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Why has Nuclear energy failed in the west?

Safety?

Waste?

Public opinion?
Proliferation risk?

Three-mile Island?
Chernobyl?
Fukushima?
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US Nuclear stopped
being competitive
around 1975

Mechanism:
Regulatory ratchet

Only state
programs in recent
decades
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Overnight consturction cost ($2023)
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US mid 70s: Regulation Breaking Economy of Scale

More materials and labour per kW

Breaking Economy of scale

Increased regulatory requirements USA 1960-1975

Regulatory Burden- 1970-1978
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Nuclear can be successful only
If it is price competitive inthe
energy market and investible
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Nuclear cost structure (Large Water Reactors

LCOE: Nuclear vs. Gas and Coal
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What drives the LWR cap cost?

LCOE: Nuclear vs. Gas and Coal
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5-10 year
build

Shippable 3 year build (?)
Product (?)

Micro reactor
1-10MW

SMR .
Small Modular Reactors Traditional

50-300 MW PWR reactor
1000 MW

Images to scale PWR: pressurized water reactor



SMR Reactor vs. everything else

3100MW Gen IV NPP layout - Industrial grade ~BOP GRAEE

BUILDING

COOLING

3x4 GE Prism SFR reactors

Can you spot the reactor?

GENERATOR
BUILDING

WAREHOUSE >—
REACTOR
BUILDINGS

We tend to concentrate on

the Nuclear island. S AT

. . S REACTOR SERVICE &
It is only a fraction of the A OiDiNGs
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Deep dive: NuScale (Voygr)

e Integrated passive design- no pumps
But:
10x lower power- 3x more expensive than LWR

[ ]
e Each 77MW module has its own steam turbine generator (=$$)
e Huge pool building- 100x50x45 m?3

Typical Large PWR
image: U.S. Nodlar Reguiatory Commission

Cost Estimation:

3,000— ~15,000 $/kW

Reactor Building Crane

Biological Shield i

=mEne meew e mm e =
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UAMPS NuScale SMR Target Price of Power

S0 $30 S60 $90 $120
per MWh
2016 $55
2021
S30/MWh FuelPool
2023 - January Ll [RA subsidy Reactor Pool  NyScale Power Module

Sources: UAMPS statements; January 3, 2023 Talking Points [EEFA

Reactor Vessel Flange Tool ~ Containment Vessel Flange Tool

Source: Manufacturer
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NuClarity bottom-up cost model

Detailed accounting

of full cost of LCOE Bottom-Up Model
nuclear power B Cap Cost l Opex M Refueling LCOE
plant. :22 $154
$140 $134
All models are £ sn0 o —_—
= 62
wrong; some are 3 $74 —
useful... 8 se0 s&7 osa R
$40
$20
$_
Fuel cost is very 1000 MW LWR 300MW LWR 185MW SFR 135MW BOMW HTGR
. . G4ECons LFR Bert
|mportcmt In Gen IV Cap cost$/kw | $4,479 $6185 $6.982 $5.895 $9.982
SMR design cost
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Deep dive: X-Energy (Xe-100)

~220,000
pebblesin
80MW the reactor
Gen IV: High temp gas cooled M
Uranium
TRISO fuel Oxycarbide
® Safe and 10x more expensive vs. PWR fuel TR'SO Fl’)irlt'des
in a pebble
e Standard very small off the shelf —
steam turbine Fue! Pebble Raacton

5mm Thick
Fuel Free Zone

Vendor estimation:
7,500%/kW
Our estimation: 9700$/kW

Fuel Core

Chinese HTGR : ~6000$/kW UCO Keme: 0.425mm
Porous Carbon Buffer: 0.095mm Diameter 0.845mm
@ 200MW reactor Inner Pyrolytic Carbon Layer: 0.04mm TRISO Coated
Silicon Carbide Layer: 0.035mm Particle

Outer Pvrolvtic Carbon Laver: 0.04mm

Source: Manufacturer
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Economy of scale
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300m
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That's why T L
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Mis-Ecomomy of scale? The Frech PWR experience
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PWR Overnight cost Vs. Capacity- world, before 1975
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Overnight cost Vs. Capacity- historic and stated
Westinghouse PWR, pre 1975 Historic; Barakah; company statements
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Water cooled SMR’s buildings are not small

LWR
1000 MWe A

GE BWRX-300 NuScale Voygr ,,
6-12 NPV=450-900 MWe

Images ~to scale
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Deep dive: Last energy (SMR-20)

e “No new tech’™ old school

e size, modularity

e 20MW- 50x smaller, 7x cost
increase

Claiming 5,000$/kW!

2024 update:
claiming 70$ per MWh opex
(i.e. very expensive)

Source: Manufacturer
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Catch 22 of advanced Nuclear

S
Micro reactor Small Modular Reactor Large PWR reactor
1-10MW 50-300 MW ~1000 MW
Low risk, <0.2B$ “Lower risk”, <1B$ High Risk, multi B$
“Market investible” Only governments
Very high LCOE High LCOE, probably Lower LCOE
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Where do we go from here? (For SMR developers)

* Optimize for cost from ideation and in every step
* Size matters: Aim for a bigger SMR if possible
* Minimize Nuclear fuel costs
* Fight over-design by engineers
*  Fight expensive unjustified regulatory bloat (ALARA)
* Think about the plant as a whole
— minimize overheads, share auxiliaries

)
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