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1. [bookmark: _Toc131458544]Executive Summary 	Comment by Timothy L Johnson, Ph.D.: You will need a two-page Executive Summary.  See https://sites.nicholas.duke.edu/mastersprojectshandbook/resources/final-report/


Electric utilities are facing societal, legislative, and investor pressure to begin or ramp up their decarbonization journeys. Although the pathways differ, the destination remains similar: net-zero or a large reduction goal by 2050 or sooner. With this in mind, it has been difficult to determine how utilities and their decarbonization efforts compare to others in the industry. Factors driving this variability include utilities’ different starting points of baseline emission sources, corporate structures, and resources available. Our Masters Project reviews a selection of utilities to compare their performance and goals with a particular focus on low-carbon solutions. Such survey efforts may be used for benchmarking industry performance as municipal and private entities seek to achieve ambitious zero-emission targets.  

This research began as a consulting project for a particular utility client wishing to better understand its relative position and areas for growth. The client aimed to use this information to defend their proposed carbon plan at state court hearings. The benchmarking assignment ranged from legislative factors to rates of retirement of coal plants to the role of energy efficiency. The specific topic from the assignment that will be explored in this analysis is focused primarily around low-carbon solutions, namely hydrogen, carbon capture, and advanced nuclear. The questions we sought to address about these solutions were: 1) are utilities pursuing these solutions? 2) what kind of language in terms of commitment is being used when discussing these solutions? 3) are projects already in motion?, and 4) where is discussion of these solutions most prominent? Research consisted of analyzing the language and modeling included in Integrated Resource Planning reports, Climate Reports, Sustainability Reports, articles announcing new commitments and projects, and more.

The client asked the consultants to identify utilities that are either peers in structure (investor-owned utilities, vertically integrated) or identical in energy mix, as well as utilities that are deemed as leaders in decarbonization efforts. This resulted in 11 utilities being selected for the analysis between IRP and ESG/Sustainability/Climate reports. However, the client asked to include any relevant pilots or projects from any utility when identifying upcoming domestic hydrogen and advanced nuclear plans. For the IRA analysis, we reverted to using the sample utilities once again. 

For the Master’s Project, we have decided to use these findings to not benchmark one utility against the industry but to understand the direction that the industry is heading from a sample of utilities. Instead of comparing the client’s standing amongst it’s peers, we will analyze how this sample of utilities are discussing low-carbon solutions. Furthermore, the Inflation Reduction Act passed shortly after the initial study was conducted. We have incorporated further research to understand the impacts that the IRA may have on the utilities, their current plans, projects, and overall approach on utilizing IRA funds.  

Our research found that utilities seem to focus on one of the three solutions instead of all three, sustainability reports tend to have more details on the solutions while IRPs discuss longer time horizon efforts, and hydrogen appears to have the strongest language that includes the technology in the most models, supports the most investments and the most planned pilots when compared to the aforementioned low-carbon solutions. For any given utility, IRPs and Sustainability/Climate/ESG Reports often differ in their language surrounding these technologies, with IRPs tending to have much less mentions of the technologies. Furthermore, planned pilots and projects for hydrogen may not directly align with IRP and sustainability reports. We also find that many utilities are still analyzing how to take advantage of the Inflation Reduction Act with regard to low-carbon solutions and have focused more on immediate solar and wind benefits.  

From these takeaways, we believe that the inconsistency between IRPs and Sustainability/Climate/ESG reports may create the biggest pain point. This could result from the IRP and additional reports being created by separate teams, namely the subsidiary and actual utility creating the IRP while the parent company is responsible for the additional reporting. It is unclear if this could be a case of miscommunication, the parent company creating a pathway for the utility to follow, the technologies not being scaled enough for the IRPs, or the parent company making the company appear greener than their actual activities. This inconsistency could impact multiple stakeholders, from legislators, investors, and communities analyzing the utility to ensure that they are decarbonizing, as well as lack of direction impacting the morale of employees.

This Masters Project paper details our findings, providing further context on the framework and analysis performed, ultimately illustrating utility progress towards decarbonization and any acceleration therein resulting from the Inflation Reduction Act.  
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Introduction 

As electric utilities in the United States begin to reveal their decarbonization plans to reach 2030 and 2050 carbon goals, they must wrestle with which low-carbon solutions to incorporate into these strategies (SP Global, 2021). Ambitious carbon plans claiming net-zero raise feasibility questions. While domestic solar and wind resources have grown rapidly (90% from 2000 to 2020), they remain non-dispatchable (Center for Climate and Energy Solutions, 2022). This weather variability has caused industry-wide concern over meeting demand and adequate load-following. Utilities have responded by trying to maintain natural gas in their portfolios, but projects such as pipeline expansions face public resistance. Therefore, utilities are looking at low-carbon solutions as potential answers. These include hydrogen, carbon capture utilization and sequestration, and advanced nuclear to meet their decarbonization goals.  

It is important to note how these technologies would be implemented before going into the study.

Hydrogen is being looked at as a solution for not only electricity, but also for utilities that provide gas and heating. Hydrogen as a fuel can be obtained in various ways, the most popular form being electrolysis. Electrolysis uses energy to separate hydrogen from water. The fuel source used in this process determines whether the resulting hydrogen is “grey”, “blue”, or “green”. Leveraging conventional “dirty” fossil fuels (coal) during production yields grey hydrogen, low emissions (natural gas with carbon capture) yields blue hydrogen, and zero-emission (renewables) yields green. Since hydrogen may be able to utilize gas infrastructure and has yet to be scaled enough to be its own solution, utilities are near-term looking at mixing hydrogen with natural gas.  

Carbon capture utilization and sequestration (CCUS) is the process of capturing carbon that is emitted from a source and safely storing it. This solution has been controversial; those who oppose it claim that it is a way for oil and gas companies to remain operational while still producing emissions (Halper, E.). The environmental community has pointed out that other pollutants (namely NOx and PM) not captured during this process could potentially increase due to the heightened energy requirements for carbon capture (AirClim, 2011). These emissions tend to have a disproportionate impact on marginalized communities (U.S. Environmental Protection Agency, 2023). Nonetheless, CCUS may play a role in some electric utilities’ decarbonization pathways, especially since natural gas will still be a dominating fuel source for many utilities.  

Advanced nuclear encompasses the next generation of nuclear technology such as small-modular-reactors (SMRs) and nuclear plants using innovative coolants. These new technologies provide the historical benefits of nuclear as a zero-emission, baseload power source while pursuing more nimble business and technical models. However, the industry faces severe challenges in the United States. With declining expertise in nuclear energy, nuclear projects such as Georgia Power Co’s Vogtle power plant has seen over five (5) years of delays with high costs of $16 billion (greater than 100%) over the initial proposed budget (Bruggers, J.). Furthermore, certain environmental groups and often public sentiment oppose nuclear, emphasizing the risk of poor waste management and subsequent accidents (Blood, M.). If these projects can make it past development hurdles, advanced nuclear proposes a powerful solution in decarbonization as a clean energy source capable of providing high capacity with smaller land usage.  

The Inflation Reduction Act (IRA), passed in August 2022, provided legislation to incentivize the expansion of low- and zero-carbon technologies, influencing utility rollout of their decarbonization pathways. Beyond offering tax credits for solar and wind, IRA provisions also provide credits for hydrogen, nuclear, and carbon. Green hydrogen receives incentives that cut the costs by almost half. The credit is a production tax credit (PTC), meaning the firm will receive compensation for each unit generated. Both existing and new nuclear facilities can generate PTCs, as well as production of “pink” hydrogen (hydrogen fueled from a nuclear source). Finally, the legislation dramatically increases compensation for CCUS activity (International Energy Agency, 2020 March 18).  

The initial survey work discussed in this study was conducted through a consulting firm representing an electric utility as it prepared for a public hearing on its carbon plan. The electric utility wanted to benchmark itself against utilities it identified as peers to see how these plans compare and to defend its position in response to any potential criticism on investing on these technologies (or if it is not investing enough). How these peers were chosen will be discussed further in the Methodology section of the report.  
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First, a set of utilities were selected to provide coverage of the industry. Peers were identified as having a similar corporate structure (investor-owned utility, fully regulated), a similar generation-mix portfolio, or if they were leaders in decarbonization efforts. The utilities included in this study are the following: Southern Company (Georgia Power Co.), Dominion Energy (Virginia Electric Power & Company), Pacific Gas and Electric (PG&E), Xcel Energy (Northern Power States Company and Public Service of Colorado), Tennessee Valley Authority (TVA), NextEra (Florida Power & Light), DTE Electric Company, Ameren (Union Electric Co.), Sempra, Arizona Public Service (Pinnacle West Capital Corporation) and Los Angeles Department of Water and Power (LADWP). Sempra and LADWP were later added for a more robust picture, although LADWP does not provide any ESG reports. IRP documents reflect utility-specific planning whereas sustainability reports often apply to all subsidiaries of a parent company. When information stems from the parent company, it will also be mentioned for clarity. 

The method to identify utility efforts regarding these technologies was to research the most recent IRPs, sustainability reports, and carbon goals from electric utilities. The IRP typically includes strategies that the firm is planning to implement, while the sustainability report may mention technologies as only a possibility. Therefore, the Role of Low Carbon Solutions in Sustainability Reports segment of this paper will specify if the report only briefly mentions the solutions, or if it appears to be a part of their core strategy (once again, through including it in modeling, language showing intent of adoption, investment, etc.). By measuring the “depth” of the language surrounding these technologies, we analyzed their commitment level and progress. Shallow depth implies a mere mention of the technology with brief interest and potential, medium occurs when the technology is included in any modeling or roadmaps, and deep refers to utility plans that indicate larger development spending. If the language was “medium” or “deep,” we labeled the technology as a “core” strategy for the utility, while if it was “shallow,” the technology was labeled as “non-core.”
The method to identify pilots that are currently planned, in development, or operational followed a similar process of researching the utility’s IRPs, sustainability reports, and carbon goals. This study focused on hydrogen and advanced nuclear projects, expanding beyond the previously mentioned utilities to capture all domestic projects. The advanced nuclear projects are divided between “first-of-its kind” (FOIK) plants and prototypes. Prototypes tend to be less than 10 MW and are to “prove” the technology is viable. FOIK plants have passed the prototype stage and range from 20 MW to 200 MW. Key factors identified are the name of the project, the location, the specific technology used, the expected operational date, who the pilot is in collaboration with, and any available financing information. 
The method of measuring the potential impacts of the Inflation Reduction Act was to research relevant sections of the bill, utility publications, and industry news releases since its passing. Financial incentives, compliance requirements, and related were reviewed to identify the potential impact on the low-carbon solutions. We then compared this information to what utilities were saying with regard to their low-carbon technology solutions, in particular with how they may impact the pilots identified in the research.
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Figure 1. Inclusion of Low Carbon Solutions in Utility IRPs
Figure 1 above summarizes the findings of which low-carbon solutions were included in utility IRPs. While researching the IRPs of the utilities, we found that the following included hydrogen in their roadmap with some form of modeling, investment, or strategic importance: 
· Georgia Power Co. (Southern Company)
· Florida Power & Light (NextEra)
· Public Service Company of Colorado (Xcel Energy) 
· Union Electric Company (Ameren)
· LADWP 
The following utilities mentioned carbon capture and sequestration in their IRPs: 
· Georgia Power Co. (Southern Company) 
· Tennessee Valley Authority 
· Union Electric Company (Ameren) 
The following utilities mentioned advanced nuclear in their IRPs: 
· Georgia Power Co. (Southern Company) 
· Tennessee Valley Authority 
· Union Electric Company (Ameren) 
· Virginia Electric Power & Company (Dominion Energy)
The remaining utilities mentioned none of the technologies in their IRPs
· PG&E 
· Northern States Power Company (Xcel Energy) 
· DTE Electric 
· Arizona Public Service Company (Pinnacle West Capital Corporation) 
· Sempra 
Taking this into account, hydrogen is the most mentioned technology from the analyzed IRPs as it has been mentioned five times, while carbon capture and sequestration has been mentioned three times and advanced nuclear has been mentioned four times. Georgia Power Co. and Union Electric Co. include all three technologies in their IRPs, while TVA includes carbon capture and sequestration and advanced nuclear, but not hydrogen. However, it appears that the majority of the utilities (6) do not have these technologies mentioned within their IRPs. When reading the IRPs, the only utility that seemed to mention concrete plans in the near future is FP&L, with a green hydrogen project having an expectation of an in-service date by the end of 2023. Furthermore, it is also worth noting that despite sharing Xcel Energy as a parent company, Northern States Power Company and the Public Service Company of Colorado have their own strategies. The Public Service Company of Colorado has hydrogen included in their IRP, while the Northern States Power Company does not. 	Comment by Timothy L Johnson, Ph.D.: Elaborate on what you mean by "mentioned".  An IRP could refer to H2 in passing, for instance, or describe concrete plans to pursue H2 infrastructure development.  Are these equivalent in your accounting?
	Comment by Timothy L Johnson, Ph.D.: Do they mention other technologies?
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The Role of Low Carbon Solutions in Sustainability Reports 
Sustainability reports approach these solutions differently than IRPs, as they can merely mention that they find a solution interesting while not expressing any intent to adopt said solution. Therefore, we will separate solutions that were proposed as a core strategy, which includes some type of modeling, investment, or strong language, from those that are only briefly mentioned[footnoteRef:2]. Figure 2 below summarizes these findings. Of note, LADWP only had an IRP and no sustainability reports.  [2:   An example of a brief mention and/or non-committal language is “we intend to watch the development of hydrogen”] 
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Figure 2. Inclusion of Low Carbon Solutions in Utility Sustainability Reports
In sustainability reports, we found that the following utility parent companies appeared to have hydrogen as part of their core strategies: 
· Southern Company 
· Dominion Energy
· Xcel Energy
· NextEra 
· Pinnacle West Capital Corporation 
· Sempra
The following utility parent companies only briefly mentioned hydrogen: 
· PG&E 
· Tennessee Valley Authority
· DTE Energy
The following utility parent companies appeared to have carbon capture and sequestration as one of their core strategies:
· Southern Company 
· Dominion Energy
The following utility parent companies only briefly mentioned carbon capture and sequestration: 
· PG&E 
· Xcel Energy 
· Tennessee Valley Authority 
· DTE Energy 
· Pinnacle West Capital Corporation 
· Sempra 
The following utility parent companies appeared to have advanced nuclear as part of their core strategies:
· Southern Company
· Tennessee Valley Authority 
· Dominion Energy
The following utility parent companies only briefly mentioned advanced nuclear: 
· Xcel Energy 
· DTE Energy 
The following utility parent companies mentioned none of the technologies: 
· Ameren Corp. 
When analyzing these results, it is clear that according to the sustainability reports, hydrogen is most seen as a “core” strategic role for 6 utilities. CCUS is the technology most briefly mentioned with six (6) instances. The two utilities that have more than one core solution are Southern Company and Dominion Energy, which appears to have all three technologies as part of their core strategies. Ameren is the only utility to not have any mention of any of the technologies. 
[bookmark: _Toc131458550]Announced and Planned Hydrogen Projects
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Figure 3. Announced and Planned Hydrogen Projects in the United States
The following projects and pilots have been announced from utilities, with a few facts included that were available at the time of the study. The projects with a star only mention the possibility of hydrogen:  
LADWP – Intermountain Power project 
· Location: Delta, Utah 
· Expected to use 30% H2 blend by 2025, 100% by 2035
· HyDeal LA Initiative and Green Hydrogen Coalition aim to achieve at-scale green H2 procurement at $1.50/kg by 2030
Entergy – Orange Country Advanced Power Station
· Location: Bridge City, Texas
· Submitted a proposal to the PUC for a 1.2 GW dual fuel combined cycle power facility
· Subject to approval, construction would start in Q2 2023, with operational target of summer 2026
Georgia Power Company – Plant McDonough-Atkinson
· Location: Smyrna, Georgia 
· Collaboration with Mitsubishi and EPRI
· Aims to achieve partial and full load using 20% blend of H2 in existing pant, lowering emissions by 7%
· Wants to validate the use of existing natural gas infrastructure to lower emissions
· Completed H2 blending on one M501 gas turbine with an approximate output of 265 MW in June, 2022
DTE Energy – Blue Water Energy Center* 
· Location: East China Township, Michigan 
· Alternative fuel pilot program proposed, specifically mentioning hydrogen 
Arizona Public Service Company – Palo Verde Generating Station 
· Location: Palo Verde, Arizona 
· $20M award from the DOE, financial documents suggest the project will be rolled out in phases in 2023
· Nuclear power plant to produce H2, involving at least 6 tonnes of H2 to produce approx. 200 MWh of electricity
· Provide research on blends, turbine performance, degradation of pipeline and distribution systems
Florida Power & Light – Okeechobee Combined Cycle Plant 
· Location: Indian River County 
· $65 million green H2 pilot targeting in-service date of December 2023 
· H2 expected to replace portion of natural gas, with one turbine expected to run blend to enable operational learnings
· Cummins Inc. will supply a 25 MW electrolyzer system, producing 10.8 tons of H2 per day leveraging solar 
Southern Company – Untitled Plant*
· Approval received in September 2020 for construction on an unnamed plant that may utilize a hydrogen fuel mix pending on success from vendor and economics 
In terms of consistency with hydrogen in their IRPs and announced projects, Georgia Power Company, Florida Power & Light, and LADWP discuss hydrogen in their IRP while having announced projects. However, Arizona Public Service Company and DTE Electric have prospective hydrogen projects not mentioned in their IRPs. For sustainability reports, NextEra (Florida Power & Light), Georgia Power Company (Southern Company) and Arizona Public Service Company (Pinnacle West Capital Corporation) appear to have hydrogen as a core strategy and have a proposed project, while DTE Electric only briefly mentioned hydrogen in their sustainability report.
LADWP does not issue sustainability reports and Entergy, although not part of the initial set of utilities, was included due to the pilot being of significant importance to the client. 
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Figure 4. Announced and Planned Advanced Nuclear Projects in the United States
The following advanced nuclear projects and pilots have been announced from utilities. Of note, PacifiCorp, Energy Northwest, and UAMPS were not included in the initial part of the study. These projects and pilots were included due to client interest in the entire domestic nuclear landscape. FOIK projects include projects that have passed a pilot stage and are the first made of their kind at scale, while “prototype” projects are less proven technologies at much smaller scale (typically below 5 MW). Each bolded title details the utility and companies involved in the project.
 PacifiCorp with TerraPower and GE Hitachi (FOIK)
· Location: Kemmerer, Wyoming 
· Technology: Natrium Reactor Liquid Sodium-cooled
· Expected Year Online: 2028
Energy Northwest with X-Energy (FOIK)
· Location Richland, Washington 
· Technology: Xe-100 Reactor, Helium Gas-Cooled High Temperature
· Expected Year Online: 2028
Tennessee Valley Authority, Ontario Power Generation with GE Hitachi (FOIK)
· Location: Darlington Site Clarington, Ontario and Clinch River Site, Oak Ridge, Tennessee 
· Technology: BWX-300 Reactor, Light Water-cooled (BWR)
· Expected Year Online: 2028 (OPG) and within the next decade (TVA)
UAMPS with NuScale (FOIK)
· Location: Idaho Falls, Idaho 
· Technology: VOYGR Reactor Light Water-Cooled (PWR)
· Expected Year Online: 2029
Southern Company with TerraPower (prototype)
· Location: Idaho Falls, Idaho
· Technology: MCFR (Molten Chloride Fast Reactor)
· Expected Year Online: 2026
Tennessee Valley Authority with Kairos Power (prototype)
· Location: Oak Ridge, Tennessee 
· Technology: KP-FHR Reactor Fluoride Salt-Cooled High Temperature
· Expected Year Online: 2026
These findings are consistent with both Tennessee Valley Authority and Georgia Power Company (Southern Company) IRP and Sustainability Reports, as both utilities had advanced nuclear in their IRP and as a core strategy in their sustainability report. Union Electric Company mentioned advanced nuclear in their IRP report, while Dominion Energy, Xcel Energy, and DTE Electric mentioned it in their sustainability reports, but have no upcoming project in the works at the time of this study. 

[bookmark: _Toc131458552]Impacts of the IRA on Low-Carbon Solutions and Utilities in Study 
The Inflation Reduction Act (IRA), passed in August 2022, set the foundation for accelerated domestic development of low- and zero-carbon solutions. Its vast scope has wide-reaching implications across project finance, utility, municipal, and household communities. These provisions create decade-long economic visibility and certainty for project development. As stakeholders familiarize themselves with new incentive opportunities, utilities may adjust their decarbonization pathways to further leverage funding. In order to better understand utility responses, it is important to first understand what the IRA entails for the previously discussed low-carbon solutions.

Clean hydrogen received both investment and production tax credits in the IRA. The legislation defines “clean” as producing less than 4 kilograms (kg) of carbon dioxide equivalent (CO2e) per kilogram of hydrogen (less than roughly 40% of the amount associated with hydrogen production from natural gas) (Monahan and Beck). Beyond direct hydrogen credits, credits also exist for fuel cell vehicles and non-conventional refueling infrastructure. New projects may receive up to a 30% investment tax credit based on emissions intensity and labor practices. These credits encourage private project finance and are eligible for title transfer. The production tax credit allows for payment of up to $3.00 per kg of hydrogen over a 10-year period again based on emissions intensity and labor practices.

The IRA also bulked up existing 45Q carbon capture provisions. This tax credit was increased from $50 to $85/ton and $35 to $65/ton for sequestered and utilized carbon respectively. Direct Air Capture (DAC) incentives increased from $50 to $180/ton and $130/ton for sequestered and utilized carbon respectively (Clean Air Task Force, 2022). Furthermore, these credits now allow for a direct pay option or transfer which incentivizes a broader range of financiers.

Nuclear power also received both investment and production tax credit incentive options in the IRA. New plants glean a $25/MWh PTC or 30% ITC at the discretion of the developer assuming labor requirements are met, and they can increase these allocations by an additional 10% if built in “energy communities” (Cato Institute, 2022 September 28). Energy communities are defined as brownfield sites, coal communities, or areas with a high dependence on energy tax revenue and jobs per the legislation. Existing reactors also benefit from a $15/MWh PTC. Lastly, the bill allocates $700 million to develop a domestic uranium supply chain, specifically high-assay low-enriched uranium (HALEU) to reduce foreign dependence (U.S. Department of Energy, 2022 September 8).

With these significant incentives in mind, we felt it necessary to perform a follow-on literature review of utility advancement towards decarbonization. The below observations summarize updates of the utilities under study and any strategy modifications in light of the sweeping IRA legislation.

Southern Company 
Plant McDonough-Atkinson may directly benefit from the IRA as it expects to utilize hydrogen blending. Furthermore, Southern Company is well-positioned to execute on this due to its participation in the HyBlend initiative, which is testing the technical barriers of hydrogen blends. Although the initiative does not receive funding directly from the IRA, the resulting information gained from it should help Southern Company successfully transition Plant McDonough-Atkinson. Additionally, Southern Company is the only firm analyzed that is looking strongly at both carbon capture utilization and sequestration and hydrogen. If Plant McDonough-Atkinson or another hydrogen plant in the future adopts carbon capture, it would be interesting to confirm whether or not the IRA allows for multi-credit use on a single project. However, the CFO of Southern Company claims they will not utilize the climate law tax credits for a few years due to having already signed contracts for needed generating resources over the next five years. The CFO expects the law to impact the latter half of their forecasts (Tomich & Swartz, 2022). 

Dominion Energy 
As of December 2022, Dominion Energy claims it is still analyzing the impacts of the IRA on their pathway, in particular they are monitoring and evaluating innovative hydrogen projects that will benefit from the IRA. The 2022 Climate Report included hydrogen in their modeling and assumed “favorable legislation for hydrogen,” therefore the question remains if the IRA’s impacts already outweigh what was assumed in their modeling. Furthermore, the report claims they will continue to “monitor and evaluate innovative hydrogen opportunities such as those contained in the Inflation Reduction Act.” However, Dominion did join the Southeast hydrogen hub coalition along with Duke Energy Corp., Southern Co., TVA and PPL Corp. subsidiaries (SP Global, 2022 March 22).

PG&E
At the time of this study, there is no mention of PG&E utilizing the IRA while also having no low-carbon solutions that may be impacted by the IRA. 
Xcel Energy ((Northern Power States Company and Public Service Co. of Colorado)
Brian Van Abel, Xcel CFO, characterized the IRA as a “huge win” with over $1.4 billion in savings expected over the next ten years (Seeking Alpha, 2022 November 2). The utility has also claimed that it will lead to incremental clean energy investments of $2-4B over the next 5 years, helping the company grow its rate base (Xcel Energy, 2022 November 3). However, it is important to note that these announcements, as well as other press releases, focus on the impacts the IRA will have on solar, wind, and storage. For example, Xcel Energy claims that the IRA may reduce the levelized cost of the ShercoSolar project in Minnesota by 30%, even accounting for inflation and supply chain constraints (Xcel Energy, 2022 November 3). The legislation does reduce costs for Xcel’s existing nuclear, but no new projects have been cited. According to Xcel CEO Robert Frenzel, the hydrogen credits also "should improve our competitive advantage in delivering low-cost, clean fuels" as it participates in two hydrogen hub applications in the Upper Midwest and West (SP Global, 2022 March 22). In a September 2022 press release, Bloom Energy announced its pilot project at Xcel’s Prairie Island nuclear facility in Minnesota. Part of the Department of Energy’s H2@Scale initiative, the new electrolyzer will leverage the high heat and steam from the nuclear plant to generate hydrogen from water. 

Tennessee Valley Authority 
TVA initially released a statement saying that the IRA will have little impact on their path to decarbonize due to already having a roadmap. This has received pushback from activist groups such as CleanUp TVA Coalition, who is pressuring TVA to take advantage of the legislation. TVA has since announced they are reviewing the legislation for opportunities. TVA will also take part in the Southeast hydrogen hub coalition, announced during the flurry of Q3 2022 hydrogen updates (SP Global, 2022 March 22). 

NextEra (Florida Power & Light (FP&L))
NextEra heralded the IRA as “transformative for our customers, our company and our industry” (NextEra Energy, 2022 October 28). However, its impact largely influences increased development of renewables with an additional 10 GW solar and 3 GW storage by 2030 (NextEra Energy, 2021). Its Okeechobee Hydrogen Pilot project remains on-track and is expected to offset some natural gas consumption, but no additional programs have been noted. The IRA appears to have also spurred support of existing nuclear, as FP&L has now voiced expectations of a 20-year extension to existing nuclear. No concrete claims were made regarding new nuclear except that any progress here would be greater than 10 years out (NextEra Energy, 2021).

DTE Electric Company
DTE released a new IRP in 2022 conveying its CleanVision plan. This plan “accelerates our previously announced CO₂ reduction goals, targeting a 65% reduction in 2028, 85% in 2035, 90% by 2040 and net zero emissions by 2050. (This compares to our earlier reduction goals of 50% by 2028 and 80% by 2040, with a baseline set in 2005.)” (DTE Energy, 2022). While bold solar, wind, and storage targets are spelled out for the first ten years of this plan, DTE does not commit to any particular technology for the subsequent ten. Instead, it specifies the development of “a 950 MW clean, 24/7 resource in 2035” using a combined cycle gas turbine with CCSU as a placeholder (DTE Energy, 2022). It references a wait-and-see approach to identifying a technology winner, noting long duration storage, hydrogen, CCUS, and small nuclear reactors all as potential outcomes.
Notably, the previously identified Blue Water Energy Center (a proposed pilot of gas converted to hydrogen) was not discussed.
Ameren (Union Electric Co. (Ameren Missouri))
Ameren expects up to $1billion in savings over the next ten years thanks to the IRA according to its Q3 2022 earnings call (Ameren, 2022). Its 2022 IRP reflects a shift in expectations following this legislation and expanding on the 2020 goals, accelerating milestones per the IRA. Once again, most of the changes relate to solar, wind, and storage deployment. No changes are noted regarding low-carbon solutions. The intended 20-year extension of existing nuclear was already in place in the 2020 IRP. Outside of concrete, IRP provisions, Ameren joined the newly formed Greater St. Louis and Illinois Regional Clean Hydrogen Hub Industrial Cluster in August 2022 (Ameren, 2022 August 9). The group is intended to collaborate on technology deployment and infrastructure development supporting a new hydrogen economy for this industrial zone.
[bookmark: _Toc131458553]Discussion

1. [bookmark: _Toc131458554]Comparison of language between IRP and Sustainability Reports 
As discussed earlier in the paper, IRP reports tend to be more “strategic” by nature as they are grounded in near-term, concrete plans. Sustainability reports, on the other hand, can mention technologies more loosely or without any actual commitments at all. Those responsible for creating the two reports are also likely different teams. With this mind, we expected to find differences. The most notable difference is that five (5) of the analyzed utilities did not mention any of these technologies in their IRPs. However, all of these utilities mentioned these solutions either briefly or as a core strategic solution in their sustainability reports. The only utility parent company to not mention any low-carbon solution in its sustainability report is Ameren, despite its subsidiary, Union Electric Company, including all three solutions in its IRP. Southern Company and its subsidiary Georgia Power Company is the most consistent amongst the utilities, as they include all three solutions in their IRPs while having language, modeling, or investment for all three of the technologies in their Sustainability Report.
Comparing the three low-carbon technologies, hydrogen appears to be the winner and CCUS the loser based on importance in these preliminary findings. Hydrogen is the most-discussed solution across both IRPs and Sustainability Reports. Six (6) of the utilities note it playing a “core” strategic role. CCUS has the greatest divergence across reports with mention by five (5) more utilities in their sustainability reports than IRPs. The two utilities that have more than one core solution are Southern Company, which appears to have all three technologies as part of their core strategy, and Dominion Energy, which has hydrogen and advanced nuclear as part of their core strategy. Ameren is the only utility to not have any mention of any of the technologies. 
In terms of consistency with hydrogen in their IRPs and announced projects, Georgia Power Company, Florida Power & Light, and LADWP discuss hydrogen in their IRP while having announced projects. However, Arizona Public Service Company and DTE Electric have prospective hydrogen projects not mentioned in their IRPs. For sustainability reports, NextEra (Florida Power & Light), Georgia Power Company (Southern Company) and Arizona Public Service Company (Pinnacle West Capital Corporation) appear to have hydrogen as a core strategy and have a proposed project, while DTE Electric only briefly mentioned hydrogen in their sustainability report.
Regarding nuclear power, findings are more consistent across sustainability reports and IRPs. Tennessee Valley Authority, Dominion Energy and Georgia Power Company (Southern Company) cite advanced nuclear in their IRP and as a core strategy in their sustainability report. Union Electric Company mentioned advanced nuclear in their IRP report, while Xcel Energy and DTE Electric mentioned it in their sustainability reports, but have no upcoming project in the works at the time of this study. Both prototype projects expect completion in 2026 while the first-of-its-kind projects expect online dates of 2028 and 2029. 
Across these reports, we found generally clearer date expectations regarding advanced nuclear while hydrogen projects remained uncertain. However, the nuclear industry faces heavy criticisms due to delays, which could jeopardize whether these projects and impact the broader future of domestic nuclear. 
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The Inflation Reduction Act has clearly accelerated plans to adopt energy transition technologies, namely solar, wind, and storage, but its impact on the low-carbon technologies discussed here remains more nebulous. Of fact, DTE Electric plainly states that it wants to see which technologies develop as frontrunners before solidifying a path forward. While almost all of the researched utilities published new numbers on solar growth targets and near-term emissions reduction commitments (for example, Ameren shifted from a 50% to 60% net emissions reduction by 2030), these included fewer concrete measures for hydrogen, advanced nuclear, and CCUS. 
We posit three hypotheses for the lack of transparency in light of the IRA and the context under which it was penned:
Hydrogen is still in its nascency. The IRA provisions function more as a kickstart than a robust rollout. While concrete numbers were slim, Q3 2023 utility earnings calls were plastered with talk of hydrogen that was non-existent in previous periods. We saw a pattern of hydrogen hub and coalition forming activity following the bill’s passing and existing pilot programs remain on track. The industry must build up capabilities before deploying larger projects, and, curtesy of the IRA, it has begun to do so rapidly. 
Advanced nuclear may suffer as the focus shifts to hydrogen. Given existing industry opposition and licensing delays, nuclear faces a steep uphill battle to start. In comparison to windfall hydrogen credits, nuclear credits appear inadequate to incentivize new builds. Nor have they clearly prolonged the life of existing nuclear facilities, as these extensions were already likely to pass or are in place as with Ameren. No change in nuclear-behavior appears tied to any of the surveyed utilities’ decarbonization plans.
CCUS may play a larger role outside of the utility space where it may generate more bang-for-your-buck. The industry has already largely turned away from coal, the highest fuel source emitter, and has emphasized renewable growth. Introducing CCUS plans may trigger local backlash surrounding concerns of continued reliance on fossil fuels. Furthermore, the significant energy penalty that plants face when retrofitted for CCUS complicates utilities’ primary objective to supply adequate power. The industrial sector may find more pros than cons for this technology now that the IRA has strengthened its economic case. 
These conclusions reflect our broader view of factors at play and are intended to provide additional context not proven relationships.
[bookmark: _Toc131458556]Conclusion
After surveying this sample of utilities, a few themes arose as key takeaways:
1. Solutions mentioned in sustainability reports can range from briefly mentioned to a core strategy, and can at times be inconsistent with how the utilities mention them in IRPs as well as future planning of projects and pilots.
2. Utilities in their IRP and sustainability report studies pre-IRA tend to focus on only one of the three technologies, with hydrogen being the most popular.
3. Although all three low-carbon solutions received new support in the IRA, utilities appear to focus on moving the hydrogen needle.
4. CCUS and nuclear incentives in the IRA appear inadequate to motivate utility action.
These findings seek to promote a better understanding of utility activity enacting their decarbonization strategies. There is no one-shoe-fits-all approach given the unique resource-mix starting point of each, yet all share a substantial emissions reduction goal. Near term impacts of the Inflation Reduction Act will primarily be felt through wind, solar, storage deployment, while hydrogen technology and infrastructure development remain a core focus-area moving forward.
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