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 Use the Q&A box on the zoom toolbar to ask questions at
any time

* This webinar will be recorded, and posted to NARUC’s
YouTube channel

» Slides will be shared with attendees via email after today’s

webinar
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Liftoff reports are a cross-DOE effort to create a shared fact base for
answering key investor and stakeholder questions
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Pathways to
Commercial Liftoff:
Advanced Nuclear

Whatis advanced nuclear and its value proposition? Report
covers Gen lll+ and IV across large reactors, SMRs, and
microreactors; nuclear provides competitive value as a clean firm
resource for a resilient decarbonized grid

Do we need new nuclear for net zerowhen renewables are so
cheap? Yes, likely 200 GW of new nuclear in the US by 2050,
especially given renewables buildout

Why willit be different than recentover-budget builds? SMRs
may avoid historical costand constructability challenges; Vogtle
provides important lessons on rigorous pre-construction planning

Reportwas a collaboration between the Loan Programs Office, the
Office of Clean Energy Demonstrations, the Office of Technology
Transitions, and the Office of Nuclear Energy

LLS. DEPARTMENT OF

©ENERGY

2



Advanced nuclear includes five major technology types across two
generations

Gen I+

Large Light Light Water High Temperature

Water SMRs Gas Reactors Metal/Salt Cooled Micro
Power output -1+ GW ~70-300 MW ~80-270 MW ~200-800 MW ~1-50 MW
Typical fuel LEU LEU HALEU HALEU HALEU
Coolant Water Water Gas, e.g., helium Metal or salt Various
Select LPO loan Carbon Free Advanced Advanced DOD Project
programs guarantees for Power Project Reactor Demo. Reactor Demo. Pele (BWXT),
(reactor Vogtle Units 3 (NuScale) Program Program Eielson Air
developer) and 4 (X-energy) (TerraPower) Force Base

(Westinghouse) RFP (TBD)
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Achieving net-zero in the U.S. by 2050 would require ~550-770 GW of

additional clean, firm capacity

Capacity inlowerrenewables case, GW
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1,278
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206
2021

~5x clean, firm (=770 GW)

2050

Capacity in higher renewables case, GW

3,878

2,596

67%

1,278

Variable

2021

~3.5x clean, firm (~550 GW)

2050
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Nuclear has a unique value proposition for the net-zero grid
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1. Additional applications include clean hydrogen generation, industrial process heat, desalination of water, district heating, off-grid power, and craft propulsion and power
2. Renewables + storage includes renewables coupled with long duration energy storage or renewables coupled with hydrogen storage e U.S. DEPARTMENT OF
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Nuclear is expected to be cost competitive with other clean firm resources

Estimated LCOE of clean firm energy resources, $/MWh

NOAK with tax credits FOAK with tax credits

Advanced nuclear! o [, 09

or 2407 load o T
for 24/7 load matching? 69 119
antineand storsges | 63 I oo

capture and storage?3

1. Advanced nuclear estimated LCOE from $3,600/kW (NOAK) and $9,000/kW (FOAK) overnight capital cost and includes 30% 48E ITC (without either 10% adder) 2. Renew ables w ith storage for 24/7 load
matching fromLDES Council's “A path tow ards full grid decarbonization w ith 24/7 clean Pow er Purchase Agreements” and the LCOE is calculated as (annualized cost of renew able generation + storage capacity)
/ clean energy delivered to the off-taker excluding additional costs or revenues that w ould impact final PPA price and includes the ITC under section 48 for the full investment cost of the facility 3. Natural gas with
carbon capture and storage numbers from the McKinsey Pow er Model and include the 45Q tax credit
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Three key stages inform path to deploying advanced nuclear at scale

° P P >
Today 2035 2050
e ——— N

| Tech. demonstrations >

1. Committed orderbook

Need committed orderbook of 5-10 (likely) Gen lll+ SMRs by 2025

> 2. Project delivery

Need to deliver reasonably (x20%) on-time and on-budget

> 3. Industrialization

Need to scale workforce, supply chain, and licensing capacity
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Waiting until mid-2030s to deploy at scale could lead to missing
decarbonization targets or overbuilding supply chain

New nuclear deployment starting in 2030 New nuclear deployment starting in 2035
Annual deployment (GW / yr) built and Cumulative GW online Annual deployment (GW / yr) built and Cumulative GW online
— GW deployed by year [l Cumulative GW
Cumulative GW GW /yr |Cumulative GW GW /yr
Steady-state Steady-state
200 achieved in 2040 at 20 (200 achieved in 2046 at 20
13 GW / yr deployed 20 GW / yr deployed
Overbuild -
stranded assets
150 15 (150 15
100 10 (100 10
50 5 50 5
0 0 0 0
2030 35 40 45 2050 2030 35 40 45 2050

1. Construction and manufacturing | Assumptions: 2-yearlicensing timeline concurrent with early site prep; Manufacturing (1 yr) followed by construction (3 yrs) occurs post-licensing and site prep
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Vogtle root causes and systemic issues

...lagging indicators of poor

Root causes lead to... ...systemic issues which lead to...

performance
Root causes Systemic issues Lagging indicators
| Incomplete design 1 Extensive rework/remediation Schedule slippage
I Inadequate level of detail in Integrated 2 Supply chain delivery issues (for High CPI (hours worked / hours earned
Project Schedule / inflexible timelines; modules) ratio), low productivity

poor project controls system

_ 3 Low individual productivity
" Inadequate quality assurance/ control

practices; improper documentation
standards

4 High levels of attrition and
absenteeism

" Poorrisk assessment

! Limited design constructability
W Shortage of experienced labor I Within project leadership control
COVID-19 pandemic Outside of project leadership control
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Why will new projects be different than recent over-budget builds?

Potential advanced nuclear FOAK to NOAK overnight capital costs, $/kW

~10,000

~6,200
1,500
e 500 L B E m
Recent FOAK | Cost reductions | Best practices Yard/cooling/ EPC Nuclear island  Turbine island | Owner’s costs
projects driven by best FOAK installation equipment equipment
practices
Cost reductions | 30_409 40-50% 40-50% 20-30% 10-20% 30-40%

by individual
cost category

Key drivers of
cost reduction

Best practice
project

delivery, esp.
pre-planning

@Supply chain development

@ Build time reduction

Modularization

Driven by
reductionsin
othercost
categories

~3,600

NOAK

~40%

Total cost
reduction

LLS. DEPARTMENT OF

ENERGY

10



Catalyzing the orderbook may require interventions to help manage

completion risk

Nuclear industry is in a stalemate

Possible accelerants for generating orders

The nuclear industry is stuck in a stalemate
where utilities and other potential owners
recognize an increasing need for nuclear
power, but are too afraid of uncontrolled
overrun and project abandonment risk to
place committed orders

Developing a committed orderbook could be
facilitated by pooling demand, e.g., with a
consortium of utilities

Participation in such a model could be
accelerated with financial support (either
public or private) to help de-risk the first 5-10
projects

Cost overrun
insurance

Tiered grant

Government as
the owner

Government as
the off-taker

A percentage of construction costs over and
above a certain amount are covered by the
government or private insurer

Large grant amount per kW, ramping down
over each successive deployment, e.g.,
second reactor receives less than the first

Government commits to build and/or operate
reactors to provide pooled demand

Government signs offtake contract for some
or all of generation from an orderbook
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Appendix
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Advanced Nuclear Pathways to Commercial Liftoff: Executive Summary

Reportaims to create a sharedfact base for answering key investor and stakeholder questions
« Whatis advancednuclearand its value proposition? Reportcovers Gen llI+and IV across large reactors, SMRs,
and microreactors; nuclear is clean, is firm, uses land efficiently, requires less transmission buildout, provides regional
economic benefits, and has additional use cases and benefits beyond traditional electricity generation
Do we need new nuclear for netzero? Likely 100-200GW in the US by 2050, especially given renewables buildout
« Why will it be differentthanrecentover-budgetbuilds? SMRs may avoid historical costand constructability
challenges; Vogtle provides lessons on the importance of rigorous pre-construction planning

Requirements for scaling to 200GW of new US nuclear by 2050
« Waiting until mid-2030s to deploy at scale would lead to missing targets and/or significant supply chain overbuild
* Need committed orderbook of (likely) Gen Il1+ SMRs by 2025, 5-10 of one design; one designis necessary, but not
sufficientand Gen Ill+is likely for nearest-term deployment given utility risk tolerance
« 200GW cumulative deploymentwill require developing a workforce of ~375K and scaling and adapting component
supply chains that are sub-scale today; reduced, predictable licensing timelines also key
« Need to identify incentive and location(s) for long-term spent fuel storage implications

Potential solutions
- Utilities are afraid of uncontrolled overrun and project abandonment risk; catalyzing the orderbookwill require
intervening to manage completionrisk, e.g., overrun insurance, tiered grants, government ownership/offtake
» Project delivery for first reactors needs to actively incorporate Vogtle lessons, with potential EPC partnerships
* Industrialization will require large-scale financing (e.g., low-cost debt) and programs (e.g., labor recruiting, training)
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Modeling results show demand for 200+GW of new nuclear capacity

B Low case I Infrastructure/renewables limitations MM High casel

Model

Advanced nuclear capacity, GW

Demonstration and Deployment Pathways
Modeling (this report)?

108

2050 233

455

NREL, 2022 “100% Clean Electricity by 2035”
2035
393
Princeton University “Net-Zero America: NIA
Potential Pathways, Infrastructure, and 2035 245
Impacts” 285
BreakthroughInstitute, 2022 “Advancing 185
Nuclear Energy” 2050 |N/A
469

Vibrant CleanEnergy, 2022 “Role of 60
Electricity Produced by Advanced Nuclear 2050 [N/A
Technologies” 336
Pacific Northwest National Laboratory, 2022 90
“Scenarios of Nuclear Energy Use in the 2050 450

United Statesin the 215t Century”

1.“Low” and “high”referto the level of nuclear build out; methodology for “low” and “high” nuclear build -out casesdiffer report to report; 2. NZD Low-RES case sensitivitiesshown
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LCOE expected to achieve sub $60/MWh if capex costs reach <$5000k/kW

LCOE of advanced nuclear given varying overnight capital costs, $/MWh

H Overnight capital cost ] Financing ] Opex, fuel, and sustaining capital Tax [] Tax credit (ITC)

Potential FOAK estimates Potential
NOAK
estimates

140 109
120
100

9,000 6,000 5,000 4,000 3,600

Overnightcapital cost, $/kW

Source: NREL “Examining Supply Side Optionsto Achieve 100% Clean Electricity by 2035”, Inflation Reduction Act, EIA Annual E nergy Outlook2022 e E N E RGY
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The IRA provides a powerful boost to nuclear power economics, but may
not be sufficient to accelerate commitments for deployment at scale

Advanced nuclear FOAK LCOE before and after IRA impact, $/MWh

140
120
100
80
60
40
20
0

NoIRA [ PTC [ ITC — Both adders - - No adders

NolIRA  PTC ITC NoIRA PTC ITC NolIRA PTC ITC
High end FOAK Best practice FOAK NOAK
$9,000/kW $6,200/kW $3,600/kW

1.“Both adders’ represents the ITC/ PTC with the addition of both 10% addersforenergy communitiesand domestic content
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Small modular reactors can provide more certainty of hitting a predicted
cost target

Probability distribution of cost of advanced nuclear

300

250
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B Largereactor
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Total installed cost ($/kW)
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Demonstration programs are underway to demonstrate the technological
viability of novel nuclear technologies

Reactor Awardee DOE cost- DOE cost-
Program developer Reactor type Years of award cost-share share share (%)

Advanced Reactor Sodium fast
Demonstration TerraPower 2021-2028 $2.0B $2.0B 50%

Program (ARDP) reactor
High
ARDP X-energy temperature 2021-2027 $1.2B $1.2B 50%

gas reactor

Carbon Free
Power Project NuScale
(CFPP)

Light water

2020-2030 $3.6B $1.4B 28%
reactor
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Upcoming
July 16-19t" NARUC Summer Policy Summit in Austin, TX

* Nuclear panels

» Utilizing Advanced Energy for Energy Security and Resilience on Military
Bases in the United States Sunday, July 16t 4:00 — 5:00 pm CT

* Nuclear Small Modular Reactors, Economic Development, and Regulatory
Implications Monday, July 17t 3:15—-4:15 pm CT

Save the Date: NASEO-NARUC Advanced Nuclear State Collaborative Webinar-
Facilitating Equitable Community Engagement to Support the Deployment of
Advanced Nuclear

Thursday, August 17t  1:00—2:00 pm ET public webinar
2:00—2:30 pm ET ANSC members meeting
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