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Korea at a Glance

A Difficult Environment
e Small Land, High Population, Rare Natural Resource, Divided Country
= Land size 99,000 km? (108th)
= 50Mth Baby Girl born on June 23, 2012
= Energy Consumption 9th, Oil Consumption 7th, Oil Import 4th
* Highest Soldier Density.

 Fastest Developed Country
e Good Quality of Human Resource, High Level of Technology, Diversified
Industry
= Trade : 1,415B$ (2022)
= Per Capita Income: 35,373% (2021)
= Enter 30-50 Club(2017) (US, Japan, German, France, UK, Italy, Korea)

%//////% KI NGS Global Research Center of SMR 4



Korean Economy and Nuclear

Per Capita
Income
(US$)
Enter
(19
12

10,000

35,373%
(2021)

Export to UAE
and Jordan

TRIGA Il Start  KORI#1 Operation
2,000 (1959) /
89
$ 4635
61&15 l (1998)  First OPR1000
1945 1953 1959 1970 1978 1980 1990 1995 1998 2007

Liberation
from Japan || (1950-53 Source : Bank of Korea

(1945)

2018

Nuclear Energy = Locomotive to Korean Economy

Global Research Center of SMR
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The Least Country, but Bold Investme/,nt.s/

R L o

Korean War (1950~1953):

Total devastation

1958: Started the first
nuclear research reactor
project (Investment:
$350,000, ~1.5% of total

TRIGA-Mark Il
Ground-breaking Ceremony
(1959)

* $23 million, Half of revenue from foreign aid

\

¢ /KINGS

w000 2nd Qil Shock

3500 -

REPUBLIC OF KOREA 30.00

2500 - Decided to

sg: 2000 | deploy Kori- tgst oil Sh(gack

- [ Crude Oil:Price
./ (Dubai, $/bbl)

15.00
10.00 |

500

AMMLSME A 0%

68 63 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 V'

Decision to Construct Kori-1(1968)

based on the 2nd Five-year Economic Development Plan

M2 At

1971: Started the first

=, NPP construction

= (Total Construction Cost:
$493 million, ~25% of the

total government budget)

Construction of Kori-1(587MWe)**
(1971~1978)

** 23% of total generating capacity(2.5GWe) in 1971

Global Research Center of SMR



ROK Nuclear Tech. Self-Reliance ——

O Oth Stage: Buy and Run
e Buy from Westinghouse, Framatome, AECL
e Turn-key and Local Participation as Subcontractors

O 1st Stage: Build with Technology
e Technical Transfer Agreement with CE for Hanbit 3&4 Construction
e Class Room Training (CRT), On Job Training (OJT), Joint System Design (JSD)
= ~200 Men for ~2 Years in CE (Mostly Fresh Graduated and Recruited)

O 2nd Stage: Lead Project with Partner’s Help
e Through Hanul 3&4 Construction
e Project Management , Design and Engineering led by Korea
= CE helped as Technical Review and Consulting

] . CarEE Hanbit-3.4 Hanul-34 Self-Reliance
O 3rd Stage: Build Own NPP W | eopiing Kene (97)

® From Hanblt 5&6 ConStrUCtlon *KSNP: Korea Standard Nuclear Power Plant

NSSS ('86 - '97)

ABB-CE Tech. Transfer (Joint Design)
CRT(305 experts) & OJT(195 experts)

4

4 4th Stage: Develop Own SyStem Localization of Equipment in Rx L > 95%
e SMART, APR1400, APR+, SFR, VHTR 20% 35%

9%

1 2 Hanbit-1,2(‘87) Hanbit-3,4(‘96) Hanul-3,4(‘97)
<3rd> <4th, 5th> <6th, 7th> <10th, 11st> <14th, 16th>

&//////% KI NGS Global Research Center of SMR 7
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Accomplishments in 60 years

“From Import to Export”

! (°02)

(°09~)

OPR 1000
(96)

Localization of

PWR Fuel
- g
A0 LE

Advanced Fuel
Cladding ('03)

TRIGA-Mark 11l
(72)

\ \I HANARO
WATHI (95)
Localization of Advancement
| CAN;?éJ_,)Fue' & Innovation
TRIG,(B:‘-SI\Z/I)z:lrk I e ‘ Improvement
I
« Localization &
- Standardization
Infra. Development F
1959 1980 2020
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Korean Nuclear Power Plants

8 In operation (25 units / 24,650 MW)
@ Under construction (3 units / 4,200 MW)
. Permanent Shutdown (2 unit / 1,266 MW)

Hanbit Plant

SN
Hanbit 1, 2, 3, 4, 5, 6

Shin Kori 3, 4, 5, 6

Hanul 1, 2, 3, 4,

Shin Hanul

Wolsona Plant

Global Research Center of SMR
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Energy Consumption and Energy So u,,,r.ce/“' S

dEnergy Consumption

@ Energy Sources

= Fossil Fuel
* QOil, Coal, Gas

= Renewables

« Hydro, Solar, Wind, Geothermal,
Wave

* Nuclear Energy

@ For the long-term ambitions
of net-zero energy policy,
Nuclear energy is key
energy with renewables.

Global Research Center of SMR 11



Nuclear Energy

(dNuclear Power Plant

e 438 NPPs are in Operation in 30 Countries(2022)
e 57 NPPS are under Construction

dNuclear Energy Is contributing to world energy supplies on a large

scale
e 10.3% of Global Electricity Supply (2021)
g w

@ B8.2% Solar, Wind,
Geothermal & Tidal

© 28% 0l
@ 2.6% Other

Source: [EA

% KI NGS Global Research Center of SMR 12



Issues on Nuclear Energy

d Economics: Suffers from Shale Gas (in USA)
e Gas Power Plant has Competitive Economics over Coal and NPPs

d Public Opposition
e on Economics, Safety, Waste Disposal and Proliferation
e Declining Industry in Some Western Countries(USA and UK)

A NE has the Potential to be Expanded if the Challenges are Addressed

e Challenges on safety, non-proliferation, waste management, public opinion,
social license challenges, and economic competitiveness

dLimitation of Large NPP
e Large Scale Initial Investment
e Long Construction Time
e Good for Large Size Grid

'///% KI NGS Global Research Center of SMR 13

\



SMR Definition

A Definition

e Small and Medium size Reactor by IAEA (Late 1990)

= Small size Reactor : up to 300MWe
= Medium size Reactor: from 300MWe to 700 Mwe
= Large size Reactor: Larger than 700MWe

e Small Modular Reactor by USA DOE (Late 2000)

(JANS Position Statement

e SMR are considered to be nuclear reactors with power levels less
than or equal to 300MWe.
Some of these reactors are designed to stand alone and some can be
deployed as modules

%/////% KI NGS Global Research Center of SMR 14



Drivers of SMR Deployment

__safety__J| Economics | _Flexibility _J Clean Energy

Passive Safety System * Standardization * Wide Operating Temp. * Environmental Friendly
Inherent Safety Features  * Modularization and Range and Low Carbon Energy
Innovative Technologies Manufacturing Innovation . Flexibility of

o Load-following
g '// o

Public Accepted - Reduct|9n anciy Vagors Appllcatlo_n & carbon Free Energy
Safety Accelerating Compensate Intermittent

Deployment Renewable Energy

B
- ,]

a
i {111
1111 ’ ]

Global Research Center of SMR 15



Integral Reactor

Loop Type PWR [‘ L

I

¥
B
RO b b MY

Integral Reactor

U Advantage
e Eliminates Loop Piping
and External Components,
thus making Safety
Systems more Simple and
and Compact

e Eliminates the possibility of
Large Break LOCA

 Disadvantage

e Large reactor pressure
vessels will be needed
e Difficulty of Maintenance

Global Research Center of SMR 16



Load Following Operation of SMR

JSMR has Superior Capability of Load Follow Operation due to Design

Characteristics

e Short Active Core Height
= Xenon Oscillation due to Power Fluctuation does not occur

e OTSG(Once Through Steam Generator) Hot Let T.
= Constant Primary Coolant Temperature Program Primary
Coolant i
over Whole Power Range Temparatis grorpH
= Reduce the Burden of Coolant Volume Control and Cold Leg T.
Reactivity Control due to Power Change Power

e Easy Power Control
= To control feed water flowrate will lead the reactor Power Control

L Easy Integration of SMR and Renewable Energy
e Compensate for intermittency of renewable energy

%/% KI NGS Global Research Center of SMR 17



Prospects of SMR Market

SMR market of 65~85 GW capacity expected until 2035

B Distributed grid, alternatives of old coal plants, seawater desalination,
process heat supply, etc.

B 96.5% of existing power plants is small (<300MW).

Middle East: 5,200Mw
Canada : 1,650MW
Europe: 4,400MW

Developed countries

B Clean and zero-emission
alternatives of old coal-fired plants

B Stable backup of variable
renewable energy system

United Kingdom: 7,000MW

Newcomer countries
Chile @ 300MW

B Cheap and stable electricity supply
B Maintaining existing transmission line

Brazil

Australia : 2,000MW

Ref : Markets and Markets (Sep. 2021) ¥ Source : Small Modular Reactors — once in a lifetime opportunity for the UK (2017)

%//////% KI NGS Global Research Center of SMR 18



Global SMR Development

dMore than 70 SMR designs are under developed globally for different
application.(IAEA ARIS)

CANADA FRANCE !ITALY lARGENTINA SOUTHAFRICA [KOREA JAPAN

» starcore nuclear* Flexblue IRIS CAREM-25 PBMR SMART » DMS

USA RUSIA HTMR-100 URAMUS » IMR

* mPower ELENA * 4S
NuScale VK-300 INDIA
W-SMR SVBR-100 y » PFBR-500
SMR-160 BREST300-0OD > AHWR-300
EM? VBER-300 - PHWRs
GT-MHR VVER-300 CHINA
PRISM » HTR-PM
G4M » ACP-100
Xe-100 * CEFR
SC-HTGR

___SMR D

KAERI KEPCO UNIST SNU KAIST RUSSIA ARGENTINA CHINA USA USA USA

ﬁztﬂtﬁéﬁ:ﬂmiéﬁl!
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Challenges to Deploy SMR

dTechnical Barriers
e Technology Validation through Experience, Test and Experiments

JCommercial Hurdle

e Economic Justification Compared with Other Energy Sources and Demonstrate
NPP Operation and Maintenance

«® P, - | _
“"'\:__ ‘e .- m &

Technical Barriers )
Commercial Hurdles

Global Research Center of SMR 20
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System-integrated Modular Advanced ReacTor

Advanced Integ

for Electricity Generation and Seawater Desalination or District Heating

Electricity

Steam Transformer

Hot Water 4

Heat supply )
P PP PP P PP PP S

Thermal : 365 MWt N - ', . QRGP e > s

=110 MWe g
Desalination Plant Fresh Water

= 100MWe & 40,000 t water/day Sea Water
= 86Mwe & 150 GCal/h

Global Research Center of SMR 22



SMART Design Goals and Means

DESIGN INNOVATION

3 Integral Arrangement of Primary
Components

E) Passive Safety System
€3 Inherent Safety Features

-+ Q

A

2 )
ENHANCED SAFETY ’, ) IMPROVED ECONOMICS
MODULARIZATION & !

SIMPLIFICATION |..II|_‘ PERFORMANCE UPGRADE

B Modularized Components '—' - B Advanced Man Machine Interface

B Scalability with Multiple Units in one System

Site . B Digital Core Protection/Monitoring

TP System

B System Simplification Olg’EiIZABIIJLEnl?Y B Wild Operation Range

% KI NGS Global Research Center of SMR 23



SMART Safety

 Multiple Physical Barriers: Defense in Depth (DID)

5-th
Containment
Building

4-th
Liner Plate

SRS NN

3-rd
Reactor Vessel

2-nd Cladding

1-st Fuel

AN N SR L AN VIR AN N SR

|/
.
2
b
B
o
N

&y
~ |
3
l

NNt S TOFS TN Tt TS T

] Step-by-step Design Approach for Safety Enhancement
e Minimize Accident Occurrence Possibilities
e Decrease the Possibilities of Fuel Failure Occurrences
e Lessen Consequences of Accidents and Radiation Release Paths

\
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SMART Technology

dHarmonizing Innovative Concept and Proven Technology

N
_
Proven Technologies

Innovative Concept @

B All Major Components in Rx Vessel B 17 x 17 UO2 Proven Fuel Technology
B Modularization for Field Installation \ / B Control Rod Drive Mechanism

S W ETETENEE B Reactivity Control Concepts Using

BP and Soluble Boron

B Passive Safety System
B Fully Digitized Control System

Systems, Component, and Design Tools have been
fully Developed and Licensed

Separate Effect Integral Effect Component
Tests Tests Development

%///% KI NGS Global Research Center of SMR 25
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TEST Fuel

——

Spacer Grid TEST Section . VISTA Integral Test Facility

SMART - ITL

D World’s Unique and Largest Full
Scope Accident Simulation

1:1 Height, 1/49 Volume

!I![.{L | 14 'DD 3
{8 (" Operator )

%//////% KI NGS Global Research Center of SMR 27



Standard Design Approval

SDA Certificate

A 2 3

LAZA A ZEAAAVS

WA W IR AT/ F A F A

USD 300M$ Budget

& A Aol {AF AR oson g 111/
ARIUA BN QB G122

o Xz w3 B A

AW I 100 2100 20 59 1,700 MY Manpower

Yapize] WA 2vps (SMART)
T4k AN

~50 Experiments and Tests

£ 1 330 MWt
fsh Aol WAGLAR A1 - EWALY A2
AL 9 EN ARt ALEs] A elekel WAL 1.5 Years for Licensing Review

9 A A L] REAAE A7 ek

2012d 79 44

~2,000 Technical Q&As & RAls

074 214 S5

Satisfaction of Korean Regulatory Norm

Z
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SMART Partnership with KSA

I Ministry of Science. umu«blwwomﬁ ‘
3

ICT & Future Planning = N oNga I

; wix i Wi‘ i EL

Joint Feasibility Study Partnershlp Cooperatlon

d SMART Partnership for Joint Commercialization
e Joint Development and Shared IP Ownership
e Joint Commercialization
e Joint Marketing

\

S
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SMART FOAKE Design

R . €3Kepco — €3 eEPCO

NSSS Design

> Core Design

@

echanical Design

Component Design Analysis

T ==t. h
-n}m

e 3 =t ﬁ‘-

Reyom i

4 ,,ﬂf . L

Safety Analysis Fuel Assembly Design Equipment Vendor Survey Aux. system De5|gn
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SMART Plant Layout

\
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SEIRELIERIEY
a||

S EEA
LIS |

}il'l- 4

 SMART 182 UNITS s [ AN

CACARE cn Db odAgt ,ul

: -<(€' stem mtegra!ed Modular Advanced ReacTor | " /*AER! Research Institute s ke v o et
< -

4 S i R ™Y A (4 B ¢
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_Iant (Movie)

SMART 1&2 UNLIS

(System—integrated Modular Ade_ ec ReacTor)

o~

w
ddlal all avc cllodldivao @
King Abdullah City fo .

Oaa_ o i ollgd a3l
Atomic and Renewable Energy




Advantages of SMART

Safe Nuclear Power Plant Licensed and Competitive Economics
n ~100 times Safer than Current Validated TeChnOIOQy ) Competing with Renewable Energy
Nuclear Power Plant with ESS or Gas Power Plant with

D Standard Design Approval in 2012 Carbon Capture

) safe against Natural Hazards

el o n Meet the Most Country’s

Licensing Requirements
Earthquake and Tsunami

Aircraft Crash

TELITY
TR
>

Minimize the Unexpected Operating Reliable Equipment Suppliers
and Maintenance Issues B Ready to Deploy in Anywhere

B} Similar Operating Condition of Current Nuclear Power Plant

S
[
[ |
v
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Infrastructures for NPP

IAEA Milestones Approach

Developing the National
Infrastructure for Nuclear Power

Q00006 C

National Position Nuclear safety Management  Funding and Financing  Legislative Safeguards
Framework

Supporting a sound
development process
for a safe, secure and

sustainable nuclear
power programme
i
| R
n ¥ / ;o : i ;
e N Radiation protection Regulatory Electric grid Human resources Stakeholder Site and supporting  Environmental
Framework development involvement facilities protection
Q Emergency Security and Nudear fuel Radioactive Industrial Procurement
) IAEA planning physical protection cycle waste involvement

International Atomic Energy Agency

dThe Milestones Approach is holistic and considers 19
specific infrastructure issues (IAEA)

% KI NGS Global Research Center of SMR 35



Multilateral Collaboration Model

Shared Core Service Country-wise Solution

Training /s ° Licensing
and Education qs@ Support

Technical . ®
Support @
Maintenance @

IAEA Milestones Approach

Developing the National
Infrastructure for Nuclear Power

T %, oY - ]
Joint Feasibility Study
W . - for SMART Deployment
3 joraar
[ e

Supporing asound ﬁs August 2018

s ot Pl

s N

S s
' s

Pre-Feasibility Study for SMART Deployment
In the Philippines Cagayan Economic Zone
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Power Plant

Co-generation

Process e
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Replace
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I Bl Mobility

Nuclear Hydrogen

— A\ ;i
Hot Water , — H

Heat supply

House, Factory, Building
District Heating
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Heat Supply for Oil Sand

dCanada Oil Sand : ~ 3.5 Mbbl/day
e Mining and SAGD
e Need High Temperature Steam

Oil Sand

Bitumen Crude Oill

e SMART for Hot Water Supply
= No Electricity Conversion System(Turbine and Generator System)

\
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SMART is ready for immediate deployment
with established supply chain.

g Technologies proven through
| comprehensive technology validation program

R, B Meet All Licensing and Regulatory Frameworks of
% Most Countries

| 4
Good Solution

for Electricity and Fresh Water
without Carbon Emission
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