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Under the Updated 45Q Tax Credit

Alden Smith”

ABSTRACT

The urgent need to combat climate change has prompted governments world-
wide to explore innovative policy measures to reduce greenhouse gas emissions.
One such measureis the process of carbon capture and sequestration in which car-
bon dioxide is captured either directly from the atmosphere or prior to its release.
This article will analyze updates to the 45Q tax credit passed in the Inflation Re-
duction Act 0of 2022, in which Congress increased tax incentives for industries that
use carbon capture technology. This analysis will explain carbon capture technol
ogy, survey use of the technology, and discuss the viability of the latest updatesto
the 45Q tax credit. Ultimately, this article predicts that the changes will not produce
any meaningful adoption of traditional carbon capture technology in its current
form. Without more efficient technology, increased economic incentives will not
motivate industries to begin capturing and storing their carbon dioxide. However,
changesto the 45Q credit alongside government investment will likely drive down
the costs of direct air capture sequestration and could create a profitable market for
carbon captured directly from the air.

* B.A. in International Studies, University of Missouri, 201 7. J.D. Candidate, University of Missouri
School of Law, 2024. Associate Member, Business Entrepreneurship & Tax Law Review, 2022-2023. 1
would like to thank Professor Don Seitz for his guidance in the drafting of this article. Additionally, I
would like to thank Kayla Fowler for reading this a hundred times and always giving constructive feed-
back.
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I. INTRODUCTION

By the year 2050, humanity will need to cut its carbon dioxide emissions to
zero in order to limit global average temperaturerise to 1.5 °C above pre-industrial
levels.! As global average temperatures rise, humans face more frequent and intense
severe weather eventsas well as more extreme heatwaves and prolonged rainy sea-
sons.? These dramatic events are occurring against a backdrop of subtly changing
climate patterns. For instance, there has been an annualdecrease in the number of
cold days and nights worldwide, with an increase in warm days and nights.?> Our
biomes and seasons have begun to shift in latitude and elevation which has led to a
disruption in global ecological systems.* These changes are demonstrated by shifts
in the world around us: species extinctions,® forest dieback,® ocean acidification and
circulation shift,” the steady submersion of low-lying islands,® the destruction of
coastalreefs,’ etc. Limiting temperature rise to a maximum of 1.5 °C reduces these
negative externalities and keeps our climate stable.!?

A seismic shift in our collective consumption habits alongside rapid technolog-
ical advancement is needed to limit global average temperaturerise to 1.5 °C.!! In
2016, the Paris Agreement (“the Agreement”), a landmark international climate
treaty signed by 193 countries and the European Union, set a framework for limiting
global average temperature rise to a maximum of 2 °C.!2 The Agreement aims to
increase the ability of countries to develop technological solutions and calls on
member countries to abide by a portfolio of mitigation measuresto combat climate
change.!? In response to the Agreement, the Intergovernmental Panel on Climate
Change (“IPCC”)determined global CO2 emissions must fallto 45% of2010 levels
by 2030 and reach ‘net zero’ by 2050.'4 Several measures will haveto be taken to
avert the worst climatic outcomes, such asa substantialreduction in fossil fuel con-
sumption; a shift to renewable energy sources; the enhancement of biological car-
bon sinks; and overall dramatic transitions in energy, land, and urban

1. For a Livable Climate: Net-Zero Commitments Must be Backed by Credible Action, UN.,
https:/www.un.org/en/climatechange/net-zero-coalition (last visited Nov. 19, 2022).

2. OVE HOEGH-GULDBERG ET AL., IMPACTS OF 1.5°C OF GLOBAL WARMING ON NATURAL AND
HUMAN  SYSTEMS 177  (2018), https:/www.ipcc.ch/site/assets/uploads/sites/2/2022/06/
SR15_Chapter 3 LR.pdf.

Id. at 189.
Id. at 216.
Id. at218.
Id. at 220.
Id. at 223-24.
Id. at232.
Id. at 227.

10. Id. at 254.

11. STEPHANIE BOUCKAERTETAL., NET ZERO BY 2050 — A ROADMAP FOR THE GLOBAL ENERGY
SECTOR 3 (2021), https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c- 10b 13d840027
/NetZeroby2050-ARoadmapfortheGlobalEnergySector CORR.pdf.

12. Paris Agreement to the United Nations Framework Convention on Climate Change art. 2, Apr.22,
2016, T.I.A.S. No. 16-1104.

13. Id. at art. 4.

14. JOERIROGELJ ETAL., MITIGATION PATHWAYS COMPATIBLE WITH 1.5°C IN THE CONTEXT OF
SUSTAINABLE DEVELOPMENT 95 (2018), https://www.ipcc.ch/site/assets/uploads/sites/2/2022
/06/SR15_ Chapter 2 LR.pdf.
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infrastructure.!’ Part of the mitigation portfolio includes the use of carbon capture
and storage technologies (“CCS”) or carbon capture, utilization, and storage tech-
nologies (“CCUS”).!6 CCS is utilized by industries that emit large amounts of CO2
to capture emissions before they are released into the air.!” Scientists estimate 14%
of emissions reductions must come from carbon capture technologies to limit global
temperature rise to 2 °C by 2060.!8

The purpose of this article is to explore the viability of carbon capture and se-
questration technologies in the United States after recent changes under the Infla-
tion Reduction Act of 2022 (“The Act”). The Act revamped a tax credit for indus-
tries that capture their CO2 before emission; as such, the credit now offers signifi-
cantly more incentive to industries that utilize carbon capture technologies. This
article seeks to evaluate whether these changes to the tax credit will be enough to
spur widespread adoption of carbon capture technology. In section two, I will ex-
plain the technology and how it is used. In section three, I will discuss the evolution
of the tax credit for industries utilizing carbon sequestration technology—the 45Q
tax credit. In section four, I will explore the implications of the government’srecent
overhaulof the tax credit and forecasthow the changes will affecttheuse of CCS
technology in the United States.

II. CARBON SEQUESTRATION TECHNOLOGY

A. What is Carbon Sequestration and Storage?

Carbon sequestration is the process by which carbon oxide or dioxide is re-
moved from the Earth’s atmosphere and stored in the Earth.! The process is done
in two ways: biologically and artificially.? Carbon is removed from the air biolog-
ically through natural processes such as photosynthesis or natural ocean absorp-
tion.?! While our oceans absorb around 25% of carbon dioxide (“CO2”) from hu-
man emissions, forests and grasslands absorb similar amounts of carbon and store
it in the soil.22 Alternatively, CO2 can be artificially sequestered under the Earth’s
crust using CCS technology.??

According to the United States Geological Survey, geologic carbon sequestra-
tion “is a method of securing carbon dioxide in deep geologic formations to prevent
its release to the atmosphere and contribution to global warming as a greenhouse

15. MYLES ALLEN ET AL., SUMMARY FOR POLICYMAKERS 12-17 (2018),
https://www.ipcc.ch/sr15/chapter/spm.

16. JUAN CARLOS ABANDES ET. AL., IPCC SPECIAL REPORT — CARBON DIOXIDE CAPTURE AND
STORAGE 3(2005), https://www.ipcc.ch/site/assets/uploads/20 18/03/srecs_summaryforpolicymakers-1-
1.pdf.

17. Id.

18. BRAD PAGE, THE GLOBAL STATUSOF CCS 5 (201 8), https://www.globalccsinstitute.com/wp-con-
tent/uploads/2020/10/Global-Status-of-CCS-Report-2018 FINAL.pdf.

19. Whatis Carbon Sequestration? ,U.S.G.S., https://www.usgs.gov/faqs/what-carbon-sequestration
(last visited Nov. 19, 2022).

20. Whatis Carbon Sequestration?, NAT'L GRID, https://www nationalgrid.com/stories/energy-ex-
plained/what-carbon-sequestration (last visited Nov. 19, 2022).

21. What is Biological Carbon Sequestration? UC DAVIS, https://climatechange.ucdavis.edu/cli-
mate/definitions/carbon-sequestration/biological (last updated Nov. 5, 2021).

22. NATIONAL GRID, supra note 20.

23. Vincent Gonzalez et al., Carbon Capture and Storage 101, RES.FORTHE FUTURE 1 (May 2020),
https://media.rff.org/documents/CCS_101.pdf.
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gas.”?* This is done as CCS technologies capture CO2 from industrial emissions
processes before the CO2 can be released into the air.2’ The CO2 is captured at the
emission source; compressed into a liquid; transported by pipeline, ship, truck, or
rail;2® and injected deep within the Earth’s crust into underground geologic for-
mations.?” The CO2 solvent is pumped about half a mile deep into the Earth’s
crust,?® into a layer of permeable and porous bedrock overlain by an impermeable
layer of rock to effectively seal the carbon dioxide under the Earth’s crust.?® Cur-
rently, the United States is considering three types of geologic formations for de-
posit: depleted oil and gas reservoirs, deep saline reservoirs, and unmineable coal
seams.>® Well-regulated subsurface storage of CO2 is projected to retain 98% of the
CO2 underthe Earth’s crust,! and is currently the best large-scale permanent CO2
storage method. 32

There are three ways to capture CO2 before releasing it into the atmosphere:
post-combustion capture, pre-combustion capture, and oxyfuel capture.?? In post-
combustion capture, exhaust gases containinga mixture of CO2, nitrogen, and other
compoundsare treated with a solution that selectively absorbs the CO2, producing
a concentrated liquid that can be easily transported via pipeline.3* Pre-combustion
capture removes the CO2 from the fossil fuel before it is burned.?> Oxyfuel com-
bustion involves “burning the fuel with nearly pure oxygen instead of air.”3¢ Re-
gardless of the capture type, allcaptured carbon isdehydrated and compressed, then
purified to a 99% CO2 gas concentrate to be liquified.3” The result after compres-
sion and chilling is a CO2-dense solvent.38

24. DOUGLAS W. DUNCAN & ERIC A. MORRISSEY, THE CONCEPT OF GEOLOGIC CARBON
SEQUESTRATION 1 (2011), https://pubs.usgs.gov/fs/2010/3122/pdf/FS2010-3122.pdf.

25. CCS is a Climate Change Technology, GLOB. CCS INST., https:/www.globalccsinsti-
tute.com/about/what-is-ccs (last visited Nov. 19, 2022).

26. DAVID KEARNS ET AL., TECHNOLOGY READINESS AND COSTS OF CCS 20 (Mar. 2021),
https://www.globalccsinstitute.com/wp-content/uploads/2021/03/Technology-Readiness-and-Costs-
for-CCS-2021-1.pdf.

27. Id.

28. ANGELAC. JONES & ASHLEY J. LAWSON, CONG. RSCH. SERV.,R44902, CARBON CAPTURE AND
SEQUESTRATION (CCS) IN THE UNITED STATES 9 (Oct. 5, 2022).

29. Duncan & Morrissey, supra note 24.

30. JONES & LAWSON, supra note 28.

31. Juan Alcalde etal., Estimating Geological Co2 Storage Security to Deliver on Climate Mitigation,
9 NATURE COMMC’NS 1, 1 (2018).

32. JACK SUTER ET AL.,CARBON CAPTURE, TRANSPORT, & STORAGE SUPPLY CHAIN DEEP DIVE
ASSESSMENT 4 (Feb. 24, 2022), https://www.energy.gov/sites/default/files/2022-02/Carbon Capture
Supply Chain Report - Final.pdf.

33. Hisham Eldardiry & Emad Habib, Carbon Capture and Sequestration in Power Generation.: Re-
view of Impacts and Opportunities for Water Sustainability, 8 ENERGY, SUSTAINABILITY & SOC’Y 1, 3
(2018).

34. ANGELOBASILE ETAL., MEMBRANE TECHNOLOGY FOR CARBON DIOXIDE (CO2) CAPTURE IN
POWER PLANTS 121 (Angelo Basile & Suzana Pererira Nunes eds., 1sted. 2011).

35. Pre-Combustion Carbon Capture Research, OFF. OF FOSSIL ENERGY AND CARBON MGMT,
https://www.energy.gov/fecm/pre-combustion-carbon-capture-research (last visited Mar. 8, 2023).

36. Rohan Stanger et al., Oxyfuel Combustion for CO2 Capture in Power Plants, 40 INT’L J. OF
GREENHOUSE GAS CONTROL 55, 55 (Sept. 2015).

37. Jack Suter et al., supra note 32.

38. JUAN CARLOS ABANADESET AL., SPECIAL REPORT ON CARBON DIOXIDE CAPTURE AND STORAGE
109 (2005), https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_wholereport-1.pdf.
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After liquification, the CO2 is transported.?® Transport by steel pipeline is the
cheapest and most practiced method of transporting CO2.#? The United States has
around 50 dedicated CO2 pipelines that run roughly 5,000 miles and transport 70
million tonnes of CO2 per year.*! It is necessary to liquify the CO2 because trans-
portation of the CO2 gas would require larger pipelines and furthertreatmentduring
transport.*? The pipelines run from industrial plants to geological storage and can
be shared by other local emitters in order to maximize their use.*3

As opposed to underground sequestration, the CO2 can also be reused.** Cap-
tured CO2 is most commonly used as an oil production stimulant—the CO2 solu-
tion is transported and injected into nearly depleted oil reservoirs to increase out-
put.*> This process, known as Enhanced Oil Recovery (“EOR”), leads to 30 to 60
percent greater oil production from the well.46 In this process, CO2 is captured at
an industrial source, transported via pipeline to an existing oil field, then pumped
into the oil reservoir to increase the well’s productivity and lifespan.4’ Naturalgas
processing plants have been using CCUS technology for EOR since the 1970s,48
and it is virtually the only practicalway to reuse CO2 captured prior to emission.*’

Another method of carbon capture is through Direct Air Capture (“DAC”).>0
DAC technology captures existing CO2 from the air using giant fans that act as a
massive vacuum.’! Afterbeingsucked from the air, the captured CO2 is sequestered
or reused.”? While conceptually simpler than traditional CCS infrastructure, DAC
is prohibitively expensive at an estimated cost of $500 per ton of carbon dioxide
removed.>? Because the cost of DAC has been so high, the industry has been sty-
mied with a mere 18 DAC facilities across the globe with only one operating in a
large-scale capacity.>* Currently, these 18 facilities capture 1,000 metric tons
(“Mt.”) of CO2 peryear while the Net-Zero by 2050 Scenario requires at least 60
million metric tons to be captured.’’

While global scientists working under the banner of the IPCC acknowledge
CCS as a necessary weapon in the fight toward net zero emissions, use of the

39. About CCUS, INT’L ENERGY AGENCY (Apr. 2021), https://www.iea.org/reports/about-ccus.

40. Id.

41. Id.

42. Jack Suter et al., supra note 32.

43. CCS Explained: Transport, GLOB. CCS INST., https://www.globalccsinstitute.com/ccs-explained-
transport (last visited Mar. 8, 2023).

44. Ed Burke & Dennis K. Burke, Carbon Capture: Store It and Sell It, OIL & ENERGY ONLINE (July
19, 2019), https://oilandenergyonline.com/articles/all/carbon-capture-store-it-and-sell-it.

45. Enhanced Oil Recovery, OFF. OF FOSSIL ENERGY & CARBON MGMT., https:/www.energy.gov
/fecm/enhanced-oil-recovery (last visited Nov. 19, 2022).

46. Id.

47. Id.

48. CONG. RSCH. SERV.,IF11455, THE TAX CREDIT FOR CARBON SEQUESTRATION (SECTION 45Q) 1
(last updated June 8, 2021).

49. JONES & LAWSON, supra note 28, at 10.

50. Sara Budinis, Direct Air Capture, INT'L ENERGY AGENCY (Sept. 2022), https://www.iea.org/re-
ports/direct-air-capture.

51. Id.

52. Id.

53. Catherine Clifford, From Milligrams to Gigatons: Startup that Sucks Carbon Dioxide from the
Air is Building a Big Plant in Iceland, CNBC (June 28, 2022), https://www.cnbc.com/2022/06/28/
climeworks-carbon-dioxide-removal-company-building-iceland-plant.html.

54. Budins, supra note 50.

55. Id.
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technology is criticized on numerous fronts.>¢ Critics broadly dismiss the use of
CCS asa “Band-Aid” fix that does not provide an actual solution to the driver of
climate change: the emission of greenhouse gases.’” Environmentalist groups slam
use of the technologies by oil and gas producers as a way forthe industry to perpet-
uate consumption of fossil fuels in order to prolong humanity’s reliance on their
product.’® While oil and gas producers may be able to prevent their carbon emis-
sions, critics point out, consumers who use their products do not.>® Overarchingly,
carbon capture is mocked by critics asa false solution thatis economically infeasi-
ble, practically unnecessary, and a dangerous distraction during a critical time in
the race to reduce CO2 emissions before it is too late.6°

Geologic carbon sequestration may also be dangerous. While cited asa neces-
sary weapon in the fight against climate change, large-scale CO2 sequestration may
trigger earthquakes.®! Modern science has dispelled the notion that earthquakes
need only be feared where tectonic plates meet; rather, earthquakes occur “neady
everywhere in continentalinteriors,” indicating that the Earth’s crust is littered with
small fault lines that are potentially active.? These small faults demonstrate the
“critically stressed” nature of the Earth’s crust.%3 Injecting CO2 and storing it within
geologic formationshalfa mile below the Earth’s surface may put pressure on these
stresses and “may induce earthquakes asthe stress is released through activation of
existing, or the creation of new, faults and/or fractures.”®* Not only would seques-
tration projects risk natural disaster, but they also might risk futility with the de-
struction of their enterprise and the release of CO2 back into the atmosphere.

B. Industries Utilizing CCS and CCUS Technologies

Carbon capture and utilization technologies, such as enhanced oil recovery,
capture and reuse CO2 emitted during industrial processes, such as in the produc-
tion of concrete and jet fuel.®> These technologies are utilized at large industrial
facilities—e.g., petrochemical, cement, and power generating plants—and can re-
duce CO2 emissions by 80-90% per plant while simultaneously making good use

56. Paul Brown, Carbon Capture and Stroage Won 't Work, Critics Say, ECO-BUSINESS (Jan. 19,
2021), https://www.eco-business.com/news/carbon-capture-and-storage-wont-work-critics-say.

57. Id.

58. Id.

59. Id.

60. Dana Drugmand & Carroll Muffett, Why Carbon Capture is Not a Climate Solution, CTR. FOR
INT’L ENV’T L., https://www.ciel.org/wp-content/uploads/2021/07/Confronting-the-Myth-of-Carbon-
Free-Fossil-Fuels.pdf (last visited Nov. 19, 2022).

61. Mark D. Zoback & Steven M. Gorelick, Earthquake Triggering and Large-Scale Geologic Stor-
age of Carbon Dioxide, 109 PROCEEDINGS OF THE NAT’L ACAD. OF SCIS. OF THE U.S. 10164, 10164
(June 18, 2012).

62. 1d.

63. Mark D. Zoback et. al, Steady-State Failure Equilibrium and Deformation of Intraplate Litho-
sphere, 44 INT'L GEOLOGY REV. 383,383 (July 14, 2010).

64. Maren Kjos Karlsen et al., Quantifying the Relation Between Carbon Capture and Storage (CCS)
and Earthquake Risk, UNIVERSITETET I BERGEN (Jan. 10, 2022), https://www.uib.no/klimaenerg
/150671/quantifying-relation-between-carbon-capture-and-storage-ccs-and-earthquake-risk.

65. Japan’s Roadmap to “Beyond-Zero” Carbon, MINISTRY OF ECON., TRADE & INDUS,
https://www.meti.go jp/english/policy/energy environment/global_warming/roadmap/innovation
/ccus.html (last visited Nov. 19, 2022).
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of a former waste product.®® Several applications of CCUS are utilized today, “in-
cluding chemicalabsorption of CO2 from ammonia production andnatural gas pro-
cessing, CO2 use in the production of fertilizer, and long-distance pipeline transport
and injection of CO2 for [enhanced oil recovery].”%7 CCUS is a naturalfit for these
industries because their production processes already require CO2 separation in the
creation of their products; thus, plants are easily retrofitted with capture technol-
ogy.%8 For example, the fertilizer industry captures and reuses 130 metric tons of
CO2 emissions per year® in the production of urea, a nitrogenous compound used
in fertilizers.”” In the concrete and cement industries, CO2 emitted in the firing of
limestone and clay can be captured and sequestered in hardened concrete.”! Overall,
however, the industrially feasible uses for captured CO2 are severely limited.”? Due
to the restricted number of ways in which captured carbon canbe reused, the Net
Zero Scenario mandates 95 percent of captured carbonbe sequestered in the ground
with just five percent or less reused in the production of other products.”3

In other industrial areas where carbon capture technology could be most effec-
tively utilized, such as chemicalindustries and gas-fired power plants, the technol-
ogy has not yet been developed to the level necessary to make utilization cost ef-
fective.”* Unlike in fuel processing and fertilizer production plants, installation of
capture systems in these industries is extraordinarily cost-prohibitive because there
is no carbon capture and separation inherent in the production systems.’”> Installa-
tion of capture systemsis thus unattractive due to high installation costs and a lack
of physical space in these plants.”®

CCS technologies can be utilized in power generation facilities such as coal-
fired power plants if the financial incentives of adoption are worth it.”” With or
without financialincentives, however, carbon capture reduces the plant’s efficiency
and net power output.”® As such, carbon capture technologies have been sparsely
utilized in coal-fired power plants.” In 2012, new coal combustion plants that
wished to use CCS technologies in their electricity generation would have faced a
60-80 percentincrease in costs.89 Existing power plants face even higher costs due

66. Ana-Maria Cormos & Abel Simon, Dynamic Modeling and Validation of Post-Combustion Cal-
cium-Looping Process, 33 COMPUT. AIDED CHEM. ENG’G, 1645, 1645 (2014).

67. CCUS Technology Innovation, INT'L ENERGY AGENCY, https://www.iea.org/reports/ccus-in-
clean-energy-transitions/ccus-technology-innovation (last visited Nov. 19, 2022).

68. CHRISTOPHER SHORTETAL., THE GLOBAL STATUS OF CCS:2010 12 (2010), https://www.glob-
alcesinstitute.com/archive/hub/publications/12776/global-status-ccs-2010.pdf.

69. Mathilde Fajardy, CO2 Capture and Utilisation, INT'L ENERGY AGENCY (Sept. 2010),
https://www.iea.org/reports/co2-capture-and-utilisation.

70. Urea, BRITANNICA, https://www.britannica.com/science/urea (last visited Nov. 19, 2022).

71. Whatis CCUS Technology & How Does it Work?, INTEGRATED FLOW SOLS. (May 27, 2021),
https://ifsolutions.com/what-is-ccus-technology-how-does-it-work.

72. Justin Jacobs, Put Up or Shut Up ’: Can Big Oil Prove the Case for Carbon Capture? FIN. TIMES
(Oct. 19, 2022), https://www.ft.com/content/b8d6848d-1e8a-4c57-b65b-52105b48b178.

73. Fajardy, supra note 69.

74. 1d.

75. SHORTETAL., supra note 68, at 124.

76. Abdallah Dindi et al., Policy-Driven Potential for Deploying Carbon Capture and Sequestration
in a Fossil-Rich Power Sector, 56 ENV’T SCL. & TECH. 9872, 9878 (2022).

77. Id. at 9872.

78. Id. at 9875

79. Id. at 9873.

80. Edward S. Rubinetal., The Outlookfor Improved Carbon Capture Technology,38 PROGRESS IN
ENERGY AND COMBUSTION SCI. 1, 8 (2012).
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to outdated technology, physical space constraints, and the resulting need to up-
grade existing equipment.®! Carbon capture is thus unrealistic for existing power
plantsbecause it reduces the plant’s efficiency and increases capital costs.®2 None-
theless, CCS technologies will prove necessary in the transition®3 towardsa decar
bonized future as the United States gets over 85 percent of its energy from fossil
fuels.3* High enough tax incentives for the implementation of CCS in coal-fired
power plants decreases the cost of CO2 avoided and can be an effective step toward
a decarbonized future.?’

Modeled global pathways which limit global warming to 1.5 °C mandate 70-
85 percent renewable energy dependence coupled with use of CCS technologies in
nuclear and fossil fuel electricity production.®¢ The use of these technologies “has
the potentialto reduce overall mitigation costs and increase flexibility in achieving
greenhouse gas emissions reductions” according to the IPCC.37 Ultimately, the de-
velopment and implementation of these technologies is necessary to reach global
climate goals, unless the technology is rendered unnecessary by a swift and total
transition to renewable energy .88

However, as it currently stands, CCS is sparsely utilized in any industry be-
causeit is prohibitively expensive,’? and impractical, to implement in existing fac-
tories.”® Currently, capture costs increase when CO2 is captured from a highly di-
luted source;?! assuch, it is more difficult and expensive to capture emissions that
are less CO2-dense. For example, coal and gas power plants face higher combined
costs of capture, transport, and storage because their emissions are less CO2-
dense.”? The use of CCS in coal-fired power plants is so inefficient that it “could
increase residential utility bills by as muchas$100.”%3 One study of CCS atpower
plantsin Australia found thatuse of the technology would drive up the cost of elec-
tricity 95 to 175 percent.?* In 2020, the cost to use CCS in coaland gas power plants
ranged between $80-90 per metric ton of captured carbon, while the combined cost
for gas processing, ammonia, and ethanol plants—industries that have carbon diox-
ide separation inherent in the production of their products—had capture costs that

81. Id.

82. Id.

83. John Muyskens & Juliet Eilperin, Biden Calls for 100 Percent Clean Electricity by 2035. Here's
How Far We Have to Go, WASH. POST (July 30, 2020), https://www.washingtonpost.com/climate-envi-
ronment/2020/07/3 0/biden-calls-100-percent-clean-electricity-by-2035-heres-how-far-we-have-go
(“Biden’s new plan, which carries a price tag of $2 trillion, would eliminate catbon emissions from the
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ranged between $30-50 permetric ton.?® Ultimately, the feasibility of utilizing CCS
technology to mitigate carbon output depends on the nature of the heavy industry,
the processes required to create its product, and the potential government incentive
to capture and store its carbon emissions.’® For most industries, the costs outweigh
the benefits.

There are 30 operational CCS facilities worldwide that collectively capture and
sequester 42.58 million metric tons of CO2 per year.”” However, the Net Zero by
2050 Scenario requires the world to be sequestering close to 1.3 billion metric tons
peryearby 2030, with the vast majority to be injected and stored beneath the Earth’s
crust.?® Globally, most CCS operations are in natural gas processing plants, the
power sectors, and the natural gas liquification industry.?® The United States has 12
operational CCS projects, largely at ethanol, natural gas and hydrogen, and fertilizer
production plants.'% Overall, the world is far from where it needs to be—2,000
large-scale CCS plants need to be in operation across the globe by 2050 to reach
mitigation targets.!?! The world needs substantialinvestment in CCS technology in
order to meet sequestration targets. However, without practical financialincentives
for adoption, CCS will continue to be widely shunned as wasteful, inconvenient,
and impractical.!02

ITI. THE 45Q TAX CREDIT

In 2008, Congress passed the Energy Improvement and Extension Act to en-
courage investment in renewable energy and incentivize consumers to adopt green
technology.!%3 The Act gave tax breaks forenergy -efficient investments; deductions
for energy-efficient commercial buildings and home improvement projects; ex-
tended credits for homebuilders constructing energy -efficient houses; and created a
new tax credit forindustrial CO2 sequestration.'% The new tax creditis colloquially
known by its Internal Revenue Code section as the 45Q tax credit.!%

A. The Original 450 Credit

Under the 2008 law, a taxpayer would receive a tax credit of $20 per metric ton
of CO2 permanently sequestered in the ground, and a $10 credit for each metric ton
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96. See generally Dindi et al., supra note 76.
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of CO2 used for EOR.!%¢ For visualization purposes, one metric ton of CO2 weighs
asmuch asa great white shark at 2,204.6 Ibs.,'%7 and can be pictured by imagining
a27’x 27 x 27’ cube—one as tall, long, and wide asa telephone pole.!%® Driving
a carfrom Los Angeles to New York City producesabout the same amountof CO2,
orusing 113 gallons of gasoline, or 2.3 barrels of 0il.!%° The average US household
burns a metric ton of CO2 powering itself over the course of two months.!10 Of
course, carbon is much more difficult to remove than it is to produce—it takes two
and a half acres of U.S. forestland to sequester 2.13/Mt.!1!

The original 45Q tax credit was only available to industrial taxpayers who se-
questered 500,000/Mt. of CO2 per year.!!2 Thatis to say, access to the original 45Q
wasonly available to those who prevented the equivalent of over one million barrels
of oil from consumption, or 56 million gallons of gas, or 1.2 billion miles from
being driven. These colossal entry barriers were not offset by irresistible financial
gain—the increase in the cost of production forindustrial commodities such as steel
and cement would have risen by 9-13% and 35-47%, respectively, from 2009 to
2010, if their production plants were retrofitted with CCS.!'!3 This cost increase does
not factorin the additionalcosts of installation, transportation, and injection. !4 Ul-
timately, the $20 tax credit could not have incentivized the adoption of industrial
carbon sequestration technology on a large scale.

Fortunately, the 45Q credit was renovated in the Bipartisan Budget Act of
2018.115 The credit’s value was increased from $20/Mt. to $50 for geologic seques-
tration, and from $10/Mt. to $35 for CO2 reused with CCUS.!'¢ The minimum eli-
gibility threshold was reduced from 500,000/Mt. per yearto 100,000.17 The credit
was expanded in type, allowing the taxpayerto capture the carbon through photo-
synthesis or chemosynthesis, such as through growing algae or bacteria, or through
chemically converting the carbon to a materialor chemical compound in which the
carbon is securely stored.!'® Additionally, Congress broadened the scope of the
credit to allow for carbon monoxide capture as well as dioxide.!'® While these were
welcome changes to a largely obsolete tax credit, capture costs alone exceeded
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$50/Mt. in most industries in 2018; thus, potential benefits of the credit were
dwarfed by the total cost of installation, capture, transportation, and storage of the
captured carbon.!20

The United States had nine operating CCS plantsin 2018 that collectively se-
questered 25 million metric tons of CO2 per year.!?! While access to the 45Q tax
credit was easier and more attractive thanks to the 2018 changes, the cost per metric
ton of sequestered carbon dwarfed any potential profits.!22 Except for the fertilizer
industry, all carbon-sequestering industries had CCS costs that well exceeded
$50/Mt.123 Overall, industries had no incentive to adopt carbon capture technologies
without government incentives.!?4 Still today there is no value in emissions abate-
ment unless the associated costs of capture, transportation, and storage are cov-
ered.!?> Entrance into the world of industrial carbon capture is a daunting prospect
that requires heavy investment in long-term assets like transportation infrastructure
and geological storage.!?6 While some industries can find a use for their recycled
carbon, realistically, the carbon sequestration enterprise is only worthwhile if in-
dustries can realize a profit off their captured CO2.

B. The New and Improved 450

Congress dramatically updated the 45Q tax credit as part of the Inflation Re-
duction Act 0£2022.127 Along with the 45Q overhaul, the Act introduced tax credits
for producers of clean hydrogen, nuclear energy, and other domestic clean energy
systems.!?® The Act gives tax credits for the commercial use of low-carbon fuel
sources and offers tax credits to consumers who purchase electric vehicles, use
clean energy sources to power their homes, and refurbish their homes with energy -
efficient home improvements.'?°

Geologic sequestration credits were boosted from $50/Mt. to $85 and from
$35/Mt. to $60 for reused CO2.'39 Credits for geologically sequestered CO2 cap-
tured through Direct Air Capture were more than tripled from $50/Mt.to $180 and
increased from $50/Mt. to $130 for DAC-captured CO2 that is reused.!3! Further-
more, Congress expanded the credit’s accessibility by creating a “direct pay” option
for taxpayers who qualify for the credit, allowing them to receive the 45Q credit as
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121. PAGE, supra note 18, at 53.
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128. Inflation Reduction Act(IRA) Summary: Energy and Climate Provision ,BIPARTISAN POL’Y CIR.
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a fully refundable direct payment.!3? For-profit, tax-paying entities can utilize the
direct pay option for five years afterthe CCS technology is installed and in opera-
tion.!33 Most importantly,45Q’s entry barriers were dramatically reduced: the min-
imum capture threshold was lowered from 500,000/Mt. to 18,750; for industrial
facilities, the minimum capture threshold was lowered from 100,000/Mt. to 12,500,
and the threshold for Direct Air Capture facilities was lowered from 100,000/Mt. to
1,000.134 Ultimately, the tax credit can be realized for 12 yearsafterthe CCS equip-
ment is installed and operational.!3’

The 45Q tax credit has been refurbished to encourage adoption of climate-
friendly infrastructure; however, the question remains as to whether Congress’s ef-
forts will be enough to drum up enthusiasm for industrial carbon sequestration. As
we haveseen, CCS technology and its associated infrastructure is wildly expensive
and plagues its users with reductions in efficiency.!3® Will the latest round of 45Q
changes be enough to convince investors they might yet realize a profit from the
carbon sequestration scheme?

I'V.THE IMPACT OF THE NEW 45Q

A. Traditional Industries

The Inflation Reduction Act’s changes to the 45Q tax credit will make a sig-
nificant difference to industries thatseek to take advantage of it. Specifically, low-
ered entry barriers alongside a direct pay option could allow small-scale industries
to realistically use CCS and realize an economic benefit. However, the feasibility
of small-scale industries unilaterally entering the carbon capture business should
still be questioned. CCS systems increase water and power consumption '37 while
decreasing efficiency.!?® Smaller industries will naturally have a hardertime shoul-
dering this burden. Furthermore, under the current 45Q scheme, industrial emitters
seeking to geologically sequester do notreceive anything until they are storing the
carbon under the ground.!3° All credit-seekers, therefore, musthave the entire car-
bon sequestration process online before they receive any reimbursement: existing
plants must be retrofitted with capture and conversion technologies, there must be
a way to transport the carbon dioxide, and a destination to transport it to. These are
steep economic and logistical barriers that may not be realistically surmountable.

Small-scale industries without the financial capability to invest in long-term
assets like carbon dioxide pipelines or geologic storage may not be out of luck.
Oftentimes emission-intensive facilities are clustered together in tight geographic
areas.'40 Clustering allows similar industries to share infrastructure and
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resources,!4! and those industries can likewise share transport and storage infra-
structure to achieve cost savings.!4? Transportation can be achieved using old natu-
ral gas and oil pipelines or through the construction of new pipelines.!4> However,
pipelines, old and new, are plagued with issues. Existing naturalgas pipelines would
need to be retrofitted with pressurization retrofits to pump the carbon effectively,
and the added pressure could lead to ruptures.!#* This could still prove to be more
cost-effective than the construction of entirely new pipelines.!4> New pipelines are
difficult to build because they are frequently opposed by landowners!4® and can be
plagued by construction disruptions, delays, and higher costs.!47

Despite the potentialhurdles, the recent changesto the 45Q credit have piqued
the interest of some small, non-traditional carbon sequestration industries. Citing
lowered entry barriers and increased monetary incentives, landfilloperatorsare eye-
ing CCS technology to capture the part-methane-part-CO2 emissions from their
landfills.'#® Specifically, lowered entry barriers make the enterprise viable because
landfills emit between 10,000 and 100,000/Mt. per year,and the new entry thresh-
old for landfills is 12,500/Mt. per year.!4? Indeed, the only barrier that realistically
remains forthese small-scale industries is access to transportation infrastructure and
geologic storage capabilities. These externalities can be minimized if there is easy
access to geologic storage.

While some small-scale emitters may find an opportunity to harness the 45Q
credit when they are clustered with other industries, those thatlack a support group
may do well to search below their feet for the answer as to how and where to
transport captured CO2. The United States Department of Energy estimates that the
U.S. has geologic storage capacity of anywhere “between 2.6 trillion and 26 trillion
metric tons of CO2.”159 These geologic formations are vast and span much of the
country; sedimentary basins suitable for storing carbon lie beneath the Midwest,
Great Plains, CoastalPlain,and Deep South regions almost uniformly.!5! Otherstor-
age capabilities lie in saline formations, non-mineable coal deposits, shale basins,

141. Id.

142. Peter A. Brownsort et al., Reducing Costs of Carbon Capture and Storage by Shared Reuse of
Existing Pipeline—Case Study of a CO2 Capture Cluster for Industry and Power in Scotland, 52 INTL
J. OF GREENHOUSE GAS CONTROL 130, 130 (Sept. 2016).

143. Rod Nickel et al., N. America’s Old Pipelines Seek New Life Moving Carbon in Climate Push,
REUTERS (Feb. 23,2022), https://www.reuters.com/business/sustainable-business/n-americas-old-pipe-
lines-seek-new-life-moving-carbon-climate-push-2022-02-23.

144. Id.

145. Id.

146. Gretchen Morgensonetal., ‘Our Horses are Ready’: Native Americans and White Farmers Form
an Unlikely Alliance to Oppose a Pipeline in the Dakotas, NBC NEWS (Oct. 25, 2022),
https://www.nbcnews.com/news/us-news/native-americans-white-farmers-join-forces-oppose-summit-
carbon-captur-rcna52523.

147. Reuters Staff, Factbox: U.S. Oil and Natgas Pipelines Delayed by Legal and Regulatory Battles,
REUTERS (Feb. 1, 2022, 12:07 AM), https://www.reuters .com/article/us-usa-canada-pipelines-factbox-
idUSKBN2AT11EL

148. April Reese, Landfill Operators Take a Closer Look at Carbon Sequestration Projects in Wake of
Inflation Reduction Act, WASTEDIVE (Oct. 24, 2022), https:/Awww.wastedive.com/news/carbon-cap-
ture-landfill-45q-inflation-reduction-act/634592.

149. Id.

150. JONES & LAWSON, supra note 28, at 9.

151. U.S. DEP’TOF ENERGY, CARBON STORAGE ATLAS 24 (Sept. 2015).

Published by University of Missouri School of Law Scholarship Repository,

13



The Business, Entrepreneurship & Tax Law Review, Vol. 7 [], Iss. 1, Art. 10

156 B.ETR. [Vol. 72023

basalt formations, and off the United States’ coasts.!>2 Smaller-scale emitters, thus,
may not be logistically prevented from sequestering their CO2 emissions if they
have easy accessto geologic storage. The wide availability of potential storage sites
could enable large and small industries alike to forgo the logistical and monetary
costs of pipeline transport.

Industries will be furtherenabled to enterthe CCS arena if capture technologies
continue to improve, and costs continue to drop. Without factoringin transportation
costs, current capture costs for the natural gas processing industry are $15-$25/Mt,
and power generation facilities, the second largest user of CCS technology, face
costs of $50-$100/Mt.133 Capture costs will drop as technology and transportation
infrastructure improves. Recent investment by the public and private sectors will
likely fuel innovationand drive down costs atall stages of CCS. The Infrastructure
Investmentand Jobs Act 0of2022 allocated $12 billion to the Department of Energy
to fund capture projects and infrastructure,'3* and $6.5 billion for DAC and CO2
storage.!>’

Capture, infrastructure, and the resulting operating costs will determine
whether CCS technology becomes feasible for small-scale industries. If this tax
credit is to be realistically accessible, the government must continue to fund inno-
vation for technological development to drive capture and infrastructure costs
down. Current costs of traditional CCS infrastructure are too high to expect existing
small industries to unilaterally implement them. Clustered industries with accessto
geologic storage may be able to band together and share infrastructure costs, but
those that stand alone are unlikely to enter the CCS market.

At the other end of the spectrum, large-scale emitters such as petroleum giants
could see a windfall from the recent changes to 45Q. In the wake of the 45Q
changes, ExxonMobil announced its plansto invest $15 billion in CCS technology
through 2027 in their push to create a new industry of carbon capture.!'5¢ Histori-
cally, oil and petroleum giants have been virtually the only beneficiaries of 45Q’s
meager offerings because they were able to capture CO2 and reuse it in EOR. Of
course, if these companies continue to reuse captured CO2 for EOR, they will now
receive $65/Mt. instead of $35. However, petroleum giants may look to new hori-
zons with the most recent changes to 45Q. As a result of the 45Q changes, Exx-
onMobil hasannounced a partnership deal to capture and geologically sequester 2
million metric tons of CO2 per year from a Louisiana blue ammonia producer.'%’
This dealmay be the first of many. Petroleum giants are uniquely poised to reap the
benefits of 45Q because they have the technology and infrastructure access that
allow them to capture and transport the carbon emissions of smaller industries.
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Skyrocketing demand forzero-emissions products,!8 coupled with the recent 45Q
overhaul, may create anewrevenue stream by which oil giants capture and transport
the carbon emissions of smaller industries for geologic storage.

B. Direct Air Capture

The 2022 updates to the 45Q credit may have given the Direct Air Capture
industry new life. Geologically sequestered carbon captured with DAC is now
worth $180/Mt., up from $50,'5% and the U.S. government pledged $3.5 billion of
funding to fund new DAC ventures thataim to capture a million tons of carbon per
year.!®0 However, the cost of capturing carbon directly from the air is still danger-
ously unclear, with price estimates ranging anywhere from 6198 to $500!62i08i In
2019, it was forecast that DAC plants need a $236/Mt. market incentive to break
16388 Despite the cost uncertainty, the 2022 45Q changes have spurred the an-
nouncement of multiple record-breaking DAC facilities!®468% This demonstrates
considerable industry confidence and indicates that the new tax incentives have in-
vestors sure of their profit margins.

DAC facilities are inherently flexible, unlike their traditional CCS counterpaits
that must be installed inside high-emissions industrial plants. DAC facilities need
not be located near a source of CO2—they can be built almost anywhere.!%5 This
flexibility alongside increased monetary incentives and lowered entry barriers could
be what the DAC industry needs to flourish. Freedom to build a removal facility
anywhere incentivizes DAC entrepreneurs to build on or close to geologic seques-
tration sites in order to maximize profit margins.!®® DAC facilities could then re-
move CO2 from the air, shed transportation costs, and inject the CO2 nearby or on-
site. Furthermore, dramatically lowered 45Q entry barriers could enable smaller-
scale facilities to come online. The tax credit, formerly accessible only after
100,000/Mt. was sequestered, is now accessible after a minimum of 1,000/Mt. is
removed from the air and stored beneath the Earth’s crust.

Beyond revenue from government grants and the tax credit, DAC entrepreneurs
may find anothersource of revenue in selling carbon offset credits. A carbon offset
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credit “is a transferable instrument certified by governments or independent certifi-
cation bodies to represent an emission reduction of one metric tonne of CO2, or an
equivalentamountof other [greenhouse gases].” 67 Countries, cities, and businesses
worldwide face mountingglobalpressure to reduce their greenhouse gas emissions;
asaresult, there is a growing market forcarbon offset credits that can be purchased
to superficially neutralize one’s carbon footprint.!%8 These credits are sold by or-
ganizations that remove the CO2 from the air in a verifiable way, such as reforesta-
tion projects and sustainable energy brokers.!%® The carbon offset credit market is
projected to balloon exponentially due to corporate demand for credits,'7? and the
enterprise was recently blessed by the United States at the 2022 U.N. Climate
Change Conference in which John Kerry, Special Envoy for Climate, alongside ex-
ecutives from Microsoft and Pepsi, announced plans to create a new platform for
carbon credit trading.!”! While emphasis hasbeen placed on developing a market-
place for carbon credits purchased from clean energy sources in developing coun-
tries,!’2 the demand forcarbon credits is only expected to grow, and it is likely that
DAC facilities will be uniquely positioned to enter this marketplace and sell credits
from their sequestered CO2.

Ease of accessibility, lowered entry barriers, and increased 45Q cash incentives
alongside a burgeoning market for removed CO2 could be enough to incentivize
growth of the DAC market. While cost estimates remain perilously unknown, they
are projected to drop to $150/Mt. to $200/Mt. in the next five to ten years.!”? In the
meantime, DAC technology will continue to become more cost effective asthe gov-
ernment and private industries continue to finance innovation, and costs will drop
further if the plants can be powered through cheaper renewable energy. With de-
mand for carbon offset credits poised to grow as businesses scramble to brand them-
selves carbon neutral, DAC facilities may have carved out a profitable enterprise
due to the latest 45Q tax credit changes.

C. The Future

The changes to the 45Q tax credit have certainly piqued the interest of carbon
capture entrepreneurs. In the wake of the August 2022 changes to the 45Q credit,
unparalleled CCS ventures and record-breaking DAC projects have been an-
nounced in the United States. Large and small industries alike have a newfound
interest in mitigating their CO2 emissions due to the increased financialincentives
and lowered entry barriers. Investors have turned their attention to DAC after its
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financialincentive was more than tripled. The footis on the gas for carbon capture
projects, but perhaps the pedal is not yet to the metal.

The government and private industries alike must continue to finance develop-
ment in carbon capture technology if it is to play any serious role in the race to
reduce CO2 emissions. Traditional CCS costs are still too high for this technology
to be even moderately accessible. Indeed, no new power plants have been built
equipped with CCS technology as of March 2023.174 It is not realistic to imagine
that industries will clamorto retrofit factories due to the technology’s high invest-
ment costs and resulting decreases in efficiency. While 2022 hasbrought a 44 per-
cent increase in the number of planned CCS facilities, this only translates to 242
million tons of CO2 captured and sequestered per year when the proposed plants
are online.!”> The IPCC mandates nearly 1.3 billion metric tons be captured and
sequestered per yearby 2030.!76 Likewise, DAC facilities should be sequestering
60 million metric tonsof CO2 per year by 2030; however, the world currently cap-
tures a mere 1,000/Mt.!77 While the 45Q updates have spurred the announcement
of 30 DAC facilities in Texas that will have the capacity to capture and sequester
up to 30 million metric tons of CO2 per year, one would not be faulted forremaining
skeptical.

However, all is not doom and gloom. Carbon capture is a budding industry that
is continually showered in government and private investment. Technology giants
like Google and Meta invested nearly a billion dollars in carbon capture technology
in 2022.178 The United States government demonstrated it is committed to driving
CCS costs down with the announcement of nearly $18 billion in carbon capture
fundingin 2021.'7° Furthermore, oil and petroleum giants are under ever-increasing
pressure to decarbonize; as such, these companies pour money into carbon capture
investment in an attempt to prolong the life of their enterprises.!8? These industries
have perhaps now been incentivized to use their economic prowess for good by
which they turn a profit capturing and sequestering others’ emissions. Ultimately,
the Inflation Reduction Act’s changesto 45Q were enacted in August 0of2022,and,
in the following three months, American entrepreneurs announced pioneering car-
bon capture projectsin traditionalindustries and plans for the world’s largest DAC
facility—all to be built in the United States. That is a remarkable turnaround.

The future of the DAC industry may lie beyond the construction of massive,
inefficient vacuums that suck CO2 from the air. Because the 45Q tax credit was
changed in the Bipartisan Budget Act of 2018 to allow fordirect air capture through
photosynthesis, researchers and investors have been exploring the use of algae to

174. Salt & Ng, supra note 94.

175. Jeff McMahon, Carbon Capture Surges in 2022, but Not Nearly Enough,FORBES (Oct. 23, 2022),
https://www.forbes.com/sites/jeffmcmahon/2022/10/23 /carbon -capture-surges-in-2022-but-not-nearly -
enough/?sh=27382{876a73.

176. Budinis et al., supra note 97.

177. Budinis, supra note 50.

178. Stephen Shankland, Google, Facebook Stripe Havea $925M Planto Capture Carbon Pollution,
CNET (Apr. 13, 2022), hitps://www.cnet.com/news/google-facebook-stripe-have-a-925m-plan-to-cap-
ture-carbon-pollution.

179. UNITED STATES DEPARTMENT OF ENERGY, supra note 155, at 1.

180. Anja Chalmin, The Fossil Fuel Industry has a Stake in the Majority of Known CCS and CCUS
Projects, GEOENGINEERING MONITOR (Nov. 15, 2021), https://www.geoengineeringmoni-
tor.org/2021/11/fossil-fuel-industry-and-investments-in-ccs-ccus.

Published by University of Missouri School of Law Scholarship Repository,

17



The Business, Entrepreneurship & Tax Law Review, Vol. 7 [], Iss. 1, Art. 10

160 B.ETR. [Vol. 72023

capture CO2 from the air.!8! With capture costs of $50-100/Mt., this method of
DAC is farcheaperthan traditionalmethods.!®2 Investors eyeing 45Q would see far
higher profit margins cultivating algae to capture CO2 from the air because they
would not be burdened by unwieldy, cost-ineffective DAC plants, and their CO2
removal method would simultaneously produce oxygen for the world. Investment
alongside practicalincentives foruse canleadto noveladvancesin the art of carbon
capture by which meaningful technological strides are made.

V. CONCLUSION

While it is nota solution to the driver of climate change, carbon sequestration
technology will be a necessary tool in the transition away from fossil fuels. Con-
gress’s 2022 changesto the 45Q credit might have enabled some industries to real-
istically access it; however, traditional CCS technology is still too inefficient for
mostindustries. Despite the United States’ commitment to jump-startinguse of the
technology, the world is on track to fall dramatically short of carbon sequestration
targets. Further investment and innovation is needed if CCS is to be adopted at a
meaningfulscale. Ifthathappens, CCS canbe a useful transitory tool as humanity
gradually shakes its dependence on fossil fuels, but it cannot be a substitution for
actual change. While the recent renovation to the 45Q tax credit has created new
investment opportunities and potentially enabled entirely new industries to come
online, humanity is still far from where it needs to be in the race against time.
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