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Two Challenges in Opposition
Global Energy Demand Up 50% by 2050

Need to drastically Reduce Carbon Emissions
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Nuclear is integral to reducing carbon emissions
The Low-Carbon Solutions:

Nuclear

The only emissions-free, always-on solution that can
be located anywhere. It can stand alone or support
intermittent energy sources. Nuclear is the integral
part of the puzzle.

Solar
Wind
Hydro
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X-energy’s timing is meeting the larger moment
Never before has there been
such a crossroads of need,
opportunity & ability
Decarbonization

•
•
•
•
•
•

Gen IV Readiness &
Market Desire

Global Demand for electricity will be up 50% by 2050
U.S. DOE committing up to $4B per project for advanced nuclear
Canada is aggressively decarbonizing
Canadian SMR Roadmap shows unprecedented political alignment

New Risk-Informed modernized licensing process in the U.S.
Market expansion into Europe, Asia, Middle East & Africa

Roll-off of Gen II
Nuclear & Coal

Timing

Global Energy Demand
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We design & build reactors and the fuel that powers them

Reactor: Xe-100
We’re focused on Gen-IV High-Temperature Gas-cooled Reactors
(HTGR) as the technology of choice, with advantages in sustainability,
economics, reliability and safety.

Reactor: Xe-Mobile
To address the need for ground, sea and air transportable small power
production. We’ve developed reactor concepts with potential civilian
government, remote community and critical infrastructure applications.

Fuel: TRISO-X
Our reactors use tri-structural isotropic (TRISO) particle fuel,
developed and improved over 60 years. We manufacture our own
proprietary version (TRISO-X) to ensure supply and quality control.
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Our traction, accomplishments & risk reduction to date
Selected by U.S. DOE for Advanced Reactor
Demonstration Program

Founded by Kam Ghaffarian

2009

2010

Completes market study,
design choices, and
finalizes design
parameters for Xe-100

2014

Xe gets into the fuel
business. Hires Dr. Pete
Pappano, builds fuel team.

2015

2016

Forms Customer Advisory
Council

Reactor science team in place, led by Dr.
Eben Mulder &
Dr. Martin Van Staden

Traction

Selected by U.S. DOD for preliminary design of a
mobile nuclear power plant

Begins regulatory
engagement with NRC.
Produces first pebble in pilot
fuel facility

OPG advances engineering and design work withXenergy
Completes conceptual design;50% of basic design
complete

Canada passes a carbon tax

2018

2019

2020

Formally initiates commercialization track in Canada

Achieves 50% conceptual design on
Xe-100

Executed LOI with Jordan to deploy SMR

Established pebble fuel
manufacturing capability

Announces consortium with GE’s Global Nuclear Fuels to
build first commercial fuel plant in Wilmington, NC
EIA reports 95 Gigawatts of coal capacity closed or
switched to another fuel over the previous decade, with
another 25 GW slated to shut down by 2025
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Leadership Team: Deep nuclear roots, technical & business pedigrees
Dr. Kam Ghaffarian
Executive Chairman
& Founder

J. Clay Sell
CEO

Dr. Eben Mulder
Senior VP & Chief
Nuclear Officer

Dr. Martin van Staden
VP Design Engineering

Dr. Pete Pappano
VP for Fuel Production

Michael Gigliotti
VP & Chief Financial Officer

Leadership Team

25+ years managing successful delivery
of spacecraft programs.

Successful entrepreneur across energy,
space, contracting, and technology

Harlan Bowers
Program Manager, Xe-Mobile

Currently overseeing X-energy’s XeMobile development program.

25 years of energy experience in private
and public sectors, former Deputy
Secretary of the U.S. DOE

Jeff Harper

30 years of experience in nuclear program
management, business development, and
strategy

30 years of experience in pebble-bed
design and architecture. Leads
development of HTGR technology.

Katherine Moshonas Cole

25+ years of experience in power generation
including nuclear and renewables. Currently
overseeing DOE development programs for
the Xe-100.

18+ years of experience in graphite
and fuel fabrication. Currently
overseeing design for the TRISO fuel
fabrication facility.

28 years of experience in corporate
financial management, control & growth

VP for Reactor Business
Development

Canada Country Manager

Carol Lane
Director, Government Relations

Theo Odendaal
SHEQ Director

Hans Gougar, PhD
Manager, Product Engineering

34 years in the nuclear industry with
Canadian and international experience

25+ years in policy, legislative, and
business development activities with the
executive branch and Congress

35 years’ experience in the quality and
safety arena with more than 15 years in
nuclear

25+ years in high-temperature reactors
analysis and nuclear design, currently
lead engineer of Xe-Mobile
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Our Partners—Leading Institutions & Industry Companies

Advanced modeling; HGTR Safety
Analysis; Testing & Integration

A&E; Balance of Plant Design

Commercial Fuel Facility & NRC
Licensing Support

Reactor System Manufacturing

Human Factors Engineering

Advanced Modeling

Reactor Graphite
Reactor Protection System

Power Conversion;
Design Support

Fuel Fabrication & Characterization; Shielding
Analysis; Graphite Irradiation

Licensing Support

Auxiliary Support Systems

Components

Digital Twin / Artificial Intelligence
(AI) Tools

Reactor Operator/Simulator
Development

Helium Circulator

Reactor Graphite

HALEU enrichment; Fuel Facility
Design Support

ASME pressure boundary design;
steam generator design

Maintenance Support &
Development

Probabilistic Risk Assessment Support

Partners
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Our Solution
Our next-generation nuclear technology will be the first Advanced Reactor
technology deployed that can meet every market demand.
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We’ve pinpointed the technology & revolutionized its approach
We are capitalizing on decades of learning & best practices
in High Temperature Gas-cooled Reactor design.

>$700 million U.S. DOE investment, including development and
testing of the safest fuel – UCO TRISO coated particles
Our optimized, meltdown-proof Xe-100 is the only Gen IV reactor
deployable within 5 years.

We are leveraging proven technology &
billions of dollars of prior investment

USA

1944
ORNL

UK

USA

Germany

USA

1966-1975
Dragon

1966-1974
Peach Bottom

1967-1988
AVR

1967-1988
Fort St. Vrain

Our Solution

Germany

1986-1989
THTR

Japan

China

1998-Present
HTTR

2000-Present
HTR-10

USA

2005 – Present
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How is the Xe-100 innovative?
(1) Right size

(2) Broad range of applications

The reactor size of 200MWt (80MWe) has
been designed to address the largest
possible market providing a good fit for
replacement of existing carbon-based heat
sources such as coal and gas.

The nuclear island has been designed to be
independent of the end use making our solution
deployable for electricity and many other
applications that require process heat to
replace carbon-based fuels
- Hydrogen production
- Desalination
- Petrochemical industries
- District heating ….

(3) Flexible power delivery

Heat is generated in the
pebble fuel through fission
and transferred to the steam
generator using helium that
cannot be activated

Designed to be capable of fast and
efficient load following thus supporting
the intermittency of solar and wind

Steam
at
565°C
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What makes our design Special?
It All Starts With The Fuel!
•

TRISO particle fuel has a proven pedigree – more that 30 years of
operational and fuel fabrication experience

•

Tested to 1800°C – remains safe and cannot melt even without active cooling

•

Burnup to 168 500 MW/t – this is 4 times higher than existing reactors
and significantly improves overall economics

•

Each pebble contains approximately 19 000 TRISO fuel particles –
Equivalent to 19 000 independent miniature containment vessels – these
particles replace the need for many complex safety systems required in
traditionalreactors

•

Excellent long-term robustness (thousands of years) which provides
excellent spent fuel containment after use

60mm graphite pebble

How is this different ?
Retaining the fission products within the fuel eliminates the need for complex safety
systems, helps engineers to simply the design, thereby reduce licensing complexity,
system cost and construction times.

TRISO particle
These ≈ 1mm dia. particles retain 99.999% of the fission products

This fuel allows engineers to think differently about reactor design, ultimate safety and rugged predictable long-term storage

© 2020 X Energy, LLC, all rights reserved
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The Xe-100 Design Solution
• Proven High Temperature Pebble Bed Reactor
• Derived form over 50 years of design and development to
significantly reducing costs to enable competitive deployment

Pebble fuel
elements

• Proven fuel technology (US DOE Advance Gas Reactor irradiation
program)
• Versatile Nuclear Steam Supply System (NSSS) that can be
deployed for electricity generation and/or process heat applications
• Conservative design that does not require new material
development and or code cases

• Steam pressure and temperature designed to provide steam to
multiple Commercially Off The Shelf (COTS) Steam Turbine /
Generator sets (typically, used in Combined Cycle Power Plants)
© 2020 X Energy, LLC, all rights reserved
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Simple Design
Relying on inherently safe designs allows for
a drastic reduction of components.

Reduction of components enables predictability on costs
& significant reduction of regulation barriers.

Why is this important?

•
•
•
•
•

Allows us to revolutionize the way turnkey nuclear reactor solutions
are delivered.
Reduced cost of upfront engineering effort.
Higher certainty on construction cost and timelines equates to lower
risk.
4 modules optimized for the ‘sweet-spot’ size—320 MWe with
load-following capabilities similar to a natural-gas plant.
Deployment for electricity or process heat supports Deep
Decarbonization.

1/10th the components of a traditional nuclear plant

Innovations

Xe-100 Reactor (80 MWe)

© 2020 X Energy, LLC, all rights reserved
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Xe-100 Steam Generator Life of 60 Years
Helium Circulators

• Proven helical coil steam generator design (THTR-300)

Steam
outlet at
565°C

750°C Helium
from reactor

• 60-year design life, extension possible after 60 years
Hot gas inlet duct

• Produces high quality steam – 565°C @ 16.5MPa
Expansion tubes

• Using proven materials with well known service life
• Modular off-site fabrication

Main helical coil tubes

Feed Water inlet at 193°C
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Factory-built, Modular, Road-shippable Components
Modular design & manufactured components
lead to scalability, time-line and cost control
never before seen in nuclear energy.

All systems are standardized and modularized at
the highest level to reduce onsite work, moving a
significant amount of Quality Assurance to
centralized fabrication & integration facilities.

Why is this important?

•

•
•
•

Nuclear site construction has traditionally been
high-risk due to complex design requiring
significant degree of construction from the ground
up.

Standardization allows for mass production and
reduced next of a kind cost.
Modularization reduces on-site construction and
improves schedule & cost certainty.
Centralized fabrication reduces overall system costs
and improves
quality assurance.

All modules are road-transportable, allowing for deployment
at a vast number of sites.

3-4 years to deploy vs. 10 years
Innovations

© 2020 X Energy, LLC, all rights reserved
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Maximizing Commercial Off the Shelf Components
COTS Systems Reduce development cost & facilitate faster deployment timeframe

•
•
•

100% Commercial Off The Shelf (COTS) steam turbine
generator set – including condenser and all auxiliary
systems
Skid mounted turbine allows for fast swap
out/replacement instead of in situ refurbishment

•
•

Rankine cycle cooling uses off the shelf modular dry/wet
or hybrid cooling modules (no large cooling towers)
Modular skid mounted subsystems (condensate polishing
system, helium purification system etc.)

Condenser cooling can be done using wet or dry cooling
modules therefore not limiting deployment to sites with
large water resources

Steam turbine
generator

Technology

Modular cooling tower

Modular Condensate Polishing System

© 2020 X Energy, LLC, all rights reserved
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We’re reinventing the Nuclear Product Delivery Model
Standardization is key. Our model
enables us to deliver turnkey reactor
solutions with cost & schedule
certainty.

Owner/Operator
Graphite Blocks
Core Barrel Modules

1.Large component fabricators ship all
components, sized for road transportation,
directly to the site for assembly.
2.We will procure, integrate, qualify and ship key
subsystems from a permanent Integrated
Product Facility (IPF) to eliminate cost and
quality risks of on-site integration.

Pressure Vessel Head

HALEU Oxide
Customer Site

Graphite Powder

3. TRISO-X fuel from our Commercial Fuel
Facility (CFF) will be
delivered in specially designed shipment
containers for on-site fueling.
We’re creating standardization,
not just building ‘One-Off’plants.

Innovations

EPC and A&E
Large Component
Fabricators
Ship directly to site

© 2020 X Energy, LLC, all rights reserved

18

©
2
0
2
0
X
E
n
e
r
g
y
,
L
L
C
,
a
l
l
r
i
g
h
t
s
r
e
s
e
r
v
e
d

Below Grade Reactor Building
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Standard Technology Offering (4-Reactor Plant)
Standard power plant consists of
four independent Reactor Modules
(Reactor and Steam Generator)
RB
RB
RB
RB

TB
TB

TB
TB

Each reactor module is
connected to its own
Steam Turbine/Generator

Single shared control room with
only three operators
© 2020 X Energy, LLC, all rights reserved
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Mockup Plant Control Room - 4 Reactor Modules
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We are actively pursuing an aggressive licensing path in the U.S.
• The Xe-100’s simple safety case and
recent efforts by the USNRC to modernize
existing regulations for advanced reactors
improve the regulatory environment.

“The NRC is the Global Gold Standard [of Regulation]”
Doug True, Chief Nuclear Officer, Nuclear Energy
Institute

• U.S. regulatory review will most likely
follow a 2-part activity (Construction
Permit followed by Operating License) for
1st-of-a-kind unit.
• Subsequent licensees gain review
efficiencies through a standardized design
process and generic environmental
reports in the late 2020’s.

• X-energy is actively engaged in preapplication activities with the USNRC in
2020/21 to de-risk regulatory processes.
• Target application in late 2021/early 2022
depending on business cases.
• USNRC is adopting less deterministic,
more risk-informed licensing posture
favorable to X-energy.
©©2020
reserved
2020XXEnergy,
Energy,LLC,
LLC,all
all rights
rights reserved

5
22

Our market capture in two ‘gateway’ markets
1 United States

2 Canada

Opportunity

Opportunity

U.S. DOE Advanced Reactor Demonstration Program will provide a 50%
cost share to deploy 2 advanced SMR designs in conjunction with U.S.
utility Energy Northwest

A coalition of Canadian utilities will select an advanced SMR for
deployment

Timing

Timing

Deployment by 2027. X-energy technology selection announced in October
2021.

Deployment by 2028. X-energy technology selection announced in
October 2021.

Follow-on opportunities:

Follow-on opportunities:

U.S. power grid has 55 GW of nuclear and 900 GW of coal that will retire or
need to be replaced by emissions-free, always-on generation. The Xe-100
represents the best technology to capture a significant portion of this
opportunity.

Canada has established aggressive decarbonization goals and policies
that will require the replacement of 35 GW of fossil-fueled generation by
2040.

We will deploy first in the two most important
gateway markets: U.S. and Canada.
Both feature globally recognized Tier 1 Nuclear
Regulators & have plans to deploy advanced SMRs
by 2027 and 2028, respectively.

Market

A successful sale & deployment in either the U.S.
or Canada provides a proof case & licensing case
for further deployments there and abroad.

© 2020 X Energy, LLC, all rights reserved
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X-energy is validated and best positioned in the U.S. and Canada
Program

Entrants

Status and Award

•

9

•

U.S. DOD
Mobile Microreactor
Program
•

10

•

•

Down-Selection

DOD will make final
down-selection no later
than Q4’21 (one, two, or
three winners)
Winners will benefit from
~300 MW of DOD
demand through 2040

OPG will make a final
down-selection to a single
winner no later than
Q4’21
Winner will build reactor
at Darlington site
Consortium of Canadian
utilities has stated desire
to build a fleet

OPG SMR Deployment

•

37
U.S. DOE Advanced
Reactor Demonstration
Program

•

Final two winners
selected
DOE cost contribution of
$1.2 bn to X-energy
project

© 2020 X Energy, LLC, all rights reserved

24

ARDP and OPG finalist readiness
TRL

Definition

Generation III+

Observations

Generation IV

1• NuScale and GE-Hitachi are Generation III
TRL 9

reactors that cannot match X-energy’s intrinsic
safety case

System proven in operational environment

1
TRL 8

2• X-energy is the most technologically ready
Generation IV reactor design

System complete and qualified

3• If X-energy wins in Canada, it will have two
TRL 7

Integrated pilot system demonstrated

2

TRL 6

Prototype system verified

4

plants deployed by 2028, before NuScale
delivers its first plant (UAMPS) in 2029

4• TerraPower and Terrestrial TRL likely means a
deployment timeline post-2030
•
TRL 5

Laboratory testing of integrated system

TRL 4

Laboratory testing of prototype component or
process

TRL 3

First mover advantage will be significant

4

Timeline
2027:
X-energy delivers Energy Northwest

Critical function, proof of concept established

3
TRL 2

Technology concept and/or application formulated

TRL 1

Basic principles are observed and reported

Closest to Deployment

2028:
OPG delivery

2029:
NuScale delivers UAMPS

2027

2028

2029

2030

© 2020 X Energy, LLC, all rights reserved
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Case Study: Advanced Reactor Demonstration Program (ARDP)
ARDP Details
•

Announced in May 2020, awarded in October 2020

•

Public-private partnership:
o

Government provides 50% cost share

o

Application required 1) customer and 2) qualified site

Cost Share ($mm)
X-energy capital raise
covers non-recurring
engineering/regulatory
costs

•

X-energy partnered with Energy Northwest, a top-tier customer

•

X-energy was selected by the DOE after comprehensive application process,
including hundreds of hours of technical diligence

•

X-energy’s application further de-risked the project, with comprehensive supply
chain diligence and agreements

•

X-energy anticipates $1.2 bn of cumulative government cost-share

Energy Northwest will
issue municipal bonds
and pass the cost to the
rate-payer

•

•

Energy Northwest membership
includes 28 public power utilities,
including 23 of Washington state’s 29
public utility districts
Challenged by state law that mandates
zero carbon grid by 2045, with limited
additional upside in Washington state
for wind, solar, or hydro
Public agency with tax-advantaged
capital access

Energy
Northwest
$900

DOE
$1,200

What ARDP Means to X-energy…

Energy Northwest

•

X-energy
$300

Member utility

✓

First customer and first order

✓

$1.2 bn of non-dilutive government capital and additional moat

✓

Technology validation

✓

Pathway to first commercial, advanced SMR to the market, with significant firstmover advantages

✓

U.S. Government is a partner for regulatory process

✓

Visibility for investors and customers

✓

Significant advantage for X-energy in fight for human capital

✓

Intellectual property remains with X-energy

✓

X-energy continues unparalleled win rate in competitive RFP processes

X-energy site
© 2020 X Energy, LLC, all rights reserved
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empowering earth
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