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Industrial decarbonization refers to the removal or reduction of greenhouse
gas emissions, process emissions, or embodied carbon from industry. Building
from our experiences working with communities contemplating industrial
decarbonization projects, we argue that community-based research can move
nebulous calls for “community engagement” to processes that emphasize just
and equitable governance. We first summarize the co-benefits and risks of
industrial decarbonization for historically marginalized communities. We then

draw from our own experiences working on community benefit plans for
developer-led projects to show how community-based research can help
ensure that industrial decarbonization projects benefit the communities that
choose to host them.

Industrial processes account for a substantial portion of greenhouse
gas emissions—a third of the United States’ total emissions and 20% of
the European Union’s total emissions. “Industrial decarbonization can
be defined as technologies or practices that reduce or eliminate
greenhouse gas emissions from all aspects of industry”. Efforts to
decarbonize industrial processes thus play a key role in climate pol-
icymaking, and encompass efforts such as energy efficiency, elec-
trification, replacing fossil fuels with lower carbon fuels like hydrogen,
reducing materials demand, establishing more circular material flows,
and promoting carbon capture and storage (CCS), among others. One
example is Direct Air Capture (DAC), which is designed to remove CO.
directly from the atmosphere. Proponents of DAC highlight its ability
to achieve net-negative emissions and address unavoidable emissions
from sectors where decarbonization is challenging, while critics raise
questions about its efficiency, energy requirements, and cost.

Many industrial decarbonization technologies are in the early
stages of development and deployment, which means that their
impacts on carbon reduction as well as the people and places that host
projects are still largely uncertain. Many communities targeted for new
energy projects have already borne the burdens of industrial devel-
opment, such as systematic exclusion from decision-making, dis-
proportionate exposure to environmental hazards, economic
hardship, limited access to environmental resources, challenges to

maintaining cultural ways of life, and heightened vulnerability to cli-
mate change. For example, installing carbon capture, utilization, and
storage (CCUS) technologies on natural gas power plants and indus-
trial emitters in the Texas and Louisiana Gulf Coast is predicted to
generate additional ammonia emissions that would disproportionately
harm the health of Hispanic and Black communities’. Protests against
seven proposed US hydrogen hubs have centered on potential envir-
onmental damage and a lack of community engagement to address
potential harms to already overburdened communities’. Environ-
mental justice organizations have specifically pointed to DAC, CCUS,
and hydrogen projects as evidence that industrial decarbonization is
dominated by “false solutions” that preserve the power of corpora-
tions—and incentivize continued emitting of carbon - rather than
fundamentally reorganizing the economy to be more sustainable and
equitable®.

Decades of grassroots activism have called for private developers
to practice more robust and equitable community engagement, and
the successful halting of major projects has resulted in the widespread
corporate recognition of the need for a social license to operate. By
presenting good community relations as good financial risk manage-
ment, the social license presents a “win-win” business case for com-
munity engagement. Many activists and academics critique this
framing for sidelining more crucial questions about justice, equity, and
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free, prior and informed consent’. This “win-win” framing of engage-
ment, however, was reinforced by stipulations that were attached to
the Inflation Reduction Act and the Bipartisan Infrastructure Law,
which directed over $6 billion to developer-led industrial dec-
arbonization projects. Until the change of administration in 2025,
projects receiving federal awards were required to develop Commu-
nity Benefit Plans (CBPs). CBPs formalized project plans for commu-
nity engagement and were intended to help direct 40% of the benefits
of federal funding to communities identified by screening tools as
historically marginalized, in support of the previous administration’s
Justice40 initiative. Federal agencies including the Department of
Energy (DOE) promoted CBPs as a way to advance equity while mini-
mizing the risks of project delays and failures due to lack of community
engagement and support.

Most of the authors of this Perspectives piece helped design and -
in some cases - began to implement CBPs for carbon storage, DAC, and
hydrogen projects. Here we build on those (and our past) experiences
to show how community-based research can help move nebulous calls
for community engagement to processes that emphasize just and
equitable governance, providing a greater chance for industrial dec-
arbonization projects to benefit the communities that choose to host
them. Community-based research, paired with just process, encoura-
ges the co-definition of problems, deep listening, and more equitable
collaboration. At the same time, we also signal the fraught position of
community engagement as a part of these projects. Community
engagement in industrial decarbonization projects is often framed as a
question of how to garner support for developer-led projects, rather
than how to engage community partners in considering whether or in
what form the projects should be implemented at all. The current
dominant framing treats community knowledge as input rather than as
central to defining the problems and solutions themselves, and
developer-led engagement often stops short of community leadership
and ownership®. In this Perspectives piece, we outline the opportu-
nities and limitations for centering equity and community priorities in
developer-led projects for industrial decarbonization.

What potential co-benefits and risks does community engage-
ment seek to manage?

Community engagement for industrial decarbonization projects fre-
quently revolves around the risks and co-benefits they pose for com-
munities. We therefore begin by summarizing existing academic
research on those potential risks and co-benefits to help characterize
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what is at stake in both engagement-as-usual and attempts to improve
it. Co-benefits refer to positive outcomes that are a result of the
technology and systems themselves, not those that developers addi-
tionally promise to stakeholders as a result of negotiations, such as
scholarships, community investments, or project labor agreements.
The methodology for this portion of the research was document
analysis via a literature review’. The evidence review targeted peer-
reviewed academic journals published in English, over the past 20
years, using keywords in their titles and abstracts such as “industrial
decarbonization” and “community benefits,” “co-benefits,” “co-
impacts,” “barriers,” “challenges,” “risks” and “social acceptance.” The
aim was to provide an illustrative, but by no means exhaustive or
representative, overview of the relevant literature on the social and
community dynamics of net-zero industry with a focus on the United
States. These studies are complicated by the fact that industrial dec-
arbonization is not a singular set of technological systems with uni-
form impacts; CCUS systems present a very different benefit and risk
profile than electrification, for example. Caution should therefore be
taken with generalizing impacts across applications, sectors, and
locations.

”u ” a

What benefits can communities expect from industrial
decarbonization?

Industrial decarbonization could provide a range of benefits to local
communities, from jobs and job security to investment and commu-
nity growth and even innovation spillovers. It could also enable
improved energy security and/or lower energy services costs or result
in reduced air pollution and other environmental benefits. Maintaining
or even growing the American manufacturing sector is seen as a critical
benefit, as it can provide communities with jobs but also indirect
economic benefits such as tax revenue, innovation spillovers, and
enhanced resilience. Approximately 12.2 million manufacturing jobs
exist in the United States, and as many as 107,000 to 131,000 new high-
wage jobs could be created through the necessary capital investment
needed for decarbonization by 2035'.

Improved air quality and health gains might also be a considerable
benefit, depending on the particular technological system, as noted
below. Picciano et al.® examined the potential air quality benefits from
industrial decarbonization and noted mixed findings about the impact
for volatile organic compounds, nitrogen oxides, particulate matter,
carbon emissions, ammonia, and sulfur dioxide (Fig. 1). While pro-
jected industrial decarbonization efforts would see a decline in carbon
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Fig. 1| Projecting historical and future air quality and carbon emissions from
industrial decarbonization in the United States. Chart projecting impacts of
industrial decarbonization for air quality and carbon dioxide emissions, with values
showing only the projections for the baseline (2030) scenario and historical or
current emissions as of 2017. The projected “baseline” or 2030 numbers are based
on no carbon policy in 2030 - a scenario that seems the most likely the current
approach taken by the current federal administration. National emissions for the

U.S. are shown in billion metric tons (MT) for CO, and million MT for non-CO,
pollutants. Source: Authors’ own, modified and redrawn substantially using values
from P. Picciano, M. Qiu, S. D. Eastham, M. Yuan, J. Reilly, and N. E. Selin, “Air quality
related equity implications of U.S. decarbonization policy,” Nat. Commun., vol. 14,
no. 1, p. 5543, Sep. 2023, doi: 10.1038/541467-023-41131-x. Published under a CC-BY
4.0 Attribution International License.
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emissions (21.9%), sulfur dioxide (-6.4%), and nitrogen oxides (-2%),
they could see an increase in emissions of ammonia (+10.3%), volatile
organic compounds (+3.9%), and particulate matter (+20%). Wang
et al.” were more positive in their assessment, and calculated that even
in relatively greener economies such as California, decarbonization
would provide about 14,000 fewer premature deaths by 2050 and that
35% of these would come from historically marginalized communities,
enhancing equity. That same study projected that the monetary value
of those health improvements would reach about $215 billion, far
surpassing the estimated cost of $106 billion. In simpler terms: when
health co-benefits are included in the assessment, industrial dec-
arbonization more than pays for itself.

Gallagher et al."° examined decarbonization pathways from health
and environmental justice lenses and reached similarly positive con-
clusions. They estimated that industrial decarbonization would reduce
the risk of primary particulate matter emissions by up to 21%, con-
sidering indirect sources from burning, agriculture, and fugitive dust
from unpaved roads in addition to direct sources from factories. They
also predict that nitrogen and sulfur dioxide emissions would be
reduced by roughly 10%. Predicted regional patterns of improved air
quality are also notable, with industrial decarbonization producing the
most air pollution benefits in the Southeast, along the Great Lakes, as
well as in Pennsylvania, California, and New York. They estimated that
industrial decarbonization would yield $90.5 billion in annual public
health benefits, more than the electricity scenario (only $66.1 billion in
benefits) and more than the transport scenario ($43.3 billion). In terms
of racial equity, the study estimated that the groups most benefitting
from reduced exposure to air pollution would be non-white, racially
and ethnically minoritized communities, here referred to as commu-
nities of color, in the South (where 58% of the African American
population resides) along with urban areas in the North; Hispanic
populations in California, Arizona, New Mexico, and Texas; and Asian
communities in California, Washington, and Texas. The opposite holds
true as well: failing to decarbonize industry would largely and dis-
proportionately harm communities of color and low-income commu-
nities, usually defined as a percentage of households living at or below
twice the federal poverty level ($32,150 for a family of four in 2025).

The American Council for an Energy-Efficient Economy" modeled
national CO2 and PM2.5 emission profiles as well as facility upgrades
aimed at decarbonization and reducing air pollution among cement
facilities and found that five of the top 11 facilities emitting well above
the median levels of PM2.5 and CO2 per year are located in areas where
66-100% of the population within a three-mile radius meets federal
criteria for being classified as a disadvantaged community. They con-
clude that “such sites are top candidates for early investment in
technologies that substantially reduce both carbon and air pollution
emissions.”

What risks does industrial decarbonization pose?

Notable risks exist in juxtaposition to the benefits of decarbonization
above. These include uncertainty in technical performance, liability
concerns, accidents, high costs of deployment, and lack of a mature
market. Potentially adverse outcomes - depending on the type of
industrial decarbonization - include negative environmental impacts,
residual emissions, and CO2, methane or hydrogen leakage, as well as
disparities in air pollution and distribution of co-benefits. Industrial
decarbonization has the potential to exacerbate rather than alleviate
disparities in air pollution, given that many industrial facilities are
located in low-income and communities of color, often with high
population density in close proximity to sources of high emissions.
Colmer et al.”” noted that pollution abatement trends in the U.S. have
not altered disparities in exposure to PM2.5 pollution. Although total
pollution levels have declined, the most polluted census tracts in 1981
remained the most polluted in 2016, the least polluted census tracts in
1981 remained the least polluted in 2016, and the most exposed

subpopulations in 1981 remained the most exposed in 2016. The
authors conclude, “Overall, absolute disparities have fallen, but rela-
tive disparities persist.”

Wang et al.” reached a similar conclusion in their assessment of
the now-defunct Climate and Economic Justice Screening Tool (CEJST)
developed as part of the Biden Administration’s Justice40 Initiative,
which failed to include race in its metrics. They noted that the appli-
cation of CEJST to guide ambient air pollution emission reductions
may eliminate the modest exposure disparities by income, but not the
frequently larger disparities by race and ethnicity. A number of EJ
organizers and scholars strongly disagreed with the decision to
exclude race as a factor, arguing that doing so would impede scientific,
evidence-based analyses. Legal challenges to analyses factoring in
race' contributed to decisions to exclude race from the federal
screening tools”. This was a loss, given that decades of research has
regularly and conclusively demonstrated that race is a key determinant
in environmental decisions that result in negative impacts on sur-
rounding communities'®”, and that some forms of industrial dec-
arbonization are predicted to worsen health outcomes for
communities of color’.

Communities that have already experienced negative impacts
also point out that some approaches to industrial decarbonization
facilitate the continued use of fossil fuels that created such harm in the
first place. CCUS is a key example, as it can be used to promote addi-
tional oil production (via enhanced oil recovery) and is being devel-
oped to maintain the viability of oil and gas fields, or coal- and natural
gas plants, subject to increased emission regulations. Indeed, a 2024
report from the Government Accountability Office found that over
90% of DOE investments in carbon management had gone to reducing
emissions from coal-based facilities'®. Many environmental organiza-
tions argue that hefty federal investments in CCUS would be better
directed to building out renewable energy infrastructure instead.

These concerns have spurred activism that is raising crucial
questions. Grubert and Hastings-Simon'® note the scalar mismatch
between the benefits and harms of industrial decarbonization, writing
that it is “intended to create national (and global) benefit at the
expense of local harms, and that host and prospective host commu-
nities are likely to understand, and oppose, concrete and easily com-
municated negative impacts.” Specifically writing about hydrogen -
but applicable more broadly to industrial decarbonization technolo-
gies — Bukirwa et al.”° write: “Given this past and persistent dis-
crimination, it is understandable that communities are wary and
skeptical of heavy industry development, even if the intent is a cleaner
energy future. There are legitimate reasons why communities are
skeptical of replacing unabated fossil fuels with hydrogen, including
health, safety, environmental, and water usage concerns, and that
certain hydrogen production methods will perpetuate some fossil fuel
industries.” These serious concerns form the backdrop of community
engagement in emerging industrialization decarbonization - and
efforts to improve it.

Community based research and procedural justice

Commitments to “community engagement” have become de rigueur in
the corporate world, and federally-funded industrial decarbonization
projects included requirements for what funding calls described as
“meaningful engagement... [which] involves building relationships
and having a two-way dialog with mutual learning that shapes how
projects are developed”. Engagement, however, is a plastic word that
can encompass everything from simply providing information to sta-
keholders to deeply co-designing technological systems with com-
munities. The kinds of community engagement practiced by most
private developers can “maintain the status quo and the unequal dis-
tribution of burdens of benefits in energy transitions””. In instances
where engagement is made superficial, such as in the case of providing
input on decision-making around the location of oil and gas pipelines
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Table 1| Participatory, community-based research methodologies, adapted from Castro-Diaz et al, “Participatory Research in

Energy Justice: Guiding Principles and Practice

24

-

. Participatory action research

Involves participants and academic researchers in a deeply collaborative, iterative research process with the goal of
empowering those most affected and informing action.

2. Community-engaged research

An active collaborative partnership is established between the academic researcher and community with the goal of
undertaking research with scientific and community benefits. This research relationship continues beyond the life span of
one project and extends to an in-depth trust-based partnership where each partner is able to exercise agency, and their
roles continually evolve along the project’s life cycle.

3. Indigenous methodologies

Aim to redress the violence of colonization through research advancing Indigenous peoples’ self-determination—espe-
cially regarding land, water, air, and data. Research using this framework, including in relation to energy justice priorities, is
led by Indigenous people and organizations who sometimes partner with non-Indigenous people and organizations.

4. Feminist methodologies

Address the power inequities, cultural differences, and harms that get reproduced through research. While the methods
used are multidisciplinary, studies that use feminist methodologies are designed to repair cultural bias and gaps in
knowledge that have been created through systemic oppression. In energy justice research, for example, studies that use
feminist methodologies highlight the workings of gender, age, class, race, and sexuality, their intersectionalities, and how
these sociopolitical dynamics matter for policy.

5. Participatory convergence research

Calls for research teams to collaborate with researchers from different disciplines and stakeholders from diverse back-
grounds. This approach is based on Convergence Research and Participatory Action Research, which encourages teams to
create strong partnerships, have cycles of action and reflection, and co-design significant and sustainable interventions to
address societal challenges, such as energy injustices.

6. Citizen or community science

Aims to bring communities into knowledge production activities. While citizen science is most often associated with
projects that build community capacity for data collection, there are many stages in the research process where com-
munity members can participate, including study design, data analysis, and communication of findings. Citizen science
projects intend to leverage the expertise of specific communities who have historic, embodied, or local knowledge. In
many cases citizen science projects are designed to provide communities with training or information that will be of benefit.

7. Experimental ethnography

Leverages participant observation as a collaborative tool for working with communities to explore problems and imagine
solutions. This often involves the use of ‘experiments’ broadly understood, but often involving media, new technologies, or
the use of workshops for two-way or tactile learning.

8. Design justice

Uses design to heal and empower communities while addressing systemic injustices. This usually involves learning about
community strengths and local knowledge practices, creating accountable and collaborative processes, and aiming for

community-controlled outcomes.

9. PhotoVoice and VideoVoice

Empower participants to document, reflect upon, and share their everyday experiences through visual media, usually

through photos and videos. The goal is often to bring light to challenges and influence institutional or policy decision-

making.

10. Participatory mapping

Involves community members in creating maps and other forms of spatial data (such as GIS layers) that reflect local

perspectives, experiences, and needs. It often involves workshops, interviews, focus groups, and other methods to gather
information from the bottom up to share with planners and researchers.

A short summary of prevalent participatory, community-based research methodologies that can promote equity and energy justice. 8-10 are authors’ additions, and 1-7 are used with permission of
Castro-Diaz from “Participatory Research in Energy Justice: Guiding Principles and Practice,” Castro-Diaz et al, Progress in Energy 6(3) (July 2024), 1-14, https://iopscience.iop.org/article/10.1088/
2516-1083/ad3b60. Permission conveyed through Copyright Clearance Center, Inc. © IOP Publishing. Reproduced with permission. All rights reserved.

with little effect on outcomes, experiences of “performative” partici-
pation can tangibly harm the people who participate®.

In contrast, community-based research is well suited to promot-
ing opportunities for people to shape project designs to advance
community visions, voice concerns, minimize adverse impacts, and
ensure the delivery of benefits as defined by themselves. Community-
based research is grounded in epistemic justice, which draws attention
to knowledge, specifically the recognition of people as knowers,
experts, and innovators. Ottinger? argues for treating epistemic jus-
tice as “careful knowing, or practices of empirical investigation and
meaning-making responsive to the needs of marginalized knowers.” A
primary concern is to counteract the devaluing of historically mar-
ginalized communities’ own knowledge. Castro-Diaz et al.** summarize
key research frameworks from the social sciences that center deep
listening to and learning from community members and their unique
expertise (1-7 in Table 1). These approaches help to address power
differentials among project proponents, researchers, and
communities.

Research methodologies from the humanities are also key to
better documenting people’s lived experiences, as well as engaging
them in imagining alternative futures. Framing and tools from huma-
nities disciplines can be used to develop research questions and
methodologies that treat people and communities as full human
beings rather than narrowly as stakeholders and ask questions about
how carbon management and similar projects make assumptions
about - and aim to reconfigure - fundamental aspects of society and

culture such as space and belonging, work and individual autonomy,
and the need for what Mbembe calls “co-belonging”>.

The field of science and technology studies also provides multiple
methodologies for integrating social considerations into the design of
technological systems. Value Sensitive Design integrates human values
through the design process?. Participatory Technology Assessment
formalizes opportunities for the public to provide feedback on tech-
nology development”. Consent-based siting provides a process
through which communities themselves develop site-specific assess-
ment criteria to determine whether to host an industrial project®.
Rather than presenting a community with a pre-designed project,
these tools open up broader deliberations about technical decision-
making to directly include community input into the project design -
for example, which technologies are selected, where infrastructure is
sited, and which environmental controls are utilized. Fundamentally,
participatory design frameworks play a critical role in doing the work
of identifying projects that best meet the needs of a community, while
also functioning within environmental, cultural, and economic
resource constraints of the region and its population. In this sense,
they echo tenants of the appropriate technology movement®*°, but
applied to projects that operate at a complex infrastructural
systems level.

These research approaches are especially powerful when paired
with frameworks from community organizing that are grounded in
principles that try to equalize power relations and prioritize
community-created visions and goals. Facilitating Power, a
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THE SPECTRUM OF COMMUNITY ENGAGEMENT TO OWNERSHIP

»»»»»» INCREASED EFFICIENCY IN DECISION-MAKING AND SOLUTIONS IMPLEMENTATION
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Fig. 2 | Gonzalez’s “The Spectrum of Community Engagement to Ownership.
Rosa Gonzalez's visualization of public engagement moving from activities that
marginalize communities and their interests to community decision-making and
ownership. Reproduced with permission from R. Gonzilez, “The Spectrum of

invested in solutions

Community Engagement to Ownership.” Facilitating Power. Available online:
https://www.facilitatingpower.com/spectrum_of community_engagement_to_
ownership.

community-based organization focused on racial equity and environ-
mental justice builds from Arnstein’s influential Ladder of Citizen
Participation to create a spectrum of community engagement that
moves through marginalization, placation, and tokenization, to voice,
delegated power, and ultimately community ownership®. Figure 2
visualizes these community engagement techniques on a spectrum of
no involvement to advanced involvement such as ownership.

Epistemic justice pushes us to diversify our sources to include
written and oral materials that are community-generated or that cen-
ter community voices. For example, the CARE and FAIR Principles for
Indigenous data futures®, The Principles of Environmental Justice®,
and the Jemez Principles for Democratic Organizing®*. These materials
can encompass a wide range of sources, from memoranda to news-
letters to blog posts to action plans, such as the 10-Year Strategic
Action Plan recently drafted by The Southeast Region Environmental
Justice Network®, which the Georgia Tech team is incorporating into
its work with the Southeast DAC Hub (described in greater detail in the
following section).

While centering community perspectives is crucial for epistemic
justice, it is equally important to avoid fetishized views of local
knowledge. Community perspectives are the product of complex
social and material relationships that interact within power structures
at multiple scales—including with government agencies, industry,
advocacy organizations, as well as other invested communities®*’.
Community perspectives are also deeply heterogenous and contra-
dictory, given the diversity of stakeholders and their positions relative

to industrial development projects®*. Scholars working in these

spaces must, therefore, necessarily acknowledge that “local knowl-
edge” is always to be understood as partially representative, as well as
always altered in-process by researchers’ own power, institutional
affiliations, and positionalities****. The pitfalls of fetishization and
partial representation reinforce the importance of maximizing the use
of co-produced, community-driven, and participatory methodologies
that decenter the researcher and the potential for performative
engagement.

Gaining a nuanced sense of local priorities and values using these
frameworks can serve as the foundation for more meaningful delib-
eration and co-design and potential co-ownership of industrial dec-
arbonization projects.

More just engagement in federally-funded industrial dec-
arbonization projects

The first section of this article identified four themes emerging from
existing research: (1) industrial decarbonization offers air quality
improvements, but relative inequities in exposures persist; (2) these
inequities are unlikely to be addressed given race-blind policy
approaches; (3) some forms of industrial decarbonization that facil-
itate the continued use of fossil fuels can entrench environmental
justice concerns; and (4) there is a scalar mismatch between the global
benefits and local harms of decarbonization projects. We then laid out
how community-based research, paired with procedural justice, can
lay the basis for more just community engagement to address those
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risks. In this section, we share our own experiences attempting to put
those practices into action through our own participation in industrial
decarbonization projects.

The data from this section comes from our active involvement in
designing and beginning to implement Community Benefit Plans
(CBPs) for DOE-funded projects, with a focus on DAC and carbon
capture and storage. Collectively, our experiences underscore epis-
temic and procedural justice as a necessary precursor to addressing
any of the previously identified risks of industrial decarbonization.

We begin by noting that our experiences have not been uniform -
and that institutional positionality matters for what teams are able to
do. When our institutions were the project leads (“prime recipients”),
we wrote our own CBPs and inflected project direction and leadership
with community knowledge and priorities. These close connections
also raised the risk of cooptation. Serving as sub-recipients meant that
our teams did not have ultimate say over the CBPs that were proposed,
but teams experienced more independence to direct their own actions
and center community perspectives. Both power for CBP leads to
shape project decision making and independence for CBP leads to
design and facilitate processes that meaningfully engage and empower
communities are critical. We encountered other projects in which
there were no people with critical social science, humanities, or energy
justice training included in conceptualizing or implementing the CBPs,
which instead were managed by public relations firms.

Our teams have managed the two major barriers to making
industrial decarbonization more accountable to local communities:
procedural injustice and epistemic injustice. Procedural injustices
were embedded into the application process for federal funds. Most
applications for funding were made by developers (due to the cost
share requirement) and encouraged but did not require documenta-
tion of community support. Both literature and practice demonstrate
that engagement is rarely meaningful when it comes after major pro-
ject decisions have been made. Procedural justice was also under-
emphasized in the initial round of applications, which instead focused
on distributive benefits and harms. By focusing on distributive benefits
versus harms, the engagement encouraged by CBPs neglected to
address the underlying structures that exclude diverse voices from
defining what counts as benefits and harms in the first place. Foun-
dational concerns include due process, transparency, intra- and inter-
generational equity, and accountability* 7.

Epistemic injustice was a second key barrier, including in how
project benefits and risks were conceptualized and tracked. Applicants
for federal funds were required to set out which “benefits” the projects
would deliver, without requiring that they be jointly defined with
communities, and propose quantitative measures for tracking them.
The existing research on co-benefits, summarized in the first section,
has also focused on those that are quantifiable: new jobs, improved air
quality, and improved health. While quantitative metrics can help
make patterns visible, they also risk “informating” justice*®, or ren-
dering justice issues into problems that can be understood and
manipulated through information systems*. This risks narrowing the
kinds of ethical questions that can be asked and answered, as well as
the kinds of benefits and risks that can be tracked and monitored.
Epistemic justice further compels us to consider how community
knowledge and concerns can be integrated into the design, collection,
and analysis of metrics. Developing “everyday indicators” could be one
strategy to create measurements from the ground up®®®’. Another
related strategy is to work with communities early on to co-develop
targets and assessment mechanisms for risks and benefits, as descri-
bed in the paragraph about JET below.

Our approaches to promoting epistemic and procedural justice
have been diverse, but all seek to facilitate more meaningful oppor-
tunities for community members to articulate their priorities and
values and to have a greater say in how projects develop and are
managed. A recurring challenge has been ensuring that community

benefits are systematically integrated with technical objectives. A team
from the Colorado School of Mines is using community-based research
to integrate local knowledge and priorities into the feasibility study for
a potential carbon storage hub in the southern part of the state. A team
of anthropologists and STEM students have worked with environ-
mental and energy justice advocates, conducting participant-
observation at meetings and marches, interviewing community
members, and analyzing oral histories and other publicly available
archival material to better understand the history of the region so that
project planning can attend to - and hopefully ameliorate - past harms
of the region’s steelworks and coal-fired power plants. One clear out-
come, tying back to the “false solution” concern identified above, is the
identification of a clear preference that storage prioritize CO2 from
local hard-to-abate industries, such as concrete, rather than throwing a
lifeline to fossil fuels that have already disproportionately harmed
their community. Another outcome has been a more clear set of
desired benefits, including expanded community-based air monitor-
ing, water well testing, and job skills training for the formerly incar-
cerated. Going forward, the team aims to promote procedural justice
by collaboratively setting out what consent-based siting would look
like for a potential future carbon storage hub. Consent-based siting
would lay the groundwork for procedural justice in determining
whether the hub should move forward from the current feasibility
stage into construction and commercialization.

Georgia Tech’s work with the Southeast DAC Hub is focusing on
educating leaders of community-based organizations across the
region in emerging carbon management technologies and incorpor-
ating this education into their community and economic development
work. Led by a sustainable communities office, the Georgia Tech team
is convening engineers, project developers, and community partners
across the Southeast to develop a curriculum that examines an array of
carbon management technologies (e.g., electrification, battery sto-
rage, hydrogen, carbon capture) as they relate to the core work that
the community organizations work on, including food, water, land, air,
and energy. The goal is to help CBOs develop understandings of the
potential benefits and harms these technologies present, from a local
perspective, rather than thinking about them only in terms of ideolo-
gical positions like “false solutions,” and to prepare them to make
informed decisions about their energy futures.

The Just Energy Transition (JET) Center at Arizona State University
supports communities impacted by the energy transition to forge new
economic futures. These efforts always begin with community
visioning and an asset inventory by the community members to
identify what they love about their community and what they want to
build for the future. These processes position communities to
negotiate with developers with strength and self-knowledge, with a
clear sense of the co-benefits that are most important to them. For
example, in community visioning sessions led by JET, community
members were vocal in their opposition to certain kinds of industries
that didn’t align with their values and that opposition was inelastic to
salary and job growth potential. Early engagement with impacted
communities affords those communities the opportunity to develop
their own success metrics and can contribute to real and perceived co-
ownership of project outcomes.

Lastly, Visage Energy offers a final case study of application of a
stakeholder engagement framework to ensure that community per-
spectives inform the technical planning and feasibility of CCS and DAC
deployment for industrial and power generation facilities. The focus
has been on establishing clear channels for ongoing dialog between
engineering teams, local organizations, and community leaders. By
convening stakeholders early in the process, prior to finalizing key
project parameters, Visage Energy integrated regional environmental
priorities, labor force realities, and community-defined success
metrics into the overall project design. This stakeholder engagement
strategy went well beyond “public relations” models to focus on
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iterative communication and joint decision-making. For instance,
community members and developers jointly identified their priority
concerns such as air quality impacts, job training needs, or infra-
structure reliability.

Our experiences show that iterative engagement processes,
anchored in social science and energy justice principles, can help align
projects with local priorities, facilitate feedback loops, and address
workforce development needs. When structured to include a range of
perspectives, from engineering to humanities, these approaches can
yield more robust outcomes that anticipate long-term sustainability
and community wellbeing, rather than merely fulfilling regulatory or
public relations benchmarks. While it is too early to say how much
these efforts will address the inequities of risks and benefits identified
in the first section, as none of these are construction-phase projects,
we share what we have learned so far. While our participation in these
projects aims to make them more just, the structures that give them
shape present serious limitations to that work. This underlines the
fraught nature of community-based research in projects that are ulti-
mately led by developers and inspires our recommendations for
making such efforts more meaningful.

Value of slowing down and acting from the top-down, bottom-
up, and middle-out

Industrial decarbonization projects that depended on federal infra-
structure funding now find themselves in legal limbo. Ironically, new
uncertainties about their fate may provide an opportunity to slow
down and practice the kind of relationship building that was difficult
during the frenetic pace of the initial clean energy funding rollout. We
conclude with four concrete recommendations to take advantage of
the pace slowing and promote more equitable relationships between
communities and developers.

First, our experiences directly highlight the need for sustained
government funding opportunities to create more just structures for
soliciting, implementing, and evaluating applications and projects.
Project proponents ought to be required to demonstrate that appro-
priate local and regional government bodies and civil society groups
have not simply been informed about the project, but are engaged in a
process of determining whether and how it can advance local priorities
without creating harm, especially for historically marginalized popu-
lations. This would require more availability of funds for community-
directed visioning before the project is finalized and funding for
ongoing community-directed evaluation of risks and harms during its
implementation. The DOE previously ran Phase O programs that
assisted new applicants in collecting the data and developing the
relationships necessary to qualify for a DOE grant. A Phase O program
for community engagement that transcended specific decarbonization
projects would be an opportunity to invest in those relationships that
make real co-design a possibility, and it would give DOE a set of rela-
tionships with community benefits practitioners that could be lever-
aged in future FOAs.

Ongoing uncertainties in federal funding, however, pose major
challenges to community engagement as usual, let alone more just and
expansive visions. It is always challenging to meaningfully engage
communities in projects whose development depends on a competi-
tive funding process with no guarantees. Developing meaningful,
trusting relationships with communities requires consistency, and
delays in funding compromise trust. The January 2025 Executive Order
on DEIA attempted to eliminate community benefits planning while
maintaining infrastructure development programs. This was anti-
thetical to relationship building and reinforced skepticism about the
role of communities in industrial decarbonization planning. Models
that espouse co-management and community-ownership” would
more radically open up spaces for developing industrial dec-
arbonization projects that serve the needs of communities and the

climate, mitigating the scalar mismatch that currently exists between
global benefits and local harms®.

Second, industrial decarbonization projects and research must
include communities and their expertise in broadening current con-
siderations of co-benefits and risks. The majority of existing co-
benefits research considers air pollution and carbon emissions. Future
work should 1) develop frameworks to include marginalized commu-
nities themselves in the identification and tracking of benefits and 2)
explore a broader range of co-benefits, as desired and defined by
communities. In their report on state-level climate and clean energy
programs, Callahan et al. emphasize community based organization
capacity-building, including relationship-building, knowledge trans-
mission, and leadership development, as key co-benefits of the
strongest programs. Sovacool and colleagues found 128 co-benefits
for four low-carbon transitions in Europe and noted that some were
political or even social.*> Building on this work in a follow-up study,
Sovacool et al.** applied socio-technical thinking to include a diffuse
array of possible impacts, both positive and negative, of carbon
removal and net-zero transitions: financial and economic co-benefits
such as the expansion of markets, business models, government rev-
enues, and carbon credits (among others); socio-environmental co-
benefits such as protection of habitats, forests, oceans or species, or
the provision of decent work and high paying jobs; technical impacts
such as the improved performance of systems, disruptive or positive
innovation patterns for a sector, enhanced efficiency, or positive and
negative learning and experimentation; political and institutional co-
impacts such as the achievement of policy goals (relating to industrial
strategy, equity and leveling up, or energy security) or the creation of a
moral hazard. Such broad and multidimensional assessments of co-
impacts could be applied to industrial decarbonization, working in
partnership with local communities to identify their priorities.

Third, neither of the previous two recommendations will be suc-
cessful without intervening in how developers and technologists
understand and practice “community engagement.” As we argued
above, engagement ought to be grounded in procedural and epistemic
justice. Whereas most attention to capacity-building centers on
ensuring that the public has the competency and literacy to engage in
decarbonization partnerships with the project leads, we emphasize
that learning also needs to happen on the side of project developers
and technologists. Even the most well-intentioned developers fre-
quently presume that community opposition is a result of a lack of
knowledge, rather than a legitimate critique of industry assumptions,
and they often presume that the roles of social scientists are to garner
social acceptance rather than critically understand the inherent social
dimensions of any proposed technology or system. Engineers and
applied scientists are frequently under-prepared to grapple with those
social dimensions, given a pervasive technical/social dualism®* that
defines “social” skills, related to areas such as community, engage-
ment, justice, and ethics, as “soft skills” rather than core
competencies®. This leads to the marginalization of justice con-
siderations and engagement skills in their professional preparation.
Existing efforts to train STEM students to consider the inherent justice
dimensions of their work and engage communities in more just ways*®
can be scaled up. Developers and technologists must be trained to
equitably engage with community partners as experts and to colla-
borate with them to meaningfully integrate their perspectives into
technology-focused studies, design, and deployment.

Fourth and finally, industrial decarbonization action must occur at
multiple scales, not just where technology is being deployed, or among
factory floors and industrial facilities*. Instead, some actions need to
be cultivated from the top-down, through technocratic efforts done at
the level of policy and regulation, utilizing instruments such as tax
incentives, technology demonstrations, local or regional carbon taxes,
and possibly carbon border adjustment mechanisms™, Other actions
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can occur from the bottom-up, utilizing more democratic efforts such
as changing behaviors and consumption patterns that lower demand
for carbon-intensive industrial products, or putting pressure on
industrial firms to be more sustainable>*“°. Still other efforts can be
from the middle out, at the meso level of intermediaries, social
movements, and community organizations®*>, When such concerted
actions occur across top-down, bottom-up, and middle-out scales, it
tends to promote multiple levels of accountability and also success-
fully lead to reconfiguring power relations®. It also promotes what
Ostrom terms polycentric governance efforts that blend together
scales and actors to address collective action problems in ways that no
single actor can do alone®’. Industrial decarbonization therefore
becomes a multi-scalar, multi-technological, multi-sectoral and multi-
institutional phenomenon rather than being siloed within any single
party, sector, firm, or policy domain.

More community-based, equity-oriented social science and
humanities research should replace vague community engagement
cutin the cloth of corporate public relations, slowing down industrial
decarbonization so that it moves at the speed of trust. In their review
of recent articles related to this topic, Moore and Milkoreit® chal-
lenge us to consider concepts such as “imagination” and “imagining
alternative futures” from the perspectives of history and power,
noting that “participatory and coproduction processes of imagina-
tion can be thoughtfully designed in ways that address the power
asymmetries that have historically dominated decision making for
the future, or conversely, can be designed and used to resist chan-
ging power asymmetries, or even to imagine an enduring unsus-
tainable or unjust path for the future.” One of the central questions
for their research agenda—“What is the relationship between imagi-
nation, power and governance”—can serve as an important founda-
tion for just processes that facilitate a clean and equitable energy
future.
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