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Barriers to Negative-Emissions Technologies

Modeling suggests that negative emissions will most likely be necessary for keeping climate change this
century within the Paris Agreement’s 2°C limits. Beyond technical feasibility, the rapid deployment of nega-
tive-emissions technologies (NETs) presents practical, economic, socio-political, and ethical challenges.
Which of these presents the greatest barrier to the deployment of Paris-compatible NETs?

The Role of Society

Emily Cox
School of Psychology, Cardiff University

Negative-emissions technology (NET) proposals
are many and varied, and each has a unique mix
of risks and co-benefits; therefore, there will be
no single greatest barrier. But one important
consideration that is often overlooked is the inter-
action with wider society and the general public.
Decades of research demonstrate that it is both
ethical and effective to engage with a diverse range
of people at every stage of a new innovation or
project. Dismissing public concerns as “ignorant”
(which happens implicitly quite often) is not only
unfair but also unwise and inaccurate given that
non-experts can be remarkably prescient when
given the chance. Context matters for public
perceptions: a huge amount depends on how
projects are carried out, and specific technologies
will fit better in some contexts than others.
However, we also know that some proposals are
generally perceived as riskier than others, for
instance, if they interact with uncontained environ-
ments such as the ocean or if it is difficult to detect
or reverse their risks. Time is also a crucial factor:
many NETs are extremely novel, and people worry
that they won’t be ready quickly enough to deal
with the urgent climate crisis while also being skep-
tical about their sustainability in the long term.
Resolving this “temporal dilemma” will be crucial
for creating socially robust NETs. For many people,
NETs are simply another way for politicians and
high-emitting industries to avoid taking responsi-
bility for reducing emissions and would therefore
only wish to see them deployed at scale alongside
ambitious action to make our societies more
sustainable.

Economic Pull or Political Push

Matthias Honegger
Perspectives Climate Research

The biggest barriers to the deployment of NETs at
scale are economic and political. Economically,
removing CO, from the atmosphere—contrary to
the deployment of renewable energy—does not
normally offer a direct business case and thus
does not naturally lend itself to implementation
via the market. Politically, interests do not align:
there are presently hardly any businesses that
would naturally lobby for ambitious goals and poli-
cies that would correspond to the requisite public
spending or regulation. This is because CO, could
be removed by various actors, most of which still
expect stringent targets of climate-change mitiga-
tion to harm rather than support business. The
energy sector—still largely reliant on fossil-fuel-
related revenues—would, for example, need to
lobby for stringent sectoral climate targets in order
to argue the case for a policy supporting or
mandating investment into bioenergy production
with carbon capture and sequestration. To add
insult to injury, environmental advocacy groups
have long pushed back against such technologies
by arguing that their mere existence would under-
mine the political case for drastic emissions reduc-
tions. So, the only hesitant supporters of policies
for CO, removal remain climate experts who are
painfully aware of the cold hard math of dwindling
carbon budgets and a handful of startup compa-
nies that are developing stand-alone NETs. The
earlier that governments seriously attempt to
implement net-zero emissions goals, the sooner
policies for negative emissions will materialize.
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Quantify Net Carbon Removal
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A question that often arises regarding NETs is
whether there is one “optimal” technology for scal-
able and economical carbon removal. Each NET,
whether it is direct air capture, bioenergy with
carbon capture and storage, enhanced weath-
ering, or soil carbon storage, has unique land,
water, and soil resource needs. Regional dispar-
ities in the availability of these key resources and
the variability in the costs associated with harness-
ing them challenge the determination of an
“optimal” NET. Therefore, the influence of these
disparities on the deployment of NETs needs to
be carefully assessed. The convergence of diverse
“bottom-up” strategies for the scalable implemen-
tation of NETs that incorporate regional resource
disparities with economy-wide carbon-removal
targets is needed for successful implementation.

Computational tools and interfaces that account
for regional disparities could allow technology
developers to assess the overall negative-emis-
sions potential, resource needs, associated costs,
and economic benefits of each NET in a given
context. As novel coupled technologies such as
direct air CO, capture and storage (DACCS)
continue to advance, these approaches could
allow us to evaluate the extent and timescales of
net carbon removal. Such quantification methods
could inform investors on how to efficiently deploy
capital and inform policymakers on how to devise
frameworks for the social acceptance of NETs.
More broadly, the development of novel processes
and materials for NETs informed by data will create
new supply chains and employment opportunities
that are complementary to existing opportunities
in the agricultural and industrial sectors. Techno-
logical innovation in concert with novel social and
economic policies has the potential to unlock
significant societal benefits.
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International Cooperation

Jo-Kristian Straete Rottereng
Norwegian University of Science and Technology

An institutional framework that allows for the devel-
opment of acceptable NETs within the international
climate regime is urgently needed. NETs are
controversial for good reason, but institutionalizing
NET development early on could help remedy
future unilateral geoengineering. Uncoordinated
behavior in this field could seriously hurt interna-
tional climate cooperation, not least because
some NETs or geoengineering, such as solar radi-
ation management (SRM), could adversely impact
other states or ecosystems. Because effectively
managing the global climate crisis requires collab-
oration, a break in the international climate regime
could compromise the prospects for staying within
2°C of warming this century under the Paris Agree-
ment.

Addressing the 2°C target’s inherent implica-
tions for NETs could eventually spark an effort to
further integrate biological carbon stocks (e.g.,
cultivated forests of seaweed) in the climate
regime’s scope of mitigation actions. Transitioning
toward a wider notion of carbon governance will
not be easy. Starting now to design the necessary
institutional format might be our best chance of
channeling NET development toward an accept-
able path.

It’s not at all clear which NETs might be accept-
able and effective, and it will eventually take time to
reach the required scale of a global carbon-
removal operation. Determining what are tolerable
NETs within the climate regime could, for example,
take inspiration from the sustainability agenda’s
emphasis on “triple wins” focusing on the combi-
nation of carbon removal and other benefits to
nature and social and economic impacts. Relevant
applied developments include the EU Taxonomy
for economic activities and the REDD+ mecha-
nism'’s social and environmental safeguards.
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The Road to Be Taken with Care
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In no way should we downplay the considerable
practical, socio-political, and ethical challenges
associated with the rapid deployment of net
NETs. This is particularly true for Africa and Latin
America, where land-based NETs, such as bio-
energy with carbon capture and storage (BECCS)
and afforestation and reforestation, are seen by
integrated assessment models as the most prom-
ising NETs. But these models do not consider
land-tenure issues or the risk of land concentration
in the hands of few. In addition to these challenges,
NET deployment also faces considerable
economic barriers. Most NETs (e.g., soil carbon
sequestration, enhanced weathering, direct air
capture, and ocean alkalinization) are dead ends
from an economic perspective, and probably very
few will travel these roads. Whereas some climate
change mitigation alternatives (e.g., renewable
energy, electrification, and energy efficiency) could
lead to economic returns, most NETs imply
investments with no revenues, perhaps with the
exception of afforestation and reforestation for
the environmental services they can provide or
a few other cases where the carbon captured by
NETs has commercial use in industry. NETs at
scale will require large amounts of scarce capital
and skilled labor to be diverted from the rest of
the economy, but few are willing to finance. Unless
carbon pricing can be used as a mechanism to
incentivize certain NETs, they will be one-way
cash flows. As it stands now, money will need to
be invested in NETSs, but no return will come out
of that. Where will all this capital come from?
Because of these uncertainties, NETs are a road
to be taken with extreme care.
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Distinctions in Discourse

R.M. Colvin
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It will be important to grapple with challenges
across all of these dimensions if negative emis-
sions are to play an effective role in addressing
climate change in line with social values. The
area | have spent most time considering is the
question of how negative emissions could emerge
in the social-political discourse and the conse-
quences for policy. There are some signs of
nascent polarization in the emerging policy
discourse about negative emissions. But this
dynamic appears to be most pronounced when
negative emissions get bundled with SRM: an
unfortunate consequence of having negative emis-
sions enter the discourse under the umbrella of
“geoengineering,” which is most immediately
associated with SRM. There are distinct differ-
ences between the form and intent of negative
emissions and SRM, and SRM and geoengineering
generally are contentious for many people. If we
group negative emissions and SRM together as
two types of “geoengineering,” then we could
obscure the unique position of negative emissions
in the climate policy toolbox. The prospect that
policymakers might consider negative emissions
and SRM as coexisting under the shared banner
of geoengineering is a problem. It risks establishing
negative emissions on the policy agenda as a site
of contention and discord rather than critical explo-
ration and opportunity. Therefore, negative emis-
sions should be disentangled and clearly distin-
guished from geoengineering and SRM. This
small step of pulling negative emissions out from
under the geoengineering banner is one of many
ways that the policy discourse around negative
emissions can be enabled to develop such that it
does not drive needless polarization at the
expense of socially and climatically useful
advances in policy.
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Imaginary Technologies

Confronting Vested Interests

Elizabeth J. Wilson
Dartmouth College

Many NETs depend on the subsurface to hold
billions of tons of injected CO, for centuries or
millennia. The scientific community has developed
optimized models for the management of subsur-
face CO, reservoirs, as well as climate and energy
models of the carbon taxes necessary to drive
zero-emissions technologies. The large-scale
deployment of NETs depends on fundamental
shifts in legal, regulatory, business, and social
acceptance, but comparatively little work is being
done in these areas. These missing critical compo-
nents have the potential to doom NETSs to an aspi-
rational yet forever-imaginary future.

Injecting billions of tons of CO, into the subsur-
face has significant environmental and social impli-
cations. Environmental risks posed by NETs
include the induced seismicity (i.e., human-caused
earthquakes) associated with changes in subsur-
face pressure and the management of produced
saline waters from injected CO,. Although most
underground injection of CO, has been regulated
under regimes of oil and gas production, future
injection could require different regulations for
managing risks and raises questions of long-term
liability and monitoring. Ensuring that injected
CO, and any produced waters are responsibly
managed and clarifying questions of subsurface
pore space must be resolved for large-scale injec-
tion associated with NETs.

Additionally, infrastructure siting in the US is
difficult and expensive. It is irresponsible to
depend solely on costly NETs that have been
neither tested nor deployed at scale while ignoring
the necessary legal, regulatory, and social-accep-
tance challenges that these technologies will face.

Wim Carton
Lund University Center for Sustainability Studies

NETs offer opportunities to achieve levels of
climate change mitigation that are otherwise
quickly slipping out of reach. But there is an
uncomfortable political economy underpinning
the promise of such technologies. Negative emis-
sions allow for continued fossil fuel emissions in
the medium term and enable a more gradual de-
carbonization of the economy. They offer govern-
ments and companies the chance to hold on to
valuable oil and gas investments while still deliv-
ering on promises of climate change mitigation.
This means that those actors who have historically
been involved in denying climate change and de-
laying meaningful mitigation now have the most
to gain from pursuing negative emissions. The
history of carbon sinks in, e.g., the Kyoto Protocol
shows that negative emissions have always been
imagined by such actors as a way to tone down
the need for structural economic transformation.
There are difficult decisions to be made about
negative emissions: To what extent should we
pursue negative emissions and from what technol-
ogies? Whose continued emissions should these
be compensating for, who should be responsible
for deploying these technologies, and who will
pay for it? Who can and should decide on these
questions? Such decisions cannot be left to those
who have a clear stake in the fossil fuel economy.
To ensure just and sustainable forms of negative
emissions, we need to ensure that they are de-
signed to serve the public interest rather than to
prolong an unsustainable energy system and
buffer the decline of vested fossil fuel interests.
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