
Citation: Lin, N.; Xu, L. Navigating

the Implementation of Tax Credits for

Natural-Gas-Based Low-Carbon-

Intensity Hydrogen Projects. Energies

2024, 17, 1604. https://doi.org/

10.3390/en17071604

Academic Editor: Jose Ramon Fernandez

Received: 12 January 2024

Revised: 19 March 2024

Accepted: 22 March 2024

Published: 27 March 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

energies

Article

Navigating the Implementation of Tax Credits for
Natural-Gas-Based Low-Carbon-Intensity Hydrogen Projects
Ning Lin 1,* and Liying Xu 2

1 Bureau of Economic Geology, The University of Texas at Austin, Austin, TX 78712, USA
2 Paul Dickinson School of Business, Oklahoma Baptist University, Shawnee, OK 74804, USA;

liying.xu@okbu.edu
* Correspondence: ning.lin@beg.utexas.edu; Tel.: +1-512-422-1432

Abstract: This paper delves into the critical role of tax credits, specifically Sections 45Q and 45V, in
the financing and economic feasibility of low-carbon-intensity hydrogen projects, with a focus on
natural-gas-based hydrogen production plants integrated with carbon capture and storage (CCS).
This study covers the current clean energy landscape, underscoring the importance of low-carbon
hydrogen as a key component in the transition to a sustainable energy future, and then explicates the
mechanics of the 45Q and 45V tax credits, illustrating their direct impact on enhancing the economic
attractiveness of such projects through a detailed net present value (NPV) model analysis. Our
analysis reveals that the application of 45Q and 45V tax credits significantly reduces the levelized cost
of hydrogen production, with scenarios indicating a reduction in cost ranging from USD 0.41/kg to
USD 0.81/kg of hydrogen. Specifically, the 45Q tax credit demonstrates a slightly more advantageous
impact on reducing costs compared to the 45V tax credit, underpinning the critical role of these
fiscal measures in enhancing project returns and feasibility. Furthermore, this paper addresses the
inherent limitations of utilizing tax credits, primarily the challenge posed by the mismatch between
the scale of tax credits and the tax liability of the project developers. The concept and role of tax
equity investments are discussed in response to this challenge. These findings contribute to the
broader dialogue on the financing of sustainable energy projects, providing valuable insights for
policymakers, investors, and developers in the hydrogen energy sector. By quantifying the economic
benefits of tax credits and elucidating the role of tax equity investments, our research supports
informed decision-making and strategic planning in the pursuit of a sustainable energy future.

Keywords: low-carbon intensity; hydrogen; tax credit; project finance

1. Introduction

The global energy landscape is undergoing a significant transformation, driven by
the urgent need to address climate change and the collective shift towards a clean energy
economy. Hydrogen, especially low-carbon-intensity hydrogen, stands at the forefront
of this transition, promising to bridge the gap where direct electrification is challenging,
such as in the heavy industry and transport sectors [1–4]. Unlike conventional hydrogen
production, low-carbon-intensity hydrogen can be produced through various processes,
from fossil fuels to renewables, significantly reducing greenhouse gas emissions and
aligning with global sustainability goals [5–8]. This contextual shift underscores the critical
need for our research, pinpointing the vital role of policy mechanisms, such as tax credits,
in facilitating this transition.

Incentivizing this shift, the US government introduced specific tax credits under the
Inflation Reduction Act—Sections 45Q and 45V. Section 45Q is designed to encourage
carbon capture and sequestration (CCS) technologies, while Section 45V specifically targets
clean hydrogen production [9,10]. These policy measures are instrumental in reducing
the financial burden of adopting emerging—often expensive—clean technologies, making
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low-carbon hydrogen projects more economically viable and attractive to investors and
developers [11,12].

The economic feasibility of a hydrogen project hinges significantly on the ability
to maximize financial incentives and minimize costs. While the potential of tax credits
like 45Q and 45V to transform the project economics, potentially shifting a project from
marginal to financially attractive, is recognized, their practical application and impact is not
straightforward, and there is a significant gap in understanding their practical applications
and project impacts. This gap hinders stakeholders’ ability to leverage these financial
incentives fully, thereby impeding progress toward a low-carbon energy future.

Therefore, our study aims to address this critical gap by elucidating the mechanics of
the 45Q and 45V tax credits and assessing their direct impact on the economic attractiveness
of low-carbon-intensity hydrogen projects. Additionally, we will explore the inherent
limitations of utilizing these tax credits, focusing on the challenges posed by the scale of tax
credits in relation to the tax liability of project developers. A secondary objective involves
examining the role and concept of tax equity investments to navigate these challenges, thus
enabling the effective monetization of the tax credits.

Central to our investigation are several research questions that guide the scope of
our analysis: How do the 45Q and 45V tax credits influence the economic feasibility of
natural-gas-based low-carbon-intensity hydrogen production projects? What are the main
barriers to fully utilizing these tax credits, and how do they impact project development
and investment decisions? Lastly, how can tax equity investments overcome the limitations
of direct tax credit utilization, and what implications does this have for scaling low-carbon
hydrogen projects?

In a landscape where economic viability is closely tied to policy incentives, a com-
prehensive grasp of tax credit implementation is not just beneficial; it is essential for the
successful deployment and scaling of low-carbon hydrogen projects. By addressing these
pivotal questions, our study seeks to provide valuable insights for policymakers, project
developers, and investors on optimizing the benefits of tax credits to advance low-carbon
hydrogen production.

2. Literature Review

The development of low-carbon hydrogen, particularly through pathways that mini-
mize environmental impact, is crucial for addressing climate change challenges. Equally
important is the policy landscape that shapes the economic and technological environment
within which hydrogen projects are conceptualized and implemented via incentivizing
investment decisions by firms [13]. Yang et al. provide an in-depth analysis of how re-
newable energy sources, coupled with effective policy support, are key to unlocking the
potential of low-carbon hydrogen production, emphasizing the urgency of integrating
these elements for a successful energy transition [14]. This chapter delves into the dual
avenues of technological innovation and policy support, highlighting their pivotal roles
in the hydrogen sector’s evolution. This current study focuses on how to apply policy
support to lower the cost of the production pathway. Hence, it is critical to form a solid
understanding through the current research body of relevant background knowledge on
the hydrogen production pathway, life-cycle emission, and the current mechanism of tax
credits available for natural-gas-based hydrogen production.

2.1. Natural-Gas-Based Hydrogen Production Pathways and Life-Cycle Emissions

Natural-gas-based production, integrated with carbon capture and sequestration
(CCS), remains one of the most cost-competitive options [15]. Integrating carbon capture
and storage (CCS) with these technologies further enhances their appeal by mitigating CO2
emissions associated with hydrogen production. Steam methane reforming (SMR) is the
most mature method for hydrogen production, reacting methane with steam to produce
hydrogen and carbon monoxide (CO), followed by a water shift reaction (WGS) that further
generates hydrogen by reacting CO with water to produce H2 and CO2 [5,6,16]. SMR is
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an established technology, making it cost-effective, especially for large-scale operations.
The carbon footprint, substantial without CCS, can be mitigated by integrating CCS. In
a typical modern SMR plant, about 60% of the total CO2 produced is contained in the
tail gas; after, it is contained in the WGS unit and then in the pressure swing absorption
unit (PSA), as indicated in Figure 1, with the remaining 40% of CO2 being the product
of fuel combustion that provides heat input to the steam reformer, combined with some
recycled vent gas. For brownfield projects, where existing infrastructure is leveraged,
or for smaller-scale projects, SMR is often a better choice due to lower retrofitting costs
and process familiarity. SMR with a CCS capture rate above 90% is widely accepted as
feasible [17–21]. However, as of now, there has been no actual demonstration to date, and
existing setups allow for around 40–45% carbon capture rates [18], as these facilities are
integrated into refineries and ammonia plants where the plant design was not specifically
designed for low-carbon-intensity hydrogen.
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Figure 1. Hydrogen production via steam methane reforming (SMR) and autothermal reforming
(ATR) with carbon capture (In traditional SMR processes, 60% CO2 is captured from steam/shifted
syngas, while the rest of flue gas with low purity is not captured. The ATR process has one single
steam of CO2 from steam that is simpler for higher capture efficiency).

With the emphasis on low-carbon-intensity hydrogen, autothermal reforming (ATR)
as a hydrogen production technology has gained more momentum. ATR uses oxygen
and steam, allowing for a more thermally efficient process. While complex and with
higher capital costs due to the integration of air separation units, ATR systems benefit from
reduced flue gas volumes, enhancing the efficiency of CO2 capture [22]. This makes ATR
an attractive option for greenfield projects where new facilities are being constructed. Its
lower carbon footprint, particularly with high CCS efficiency, is a key advantage and can
capture up to 95% of emissions [5,17–19,23].

When evaluating the on-site CO2 footprint of a hydrogen production facility, whether
utilizing SMR or ATR, key determinants include the specific design of the plant and
operational parameters. Although ATR may generally offer a lower carbon footprint,
especially when coupled with efficient CCS, the final CO2 emissions are heavily influenced
by the plant’s specific design, feedstock, energy sources, and actual integration level of
CCS technologies. For example, advancements in post-combustion capture designs could
improve the efficiency of SMR’s CCS process [5,6,17–19,24].

Aligning hydrogen production with decarbonization goals requires a broader concept
of life-cycle emissions, encompassing existing infrastructure, the pathway of upstream



Energies 2024, 17, 1604 4 of 15

feedstock, the carbon intensity of regional electricity grids, and the design specifics of CO2
capture systems. Such a holistic approach ensures that the decarbonization potential of
hydrogen technology is fully realized, acknowledging a more comprehensive picture of a
technology’s environmental impact. An accurate estimate of the carbon footprint associated
with hydrogen production from natural gas requires accounting for the various sources
of emissions from well to the point of use, as shown in Figure 2. Hence, it becomes clear
that the choice between SMR and ATR is not straightforward and is contingent upon a
multitude of factors beyond just the immediate CO2 emissions. The full life-cycle emissions
include all the emissions from all energy expended from the extraction and transportation
of natural gas (upstream emissions), emissions associated with imported electricity used in
production, the hydrogen production process (e.g., SMR or ATR), and the carbon capture
process including capture, transport, and storage [24–26]. For instance, in regions where the
electricity grid has high emissions or lacks renewable sources, ATR’s life-cycle emissions
could exceed those of SMR [16–18].
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Figure 2. Life-Cycle Emission of Natural-Gas-Based Hydrogen.

Figure 3 demonstrates a wide range of carbon intensities for natural-gas-based hydro-
gen production due to different production technologies and capture rates. Furthermore,
it is important to recognize that these intensities shown are only the median and the BAT
(best available technology) figures from selected sources; the life-cycle emission of each
production path could range widely because of factors such as transportation leakage
rate, electricity grid carbon intensity, specific conditions, and regulations of the production
location [18,22,27,28]. With multitudes of factors and emission impacts, policies aimed at
subsidizing clean hydrogen production, particularly those that account for the full spec-
trum of life-cycle emissions, can play a critical role in shaping the adoption of technologies
like ATR and SMR with CCS and will be discussed further in the following section.
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2.2. Policy Support for Hydrogen Development

At the core of the hydrogen economy’s potential is the transition towards cleaner
hydrogen production methods, as illuminated by the International Energy Agency (IEA) [3],
not only aiming to diminish the direct emissions from hydrogen production but also
aligning with broader decarbonization efforts.

While electrolysis presents a path towards clean hydrogen, natural-gas-based pro-
duction, especially when integrated with efficient carbon capture and sequestration (CCS)
methods, remains one of the most cost-competitive and effective pathways for hydrogen
production currently [5,6,16,27]. The economic and technical viability of these methods,
at least in the short-to-medium term, underscores the need for robust policy support to
bridge the gap and align with decarbonization objectives [4,29,30]. Máté et al. confirms
the environmental Kuznets curve theorem and underscores the crucial moderating role of
taxation in amplifying the positive effects of renewable energy supply on reducing carbon
intensity [31]. Governmental actions at international and national levels are crucial for
creating conducive environments for developing additional low-carbon hydrogen capacity,
thereby encouraging natural-gas-based production methods alongside efficient CCS mea-
sures [3,4,8,32,33]. Gao et al. also confirmed the effective role of tax policy in promoting
emission reduction strategies by firms [13].

The impact of fiscal incentives such as tax credits and subsidies in reducing emissions
and costs associated with hydrogen production is evident [15,30,34,35], and there could
be further energy efficiency gain from tax incentives for investments illustrated in quasi-
natural experiments [36]. As technological pathways to hydrogen production evolve, so
does the policy framework supporting these advancements. The case of Anhui Province,
China, emphasizes the importance of substantial funding and fiscal policies in achieving
sustainable development towards carbon neutrality [14].

Financial mechanisms, particularly tax credits such as Sections 45Q and 45V under the
Inflation Reduction Act [10,37], stand out as significant incentives that directly influence
the economic viability of hydrogen projects. These policies aim to reduce the carbon
footprint of hydrogen production and catalyze investments in hydrogen infrastructure and
market creation.

The unique contribution of this current work lies in its focused analysis of the eco-
nomic implications of the 45Q and 45V tax credits under the Inflation Reduction Act on
CCS-integrated hydrogen production projects. This research adds value by providing
actionable insights for policymakers, energy sector developers, and investors, highlight-
ing the effectiveness of specific fiscal measures in promoting clean hydrogen production.
By bridging the gap between policy intentions and practical implementation, this work
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contributes to the broader dialogue on energy policy and hydrogen economy, aiming to
accelerate the transition towards a low-carbon energy future.

In conclusion, the strategic implementation of policy measures, particularly those
focused on financial incentives and regulatory frameworks, plays a critical role in enabling
the development of a hydrogen economy aligned with global sustainability goals [2,34].

In light of the current landscape, where natural-gas-based production with CCS
emerges as one of the most cost-competitive and effective pathways—at least for the
foreseeable future—it is crucial to articulate the value proposition of policy support, which
is the objective of this current study. Such support is instrumental in developing additional
capacity for low-carbon hydrogen, encouraging the adoption of efficient CCS measures,
and effectively managing carbon through appropriate incentives.

3. Methodology

The effectiveness of policy support is not uniform; it is shaped by the specificities of
each incentive mechanism and its alignment with broader decarbonization objectives. Tax
credits 45Q and 45V offer distinct benefits focused on specific aspects of hydrogen project
development. Tax credit 45Q is intended for projects that capture and sequester carbon
dioxide. The amount of credit available per metric ton of CO2 depends on the utilization or
sequestration approach. This not only incentivizes the reduction in carbon emissions but
also encourages innovation in carbon capture and storage (CCS) technologies. Tax credit
45V, on the other hand, targets the production of clean hydrogen, providing a tax credit per
kilogram of hydrogen produced. The credit amount varies based on the carbon intensity of
the hydrogen production process, promoting technologies that result in lower greenhouse
gas emissions.

The essence of tax credits, particularly Sections 45Q and 45V, lies in their ability
to directly reduce the tax liability of entities engaged in low-carbon-intensity hydrogen
projects. This mechanism is crucial for stakeholders in the hydrogen energy sector, affecting
the decision-making criteria of projects, including NPV and capital budgeting conclusions,
which impact overall project feasibility. Tax credits are fundamentally different from tax
deductions. While deductions reduce taxable income, tax credits provide a dollar-for-dollar
reduction in the actual tax liability, making them especially valuable for incentivizing
investments in sustainable hydrogen production technologies.

Examining how these policy mechanisms influence the technological choices and
designs of hydrogen production projects is imperative. The subsequent sections detail
the methodological approach, including articulating the implementation assumptions of
45Q and 45V tax credits, the analysis of life-cycle emissions, and the financial modeling
techniques employed to assess the impact on the viability of hydrogen production projects.

3.1. The 45Q Tax Credit

The 45Q tax credit provides incentives for carbon capture and sequestration activities.
The credit amount varies based on factors such as the in-service year of the equipment and
whether the carbon oxide is geologically stored or used in enhanced oil recovery (EOR)
projects. Here is a timeline of the information regarding the 45Q tax credit and how the
range of the credit is determined [10,38,39].

2008: Introduction of the 45Q Tax Credit

The 45Q tax credit was initially introduced in 2008 as part of the Energy Improvement
and Extension Act of 2008. Initially, it only offered credit for capturing and storing carbon
dioxide (CO2) from power plants and industrial facilities. There was a cap on the original
credit; after 75 million metric tons of CO2 was claimed cumulatively by all qualified
facilities, the credit would no longer be available. Additionally, the credit was only available
to facilities that captured at least 500,000 metric tons of CO2 during a taxable year and was
only available to facilities engaged in geologic carbon sequestration. The initial credit was
USD 20 per metric ton for CO2 sequestered in secure geological storage and USD 10 per
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metric ton for CO2 used as a tertiary injectant in enhanced oil recovery (EOR) before being
sequestered. The amount of the credit was scaled every year to account for inflation.

2018: Bipartisan Budget Act

The Bipartisan Budget Act of 2018 significantly expanded the 45Q tax credit from pri-
marily geologic carbon sequestration to encompass a few methods of biologic sequestration
methods. Initially, the credit was USD 22.66 per metric ton of CO2 in 2017, with a planned
linear increase to USD 50 per metric ton by 2026 for permanent geological storage, and
USD 12.23 per metric ton of CO2 in 2017, with linear increases to USD 35 per metric ton
by 2026 for tertiary injectant, adjusted for inflation thereafter [38,40,41]. It also removed
the previously existing cap of 75 million metric tons of qualified carbon oxide captured
by all taxpayers and extended the commencement of construction deadline for qualifying
facilities. The expansion also broadened the scope of eligible carbon capture, utilization,
and storage (CCUS) activities, including direct air capture (DAC), and a wider range of
industrial facilities, such as steel mills, cement plants, and chemical plants. The expanded
credit also covered the utilization of captured CO2 in the production of various products.
This includes converting CO2 into fuels, chemicals, and building materials, thereby using
CO2 as a resource rather than emitting it as a waste product.

2021: New Legislation

New legislation introduced in 2021 proposed further improvements to the 45Q tax
credit. This included increases in the credit value from USD 50 to USD 85 per metric ton
for CO2 captured and stored in saline geologic formations and from USD 35 to USD 60 per
ton for CO2 stored via EOR [42,43]. A crucial element of the proposal was to extend the
deadline for starting construction on qualifying CCUS projects. This extension allowed
for more time for the development and planning of CCUS initiatives. Furthermore, the
proposed changes included requirements for labor standards. Projects seeking to qualify
for the enhanced tax credits needed to adhere to certain labor conditions, such as paying
prevailing wages and complying with registered apprenticeship programs [38].

The 2021 proposals, therefore, intended to build upon earlier expansions, focusing on
increasing the financial incentives and making CCUS technologies more accessible, as well
as appealing to a broader spectrum of industries.

3.2. The 45V PTC Credit

The Inflation Reduction Act of 2022 (IRA), passed by the Senate on 7 August 2022,
included several provisions for significant domestic energy investments to reduce carbon
emissions by roughly 40% by 2030 [9,10,44]. Section 45V under IRA defines the Clean
Hydrogen Production Tax Credit (PTC) as a ten-year tax credit covering various production
methods based on life-cycle carbon intensity. Table 1 summarizes the value of the PTC for
hydrogen depending on life-cycle emissions.

Table 1. PTC credits depending on life-cycle emissions (kg CO2e/kgH2) [9,45].

Life-Cycle Emissions (kg CO2e/kgH2) PTC Value (2022 USD/kgH2)

4–2.5 0.60

2.5–1.5 0.75

1.5–0.45 1.00

0.45–0 3.00

There are two aspects of the definition and scope: first, the 45V tax credit specified
that the life-cycle greenhouse gas emissions aligned with the Clean Air Act [37] as the
aggregated quantity of greenhouse gas emissions (including direct and significant indirect
emissions) from feedstock generation or extraction to the delivery and use of the finished
fuel to the ultimate consumer. Second, the 45V tax credit also required using the GREET
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model to determine the scope of life-cycle emission calculations. In the case of natural-
gas-based hydrogen production, we followed the directives and calculated the life-cycle
emissions of shale gas production transported via pipeline to a centralized hydrogen plant
using the GREET model [9,45].

Hence, the subsidy range received for PTC may vary from USD 0.6/kg to USD 1.0/kg
H2. Howeer, through various scenarios, we, as the researchers, find it is rare to reach USD
1.0/kg H2 with average-sourced natural gas from regular infrastructure setup. Here is a
list, which is not exclusive, of remaining technical requirements for the 45V tax credit that
need to be addressed and examined:

• Production efficiency for hydrogen production processes is technically feasible and
economically viable.

• Large-scale demonstrations of reliability and consistent performance of hydrogen
production technologies needs to meet commercial benchmarks.

The literature review reveals a dynamic field where technological innovation inter-
sects with policy incentives to shape the future of low-carbon hydrogen production. While
significant progress has been made in developing and deploying SMR and ATR technolo-
gies integrated with CCS, ongoing research is essential to optimize their efficiency and
environmental benefits. Similarly, tax credits under Sections 45Q and 45V have emerged
as critical tools for reducing the financial barriers to clean hydrogen projects, yet their full
potential is contingent on a deep understanding of the fiscal landscape and the strategic use
of tax equity financing mechanisms. This review underscores the need for continued explo-
ration into both the technological advancements and economic strategies that will drive
the adoption of low-carbon hydrogen as a key component of a sustainable energy future.

There are two different methods to estimate the tax credit on the production of hydrogen.

3.3. Tax Credit Converted to Per Unit Produced

The 45V tax credit is calculated as the amount of tax credit received for each unit of
hydrogen produced, while the 45Q tax credit is calculated based on the carbon captured.
One simple way to compare these two is to calculate the conversion factor, which estimates
an equivalent credit per kg of hydrogen produced, based on the capture rate of carbon, as
in the following equation:(

$ Credit/metric ton CO2

1000

)
× (CO2 capture rate, kg CO2/kgH2).

For example, if a hydrogen production plant has a CO2 capture rate of 8.9 kg CO2
per kg of hydrogen produced with permanent geological storage, it qualifies for the USD
85 per metric ton of tax credit under the latest tax credit 45Q guideline. Then, the credit can
be converted into per kg of hydrogen produced as follows:

Credit per kg of H2 = ($85/1000) × (1 kg H2/8.9 kg CO2) = $0.757.

The method of converting tax credits to a per-unit cost basis serves as an essential
initial step in comparing the effects of the 45Q and 45V tax credits on hydrogen production.
This approach offers a straightforward calculation, transforming complex tax incentives into
more digestible per-kilogram metrics. However, this simplicity comes with its limitations
when used in isolation. Without integrating these per-unit costs into a comprehensive net
present value (NPV) model, the analysis fails to capture the full spectrum of economic
impacts these tax credits have on a project.

3.4. Integrating Tax Credit Calculations in Net Present Value (NPV) Analysis

Net present value (NPV) is a financial metric to evaluate the profitability of an in-
vestment. It represents the difference between the present value of cash inflows and the
present value of cash outflows over a project’s lifetime. A positive NPV indicates that the
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projected earnings (in present dollars) exceed the anticipated costs, making the project
potentially profitable.

Incorporating tax credit calculations into the NPV study of a hydrogen project, like a
hydrogen production plant with carbon capture and storage (CCS), is crucial to accurately
assess the financial viability of such projects. This section will outline a methodology
for integrating tax credits into a cash flow calculation. To compare the difference of the
economic impacts from the two tax credits, that is, Sections 45Q and 45Q, one must consider
both the cash inflows and outflows over the project’s lifespan. Key components include
the following:

• Initial investment: the total upfront capital required to develop the project, including
costs for technology, construction, and setup;

• Operational costs: ongoing expenses such as labor, maintenance, utilities, and materials;
• Revenue streams: income from the sale of hydrogen and possibly from selling captured

CO2, if applicable;
• Tax credits: annual credits received.

NPV = ∑N
t=0

FCFt

(1 + WACC)t ,

FCF = EBIT − Tax + Depreciation − Change in Gross Fixed Asset−
Change in Net Working Capital,

and
EBIT = Revenue − Expenses − Depreciation.

WACC is the project’s weighted average cost of capital. In the case when there is no
tax credit, Tax can be calculated as

Tax = EBIT × Tax Rate.

With tax credit, the project’s tax liability can then be calculated as

Tax = EBIT × Tax Rate − Tax Credit.

The free cash flow equation can then be re-written as

FCF = EBIT × (1 − Tax Rate) + Tax Credit + Depreciation − Change in Gross Fixed Asset−
Change in Net Working Capital.

Since the purpose of this study is to compare how the two types of tax credits (45Q
and 45V) will affect NPV, the following additional assumptions are made:

• Sections 45Q and 45V will apply to the same project in the same company.
• The tax credit will not affect the project’s revenue and expenses.
• The tax credit will not affect the project’s capital structure and risk.

The only difference in the FCF equation, and thus the NPV equation, when applying
Sections 45Q and 45V, will be the difference from the different tax credits. That is, the
difference in the NPV of the project can be calculated directly by the difference of the
present value (PV) of the tax credit. For the 10-year production tax credit for hydrogen,

[
PV45V = ∑10

t=1
Credit /kg of H2 (45V)× Hydrogenproduction per year

(1 + r)t

]
.

The equivalent PV of the 45Q sequestration tax credit for each kg of hydrogen pro-
duced over the 12-year period is
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[
PV45Q = ∑12

t=1
Credit /metric ton of CO2(45Q)/1000 × CO2 capture rate × HydrogenProduction per year

(1 + r)t

]
.

here, the CO2 capture rate is the amount of CO2 captured per kg of hydrogen pro-
duced, which helps to estimate the equivalent credit on an H2 basis. By comparing
(PV45Q) and(PV45V), one can obtain an understanding as to which tax credit scenario
provides a higher NPV for the project, while another alternative, which is likely easier to
understand, would be to convert the impact on the project value on a levelized cost basis. It
would arrive at a dollar amount per kg of hydrogen produced under each tax credit scheme
for the same facility.

The NPV model, which considers the time value of money and encompasses all future
cash flows, provides a more accurate representation of a project’s financial viability over its
entire lifespan. It accounts for variable production rates, operational efficiencies, and the
specific duration during which the tax credits apply—crucial aspects that the per-unit cost
method oversimplifies. Therefore, while the per-unit cost offers an essential comparative
foundation, it must be utilized within the broader context of an NPV analysis to truly
understand the economic implications of tax credits on hydrogen production projects. This
integrated approach ensures that decision-makers can accurately assess the value of tax
credits, considering the complexities of production levels, time-bound incentives, and
overall project economics.

4. Results and Limitations
4.1. Tax Credit Impact Sensitivity

The scenario assumes an ATR plant with 90% CCS and 660,000 kg/d of production
capacity located in the US. The base scenario results in a USD 1.41/kg of levelized cost for
hydrogen production without any tax incentive, with an average natural gas price delivered
to the plant at USD 4.11/MMBtu, an electricity price at USD 0.075/kWh, and a discount
rate of 8%. With the base scenario as the benchmark, the analysis calculates different levels
of tax credit received by the project, either from 45Q or 45V. Figure 4 indicates the real
levelized cost of hydrogen in real 2020 dollars as a function of 45Q versus 45V incentive
structure; below, the base scenario cost is indicated by the black line at USD 1.41/kg.
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Given the latest 45Q tax credit, the likely tax impact would be in a range of USD
65–85/ton for CO2 if 90% of CO2 is captured from the total of 8.9 kg CO2 emitted per kg of
hydrogen produced. For the 45V tax credit, the likely impact is determined based on the
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life-cycle footprint of CO2. For example, if we assume 3.8 kg of CO2 to remain after 90%
CCS, it leads to a USD 0.60/kg of the 45V tax credit. Based on the GREET model [46], an
ATR plant with 90% CCS has a likely 45Q tax credit between USD 0.60 and 0.75/kg.

The first observation of the tax credit scenarios compared to the base scenario is that
all scenarios with tax credit have lower levelized costs of hydrogen, significantly ranging
from USD 0.41/kg to USD 0.81/kg of hydrogen. Secondly, with the likely range of the 45Q
tax credit that can be claimed for an ATR with CCS, the 45Q tax credit has a more beneficial
impact on the overall levelized cost, although the benefit is quite small, about 3–5 cents per
kg of hydrogen.

The direct impact of these tax credits on project economics cannot be overstated. By
effectively lowering the project cost, they improve the return on investment and can be the
determining factor in a project’s financial viability. For instance, a hydrogen production
facility that may be marginally profitable or even unprofitable in the absence of tax credits
could become economically viable once the value of these credits is factored into the
financial model.

With the estimated impact on the produced hydrogen, it is important to recognize
that the actual execution of the 45Q tax credit also assumes a list of technical requirements,
listed below, which need to be addressed and examined.

• Capture rate: the required carbon capture rate and how this can be validated through
commercial operation;

• Measurement and verification: the methodologies for measuring and verifying the
amount of CO2 captured, sequestered, or utilized and the need for robust monitoring,
reporting, and verification (MRV) systems;

• Sequestration integrity: the requirements for ensuring permanent CO2 sequestration
and the need for long-term monitoring protocols to prevent leaks;

• Environmental compliance: the need for adherence to environmental regulations,
particularly concerning the impact on air, water, and soil during the capture and
sequestration process.

4.2. Limitations of Tax Credits and the Role of Tax Equity Investments

While tax credits under Sections 45Q and 45V significantly enhance the economic
appeal of low-carbon-intensity hydrogen projects, they are accompanied by certain limita-
tions and considerations, particularly in their direct application. This section outlines these
limitations and introduces the concept of tax equity investments as a pivotal mechanism in
project financing to overcome these constraints.

The effectiveness of tax credits is inherently tied to the tax liability of the entity
undertaking the hydrogen project. The key limitation here is straightforward: if an entity’s
tax liability is less than the value of the tax credits it earns, it cannot fully utilize these
credits immediately. For example, if a company is eligible for USD 5 million in tax credits
but only has a tax liability of USD 2 million, the remaining USD 3 million in credits cannot
be applied within that tax year. This situation can often arise with start-ups or companies
investing heavily in new technologies, where profits (and hence tax liabilities) may not be
immediately realized.

Another consideration is the time-bound nature of tax credits. Often, tax credits
have expiration dates or are subject to phase-out schedules, which can affect long-term
project planning. Moreover, the complexity of tax laws and the potential for legislative
changes add an element of uncertainty, necessitating careful, forward-looking planning and
a thorough understanding of current tax legislation. To address the limitation of insufficient
tax liability and fully harness the value of tax credits, many projects turn to tax equity
financing. This involves a partnership between the project developer (who earns the tax
credits) and a tax equity investor (typically a financial institution or a corporation with a
significant tax appetite). In a tax equity deal, the investor provides upfront capital to the
project in exchange for the right to claim its tax credits. This arrangement benefits both
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parties; the project developer receives the necessary funding, while the investor leverages
the tax credits to reduce their own tax liabilities.

Tax equity investments play a crucial role in bridging the gap between the availability
of tax credits and the ability of project developers to utilize them. These investments
can be structured in various ways, with common models including partnership flips,
sale-leasebacks, and inverted leases. Each structure has its nuances regarding how the
tax credits are allocated and when the investor can claim them. For project developers,
engaging in tax equity financing can significantly enhance project viability. It allows them
to monetize the tax credits efficiently and apply the proceeds towards project development
costs. For investors, these deals offer a financially attractive opportunity, especially in a
low-interest-rate environment, as tax credits provide a guaranteed return on investment in
the form of tax savings.

Here is a hypothetical example of an autothermal reforming (ATR) project with carbon
capture and storage (CCS) to demonstrate the decision-making process for how tax equity
plays a role in project financing. Imagine the EcoSynthetics company plans to develop
an ATR facility with integrated CCS for hydrogen production. This facility is designed to
produce hydrogen while capturing and storing the CO2 emissions generated. The total cost
of the project is estimated at USD 1.2 billion. The facility is projected to produce 1 million
kilograms of hydrogen daily with 95% CO2 capture, equivalent to 3.09 million metric tons
of CO2 per year. The facility has two tax credit options of 45Q versus 45V and selects 45V
for the tax credit at an expected tax credit of USD 85/ton for permanent geological storage,
equivalent to a tax credit reaching up to USD 262 million to be utilized annually. However,
the project’s annual tax liability is USD 26 million, which is insufficient to utilize the full
amount of tax credit. Hence, the ATR project decides to pursue the 45Q option due to
the higher credit value and enters into a tax equity deal with a large financial institution,
FutureFund. FutureFund agrees to provide USD 500 million in capital for EcoSynthetics’s
project. FutureFund will receive 90% of the 45Q tax credits generated, equating to USD
236 million annually. Additionally, a revenue-sharing agreement is made for the sale of
hydrogen produced. EcoSynthetics completes the ATR+CCS facility and begins operation,
producing hydrogen and capturing CO2. FutureFund utilizes the USD 236 million in tax
credits to offset its tax liabilities, potentially spreading over several years, and a share of
hydrogen sales. EcoSynthetics benefits from the capital investment, making the project
feasible. The advantage of this tax equity deal is that it allows both parties to undertake a
high-cost project with significant environmental benefits. They effectively monetize the tax
credits, offsetting project costs and improving financial viability. This partnership fosters
the growth of sustainable energy projects while offering financial benefits to the investors.

The limitations of direct tax credit utilization underline the importance of tax equity
investments in low-carbon hydrogen project financing. Understanding and effectively
navigating the landscape of tax equity is essential for project developers to fully capitalize
on the opportunities presented by tax credits like 45Q and 45V. The company is not avoiding
taxes; it is using tax credits as the law allows, for incentivizing certain investments. These
tax credits are not intended to enable companies to avoid taxes indefinitely but to accelerate
the transition to cleaner energy sources. As the clean energy sector continues to evolve, tax
equity financing will likely play an increasingly prominent role in facilitating the growth
and success of environmentally sustainable projects.

5. Conclusions

This paper has traversed the landscape of the 45Q and 45V tax credits, dissecting their
roles in fostering the financial viability of hydrogen projects equipped with carbon capture
and storage (CCS). From the outset, we acknowledged hydrogen’s pivotal place in the
transition to clean energy, especially for sectors where direct electrification is less feasible.
The introduction of Sections 45Q and 45V by the US government under the Inflation
Reduction Act has been a game-changer, underscoring the government’s commitment to
decarbonization. Section 45Q bolsters CCS technologies by providing a per-ton credit for
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carbon sequestration, while 45V directly promotes clean hydrogen production, with credits
scaled according to carbon intensity.

Our discussions revealed that while the 45Q tax credit has a more established pres-
ence in the financial strategies of hydrogen projects, the newly introduced 45V tax credit
carries the potential to further accelerate the adoption of low-carbon hydrogen produc-
tion. However, it is important to recognize that 45V is still in its regulatory infancy,
without finalized guidelines. The most recent development is the proposed guidance
on 45V by the US Department of Treasury and International Revenue Service (IRS) re-
leased on 22 December 2023, along with a newly released model (45VH2-GREET 2023)
by the DOE to support the life-cycle emissions of hydrogen production, followed by a
60-day commenting period with public hearings scheduled in March 2024 (U.S. Depart-
ment of the Treasury, IRS Release Guidance on Hydrogen Production Credit to Drive
American Innovation and Strengthen Energy Security|U.S. Department of the Treasury
(https://home.treasury.gov/news/press-releases/jy2010, accessed on 24 December 2023)).
The proposed regulations reflect the Biden Administration’s policy choices in response
to intense lobbying and public debate. They generally adhere to stricter rules on time
matching, additionality, and regionality for the purchase of energy attribute certificates
to be eligible for tax credits. We decided not to wait for the finalized ruling of the 45V
guidance before publishing this paper, given that it is sufficient to conclude that this
uncertainty casts a shadow of ambiguity over projects that rely on the clarity of the tax
credits for economic success. Despite these challenges, the optimism surrounding 45V is
palpable, particularly among ATR projects vying for a place in hydrogen hubs. Many of
these projects are poised to utilize renewable gas and electricity, pushing the envelope on
reducing life-cycle carbon intensity. This forward-thinking approach is indicative of the
sector’s agility and responsiveness to policy-driven market signals.

In synthesizing the key takeaways, we find that, first, the NPV model offers a more ac-
curate representation of a project’s profitability, factoring in operational efficiencies, variable
production rates, and the specific duration of tax credits. This methodology underscores
that while converting tax credits to a per-unit cost provides a useful comparative basis, it
must be integrated into an NPV analysis to fully capture the economic implications of tax
credits on hydrogen production projects, ensuring that decision-makers can make informed
assessments of project viability considering the complexities of production levels and fi-
nancial incentives. Second, incorporating tax credits 45Q and 45V significantly reduces
the levelized cost of hydrogen production from an ATR plant with 90% CCS, enhancing
the project’s economic viability. The analysis demonstrates that 45Q tax credits generally
provide a slightly more favorable impact on reducing levelized costs compared to 45V, with
potential reductions in hydrogen costs ranging from USD 0.41/kg to USD 0.81/kg. Last,
the direct application of tax credits faces limitations due to entities’ tax liability constraints,
potentially hindering the immediate full utilization of the credits. Tax credits are time-
bound, introducing additional complexities in long-term project planning and financial
modeling. Tax equity investments emerge as a critical solution to the direct utilization
limitations of tax credits, enabling projects to monetize these incentives effectively and
secure the necessary funding.

Before wrapping up, we must acknowledge additional caveats. The actual impact of
these tax credits on a project’s bottom line will vary widely and will be influenced by a
host of factors, including (but not limited to) regional regulatory frameworks, the carbon
intensity of local energy grids, and the scale of the projects in question. Moreover, as
technology and policy evolve, so will the strategies for harnessing these fiscal incentives. In
conclusion, this paper presents a clear narrative; the strategic implementation of tax credits
like 45Q and 45V is beneficial and essential for the success of low-carbon hydrogen projects.
While uncertainties regarding the final form of 45V remain, the industry’s enthusiasm for
its potential suggests a readiness to embrace and adapt to new policy environments.

https://home.treasury.gov/news/press-releases/jy2010
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