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BRINGING THE FUTURE INTO FOCUS
When we think of the future, it is often imagined as out of focus and in the 
abstract. As we envision the seemingly far-off, aspirational future for our world 
and those who come after us, it is important to “begin with the end in mind,” 
as author Steven Covey encourages in 7 Habits of Highly Effective People. We 
must look to the future, put a pin in the map where we want to be, and plot 
the course for getting there. So it is, too, with nuclear energy as part of a future 
that champions clean, sustainable, and equitable energy systems that can meet 
society’s needs. The International Energy Agency (IEA) report, “Net Zero by 2050: 
A Roadmap for the Global Energy Sector” [1], calls for an “all hands on deck” 
approach in which all clean energy sources will be required to work in concert 
on the global path to decarbonization. Over the past 50 years, the use of nuclear 
power has reduced CO2 emissions by more than 60 gigatonnes—nearly two 
years’ worth of global energy-related emissions [2]. The International Atomic 
Energy Agency (IAEA) estimates that reaching net-zero carbon emissions will 
require a doubling of nuclear capacity [3]. 

This paper addresses four Grand Challenges facing a nuclear industry poised to 
assume an expanded role in providing abundant, affordable, reliable, and clean 
energy. The Grand Challenges—No Talent, No Sector; Operating a Lean Machine; 
Safe Doesn’t Have to Be Slow; and Beyond Electricity—were identified at the 
Global Forum for Nuclear Innovation (GFNI) in 2022. This event was co-organized 
by EPRI, Électricité de France (EDF), International Atomic Energy Agency (IAEA), 
OECD Nuclear Energy Agency (NEA), and National Nuclear Lab (NNL). This paper 
provides an introduction to these Grand Challenges, ongoing industry initiatives, 
and potential innovative ideas. 

WHAT COULD NUCLEAR’S FUTURE LOOK LIKE? 
The future of nuclear energy could be one in which nuclear power plants are 
designed, licensed, and constructed rapidly and effectively to meet global 
needs [4]. Nuclear power plants of various sizes and designs could offer energy 
access to underserved and underpowered populations. Communities that have 
historically had limited access to electricity could have utility services including 
clean water, sewer, district heating, and district cooling through nuclear energy. 
The new fleet of nuclear power plants could be easily deployed worldwide 
through globally accepted standards and regulations.

As emerging technologies are developed to support the next generation of 
nuclear power plants, those technologies are also enhancing the life cycles of 
the world’s original nuclear power plants. These plants, most of which were 
constructed from the 1960s through the 1980s, will play an important role as 
they continue to operate and support the clean energy transition, in some cases 
up to 100 years past their construction. Nuclear energy accounts for 10% of all 
electricity generated in the world, with nuclear generating as much as 70% of 
the electricity for some individual countries, like France [5]. The current global 
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At the 2022 GFNI event in London, the following Grand 
Challenges were identified in areas requiring the industry’s 
commitment to investing in and implementing innovative 
approaches. One significant focus of GFNI 2024 will 
be reviewing progress made in addressing the Grand 
Challenges.   

Grand Challenge: No Talent, No Sector
For the nuclear energy sector to meet its full potential, 
there is demand for a skilled workforce that is flexible and 
adaptable with the capabilities and expertise required 
for construction and operation of nuclear power plants. 
For example, the U.S. Department of Energy’s Pathways 
to Commercial Liftoff [10] report estimates that building 
and maintaining the necessary expansion of nuclear in the 
United States alone will require developing a workforce of 
approximately 375,000 people. The U.S. industry directly 
employs around 100,000 people today; more than three 
times as many will be needed before 2050. 

fleet of nuclear plants represents the second largest source 
of low-carbon power, generating just 12g CO2/kWh, which 
is similar to wind and lower than all types of solar power 
[6]. Both existing and new nuclear power plants could be 
necessary to sustainably meet demand. 

Technology and automation are enabling optimization 
of site operations, engineering, and maintenance staff, 
allowing for management through a smaller, technically 
diverse group of workers. Such innovations aim to 
drive down the overall cost of nuclear energy and are 
contributing to its expanded adoption [7]. Model-based 
systems engineering (MBSE) is an example of a new 
technology that could be applied at the outset of the design 
as new plants are built. MBSE is a formalized methodology 
that focuses on creating digital systems and engineering 
models as the means to exchange information [8]. MBSE 
could enable new nuclear power plant integration with 
digital twins used to inform everything from construction to 
operations to component replacement. 

There are other ways in which the industry is evolving to 
help meet future energy needs of the world—and beyond. 
A project is currently under way to develop small nuclear 
reactors that can be used to provide power to the first 
continuously human-inhabited station on the Moon [9].  

This exciting future, and much more, is possible if we plan 
for it now and prepare to meet its challenges head on. 
Creative thinking, collaboration, cultural adoption, and 
accountability—all on a global scale—are imperative as 
the nuclear industry translates innovative concepts into 
sustainable solutions for the future. 

HOW DO WE GET THERE?
The nuclear industry is driving positive change and is 
collectively committed to innovation and collaboration. 
The GFNI arose as an industrywide clarion call in 2018 to 
address the challenge of accelerating the deployment of 
innovation in nuclear power. To date, two GFNI events 
have equipped a growing network of nuclear innovators to 
think bigger and be bolder as they influence change in their 
organizations and in the industry. A third event will take 
place June 24–27, 2024, in Miami Beach, Florida, focused 
on turning ambition into action.

According to the U.S. Bureau of Labor Statistics, the labor 
force participation rate is trending downward and is 
projected to continue to do so, declining from 61.7% in 
2021 to 60.1% in 2031, due to retirements and declining 
population rate [11]. Nuclear workers are highly skilled 
and receive years of specialized training. The loss of these 
workers means a loss to both the workforce and the 
knowledge base of the nuclear energy sector. For nuclear 
power plants to continue to thrive, a strategy is needed for 
bringing in new workers prepared to operate the future 
fleet. 

The EPRI-Nuclear Energy Institute (NEI) Advanced Reactor 
Roadmap Phase 1: North America identifies workforce 
development as an enabler for large-scale deployment of 
advanced nuclear power plants [12]. The specific issues 
for workforce development are identified as building a 
pipeline of qualified skilled trades, attracting and retaining 
the advanced nuclear workforce, maintaining adequate 
workforce for existing nuclear fleet, and the training model.  
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EPRI’s Plant Modernization Program [16] has been working 
to establish a technical and programmatic foundation for 
existing nuclear power plants to adopt new technologies 
and process improvements to reduce operations and 
maintenance (O&M) costs while improving reliability 
and safety. For example, a business case analysis of 
digital safety-related instrumentation and control (I&C) 
system modernization performed with the Idaho National 
Labs Light Water Reactor Sustainability program found 
that substantial savings in O&M (net present value of 
$50M–$80M USD over the remaining life with license 
extension) can be realized through improved labor 
efficiencies and reducing costs associated with analog 
components [17]. Building upon these efforts, EPRI 
introduced a project to develop a technical foundation 
supporting the digital transformation (DX) of both the 
existing and future nuclear fleets. By leveraging existing 
DX research from across EPRI’s sectors and collaborating 
with other organizations, EPRI is initiating new research in 
DX as a part of the DX Research Initiative [18]. DX of the 
nuclear industry will require improving and automating 
work processes, leveraging existing technologies to increase 
worker productivity, and allowing utilities to accomplish 
more with less labor, all while maintaining high levels 
of safety, availability, and affordability for customers. To 
facilitate DX implementation, cross-functional, multidomain 
skills teams working within an established framework using 
agile/Scrum project execution may be required to rapidly 
deploy and deliver DX functionality. 

Advanced equipment development and installation and 
adoption of technology to enhance, or even transform, 
existing processes are actively being pursued [19]. The 
Operating a Lean Machine Grand Challenge could focus on 
maintaining efficient operations while continuing to explore 
new opportunities to advance DX through collaborative 
research and development. 

Modernizing and deploying digital technologies at nuclear 
power plants could also optimize the workforce and shrink 
the current labor force gap by reducing or eliminating 
workload and attracting the next generation workforce, as 
outlined in the No Talent, No Sector Grand Challenge. 

The Institute of Nuclear Power Operations (INPO) is 
focusing on deploying the concept of teaching and learning 
as described in Guidelines for Advancing Teaching and 
Learning in the Nuclear Power Industry (INPO 23-001) [13]. 
It provides guidance to strengthen continuous learning and 
move beyond conventional training methods that are based 
on the science of learning and practical teaching as well as 
learning methods applied in other organizations. 

To continue identifying how to best define and develop the 
future workforce, one idea is to investigate a learner-centric 
workforce development model that uses holistic, learner-
centered data and guidance to support training design 
and delivery methods that stem from an understanding of 
the learner. Another idea is to identify best practices and 
emerging technologies in learning science. The proposed 
ideas have the potential to innovate outmoded formal 
learning processes by creating a roadmap and learner-
centric model that more fully engages and develops the 
future workforce. 

Grand Challenge: Operating a Lean 
Machine
Nuclear power plant operation has historically required 
execution of thousands of repetitive, process-based 
tasks every year. Although these tasks are necessary to 
maintain safe and efficient operation, completing this work 
requires a significant investment of person-hours from a 
limited labor force. Between the volume of tasks and the 
necessary investment of time from nuclear workers, there 
is the opportunity for nuclear power plants to continue to 
increase operational efficiency. Lean operation strategies 
include modernizing plant equipment and processes [14] 
as well as embracing digital transformation [15] that can 
optimize performance and improve the way the business is 
performed at a nuclear power plant. 
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IAEA’s Nuclear Harmonization and Standardization Initiative 
(NHSI) was developed in 2022 to increase “regulatory 
collaboration to avoid duplication of regulatory efforts, 
increase efficiency and facilitate reaching common 
regulatory positions without compromising nuclear safety 
and national sovereignty,” according to  Anna Bradford, 
director of nuclear installation safety at the IAEA and chair 
of the regulatory track of the NHSI [24].

An example of a concept that fits within the Safe Doesn’t 
Have to Be Slow Grand Challenge is using artificial 
intelligence (AI) to assist with understanding emerging 
trends in current regulatory review and approval processes. 
EPRI has initiated a project to investigate AI-assisted tools 
to determine whether portions of regulatory submittals for 
the existing fleet could be automated, thus reducing the 
time nuclear workers spend developing the submittals. 

Grand Challenge: Beyond Electricity 
The 20th century saw the discovery of nuclear energy 
and its utilization for marine propulsion and electricity 
production. Since this discovery, nuclear energy continues 
to stand uniquely positioned as the most energy dense of 
the clean energy sources, produced around the world in a 
wide range of climate conditions and dispatched to meet 
market demands. The 21st century is envisioned to expand 
nuclear energy usage to a plethora of markets including the 
continued support of the grid, along with low-carbon fuel 
production, process and manufacturing, district energy, 
data centers, water and wastewater processing, and even 
extraterrestrial applications beyond electricity [25]. 

Grand Challenge: Safe Doesn’t Have to 
Be Slow 
The nuclear industry’s commitment to “safety first” has 
made nuclear power plants one of the world’s most 
reliable sources of energy. However, safety and speed have 
been perceived as inversely proportional when it comes 
to nuclear plant licensing, construction, and operation. 
Historically, nuclear plants have required significant capital 
investment for construction while simultaneously facing 
uncertain political climates and regulatory barriers. Long, 
unpredictable construction timelines have challenged the 
completion of new nuclear power plants, due in part to 
material and human capital resource challenges and the 
implementation of costly, unplanned design changes [20]. 
The nuclear industry has the opportunity to find innovative 
ways to efficiently and proactively navigate regulatory 
processes to ensure that the existing fleet can continue to 
operate, and that a future fleet of nuclear power plants can 
come online. 

Research and development projects under way across the 
energy sector to address this challenge are empowering 
people to make decisions to drive change and put nuclear 
at the cutting edge, while maintaining nuclear industry 
safety culture and protecting the environment [21]. 
Regulatory organizations are currently implementing 
strategic initiatives that focus on simplifying, streamlining, 
and aligning regulatory practices and procedures while 
still creating a culture in which safety, security, and 
environmental protection are viewed through an innovative 
lens [22]. 

For example, the Gateway for Accelerated Innovation 
in Nuclear (GAIN) initiative recently awarded funding to 
Argonne National Laboratory (ANL) and Idaho National Lab 
to research new coatings for nuclear fuel to enhance fuel 
reliability and safety. ANL will also research deploying new 
technologies into molten salt microreactor systems that 
could make the microreactors even smaller and easier to 
build and transport while still maintaining rigorous safety 
standards [23]. 

13589753

https://www.iaea.org/newscenter/news/iaea-initiative-sets-ambitious-goals-to-support-the-safe-and-secure-deployment-of-smrs
https://www.iaea.org/newscenter/news/iaea-initiative-sets-ambitious-goals-to-support-the-safe-and-secure-deployment-of-smrs
https://www.iaea.org/newscenter/news/iaea-initiative-sets-ambitious-goals-to-support-the-safe-and-secure-deployment-of-smrs
https://www.iaea.org/newscenter/news/iaea-initiative-sets-ambitious-goals-to-support-the-safe-and-secure-deployment-of-smrs
https://www.iaea.org/newscenter/news/iaea-initiative-sets-ambitious-goals-to-support-the-safe-and-secure-deployment-of-smrs
https://www.iaea.org/newscenter/news/iaea-initiative-sets-ambitious-goals-to-support-the-safe-and-secure-deployment-of-smrs
https://www.iaea.org/newscenter/news/iaea-initiative-sets-ambitious-goals-to-support-the-safe-and-secure-deployment-of-smrs
https://eprijournal.com/nuclear-beyond-electricity/
https://eprijournal.com/nuclear-beyond-electricity/
https://eprijournal.com/nuclear-beyond-electricity/
https://eprijournal.com/nuclear-beyond-electricity/
https://eprijournal.com/nuclear-beyond-electricity/
https://eprijournal.com/nuclear-beyond-electricity/
https://inis.iaea.org/collection/NCLCollectionStore/_Public/42/105/42105221.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/42/105/42105221.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/42/105/42105221.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/42/105/42105221.pdf
https://www.oecd-nea.org/jcms/pl_77639/over-40-years-of-collaborative-nuclear-safety-research-lessons-learnt-and-new-opportunities
https://www.oecd-nea.org/jcms/pl_77639/over-40-years-of-collaborative-nuclear-safety-research-lessons-learnt-and-new-opportunities
https://www.oecd-nea.org/jcms/pl_77639/over-40-years-of-collaborative-nuclear-safety-research-lessons-learnt-and-new-opportunities
https://www.innovationnewsnetwork.com/enabling-nuclear-innovation-a-regulators-view/27705/
https://www.innovationnewsnetwork.com/enabling-nuclear-innovation-a-regulators-view/27705/
https://www.innovationnewsnetwork.com/enabling-nuclear-innovation-a-regulators-view/27705/
https://www.innovationnewsnetwork.com/enabling-nuclear-innovation-a-regulators-view/27705/
https://www.innovationnewsnetwork.com/enabling-nuclear-innovation-a-regulators-view/27705/
https://www.anl.gov/article/argonne-engineers-to-drive-innovation-with-three-gain-funding-awards
https://www.anl.gov/article/argonne-engineers-to-drive-innovation-with-three-gain-funding-awards
https://www.anl.gov/article/argonne-engineers-to-drive-innovation-with-three-gain-funding-awards


6   |  EPRI White Paper October 2023

5. World Nuclear Association, Nuclear Power in the World 
Today, London, UK, August 2023, https://world-nuclear.
org/information-library/current-and-future-generation/
nuclear-power-in-the-world-today.aspx.

6. World Nuclear Association, Nuclear Energy and 
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Liftoff: Advanced Nuclear, Washington, D.C., March 
2023, https://liftoff.energy.gov. 

11. U.S. Department of Labor, Bureau of Labor Statistics, 
“Projections overview and highlights, 2021–31,” 
Washington, D.C., November 2022,  www.bls.gov/
opub/mlr/2022/article/projections-overview-and-
highlights-2021-31.htm.  

12. Advanced Reactor Roadmap—Phase 1: North America. 
EPRI, Palo Alto, CA: 3002027504 and NEI, Washington, 
D.C., May 2023, www.epri.com/about/media-
resources/press-release/73SPk7KsrJeMom5sQ5sFLJ.

13. Institute of Nuclear Power Operations, INPO 23-001: 
Guidelines for Advancing Teaching and Learning in the 
Nuclear Power Industry, Atlanta: Institute of Nuclear 
Power Operations, 2023. INPO Member Website. 

14. Nuclear Plant Modernization Toolbox, EPRI, Palo Alto, 
CA, https://nuclearplantmod.epri.com. 

15. Nuclear Engineering International, “Making nuclear 
lean,” NEI Magazine, January 10, 2020,  
www.neimagazine.com/features/featuremaking-
nuclear-lean-7591587.

16. Plant Modernization Program, EPRI, Palo Alto, CA, 
https://www.epri.com/research/programs/111344. 

Novel uses for existing reactors being explored today 
include district energy [26], hydrogen production [27], 
desalination [28], and powering data centers [29]. The 
Beyond Electricity Grand Challenge could address how to 
select a nuclear energy technology to meet the unique 
demands of these emerging applications and how to 
identify the optimal use of all energy provided from the 
nuclear reaction, including the residual heat generated by 
nuclear power which is traditionally thought of as waste 
heat. The Beyond Electricity Grand Challenge seeks to 
reimagine the deployment of nuclear energy. 

CONCLUSION 
The nuclear industry is transforming, with the potential for 
an expanded role in the portfolio of clean energy sources 
enabling worldwide net-zero emissions goals. In response, 
the industry must work together to break down barriers 
and embrace disruptive change and innovation. The Grand 
Challenges summarized here represent a cross section 
of key issues facing the industry. The plans developed 
to address these should be approached individually and 
in total as an effective blueprint for the innovative, agile 
change necessary for enabling the nuclear industry’s future.

Progress toward addressing the Grand Challenges to date 
will be assessed at GFNI 2024 as the event’s evolving focus 
shifts to “Ambition into Action.” To learn more about GFNI, 
visit www.globalnuclearinnovation.com.
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