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COP28 UAE : Atoms for Net Zero (pec. 2023)

COP28 agreement recognizes nuclear's role (WNN)

J The 28th UN Climate Change Conference of the Parties unanimously agreed calling for a transitioning
away from fossil fuels and an acceleration of zero- and low-emission technologies, including nuclear.

Countries launch declaration to triple nuclear energy capacity by 2050,

recognizing the key role of nuclear energy in reaching net-zero (DOE)

J United States, Armenia, Bulgaria, Canada, Croatia, Czech Republic, Finland, France, Ghana,
Hungary, Jamaica, Japan, Republic of Korea, Moldova, Mongolia, Morocco, Netherlands, Poland,
Romania, Slovakia, Slovenia,Sweden, Ukraine, United Arab Emirates, and United Kingdom.



' On Carbon Neutrality

(Electrification) Energy transition to renewable electricity for achieving carbon neutrality
J The share of nuclear energy rises along with the growth of renewable energy.
J SMRs can supplement the intermittency of VRE and geographical transmission limitation.
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< SMR Net Zero City >
(SMR) Roles of SMR in Net Zero Emissions

2 Replacement of coal plants to supply on-grid power

J Replacement of fossil fuels in heavy industry, off-grid mining and district heating
2 Hydrogen production, desalination and merchant shipping

< SMART for Heat Supply > < Innovative SMR > < Generation IV SMR >



K-SMRs

SMART Project Initiation
SMART Standard Design Approval
1 SMART Safety Enhancement Project
I
I
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2023 : """""""" * SMART100 Standard Design Approval ‘
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ALL-IN-ONE: Significant safety enhancement has been achieved with passive heat removal as well as
an advanced LOCA mitigation concept




SMART Design Features

Design Features of SMART Passive Safety Systems

General Information | Design Bases of Passive Safety Systems

B Thermal Power : 365 MWt B To maintain a reactor in the safe condition for
' 72 hours without any operator action at the

B Electric Power : 100~110 MWe postulated design basis accidents
B Desalination : 40,000 ton/day B All safety systems can operate not depending
B Design Life : 60 years on electrical power from emergency diesel

generator for 72 hours.

Reactor Coolant System i B Safety-grade batteries provide necessary DC
4 power for valve initiation and post accident
B Design Pressure : 17 MPa monitoring.

B Operating Pressure : 15 MPa
B Design Temperature : 360 °C
B Core Inlet/Outlet Temperature : 295.5/322 °C

Fuel and Reactor Core L Passive Safety Systems

8 Fuel Type : 17x17 Square FA B Passive Safety Injection System
B Fuel Material : UO2 (< 5.0 w/o)

B Automatic Depressurization System

B Active Core Height: 2.0 m
SMART Reactor Assembly ) B Passive Residual Heat Removal System
B Refueling Cycle : 30 months

B Containment Pressure and Radioactivity Suppression System



Comprehensive SMART Technology Validation Program

Fuel TH Tests Mechanics and Components Thermal - Hydraulics Experiment

B Fuel Performance Tests B) RPV Dynamics Test, RCP Mockup Test
: and Helical ISI Test

PRHRS Heat Ex. Safety Injection

TEST Fuel | Vibration TEST TEST Section :
Dynamic Test} RCP TEST Loop Low Friction Cable
B) CHF Measurement Test ;

o SG Tube Material (A690) Irradiation Test

Spacer Grid TEST Section Test Facility VISTA Integral Test Facility

SMART - ITL " SMART - MCR 2 Simulator

B World's Unique and Largest Full
Scope Accident Simulation
1:1 Height, 1/49 Volume

Supervisory
Operator

Instructor

Systems, Component, and DeS|gn Tools have been fully Developed and Licensed.

SMART Standard Design Approval in 2012 (Mget the Most Country’s Licensing Requirements)



' Supply Chains for SMART
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Current SMART R&D and Licensing

o (Ra&D) Development is complete, while further improvements for various applications
are still on-going.

- Little risk in terms of safety, operation, licensing, supply chain and fuel supply
(technical maturity is comparable to other PWRs, such as VOYGR and BWRX-300)

« Targeting different markets, design improvements are still on-going (e.g. SMART-C for SAGD process in oil sands)
© (Licensing) SMART SDA with passive safety systems under way

« Standard Design Approval (with partially passive safety system) in 2012
- Standard Design Approval (with uprated power and fully passive safety system) t0 be completed in year 2024

2019 2020 2021 2022 2024

. 19.02 ~ 19.10 21.01 ~ 21.03 22.08 ~ 24.4

i Documentation E
19.04 ~ 19.10 20,01 21,08 21.09 24.4 24.09,
i Review Process ] Pr:/l—:}:gr:;tal Document Acceptance Review SDA Evaluation (RAI) NSSC Reviewé

l Issuance of SDA ' ....................



'SMART—C (Compact, Customized, Canada)



' NEA SMR Dashboard - SMART



' SMRs and SAGD Process

© Steam Assisted Gravity Drainage(SAGD) Process, widely adopted in oil sands, requires
a huge amount of high-temperature and high-pressure steam.

« Current carbon tax system, oil sands industries of Alberta need new carbon-free technology for SAGD.

® A recent study

finds SMRs feasible

option for steam and

electricity supply to

oil sands

 Low carbon intensity
during operation and
throughout lifecycle,
extended operation

periods without refueling,
and so on

Steam Assisted Gravity Drainage

Source : Energy fact book 2021-2022, Canada

© Alberta considers SMRs as a low-carbon solution
for its oil sands industries

« Alberta’s oil sands reserve is the country’s biggest and the 4t largest in the world.

« While the oil sands industry is eyeing carbon capture and storage (CCS) with bigger
interest, the provincial government and industrial stakeholders is already moving
towards SMRs as a longer-term alternative.



r SAGD Facilities Example (Oil Sand)

Oil Sands Recovery Technology, lgha Univ, 2022



Application of SMART in SAGD* Process

(*Steam Assistant Gravity Drainage)

........ ., Main Steam for SAGD

""" : o
@ Water-+Oil

I Y @ Oil Treatment
Mid<loop % i
P er i D © é H
o De-oiling Dilbit (Sales Oil

Mid-loop Feedwater b
Pump Pump Water Treatment o

o~ Design Enhancement
©  Slimmer reactor vessel, Optimized steam generator for steam supply
< Two or Single Phase Mid-loop
©  Heat transfer through mid-loop SG without fluid connection
g P
©  Separated water treatment
P P

Closed secondary system (additional barrier for radioactive materials)

14



Two-Track Strategy of SMART in Canada

First of a Kind (FOAK) Nth of a Kind (NOAK)

FOAK Plant in Ontario

. . NOAK Plants in Alberta
J  Demonstration of the first SMART at CNL
site (Chalk River, Ontario) 3  The MOU between KAERI and the

Government of Alberta
J  The established nuclear industry is the . .
strength of Ontario as a FOAK site 3 Alberta is the major market for SMART

3 The MOU between KAERI and AECL . ﬁ;’fjﬁ%&ﬁ'ﬁeg;t':ﬁga’a"e' with

3 SAGD process, Chemicals, Hydrogen

Production, etc.
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©The KAERI-Hyundai Engineering partnership for SMART demonstration and
further SMART applications

» Korean companies are invited to join the partnership as either investor or business partner

Canadian Nuclear Laboratories
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' Summary and Key Takeaways

SMRs are being highlighted as carbon-zero energy sources that
complement the intermittent nature of renewable energy in the global
power supply sector.

With their mature nuclear technologies and a robust domestic nuclear
supply chain, SMART is capable of meeting the global energy demand in
both the power and thermal energy sectors.

SMART commercialization is ongoing with two track strategy for Canada
deployment.
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SMART: Carbon Free Energy for Oil Sand Applicati

hanokang@kaeri.re.kr
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