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n SMR Potential Market in China

The future development of China has raised higher requirements for energy:

v Clean heating demand in the north
v Electricity demand along southeast c?

Southeast Economic developed

R ~ Wind power is instability

v

' Site resources are limited

d Power Size constraints on
- .
r = Supply BRE ocean sites

J

4333

The Most urgent

Electricity demand

Nuclear power

Extends to the ocean

SMR )

v' Local power supply and the retirement of aging thermal power in the

southwest

SMR has the potential to meet these Requirements
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€ Government work report 2019:
*  Promote clean heating in northern China
€ Planning for clean heating in northern China

Coal

SMR Potential Market in China

heating in northern China causes severe

smog in winter and Massive CO, emissions

Defend the blue sky

Heat load demand in Northeast

Jiamusi in Heilongjiang

«  Clean heating rate reached 70% by 2021  Civil heating :
. Heating area 33,260,000m? , 18,000,000m? increased by 2025
Coal to gas » High cost ] * Industrial heating :
’ - [ Maximum demand for steam 620t/h , Temp 144°C~195C , J
) ( . . Pressure 0.6MPa~1.2MPa
Coal to » Low efficiency ‘
electricity | _Heavy load to grid

N g

Tonghua in Jilin
» Civil heating :

[Nuclear energy, clean and affordable.] * Industrial heating :

Heating area 25,000,000m? , 26,000,000m? increased in 5 years
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Maximum demand for steam 235t/h , Temp 170°C~190°C ,
Pressure 0.8MP@M, s =iz k3
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ﬂ SMR Development Updates
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Technical Route and Development Basis of SMR by SNERDI

NPP : Design, Equipment supply chain, R&D system
2008 msss) 2019

SMR : Model serialization, technology platform

T e |
l_'_" ‘ - v
SNERDI compact design SNERDI integrated design

* More efficient OTSG
* All main equipment internally
installed——save more space

 Mature direct connection
* Less welds

* High natural circulation ability * Full natural circulation ability
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Typical SMR reactor types and responding progress

Small grid power Civil heating
supply Industrial steam
Industrial power supply
Type LandStar-5 (LS-5) LandStar-1 (LS-1)
Technical route  Compact design Integrated design
Design progress Conceptual design Preliminary design
completed ongoing
Project progress Marketing Feasibility study ongoing
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SMR Development Updates

General Introductions of LS-5

Flexible

Annex. Bldg.

General Parameter

Thermal Power | MWt 660
Electric Power | MWe ~220
Electrlcl B RCS Pressure MPa 15.5
Heat Supply RCS Loops 2
Desalination RCS Tavg C 301
Refueling Time | Mons |24 ( 18~33)
FA types 17%x17 RFA
FA numbers 89
Control Rods 37
Undersea by || CDF <107’
submerged LRE <108
block
Availability % >95

J




a \ SMR Development Updates

Multi Functions of LS-5

] > Industry load

Steam power proportion decided

2.86MPa according to load

1321t/h

~218MWe

Turbine + Generator

Steam from MSR: 0.5MPa 250°C
Steam extraction: 1.3MPa 190°C , 500t/h ( 640t/h max )
140t/h ( 300t/h max )
60t/h -
Heat exchange . Desalination
station _ (420t/h ) :

o City heating (
| ' 5.72Mm )
Heat
station ]

Industry load
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SMR Development Updates

LBLOCA eliminated

Less building volume

Less in-service inspection
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Compact Design

Design verification is done and the prototype is being

produced.
The support design and analysis for SG and RV.

Improved Refueling Process

The conventional polar crane in containment is

replaced by a crane outside containment.




a SMR Development Updates

LS-1 Pilot Project

Heilongjiang Jiamusi

Finished
v'Preliminary feasibility study review
v'Get strong support from government

Ongoing
B 2 Units cover an area of 100,000m?

SEVE DERZTiR AT
€0 TR LeT TR R RARAT

v'Preliminary design and Project feasible Study
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SMR Development Updates

LS-1 The overall configuration : 3 main buildings, 3 Circuits

Reactor building

® Deep underground

B Steel Containment
Vessel

Heating station

B Heat exchanger and
load regulation for
multi-function

Three circuits

M Higher pressure for
intermediate circuit

M [solate the potential

radioactive matter

from primary circuit to

ting circuit




SMR Development Updates

LS-1 Multi-function: civil and industrial heating 1 un'.t
__________________________ Heating 3,640,000m?
| _ Compatible & Extensible & Standardized__| or Steam 260t/

General Parameter
Steaming loop

~ Isolation loop = > Thermal Power | 200MWt
kg RCS Pressure 9.0MPa

I RCS Tin 200°C

% X RCS Tout 270°C
oy Heatingloop Design life 60years

/J\ N Availability 95%

| v
Water Redants CDF <1%x10-7
@_L tank — LRF <1x10-8
%/ T_ %{ Refueling Cycle| 24Mons
Water plant
Q -

O EFZE g TR HBRERAS

SN PTC SHANGHAI NUCLEAR ENGINEERING RESEARCH & DESIGN INSTITUTE CO.,LTD.
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E SMR Development Updates

B LS-1 uses simplified passive design to improve inherent safety and harmonize

e Nearly zero risk

I .
 eEmergency core cooling
I

'@ Air cooling of containment

e Almost eliminate the risk of radioactive release and reduce the size of emergency
planning zones |

e Nearly zero rad-effluent e
wraconon s
______________________ FUUESATRR L_j @ T J,,_ L J

| EhER LEE I B
| ¢ Waste liquid is disposed and reused | o S By
in the plant during operation, and aifese] | — L |
A B
B4
D

| Stored after accident
AEROES '_‘f“*_LD_‘
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Regulations & Standards

m Simplification of licensing process

B Reduction of EPZ

Economy

B Economy of Design: SMR is
expensive, for its smaller scale
with higher cost per KW

B Reduction of personnel on site

B How to improve economic
models
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Challenges and Consideration for SMR Development

Regulations & Standards

v' Positive communication with
regulation authorities;

v Enhance the inherent safety of
SMR

Economy

v Accurate market positioning

v Simplification of Design

v Standard Design and batch
construction

v Get close to the users

v Intelligent technique, remote
support to reduce the operator

v Unified O&M team for reactor
groups in a region

v'High reliability for equipment




a Challenges and Consideration for SMR Development
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Operational flexibility

v' Better fuels and better
performance of equipments

v To better integrate with other
renewable energy

Operational flexibility
m How to response rapid change of
load from users.

Public acceptance Public acceptance
B The issue of public acceptance is v Better performance with
extremely important for SMR innovation in all areas including

because of it tends to be closer o ) = | site type
with users v Propaganda and popularization,

better communication

Despite the challenges, SMR especially multipurpose reactors are still
viable in the market, the core issue is a breakthrough from zero to
one, that requires joint efforts. SNERDI will be committed to SMR
development, to promote the use of clean and stable energy and
technological progress.
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