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Advanced Reactors Provide Flexible Nuclear Options 

• Flexible deployment options
• Right-sized for community or 

industrial needs
• Fuel: oxide, metal, TRISO 

particle, molten salt
• Coolant: water, helium, liquid 

metal, molten salt, heat-pipe



Current Department of Energy Projects

1
Bipartisan Infrastructure Law – 
Office of Clean Energy 
Demonstrations - $2.5 B

Kemmerer, WY

Seadrift, TX

2 Solve technical, operational and regulatory 
challenges to support demos within 10-14 
years

3 Solidify concept to mature technology for 
potential demo in mid-2030s

5

Presenter Notes
Presentation Notes
The Advanced Reactor Demonstration Program is supporting two demonstration projects that were “born” in the Office of Nuclear Energy but are now being administered through the DOE Office of Clean Energy Demonstrations or OCED:�
TerraPower’s Natrium reactor, a sodium-cooled fast reactor design, will be deployed at a site in Wyoming and will demonstrate how we can decarbonize our electric sector while preserving high-paying energy jobs in the community.           

Beyond the reactor developer, the utility (PacifiCorp), the state and local representatives are all working together to make this project a success. �
DOE is also supporting a demonstration project involving X-energy’s Xe-100 design: a small modular high temperature pebble-bed gas reactor.  X-energy is partnering with Dow to site the demonstration at it’s Seadrift manufacturing site in Texas. �
DOE is also supporting advanced reactor development by providing risk reduction  funding to industry partners to solve operational and regulatory challenges that will potentially support additional demonstration projects in the next 10-14 years.
Companies that have received funding awards have included Kairos Power, Westinghouse, Holtec, Southern Company, and BWXT�
And we are supporting industry efforts to solidify design concepts to mature technologies that could be ready for potential demonstrations in the mid-2030s
Companies that have received funding awards have included Advanced Reactor Concepts, MIT, and General Atomics.








Highlights of 
Nuclear Energy-
Related IRA Tax 
Provisions

45U – Zero Emission Nuclear                                                                 
Power Production Tax Credit (PTC)

• Existing fleet, including uprates
• 2024-3032
• Wage/labor provisions
• Sliding credit based on gross receipts
• Can be monetized

45Y – Clean Energy Production Tax Credit (PTC)
• Technology neutral clean energy, placed in service post 2024
• 10 yrs from operation; phases out later of 2032/GHG target reached
• 10% bonus each for domestic content and energy community
• Wage/labor provision
• Can be monetized

45E – Clean Energy Investment Tax Credit (ITC)
• Technology neutral, clean energy
• Wage/labor provision
• 10% bonus each for domestic content and energy community
• Can be monetized
• Starts to phase out in 2033

48C – Advanced Energy Project Credit
• Manufacturing-focused
• 2024 Award to X-energy for TRISO Fuel Fabrication

Also – 45 V Clean Hydrogen Production Tax Credit

Administered by the Department 
of Treasury.  

The Department of Energy 
provides technical assistance to 
support implementation.



states, DC, and 
Puerto Rico44

$1 billion
in university support

139
U.S. 

universities/
colleges

8

• NE currently manages 10 Funding 
Opportunity Announcements and Requests 
for Applications 

• 2,568 total awards to universities

• 833 undergraduate scholarships and 435 
fellowships totaling more than $73 million

=> 92% of our concluded graduate fellows are now 
employed in nuclear energy-related fields 

• More than $25 million to minority-serving 
institutions (MSIs) over the last 3 years and 
looking to engage further

• 2,400+ students supported by Nuclear 
Energy University Programs (NEUP) R&D

Presenter Notes
Presentation Notes
Program Successes
One billion dollars awarded in university support since FY 2009. 
These dollars have supported over 2,500 awards to 139 schools in 44 states, the District of Columbia, and Puerto Rico. 
NE-71 now manages 10—soon to be 11—funding opportunity announcements and requests for applications. 
More than $25 million has been awarded to MSIs over the last 3 years. This amount will be even higher once all of our FY24 projects conclude award negotiations. Our support to MSIs in a single year nearly tripled between 2020 and 2023 and we continue to look for ways to engage institutions that have not historically participated in our programs.  
We’ve awarded 833 undergraduate scholarships and 435 graduate fellowships, totaling more than $73 million, under NE’s University Nuclear Leadership Program. Many are now university professors or are working in industry or at one of the national laboratories. Many are now applying to university program funding opportunities and are seeing a lot of success there. We even have a few who have mentored other UNLP fellows as they come through the program. Looking at the R&D side of things, NEUP R&D projects have supported more than 2,400 students over the years. 
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Generation Strategy & Regulatory Engagement

The Value of 
Nuclear in a Clean 
Energy Future
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Duke Energy Overview
 8.4 million customers
 Carolinas, Florida, Midwest
 Energy capacity: 54,800 MW 
 27,600 employees
 Clean energy transition

• 2030: 50% reduction in carbon emissions
• 2050: Net-zero carbon emissions

 “All of the above” new generation strategy
 Balancing reliability, affordability and 

environmental sustainability
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The Value of Nuclear
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Nuclear Empowers Us Today, Tomorrow and for 
the Future
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 Amazon

 Google

 Microsoft

 Nucor

Memorandum of Understanding

Accelerating Clean Energy Tariffs

Large Customer Benefits

Duke Energy Benefits

 On-site generation at their facilities

 Load flexibility programs

 Investments in large-scale clean energy 
assets

 Proposes new, voluntary pricing 
structures

 Encourages early commitments

 Addresses project risk, lowers costs

 Allows large customers to directly support 
investment in carbon-free energy

 Clean Transition Tariff

• Provides individualized carbon-free 
portfolios 

• Matches clean energy and customer 
load to accelerate grid decarbonization

• Allows large customers to advance their 
clean energy goals

• Protects nonparticipating customers

Proposed Accelerating Clean Energy Tariffs
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Bringing Advanced Nuclear to 
Market

Michelle Chang, Program Manager, Advanced Clean 
Electricity Technologies, Google 



Google’s energy journey

Google Signs First Power 
Purchase Agreement (PPA)
Begin buying renewable energy

100% Renewable Energy
Reducing emissions

24/7 Carbon-Free Energy
Eliminating electricity emissions

Net-Zero Emissions
Across all operations and value chain

In 2010

Since 2017

By 2030

Presenter Notes
Presentation Notes
Here you can see what our energy journey has looked like over the years. 

While going carbon-neutral and achieving 100% renewable energy have been major milestones, we recognize addressing climate change will require doing more. 

Our aspiration is a simple one: by 2030, we intend to run our entire business on carbon-free energy in all places, at all times.

This is our biggest sustainability moonshot yet, with enormous practical and technical complexity. 

Yet, we remain passionate by the fact that we are the first major company that's set out to do this, and we aim to be the first to achieve it. �
Why do we need it? Because even though Google currently buys enough renewable energy to match 100% of our annual electricity use, there are times when the sun doesn’t shine and wind doesn’t blow.  

This variable nature of renewable energy means there are times and places where we still have to rely on carbon-based electricity for our infrastructure.  

This ambitious goal will require significant corporate actions to bring about large-scale shifts in global energy use.

Google is lighting the path as the first major company to set the goal of around the clock carbon-free energy, and now helping build a global movement to make it a reality for all.  

This shows you just how serious we are about tackling climate change.




Purchasing 
Buy more and different types 

of clean energy deployed 
locally

Policy
Advocating for policy changes 
to decarbonize electricity grids

Google’s Approach 
24/7 Carbon-Free Energy

Technology
Accelerate technology innovation

Presenter Notes
Presentation Notes
We are approaching our goal in three key ways: 

First, we’ll continue to use our purchasing power to buy carbon-free electricity on each local grid where we operate. This includes developing innovative contracting structures that enable us to source clean power around the clock. 
Just last week we released a paper about a new transaction structure we’ve innovated with partners across the globe we call the CFE Manager. Under this structure, an energy service provider assembles a portfolio of carbon-free energy technologies to better match electricity demand with clean energy on an hourly basis. We are excited about how this can also help other companies source round-the-clock clean power. 
Second, we’re working to commercialize next-generation clean energy technologies. As a large energy buyer, we are committed to sending market signals that encourage the development and deployment of new clean energy technologies that can help Google - and global energy systems - decarbonize more quickly. 
An example is the agreement we signed for a next-generation geothermal project in Nevada with Fervo Energy. 
We’re supporting the development of granular energy certificates with partners like EnergyTag. 
We’ve also developed a first-of-its-kind system that can shift flexible computing tasks at our data centers across time and space to better align with lower-carbon hours on the grid
Finally, we work collaboratively to advocate for policies to drive decarbonization of electricity grids around the world. 
Earlier this year we released a global policy roadmap for 24/7 carbon-free energy, calling for pragmatic policy recommendations grounded in our first-hand experience buying large amounts of CFE globally
We are also proud to be partnering with Sustainable Energy for All and UN Energy, along with 70+ other companies, governments, and organizations, within the 24/7 Carbon-free Energy Compact, which is actively engaged in accelerating the technologies, policies, tools, ideas, and advocacy that are needed to make 24/7 CFe possible for everyone. 




September 2023

 goo.gle/AdvancedCleanTech

Our recent white paper discusses: 

● The importance of advanced clean electricity 
technologies to creating secure, reliable carbon-
free electricity systems 

● Five technologies we believe will play a critical 
role in decarbonization by 2030 and beyond

● Why and how companies can play a catalytic role 
in the commercialization of these technologies 

The Corporate Role in 
Accelerating Advanced Clean 
Electricity Technologies

Presenter Notes
Presentation Notes
Recently published report (on 14th September) - The corporate Role in Accelerating Clean Energy Technologies 

The role of advancing next-generation carbon-free technologies in Electricity System Decarbonization
The role of energy buyers advancing  technologies to overcome barriers  

Focus on 5 main technologies, 



https://emojipedia.org/link


Our modeling shows that advanced technologies can significantly 
reduce 24/7 CFE costs and risks 

Key insights from our modeling: 

1. Advanced CFE technologies are essential 
to reducing costs of 24/7 CFE portfolios

1. They can reduce market risks in clean 
energy portfolios, in particular shape risk 
and cannibalization risk

1. Some regions cannot reach high CFE 
concentrations without advanced 
technologies (e.g. poor RE resources, 
land use restrictions).  

The inclusion of advanced technologies reduces the cost of achieving 90% hourly CFE 
across global portfolio by 40%. 

Presenter Notes
Presentation Notes
1. Advanced clean electricity technologies are essential to reducing the cost of 24/7 CFE portfolios. While priced at a premium per unit of energy relative to average wholesale electricity prices, the inclusion of advanced CFE technologies reduces the overall cost premium of achieving high CFE Scores.22 For example, our modeling finds that including advanced CFE technologies would reduce the cost of achieving a 90% CFE Score across Google’s globally owned and operated data center portfolio by approximately 40%, relative to a “Mature Technologies” portfolio in 2030. These cost savings are realized because the inclusion of advanced technologies significantly reduces over-procurement of VRE and storage relative to demand, which would otherwise be needed to cover periods of low output from VRE sources. Moreover, firm technologies can produce electricity during the most expensive hours when wind and solar are unavailable. Taking these factors into account, our modeling finds that a cost-optimal portfolio includes a diverse mix of VRE, clean firm generation, and flexible balancing resources, including energy storage of varying durations.24 

On the other hand, including advanced technologies in our portfolio results in our needing approximately 40% less capacity than in the Mature Technologies scenario, as fewer VRE and lithium-ion resources are needed to meet our demand. The net spend for theAdvanced Technologies scenario is also significantly lower—nearly 40% below net spend in the Mature Technologies scenario.26 We show modeling for a 90% CFE scenario in this example because the inclusion of advanced technologies has a particularly significant impact when our global CFE scores approach and exceed 90%. Our modeling of 100% CFE shows that including advanced technologies can reduce portfolio net spend even further, up to 70% or more, with some variation across regions


2. Advanced clean electricity technologies can reduce market risks in clean energy portfolios. Buyers of VRE are exposed to multiple market risks, including mismatches between hourly generation profiles and electricity demand (known as “shape risk”) and the risk that market prices for renewable generation decline over time (known as “cannibalization risk”). These risks can be reduced through the inclusion of firm and flexible technologies in CFE portfolios. In addition to hedging against these risks, a diverse portfolio can also hedge against uncertainty in future technology cost and deployment trajectories and the possibility of over-reliance on any single technology that ultimately fails to deliver hoped-for improvements.

3. Some regions cannot reach high CFE concentrations without new technologies. In some regions, limitations on land availability, land use restrictions, poor renewable resource availability, transmission constraints, or other development challenges for VRE mean that advanced clean electricity technologies will be critical to achieving 24/7 CFE. Other areas with significant VRE availability and adequate infrastructure may require relatively smaller contributions from advanced technologies to achieve high CFE Scores. 




Proprietary + Confidential

22

Proprietary + Confidential

Advanced Clean 
Electricity Technologies RFI 
● RFI announced in March 2024 for 

advanced clean electricity technologies 
in the US 

● Over 200 RFI submissions received 
across many different technologies 

● Intention to sign contracts in Q1 of 2025
● More information: 

advancedcleanelectricity.com

Google, Microsoft, and Nucor announce a 
new initiative to aggregate demand to scale 
the adoption of advanced clean electricity 

technologies (March 18, 2024)
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This session has concluded. 

Check the app for today’s schedule. 
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