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Introduction & Motivation

President Joe Biden’s climate plan calls for net-zero carbon pollution from the U.S. electricity sector by
2035. Because coal and natural gas currently account for 60% of U.S. power generation, a key component
of this (and other net-zero carbon plans) is incentivizing expansion of carbon capture, utilization and storage
(CCUS) technologies through new research funding and tax incentives (Magill 2020).* There is a clear
economic rationale for this strategy. The Intergovernmental Panel on Climate Change (IPCC) Fifth
Assessment Report suggests that excluding CCUS from the global portfolio of emissions-reducing
technologies would more than double the cost of avoiding a 2-degree C increase in global mean temperature
(IPCC 2014).

There are three reasons for this economic and practical importance of CCUS to climate policy: one, as
distinct from alternative large-scale mitigation technologies, such as hydrogen fuel cells, “geologic
sequestration is ready for large-scale deployment” as stated by a recent National Academies report
(National Academies 2019, p. 8).2 Two, the technology is potentially well-suited to recover carbon dioxide
(CO2) from industrial emissions, where complete substitution for low- or zero-carbon technologies may be
cost-prohibitive. Industrial sources emitted 22% of U.S. greenhouse gases in 2018 (EPA 2019), and just
over 30% of GHGs worldwide in 2010 (IPCC 2014). Greenhouse gas (GHG) mitigation in the industrial
sector is difficult to obtain through electrification because returns to scale in the most carbon-intensive
sectors (steel, cement and petrochemicals) limit the cost-effectiveness of electrified systems (Mikunda
2014). Three, power-sector CCUS would contribute to ongoing decarbonization in electricity generation
and also indirectly contribute to decarbonization in transportation, via an increasing share of electric
vehicles in the fleet. Four, as shown in Kuby, et al. (2011) and Waxman et al. (2020b), due to industrial
clustering of major CO. sources and potentially large cost savings from coordination in CO; pipeline
networks, CCUS development is likely to be characterized by substantial economies of scale, which has

important implications for the research proposed.

An important unconsidered aspect of CCUS deployment is its effect on the local air pollution (LAP) impacts

of CO, abatement, so-called climate co-benefits. The potential local air pollution impacts of CCUS are

1 CCUS involves either the re-use of CO; (for example, through enhanced oil recovery) or store it in deep geological
formations so that it will not enter the atmosphere and generate climate damages.

2 Although questions remain about the physical science of storage, large-scale injection has been practiced for 50
years, and decades of studies support the assertion that it is sufficient to advance.
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heterogeneous. For example, sulfur dioxide (SO2) emissions may decline with carbon capture (Harmelen et
al. 2011), while ammonia emissions may increase (Heo et al. 2015). Allam cycle natural gas electricity
generation, which provides relatively pure streams of CO2 that make CCUS more cost-effective than for
other technologies, also produces lower levels of particulate matter (PM) (NETL 2019). Local air pollution
can create larger damages than GHG externalities, given impacts of PM and other local pollutants on human
health (Buonocore et al. 2016, Aldy et al. 2020a). Moreover, given policy concerns about racial and
socioeconomic disparities in U.S. pollution exposure and the fact that industrial and power facilities are
often located in communities of color (Depro et al. 2015, Muller et al. 2018), increased CCUS deployment
may have important distributional implications. Finally, given the aforementioned large scale economies in
CCUS deployment, there is reason to believe that potential LAP effects of CCUS could be heavily
concentrated in areas with substantial power generation or industrial build-up, creating the potential for
mitigation or aggravation of pollution “hot spots” that have been an important focus of recent research in

this area (Shapiro and Walker 2021).

Despite the fact that CCUS has been highlighted as a critical area for future research for some time, there
is limited direct treatment of CCUS in the economics literature (Anderson and Newell 2004, Heutel et al.
2016).2 Prior work describes the role of CCUS in the portfolio of mitigation technologies for effective
decarbonization (Heal 2009, Barrett 2008, 2009, Barrett and Moreno-Cruz 2015). Additional work has
thought more broadly about policies to decarbonize industrial emissions (Lofgren et al. 2020, Rissman
2020). CCUS has also been incorporated into some integrated assessment models and computable general
equilibrium models used to estimate climate change damages and the impacts and cost-effectiveness of
policy approaches to climate mitigation (McFarland and Herzog 2006, Gerlagh and van der Zwaan 2006,
Kalkuhl et al. 2015, Durmaz and Schroyen 2019). At the global level, for example, Kalkuhl et al. (2015)
find that in the presence of lower-than-optimal and/or delayed carbon pricing, a combination of CCUS
subsidies and renewable energy subsidies is more cost-effective than approaches relying solely on either of
these two second-best policy instruments. Recent theoretical work has focused on the importance of
learning-by-doing in reducing CCUS costs over time, and in determining the optimal intertemporal
deployment of renewables and fossil energy generation with CCUS (Amigues et al. 2016). The potential
for CCUS paired with enhanced oil recovery (EOR) has also been explored (Leach et al. 2011, van ‘t Veld
et al. 2013). We know of no prior work in the economics literature examining the local air pollution

tradeoffs from policies that incentivize CCUS compared to other approaches to GHG emissions mitigation.

Research Plan & Data

3 In contrast, there is a larger economics literature on terrestrial carbon sequestration via forests and agriculture.
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The proposed work will examine the potential co-benefits and/or co-damages of local air pollution exposure
(Aldy et al. 2020b) from increased reliance on CCUS, including environmental justice outcomes. First, we
will build on existing inventories of the local air pollution footprint of U.S. fossil fuel generation and
industrial production (EPA. 2019). To measure co-benefits, we will evaluate both exposure and impact via
potential health effects. To calculate baseline exposure, we will use EPA Constant Emission Monitoring
System data augmented by EPA Greenhouse Gas Reporting data. We will then input these data into EPA
source-receptor matrices to translate NOx and SO, emission rates into pollution concentrations. We will
validate this exercise and extend the analysis to other pollutants such as PM and ozone using Aerosol
Optical Depth (AOD) satellite data and EPA ground monitor observations (NASA, 2021; EPA, 2021).

Next, we will inventory the emissions profile of existing U.S. CCUS projects, mapped in Figure 1, below.
This exercise will help us characterize potential changes in emission profiles on a facility-by-facility basis.
For CCUS conversions we will use an event-study approach to characterize changes in emission profiles,
while for new or pilot facilities, we will rely on engineering estimates to characterize likely changes in
emissions.* While it is possible to do this for all U.S. gas- and coal-fired power plants and industrial
facilities, many are unlikely to be economically and/or technologically viable for CCUS. As such, we will
use an approach piloted in prior work (Waxman et al. 2020b), approximating a CCUS supply curve to
identify the set of facilities for which CCUS at scale is likely to be cost-effective given current federal

incentives (the so-called 45Q tax credit).

Figure 1. CCUS Projects in the United States. Source: Clean Air Task Force

4 In principle, we could estimate counterfactual pre-CCUS emission levels by matching them to similar non-CCUS
facilities, but it is not clear that this exercise would yield credible hypothetical conversion estimates.
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Our proposed work requires the estimation of marginal CCUS costs for each U.S. industrial facility and
power plant suitable for CCUS. We will follow an approach used by Waxman et al. (2020b) to estimate
marginal CCUS costs for industrial facilities in the Texas and Louisiana Gulf Coast region. In that work,
currently under review, our approach to calculating costs is bottom-up, based on cost parameterization and
CCUS network analysis for the Gulf performed by Tutton (2018), and depends on appropriate technology
for each industrial process in our facility inventory. From these aggregate cost estimates, we construct
supply curves for CCUS which reflect the marginal cost of abatement using this approach. COz storage
location options we examine include onshore depleted oil and gas reservoirs, and nearshore saline aquifers.
We also allow cost estimates to vary based on the spatial configurations of pipeline networks. Because
heavily-emitting industrial facilities in the Gulf region are geographically concentrated in clusters, we
compare a COz transport system that would connect each individual facility directly to a storage location
with a networked system with intra-cluster distribution lines connected to common, long-distance
transmission pipelines to leverage economies of scale in the pipeline network. We also allow for a range of
marginal abatement costs corresponding to variation in estimates of the capital cost of carbon capture
technology, which comprises the lion’s share of marginal abatement costs. Figure 2 illustrates the estimated
supply curves from this prior work, which we plan to replicate for industrial and power plant facilities

nationwide.
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Figure 2. Marginal Abatement Cost Curves for Gulf Coast Industrial CCUS.

Notes: This figure illustrates the range of unit costs of Gulf Coast industrial CCUS relative to total abatement, where
unit costs are sorted by facility (or cluster) from left to right by lowest to highest. Panel A calculates costs based on
storage in depleted oil and gas wells, while Panel B calculates costs based on storage in deep saline aquifers. The red
area corresponds to the range of cost values where CO2 transport is done independently by each facility, while the
green area describes the range of values when transport is provided in cluster-level pipeline networks. Black dashed
lines show the credit level and cost-effective abatement level under the current level of 45Q by 2026, while dashed
blue lines indicate the same values under the higher credit level proposed in the U.S. House of Representatives in
February 2020. Green quantities on the horizontal axis indicate cost-effective abatement levels under clustered
transport, and red quantities are for facility-level transport. Source: Waxman et al. (2020b).

This exercise will help to identify a set of CCUS facilities and pollution streams with corresponding
locations. Finally, to understand the impact of the changes and translate them into estimated premature
mortality rates, we will use Cox proportional-hazard models following Krewski et al. (2009) and Lepeule
et al. (2012). The recent literature on air pollution exposure focuses on its disproportionate effect on low-
income and non-white communities (Colmer et al. 2020; Ma 2020). Given the higher relative exposure of
these communities to pollution, any reductions (or increases) in local air pollution from CCUS may have a

meaningful impact on health disparities and be of critical importance in understanding the environmental



justice implications of CCUS policy. Since CCUS may induce changes in the composition of local air
pollution, not just the level, one concern would be so-called “hidden pollution” (i.e., pollution that is
harmful to human health but is less noticeable in terms of smog or smell as shown by Bickerstaff & Walker
(2001)) that may not be observed by local homeowners and therefore may further exacerbate environmental
justice issues (Hausman & Stolper, 2020).

Finally, we will explore the consequences of a set of policy alternatives for CCUS, weighing COzabatement
potential relative to local air pollution mitigation. Facility-level estimates of the potential non-GHG
emission effects of CCUS will be an important input to any analysis of incentives like 45Q as a component
of a decarbonization goal, because the literature demonstrates that market-based incentives that do not
account for heterogeneous impact across pollutants can undermine a policy’s desired effect (Auffhammer
and Kellogg, 2014). Our policy analysis will compare the local air pollution effects from what one might
expect with existing CCUS incentives, to what one might expect with a carbon tax, or from pairing CCUS
incentives with more stringent regulations of NOx, VOC or SOz emissions to reduce local air pollution

exposure.

Major Contributions

The proposed work has the potential for several significant contributions to our understanding of the impact
of CCUS technology on disparate health outcomes. As described, it would allow us to benchmark the
economic benefits of CCUS from GHG emissions relative to reductions in local air pollution, net of
expected adoption costs. Second, given the spatial concentration of carbon-intensive facilities for which
CCUS is feasible, it would provide the first estimates of the environmental justice implications of CCUS,
a key component of any mid-century net-zero carbon target. Lastly, the estimates could provide a guide for
potential future modifications to the National Ambient Air Quality Standards (NAAQs) to account for
pollution hot spots and the effects of CCUS on pollution concentrations.

Research Team and Qualifications

Andrew Waxman is an Assistant Professor at the Lyndon B. Johnson School of Public Affairs at the
University of Texas at Austin. Waxman is an urban and environmental economist whose research uses
structural, theoretical and reduced form methods to recover the value of infrastructure in transportation,
housing and energy sectors. His previous research has been published in the Journal of Urban Economics,

Environmental Research Letters and others. He received his PhD from Cornell University in 2016.

Sheila Olmstead is a Professor of Public Affairs at the Lyndon B. Johnson School of Public Affairs at the
University of Texas at Austin, a University Fellow at Resource for the Future, and a Senior Fellow at the

Property and Environment Research Center. Her research studies the economics of water and the energy



sector and has been published widely including the Journal of the Association of Environmental and
Resource Economics, Proceedings of the National Academy of Sciences, and others.
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