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About AzCaNE: The Center for an Arizona Carbon-Neutral Economy (AzCaNE) brings together a diverse
group of stakeholders committed to fostering a carbon-neutral, thriving economy in Arizona and the desert
southwest by 2050. Arizona’s abundant solar energy resources offer substantial potential for low-carbon-
intensity (low-Cl) energy and low-Cl molecular hydrogen (H,) production, positioning the state as a national
leader in these sectors.

Treasury’s Rules for the Clean Hydrogen Production Tax Credit: 45V

This document outlines AzCaNE’s perspective on Treasury’s rules for the Clean Hydrogen Production Tax
Credit (Section 45V), emphasizing the need for these incentives to promote the growth of the low-Cl H,
industry while ensuring long-term environmental integrity, energy security and resilience, economic fea-
sibility, and social equity and justice.

1. Issue Overview

The Infrastructure Investment and Jobs Act (lIJA) and the Inflation Reduction Act (IRA) incentivize low-Cl
H, production, end-use applications, and the development of connective infrastructure [1], [2]. The U.S.
National Clean Hydrogen Strategy and Roadmap outlines initiatives to reduce low-Cl H, costs, advance
Regional Clean Hydrogen Hubs, accelerate deployment, and catalyze private sector investment [3]. These
strategy elements support hard-to-abate sectors such as heavy industry, chemical manufacturing, heavy-
duty transportation, and long-duration energy storage, aligning with global strategies including those from
the International Energy Agency (IEA) and the Intergovernmental Panel on Climate Change (IPCC) [4], [5].
The goal is to propel the U.S. toward a carbon-neutral economy by 2050, necessitating ongoing reductions
in carbon intensity (Cl) and emissions across all sectors, with an emphasis on diversifying energy sources
to bolster national energy security [6].

2. The Environmental, Economic, Security, and Social Lenses

The 45V production tax credit (PTC) in the IRA supports low-Cl H; production in the U.S. by offering credits
of up to $3 per kilogram, which can significantly offset today’s $4.5 to $12 per kilogram delivered cost of
low-Cl H; [7]. Facilities that begin operation construction before January 1, 2028 and produce low-Cl H;
after December 31, 2022 can claim this credit for up to 10 years [8]. This incentive aims to reduce Cl, drive
innovation, and attract investment in low-Cl H,. While stakeholders across the low-Cl H; industry, environ-
mental groups, academia, the public, and governments agree on advancing low-Cl technologies, they differ
in their perspectives on the best ways to produce and use low-Cl H; to reduce emissions of hard-to-abate
sectors. We reflect on these varied viewpoints or "lenses," which shape policy perspectives on low-Cl H,
production and its role in achieving a carbon-neutral economy.

¢ Environmental Lens: Focuses on reducing emissions and preserving ecological integrity. This per-
spective calls for stringent rules to secure environmental benefits, even in the short term [9], [10].

¢ Economic Lens: Centers on cost-effectiveness and financial viability, balancing profitability with re-
sponsible use of capital. This view values the economic feasibility of low-Cl H, projects and considers
high compliance costs and operational demands that could limit industry growth and investment
[11],[12].

¢ Security and Resiliency Lens: Highlights the need for a resilient, reliable energy system built on di-
verse resources, with low-Cl H; playing a crucial role [6], [13]. This lens emphasizes integrating low-
Cl H, to provide long-duration energy storage solutions, ensuring reliability during seasonal fluctua-
tions and periods with limited sunlight and wind, and thus supporting energy security and resiliency

[6].
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e Social Lens: Prioritizes human welfare, equity, and social justice, focusing on job creation, community
well-being, and equitable access to low-Cl benefits, especially for disadvantaged communities [12].

3. Treasury’s Final 45V Rules

We now examine the requirements or “three pillars” employed by Treasury that production facilities must
meet to receive 45V production tax credits.

¢ Additionality (or Incrementality) requires that only new renewable or low-Cl sources supply energy
to the production facility, with these sources coming online within three years of the low-Cl H; pro-
duction facility’s commissioning.

e Temporality (or Time-Matching) requires hourly matching between renewable or low-Cl energy
sources and the H, production, with annual matching allowed through 2029 (and hourly matching
required beginning January 1%, 2030) to determine the Cl. Producers may use Energy Attribute Cer-
tificates (EACs) for this alignment instead of direct sourcing.

¢ Regionality (or Deliverability) mandates the renewable or low-Cl electricity, direct or EAC, sources
must originate from pre-defined local regions.

These pillars aim to limit both attributional and consequential emissions. Attributional Emissions refer to
the greenhouse gas (GHG) emissions directly associated with a specific product or activity, including all
emissions from the production process. Consequential Emissions consider the indirect effects on overall
emissions across different sectors, by examining how a product or policy might displace other emissions
or induce added emissions elsewhere [14].

The rules aim to lower economy-wide emissions without increasing the power sector's GHG emissions by
displacing low-Cl sources or adding fossil fuel capacity [14]. From an environmental perspective, the strin-
gency of the rules is seen as essential for reducing emissions in both the near term and long term [10].
Conversely, an economic perspective raises concerns that overly stringent requirements might slow or halt
low-Cl H; projects, potentially hindering long term efforts capability to achieve a carbon-neutral economy
[15]. These rules may inadvertently favor certain regions for low-Cl H, production, discouraging develop-
ment near end-users and increasing the need for long-distance transport [10], [11]. The economic view-
point emphasizes that such delays in low-Cl H, deployment could impede broader goals for timely reduc-
tion in economy-wide emissions, especially as the electric grid continues to lower its Cl and overall GHG
emissions [11], [16].

A security and resiliency lens favors less stringent rules to support rapid deployment of low-Cl H, projects
and enhance load management, diversifying the energy mix to strengthen long-term energy security. Sim-
ilarly, a social lens might promote flexibility in the rules to ensure that low-Cl H, production promotes
equitable access to its benefits, including job creation, energy justice, active community engagement,
clean air, and workforce development, while contributing to both environmental sustainability and eco-
nomic growth.

4. AzCaNE Viewpoint on Treasury’s 45V Rules

AzCaNE views Treasury’s rules for low-Cl H, PTC under the IRA, which emphasize additionality, temporality,
and regionality, as overly and unnecessarily restrictive and lacking balance. These rules risk hindering the
development of a national low-Cl H, network [16], [17], a critical step toward achieving a carbon-neutral
economy by 2050 [3], [10]. AzCaNE finds that such stringent requirements could create substantial barriers
in regions like Arizona, strategically located between Texas and California [10], and would likely limit low-
Cl H, deployment, increase costs, and reduce efficiencies—outcomes counter to the original intent to
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encourage market liftoff for this nascent industry [18]. Studies indicate that integrated emissions can be
effectively managed with more moderate rules than those currently in place [10], [11], [17], [18], [19].
AzCaNE supports a more balanced approach that advances rapid market growth while maintaining effec-
tive emission controls, ensuring progress in lowering the emissions of hard-to-abate sectors, and aligning
with the IRA’s primary goals.

5. Potential Impacts of Treasury’s 45V Rules

The PTC incentive aims to stimulate low-Cl H, production, but the rules' complexity and stringency may
hinder industry growth by increasing costs and slowing deployment. Addressing crucial challenges that
these rules pose to low-Cl H, production and their broader implications for achieving a carbon-neutral
economy may be necessary to promote the sector’s development.

Constrained Project Viability: Although the three pillars promote environmental responsible prac-
tices, strict reliability requirements can sharply increase production costs, potentially making many
projects financially unviable except in regions with superior conditions of both solar and wind re-
sources [20], [21].

Reliance on Off-Grid Facilities: By restricting grid dependency and aiming to reduce transmission
losses, the rules may push low-Cl H, production facilities toward off-grid, dedicated renewable
sources. However, this reliance would be sub-optimal limiting system advantages and capacity fac-
tors, increasing costs, and reducing efficiency, especially if costly energy storage becomes necessary
to maintain reliability and cost effectiveness [10], [21].

Loss of Grid Service Opportunities: Off-grid renewable energy dedicated to low-Cl H; production
lowers Cl but eliminates opportunities for ancillary grid services, such as demand response during
peak times [10], [22]. Without such grid services, balancing supply and demand becomes costlier
[22], particularly in regions like Arizona, where extreme temperatures, high solar adoption, and var-
iable demand, call for extensive infrastructure [23], [24].

Low-Capacity Factors: Strict rules align low-Cl H, production with renewable availability, enhancing
environmental integrity [10]. However, this intermittent operation reduces flexibility, productivity,
and efficiency [10], [19]. Studies show that requiring hourly matching with renewable sources can
significantly increase costs due to efficiency losses or extensive energy storage needs, underscoring
the importance of balancing rules with operational practicalities [11], [18].

Complex Verification Process: Although thorough verification is essential for transparency and trust,
the rules could impose substantial administrative costs for lifecycle GHG emissions assessment [25]
that may delay financing of projects [15]. Tracking hourly matching requires new systems that may
be challenging to establish by 2030, complicating project financing compared to the more stream-
lined processes in the EU [17].

Regulatory Uncertainty: Ambiguity around timelines and criteria introduced uncertainty, which
caused delays in the sector development and progress toward environmental, economic, social, and
security goals [20], [25].

Transmission Losses: While localized production reduces transmission losses [14], the deliverability
requirement raises concerns about securing recently added zero carbon resources for low-Cl H; pro-
duction [11]. The use of Energy Attribute Certificates (EACs) under the 45V rules can certify renewa-
ble energy use without necessitating long-distance electricity transmission [11].
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¢ Regional Concentration: The framework may geographically concentrate low-Cl H; production, fa-
voring regions with both abundant solar and wind resources [10], [11]. This concentration could slow
competition, create market disparities, and necessitate costly long distance transport to bring all re-
gions towards a carbon-neutral economy [10], [11].

e Competitive Disadvantages: High compliance costs and regulatory complexity may drive stakehold-
ers to regions with more favorable regulatory landscapes, such as Europe, potentially weakening U.S.
competitiveness [16], [25], [26].

6. Advancing a Balanced Approach to 45V Rule Implementation

Addressing diverse perspectives requires a balanced evaluation of the rules, focusing on their impact on
low-Cl Hy's viability in hard-to-abate sectors and on carbon-neutral opportunities potentially lost by overly
stringent rules. High costs and infrastructure demands highlight the need to incentivize this sector, and
easing constraints may not necessarily lead to unacceptable emissions increases, as some have claimed
[11]. Analyses of strict hourly matching suggest it does not consistently lower attributional emissions com-
pared to annual matching [11], [17], [19].

The widely-cited study by Ricks et al. [14] finds that hourly matching lowers emissions only when cost-
effective low-Cl electricity is available—often requiring overbuilding of low-Cl power sources, which raises
costs [27] and can waste resources. However, modeling the complex dynamics between deployment lev-
els, costs, system effects, and emissions remains challenging [14], [18], [27]. These findings highlight the
need for on-going policy monitoring and potential adjustments (course corrections) to mitigate emissions
impacts [18], [27]. Recent studies recommend annual matching to avoid significant cost and operational
barriers while achieving environmental goals [11], [17], [18], [19]. Investigations indicate that stringent
additionality and temporality requirements may not significantly reduce GHG emissions, yet they increase
costs and reduce efficiency, likely slowing or even halting deployment in many regions [11], [15], [16], [17],
[18], [19], [27]. These heightened costs risk negating the PTC's benefits, stalling industry progress, and
undermining efforts to foster a sustainable and secure energy future [17].

7. Paths for Low-Carbon-Intensity H, Production Incentives

The three-pillar approach to low-Cl H, imposes requirements that are more stringent than those for low-
Cl energy technologies such as the tax credits for battery electric vehicles (BEVs), raising concerns about
equity [20], [28]. While BEVs initially relied on a carbon intensive grid energy, they have also driven growth
in renewable energy to meet emission reduction goals [29]. If the PTC for low-Cl H, prevents its use of grid
power due to strict requirements, these incentives risk being undermined, creating barriers to lowering
the emissions of hard-to-abate sectors that cannot rely on electrification [17]. The European Union’s more
balanced approach to low-Cl H, regulation and its experiences offer a model that the U.S. could consider,
supporting industry growth and enhancing energy security through a diverse and resilient energy mix [16],
[17].

8. Conclusion

A more nuanced approach for Treasury’s 45V rules can help mitigate risks to achieving the intended goals
by considering environmental, economic, security, and social lenses. The current rules risk prioritizing
near-term environmental concerns about grid emissions, potentially overlooking economic, social, secu-
rity, and resiliency factors critical to developing sustainable energy solutions for hard-to-abate sectors and
reducing long-term emissions. Adjusting the rules to support a broader set of priorities could better pro-
mote technology deployment, economic growth, energy security, and job creation, all while aligning with
our carbon-neutrality by 2050 objectives. Our recommendations seek to harmonize these rules with global
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standards of flexibility and innovation, ensuring the U.S. remains competitive in the low-Cl H, market. A
balanced approach fosters a carbon-neutral future that is economically viable and socially inclusive, ad-
vancing a sustainable and equitable economy for the 21st century [11], [17].

9. Recommendations

AzCaNE underscores that the effectiveness of the 45V tax credit in driving low-Cl H, production relies on
thoughtful implementation. We would have recommended a balanced approach that addresses environ-
mental integrity, economic viability, social equity, and energy security and resiliency. These strategies aim
to align robust tax incentives with practical measures essential for the sustainable growth of the low-Cl H,
industry nationwide.

¢ Grandfathering Early Movers: Support for projects initiated before the end of 2027 by allowing an-
nual matching, expanded deliverability regions, and the use of existing renewable sources, with tax
credits limited to the first 100 metric tons per day per plant. This approach would incentivize and
reward early movers, who take on greater risk and higher investment costs, fostering growth across
the sector [20], [30], [31].

¢ Transition Period from Annual to Hourly Matching: Implement a phased transition to hourly match-
ing, beginning with annual matching for all production prior to January 1, 2030, and for the first year
of production until 2032. This flexibility would have provided industry and utilities time to adapt,
supporting growth and competitiveness while keeping emissions impacts within reasonable bounds
[17], [18].

¢ Adjusting Regionality Requirements: Modify regionality requirements to reflect unique energy land-
scapes, allowing more flexibility in sourcing zero-carbon electricity, such as within a balancing region,
while managing impacts on consequential emissions [10].

¢ Clarification on Renewable Natural Gas (RNG) Use: Establish clear guidelines for RNG use within the
45V framework, addressing deliverability, additionality, book and claim accounting, and eligibility is-
sues [16], [32]. This clarity is essential for regions like Arizona, where gas peaking plants will continue
to play a crucial role [33], supporting a more inclusive low-Cl energy certification approach using EACs
[32], [34].

¢ Responsible use of Natural Gas: To enhance the tax credit’s effectiveness and encourage best prac-
tices, base eligibility on individual performance rather than industry-wide average methane leakage
rates. This approach, emphasizing measurement and verification for superior methane management,
would motivate companies to adopt best in class practices, reduce methane emissions, and drive
continuous improvement across the sector [35]. Moving away from an average-based approach can
prevent underperforming companies from aiming only for minimal standards while recognizing those
committed to rigorous methane control [36]. We also suggest incorporating third-party certification
of responsibly sourced natural gas, using established frameworks like the MiQ Standard to verify low-
emission practices. Such certification improves transparency, enhances accountability, and provides
robust assessments of methane emissions and other environmental, social, and governance (ESG)
metrics [37], [38].

10. Comparing Proposed vs. Final Treasury Rules to AzCaNE’s Recommendations

In January 2025, the Internal Revenue Service (IRS) and Treasury released final rules regarding the Produc-

tion Tax Credit (PTC)[39]. These final rules maintained the original “three pillars” while allowing certain

flexibility and expanded pathways that diverge from the proposed rules in meaningful ways. Under prior
5
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law, a facility could qualify for 45V as long as construction began before January 1%, 2033—shown either
by physical work of a significant nature or by incurring at least 5% of total project cost with continuity—
and the credit would be available for qualified low-Cl H, for 10 years starting on the placed-in-service date.
The final 45V regulations added a beginning-of-construction safe harbor solely to lock in the GREET model
version and, for what constitutes “begin construction” (including the 5% safe harbor and physical-work
test), direct taxpayers to Notice 2022-61 [40] and the guidance under §§45, 45Q, and 48 [39].

Public Law No. 119-21 (2025) § 70511 enacted by Congress in mid-2025 amended the PTC's eligibility
requirements?. This legislative amendment replaces the prior 2033 timeline for project qualification, now
ending the credit for projects for which construction begins after December 31%, 2027. This shortens the
begin-construction eligibility window by five years, creating a significant shift for low-Cl H; producers’ time-
lines, but does not modify any other standards or thresholds [41].

A. Grandfathering Early Movers

e Final Treasury Rule: The final rules did not adopt any special flexibility or grandfathering for early
low-Cl H; production projects. Early movers remain subject without exemptions.

e Alignment with AzCaNE’s Recommendations: This change did not align with AzCaNE’s recom-
mendation to incentivize and reward early adopters.

B. Transition Period from Annual to Hourly Matching

e Final Treasury Rule: The final rules delay the hourly matching requirement until 2030. Importantly,
producers do not lose the full credit if some production hours exceed an emissions threshold.
Instead, as long as the annual average lifecycle emissions remain at or below 4 kg CO»e per kg H,,
low-Cl H; produced at < 0.45 kg CO,e/kg H, earns 100% of the credit; > 0.45—< 1.5 kg earns 33.4%;
> 1.5-< 2.5 kg earns 25%; > 2.5—< 4 kg earns 20%; and no credit for hours with emissions > 4 kg3
[42]. This structure rewards lower-Cl operation in real time and encourages incremental improve-
ments without penalizing variability.

e Alignment with AzCaNE’s Recommendations: The start date initially aligned with AzCaNE’s rec-
ommendation for a phased transition and two-year delay. However, because the statutory begin-
construction cutoff is Dec. 31, 2027, projects that start later do not qualify for §45V regardless of
annual vs. hourly matching [41]. Additionally, Treasury did not adopt AzCaNE’s additional recom-
mendation to allow each new low-Cl H; production facility to use annual matching in its first op-
erating year through 2032.

C. Adjusting Regionality Requirements:

e Final Treasury Rule: The rule retains DOE’s regional boundaries and the core deliverability require-
ment that producers must source EACs from electricity generated in the same DOE-defined grid
region as their low-Cl H; production facility. It adds limited flexibility — producers may source EACs
from another region provided they satisfy all the following conditions:

! See the discussion and regulatory text at § 1.45V-4(b)(2) and the parallel § 1.48-15(d)(5) labeled “Beginning of
construction safe harbor.”

2 See 26 U.S.C. § 45V(c)(3)(C) (as amended by Pub. L. No. 119-21, § 70511, 119th Cong. (2025))

3 See 26 U.S.C. § 45V(b)(2) (applicable percentage tiers based on lifecycle GHG emissions rate); see also 26 C.F.R.
§ 1.45V-4(a)(2) and Examples 1-2 at § 1.45V-4(a)(3) for the hourly-accounting election and tiered credit calculation.
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= The producer, its counterparty, or their scheduling agent must hold transmission rights
from the generator’s interconnection point to the hydrogen producer’s balancing author-
ity area, and must schedule, dispatch, and settle the associated generation for delivery
within that area.

= The producer must demonstrate that cross-region electricity delivery occurs on an hourly
basis, record them in an hourly EAC registry, verify them using NERC E-tags or an equiva-
lent electronic transmission log, and ensure that no counter-balancing reverse transac-
tions offset the delivery.

= |f the electricity comes from Mexico or Canada, the generator must provide an attestation
confirming that no other party has claimed the associated attributes.

Alignment with AzCaNE’s Recommendations: This modification partially reflects AzCaNE’s rec-
ommendation to ease regional constraints. However, the allowed flexibility to source from quali-
fying regions remains narrower than broader market structures like the Western Energy Imbal-
ance Market, which spans multiple balancing authorities across several states®.

D. Clarification on Renewable Natural Gas Use

Final Treasury Rule: Treasury removed the proposed "first productive use" ban, so previously cap-
tured or combusted methane can now qualify. The final rules also expanded the list of eligible
renewable-methane sources beyond landfill gas to include gas from wastewater-treatment, ani-
mal-manure digesters, coal-mine methane, and other fugitive methane sources®. For each source
type, the rules assign an “alternative-fate” baseline in the 45VH2-GREET (Greenhouse gases, Reg-
ulated Emissions, and Energy use in Technologies model to calculate lifecycle emissions). The rule
allows for physical blending, but to avoid diluting the carbon intensity, it counts as RNG only gas
backed by retired gas-attribute certificates and treats any uncertified portion of the blend as fossil
gas at the default carbon intensity®. Deliverability requires that the gas EAC must cover RNG or
coal-mine methane injected anywhere on the contiguous-U.S. pipeline grid (treated as one re-
gion); producers in Alaska, Hawaii, or a U.S. territory must buy EACs for gas injected in that same
local region. Temporal matching is monthly: the EAC’s injection month must be the same month
the low-Cl H; plant uses the gas. Treasury did introduce a "book-and-claim" accounting mecha-
nism, but it cannot begin until the Secretary certifies a suitable registry which cannot occur before
January 1, 2027, until then producers must prove direct, exclusive delivery or other physical deliv-
ery that precludes double counting’.

Alignment with AzCaNE’s Recommendations: This clarification closely aligns with AzCaNE’s rec-
ommendation for clear guidelines on RNG use.

E. Responsible Use of Natural Gas

4See 26 C.F.R. § 1.45V-4(d)(3)(iii)(A)-(B) (defining the core deliverability rule and the conditions for inter-regional
EAC use)

5> See 26 C.F.R. § 1.45V-4(f)(2)(iii)(B)—(E) (expanded RNG sources; “first-productive-use” ban removed).

¢ See 26 C.F.R. § 1.45V-4(£)(2)(i) and (f)(3)(ii)~(vi) (source-specific “alternative-fate” baselines in 45VH2-GREET)
and § 1.45V-4(f)(4)(i) (blended uncertificated gas treated as fossil).

7 See 26 C.F.R. § 1.45V-4(D)(4)(iii)(A)—(B) (monthly temporal matching and pipeline-deliverability rule); § 1.45V-
4(f)(4)(i1) (book-and-claim deferred until registry certified).
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e Final Treasury Rule: Treasury retains the default 45VH2-GREET model assumptions for upstream
methane leakage but establishes a future pathway to use verified project-specific emissions data.
Producers may use this option once EPA finalizes and implements its updated GHGRP reporting
standards and Argonne integrates those standards into the GREET model.

e Alignment with AzCaNE’s Recommendations: The final rules partially align with AzCaNE’s recom-
mendation by creating a future pathway for project-specific methane leakage data in future GREET
updates once EPA’s updated reporting systems are in place. However, they continue to rely on
default national averages in the near term and do not adopt AzCaNE’s call for immediate perfor-
mance-based eligibility or recognition of third-party certifications like MiQ.

11. Takeaway

While the two-year extension for annual matching, modest adjustments to regionality requirements, and
clarified RNG provisions ease some of the most stringent aspects of the original proposed rules, the final
rules still impose significant constraints. They do not grandfather early movers, they maintain strict re-
gional matching requirements, and they delay the use of project specific leakage rates. Compounding
these regulatory hurdles, Pub. L. No. 119-21 (2025) § 70511 cut the eligibility window short by requiring
construction to begin before January 1, 2028 rather than 2033, accelerating project timelines by five years
without altering other §45V standards. As a result, the final 45V rules risk overly restricting low-Cl H; pro-
ducers, slowing deployment in regions like Arizona, and falling short of AzCaNE’s recommendation for
more balanced and flexible implementation rules.

12. References

[1] Department of Energy, “DOE Establishes Bipartisan Infrastructure Law’s $9.5 Billion Clean Hydro-
gen Initiatives,” Energy.gov. Accessed: Mar. 25, 2024. [Online]. Available: https://web.ar-
chive.org/web/2025012008252 1/https://www.energy.gov/articles/doe-establishes-bipartisan-infra-
structure-laws-95-billion-clean-hydrogen-initiatives

[2] Office of Energy Efficiency & Renewable Energy, “Financial Incentives for Hydrogen and Fuel Cell
Projects,” Energy.gov. Accessed: Mar. 25, 2024. [Online]. Available: https://www.en-
ergy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects

[3] “U.S. National Clean Hydrogen Strategy and Roadmap,” U.S. Department of Energy, Strategy and
Roadmap, Jun. 2023. [Online]. Available: https://www.hydrogen.energy.gov/docs/hydrogenprogram-
libraries/pdfs/us-national-clean-hydrogen-strategy-roadmap.pdf

[4] International Energy Agency, “Global Hydrogen Review 2023, Paris, France, 2023. [Online]. Avail-
able:  https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ceSblel9cet/GlobalHy-
drogenReview2023.pdf

[5] Intergovernmental Panel on Climate Change (IPCC), Ed., “Energy Systems,” in Climate Change 2022
- Mitigation of Climate Change, 1st ed., Cambridge University Press, 2023, pp. 613-746. doi:
10.1017/9781009157926.008.

[6] “Geopolitics of the Energy Transformation: The Hydrogen Factor,” International Renewable Energy
Agency, Abu Dhabi, 2022. Accessed: Jul. 16, 2024. [Online]. Available: https://www.irena.org/Digi-
tal-Report/Geopolitics-of-the-Energy-Transformation

[7] K. Schelling, “Green Hydrogen to Undercut Gray Sibling by End of Decade,” BloombergNEF. Ac-
cessed: Jul. 03, 2024. [Online]. Available: https://about.bnef.com/blog/green-hydrogen-to-undercut-
gray-sibling-by-end-of-decade/



[9]

[10]

[18]

[19]

CENTER FOR AN
z a ARIZONA CARBON-
NEUTRAL ECONOMY

Internal Revenue Service and Department of the Treasury, Section 45V Credit for Production of Clean
Hydrogen,; Section 48(a)(15) Election To Treat Clean Hydrogen Production Facilities as Energy
Property. 2023, pp. 89220-89255. Accessed: Jul. 03, 2024. [Online]. Available: https://www.feder-
alregister.gov/documents/2023/12/26/2023-28359/section-45v-credit-for-production-of-clean-hy-
drogen-section-48al5-election-to-treat-clean-hydrogen

G. Wagner and D. Cullenward, “Get tax right or clean hydrogen will be bigger boondoggle than bio-
fuels,” Washington Post, Apr. 28, 2023. Accessed: Mar. 30, 2024. [Online]. Available:
https://www.washingtonpost.com/opinions/2023/04/27/clean-hydrogen-tax-credit-stringent-rules/

D. Esposito, E. Gimon, and M. O’Boyle, “Smart Design of 45V Hydrogen Production Tax Credit Will
Reduce Emissions and Grow the Industry,” Energy Innovation Policy & Technology LLC, San Fran-
cisco, CA, Apr. 2023. [Online]. Available: https:/energyinnovation.org/wp-content/up-
loads/2023/04/Smart-Design-Of-45V-Hydrogen-Production-Tax-Credit-Will-Reduce-Emissions-
And-Grow-The-Industry.pdf

A. Olson, G. Gangelhoff, H. Felicien, and K. Walter, “Analysis of Hourly & Annual GHG Emissions:
Accounting for Hydrogen Production,” Energy & Environmental Economics, Inc., San Francisco,
California, Apr. 2023. [Online]. Available: https://acore.org/wp-content/uploads/2023/04/ACORE-
and-E3-Analysis-of-Hourly-and-Annual-GHG-Emissions-Accounting-for-Hydrogen-Production.pdf

C. Parente, F. Teixeira, and J. Cerdeira, “Stakeholders’ perceptions of hydrogen and reflections on
energy transition governance,” Energy, Sustainability and Society, vol. 14, no. 1, p. 15, Mar. 2024,
doi: 10.1186/s13705-023-00429-w.

J. Augutis, L. Martisauskas, and R. Krikstolaitis, “Energy mix optimization from an energy security
perspective,” Energy Conversion and Management, vol. 90, pp. 300-314, Jan. 2015, doi:
10.1016/j.enconman.2014.11.033.

W. Ricks, Q. Xu, and J. D. Jenkins, “Minimizing emissions from grid-based hydrogen production in
the United States,” Environ. Res. Lett., vol. 18, no. 1, p. 014025, Jan. 2023, doi: 10.1088/1748-
9326/acacbs.

E. Pontecorvo, “The Hydrogen Tax Credit Rules Are Effectively Dead - Heatmap News,” Heatmap,
Jul. 15, 2024. Accessed: Oct. 17, 2024. [Online]. Available: https://heatmap.news/economy/hydro-
gen-tax-credit-rules

M. Zacarias and C. McGeady, “How the 45V Tax Credit Definition Could Make or Break the Clean
Hydrogen Economy,” Center for Strategic and International Studies, Washington, D.C., May 2023.
Accessed: Apr. 18, 2024. [Online]. Available: https://www.csis.org/analysis/how-45v-tax-credit-defi-
nition-could-make-or-break-clean-hydrogen-economy

B. King, G. Bower, M. Tamba, W. Jones, and J. Larsen, “Scaling Green Hydrogen in a post-IRA
World,” Rhodium Group, Mar. 2023. Accessed: Apr. 09, 2024. [Online]. Available: https://rhg.com/re-
search/scaling-clean-hydrogen-ira/

T. Schittekatte, A. Cybulsky, M. Giovanniello, and D. Mallapragada, “Producing hydrogen from elec-
tricity: how modeling additionality drives the emissions impact of time matching requirements,” May
10, 2023. doi: 10.21203/rs.3.rs-2834020/v1.

M. Vargas, K. McNutt, and C. Seiple, “Green hydrogen: what the Inflation Reduction Act means for
production economics and carbon intensity,” Wood Mackenzie, Mar. 2023. Accessed: Apr. 09, 2024.
[Online]. Available: https://www.woodmac.com/news/opinion/green-hydrogen-IRA-production-eco-
nomics/

9



[20]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

[29]

[30]

CENTER FOR AN
z a ARIZONA CARBON-
NEUTRAL ECONOMY

“Transcript of IRS Hearing on Clean Hydrogen Regs Is Available.” Washington, D.C., Mar. 25, 2024.
Accessed: Apr. 18, 2024. [Online]. Available: https://www.taxnotes.com/research/federal/other-doc-
uments/public-comments-regulations/transcript-irs-hearing-clean-hydrogen-regs-availa-
ble/7jcpk?highlight=%22REG-117631-23%22+%2289+F.R.+19518-19519%22+%222024-
14+IRB+754%22

J. M. Bracci, E. D. Sherwin, N. L. Boness, and A. R. Brandt, “A cost comparison of various hourly-
reliable and net-zero hydrogen production pathways in the United States,” Nat Commun, vol. 14, no.
1, p. 7391, Nov. 2023, doi: 10.1038/s41467-023-43137-x.

X. Wang, H. Wang, and S.-H. Ahn, “Demand-side management for off-grid solar-powered microgrids:
A case study of rural electrification in Tanzania,” Energy, vol. 224, p. 120229, Jun. 2021, doi:
10.1016/j.energy.2021.120229.

“Extreme heat, rising demand: Arizona utilities warn of blackouts in summers ahead,” Arizona Tech-
nology Council. Accessed: Apr. 18, 2024. [Online]. Available: https://www.aztechcouncil.org/ex-
treme-heat-rising-demand-arizona-utilities-warn-of-blackouts-in-summers-ahead/

A. Jensen, ““The grid needs to double in size’: Manufacturing, climate change drive power demand
in Arizona,” Phoenix Business Journal, Nov. 28, 2023. Accessed: Jul. 02, 2024. [Online]. Available:
https://www.bizjournals.com/phoenix/news/2023/11/28/asp-srp-power-energy-carbon-green-ari-
zona-phoenix.html

B. de Marigny et al., “Section 45V Clean Hydrogen Production Tax Credit - IRS Releases Proposed
Regulations | Thought Leadership,” Baker Botts, Houston, Texas, Dec. 2023. Accessed: Apr. 22, 2024,
[Online].  Available:  https://www.bakerbotts.com/thought-leadership/publications/2023/decem-
ber/section-45v-clean-hydrogen-production-tax-credit-irs-releases-proposed-regulations

S. N. Barakat et al., “Proposed Clean Hydrogen Guidance: Limitations on Credit Availability for
Green Hydrogen Projects and Paths Forward,” Akin Gump Strauss Hauer & Feld LLP, Washington,
D.C., Jan. 2024. Accessed: Apr. 18, 2024. [Online]. Available: https://www.akingump.com/en/in-
sights/alerts/proposed-clean-hydrogen-guidance-limitations-on-credit-availability-for-green-hydro-
gen-projects-and-paths-forward

A. Bergman, “45V Hydrogen Tax Credit in the Inflation Reduction Act: Comparing Hourly and An-
nual Matching,” Resources for the Future, Washington, D.C., Aug. 2023. Accessed: Apr. 04, 2024.
[Online]. Available: https://www.rff.org/publications/issue-briefs/45v-hydrogen-tax-credit-in-the-in-
flation-reduction-act-comparing-hourly-and-annual-matching/

F. Wolak, “Double Standard for Clean Hydrogen Could Render Tax Credit Ineffective,” Real Clear
Energy, Jun. 05, 2023. Accessed: Jul. 03, 2024. [Online].  Available:
https://www.realclearenergy.org/articles/2023/06/05/double standard for clean hydro-

gen could render tax credit ineffective 903691.html

Ricardo Strategic Consulting, “Life Cycle Analysis Comparison: Electric and Internal Combustion
Engine Vehicles,” Fuels Institute, Van Buren Twp., MI, Jan. 2022. Accessed: Jul. 03, 2024. [Online].
Available:  https://www.transportationenergy.org/wp-content/uploads/2022/10/F1_Report Lifecy-
cle FINAL.pdf

N. Iyer, T. Weiss, and M. Lozano, “Hydrogen Under 45V: Analyzing Electricity Availability Under
Proposed Rules for the Hydrogen Tax Credit,” Rocky Mountain Institute, Apr. 2024. Accessed: Jul.
03, 2024. [Online]. Available: https://rmi.org/hydrogen-under-45v-analyzing-electricity-availability-
under-proposed-rules-for-the-hydrogen-tax-credit/

10



[34]

[35]

[36]

[37]

[38]

[39]

CENTER FOR AN
z a ARIZONA CARBON-
NEUTRAL ECONOMY

M. McCurdy, “Briefing for Developers on Proposed Hydrogen Tax Credits,” ICF, Feb. 2024. Ac-
cessed: Jul. 03, 2024. [Online]. Available: https://www.icf.com/insights/energy/renewable-energy-de-
velopers-proposed-hydrogen-tax-credits

N. M. Elliot et al., “Breaking Down the Section 45V Clean Hydrogen PTC Proposed Regulations,”
Holland & Knight, Jacksonville, Florida, Jan. 2024. Accessed: Apr. 23, 2024. [Online]. Available:
https://www.hklaw.com/en/insights/publications/2024/01/breaking-down-the-section-45v-clean-hy-
drogen-ptc-proposed-regulations

M. B. Powers and D. K. Kubin, “Arizona Gas Plant’s 575-MW Expansion Okayed After Scaleback
Settlement,” Engineering News-Record, Jul. 01, 2023. Accessed: Jul. 03, 2024. [Online]. Available:
https://www.enr.com/articles/56726-arizona-gas-plants-575-mw-expansion-okayed-after-scaleback-

settlement

M. Zacarias and J. Majkut, “45V or 45Q? How Tax Credits Will Influence Low-Carbon Hydrogen’s
Development,” Center for Strategic and International Studies, Washington, D.C., Feb. 2024. Ac-
cessed: Jul. 05, 2024. [Online]. Available: https://www.csis.org/analysis/45v-or-45q-how-tax-credits-
will-influence-low-carbon-hydrogens-development

L. Hellgren, R. LaCount, and J. Martin, “Benchmarking Methane and Other Greenhouse Gas Emis-
sions Of Oil & Natural Gas Production in the United States,” Ceres, Jun. 2024. [Online]. Available:
https://cdn.catf.us/wp-content/uploads/2024/05/31103518/oil-gas-benchmarking-2024.pdf

Clean Air Task Force, “Fixed upstream emission rates undermine the climate benefits of section 45V
hydrogen production tax credit,” Clean Air Task Force. Accessed: Mar. 31, 2025. [Online]. Available:
https://www.catf.us/2024/04/fixed-upstream-emission-rates-undermine-climate-benefits-section-
45v-hydrogen-production-tax-credit/

T. Fox, “The MiQ Standard,” Highwood Emissions Management. Accessed: Mar. 31, 2025. [Online].
Available: https://highwoodemissions.com/bulletin/the-miq-standard/

S. Fraioli, K. Davis, and B. Jones, “Comparison of Natural Gas Certification Programs,” Natural Gas
Supply  Collaborative, Sep. 2023. [Online]. Available: https://www.erm.com/conten-
tassets/9a34eec3108f406d9da8c1df23ae9628/comparison-of-natural-gas-certification-pro-
grams.pdf#:~:text=focus,with%20the%20gas%20that%20they

Department of the Treasury and Internal Revenue Service, “Credit for Production of Clean Hydrogen
and Energy Credit,” Federal Register. Accessed: Mar. 28, 2025. [Online]. Available: https://www.fed-
eralregister.gov/documents/2025/01/10/2024-31513/credit-for-production-of-clean-hydrogen-and-
energy-credit

Internal Revenue Service, ‘“Prevailing Wage and Apprenticeship Initial Guidance Under Section
45(b)(6)(B)(ii) and Other Substantially Similar Provisions,” Federal Register, vol. 87, pp. 73580—
73585, Nov. 30, 2022.

J. C. [R-T.-19 Rep. Arrington, One Big Beautiful Bill Act. 2025. Accessed: Aug. 11, 2025. [Online].
Available: https://www.congress.gov/bill/119th-congress/house-bill/1/text

B. de Marigny et al., “Final Section 45V Clean Hydrogen Production Tax Credit Regulations: A
Closer Look |7 Baker Botts, Feb. 2025. Accessed: Mar. 28, 2025. [Online]. Available:
https://www.bakerbotts.com/thought-leadership/publications/2025/february/final-section-45v-clean-
hydrogen-production-tax-credit-regulations-a-closer-look

11



	45V Cover Page Final.pdf
	Treasurys Rules for the Clean Hydrogen Production Tax Credit 45V Final--With Addendum Clean.pdf
	Treasury’s Rules for the Clean Hydrogen Production Tax Credit: 45V
	1. Issue Overview
	2. The Environmental, Economic, Security, and Social Lenses
	3. Treasury’s Final 45V Rules
	4. AzCaNE Viewpoint on Treasury’s 45V Rules
	5. Potential Impacts of Treasury’s 45V Rules
	6. Advancing a Balanced Approach to 45V Rule Implementation
	7. Paths for Low-Carbon-Intensity H2 Production Incentives
	8. Conclusion
	9. Recommendations
	12. References



