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Small Modular Reactors (What is it?) F

A nuclear option to meet the need for flexible power generation
for a wide range of users and applications
Economic

- Lower Upfront capital cost Better Affordabil |ty

« Economy of serial production

Modularization ) )
- Multi-module Shorter construction time
*« Modular Construction

I Flexible Application
» Remote regions
« Small grids

Wider range of Users

Smaller footprint

« Reduced Emergency Slte ﬂelelIlty

planning zone

Replacement for aging

- fossil-fired plants Reduced CO, production
-
et Lo N Integration with Renewables
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SMR Designs around the World GE@l'“@““aﬁo“a'
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Micro reactors

Test reactors (to be included
with the types above as
applicable)
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[ Land Based Water Cooled Reactors | [ Micro Reactors [ Fast Reactors |
5 = B 5k Op e =
CAREM SMART RUTA-70 DHR400 IHTR MMR-5 < 4S W-LFR SSTAR LFR
ACP100 | UNITHERM | NuScale RITM-200 IMSBR MMR-10 BREST-OD-300 SEALER URANUS
CAP200 VK-300 mPOWER | NUWARD eVinci AURORA SVBR-100 LFR-AS-200 ARC100
IRIS KARAT-45 W-SMR BWRX-300 U-Battery ~ MoveluX EM2 LFR-TL-X
DMS KARAT-100 | SMR-160 | HAPPY200 & Sl X BTV
IMR ELENA UK-SMR | CANDU SMR oL \ o
High Temperature Gas-cooled Reactors ] IMarine Based Water Cooled Reactors Molten Salt Reactor
HTR-PM | MHR-100 | XE-100 HTTR-30 ACPRS0S VBER-300 IMSR SSR-WB CA WB
DPP-200 | PBMR-400 | A-HTR 100 | HTR-10 KEEA05 ABVGE CMSR SSR-TS KP-FHR
GT-MHR | HTMR-100 | MMR RDE : RITM-200M SHELF THORCON | LFTR REACTOR MCSFR
MHR-T | SC-HTGR | GTHTR300 | StarCore | FUJl ITMSF MK1 PB-FHR
Ny .. |AEA SMR Booklet GE@ International
= Sz — The booklet contains information provided by vendors and :orum'
- —- designers on their SMRs
2018 Edition = SMRs are categorized in
types based on coolant
v Sl Moo escor type/neutron spectrum: IAEA ARIS Datab ?Se
! - LandBased WCRs Includes SMR Designs
- Marine Based WCRs
'd" > \Y . - HTGRs
IAEA 'i _C ' &SM Rj‘}a D‘J F% % -  Fast Reactors
- MSRs

= Design description and main features of ~70 SMR
designs being updated (56 in 2018)

= Include information on fuel cycle, decommissioning
and final disposal (for the first time)
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Status of Deployment Timeline as of  GF Ini
Spring 2020 @“‘

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
a1az|a3]as|a1|az|a3|as|a1]az|a3|a4a1|az|a3|a4|a1|az] a3 a4 |a1]a2 |03 |04 a1 ja2]as|as a1 |a2|a3|a4 |a1]az|a3as|a1 a2 |a3|a4|a1 | az|a3|a4[a1 |02 |03 |04a1]a2 |03 a4 ja1]az]a3as

Eommissioning |

Construction from 2012
& Installation of systems

Commercial Operation, end of December 2019 —

Demonstration Operation—

Construction from 2014, .
installation & commissioning Protototype Operation—
Licensing Construction, installation & commissioning I Prototype Operation—
ACP100
Design Certification Construction, installation & mmmiss?nningl Commercial Operation—
NuScale
| [ Designa L i
! esign Approva Construction Commercial Operation—
/]
SMART

Floating NPP, HTGR, integral-PWRs, and multi-module plants

Land-based SMRs (Examples) ENTEVE ntemn
Marine-based SMRs (Examples)  GEX[JY interma
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Design Status: Design Status: Design Status: Design
Advanced stage of Detailed design; received Conceptual design; Stands
construction in Atucha site, license for construction in Consortium launched in receive
Argentina July 2019 September 2019 Projec
compl
. - - - Design Status: Design Status: 6 prototype reactors Design Status: Completion of Design Status
* CNEA, Argentina * CNNC, China * EDFled consortium, France  + Joir Full Commercial Operation since May were manufactured and installed on conceptual/ program design, Detailed design underway
* Integral-PWR * Integral-PWR * Integral PWR Rep 000 in the Akademik | amanncom icehroakore (2 anas are in the process  preparation of project design.
. .
| iqui d M et 2 I F & St' N eu tro i [ s retrion + cor chin -+ NIKIET, Rusian Federation
’ y + Integral-PWR * Integral-PWR
l: U AWe per module * 200 MWt /50 MWe per module * 284 MWt /6.6 MWe per module
OQIUIN G318 * Core Outlet Temp: 321.8°C * Core Outlet Temp: 310°C
r m X m % * Enrichment: <5% * Enrichment: 19.7%
Up to 120 months * Refuel interval: 30 months * Refuel interval: 6 years (8 for SHELF-
refuslling * Whala hoan refualline M

itonsite refuelling

I HTGR-type SMRs (Examples) GEX{ W lntern:

Forun

BT TG Microreactors (Examples) GE@ Infenn

Forun

-
Design Status: 1
Detailed design |
* Toshiba, Japan i Design Status: esign Desian Status
* Liquid metal cooled fast . Concephual desgn e lgn, undder vendor design Conceptual Design
reactor (pool type) feview with the Canaian CNSC
* 30 MWt/ 10 MWe | Design Status: Design Status: Design Status: . "
* Forced Girculation | Finalizing construction in Conceptual Design Pre-Licensing; 3 MICK ki e s oy Qe eyl
* Core Outlet Temp: 510°C Shidao Bay for operation by Basic Design Comg | mhwe © TITM 335 M e ikl
* Enrichment: <20% St s
* Refuel interval: N/A | * Refusl intacvat N/A
« INET Tsinghua University, +  Framatome Inc ,United + JAEA, Japan
China States, France * Prismatic HTGR
* Modular pebble-Bed HTGR * Prismatic-bloc HTGR * 600 MWL/ 100" v eresn O — S —
250 MWt /210 MWe x 2 * 625 MWt/ 272 MWe per * Core Outlet Temp: 850- J 400 MW(/ 165 MWe per *  Forced Circulation

KAKXTTEHL, Iﬁﬂiﬁlﬁ AR, BRESHAX., ELTEERMSTM/OOY
FHRA—ET. 1008V \aVETRAIRESATIVS,
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SMR Site Specific Considerations GE@MMMM

Forum*

= SMRs promise much smaller sites
« EPZ can possible be reduced
* Located close to population centers / end users
» Located next to heat users / industries
= The first SMRs currently built / to be deployed has selected
existing NPP / nuclear sites (HTR-PM, CAREM, NuScale
plan)
= Important factor is physical security (smaller site and close \i
proximity of other buildings / industries will present new ‘ M
challenges)

The HTR-PM - (Two-reactor unit) =
210MWe
The Vogtle 3 and 4 Nuclear power

5 plant USA - 2 units = 2220 MWe

Progress made in applying a nte

raded approach )

* Nuclear Regulatory Erery & Emionmen | New Nocsr | SRR s o Corporte ram sl 4
Commission staff US regulators discuss smaller SMR emergency zones
agreed with the o i
Tennessee Valley ;‘:;’f’:‘::‘:j,“’:f;r Tt s i, v o vkt dion £ e |
Authority that mE T et e st e e e
scalable emergency ;°:’";°".d ) m' e R

than the man datory!g ml EPZ requi edf the USA's current light-water reactor fleet.

planning zones
(EPZs) for small
modular reactors
are feasible
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Role of SMRs in Climate Change

SMR Renewables Hybrid Energy System to Reduce GHG Emission

Internatic
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GE

Modules: % P
* Electricity production /%
* Process heat — 3
*+  Petro-chemical industry ot e v
* Desalination plant =
* Oil and gas reforming {Ite -
Hydrogen production T \
*  Ammonia production
* District heating / cooling
*  Waste reforming

Storage L)
Modules

SMR Modules
* Energy storage o . .
* Load follow capabilities T
* Switch between applications - ==

Hz Storage

Energy Storage

Example of load
follow with
renewables

TECDOC:

Options to Enhance Energy Supply Security using
Hybrid Energy Systems based on SMR;

being finalised in 2020

GE
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Capital costs for SMRs

Potential decrease in case of large scale and

Capital component of levelized cost of power . .
P p P serial production

Require large initial order
(e.g. 50 — 80 modules)

. . . Desi i
Comparison of material quantities esigh saving

Standardization of new structure, system,
components and materials

o Reduced construction time for proven
design

o Lesser work force required with modular
construction (case by case)

Impact of local labour and productivity

FOAK deployment of multi-module plant
with modular construction technology versus
stick-build

Based on LWRs technology - easier licensing, but
still could take long in established nuclear
regulators

Cost of licensing

First of a kind; Time required for modifying
the existing regulatory and legal frameworks

Learning curve: the higher the number of SMR
built on the same site is, the better the cost
effectiveness of construction activities on site

Ensuring all necessary equipment is included in the cost
estimate, e.g. there is no ‘missing equipment’

Cost impact by delayed component delivery
or defect during shipping

Assurance of reliable estimates of technology holder Similar among vendors

equipment prices

Manufacturing of FOAK components

o FHEEERNS BRSNDET. ED
AL EFE LSRN THAD,

CHINA JAPAN Repube of RUSSIA

Large Reactors connected to Grid since 1990

—_—

o ey costs? We will only know after we
8w :-_,(NOAK) build and operate SMRs }
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Key Barriers/Challenges to Deployment

Advantages, Issues & Challenges GE@

Technology aspects

Non-Techno aspects

K Easier financing scheme

SRRECPRHEE
ZLDFHLOTRE
ZD-ORFEMZELTEHEEHSINTLNS,

* may be an opportunity to cooperate

= Economic competitiveness
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= |imited near-term commercial availability

= Technology developers ability to secure investors for design development
and deployment: first domestically, then international markets

* Need economy of numbers (vs economy of scale) ...

= Regulatory, licensing and safety issues.

* FOAK, passive features, integrated designs, different technologies

= Technology Maturity

+ Water cooled SMRs (iPWR and BWRs) based on mature technology
« HTGR mature technology (with steam generator and Tout < 850 °C)
* MSR has limited operation experience —some challenges to be solved

NEED GOVERNMENT COMMITMENT TO REALIZE
DEMONSTRATIONS PROJECTS!

\

Shorter construction period (modularization)
Potential for enhanced safety and reliability

Design simplicity

Suitability for non-electric application (desalination,
etc.).

Replacement for aging fossil plants, reducing GHG
emissions

Fitness for smaller electricity grids

Options to match demand growth by incremental
capacity increase

Site flexibility

Reduced emergency planning zone

Lower upfront capital cost (better affordability)

J
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echnology issues

* Licensing of FOAK designs, particularly non-LlWR

technologies

Prove of operability and maintainability

Staffing for multi-module plant;

Supply Chain for multi-modules

Optimum plant/module size

Advanced R&D needs

Non-technology issues

* Time from design-to-deployment

* Highly competitive budget source for design
development

* Economic competitiveness: affordability & generation

cost

* Availability of off-the-shelf design for newcomers
* QOperating scheme in an integration with renewables}

~
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