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Nuclear Energy – Sustainably Clean Power

Wind and solar are growing rapidly, but 
we have not yet solved the challenge 
of grid-scale storage that will provide 
power when intermittent sources 
cannot.  We know nuclear can provide 
24-hour baseload power, because it 
already does. Worldwide, nuclear 
power produces more energy than 
hydro, solar, wind, and geothermal 
power combined.

The bottom line is that to achieve the 
pace and scale of worldwide carbon 
reductions needed to avoid climate 
change, nuclear must play a role.”

“To meet our emissions reduction targets and avoid the worst effects of climate change, 
we need to dramatically reduce power sector emissions. Switching from coal to natural 
gas is already reducing the U.S. carbon footprint, but it’s not enough to get the deep CO2
cuts envisioned in the President’s Climate Action Plan. Reducing emissions by 80% will 
likely require the complete decarbonization of the power sector….

Secretary Moniz
COP21, Paris 2015
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Notional Nuclear Energy Deployment Scenarios

Life extension to 80 yrs for 60% of current capacity (younger and larger units)

The partitioning between GE III+, SMRs, and GEN 
IV depend on the availability of the technologies 

and supply-chain considerations 

2010 2020 2030 2040

ADVANCED REACTORS 
NUCLEAR HYBRID ENERGY
SUSTAINABLE FUEL CYCLE

GEOLOGIC REPOSITORY

LWR LIFE EXTENSION (80 yrs)

LWR LIFE EXTENSION (60 yrs)
USED FUEL STORAGE

ADVANCED LWR BASED
SYSTEMS & COMPONENTS

SMALL MODULAR REACTORS

A balanced and innovative National Nuclear Energy RD&D portfolio is 
needed to meet near-terms priorities and long-term objectives, given the 
long development and deployment period for nuclear technologies.
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Light Water Reactor Sustainability Program 

• Develop fundamental scientific basis to enable continued long-term safe 
operation of existing LWRs (beyond 60 years):
• Improve reliability -- Sustain safety
• Preserve carbon-free generation -- Support long-term economic viability

• Focus areas:
• Materials Aging and Degradation
• Advanced Instrumentation and Controls
• Risk-Informed Safety Margin Characterization
• Systems Analysis and Emerging Issues (includes research to support post-Fukushima 

lessons learned)

• Accomplishments:
• Completed the development of a detailed database on irradiated concrete degradation.  

This database, together with mechanistic modeling, will support the development of a 
predictive model for concrete degradation.

• Released the first Beta version of the new RELAP-7 code.  RELAP-7 is a modern, updated 
thermal-hydraulics reactor plant simulation code.

• The Arizona Public Service Company received a Nuclear Energy Institute Top Industry 
Practice (TIP) award for an advanced outage control center automation pilot plant 
project implemented in conjunction with the Light Water Reactor Sustainability program. 4



Federal Loan Guarantees Underpin New Nuclear Build

• The Energy Policy Act of 2005 authorized the Department of Energy to issue 
loan guarantees for projects that avoid, reduce or sequester greenhouse gases 
and employ new or significantly-improved technologies as compared to 
technologies in service in the United States at the time the guarantee is issued. 

• In Georgia, two AP1000s are being built with $8.3 billion in loan guarantees 
from the Department of Energy.

Construction of Vogtle Unit 3, 
January 2014 ©Georgia Power Company

• DOE announced an additional $12.5 billion 
solicitation for loan guarantees for Advanced 
Nuclear Energy Projects in December 2014 --
focuses on four key areas:
‒ Advanced nuclear reactors
‒ Small modular reactors
‒ Uprates and upgrades at existing facilities
‒ Front-end nuclear projects, such as 

uranium, conversion, enrichment and 
fuel fabrication



Small Modular Reactor (SMR) 
Licensing Technical Support Program
• In 2012, DOE initiated a 6-year/$452M program to provide financial 

assistance for design engineering, testing, certification and licensing of 
promising SMR technologies with high likelihood of being deployed at 
domestic sites in the mid-2020’s.

• Commercial SMR development is being accelerated through 
public/private arrangements with 50% cost share provided by  U.S. 
industry partners.

• Site permitting and licensing activities being planned:
• U.S. Government Interagency Agreement for 

the Tennessee Valley Authority’s Clinch River Site –
Developing Early Site Permit (ESP), expected mid-2019;
Cost-shared 50/50

• Second NuScale Cooperative Agreement -- NuScale partnered with UAMPs to explore 
siting SMR on or near Idaho National Laboratory;
Site-related activities needed to develop license application;
Cost-shared 50/50 6



Advanced Reactor Technology Program

• R&D focused on Advanced, Small and Modular Reactor Concepts
• Fast Reactor Technologies

‒ For  actinide management and electricity production
‒ Current focus on sodium coolant

• High Temperature Reactor Technologies
‒ For electricity and process heat production
‒ Current focus on gas- and liquid salt-cooled systems 

• Advanced Reactor Generic Technologies
‒ Common design needs for advanced materials, energy conversion, 

decay heat removal systems and modeling methods
• Advanced Reactor Regulatory Framework

‒ Development of licensing requirements for advanced reactors
• Advanced Reactor System Studies 

‒ Analyses of capital, operations and fuel costs for advanced reactor types

• Supercritical Transformational Electric Power (STEP) Initiative:
• Integrating multi-office R&D projects
• Investigating commercialized Supercritical Carbon Dioxide (sCO2) Brayton 

cycle energy conversion system

Argonne National 
Laboratory   AFR- 100
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Fuel Cycle Research & Development Program

• Conduct R&D on advanced sustainable fuel cycle technologies that 
have the potential to improve resource utilization and energy 
generation, reduce waste generation, enhance safety, and limit 
proliferation risk;

• Conduct generic research and development and generic non-R&D 
activities related to used nuclear fuel, nuclear waste management 
and disposal issues; and

• Lay the ground work and planning for the implementation of the 
Administration’s strategy on the management of used nuclear fuel 
and high-level waste. 

The program employs a long-term, science-based approach to foster 
innovative, transformational technology solutions. Advancements in fuel 
cycle technologies support the enhanced availability, affordability, safety, 
and security of nuclear-generated electricity in the U.S.
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Nuclear Energy Enabling Technologies
Crosscut Technology Development
• Conduct research to develop innovative and 

crosscutting technologies leading to significant 
advancements for multiple reactor and fuel cycle 
concepts

• Support strategic investments to enhance the 
national nuclear research infrastructure

• Address critical knowledge gaps in reactor and fuel 
cycle technologies
• Reactor Materials
• Advanced Sensors and Instrumentation 
• Advanced Methods for Manufacturing
• Cyber Security R&D
• Transient Testing R&D 9



Nuclear Energy Advanced Modeling and Simulation 
(NEAMS)

• Product Lines – Develop advanced predictive simulation tools (NEAMS Toolkit) for use in 
nuclear reactor and fuels RD&D

• High Impact Problems – Demonstrate and help deploy NEAMS tools by solving high-impact 
problems in collaboration with customers

• NE Mission Needs – Support restart and use of the INL TREAT facility for RD&D

Program areas:

Key RD&D Objectives:

• Enhance the value of the NE R&D portfolio through integration of advanced computational 
methods to accelerate meeting NE Roadmap objectives, and to help enable the next 
generation of nuclear technologies

• Deploy advanced modeling and simulation tools to industry and academia for use by 
scientists and engineers in research, design, and analysis of nuclear power systems

PELLET PLANTPIN CORE

The NEAMS Pellet-to-Plant Simulation Toolkit
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Consortium for Advanced Simulation of Light Water 
Reactors (CASL): DOE Modeling and Simulation Hub
• Developing a “virtual reactor” to simulate reactor behavior with the 

ultimate goal of using this tool to improve the safety and economics 
of reactor operations to enable power production increases and life 
extension.

• Renewed for a second 5-year phase in FY15 and is increasing 
membership to include additional reactor technology vendors and 
electric utilities.
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Nuclear Science User Facilities (NSUF)
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Provides the research community a means to conduct cutting-edge nuclear energy R&D 
by providing access to unique irradiation and post-irradiation examination capabilities, 

located at Idaho National Laboratory and various partner facilities.

• Reactor Facilities
− INL Advanced Test Reactor
− MIT Reactor
− North Carolina State University 

(NCSU) PULSTAR Reactor
− ORNL High Flux Isotope Reactor

• Beamline Facilities
− University of Wisconsin
− Illinois Institute of Technology
− University of Michigan
− NCSU PULSTAR  Reactor

• Post Irradiation Examination
− Idaho National Laboratory (INL)
− North Carolina State University
− University of Wisconsin
− University of Michigan
− University of California Berkeley
− University of Nevada, Las Vegas
− Purdue University
− Pacific Northwest National 

Laboratory
− Oak Ridge National Laboratory 

(ORNL)
− Westinghouse



NE’s University Programs

• Nuclear Energy University Program (NEUP)
• NE designates up to 20 percent of the funds 

appropriated to its R&D programs to R&D and 
infrastructure projects awarded through an 
open, competitive solicitation process

• Integrated University Program (IUP)
• NE provides graduate-level fellowships and 

undergraduate-level scholarships through an 
open, competitive solicitation process to support 
nuclear science and engineering education

• Research Reactor Infrastructure (RRI) 
• NE supports the continued operation of U.S. 

university research reactors by providing fuel 
services and maintenance of fuel fabrication 
equipment
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Gateway for Accelerated Innovation in Nuclear (GAIN)
• Provides the nuclear community with access 

to the technical, regulatory, and financial 
support necessary to move advanced nuclear 
technologies toward commercialization while 
ensuring the continued operation of the 
existing nuclear fleet
• Through DOE’s Clean Energy Investment Center, 

provides the nuclear energy component of a 
DOE-wide “Single Point of Access” service

• Provides focused research opportunities and 
dedicated industry engagement to ensure DOE-
sponsored activities are impactful to companies 
working to realize the full potential of nuclear

• Expands DOE's work with the Nuclear 
Regulatory Commission (NRC) to assist 
technology developers through the regulatory 
process

• Integrates and facilitates efforts by private 
industry, universities and government 
research institutions to test, develop and 
demonstrate advanced nuclear technologies 14



GAIN – A Nuclear Energy Innovation Test Bed
• Builds on and expands the successful Nuclear 

Science User Facilities model

• Fosters the rapid and cost-effective maturation 
of technologies towards engineering-scale 
demonstration for innovative nuclear 
technologies

• Enables the use of existing capabilities at 
multiple institutions in an integrated and “fast 
and cost-effective” manner

• Offers a wide range of flexible and re-
configurable capabilities to address multiple 
technology needs
• Irradiation, PIE, thermal-hydraulic loops, process 

development/testing, component 
fabrication/testing, etc.

• Includes predictive modeling and simulation 
capabilities to reduce the number of tests 
needed to optimize designs

• Incorporates a knowledge and validation center 
to provide easy and efficient access to existing 
data and legacy knowledge

TRL Research Capabilities

1 - 3 Nuclear Science User Facilities

4 - 7 Nuclear Energy Innovation Test Bed

Phase I Phase II Phase III

A tailored approach to support technologies of varying TRLs
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Highlights of the Nuclear Energy FY 2017 Request

Nuclear Energy accelerates integrated waste management implementation with consent-based siting 
and invests in emerging nuclear reactor designs and advanced fuels.
• Small Modular Reactors ($90M)—Complete DOE commitment for the NuScale Design Certification 

(DC) Project – supports NRC review of DC application, NuScale’s engineering and analytical efforts 
to respond to NRC review issues, and work towards finalizing the  SMR design.

• Reactor Concepts ($109M)— Continue LWRS efforts to maintain carbon free power generation by 
the current fleet and supports R&D of advanced reactor technologies. Consolidates sCO2 R&D 
activities (STEP).

• Fuel Cycle R&D ($250M)—Accelerate Integrated Waste Management System storage & 
transportation and consent-based siting activities; initiate development and qualification phase for 
accident tolerant fuel to support insertion of a lead test rod or assembly in a commercial reactor 
by 2022; continue deep borehole field test; and continue collaboration with industry on extended 
storage of high-burnup used fuel.

• Nuclear Energy Enabling Technologies ($90M)— Supports modeling and simulation, cross-cutting 
technology development, nuclear user facilities, and traineeships for critical nuclear technologies.

• Idaho National Laboratory ($356M)—Modernization of facilities and security capabilities, 
including initiation of 5 year ATR reliability improvement program.

• International Nuclear Energy Coordination ($5M) -- Initiates development of a program for 
international nuclear energy education outreach to support emerging countries developing 
nuclear energy programs.

FY 2016 Enacted FY 2017 Request FY 17 vs FY16 Delta

$986M $994M +$8M
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