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New Challenges, Innovative 
Solutions

X-Energy’s vision is to become a world-lead-
ing provider of next-generation clean energy 
solutions. We face a crisis: Population growth 
and energy use will only continue to accelerate 
throughout the 21st century, and the only solu-
tion will be continued innovation in clean energy 
technology. X-Energy seeks to break through de-
cades of status-quo fossil fuel power generation 
and charge forward with ultra-safe nuclear solu-
tions for tomorrow and beyond.

Too Important to Ignore 
Energy production today uses the atmosphere as a sewer, sending greenhouse gases, smog, ash, and other 
harmful substances into the air that we all breathe. The 21st century will truly be an inflection point for world-

wide energy production. We must innovate today to solve tomorrow’s energy chal-
lenges.

Why Nuclear?
Nuclear power’s role in clean energy production within the United States and abroad 
is frequently misunderstood. According to the Nuclear Energy Institute, the 100 ac-
tive nuclear reactor units in the United States fulfill nearly 20% of the nation’s energy 
requirements. Cleaner than coal or gas and more reliable than wind or solar, nuclear 
energy must remain a cornerstone of the U.S. energy equation.

Improved Safety Through New Designs
The disasters at Fukushima and Chernobyl taught us that old nuclear techniques must be replaced. These were 
outdated designs that were ultimately prone to operator error or a perfect storm of natural disasters and in-
frastructure failures. Instead of refining and incrementally im-
proving traditional light water reactor (LWR) concepts, X-Energy 
proposes an entirely new design for commercial nuclear power: 
the Xe-100 is a “pebble bed” high temperature gas-cooled reac-
tor (HTGR). Building on decades of proven safety in HTGR test re-
actors, it will be an industry leader for clean energy production 
and a model for next generation reactor design.
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“X-Energy was born to 
leave a cleaner world to 

our grandchildren and their 
grandchildren. With so much 
at stake, we cannot continue 

down the same path.”

Dr. Kam Ghaffarian, 
Founder and CEO, X-Energy

“Although renewable energy sources like wind and 
solar will likely make increasing contributions to 
future energy production. . . Nuclear power—being 
by far the most compact and energy-dense of 
sources—could also make a major, and perhaps 
leading, contribution.”

Prof. Corey Bradshaw, The University of Adelaide 
Prof. Barry W. Brook, University of Tasmania
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Strategy for Mission Success

X-Energy’s mission is to build and profitably sell nuclear reactors. Aiming for commercialization in the mid-2020’s, 
the Company sees extensive U.S. and international market opportunities for the Xe-100 in government and com-
mercial applications. To achieve mission success, 
X-Energy plans to expand its capabilities, secure 
development funding, and build an initial customer 
backlog. These three components will successfully 
position the Company to receive Design Certification 
from the Nuclear Regulatory Commission for a stan-
dardized reactor design, which will allow commer-
cialization of the Xe-100. 

Business Partnerships. X-Energy plans to partner 
with industry-leading nuclear engineering firms to 
rapidly expand its market presence and core capa-
bilities, and improve its credentials with the NRC and 
the nuclear industry. 

U.S. Federal Government. The Company believes 
the U.S. Federal Government has an interest in con-
tinuing a heritage of world-leading nuclear research 
by funding the development and deployment of the Xe-100. Specifically, the Xe-100 will be uniquely positioned 
to help the Department of Defense fulfill a stated goal of on-base, inside-the-fence power generation and energy 
independence for sensitive installations.

Design Certification. The pace of new reactor Design Certification has slowed 
significantly in the United States, however the X-Energy believes that early and 
frequent engagement with the NRC will allow it to efficiently navigate the certifi-
cation and licensing phase to deploy the Xe-100 within a decade.

Supporting American Jobs. Mission success will necessarily create and support 
high-paying American jobs in research, engineering, advanced manufacturing, 
and construction, and help jumpstart U.S. nuclear energy leadership.

“In 2011, the Center for Naval 
Analysis released a study 
outlining new nuclear plant 
designs which could provide 
modular power generation, 
such as smaller scale high 
temperature gas reactors that 
use pebble bed technology. The 
Committee urges the Secretary 
of Defense to study the 
feasibility of such technology 
to include an evaluation of 
the safety and efficacy of this 
technology. . .”

Department of Defense 
Appropriations Act for 2015

Utilities
Spent Fuel

Reactor Unit

U.S. Patent Pending
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Complex Systems Expertise
Reactor Expertise

X-Energy’s staff and leadership includes world-leading nuclear physicists and engineers, who have experience on 
South Africa’s Pebble Bed Modular Reactor (PBMR) and other HTGR projects around the world. 

Aerospace Best-Practices
X-Energy’s technical game-changer is NASA systems engineering 
coupled with nuclear reactor design. Company leadership includes 
former NASA executives who bring unique perspectives and expe-
rience in simplification, reliability, modularity, and operational effi-
ciency to the nuclear power industry. 

Stinger Ghaffarian Technologies, Inc.
X-Energy draws on the expertise of its sister company, SGT, Inc., a promi-
nent engineering services provider with over thirty active contracts with 
DOT, DOI, DOC, NASA, and DoD. SGT has annual revenues of approxi-
mately $500 million and a backlog of nearly $3 billion. 

www.sgt-inc.com

Owner/Stakeholder
and Level 0 Requirements

Iterate Requirements
and Concepts to

Determine Feasibility

• Trade Studies
• Market Analyses
• Requirements Analyses
• Performance Analyses

Level 1 Requirements

Concept of Operations (CONOPS)

Plant Architecture

Plant Functional Requirements

System Functional and Design Requirements

Design Solutions

NRC Regulatory
Requirements

Industrial/Nuclear
Codes and Standards

SGT Headquarters, Greenbelt, MD
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A Different Kind of Nuclear Reactor

The Xe-100 is a helium-cooled “pebble bed” HTGR that operates at 125MWth and produces approximately 
48MWe. It varies in a number of important ways from traditional LWR’s:

Fuel. The Xe-100 uses spherical fuel elements 
called “pebbles” instead of fuel rods. The 
core of each pebble contains thousands of 
tristructural isometric fuel particles, which 
consist of a Uranium kernel that is surround-
ed by multiple layers of protective carbon. 
The Department of Energy has certified the 
integrity of TRISO particles up to 1800°C 
without any radionuclide release, a tempera-
ture well above what the Xe-100 reactor core 
can reach. Graphite surrounds the TRISO par-
ticles to protect the fuel and act as a neutron 
moderator. The Xe-100 core will contain ap-
proximately 170,000 pebbles at a time. During operation, an automated system constantly adds new peb-
bles to the reactor core, while spent pebbles are removed. 

Cooling. The Xe-100 uses Helium as the cooling agent and the working medium to transport heat for con-
version into useable energy. Helium exhibits high thermal conductivity and does not change phases during 
operation. Helium cooling significantly reduces the Xe-100’s water requirements during operation, only re-
quiring it for steam generation and investment protection.

Variable Output. The Xe-100 will be able to reduce its power output as 
low as 25% and return to full power on demand, with no risk of radionu-
clide release or damage to the reactor core. 

High Temperature Steam. The Xe-100 will produce steam at 540°C, 
which can be used in industrial applications currently only fossil fuels 
can fulfill. Depending on the configuration, an Xe-100 plant can produce industrial grade steam, electricity, 
or any combination to meet customer needs.

Small Emergency Planning Zone. The Department of Energy has indicated that small advanced reactors, 
such as the Xe-100, may have emergency planning zones (EPZ’s) significantly under the 10- and 50-mile zones 
of LWR’s. The EPZ of the Xe-100 is expected to be inside the fence line of the plant complex, and potentially 
may be as small as 400 yards. 

“As we look further into the future, we recognize that 
reactors using coolants other than water appear to 

offer important attributes.”

Dr. Peter Lyons, Assistant Secretary for Nuclear Energy, 
U.S. Department of Energy
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Industry-leading Safety

The Xe-100 will be equipped with indus-
try-leading safety and monitoring features, 
but the game changer for the reactor comes 
from the pebble bed design, which has 
demonstrated inherent meltdown resis-
tance in modeling and testing. The Xe-100 
is a leap forward in safe nuclear power gen-
eration:

Natural Safety. The Xe-100 reactor does 
not rely on complex systems that prevent 
meltdown by constantly circulating coolant through the reactor core. Instead, the reactor’s safety depends 
on the laws of physics: the reactor has a low power density, and in an unlikely loss-of-cooling event, tempera-
tures in the core will not rise to levels that would cause radionuclide release from the TRISO particles. Even 
with no further action from plant operators, the fuel will retain radionuclides while heat naturally dissipates 
from the reactor core. Active and passive systems can fail, but the laws of physics remain constant, and the 
Xe-100 will be walk-away safe.

Stuck Rods. In 1970, Germany’s AVR reactor conducted the famous Stuck 
Rods experiment simulating a “worst case” scenario: cooling system failure 
and no deployment of the shutdown rods. In traditional LWRs with high-
er power density, the results are catastrophic if the cooling system fails, 
sometimes even when the shutdown rods are deployed. During the Stuck 
Rods test, the AVR shut down without intervention from plant operators. 
The Stuck Rods experiment has been successfully replicated more recently 
at China’s HTR-10 pebble bed reactor.

Functional Containment. The Xe-100 also incorporates a series of successive radionuclide retention barriers 
that fully encompass the inner ones to further minimize the risk of radionuclide release:

• Multi-coated fuel particles: retain radionuclides up to extreme temperature

• Graphite pebbles: protect the particles and moderate the nuclear reaction

• ASME/ASTM steel vessels: support a helium pressure boundary within the reactor core

• Underground reactor building: encircles the reactor units for additional radionuclide barrier

Xe-100 Fuel Temperature During Loss-of-Cooling Event

AVR Reactor, Germany

Xe-100 Temperature in Loss-of-Cooling Event
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Spent Fuel

Secure Access

Reinforced 
Underground 
Construction

Unparalleled Site Security

In addition to being one of the safest reactors on the 
market, The Xe-100 will also be one of the most resil-
ient. The design incorporates features that protect the 
reactor complex from manmade and natural disrup-
tions during plant operation and decommissioning:

Resistance From Unauthorized Entry. Under-
ground, reinforced concrete silos will enclose Xe-100 
reactor units and all support facilities. The concrete 
envelope serves as the ultimate radionuclide barrier against discharge from within the plant, and it also pre-
vents unauthorized entry. Limited access to the secure “bank vault” that encloses all plant facilities reduces 
the need for an extensive security force. 

Protection from Manmade and Natural Disasters. In addition to the resistance against intrusions that the 
underground facility offers, the concrete barrier will withstand seismic events and natural disasters as well 
as large object impacts or explosions that could threaten plant operations. 

Safer Spent Fuel

Spent fuel is one of the most pressing questions that the nuclear industry grapples with today. The Xe-
100 offers a superior answer to the spent fuel problem: 

Higher Utilization Rate. Pebble bed reac-
tors have a fuel utilization rate significantly 
higher than LWRs, leaving less radioactivity in 
the spent fuel and allowing for safer storage 
after plant decommissioning.

On-Site Fuel Storage. The Xe-100’s design 
will incorporate on-site spent fuel storage 
facilities within the reinforced underground 
facility. Like the rest of the reactor facility, 
the spent fuel storage will offer resistance 
against natural disasters and manmade dis-
ruptions.

No Proliferation Risk. The Xe-100’s fuel presents no proliferation risk due to its low radioactivity and the 
difficulty of accessing the radioactive materials within the graphite pebbles and TRISO particles. Pebble fuel 
will be nearly impossible to weaponize.

Secure Access

Cooling

Nuclear 
Island 
Boundary

Turbine/Generator Sets 
Auxiliary Systems

U.S. Patent Pending
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Flexible Power Output, Anywhere

The Xe-100 advances the horizon of nuclear power in the United States and abroad, bringing clean and reliable 
nuclear power generation to situations that have never previously been able to utilize it:

Location Versatility. The Xe-100 has a higher 
number of potential sites compared to alterna-
tives including nuclear LWR, wind, and solar. It 
can reliably provide clean electricity and indus-
trial-grade steam nearly anywhere. The Xe-100’s 
significantly smaller EPZ will allow safe siting 
closer to population centers, its Helium coolant 
allows it to operate away from large bodies of 
water, its small footprint allows it to operate on 
compact sites, and it can generate power in lo-
cales without abundant sunshine or wind.

Load Following. With its unique variable output 
capability, the Xe-100 will be able to follow power demands in real-time, based on fluctuating energy grid de-
mands—a capability that only fossil fuel plants can claim today and that no other existing nuclear project has.

Uninterrupted Power. The reactor will not shut down for refueling, due to 
continuous fueling during active operation. Power generation will continue 
around the clock, regardless of external factors such as sunshine or wind. 
The Xe-100 will have an availability rate of over 95%.

Reduced Construction Time. Modular reactor installation and innovative site-preparation techniques will re-
duce contract-to-startup time by an estimated 20%-40% compared to LWR facilities and other small modular 
reactor projects.

Size Comparison: Ivanpah Solar Concentrating Plant (generating 
392MWe) vs. Xe-100 Site (generating 360MWe).

Heliostat Density

Solar Array
Fields

Xe-100 Site

18-hole
Golf Course

The Xe-100’s availability rate is over 95%, 
beating EIA averages for hydro (39.9%), 
wind (25.5%), and solar (15.5%).
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Exciting Market Opportunities

The Company sees extensive market opportunity for the Xe-100 through the 2020’s and beyond. The unique 
characteristics and features of the reactor allow it to fulfill a wide variety of energy requirements at diverse 
locations for multiple types of customers.

Government. The Xe-100’s design and performance is perfectly matched 
to the push for grid independence at Department of Defense facilities. 
A 2008 study1 by the Defense Science 
Board found vulnerability among the 
nation’s military installations that rely 
on an aging and increasingly overbur-
dened domestic power grid to fulfill 

their power needs. The Xe-100 can penetrate this market with the appropriate 
scale to fit numerous installations and the necessary safety and small foot-
print for inside-the-fence siting at secure locations. 

Commercial Electricity. Commercial entities will be interested in the Xe-
100 as the nation’s aging fleet of coal-fired generation stations retire over 
the coming decades. In the face of increasing pressure against fossil fuel 
emissions and greenhouse gases, nuclear power offers a clean alternative 
to coal and natural gas and a more reliable alternative to wind, hydro, and 
solar.

Industrial Steam. The reactor’s high operating temperature produces su-
perheated steam that can support industrial applications such as fertilizer 
manufacture and petroleum refining. Currently, only emissions-produc-
ing energy sources such as coal and natural gas can fulfill these industrial 
roles. As the regulatory outlook against fossil fuels becomes increasingly 
hostile, the Xe-100 can benefit these facilities.

International. While the Xe-100’s primary initial market will be the United 
States, X-Energy sees significant international opportunity for the reactor 
following successful Design Certification. The Xe-100 can offer the bene-
fits outlined above to many international entities as well, and its size and 
location flexibility make it ideal for countries with emerging economies or 
limited infrastructure. HTGR test units are already successfully utilized in 
many countries today.

1 The Defense Science Board, “More Fight – Less Fuel”, Feb. 2008  

“It is critical that the source of 
electricity for our critical military 
installations is reliable and secure to 
ensure the security of our nation. The 
DoD needs to consider small modular 
nuclear reactors as a safe and secure 
alternative source of electricity.”

George Robitaille, 
U.S. Army Environmental Center
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Licensing Strategy and Timeline

Following engagement with a first customer and the successful identification of a site for the first plant, X-En-
ergy will be in a position to contact the NRC and initiate the licensing process. In line with NRC standards, the 

Company must first apply for a Combined License 
(COL) to build the first plant at a specific site, cho-
sen by X-Energy and the initial customer. Following 
approval of the COL, construction of the reactor 
and successful operation, X-Energy will apply for 
Design Certification.

The Design Certification serves as an approval of 
the nuclear reactor design, independent of any 
specific site or customer, allowing Xe-100 to en-
ter the market as a fully commercialized nuclear 
reactor. 

Design Certification will also open significant inter-
national markets for the Xe-100. Foreign nations 
have different licensing requirements for nuclear 
power, yet the United States Design Certification 
remains the international gold standard. 

Anticipated Schedule

X-Energy plans for Design Certification in 2024, with commercialization following in the mid- to late-2020’s:

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024Category

Engineering

NRC 
Licensing

Demonstration 
Plant

Fuel 

Conceptual

Pre-Application

NRC Review: Combined Operating 
License Application

Preliminary

Fuel Qualification Testing

Detailed

Construction

Startup/Commissioning

Create Design Certification 
Application

NRC Review: 
Design Certification

Application

Fuel Plant Licensing, Engineering, 
and Construction
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Word-Class Leadership

Dr. Kam Ghaffarian, Founder and CEO. Dr. Ghaffarian is a successful entrepreneur and busi-
nessman who has founded over 14 profit and non-profit entities, including SGT, Inc., an 
engineering services provider to NASA and other federal agencies, with over $450 million in 
annual sales. Dr. Ghaffarian has also held senior management positions at Lockheed Martin 
and Ford Aerospace. He has a B.S. in Computer Science, a B.S. in Electronics Engineering, 
and a Ph.D. in Management Information Systems.

Doug McCuistion, Chief Operating Officer. Doug is the former Director of NASA’s Mars Ex-
ploration Program, with over 30 years’ experience managing and operating large, complex 
systems and programs, including the mission that successfully landed the Curiosity Rover 
on Mars in 2012. Prior to his career at NASA, Doug was a U.S. Naval Aviator, piloting F-14 
Tomcats and retiring with the rank of Commander.

Dr. Eben Mulder, Senior Vice President and Chief Nuclear Scientist. With over 30 years’ 
experience in pebble bed design and architecture, Dr. Mulder is a world-renowned nuclear 
physicist and expert on pebble bed reactors. He is the author of over 100 scholarly articles 
on the topic.

Ralph Loretta, Chief Financial Officer. Ralph brings 30 years’ experience assisting ener-
gy executives with technology transformation, merger integration, and organizational 
re-alignments. He is a certified public accountant and has served Fortune 500 power and 
utility companies in more than 20 countries.

Martin Van Staden, Vice President of Engineering. Martin has 15 years’ experience in Com-
putational Fluid Dynamics (CFD) design, including extensive experience leading the CFD de-
sign team on South Africa’s Pebble Bed Modular Reactor. 
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Energy Solutions for Tomorrow—and Beyond

The Xe-100 is a small nuclear reactor with enormous potential. The Xe-100 offers all the benefits of traditional 

nuclear power stations and, through the unique characteristics and benefits of pebble-bed technology, expands 

the capabilities of nuclear power while minimizing many of the risks associated with the power source. Like all 

nuclear, the Xe-100 provides a clean and reliable source of electricity generation. But no other planned nuclear 

reactor can match the Xe-100’s unique load-following capability or the reactor’s combination of safety, security, 

and flexibility within the same planned deployment timeframe. X-Energy sees extensive market opportunity that 

the Xe-100 will be the best or only option to fulfill. The Xe-100 is truly a different kind of reactor.

Throughout the 20th century, nations raced to amass resources. The 21st Century will be a race for game-chang-

ing innovation as nations begin to grapple with finite fossil fuels and the grave energy challenges that threaten all 

of us. X-Energy was founded with the ambitious vision of helping the United States maintain its nuclear energy 

leadership by charging forward toward the next generation of advanced reactor design and power generation. 

We must innovate now to solve tomorrow’s energy problems, or tomorrow we will have to explain yesterday’s 

mistakes.

Join the X-Energy Team



For more information, please contact:

X Energy, LLC

7701 Greenbelt Road, Suite 320

Greenbelt, MD 20770

(301) 358-5600


