities for intervention. This approach
allows for systematic comparison across
stakeholder groups and helps identify recurring
patterns, points of alignment, and areas of
divergence between policy intent and industry

practice.

The quantitative component of the research
is used to ground and validate the patterns
identified in the interviews, particularly around
how material choices translate into carbon
outcomes. Using LCA-informed assumptions
about material emissions factors, a combination
of ordinary least squares (OLS) and machine
learning modeling is used to estimate how

variations in material selection and levels
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Reducing embodied carbon in New York City depends on scaling circular construction to a critical market threshold—this research identifies what it takes to get there.
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of circularity affect embodied carbon at the
project and city scale. OLS is used to identify
interpretable relationships between variables,
while machine learning methods capture more
complex, non-linear patterns and assess the
relative importance of different factors. Rather
than serving as a precise predictive tool, this
analysis is used to demonstrate two key points:
first, that material choices do have measurable
and meaningful impacts on emissions, and second,
that there is significant variation across systems,
indicating that lower-carbon pathways are both

possible and already partially available.

These findings reinforce the central
insight from the interviews that cost and project
priorities, rather than technical feasibility,
are the primary drivers of decision-making
among developers, engineers, and contractors.
While different materials and construction
approaches carry different carbon impacts,
they are not consistently selected because they
are not consistently accessible or economically
competitive. The quantitative analysis therefore
establishes the technical feasibility of reducing
embodied carbon, while the interviews explain
why those reductions are not currently realized in
practice. This combined understanding provides
the foundation for the scenario analysis, which
explores how policy and market interventions can
shift these decision-making conditions and make

lower-carbon choices more accessible at scale.

The scenario analysis is conducted to
evaluate different policy and market pathways
for scaling circularity. These scenarios vary key
parameters such as public procurement coverage,
market adoption rates, and policy intervention
levels. The scenario model is used to project

potential emissions reductions, material diversion

from landfill, and broader system impacts over
time. This allows the research to move beyond
static analysis and assess how different planning

strategies influence long-term outcomes.

Together, these methods form an integrated
framework that connects policy, practice, and
measurable impact. The qualitative findings
identify where and why circular construction
is currently constrained, while the quantitative
analysis demonstrates what is possible under
different conditions of scale and coordination. By
combining these approaches, the research is able
to move from diagnosis to strategy, providing a
clear foundation for the planning implications and

recommendations that follow.



IV. Literature Review

International Context:
Why Circularity Matters
for Climate Goals

Circular construction is not a one-size-fits-
all model; its implementation varies significantly
across institutional, regulatory, and geographic
contexts. At its core, circularity offers a pathway
to reduce material demand, extend product
lifespans, eliminate unnecessary waste, and
shift the built environment away from a linear
“take, make, dispose” model toward systems
that prioritize reuse, repair, refurbishment,
and material recirculation (Ellen MacArthur
Foundation, 2013; European Commission, 2020).
The adoption of these practices is increasingly
recognized as central to reducing carbon
emissions across sectors, particularly in the built
environment, where material production and
construction processes account for a significant
share of global emissions (United Nations
Environment Programme, 2020; Ellen MacArthur
Foundation, 2019).

Examining leading examples from cities such
as London, Copenhagen, and Brussels, as well
as countries like Australia and Japan, provides
critical insight into how different governance
structures and market conditions shape the
adoption of circular practices. These cases
function as real-world test beds, illustrating a
range of approaches—from regulatory mandates
to procurement strategies and market-building
initiatives—that operationalize circularity at
scale. Drawing from these examples allows this

research to identify transferable mechanisms while

avoiding context-specific limitations, ultimately
informing the development of a more effective
and locally appropriate circular construction

framework for New York City.

At the city scale, European municipalities
have translated circular economy goals into
operational practices within the construction
sector through targeted programs and institutional
support. In Copenhagen, the municipality has
embedded circularity into its procurement and
construction processes through tools such as a
municipal circular economy handbook, which
is incorporated into public project contracts
and includes material-specific requirements,
pre-demolition resource mapping, and source
separation practices to enable the reuse of
building components (City of Copenhagen,
2018; Nordic Council of Ministers, 2023). These
requirements support practices such as selective
demolition—where buildings are carefully
dismantled to preserve reusable materials—and
are increasingly linked to emerging material
exchange platforms and “material banks” that
facilitate the circulation of salvaged components
across projects (Nordic Council of Ministers,

2023).

In Brussels, circular construction has
been advanced through ecosystem-building
initiatives such as the Be Circular program, which
supports reuse-oriented businesses, alongside
organizations like Rotor Deconstruction that
dismantle buildings prior to demolition, recover
materials, and reintroduce them into the market
as usable construction components (Brussels
Environment, 2016; Rotor Deconstruction,
2020). By organizing the recovery, storage, and
resale of salvaged elements—including doors,

fixtures, and architectural materials—Rotor
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Deconstruction creates a functional supply chain
for reclaimed materials, addressing key barriers
related to availability, logistics, and market

access that often constrain reuse in construction
(Rotor Deconstruction, 2020). Together, these
approaches illustrate how cities can move beyond
policy commitments to actively support the
markets, processes, and infrastructure required for

large-scale material reuse.

Developers in London are required to
demonstrate how their projects align with circular
economy principles through the submission of a
Circular Economy Statement, which is mandated
for all referable planning applications under
the London Plan (Greater London Authority
[GLA], 2022a). In parallel, applicants must
complete a Whole Life Carbon Assessment in
accordance with Policy SI2, using a standardized
GLA reporting template that ensures consistent
quantification of lifecycle emissions across projects
(GLA, 2022b). These documents are expected
as part of the formal planning submission
process and are often incorporated into local
authority validation requirements, meaning
that applications may be deemed incomplete
without them (GLA, 2022a; City of Westminster,
2023). These requirements compel developers to
quantify material flows, assess lifecycle carbon
impacts, and demonstrate how design strategies—
such as reuse, adaptability, and waste reduction—
are integrated into the project from the outset.
Collectively, these cases demonstrate how different
policy tools—procurement, deconstruction
systems, and planning requirements—can be used

to shape circular construction practices.

Other regions reinforce the importance of
consistent policy frameworks and data systems.

Australia’s long-term investment in material flow

accounting highlights how tracking material
inputs, stocks, and waste streams can inform
policy and reveal structural dependence on virgin
materials (Australian Bureau of Statistics, 2020;
CSIRO, 2022). Japan offers a complementary
example through its Construction Material
Recycling Law, which mandates the separation
and recovery of key materials such as concrete,
asphalt, and wood. This policy has produced
recovery rates above 90 percent for certain
materials and demonstrates how clear regulatory
expectations and enforcement can normalize
material recovery practices at scale (MLIT,
2021). These international examples highlight
how progress is already being made to reduce
embodied carbon, and how international states
and cities are working to end linear practices in

the name of delivering a more sustainable future.

The Dutch Model and NYC

Implementation

The Dutch model offers one of the most
practical and developed examples of circular
implementation. Nationally, the Netherlands
has committed to a fully circular economy by
2050, outlining a coordinated approach across
government, industry, and institutions to keep
materials in use and reduce dependence on
disposal (Government of the Netherlands, 2016).
Amsterdam translates this national vision into
city-level implementation, making it a particularly

relevant case for New York.

A central feature of the Dutch approach
is the prioritization of material value through
the “R-ladder,” a framework that ranks circular
strategies according to their ability to preserve

material integrity and reduce environmental



impact. At the top of the hierarchy are strategies
such as refuse and reduce, which aim to eliminate
unnecessary material use altogether, followed

by reuse and repair, which extend the lifespan

of products while maintaining their highest
value. Lower on the ladder are refurbishment
and remanufacturing, which retain partial value
through transformation, and finally recycling,
which is treated as a last resort due to its
associated energy use and loss of material quality.
This hierarchy reflects a broader shift away

from waste management toward value retention,
emphasizing the need to minimize primary raw
material use and maximize reuse across value
chains (Government of the Netherlands, 2016).

Amsterdam operationalizes these principles
through public procurement, embedding circular
criteria into construction tenders that promote
material efficiency, reuse, and lower-carbon design

strategies (Dutch Ministry of Infrastructure

and the Environment, 2016; Ellen MacArthur
Foundation, 2019, 2020). This approach aligns
with national policy goals to reduce reliance

on primary raw materials and restructure
production and consumption systems around
reuse and material efficiency (Government of

the Netherlands, 2016). In parallel, the Dutch
approach emphasizes the importance of data and
monitoring systems to track material flows and
support more efficient resource use across the

economy (Government of the Netherlands, 2016).

Importantly, the Dutch strategy recognizes
that the transition to a circular economy is not
only technical but cultural. The national program
highlights that achieving circularity requires
technological, social, and system innovations,
as well as shifts in behavior among producers,
consumers, and institutions (Government of the
Netherlands, 2016). Barriers such as entrenched

linear consumption patterns, lack of coordination
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across supply chains, and limited awareness

of circular business models must be addressed
to enable widespread adoption. As a result,

the transition depends not only on policy and
infrastructure, but on broader cultural change in
how materials are valued, used, and recirculated

within the economy (Government of the
Netherlands, 2016).

While the Dutch circular economy strategy
is designed to transform the entire national
economy, its application within the construction
and demolition (C&D) sector provides one of the
most concrete and instructive examples of how
these principles are operationalized in practice.

In this sector, life cycle assessment (LCA) 1s
institutionalized through a standardized national
methodology and the Milieuprestatie Gebouwen
(MPG), which requires developers to quantify

the environmental impacts of building materials
across the full life cycle using data from the Dutch
National Environmental Database (Stichting
NMD, 2022; Rijksoverheid, 2016). This effectively
embeds material impact assessment into both
design and permitting processes, ensuring that
embodied carbon and resource use are considered
alongside cost and performance (Rijksoverheid,
2016). However, it 1s important to recognize

that this system functions as part of a broader,
economy-wide transition framework aimed at
reducing primary raw material use and promoting
circularity across multiple sectors . Within the
C&D context, the Dutch approach demonstrates
how LCA can move beyond voluntary analysis to
become a standardized and enforceable tool for
guiding material choices, while also highlighting
the limits of sector-specific interventions in
achieving full circularity without parallel changes
in supply chains, markets, and consumption
patterns (Potting et al., 2017; Rijksoverheid,

2016).

Beyond environmental goals, the Dutch
strategy frames circularity as an economic
and resilience strategy. Reducing reliance on
imported raw materials lowers exposure to
supply disruptions and price volatility while
supporting the growth of domestic reuse and
remanufacturing industries (TNO, 2013;
Government of the Netherlands, 2016).
Construction and demolition are central to
this transition, as they account for a significant
share of material use, energy consumption,
and emissions. At the same time, the Dutch
case reveals the limits of circularity in practice.
Despite high reported recovery rates, much of
the material is still downcycled rather than reused
at high value. Barriers such as buildings not
designed for disassembly, regulatory constraints,
and inconsistent secondary markets continue to
limit full circularity. These challenges underscore
a key insight: circular systems require not only
strong policy signals, but also coordinated design

practices, data systems, and market infrastructure.
Lessons From Other Regions

These international examples reveal that
successful circular construction systems are not
driven by a single policy or intervention, but
by the alignment of regulatory frameworks,
market infrastructure, and cultural change.
London demonstrates the importance of
embedding circularity directly into the planning
system through mandatory reporting and
lifecycle assessment, ensuring that material
and carbon considerations shape development
decisions from the outset. Copenhagen
illustrates how public procurement can be

used to operationalize circular practices within



municipal projects, while Brussels highlights
the critical role of intermediary organizations
and reuse markets in addressing logistical and
supply chain barriers. At the national scale,
Japan shows how clear regulatory mandates
can normalize material recovery, and Australia
underscores the importance of material flow
data in informing policy and identifying systemic
inefficiencies. The Netherlands and Amsterdam
bring these approaches together, combining
policy, procurement, data systems, and cultural
transformation into a coordinated strategy

that prioritizes value retention over waste

management.

The international cases reviewed suggest
that circular construction is not achieved through
a single intervention, but through the alignment
of policy, market infrastructure, and cultural
change. However, the extent to which these
components can be translated into the New York
City context remains uncertain. While regulatory
tools, procurement strategies, and reuse markets
have each demonstrated effectiveness in different
settings, it is unclear how these mechanisms
interact within a dense, highly regulated, and
market-driven urban environment like New York.
This raises a central question for this research:
what combination of policy instruments, market
structures, and institutional practices is required
to enable circular construction in New York
City? More specifically, how can regulatory
frameworks generate sufficient demand for reused
and low-carbon materials, how can markets
and supply chains support their availability and
reliability, and what cultural or behavioral shifts
are necessary among developers, designers,
and policymakers to move away from linear
construction practices? Rather than assuming

that any single model can be directly replicated,

this research investigates how these components
can be adapted, integrated, and scaled within

the specific economic, regulatory, and material
conditions of New York City. In doing so, it seeks
to 1dentify not only what works in theory, but what

is feasible in practice.

Tracking, Digitalization,
and Data Infrastructure

Operationalizing circularity and reducing
embodied carbon depends on reliable, consistent,
and transparent data. Both require the ability
to 1identify what materials exist, how much
carbon they contain, where they are located,
and whether they can be reused (Costa, F. et
al., 2025; Ezrapour, S. et al., 2024; Circular
Ecology, 2024; Carbon Leadership Forum, 2021,
2023). Yet the construction sector remains highly
under-digitized, with fragmented systems that do
not communicate across design, procurement,
construction, demolition, and reuse phases
(McKinsey Global Institute, 2017; De Wolf et
al., 2017). Without shared data infrastructure,
materials cannot be recovered at scale, embodied
carbon cannot be measured consistently, and
policy interventions cannot be verified. For New
York City, where millions of tons of materials
move through the construction system each year,
this represents a major structural constraint.

A circular system cannot function without
standardized data that is accessible across actors

and project phases.
Life Cycle Assessments

A central challenge in embodied carbon
accounting is the lack of consistency in life cycle

assessment (LCA) methodologies. Practitioners
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use different system boundaries, assumptions, and
data sources, making results difficult to compare
across projects (De Wolf et al., 2017). Many
life-cycle assessments exclude or inconsistently
account for stages such as transportation,
construction, and end-of-life impacts, leading

to incomplete estimates. At the same time,
embodied carbon 1s not fixed for any given
material, but varies based on production location,
energy sources, and supply chain conditions
(Environmental Protection Agency, 2022; De
Wolf, C. et al., 2017; Carbon Leadership Forum,
2021, 2023; Circular Ecology, 2024). Identical
materials can differ significantly in carbon
intensity depending on where and when they

are produced (Zhang et al., 2024). As a result,
transparency and consistent reporting must be
established not only within the city’s construction
system, but across the broader supply chains

that extend beyond local, state, and national

boundaries.

Existing research shows that LCA results
are often difficult to compare due to inconsistent
methodologies, fragmented datasets, and a lack
of harmonized reporting frameworks (Soust-
Verdaguer et al., 2017; Pomponi & Moncaster,
2017). In addition, incomplete system boundaries
and missing data can lead to underestimation of
total lifecycle impacts, particularly when upstream
and downstream processes are excluded (National
Institute of Standards and Technology [NIST],
2022). Variability in production conditions—
including geographic location, energy sources,
and timing—further contributes to differences
in embodied carbon outcomes for otherwise
similar materials (Zhang et al., 2024). Addressing
these challenges requires not only standardized
methodologies, but also robust verification

mechanisms and shared data systems capable of

producing comparable, reliable, and actionable

embodied carbon assessments.

Building Information
Management Systems

Digital tools offer pathways to address
these challenges, particularly at the design stage.
Building Information Modeling (BIM), when
integrated with lifecycle assessment, allows teams
to evaluate embodied carbon early in the design
process, when decisions about structure and
materials are most impactful (Myint, 2018; De
Wolf et al., 2017). This shifts carbon accounting
from a retrospective exercise to a design
parameter, enabling comparison across material
and structural options before construction
begins (Dewagoda et al., 2024). Material
passports extend this capability by providing
structured information on material composition,
performance, and reuse potential across a
building’s lifecycle (Costa et al., 2025). Modular
and parametric design approaches further support
circularity by standardizing components and
enabling future disassembly and reuse. These tools
demonstrate that the technical capacity to track

and reduce embodied carbon already exists.

Despite these advances, the literature
consistently shows that the primary barrier is
not a lack of tools, but a lack of integration
(Ezrapour, S. et al., 2024; Markou, E. et al.,
2025; Costa, F. et al., 2025; Myint, S. E., 2018).
Digital systems, including BIM platforms,
material databases, tracking systems, and
certification tools, often operate in isolation, using
incompatible formats and standards (Markou
et al., 2025). This fragmentation leads to a loss

of material information across project phases,
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particularly at the point of demolition and

reuse, where circular systems depend most on
accurate data. As a result, materials that could

be recovered are instead treated as waste. For
New York City, this highlights a central challenge:
circular construction requires coordinated

data infrastructure, not just new technologies.
Standardization, interoperability, and institutional
alignment are necessary to ensure that material
information can move across actors and phases
of the building lifecycle. Without this level of
integration, digital tools remain limited in their

ability to support circular material flows.

Design and Structural
System Choice for Circular
Construction

Circularity begins with design. The way
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buildings are assembled determines whether
materials can be recovered or whether they
become waste. When components are fused, cast
in place, or embedded within composite systems,
they are effectively locked into a single and linear
lifecycle (Ottenhaus, L., 2022; Dunant, C. F. et
al., 2018; Pomponi, F. & Moncaster, A., 2017).
When connections are reversible and assemblies
are standardized, materials can move through
multiple building cycles (Ottenhaus, 2022;
Sakthibala et al., 2020). Research consistently
shows that construction and demolition waste is
largely shaped by design decisions rather than
being an unavoidable byproduct of building
activity (Dunant, C. F. et al., 2018; Ottenhaus, L.,
2022; Ezrapour, S. et al., 2024; Circular Ecology;,
2024). Non-standard components, inaccessible
connections, and proprietary systems make
material recovery impractical, often turning
renovation into demolition. In contrast, design

strategies that prioritize modularity, accessibility,
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and standardization enable reuse and reduce
waste (Dunant, C. F. et al., 2018; Ottenhaus, L.,
2022; Dewagoda, K. et al., 2024).

Structural systems play a decisive role in
determining both embodied carbon and reuse
potential because they govern the quantity;,
type, and configuration of materials within a
building. Research shows that structural elements
account for the majority of a building’s embodied
carbon, meaning that early-stage decisions about
structural form and material efficiency have the
greatest potential to reduce overall emissions
(Arup, 2023). Strategies such as minimizing
material quantities, optimizing structural form,
and selecting lower-carbon materials directly
reduce embodied impacts by lowering both the
volume of material used and the carbon intensity

per unit of material (Arup, 2023).

Simultaneously, the way structural systems
are assembled determines whether these materials
can be recovered in the future (Ottenhaus, L.,
2022; Dunant, C. F. et al., 2018; Pomponi, F.

& Moncaster, A., 2017). Systems that rely on
monolithic construction or chemically bonded
materials—such as cast-in-place concrete—tend
to prevent separation and reuse, while systems
that use discrete elements and mechanical
connections enable disassembly and reuse of
structural components across multiple lifecycles
(Vale, 2017). In addition, the carbon intensity of
structural materials varies significantly depending
on production processes, supply chains, and
material composition, meaning that identical
structural systems can have substantially different
environmental impacts depending on how

and where materials are sourced (Vale, 2017).
Together, these factors position structural design

as a primary mechanism through which both

embodied carbon reductions and circular material
flows can be achieved. This relationship will be
further tested through empirical analysis using an
ordinary least squares (OLS) regression applied to
life cycle assessment (LCA) data.

Materials: Strategies, Carbon
Intensity, Reuse Potential, and
Engineering Constraints

Material choice 1s central to embodied
carbon. Before a building is ever occupied, a
large share of its lifecycle emissions is already
determined through decisions about structure,
framing systems, cladding, and finishes (Myint &
Shafique, 2024). Unlike operational emissions,
which can be reduced over time, embodied
carbon is largely fixed at the point of material
production. For a city like New York, which relies
heavily on imported, energy-intensive materials,
these upstream emissions are particularly
significant. As a result, reducing embodied
carbon requires more than substituting individual
materials. It requires rethinking how materials are
selected, used, and managed across the building

lifecycle.

While earlier sections have highlighted the
challenges associated with inconsistent lifecycle
assessment methods and fragmented data systems,
these limitations directly affect how materials are
selected in practice. In New York City, designers
and developers are often required to make low-
carbon material decisions without access to
fully comparable or complete information. As a
result, reducing embodied carbon requires not
only better materials, but a shift in how materials
are evaluated, selected, and managed across the

building lifecycle.



Concrete remains the dominant source of
embodied carbon in most buildings due to the
energy-intensive nature of cement production.
Research identifies several strategies for reducing
its impact, including clinker substitution,
improved mix design, and structural optimization
(ARUP, 2021; Scrivener et al., 2018). However,
adoption remains uneven, largely due to a lack
of standardization and consistent procurement
signals. In New York, where high-rise construction
relies heavily on reinforced concrete, this
represents a significant opportunity for emissions
reduction. At the same time, concrete presents
challenges for circularity. Reinforced systems are
difficult to disassemble, and demolition typically
results in downcycled aggregate rather than
reusable components. These constraints highlight
the importance of both material substitution
and design strategies that reduce material use or

enable future recovery.

New York’s existing building stock contains
large quantities of reusable materials, including
structural steel, heavy timber, masonry, and
architectural components. However, much of this
material is lost during demolition due to time
constraints, limited deconstruction practices, and
a lack of storage and resale infrastructure. The
literature on urban material banks emphasizes
that cities should treat buildings as long-term
resource reservoirs rather than waste streams
(Jawanrudi et al., 2021). Reusing these materials
reduces the need for new extraction, preserves
embedded carbon, and supports the development
of secondary markets. Without systems to recover
and redistribute these materials, significant

environmental and economic value 1s lost.

Research shows that many low-carbon

materials are technically viable but require

different design approaches and regulatory
support. Engineered timber and other alternative
materials can meet structural demands but
depend on updated building codes, testing
standards, and design workflows (Ottenhaus,
2022; Manandhar et al., 2019). Across studies,
the primary barriers to adoption are not technical
but institutional, including regulatory constraints,
fragmented supply chains, and limited market
demand. This reinforces a central theme of the
literature: advancing low-carbon construction
depends as much on policy, coordination,

and market conditions as it does on material

innovation.

Materials, Reuse, and Circular
Potential

Biobased materials offer a unique
opportunity to reduce emissions while introducing
regenerative processes into the construction
system. Timber and other renewable materials
store carbon during growth and retain it
throughout their use, meaning their climate
impact depends on how they are sourced, used,
and reused across building cycles (Manandhar et
al., 2019; Vale, 2017). For a city like New York,
which relies heavily on carbon-intensive imported
materials, these materials provide a pathway to
reduce embodied emissions while diversifying the

city’s material base.

The benefits of these materials are
significantly amplified through reuse. Reclaimed
timber avoids emissions associated with
extraction, processing, and transport while
extending the duration of carbon storage.
Research shows that when materials are reused

across multiple lifecycles, both carbon storage and
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avoided emissions compound over time (Souaid et

al., 2024; Falk & McKeever, 2004). This principle
is captured in the concept of cascading utilization,
where materials are kept in high-value use for

as long as possible before being downcycled or
discarded.

For New York, this has immediate relevance.
The city discards large volumes of structurally
viable materials during demolition, including
high-quality timber, steel, and masonry. Without
systems for deconstruction, storage, and
redistribution, this material is lost. Treating the
built environment as a material reservoir rather
than a waste stream would reduce emissions,
extend material lifespans, and support the

development of secondary markets.

At the same time, the literature makes clear

that material substitution alone is not suflicient.

While low-carbon and renewable materials are
technically viable, their adoption depends on
regulatory alignment, market demand, and supply
chain coordination. Without these conditions,

material innovation remains limited in scale.

Carbon Impacts and Research
Gap

The literature provides strong evidence
that circular material strategies can significantly
reduce embodied carbon. Life cycle assessment
studies show that substituting reused or recycled
materials for newly manufactured products
can substantially lower emissions by avoiding
extraction, production, and disposal processes
(Papadaki et al., 2022). At the material level,
reuse offers particularly high potential. Reusing
structural steel, for example, avoids the energy-
intensive remelting process required for recycling
and can significantly reduce embodied emissions
(Dunant et al., 2018). At the building scale,
research shows that a small number of material
categories—primarily concrete, steel, and wood—
account for the majority of embodied carbon,
making them key targets for intervention (Benke
et al., 2025). Strategies that reduce material
demand, extend material lifespans, or substitute
lower-carbon alternatives therefore represent
some of the most effective pathways for emissions

reduction.

However, these benefits are not realized
at scale. The literature consistently highlights
that the primary barriers are not technical, but
structural. Weak data systems, fragmented supply
chains, limited reuse markets, and inconsistent
policy frameworks prevent circular strategies

from moving beyond isolated applications. This



gap 1s particularly pronounced in New York
City. While international examples demonstrate
the potential of circular construction, there is
limited understanding of how these strategies
can function within New York’s regulatory
environment, development patterns, and
construction systems. This thesis addresses that
gap by combining qualitative and quantitative
analysis to identify where circularity can
realistically take hold and what changes are
required to support it. In doing so, it moves from
general theory to a place-specific understanding
of how circular construction can be implemented

at scale.
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V. Policy Review

New York’s progress in tackling climate
change and its transition away from carbon
intensive practices spans a wide range of policy.
A framework for circular practices, lower-carbon
material selection, and reducing an exponentially
growing waste stream is beginning to emerge
across multiple policy instruments, rather than
being driven by any single intervention.

Circularity, and by extension embodied
carbon reduction, sits at the intersection of
three overlapping policy domains:

(1) climate mitigation mandates,

(2) solid waste and materials management reform,
and

(3) economic development strategy.

While these policies do not explicitly
establish circular economy targets, they
collectively signal a shift toward outcomes aligned

with circularity.

New York State

Solid Waste Management Plan and Extended
Producer Responsibility

The 2023 New York State Solid Waste
Management Plan establishes a formal transition

toward a system more equipped to close the loop

on the current linear model. The Plan, though not

spectfic to the construction and demolition (C&D)
industry and not explicitly naming circularity

as its goal, sets a long-term vision of reducing
landfilling and combustion by 85 percent by 2050
and frames materials management as a climate
strategy aligned with the Climate Leadership and
Community Protection Act (CLCPA) (New York

State Department of Environmental Conservation
[NYSDEC], 2023). The Plan emphasizes reuse,
repair, remanufacturing, and market development,

and calls for legislative action.

The State Plan identifies extended producer
responsibility (EPR) as a key policy mechanism
within this framework. Under EPR, producers are
required to finance and manage the end-of-life
collection and processing of covered products,
typically through Producer Responsibility
Organizations (PROs). EPR is an important step
toward establishing a circular system because
it internalizes environmental costs by holding
producers accountable for the full lifecycle of
their products, from design through disposal,
which in turn incentivizes more sustainable
production and waste management practices
(Tong et al., 2024). It also shifts responsibility for
waste away from governments and consumers
and back onto producers, where decisions about
materials and design are made (Tong et al., 2024).
Currently, New York State requirements apply
only to a limited set of product categories and
are not directly related to core C&D materials.
The State Plan also does not regulate building
design or material specification, instead focusing

primarily on end-of-life waste management.

Environmental Product Declarations
are central to this framework, providing
standardized, third-party verified lifecycle
assessment data for construction materials.
By introducing comparability across products
with similar structural performance, EPDs
enable procurement decisions based on carbon
intensity rather than cost alone. For circular
construction, this data is critical: determining
whether reuse, recycling, or material substitution

reduces emissions depends on consistent lifecycle



accounting. However, uneven EPD coverage
across material categories introduces uncertainty
into benchmarking and limits their immediate
regulatory application (Carbon Leadership
Forum, 2023).

Embodied Carbon Approach

New York State’s approach to embodied
carbon exists within the broader framework of the
Climate Leadership and Community Protection
Act (CLCPA). Enacted in 2019, the CLCPA
mandates an 85 percent reduction in statewide
greenhouse gas emissions by 2050 and establishes
legally binding decarbonization targets across all
sectors of the economy (New York State Climate
Leadership and Community Protection Act,
2019). The statute does not distinguish between
operational and embodied emissions, nor does it
prescribe how reductions within the building and
construction sector must occur. As a result, while
the law creates a binding obligation to reduce
economy-wide emissions, it leaves unresolved the
regulatory treatment of emissions embedded in
construction materials such as concrete, steel,

aluminum, and insulation.

To date, most implementation under the
CLCPA has focused on operational energy
performance, leaving embodied carbon
comparatively under-addressed in statute and
regulation (New York State Climate Action
Council, 2022). This emphasis reflects a broader
reliance on downstream decarbonization
strategies, which primarily target energy
consumption and emissions after they occur,
rather than upstream interventions that shape
material production, design, and lifecycle
management. As a result, emissions associated

with material extraction, manufacturing, and

disposal remain largely outside the scope of
enforceable policy, reinforcing a regulatory gap
between economy-wide climate targets and

the systems through which those emissions are

generated.

In addition, downstream approaches tend
to concentrate costs at the point of energy
consumption, placing responsibility on building
owners and occupants after emissions have
already been embedded in the system. In contrast,
upstream interventions distribute responsibility
across producers, supply chains, and early-
stage design decisions, allowing emissions
to be addressed closer to their source. More
importantly, they create the potential to reduce
total carbon consumption by reshaping how
materials are produced and used, rather than
simply managing emissions after they have already

occurred.

It is important to note as well that recent
political debate surrounding the implementation
of the CLCPA further underscores the fragility of
this approach. Proposals from the administration

of Kathy Hochul to delay or modify elements of
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the law, particularly in response to projected
energy cost increases and affordability concerns,
have raised questions about the State’s ability

to meet its long-term decarbonization targets
(Politico, 2026; The City, 2026; New York State
Focus, 2026; City & State, 2026).

While these debates are primarily centered
on the cost and pace of electrification and energy
system transformation, emerging analysis suggests
that climate policy does not inherently increase
household costs. Research indicates that well-
designed policies, such as cap-and-invest systems,
can offset or even exceed cost increases through
mechanisms like revenue redistribution and
lower long-term operating costs associated with
electrification (Resources for the Future, 2025).
However, these outcomes depend on complex
policy design, sustained public investment, and
widespread adoption of new technologies. In
contrast, upstream interventions in material
systems, such as circular construction, material
reuse, and low-carbon procurement, offer
pathways to emissions reduction that do not
rely on consumer behavior or energy system
transformation, thereby reducing both political
and economic risk in achieving long-term climate

targets.

Recognizing the gap in addressing material-
based emissions, New York State convened an
Embodied Carbon Working Group in 2025 to
develop near-term policy recommendations
aimed at integrating embodied carbon into
the State’s climate strategy. Rather than
immediately imposing carbon intensity limits,
the Working Group prioritized the development
of measurement and disclosure infrastructure
as a prerequisite to regulation (New York State

Embodied Carbon Working Group, 2025). The

report calls for requiring embodied carbon
reporting in state-funded construction projects,
expanding and standardizing Environmental
Product Declaration (EPD) use, establishing
baseline benchmarks for high-impact materials,
and aligning procurement practices with lower-
carbon alternatives (New York State Embodied
Carbon Working Group, 2025).

This sequencing reflects a deliberate strategy.
It focuses on establishing consistent data and
methodologies before imposing enforceable limits.
Importantly, while the Working Group advances
harmonized reporting and disclosure, it does
not mandate specific lifecycle assessment tools,
system boundaries, databases, or carbon intensity
thresholds. This falls short of establishing
fully integrated data systems and cross-agency
coordination needed to support enforceable
standards. As a result, New York remains in a
measurement-building phase rather than a fully
standardized regulatory phase (New York State
Embodied Carbon Working Group, 2025).

New York State’s Executive Order 22 (EO
22) introduces embodied carbon into public
procurement by requiring state agencies to
measure and disclose the lifecycle emissions
associated with key construction materials in
major capital projects. Rather than setting
immediate limits, EO 22 focuses on building
the data infrastructure necessary for future
regulation. Design teams must calculate project-
level embodied carbon using life cycle assessment
(LCA), and contractors are required to submit
Environmental Product Declarations (EPDs) to
quantify material-level impacts (New York State
Office of General Services [NYS OGS], 2025).
The policy targets high-impact materials such as

concrete, steel, asphalt, and glass, and applies to



projects over $1 million, effectively embedding
carbon accounting into the procurement process
at scale (NYS OGS, 2025). However, EO 22 does
not explicitly incorporate circular construction
strategies, such as material reuse or design

for disassembly, as mechanisms for reducing

embodied carbon.

Procurement and Market
Shaping

New York State has proposed the Sustainable
Building Materials Act, which represents a

potential next phase in this policy trajectory.

in

ok IO

lEREAUE N

The legislation seeks to reduce greenhouse gas
emissions associated with construction materials
by aligning state purchasing power with lower-
carbon production and supporting manufacturers
in developing Environmental Product
Declarations (EPDs) and lifecycle transparency.
The bill identifies public procurement and
financial incentives as key mechanisms for
accelerating market adoption while supporting
in-state industry development (New York State
Senate [NYS Senate], 2025). While still emerging,
the proposal signals a shift beyond disclosure
toward more performance-oriented policy. By
coupling procurement reform with economic
incentives for low-carbon material production,
the Act begins to formalize a “Buy Clean”—style
framework in New York. If enacted, it would
mark a transition from reporting embodied
carbon to conditioning market access on carbon

performance.

From Measurement to Market
Intervention

Together, EO 22 and the proposed
Sustainable Building Materials Act illustrate
an emerging policy trajectory in New York
that moves from measurement toward market
intervention. EO 22 However, establishes
the foundation by requiring lifecycle carbon
accounting and material-level disclosure,
making embodied carbon visible within public
procurement processes. The Sustainable Building
Materials Act builds on this by introducing
financial incentives and procurement alignment
mechanisms that begin to reward lower-carbon
material production. However, both policies
remain focused on material substitution rather

than material circulation. Importantly, they
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prioritize reducing the carbon intensity of new
materials but do not yet address how existing
materials can be retained, reused, or recirculated
within the built environment. The state level waste
management plan sets the stage for this to become
possible. That said, a significant opportunity
remains unaddressed: reducing embodied carbon
not only through cleaner production, but through
extending material lifecycles and minimizing the
need for new material extraction altogether. This
gap highlights the need for policy frameworks that
treat buildings as material systems and integrate
circular construction strategies, such as adaptive
reuse, deconstruction, and material recovery, into

climate-oriented procurement and planning,

New York State’s embodied carbon policy
landscape remains in an infrastructural phase.
As a result, the regulatory framework remains
incomplete, and the extent to which the State’s
climate commitments extend to material systems
in the built environment or circularity as a whole
will depend on its ability to transition from

measurement to performance-based regulation.

New York City

Embodied Carbon

Shifting to this research’s primary study
area, New York City’s embodied carbon
policy operates primarily through procurement
rather than comprehensive building code
reform. This means that rather than imposing
enforceable, system-wide requirements on all
construction, the City relies on its role as a
purchaser to influence carbon outcomes, leaving
privately funded projects largely unaffected.
EO 23 applies selectively to City-funded capital

projects, primarily those involving building
construction and major renovations, meaning
that even within public spending, its coverage

1s partial and excludes significant portions of
infrastructure investment. This positions public
procurement as a mechanism for influencing
material specifications and supply chains (City of
New York, 2023). The Order requires agencies
to measure and report embodied carbon in key
construction materials and to consider lower-
carbon alternatives where feasible (City of New
York, 2023). The mechanism is straightforward:
the City, as purchaser, sets material performance
expectations for its own projects. However,

the policy does not mandate specific material
substitutions, for example low carbon concrete
or steel, or enforce emissions limits, meaning its
impact depends largely on how project teams
respond to these requirements rather than on

binding performance standards.

In practice, EO 23 functions by embedding
disclosure and material specifications into capital
project procurement. It establishes enforceable
reporting requirements for materials such as
concrete and structural steel, including the
submission of product-specific Environmental
Product Declarations (EPDs) to the Building
Transparency database (City of New York,

2022). By requiring both measurement and
documentation, the policy increases transparency
in material sourcing and begins to shape supplier
behavior, without mandating material substitution
toward lower-carbon alternatives or introducing
formal changes to zoning, permitting, or the
building code. Although EO 23 requires project-
level analysis and comparison of embodied
carbon outcomes, these requirements are
implemented through procurement rather than

binding performance standards. As a result, the



policy’s reach is inherently limited to the scale of
public capital investment. Therefore, the degree
of the policy’s impact is dependent on how much
of the construction market comprises public
procurement projects that fall within EO 23’s

requirements.
Circularity

In parallel with its embodied carbon
initiatives, New York City has begun to advance
circular construction through economic
development and planning frameworks rather
than binding regulation. In 2024, the New
York City Economic Development Corporation
(NYCEDC) released the Circular Design &
Construction Guidelines alongside the Green
Economy Action Plan, positioning material reuse,
deconstruction, and low-carbon construction
as emerging sectors within the city’s broader
climate and economic strategy (NYCEDC, 2024a;
NYCEDC, 2024b).

The Circular Design & Construction
Guidelines provide project-level recommendations
for incorporating circular practices into
development, including pre-demolition material
audits, selective deconstruction, and design-for-
disassembly strategies. While not codified into
law, these guidelines are designed to influence
projects developed on public land or through
public-private partnerships. Because NYCEDC
controls long-term ground leases and Requests
for Proposals (RFP) processes, it can require
or incentivize circular design practices within
these agreements, using development authority
as a lever to shape both markets and urban
material flows. When circular requirements
are embedded into RFPs or ground leases,

they become contractually binding for those

projects. This governance approach operates
at the predevelopment and negotiation stage,
conditioning participation in publicly controlled

projects on alignment with circular principles.

The Green Economy Action Plan
complements this approach by framing
circular construction as a driver of workforce
development, local supply chain expansion, and
industrial growth, linking material recovery and
reuse to job creation and economic resilience.
The Plan projects that New York City’s green
economy could grow to nearly 400,000 jobs and
$89 billion in annual economic output by 2040,
with the buildings and construction sector already
comprising roughly half of this activity (New
York City Economic Development Corporation
[NYCEDC], 2024). Much of this growth is
expected to come from the transformation of
existing construction occupations, supported by
investments in workforce training, apprenticeship
programs, and new industrial infrastructure
(NYCEDC, 2024). In parallel, the City 1s
investing in innovation ecosystems and supply
chain development to support emerging climate
industries, including construction materials
and building technologies, through initiatives
such as the Harbor Climate Collaborative
and the Climate Innovation Hub (NYCEDC,
2024). Together, these efforts position circular
construction not only as an environmental
strategy, but as a mechanism for economic
development, job creation, and long-term market

formation.

However, while these frameworks identify
material recovery and reuse as economic
opportunities, they do not yet establish the
market infrastructure or regulatory requirements

necessary to scale these activities across the
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construction sector. Rather than mandating
sector-wide change, current approaches rely on
project-specific implementation, leaving circular
construction uneven and dependent on individual

development contexts.

The policy landscape reflects a coordinated
but ultimately indirect strategy. State and
city climate mandates, including the Climate
Leadership and Community Protection
Act (CLCPA) and New York City’s Climate
Mobilization Act (particularly Local Law 97),
establish legally binding emissions reduction
targets and define the broader decarbonization
trajectory. State waste policy articulates
a circular vision and legislative pathway,
including mechanisms such as extended
producer responsibility. At the same time, city-
level procurement and development agencies
operationalize embodied carbon and circularity
through project-based interventions, using public
capital and land-use authority to influence design
and material selection. These policies begin to
define the contours of a circular construction
system. However, they remain fragmented across
scales and functions, and do not yet constitute
a comprehensive regulatory framework. Most
notably, there is no integrated approach that
links material production, building design, digital
data systems, and end-of-life recovery within a
single governance structure. As a result, circular
construction remains dependent on indirect
incentives and project-specific implementation,
rather than being embedded as a consistent
requirement across the broader construction

market, particularly within private development.

Dagital Governance In New

York

New York City has formalized the use of
Building Information Modeling (BIM) through
the New York City Department of Design and
Construction (DDC) BIM Guidelines, first issued
in 2012 as part of its public capital project
delivery framework (NYC Department of Design
and Construction [DDC], 2012). These guidelines
apply specifically to City-managed capital projects
delivered by DDC, rather than to all construction
activity within New York City. Within this scope,
BIM is required on public building projects and
embedded directly into procurement and project
delivery. In practice, this means that teams are
required to develop coordinated digital models
across all phases of a city managed project.

The guidelines set clear standards for how these
models are built and managed, including defined
Levels of Development (LOD 100-500), the use
of classification systems such as Uniformat and
OmniClass, and coordinated multi-disciplinary

modeling processes (DDC, 2012).

Uniformat and OmniClass organize building
elements at both the system and component
level, allowing materials and assemblies to be
categorized consistently within BIM models.
Coordinated modeling means that architects,
engineers, and contractors are working within
a shared digital environment rather than in
separate drawings. Together, this produces
a structured and interoperable dataset that
describes building components across the project
lifecycle. BIM models are also required as formal
deliverables at key project milestones and must
be submitted as detailed as-built “record models”

at project completion to support long-term asset



management (DDC, 2012).

This regulatory framework is significant
because it requires the creation of structured,
digital representations of buildings across
their lifecycle, including detailed information
on building systems, quantities, and spatial
organization. In doing so, it establishes a technical
foundation for tracking materials, integrating
lifecycle data, and supporting embodied carbon
analysis. However, while the guidelines ensure
the production of standardized digital models,
they do not require the integration of embodied
carbon metrics, material reuse classifications,
or lifecycle tracking systems, limiting their role
in enabling circular construction at scale. In
practice, this means that New York City mandates
the creation of structured digital building data
within a subset of publicly managed projects,
while the broader construction sector remains far

more fragmented.

From a circular construction perspective,
this represents a significant institutional
foundation within publicly managed projects.
Circularity depends on identifying materials,
quantifying them accurately, and maintaining
that information across a building’s lifecycle (De
Wolf et al., 2017; McKinsey Global Institute,
2017). BIM platforms are capable of embedding
Environmental Product Declaration (EPD) data,
linking building elements to verified emission
factors, and automating quantity takeoffs for
life-cycle assessment (Myint, 2018; Dewagoda
et al., 2024). In this sense, the city’s BIM
mandate already provides much of the technical
architecture needed to support embodied carbon
accounting and material tracking within project

workflows.

However, this infrastructure currently
operates at the project level and is not structured
to function as a continuous, system-wide data
platform. Once delivered, BIM models primarily
function as archived records rather than as living,
continuously updated datasets. They are not
integrated into public material inventories, carbon
reporting platforms, or deconstruction planning
tools, nor are they designed to update as materials
are replaced or removed over time. This reflects
a broader disconnect identified in the literature:
interoperable material passports, dynamic
datasets, and lifecycle tracking systems are widely
recognized as essential to circular construction
(Costa et al., 2025; Markou et al., 2025), yet

remain largely absent in practice.

As a result, New York’s BIM regulations
ensure the existence of detailed digital building
models without requiring that those models
function as material traceability systems. The
regulatory infrastructure for digital modeling
exists, but it 1s not designed to operate beyond
individual projects or across the broader
construction market. What 1s missing is a mandate
to embed carbon data, reuse classifications,
and disassembly information directly into BIM
objects in a way that is standardized, updatable,
and accessible across actors. Without this level
of integration, data remain fragmented, limiting
market-wide visibility and constraining the
development of secondary material markets
(McKinsey Global Institute, 2017; De Wolf et
al., 2017). In this configuration, BIM operates
primarily as a coordination and design tool rather

than as a persistent, interoperable platform for

material governance.
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Material Speczﬁc Regulations In the policy functions as a procurement-based

New York

Embodied carbon governance in New York
operates differently depending on the material
in question, with distinct regulatory approaches
shaping how materials are measured, specified,
and deployed in practice (New York State Office
of General Services [OGS], 2023; Mayor’s Office
of Climate and Environmental Justice [MOCE]],
2024; New York City Building Code, 2022). The
following sections examine how these frameworks
apply to key construction materials, highlighting
how procurement standards, lifecycle modeling

requirements, and building code constraints

interact at the material level.

Concrete: Procurement-Based
Carbon Limaits

Under the New York State Buy Clean
Concrete Guidelines, embodied carbon is
addressed through public procurement by
establishing maximum allowable Global Warming
Potential (GWP) thresholds for concrete used in
state-funded projects (New York State Office of
General Services [OGS], 2023). Implemented
through State Finance Law §136-d, the policy
requires contractors, beginning January 1, 2025,
to submit third-party verified Environmental
Product Declarations (EPDs) for concrete mixes
and demonstrate that emissions fall below
state-defined thresholds. These thresholds are
structured by compressive strength, recognizing
that higher-strength concrete typically requires
greater cement content and therefore results in

higher embodied carbon.

By tying carbon limits to strength categories,

screen that constrains the carbon intensity of

materials without prescribing specific mix designs.

Specified NYS Buy Clean | NYS Buy
compressive Concrete GWP Clean Con-
strength Limits crete GWP
) o Limits
(f’c in PSI) (in kilograms of
carbon dioxide (in kilograms
equivalent per of carbon di-
cubic yard - kg- oxide equiva-
CO2e/y3) lent per cubic
meter - kg-
CO2e/m3)
0 - 2500 275 360
2501 - 3000 360 471
4001 - 5000 434 568
5001 - 6000 458 599
6001 - 8000 541 707

This preserves flexibility in how contractors meet
the requirements while still pushing the market
toward lower-carbon production. This approach is
significant because it shifts embodied carbon from
a largely voluntary consideration to a binding
constraint within state-funded procurement. By
aligning carbon limits with existing engineering
and procurement practices, the policy enables
emissions reductions without fundamentally
altering how materials are specified, while
leveraging public purchasing power to influence

supply chains.

However, because these limits apply only
to the carbon intensity of new materials and are
limited to life cycle stages A1—A3, raw material
extraction, transport to manufacturing, and
production, they do not account for construction,
use-phase, or end-of-life impacts (OGS, 2023).

As a result, the policy does not address material



demand, reuse, or broader lifecycle strategies,

functioning primarily as a cap on upstream
emissions rather than a full lifecycle accountability

framework.

Unlike New York State, which regulates the
carbon intensity of concrete through procurement
thresholds, New York City does not currently
maintain a material-specific policy governing
embodied carbon in concrete. While embodied
carbon is addressed at the project level through
broader lifecycle modeling requirements, there are
no binding citywide standards that set maximum
allowable emissions for specific material
categories. In practice, this means that material-
level carbon intensity is regulated upstream
through state procurement, while decisions
around material use, system selection, and overall
carbon outcomes remain project-dependent
at the city level. As a result, embodied carbon
governance operates across two distinct but

only partially aligned scales: state-level material

regulation and city-level project evaluation.

Wood: Code Constraints and
Carbon Accounting

While concrete is regulated by the State
through carbon-focused procurement policy,
wood is governed primarily through structural
and fire safety provisions in the New York City
Building Code (New York City Building Code,
2022, Chapter 23). Chapter 23 of the code
establishes allowable construction types, height
and area limitations, fire-resistance requirements,
and detailing standards for wood and mass
timber systems, determining where timber can be
deployed structurally and under what conditions
within New York City.

Recent updates aligned with the 2022 code
cycle expand allowances for certain mass timber
construction types under specified fire-resistance
and encapsulation requirements (New York City
Building Code, 2022, Chapter 23). However,
timber use remains contingent on occupancy
classifications, structural span requirements,
and building height limits, constraining where
and how it can be applied in practice. These
safety-based constraints directly influence the
feasibility of substituting timber for reinforced

concrete or steel systems by impacting timelines
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and associated cost. From an embodied carbon

perspective, this regulatory structure has important

implications. While Executive Order 23 encourages

early-stage evaluation of structural alternatives

to reduce embodied carbon (Mayor’s Office of
Climate & Environmental Justice [MOCLE]], 2024),
the building code governs material eligibility based
on structural performance rather than carbon

intensity.

A substantial body of literature finds that
timber systems can reduce upfront embodied
carbon relative to conventional concrete and steel
construction, though these results are often based
on controlled comparisons that i1solate material
substitution effects (Pomponi & Moncaster,

2017; Souaid et al., 2024). In practice, however,
this relationship is more variable. The analysis

conducted in this study does not identify a

consistent reduction in embodied carbon associated

with timber systems across the sample, which
includes a wide range of building types, heights,

and structural conditions. This suggests that

observed carbon outcomes are highly dependent on

building scale, structural requirements, and design

decisions, rather than material selection alone.

Timber systems also introduce additional
considerations not captured in conventional
A1-A3 comparisons. Unlike concrete, which is
emissions-intensive during production, timber
can store biogenic carbon absorbed during tree
growth, effectively acting as a temporary carbon
sink over the building lifecycle (Intergovernmental
Panel on Climate Change [IPCC], 2022). At the
same time, timber components are generally more
compatible with disassembly and reuse due to
their lighter weight and mechanical connections,
whereas reinforced concrete systems, heavily used

within C&D in New York City, are typically cast in

place and difficult to recover without degradation
(Pomponi & Moncaster, 2017). However, the extent
to which these benefits are realized depends on
end-of-life scenarios, reuse infrastructure, and
design decisions, reinforcing the importance of
considering full lifecycle dynamics rather than

material substitution alone.

EO 23 guidance also treats biogenic carbon
reporting cautiously. Projects may report emissions
and benefits from biogenic carbon separately from
the primary embodied carbon calculation, but
such reporting is optional and must be disclosed
independently (MOCE], 2024). This reflects
a conservative accounting approach that does
not equate stored biogenic carbon with verified
emissions reductions in the primary compliance
metric. Taken together, these findings suggest
that while timber can play a meaningful role in
reducing embodied carbon, its impact depends on
how it 1s deployed within structural systems and
lifecycle strategies, and that current building code
constraints limit the extent to which these system-

level benefits can be realized in practice.

Overall Findings and

Conclusion

Embodied Carbon Policy
Combined Effect

The comparison of New York State’s Buy
Clean framework and New York City’s Executive
Order 23 reveals a complementary but incomplete
approach to embodied carbon governance. At a
high level, the two policies operate at different but
interrelated scales. State-level policy influences

material supply through public procurement,



establishing carbon intensity limits for specific
materials such as concrete. At the city level, EO
23 operates at the project scale, requiring lifecycle
assessment and emissions reduction across entire
building systems, thereby shaping how materials
are selected and used in design. Together, this
creates a dual structure in which both material
production and project-level decision-making

are addressed, but through separate and only
partially aligned mechanisms. Importantly, both
policies apply only to publicly funded or publicly
controlled projects at the state and city level,
respectively, and therefore do not typically operate
on the same projects or extend to the majority of

private construction activity in New York City.

This division of roles produces a number
of important synergies. Buy Clean establishes
minimum carbon performance standards for
materials entering the market, effectively shifting
what is available to designers and contractors.
EO 23 builds on this by requiring project teams
to evaluate and reduce embodied carbon at the
building scale, influencing how those materials are
selected, combined, and deployed. In this sense,
the policies align material and structural choice:
the State shapes the carbon intensity of materials,
while the City shapes how those materials are
used. This interaction has the potential to create
a reinforcing feedback loop, where cleaner
materials enable lower-carbon design outcomes,
and project-level demand further incentivizes low-

carbon production.

However, this alignment is partial rather
than fully integrated. The two policies operate
in parallel, with limited coordination between
material-level thresholds and project-level
decision-making processes. Data generated

through EPDs is not yet systematically integrated

into LCA workflows or digital modeling

systems. Existing research i1dentifies significant
interoperability and standardization challenges
in linking EPD data to BIM and LCA platforms,
often requiring manual interpretation and limiting
automated data exchange (Aragon et al., 2024;
Almeida et al., 2023). As a result, while material-
level carbon data is increasingly available, it does
not function as a seamless or continuous dataset
across project workflows, constraining its ability
to support coordinated decision-making at the
building scale. As a result, carbon information is
produced at multiple stages but does not function
as a continuous, interoperable dataset across the
building lifecycle. This fragmentation limits the
ability to track, compare, and optimize material
for low embodied carbon beyond individual

project boundaries.
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Comparison of New York State and New York City Embodied Car-

bon Policies by Function and Scope

Category NYS Buy Clean/ [NYC EO 23 Combined Effect
EO 22
Policy Level State City Operate at different governance scales,

allowing alignment between broad regu-
lation and local implementation

Primary Mecha-
nism

Procurement based
carbon limits

Procurement and
Lifecycle Evalua-
tion

Combines material-level screening with
project-level optimization

Policy Type

Supply-side Regu-
lation

Project Level Inter-
vention

Aligns supply (what is available) with
demand (what is selected)

Scope of Applica-

tion

State-Funded Proj-
ects

City Funded Capi-
tal Projects

Expands total market coverage across
overlapping public sectors

Material Coverage

Select Materials
(e.g. Concrete)

Whole Project
(Structural and En-
closure Systems)

Links targeted material improvements
to whole-building performance out-
comes

Carbon Accounting
Scope

Al-A3 (Production
Stages)

A1-C (Full Lifecy-
cle, Including Use
+ End of Life)

Integrates upstream emissions control
with full lifecycle accountability

Requirement Type

Mandatory Carbon
Intensity Limits

Reporting and
Reduction Targets
(No Universal Hard
Limits)

Pairs enforceable thresholds with flexi-
ble, project-specific strategies

Material Choice

Direct (Must Reach

Indirect (Must

Ensures minimum performance stan-

tem Selection +
Design Decisions)

Constraint Threshold) Evaluate + Justify | dards while enabling design flexibility
Choices)
Design Influence Limited High (Affects Sys- | Allows NYC to shape design decisions

using materials already improved by
NYS standards

Data Requirements

EPD Submissions

EPD + Full LCA
Modeling

Builds from product-level data to proj-
ect-level carbon analysis

Enforcement Mech-
anism

Compliance with
Thresholds in Con-

tracts

Compliance
Through Reporting
and Procurement
Review

Reinforces compliance through both
hard limits and accountability processes

Market Impact

Shapes Material
Supply

Shapes Project De-
mand and Decision
Making

Creates feedback loop between supply
and demand, supporting market trans-
formation

Coverage Limita-
tion

Narrow (Material
Specific)

Broader but limited
to Public Projects

Together, partially close gaps but still
leave private sector underregulated

Key Limitation

Does Not Address
Full Lifecycle De-

sign

Does not Enforce
Strict Carbon
Limits

Each policy compensates for the oth-
er’s weakness, but integration remains
incomplete




Waste Management and
Circularity Systems Gaps

The comparison of New York State waste
policy and New York City circular economy
initiatives reveals a fragmented approach to
material lifecycle governance. At the state level,
policy is largely oriented toward end-of-life waste
management, focusing on landfill diversion,
recycling targets, and extended producer
responsibility. At the city level, circularity is
framed through economic development and
project-level design guidance, encouraging
reuse and low-carbon construction practices in
specific contexts. While these approaches address
different points in the material lifecycle and linear
economic model, they do not form a continuous
system. Instead, they operate at opposite ends,
leaving a critical gap in the middle stages of
material use, recovery, and redistribution and
falling short of successfully working to close the

loop.

This “missing middle” is one of the most
significant limitations. State policy governs what
happens to materials after they become waste,
while city-level efforts focus on early-stage design
decisions. However, there 1s little policy addressing
how materials are actually retained, recovered,
stored, or reintroduced into the construction
market. As a result, even when buildings are
designed with reuse in mind or materials are
successfully diverted from landfills, there is no
consistent system to support their circulation.
Without mechanisms for storage, processing, and
redistribution, materials often fail to move beyond

the point of recovery.

This gap 1s reinforced by the

absence of integrated data systems. Material

tracking at the state level is limited to waste
stream reporting, while city-level efforts rely on
project-specific documentation and emerging
lifecycle assessment practices. These systems

are not connected, and there 1s no standardized
material passport or citywide inventory that
tracks materials across buildings and over time.
As a result, material flows remain largely invisible
beyond individual projects, limiting the ability to
coordinate reuse or scale circular practices across

the sector.

Market development strategies further
illustrate this disconnect. State policy supports
recycling infrastructure and producer
responsibility, while city initiatives frame circular
construction as an emerging economic sector tied
to job creation and industrial growth. However,
the underlying market infrastructure needed to
support material reuse remains underdeveloped.
This limits the transition from isolated pilot
projects to a functioning secondary materials

market.

The regulatory structure also contributes
to this fragmentation. State policies are
partially binding but focused on specific waste
streams, while city-level initiatives are largely
implemented through guidelines, incentives, and
project-specific agreements. Circular practices
are therefore encouraged but not consistently
required across the construction sector. This
results in uneven adoption, where circularity is
present in select projects but not embedded as a
standard practice. These gaps result in a system
that reduces waste and promotes circular practices
in 1solated contexts, but does not yet establish
continuous material circulation. Materials are
managed at the point of disposal and considered

at the point of design, but the systems needed to

45



System Func-
tion

NYS Waste / Circular
Policy

NYC Circular / Eco-

nomic Policy

System Gap /

Limitation

Policy Focus

End-of-life waste reduction
(landfill diversion, EPR, recy-
cling targets)

Economic development +
project-level circular con-
struction

No unified lifecycle
approach to materials

Lifecycle Stage

Primarily end-of-life (waste

Early-stage design and

Missing middle: mate-

ning, regulatory targets

ments, incentives

Addressed management and disposal) pre-construction deci- rial reuse, storage, and
sion-making redistribution systems

Primary Mech- | Extended Producer Responsi- | Guidelines, RFP require- No binding require-

anism bility (EPR), state waste plan- | ments, development agree- |ments for reuse or

material circulation

Material Track-
ing and Data

Limited to waste stream re-
porting and product-level EPD

expansion

Project-level documentation
and emerging LCA practic-
es

No integrated mate-
rial passport system
or citywide material
inventory

Market Devel-
opment Strategy

Supports recycling systems and
producer accountability

Frames reuse and low-car-
bon construction as eco-
nomic growth sectors

No stable secondary
materials marketplace
or logistics network

Regulatory
Strength

Partial and sector-specific (fo-
cused on certain products and
waste streams)

Largely non-binding (guide-
lines and contract-based
implementation)

Circularity not man-
dated across the con-
struction sector

Spatial / Infra-
structure Strat-

egy

Focus on waste processing and
disposal facilities

Identifies need for storage,
staging, and industrial space
for reuse

Lack of dedicated
infrastructure for
material recovery and
redistribution

Governance
Approach

State-led regulatory and legis-
lative framework

City-led economic de-
velopment and procure-
ment-based influence

Fragmented gover-
nance across agencies
and scales

Key Limitation

Focuses on waste management
rather than material reuse or
retention

Relies on project-specific
adoption rather than sys-
tem-wide implementation

Policies operate in par-
allel rather than as an
integrated system

System Out-
come

Reduces waste at end-of-life

Encourages circular practic-
es in select projects

Fails to establish a
continuous material
circulation system
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connect these stages remain largely absent. As
a result, circularity operates as a set of discrete
interventions rather than as an integrated material

lifecycle system.
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VI. Industry
Perspectives
on Circular
Construction:
Qualitative Interview
Findings
To better understand how embodied carbon

reduction and circular construction practices

currently operate within New York City’s

construction ecosystem, five Semizstructured

While participants are not identified by
name or organization in order to preserve
anonymity, they represent a range of mid- to
senior-level professionals with direct experience
in the design, construction, and governance
of building projects. Several participants work
directly on large-scale projects in New York
City, while others bring experience from related
regional or national markets. Collectively, they
span both public and private sectors and engage
with different phases of the building lifecycle,
including early-stage design, material sourcing,

procurement, and policy implementation. This

range of perspectives allows for comparison across
decision-making contexts, from project-level
engineering constraints to broader institutional

and market dynamics.
Interview Question Structure

Interviews were conducted using a semi-
structured format that allowed conversations to
follow participants’ areas of expertise while still
addressing several core topics relevant to the

research questions. The goal of this structure was

Interview topics were organized into several
broad thematic areas and were tailored to the
professional background of each participant.
First, participants were asked to describe their
professional role and how embodied carbon
considerations, material choices, structural design
implementation, and re-use appear in their day-
to-day work, including when key decisions are
typically made during the design and development
process. Interviews then explored how industry
norms, voluntary commitments, and sustainability
frameworks influence decision-making in practice,
including whether embodied carbon initiatives
meaningfully shape project design or function

primarily as internal guidelines.
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Finally, respondents were asked to reflect

on potential leverage points for accelerating
embodied carbon reduction in the construction
sector, including the roles of policy, procurement
standards, industry culture, and market incentives.
Together, these questions were designed to
capture perspectives across different positions
within the construction ecosystem and to identify
recurring structural dynamics shaping the
adoption, or constraint, of circular construction

practices in New York City.

Thematic Matrix Interview
Analysis

To systematically evaluate recurring themes
across interviews, a thematic coding matrix was
developed. While the preceding sections present
qualitative insights from individual interviews,
the matrix enables cross-case comparison to
identify patterns that appear consistently across
different roles within the construction ecosystem.
Each interview transcript was coded for both the
presence and relative salience of key structural

dynamics identified through qualitative analysis.

These dynamics include: scale constraints,
supply chain limitations, regulatory and
institutional gaps, and knowledge or technical
capacity challenges. Rather than focusing on
isolated comments, the matrix captures how
prominently each theme appeared within
the overall discussion of each interview. Two
coding layers were used. First, a binary presence
indicator (0 or 1) recorded whether a theme

appeared in the interview. Second, a salience

score ranging from 1 to 3 was assigned to reflect
how central the theme was within the participant’s

responses.
Salience scores were defined as follows:
1 — Brief or secondary reference

2 — Recurring discussion or moderate

emphasis

3 — Dominant theme structuring a

substantial portion of the interview

Coding was conducted at the level of the
full interview transcript rather than individual
questions. Because interview prompts varied
depending on each participant’s expertise, treating
each interview as a unified analytical unit allowed
themes to emerge organically while maintaining
comparability across respondents. The resulting
matrix provides a structured overview of how
key structural dynamics appear across the five

mnterviews.

Findings: Overview

primary driver of material or system selection. s
one interviewee noted, “they’ll have sustainability
all over their website... but in practice it’s
aesthetic, performance, and price—and

sustainability comes last.” Instead, decisions

are s
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Respondents also emphasized that these

constraints are(not isolated, but systemic)
development, and institutional support. The

following sections synthesize these findings

across interviews, highlighting how professionals
working across different parts of the construction
ecosystem understand both the opportunities
and the structural limitations associated with
reducing embodied carbon and scaling circular

construction practices.

Structural Systems, Material
Constraints, and Reuse

Feasibility

Across interviews with professionals working
in structural engineering and material supply
chains, respondents consistently emphasized that
the structural system used in a building plays

a central role in determining whether circular

practices such as reuse are feasible. Steel and

At the same time, structural reuse introduces
significant practical and logistical challenges.

While interviewees consistently noted that

reuse is technically feasible, it is not currently

verification, and project-specific cffort, s onic

respondent noted, reused materials require
“testing, documentation, and verification,” which

introduces additional time, cost, and liability into
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conventional project delivery processes. Engineers

emphasized that Gne of the primary barriers

As a result, reuse often depends 6n project:

processes. In addition to documentation

challenges, interviewees highlighted broader

supply chain limitations. Reuse pathways

At the same time, wood presents a different,
but still underdeveloped, pathway for structural

reuse. I

articularly material

traceability and coordinated supply chains—

In practice, the wood industry remains

fragmented, with limited geographic distribution

of manufacturing and Gngoing challenges'in

€oordination! There is also a lack of standardized
systems for tracking material flows, which makes
it difficult to document, verify, and reintroduce

materials into new construction projects. While

wood reuse 1s occurring across a range of

applications, §ystems for scaling reuse, particularly

These findings suggest that the primary

barriers to structural reuse are not technical

feasibility alone, but the absence of coordinated
systems linking design, material tracking, and
recovery across the building lifecycle.

Market Dynamacs,
Procurement, and Economic
Barriers

lower emboaiedlCATBORIBTAGHEES. 1ntcrvicws
with public-sector professionals emphasized

that publicly funded projects and government
fo'shape indusry behavior As one respondent
explained, procurement can “Signal to the market
expertise,” encouraging consultants, contractors,
Construction practices:)By incorporating circular

design requirements into publicly funded projects,

agencies can create consistent demand for lower-
carbon materials and services, influencing broader
market adoption over time. This reflects the
broader intent of the New York policies outlined

above, which seek to leverage public investment to
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catalyze industry transformation.

At the same time, interview subjects from

within the private sector emphasized that

voluntary sustainability commitments often break
AGWHAUTREPHOGIEHERR \\ il design teams

frequently promote sustainability goals in early

project stages, faterial selection is ultimately

particularly when financial and logistical

constraints become more rigid.

| | |

performance! As one respondent noted, “I just

don’t think that many people want to pay the
green surcharge,” highlighting how even modest
cost premiums can deter adoption in cost-sensitive
project environments. This broader logistical and

institutional infrastructure can make lower-carbon

Interviewees also emphasized that market

As one public-sector respondent explained, “there
1s not always an end use for every single material
that’s deconstructed,” complicating efforts to

scale reuse markets and integrate them into

standard development processes. This uncertainty

When asked how these barriers could be
addressed, interviewees consistently pointed to
Several emphasized that incentives should
precede regulatory requirements in order to

help standardize practices, reduce risk, and

build industry capacity. One respondent also

within design and construction workflows. These

responses suggest that industry professionals

do not expect widespread adoption of circular

and low-carbon practices to occur Without more

Supply Chains, Secondary
Markets, and Material
Availability

Circular construction depends on

reliable secondary markets for materials.
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when lower-carbon alternatives are available, as

[13

Together, these findings suggest that the

challenge of scaling circular construction is fiot

Reliable supply and buyer confidence remain
major barriers for reclaimed materials. Buyers
often face uncertainty about availability, quality,

and delivery timelines. As one interviewee

explained, “We'don’tactually know where

highlighting the lack of transparency and
consistency in secondary material supply chains.

Unlike conventional building products that

are stocked in warehouses and available on short Data I nfras tructure and
notice, reclaimed materials frequently require Lifecycle Tracking

sourcing, processing, and milling after a project
order is placed. This creates longer lead times

and more complex procurement processes, which

can discourage project teams working under tight

construction schedules. .
teduction of embodied carbon) While tools for

Participants also highlighted that while tracking materials and emissions are beginning

certification frameworks such as LEED and to develop, fhere’is currently no integrated or

and construction to demolition and reuse. Public-
sector participants noted that multiple private

actors are actively developing tracking platforms,

suggested that this competitive landscape may

ultimately produce more effective solutions
than a single publicly developed system, while
emphasizing that eventual convergence around

a shared platform will be necessary to support
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fragmented and project=specific, limiting its ability

to support coordinated decision-making or enable

material circulation across projects.

As one respondent explained, material tracking
and traceability “doesn’t really exist... in a way
that can be used across projects,” underscoring

the lack of interoperable systems capable of

supporting reuse at scale. Engineers noted that
tse, and structural properties! In the absence

of this information, materials must either

undergo additional testing or are excluded from

consideration altogether. s a result, reuse is often

This fragmentation is further compounded
by the absence of consistent data standards
across actors and project phases. While individual
firms may develop internal tracking tools or
project-specific datasets, these systems are rarely
interoperable or transferable across projects.

As one interviewee noted, current tracking
efforts are often limited to “specific projects”

rather than functioning as shared infrastructure

[paraphrased]. These findings suggest that while
the technical capacity to track materials exists,
the absence of industry- and city-wide data
infrastructure limits its effectiveness. Without

consistent and accessible lifecycle data, materials
cannot be reliably recovered, matched to new uses,
or evaluated for their carbon impact, constraining

the development of circular construction systems.

Design Process, Regulation, and
Institutional Constraints

Once projects move into later stages,

financial and logistical constraints limit the ability
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construction often requires coordination between
project teams, the Department of Buildings, and

the Fire Department to evaluate fire performance
and structural compliance. These processes

can introduce additional time, uncertainty,

and administrative burden, particularly when

projects must pursue approval through alternative

materials pathways. (This can make the use of

City Planning

Interviews also indicated that at the planning
level, embodied carbon is largely absent from
current development review processes. Interview

findings indicate that existing systems primarily


erma swartz`

erma swartz`

erma swartz`

erma swartz`

erma swartz`

erma swartz`

erma swartz`

erma swartz`

erma swartz`

erma swartz`


focus on land use, zoning compliance, and
environmental review, while policies such as Local
Law 97 target operational emissions rather than
material-related impacts . As a result, embodied
carbon is not systematically evaluated in planning

or development approvals.

Scale as a Structural
Constraint

Across interviews, scale emerged as a
consistent underlying constraint shaping the

feasibility of circular construction and embodied

carbon reduction. Participants repeatedly

industry As one interviewee stated directly, “it’s

a scale problem,” emphasizing that many of the
barriers associated with circular construction stem
from the limited size and maturity of existing
markets. As a result, these materials and practices
remain difficult to integrate into standard project

workflows.
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explained, current systems are not yet structured
to support consistent sourcing at scale, requiring
teams to assemble material flows on a case-by-case

basis [paraphrased].

As one intervi noted, these
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approaches require “additional coordination,
verification, and project-specific effort,”
reinforcing the extent to which circular practices

remain outside standard delivery processes.

Several interviewees 1dentified scale itself

as the primary mechanism through which these

In turn, this could lower costs

and make circular practices more compatible
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Vinally, respondents indicated that
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VII. Quantitative
Analysis of Structural
Systems and

Embodied Carbon

Quantitative Research
Questions

As uncovered 1n the course of this study’s
qualitative research thus far, findings indicate
that structural systems and material choices
are major drivers of embodied carbon in the
built environment. To evaluate these dynamics
quantitatively, this chapter analyzes building-level
embodied carbon data from a dataset of whole-
building life-cycle assessments, alongside material-
level embodied carbon coefficients derived from
the Inventory of Carbon and Energy (ICE)
database, a widely used resource that compiles
peer-reviewed embodied carbon factors across

over 200 construction materials.

These data are used to compare average
embodied carbon intensities across material
categories and to examine how variation within
materials contributes to overall building-level
emissions. The goal of this chapter is to test the
theory developed through qualitative analysis
by assessing how structural systems and building
characteristics influence embodied carbon
intensity across a large sample of buildings. This
quantitative analysis provides greater clarity
on how design decisions, procurement policies,
and circular material strategies shape embodied
carbon outcomes in the construction sector, with

the aim of informing more effective policy and

planning interventions.

This portion of the study focuses on three
primary questions:

Methodology

To evaluate how structural systems, material
choices, and levels of circularity influence

embodied carbon outcomes, this study employs

an ordinary |€astsquares (OLS) regression mode

cycleassessment (LCA) data) Emissions factors

for key construction materials were derived
from existing LCA literature and applied to

estimate embodied carbon across a range of

building scenarios. Independent variables include

The purpose of this analysis is not to
produce precise project-level predictions, but to
identify the direction and relative magnitude of
relationships between design decisions and carbon
outcomes. In particular, the model is designed
to assess the extent to which embodied carbon
1s associated with structural requirements, such
as building height and system type, while also
capturing variation within material categories

based on specification decisions.
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While the models focus on embodied
carbon at the point of production (A1-A3), the
results are later interpreted in relation to broader
material lifecycle characteristics, including reuse,

recyclability, and carbon storage potential. This

enables

Data and Variables

This analysis draws on two complementary
datasets to capture both material-level and
building-level embodied carbon dynamics.
Material-level embodied carbon coeflicients
were derived from the Inventory of Carbon and

Energy (ICE) database, which compiles emissions

and life cycle assessment studies. Building-level
embodied carbon data were drawn from the
Carbon Leadership Forum’s Whole Building
Life Cycle Assessment Benchmark Study dataset,

environmental impacts across a large sample of

buildings.

The dataset used for this analysis contains
whole-building life cycle assessment (WBLCA)
results for 239 building projects. Each project
includes information on building characteristics
and embodied carbon intensity measured across
life cycle stages A—C and normalized by gross
floor area. The dependent variable in the analysis
is embodied carbon intensity (ECI), measured in
kilograms of CO2 equivalent per square meter of
floor area.

The key explanatory variables include:

Primary structural system

Gross floor area (GFA)

Number of stories

Primary building use

Machine Learning
Analysis of Embodied
Carbon Drivers
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While the OLS model provides interpretable es-

timates of the direction and magnitude of rela-

tionships,

The model produced results consistent with
the regression analysis, and feature importance
analysis provides additional insight into the rela-
tive influence of different variables. As shown in

Figure 7.1,

All other variables—including structural
system, project type, and climate zone—play a
secondary role in explaining variation in embod-
ied carbon intensity. The next most important
variable, building completion year, accounts for
approximately 8 percent of feature importance,
while all remaining variables individually contrib-

ute less than 5 percent.

To further interpret this relationship, Fig-

ure 7.2 illustrates the marginal effect of building

size on predicted embodied carbon intensity. IThe

Feature Importance for Embodied Carbon Intensity (Random Forest)

Log(Building Size)
Completion Year 0.08
Climate: Zone 4C (Mixed Marine) 0.04
System: Type III-A 0.02
System: Type I-B 0.02
System: Type V-B 0.02
Project: New Construction 0.02
System: Type II-B 4 | 0.01
System: Type III-B 4 | 0.01

Project: Minor Renovation | 0.01

0.70

0.0 0.1 0.2

Fig. 7.1

0.3 0.4 0.5 0.6 0.7 0.8
Feature Importance
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Embodied Carbon Intensity Increases with Building Size

800 -

700 A

600 1

Partial dependence

300 1

200

5.0 3.5 6.0
Fig. 7.2

Together, these results reinforce the impor-

tance of structural requirements associated with

larger buildings in shaping embodied carbon out-

and where reductions are possible. This provides

a foundation for the subsequent analysis, which
examines how embodied carbon varies across
buildings and how structural system and material

choices interact within these constraints.

Distribution of Embodied
Carbon Across Buildings

The first step of the analysis examines how

log_cfa

embodied carbon intensity varies across the

dataset.

Most buildings fall within ranges consistent

with existing benchmarking research, which

typically estimates embodied carbon intensities

—

Carbon Leadership Forum, 2025). At the same

This observed variation
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provides the foundation for the subsequent
regression and machine learning analyses, which
aim to identify the building characteristics most

strongly associated with differences in embodied

carbon intensity.

Embodied Carbon
Intensity Analysis

Embodied carbon varies across structural

systems, though there is still considerable overlap

between categories. [Phis Suggests that while

ECL These findings are also consistent with
prior research showing that structural systems can
produce a range of carbon intensities depending

on design and material efficiency (Carbon
Leadership Forum, 2025). As shown in Figure 7.4,

Distribution of Embodied Carbon Intensity Across Buildings
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Embodied Carbon Intensity by Structural System
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The results of the random forest model
confirm that building size 1s the dominant factor
associated with variation in embodied carbon
intensity. Gross floor area accounts for the
largest share of feature importance, substantially
outweighing all other variables. This suggests
that building size and associated structural
requirements play a central role in shaping
embodied carbon outcomes, likely reflecting
the increasing structural and material demands

associated with larger and more complex
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Regression Analysis

To evaluate these relationships more

systematically, anordinary least squares (OLS)

The model includes the following
explanatory variables:

e Gross floor area
e Number of stories

*  Primary building use

Primary structural system

As shown 1n Figure 7.7, the regression
results indicate that these variables collectively
explain approximately 24.5 percent of the
variation in embodied carbon intensity across
buildings. While this level of explanatory power
may appear modest, it 1s typical for building-
level datasets where many project-specific factors
influence outcomes. More importantly, thé model

The regression results reinforce several

patterns observed in the descriptive analysis.

Estimated Effects of Building Characteristics on Embodied Carbon

Intercept

structural_category: Steel
Building Size (relative scale) 4
structural_category: Timber A
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These values were compiled into a structured

Reconciling a Seemingly
Huge Contradiction

Structure size being the dominant driver of
embodied carbon intensity within construction
seemingly contradicts the findings within our
qualitative analysis, by suggesting that it is
not materials, but rather building height, that
determines embodied carbon outcomes. However,
a closer examination of material-level data reveals
that this 1s not a contradiction, but rather a

question of scale and interaction.

Embodied Carbon (kgCOse per kg)

dataset capturing variation across concrete mixes,

steel products, and timber types. The goal was

First, variation within material categories is
substantial. As shown in the concrete comparison,

embodied carbon varies significantly depending

Distribution of Embodied Carbon Values by Material
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on cement composition and replacement strategy.

Lower-carbon mixes using supplementary
cementitious materials such as GGBS and fly ash
achieve materially lower emissions than standard
concrete mixes. This demonstrates that even
when the structural system is fixed, specification
decisions meaningfully influence embodied

carbon outcomes.

Implications

The regression findings help contextualize
the barriers and opportunities identified through
interviews. Empirical analysis of building life-
cycle assessments confirms that structural
materials, particularly concrete and steel, account
for a substantial share of embodied carbon.
Interventions that target these systems, including
structural reuse, material salvage, and lower-
carbon substitutions, therefore offer meaningful

opportunities for emissions reduction.

At the same time, the analysis makes
clear that material choice does not operate
independently of building form. Taller buildings
are consistently associated with higher embodied
carbon due to increased structural demands,
which are typically met through steel and
reinforced concrete systems. Steel is highly
carbon-intensive to produce, but its capacity for
reuse and recycling allows those emissions to be
distributed across multiple lifecycles. Timber

presents a different set of trade-offs. While it
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can store biogenic carbon and, in some cases,
achieve negative upfront emissions, this benefit
depends on long-term material retention and
end-of-life outcomes. When reused, timber can
extend carbon storage over time, but this does
not eliminate eventual emissions. These findings
challenge the idea that embodied carbon can
be reduced through material substitution alone.
Material selection is not a simple hierarchy

of “low” or “high” carbon options, but rather
a balance between upfront carbon intensity,

structural requirements, and lifecycle behavior.
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VIII. Scenario
Analysis: Estimating
the Carbon Reduction
Potential of More
Direct Circular
Construction Policy in

New York City

Introduction

Methods: Economic Framing
and Market Formation

This approach is informed by economic
research on market formation and the adoption of
emerging practices. Existing literature shows that
new technologies often fail to scale not because
they are technically infeasible, but because
early-stage markets lack sufficient and consistent
demand to reduce costs, coordinate supply chains,
and build industry capacity (Fowler & Sparkman,
2017). In the context of re-use and low carbon
alternative adoption, fragmented or intermittent
demand limits private sector investment in closing
the loop, reinforcing higher costs and preventing
market stabilization, and limiting the impact on
embodied carbon emissions. By varying the level
of public-sector engagement, through expanded
subsidies and eventual regulatory requirements,
the model evaluates how increasing demand could
influence market development, reduce costs over
time, and enable the broader adoption of circular

construction practices.

Establishing the Baseline Scale
of Construction Activity
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Time to circular construction system viability by policy scenario
20.0

18 yrs

17.5 A

15.0

12.5

10.0 A

7.5 A
6 yrs

Years to reach system viability

5.0 1

2.5 A

Not reached
(>20 yrs)

0.0 T -
Baseline Procurement Subsidy Hybrid

Municipal capital construction represents
only a portion of the broader construction sector.
Industry reports estimate the total construction
spending in New York City is approximately
$70-80 billion annually. This includes private
residential, commercial, and infrastructure
development. For the purposes of this model, the
midpoint estimate of $75 billion per year is used

to represent the scale of construction activity

across the entire city.

Methods: Applicable Capital
Projects
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Scenario

Market Coverage

Annual Influence

Time to Viability

Baseline ~5% ~%4B Not reached (>20 years)
Expanded Pro- | ~9-12% ~$7-9B Not reached (>20 years)
curement

Subsidy ~11-23% $8.5-17B 8—12 years

Hybrid ~30-40% ~$22-30B 5—8 years

Executive Order 23 requires city agencies

to measure and reduce embodied carbon

emissions in certain municipal construction

projects, particularly new buildings and major

renovations involving structural systems or

building envelopes (City of New York, 2023).

Infrastructure projects such as roads, bridges, and
sewer systems generally fall outside the scope of
the policy (City of New York, 2023). To estimate

the portion of the capital program affected by

Time to Market Viability Under Policy Scenarios

this policy, it 1s necessary to understand how

capital spending is distributed across project types.

Capital budget documents show that sectors such

as education facilities, housing development,

and public buildings represent a significant share

of construction spending, while transportation

and environmental protection investments are
largely infrastructure-focused (NYC Office of
Management and Budget, 2023; NYC Office of

Management and Budget, 2024).
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Building on this, the analysis uses capital
budget data to isolate spending associated
with building-focused agencies. This approach
provides a more precise estimate of policy-
relevant construction activity and indicates

that approximately 32 percent of total capital

spending is directed toward building construction.

Within this group, not all projects involve
construction activity that falls under EO 23.
Many projects are limited to interior renovations,
system upgrades, or smaller interventions that do
not require embodied carbon reporting. Based
on the scope of the policy and the typical mix

of municipal projects, this analysis assumes that
roughly 60 to 75 percent of building-related
construction activity is covered by EO 23. These
filters suggest that about 19 to 24 percent of total
capital spending is currently subject to embodied
carbon policy. With annual capital spending
levels of roughly 15 to 17 billion dollars, this
corresponds to about 3 to 4 billion dollars per

year in construction activity covered by EO 23.

While EO 23 does not establish hard limits
or performance thresholds for embodied carbon,
it introduces emissions considerations into
procurement decisions, effectively directing a
portion of public spending toward lower-carbon
material options. In doing so, the policy begins
to generate consistent demand within the low-
carbon materials market, helping to stimulate
the economic conditions necessary for broader
adoption, even if its overall market influence
remains limited in scale. For this reason, EO
23 triggering spending is used as a baseline for

economic investment throughout this analysis.

Minimum Viability for Scaling

Circularity

the board) As a result, supply chains remain
underdeveloped and costs remain high. To

understand what level of activity 1s needed to
change this, the analysis shifts from thinking
about individual projects to thinking about the
share of the total construction market. At low
levels of participation, circular construction
remains project-specific and does not influence
how the broader system operates. As participation
increases, demand becomes more predictable,
which allows suppliers to scale, infrastructure

to develop, and material flows to become more

consistent.
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Cumulative C&D Waste Diversion Under Policy Scenarios

771 Baseline
[ Procurement
15M 4 © Subsidy

Hybrid
DSNY estimate:
______________________________________________________________________________ ~13Mtons/year (total waste) _ ____
12M A
10M A
M -

DSNY estimate:
ons/year (C&D share)

5M A

Cumulative Waste Diverted (Millions of Tons)

2M -

OM -

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Years

Drawing on both the Dutch case and the of market participation at which circular practices
New York City findings, this analysis suggestsithat  are likely to diffuse beyond policy-driven adoption
circular construction begins to function as a stable
system only when it reaches a substantial share of
total construction activity. In practical terms, this
corresponds to roughly 25 to 50 percent of the

and begin to reproduce through market dynamics.

market. Below this range, demand remains too

limited and inconsistent to support investment. Estimating Embodied Carbon

Within and above this range, circular practices . . . e
. ) o cHEEp in Construction Activity
begin to shape supply chains, reduce costs, and

operate as a normal part of the construction

This analysis applies estimated embodied
carbon intensity factors of 400-700 kgCO2e¢ per
This interpretation is consistent with $1,000 of construction, derived from a synthesis
systems-based approaches to market development, 6f building=level embodied carbon benchmarks
which define scale not simply as the number of and environmentally extended input—output
participants, but as the extent to which a behavior fmodels that estimate emissions per unit of
spreads across a system in a self-sustaining way economic activity (Carbon Leadership Forum,
(Fowler & Sparkman, 2017). In this context, the 2025; Circular Ecology, 2024; De Wolf et al.,
estimated 25—50 percent range reflects the level 2017; U.S. Environmental Protection Agency,

process rather than an exception.
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Applying the estimated policy coverage
of 19-24 percent of public capital spending,
Executive Order 23 currently influences
approximately I -- 2.5 million metric tons of
embodied carbon emissions per year. This
represents a relatively small share of total
citywide construction emissions, highlighting the
limited scale at which current policy operates.
These estimates show that while publicly funded
construction represents a meaningful portion of

embodied carbon emissions, it captures only a

small share of the broader construction market,
constraining the ability of current policy to drive

system-wide reductions.

Even within the public sector, the majority
of embodied carbon remains outside the reach of
Executive Order 23. When compared to the full
construction market, this gap becomes even more
pronounced. The majority of embodied carbon
emissions in New York City are generated through
private development, which is not currently

subject to embodied carbon requirements.

This gap between total emissions and policy
coverage underscores a central challenge for
reducing embodied carbon in New York City.
While procurement-based policies establish

an important foundation, their climate change

Carbon Impact of Circular Construction Scenarios

3.0 -

2.5 A

2.0 A

1.5 1

1.2 MtCOze

1.0 -

Annual Emissions Reduction (MtCOze)

0.6 MtCOze
0.5 1

0.0 -
Procurement

Baseline

3.3 MtCOze

2.1 MtCO2e

Subsidy Hybrid
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impact i1s constrained by the scale of public
investment. Achieving meaningful emissions
reductions will therefore require expanding policy
coverage and increasing market demand for

lower-carbon materials across both public and

private construction activity.

Projecting Market
Transformation: Policy
Scenarios and Time
Horizons

This analysis models how varying levels of
policy coverage and financial support could shift
market conditions in New York over time. Rather
than predicting exact adoption rates, the goal
1s to estimate order-of-magnitude timelines for
when circular construction systems may begin
to operate at scale, defined here as the point
at which demand i1s sufficient to support stable
supply chains, consistent material flows, and

competitive pricing for reused and low-carbon

materials.

Scenario 1: Baseline

subset of projects)If this level of policy coverage

remains constant over time, cumulative exposure

to circular construction practices grows only

incrementally. Overa'20-year period; thiswould

activity. While this represents a substantial total
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are insuflicient to overcome cost barriers or

supply chain fragmentation.

Scenario 2: Expanded
Procurement

Modeled on NYC EDC Circular

Construction Recommendations

To evaluate the impact of stronger
public-sector leadership, this scenario models
an expansion of procurement requirements
consistent with the direction of NYCEDC circular
construction guidelines (NYCEDC, 2024). While
the guidelines themselves are not mandatory, they
emphasize material reuse, deconstruction, and
embodied carbon reduction as priority strategies
for public projects. Because these strategies
directly influence embodied carbon outcomes,
they are treated here as an extension of existing

procurement-based carbon policy frameworks

such as Executive Order 23.
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substantial expansion from Executive Order 23, investment is not intended as a near-term policy

which currently influences an estimated $3 to $4

billion per year. This raises total market coverage

from roughly §'pereent)to approximately 912
percent of citywide construction activity. At this

level, demand begins to approach, but does not

reach, the lower bound of system viability.
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material tracking systems, and early-stage reuse

proposal, but rather as an illustrative upper-bound
scenario used to understand the magnitude of
resources required to shift market conditions at
scale. These subsidies are applied over a twenty
year period to offset the incremental costs
associated with reused materials, deconstruction
practices, and low-carbon alternatives.

In practice, funding at this scale would
likely be assembled through a combination
of mechanisms rather than a single revenue
source. One potential source is revenue
generated through carbon pricing or cap-and-
invest programs established under the Climate
Leadership and Community Protection Act,
which could be directed toward embodied
carbon reduction strategies (Resources for the
Future, 2025). Additional funding could be
derived from avoided costs associated with waste
transport and disposal, as reduced reliance on
expenditures that can be reinvested into circular
material systems (New York City Department of
Sanitation, 2024; New York State Department
of Environmental Conservation, 2023). Capital-
intensive components, such as material recovery,
storage, and redistribution infrastructure, could
also be financed through municipal bonds or
other green financing mechanisms, allowing costs
to be distributed over time (City of New York,
2015; Climate Advisers, 2024). Together, these
approaches suggest that while the model assumes
a concentrated public investment, the equivalent
level of investment could be mobilized through
a diversified and more politically feasible set
of financing strategies. Additional mechanisms
may include value capture strategies tied to real
estate development, such as zoning incentives or
negotiated public benefits, which shift a portion of

infrastructure.

Scenario 3: Subsidy-Driven
Market Acceleration

This scenario introduces targeted subsidies
over the next 20 years ofmarket development.
To estimate an upper-bound scale of investment

required to achieve system-level adoption, this
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the cost burden onto projects that directly benefit

the market (Ministry of Infrastructure and the

Environment, 2016)
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ground estimate that captures the additional effort
required to implement circular practices without
overstating costs observed in early-stage or highly
constrained case studies. Importantly, the model
assumes that subsidies apply only to the additional
cost of implementing circular practices, rather

than the full cost of construction. In other words,

Scenario 4: Hybrid Model

While the model does not explicitly segment
these phases, the shape of the growth curve
reflects this transition: rapid early adoption
driven by financial incentives, followed by slower
but sustained expansion as circular construction

becomes embedded within standard industry
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practice. In this way, regulatory mechanisms
function less as a discrete policy shift and more
as an ongoing structural force that reinforces
adoption, ensuring that circular practices move

from niche application to industry norm.

This approach reflects a common policy
sequencing strategy observed in environmental
transitions, where incentives are used to build
market capacity before stricter regulations
are introduced (Byrne, J. et al., 2022; Ellen
MacArthur Foundation, 2013, 2019, 2020; C40
Cities, 2020; Climate Advisers, 2024)

Waste and Carbon
Reduction Scenario and
Results

To understand what scaling circular
construction actually means in practice, this
analysis translates market share into three
outcomes: avoided C&D waste, reduced

embodied carbon, and associated economic

generation (New York State Department of
Environmental Conservation, 2023). In New York
City, estimates vary due to fragmented reporting,
but generally fall between 2.7 and 6.5 million
tons annually (NYCEDC, 2024; DSNY, 2024).

To keep the analysis grounded, this study uses

a midpoint estimate of 4 million tons per year.
While a large share of this material is technically

recoverable, real-world recovery is constrained by
cost, logistics, and market conditions. Rather than
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The Overall Cost of
Circular Integration into

C&D

The results of this analysis suggest that
transitioning to circular construction in New York
City requires meaningful but manageable public
investment, and that this investment functions less
as a cost than as a catalyst for broader economic
and environmental gains. Under the hybrid
scenario, which achieves system-level adoption,
the city would need to allocate approximately
$1.7 billion annually in targeted subsidies,
equivalent to roughly § pereentiof annual
property tax revenue. Over a twenty-year period,
this corresponds to a total public investment of

approximately $34 billion.

In return, circular construction is estimated
to generate approximately $2 to $8 billion in
annual economic value within the construction
sector. This value 1s derived from a combination
of avoided disposal costs, material reuse, reduced
demand for virgin materials, and improved
system efliciency. When sustained over time, this
corresponds to approximately $40 to $160 billion
in cumulative economic benefit over twenty years,
exceeding the total public investment required
to initiate the transition. Beyond direct financial
returns, circular construction also produces

structural economic benefits. It increases labor

demand, particularly in deconstruction and
material processing, supports the development

of local reuse markets, and reduces exposure

to volatile global material supply chains (Ellen
MacArthur Foundation, 2013, 2019, 2020; Mair,
C. & Stern, T., 2020; Brussels Environment, 2016;
McKinsey Global Institute, 2017). In doing so, it
strengthens the resilience and productivity of the
construction sector rather than simply reducing its

environmental impact.

The environmental implications are
equally significant. Over time, these reductions
accumulate into a meaningful contribution
toward the city’s long-term climate goals. These
findings suggest that circular construction 1s
not a marginal intervention, but a system-level
strategy. The level of public investment required
to initiate this transition 1s modest relative to both
the size of the construction sector and the scale of
benefits it unlocks. Rather than representing a net
cost, this investment enables the development of
a more eflicient, lower-carbon, and economically
generative construction system. In this context,
the question is not whether New York City can
afford to invest in circular construction, but

whether it can afford not to.
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IX. Insights and

Recommendations

The Limits of the Current
System

New York City’s approach to reducing
emissions in the built environment remains largely
embedded within a linear construction model,
in which materials are produced, used once, and
discarded. While recent policies have begun to
address embodied carbon, they do so within a
system that has not fundamentally changed. As a

result, progress remains partial and uneven.

At the state level, Executive Order 22 targets
emissions associated with material production,
while at the city level, Executive Order 23 focuses
on project-level decision-making and embodied
carbon assessment. Together, these policies begin
to align supply and demand for lower-carbon
materials. However, they operate in parallel
rather than as a unified system, limiting their
ability to produce sustained, system-wide change.
Embodied carbon is increasingly measured, but it
1s not yet meaningfully regulated or consistently
reduced. As a result, while important progress
has been made in developing the framework for
tracking embodied carbon, these efforts fall short

of fully addressing it.

In addition, the statewide Solid Waste
Management Plan and the city’s Circular Design
& Construction Guidelines begin to engage with
the waste stream and the broader linear economic
model. However, fragmentation remains most
evident in the “missing middle” of the material

lifecycle. While early design and end-of-life waste

management receive growing attention, there

is little coordinated infrastructure for material
recovery, storage, tracking, and redistribution.
Materials that could be reused are routinely
discarded, not because reuse 1s infeasible, but
because the systems required to support it are
underdeveloped or absent. As a result, circular
practices emerge in isolated pockets rather than at

scale.

Across interviews, this structural limitation
is reflected in practice. Although awareness of
circularity and embodied carbon is becoming
more widespread among enthusiasts and
practitioners, implementation is consistently
constrained by cost, timelines, and coordination
challenges. These pressures are not simply
the result of individual project decisions, but
of a broader system that prioritizes speed,
predictability, and established supply chains.
Circular strategies are often considered early
in the design process, yet are frequently
abandoned as projects move into procurement
and construction, where financial and logistical

constraints intensify.

Incremental Approaches Are
Insufficient

Efforts to reduce embodied carbon have
largely focused on improving material efficiency or
substituting lower-carbon materials within existing
construction practices. This is admirable and
represents New York’s commitment to its climate
goals. However, the findings of this research
indicate that these approaches are inherently
limited when applied within a linear system. The
quantitative analysis demonstrates that structural

systems, building height, and lifecycle behavior



play a more decisive role in determining emissions
than any single material choice. While steel and
timber offer greater potential for reuse, and
timber can store carbon under certain conditions,
no material consistently performs as “low-
carbon” across all contexts. Reinforced concrete,
which dominates construction in New York City,
remains particularly difficult to recover and

reuse at scale. As a result, material substitution
alone cannot achieve meaningful reductions in
embodied carbon. Instead, emissions outcomes
depend on how materials are used, how long they
remain in circulation, and whether they can be
recovered and reused over time. Without systems
that support reuse at scale, even lower-carbon
materials will continue to generate emissions

through repeated production cycles.

These findings reveal a critical limitation
in current policy approaches. By focusing on
individual buildings, specific materials, singular
sectors, or upfront emissions, existing frameworks
fail to address the system-level drivers of
material consumption, waste, and excess carbon
production in the built environment. While the
efforts of the city and state represent important
progress, they do not fundamentally alter the
linear structure of the construction sector. As a
result, they are unlikely to produce the sustained
reductions in embodied carbon and reliance on
virgin material required to achieve long-term

climate goals or truly reckon with the magnitude

of the global waste crisis.

Scale and Market Dynamics as
the Central Constraint

If circular construction is technically

feasible, this study has found that its limited

adoption can be explained by the absence of
fully scaled economic markets. Existing reuse
markets are fragmented, inconsistent, and
difficult to rely on, creating longer lead times,
higher perceived risks, and increased costs for
developers and contractors. Even when circular
strategies are viable, these conditions make them
difficult to prioritize within conventional project
delivery frameworks. This dynamic produces

a self-reinforcing cycle. Limited scale leads to
higher costs and uncertainty, which discourages
adoption. Low adoption then prevents markets
from reaching the level of stability required to
reduce costs and improve reliability. As a result,
circular construction remains marginal rather

than mainstream.

The interview findings reinforce this
dynamic. Reuse requires coordination across
recovery, storage, testing, and resale, yet these
systems are not only not fully developed, but
not adequately funded by the government.
Supply chains are fragmented, and knowledge
remains concentrated among a small number of
practitioners rather than distributed across the
industry. The absence of standardized workflows
and reliable material streams adds time, cost,
and uncertainty to projects, further discouraging
adoption. Breaking this cycle requires deliberate
intervention to generate consistent demand and
support early-stage market development. Without
scale, circular systems cannot stabilize. Without
stability, they cannot compete with conventional

construction practices.

Economic Viability and System-
Level Opportunaty

While circular construction is often perceived

8l
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as costly, the economic analysis presented in this
research suggests the opposite. Transitioning

to a circular construction system in New York
City 1s estimated to require approximately $1.7
billion in annual public investment, equivalent

to roughly five percent of property tax revenue.
Over a twenty-year period, this corresponds to

a total investment of approximately $34 billion.
Crucially, this is an investment that functions as a
catalyst rather than a cost. This study has found
that the system it enables could generate between
$2 and $8 billion in annual economic value
through avoided disposal costs, reduced reliance
on virgin materials, efficiency gains, and the
expansion of local reuse markets. Over time, these
returns exceed the initial investment, producing
cumulative benefits that significantly outweigh

public expenditures.

Beyond direct financial returns, circular
construction offers broader structural advantages.
By increasing demand for deconstruction,
material processing, and reuse, it supports the
growth of local industries and labor markets. It
reduces dependence on volatile global supply
chains and mitigates the environmental impacts
associated with continuous resource extraction. In
this context, circular construction is not simply a
sustainability strategy or a system-level economic
development opportunity. It is also an opportunity
for New York City to use the full power of its
urban laboratory to enable a new, more efficient
and sustainable model. To become a national
and/or global leader in the race for climate
mitigation and resilience. The implication is
clear: the question is not whether New York City

can afford to invest in circular construction, but

whether it can afford not to.

Governance and Data as

Structural Barriers

Despite its economic and environmental
potential, circular construction cannot scale
without institutional alignment. Responsibility
for construction, materials, and waste is currently
distributed across multiple agencies, including
the Department of Buildings, NYCEDC, various
offices within the Mayor’s administration and
beyond. Planning institutions play a limited
role, and no single entity is responsible for
coordinating circular construction as a system.
This fragmentation contributes directly to
inconsistent standards, limited knowledge sharing,
and a lack of long-term strategic coordination.
Without a central body to align policies, markets,
and infrastructure, efforts remain dispersed and

difficult to scale.

At the same time, data infrastructure
remains underdeveloped. There is no unified
system for tracking materials across building
lifecycles, and existing data is often project-
specific and non-interoperable. This limits the
city’s ability to measure embodied carbon, enforce
policy requirements, and identify opportunities for
material reuse. It also prevents the accumulation
of institutional knowledge, leaving expertise
concentrated among a small number of
practitioners. These governance and data gaps are
not secondary challenges. They are foundational
constraints that prevent circular systems from
functioning effectively. Without coordinated
oversight and transparent information flows, even

well-designed policies and market interventions

will struggle to achieve lasting impact.

From Fragmentation to System
Coordination



Given these constraints, the transition to
circular construction requires a shift from isolated
interventions to coordinated system design.
Expanding public procurement represents the
most immediate and effective starting point. New
York City already controls a substantial volume
of construction spending, and even under current
conditions, this spending influences a meaningful
share of the market. By expanding the scope
of procurement policies, establishing minimum
thresholds for reused and low-carbon materials,
and requiring whole-life carbon assessments, the
city can create the consistent demand necessary to

stabilize reuse markets and reduce uncertainty.

However, demand alone is insufficient
without the physical systems required to support
it. Even when materials are recoverable, they
are frequently discarded due to the absence
of storage facilities, processing centers, and
coordinated logistics networks. Investment in
material reuse hubs, deconstruction infrastructure,
and integrated transportation systems is therefore
essential. These systems must be designed to
function at scale and integrated with existing
waste management frameworks. At the same time,
the development of a unified data framework
is critical. Establishing standardized life cycle
assessment requirements, implementing material
passports, and creating a centralized data
platform would enable materials to be tracked
across their lifecycle, improve transparency, and
support more effective policy enforcement. These
systems would also allow institutional knowledge
to accumulate over time, reducing reliance on

individual expertise.

Regulatory reform is similarly necessary
to address barriers embedded within existing

codes and approval processes. Developing clear

pathways for the use of reused materials, adopting
performance-based standards, and streamlining
permitting processes would reduce uncertainty
and make circular practices more accessible.
Embedding circularity within design processes

is equally important. Decisions made early in

the design phase determine whether materials
can be recovered and reused in the future.
Requiring or incentivizing design for disassembly,
promoting modular construction, and prioritizing
adaptive reuse over demolition would shift the
built environment toward long-term material

circulation.

To coordinate these efforts, New York City
should establish a dedicated institutional entity
responsible for circular construction. Such an
office would align policies, manage data systems,
coordinate across agencies, and ensure that
circularity is treated as a system-wide priority

rather than a collection of isolated initiatives.

Transition and Long-Term
Transformation

The transition to circular construction will
require a phased approach that addresses short-
term barriers while building toward long-term
system stability. In the immediate, and some
of this is already being done, efforts should
focus on expanding procurement, launching
pilot projects, standardizing data systems, and
supporting needed operational infrastructure.
These actions will reduce uncertainty and
create the foundation for broader adoption. As
markets continue to materialize, in the near
term, strategies should focus on scaling adoption
through targeted financial incentives for private

actors and strengthened regulatory requirements.
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Subsidies for deconstruction, support for reuse
infrastructure, and adjustments to waste policies
can help accelerate this transition while gradually
shifting industry norms. Over the long term,
circular construction should become embedded
within standard practice, supported by mature
markets, integrated data systems, and coordinated
governance structures. At this stage, the need for
direct subsidies diminishes as circular systems

become economically self-sustaining.

X. Circularity: A



Planners Role

This research demonstrates that circular
construction is not a niche sustainability strategy,
but a necessary evolution of urban development.
It offers a pathway to reduce emissions, decrease
waste, stabilize material supply chains, and
generate new forms of economic value without
limiting growth. The construction and demolition
sector presents a particularly effective entry
point for this transition. Unlike consumer-facing
markets, it is highly coordinated, professionally
managed, and already embedded within
regulatory and technical systems, making it well

suited for large-scale implementation.

The findings also point to a broader shift
in the role of planning. Planning is no longer
only concerned with shaping where and how
cities grow, but with managing how resources
move through urban systems over time. This
requires a transition from short-term construction
cycles to long-term material lifecycles, and from
fragmented governance to more integrated
approaches that align decision-making across
institutions. In this context, planning extends
beyond regulating individual projects to
structuring the systems that underpin material
use, recovery, and circulation. Within this context
the planner must not only think of a project,
nor can she only focus on neighborhoods, urban
systems, or regional issues. She must use her role
to work to solve both urban and global problems
within the urban context. Decisions must be made
using a fully integrated understanding of the short
term goals, the economic possibility, the human
impact, the long term costs, and the profound

consequences of inaction.

This shift repositions the built environment

itself. Buildings can no longer be understood
solely as static assets, but as dynamic

material stocks that carry long-term value.
Treating existing structures as repositories of
reusable materials, rather than as obstacles to
redevelopment, opens new opportunities for
reducing waste and retaining embodied value
within the city. This reframing has implications
not only for environmental performance, but for
how urban development is conceptualized more

broadly.

New York City 1s uniquely positioned to lead
this transition. Given the scale of its construction
market and its existing institutional capacity,
the city has the potential to shape not only
local practices, but broader industry standards.
The tools, immediate knowledge, and initial
policy frameworks are already in place. What is
required is the coordination, scale, and political
commitment necessary to move from fragmented

efforts to a fully integrated system.

The future of urban development will not
be defined only by what cities build, but by how
they structure systems that are more sustainable,
equitable, and resilient. Circularity is not

peripheral to this shift—it is fundamental to it.
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XI. Conclusion

This research began with a central question:
how can New York City reduce embodied carbon
in its built environment in a way that is both
scalable and economically viable? The findings
point to a clear answer. Circular construction
is not only feasible, but necessary. Across policy
analysis, interviews, and quantitative modeling,
the same pattern emerges. New York City already
has many of the components required to support
a circular construction system, including technical
expertise, policy momentum, and a large and
stable construction market. What is missing is not
innovation, but alignment. Existing efforts remain
fragmented, limiting their ability to scale and

produce meaningful system-wide change.

At the same time, the urgency of the
problem continues to grow. While the city
has made significant progress in building a
framework to begin addressing operational
emissions, embodied carbon remains a large
and underregulated source of emissions. This
1s directly tied to the city’s construction and
demolition waste stream, which continues to
operate within a linear model of extraction,
use, and disposal. These are not separate issues.
They are two sides of the same system. This
research shows that circular construction offers
a pathway to address both. By reducing reliance
on virgin materials, extending material lifecycles,
and keeping resources in use, circular systems
can significantly reduce emissions while also
decreasing waste. Importantly, this transition does
not require a contraction of the construction
economy. Instead, it reshapes it by shifting activity
toward reuse, deconstruction, and local material

processing, creating new forms of economic value

in the process.

The key constraint is scale. Circular practices
already exist, but they remain limited in reach
and consistency. Without coordinated demand,
enabling infrastructure, and supportive policy
frameworks, these practices cannot compete with
the speed and cost efliciency of linear systems.
This is where planning becomes critical. Planning
has the ability to align fragmented systems, shape
markets through procurement and regulation, and
create the conditions necessary for circularity to
operate at scale. The implications extend beyond
construction. At its core, this research reflects
a broader shift in how cities must operate. The
assumption that urban growth can continue
indefinitely through extraction and disposal
is no longer viable. Climate change, resource
constraints, and the limits of ecological systems
make this clear. Planning must now operate
within these limits, and in doing so, redefine what

sustainable growth looks like.

Circular construction is one pathway
forward. It allows cities to continue building and
evolving while reducing environmental impact
and strengthening economic resilience. The
tools, technologies, and strategies required to
implement it already exist. What is needed now is
coordination, commitment, and the willingness to
move beyond incremental change. It is therefore
inherently a planning problem that planners
must set out to solve. For New York City, the
opportunity 1s significant. With its regulatory
capacity, market scale, and global influence, the
city 1s well positioned to lead this transition.
Doing so would not only reduce emissions locally,
but also help establish a model for other cities

facing similar challenges.

Ultimately, the future of urban development



will not be defined only by what we build, but by
how we use, reuse, and value the materials already
around us. The systems that have shaped cities

for the past century were built on the assumption
that resources were infinite and impacts could

be ignored. That assumption no longer holds.
Circular construction offers a way forward, not

by stopping growth, but by changing how growth
happens. The question is no longer whether this
transition is possible. It is whether we choose to

make it.
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