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» Company name: CHINERGY CO.,LTD.
» Registered date: 2003-08-26
» Shareholder
« China National Nuclear Corporation
» Tsinghua Holding Corporation
* China General Nuclear Power Group
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° CHINERGY CO,,LTD.
” Company Introduction ) e
33 %
€ The total number of employees is  The percentage of senior
professional titles
nearly 1,000 at present 140%
0
@ The structure of the talent team 54 %o
The percentage of master and
constantly improved doctor degrees
m Designers
® Equipment procurement
® Project management
R&D
2020 2021 2022 2023 2024 Others

» Main businesses
* R&D, promotion and industrialization of nuclear energy
» serving as the general contractor for projects associated with nuclear energy technology
« consultancy service in the industries of nuclear energy, technology and engineering
» Main products
* Modular High-Temperature Gas Cooled Reactor (MHTGR)
* Nuclear Heating Reactor (NHR)
» Chinergy holds the exclusive business rights for these two products
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O Good capabilities for engineering management procurement and design of HTGR

>

Patents: 198 items (including: invention patents

109items; oversea patent 36items)
Software copyright: 33 items

Standards : Four national standards (participation) ;

Group standards 32 items

Proprietary tech: 62items

‘Ii!l i I

® Obtain complete engineering data of the world’s first
pebble-bed modular HTGR

® The platform of digital integrative 3D design, the
platform of modular design and construction, the platform
of EPC data management, design capabilities significantly
improved and constantly extend to the leading edge of
design, undertake core design work

® The leader of the HTGR industrial chain, cultivate the
industrial chain of equipment manufacturing and
engineering construction, lay the foundation of the

sustainable development for HTGR
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” History of Nuclear Power Development
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B High Temperature Gas-Cooled Reactor (HTGR) : one of the fourth generation of

advanced reactor technology

Generations of Nuclear Energy

Generation I+

B

Generation Ill Evolutionary Designs
N Generation I [
_Enera = [ Advanced LWRs

Commercial Power

Early Prototypes

- ABWR

- - ACR1000
Y. : gA:‘DU:O - AP1000
- Shippi e il - APWR
SHippingpart - BWRs - AP600
- Dresden - CANDU - EPR
1950 1960 1970 1980 1990 2000 2010 2020

7 — |
Gen I+ i Gen IV

Generation |V

oy

Revolutionary
Designs

- Safe
- Sustainable
- Economical

- Proliferation
Resistant and
Physically
Secure

2030

The G

— P

neration 1V International Forum

Gas-cooled
fast reactor

Lead-cooled
fast reactor

Molten salt
reactor

Super-critical
water-cooled
reactor

Sodium-cooled

fast reactor

Very/High
temperature gas-
cooled reactor
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m HTR/HTGR

B High temperature gas cooled reactor

B HTGR more frequently referred to prismatic
(popular in USA)

B HTR more frequently referred to pebble bed
(popular in Germany)

B In many cases, HTR and HTGR are

equivalent

B Simple idea, excellent performance

B High efficiency, safety, more application area

B Different stages, different name, increased

performance, similar technology

B Technical mature: High temperature gas
cooled reactor (HTGR, HTR)
B Helium coolant, coated particle fuel, in 1960s
B Technical Improvement: Modular HTGR
B Small size, modular, inherent safety, 1980s
B New trend: Very high temperature reactor

(VHTR)

B Named by Gen |V International Forum, 21st
century

B Mature modular HTGR belongs to VHTR,
GIF Technical Roadmap Update, 2014
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Demo reactor
MHTGR Test

Prototype reactor

reactor
Test reactor -

Rt 2973

Prismatic Pebble Bed
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Common in ceramic coated

DRAGON (UK 1966) fuel particles

HTR-MODUL (GEM) NGNP (US)
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» Proposed by Siemens/Interatom in the 1980s

» Inherent Safety

« Reactor core meltdown and large-scale radioactivity
release will not occur

« Technically no need for offsite emergency measures

» Projects

 HTR-Module (Germany) . PBMR (South Africa).
HTTR (Japan) . GT-MHR (USA) . NGNP (USA) .
Xe-100 (USA)

» China has been actively involved in the research and
development of modular HTGR, particularly focusing on the
pebble-bed modular design




” Development history of HTGR in China

» The development of HTGR in China
can be divided into four stages
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Fuel

Reactor physics
Thermohydraulics
Reactor structure etc.

& { TR

®
=
LIS D TTTTETS

Fundamental research

(1980s)

Know-how

verified Inherent safety
features

Fuel tech

Thermal application

Test reactor
(HTR-10, 1986)

Fuel quantity production

Modular reactor

Engineering validation

Equipment manufactures capacity
Safety review tech

Economic feasibility

Demonstration plant
(HTR-PM, 2006)

&3 mpeERzEELE

mﬂ! CHINERGY CO.LTD.

. CNNC

® |nherent safety features

® Mature tech

® Modular and quantity
production

® Economic competitiveness

® Achievable multi-use

Commercial plant
(HTR-PM600, 2014)

11



& mremnzaRLs

” 10MW high temperature gas-cooled test reactor (HTR-10) W, mre ™

= 1986: R&D on design and
component technologies

= 1992: Approved to construction
= 1995: FCD Construction started
= 2000: First criticality achieved

= 2003: Full power operation

Main achievements
= Develop TRISO fuel elements technology
A fully digital protection system was firstly used in China
Have good grasp of HTR system design, i.e. fuel handling
= verified the Inherent safety features of Pebble Bed Modular HTR
= Follow-up R&D platform of HTR

Reactor core structure



” 200MW HTGR demonstration project (HTR-PM)

» Based on the successful construction of HTR-10
» The world’s first fourth-generation nuclear reactor
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» Use two reactor modules to connect one steam turbine to achieve a power generation level of 200

Mwe

Reactor
building
Control :

building

B | BE
2% Parameter
Unit | Value
B3 If13R Electricity power MW 200
I Thermal power MW | 2x250
A H1FE 71 Coolant pressure MP3 7
RNEANA/EOEHESEE
Reactor inlet/outlet helium average °C  [250/750
temperature
A HFIRERE Coolant mass flow | kg/s | 96
RN RN R E
Average power density MW/m?|  3.22
HESNE R B 12 Diameter of core . 3
HNFER S E Height of core m 11 13




” 200MW HTGR demonstration project (HTR-PM)

B HTR-PM demonstration power plant in Shidao Bay, Shandong

120Km R
mam R
Yantai C

£
/ S
.-

Qingdao City

gz MiZgE R X ERLE
m‘!m CHINERGY CO.,LTD.
ENNEC

B g
Weihai City
68Km g
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B HTR-PM development team

As one of Chinese National Key Science and

Technology Project (1 of 16 projects, including
research, design, licensing, manufacturing,
construction, fuel fabrication, operation, ..., with

many partners
Government

HSNPC

Chinergy Co. Owner of HTR-PM
Demonstration Plant

INET Contractor of Nuclear
Island (EPC) Established in 2006

R&D, general design,
design of key
components in reactor
plant

Established in 2003
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¥ 200MwW HTGR demonstration project (HTR-PM) N, T T

B HTR-PM Preparation

AR SRR HREPCARANRRNERFRE AR ETHL
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nal

2003: finished pre-concept design and decided to use steam turbine
2004: signed industry investment agreement

2006.01: became a key government R&D project

2006.09: decided to use 2x250 MWt reactors with a 200 MWe turbine
2008.02: government approved the HTR-PM project

2008.10: issued procurement contracts of the lead components
2008.4-2009.9: PSAR review
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” 200MW HTGR demonstration project (HTR-PM)

Milestones of Construction(HTR-PM, Shidao Bay, Shandong)

Mar 18th 2020

Dec 9th 2012 Apr 25th 2015 Mar 20th 2016  Oct 16th 2016 Jun 8th 2017 Jul 27th 2019 Apr 29t 2020
o) o) o) o) N _A\
@, ), <) 9 g @ @)
FCD Sealed roof atop of First RPV 110kV First Ceramic Internal Final SG 2#NSSS Primary enclosure
installation positioned 1#NSSS Primary enclosure

main building structure lifting

inversely feeding
= //, 1 [ |

Sep 12t 2021 Feb 15th 2021 Nov 3rd 2020
Dec 6th 2023 Dec 9th 2022 Dec 14th 2021 Nov 11th 2021 Aug 21st 2021 Mar 29th 2021 Oct 19th 2020
() (\ ) () o o)
! " © @, & 9, ) @)
ommercial  poth two reactors initial Combined  1#NSSS Initial criticality Experiment The first spherical fuel ~ 1#NSSS HFT 1#NSSS CFT

2#NSSS CFT

2#NSSS Initial criticality Experiment elements loaded 2#NSSS HFT
TV

Operation full power operation to the Grid

17
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” 200MW HTGR demonstration project (HTR-PM) ‘
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Dec 6th 2023, the first modular HTR-PM nuclear power plant

has been put into commercial operation and commissioning in the world

18
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world nuclear news

China's demonstration HTR-PM enters commercial operation

06 December 2023

< Share

The world’s first modular high temperature gas-cooled reactor nuclear power plant has entered commercial operation, China’s National
Energy Administration has announced.

The ruscleasisland of HTR-PM Demo (mage: Tsinghua University)

It follows a successful 168-hour demanstration run for the High Temperature Gas-Cooled Reactor - Pebble-bed Module (HTR-PM) in Shidao Bay
(also known as Shidaowan), in Shandong Pravince, which is currently operating at 2x200 MWt power

The HTR-PM features two small reactors (each of 250 MWt) that drive a single 210 MWe steam turbine. It uses helium as coolant and graphite as the
moderator. Each reactor i loaded with more than 400,000 spherical fusl elements {'pebbles’), each 60 mm in diameter and containing 7 g of fuel
enriched to 8.5% Each pebble has an outer layer of graphite and contains same 12,000 four-layer ceramic-coated fuel particles dispersed in 2
graphite matrix. The fuel has high inherent safety characteristics, and has been shawn to remain intact and to continue to contain radioactivity at
temperatures up to 1620°C - far higher than the temperatures that would be encountered even in extreme accident situations, accarding to the
China Nuclear Energy Association

First concrete for the demonstration project was poured on December 2012, with the operating permit granted in August 2021 and the plant
connected to the grid in December 2021. The plant has more than 2200 sets of first-of-a-kind equipment, including more than 660 sets of
innovative equipment. The supporting fuel element production line has the largest production capacity in the world.

The project is a collaborative effort invalving Tsinghua University as a technical leader, responsible for research and development and main
components and systems design, with China Huaneng Group as the owner and operator of the plant, and China National Nuclear Coarporation as
the engineering, procurament, and construction contractor and fuel manufacturer. Professor Zuoyi Zhang, director of the Institute of Nuclear and
New Energy Technalogy at Tsinghua University, is the chief scientist and chief engineer for the project.

HTR-PM is a Generation IV nuclear energy technology and a small modular reactor. Two safety demonstration tests were conducted on the reactor
modules, each at a power of 200 MW+, on 13 August and 1 September, respectively.

A Tsinghua spokesperson said: “The normal energy transfer driven by power was stopped during the tests, The measured nuclear power and
temperatures within the different reactor structures, described how the reactors were naturally cooled down, without intervention of humans or
emergency core cooling systems. The tests confirmed that commercial-scale reactors could be cooled down naturally without emergency care
cooling systems for the first time in the world. It is the so-called inherently safe reactor.

“The major purpose of HTR-PM is to co-generate high temperature steam up to 500°C and electricity. It is cost effective currently in the Chinese
market to supply steam and electricity for the petrochemical industry o substitute the burning of natural gas and coal. This breakthraugh
technology is recognised to play a positive role in optimising energy structure and achieving China's ‘dual carbon’ goal. Several commercial
projects are under preparation in China.

China's National Energy Admini in the start of ial operation, said: *The cammissioning of the demonstration project is
of great significance and has a posttive impact on promating the safe development of nuciear power in our couniry and improving our country's
nuclear power pawer scientific and technolagical innovation capabilties *

In an interview last year for World Nuclear Association’s World Nuclear Performance Report 2022, Lu Hua Quan, chairman of the Nuclear Research
Institute, Huaneng Company, explained: "HTRs have the highest operating temperatures of all existing reactor types, and are also the only reactors
that can provide very high-temperature process heat.” He said there was export potential, especially to countries and regians where freshwater
resources were scarce, adding that "HTRs could in the future provide a source of high-quality high-temperature process heat for various industries,
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Atomic Power Is In Again—and China

Has the Edge

A next-generation reactor that is safer and more efficient began
commercial operation in eastern China

{7} visten (miny 3

SINGAPORE—China’s push to reduce its use of fossil fuels and imports of oil and
gas has put the country at the forefront of civilian nuclear technology, as climate
change is bringing nuclear power back into vogue.

The country became the first in the world to put the latest generation of nuclear
power technology into use, China said Wednesday, as a power plant with two
new reactors started commercial operations in the eastern province of
Shandong.

Bloomberg

Learn more about LSEG

REUTERS® Q =

Green

China’s First Next-Gen Nuclear
Reactor Enters Commercial
Operations

m Saved

ﬁ My View ‘g Following

®m Shidao Bay is China’s first high temperature gas
reactor

China

® China is building more nuclear plants than any

China starts up world's first fourth-
other country

generation nuclear reactor

By Colleen Howe

December 8, 2023 4:57 AM EST - Updated 2 days ago

(0 Aa) <

BEIJING, Dec 6 (Reuters) - (This Dec. 6 story has been

corrected to change the timing and reason for NuScale's
plant termination in paragraph 5)

China has started commercial operations at a new
generation nuclear reactor that is the first of its kind in
the world, state media said on Wednesday.

Compared with previous reactors, the fourth generation

Model of the Shidao Bay high temperature gas-cooled
reactor. Photographer: VCG/Getty Images

Shidaowan plant in China's northern Shandong province
is designed to use fuel more efficiently and improve its

economics, safety and environmental footprint as China By Bloomberg News

turns to nuclear power to try to meet carbon emissions 2023412 H6H at GMT-5 0118

goals.

\\/\ ﬂ Save;

19



& mmmRREERLAS
” Status of HTR-PM project L .

B HTR-PM: High temperature gas cooled

reactor—pebble bed module

B Mission of HTR-PM in China
B Supplement to PWRs

B for power generation, especially to replace
coal-fired power plant in population region
B Co-generation
B of steam and electricity
B & Hydrogen production in future
B Technology Innovation
B Supported as one of National Key Science
and Technology Projects

B Establishment of whole supply chain
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China has achieved a leading position in the field of modular HTGR industrialization

Many achievements have been made in this process : the world's largest helium test loop R&D platform; production line with
annual output of 300,000 spherical fuel elements; complete HTGR industrial chain; engineering construction and operation
experience etc.

Provide strong support for the subsequent large-scale commercial promotion of HTGR

Verifiable and demonstrable HTR steam power plant

Verifiable and demonstrable of operational and safety features Lo

The standardized nuclear steam supply system modular A T 3 | - o
Verifiable and demonstrable for operation technology of two reactors ‘ Nz . X1, o (L o ﬁ
driving a turbine SO L @)

. ) . . The largest helium test Production capacity of industrial fuel
The production capacity of industrial fuel element loop in the world element

The complete development and construction experience, mature
development team

cultivate an industrial chain, important equipment achieve domestic
production

Engineering Experience Feedback
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Coal stoves

Simple idea

Gl
“ool Helinum Channel |y

Hul
Reactor Core

Y i '

1 Hot Helivm Channel
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H t Helium Connect -Box
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' v Hot gas duct
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Same TRISO coated particle fuel
Same inherent safety features
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Dense PyC

Dense PyC

Porous PyC

Fuel kernel

Spherical Fuel Element

Fuel Element

Coated Fuel Particle
Diameter 0.92mm

Diameter 0.5mm

Designed by IN::T , Tsinghua University.

Pyrolytic Carbon
Silicon Carbide
Porous Carbon Buffer
Uranium Oxycarbide

Performance of TRISO fuel

Failure fraction in manufacturing: <6 x10-5

Failure fraction resulted by irradiation under
normal operation: <2 x10-4

Additional failure fraction since heat up to
1620 °C after target burnup: <5x10-4

& mremnzaRLs

TRISO Coated fuel particles (left) are formed into fuel rods
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» An ideal inert gas of helium is used as
coolant
Reactor

» The temperature of the reactor outlet pressure vessel
coolant in HTGR can be up to 750°C

» The graphite is used as moderator and Pebble bed
reflector constructive materials

» The reactor uses all-ceramic TRISO-
coated spherical fuel element

» Each reactor contains 420,000 spherical
fuels in the core

(_ Control rod
drives

Graphite reflector

T s

He circulator

Steam
Steam Generator

_ .

- “\\\“\lﬂl‘l\l\\“\\\\ AR
- E,

Hot gas duct Heating tube

assembly

Feed water

25
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» Once-through steam generator with

heat .EI- | Control rod
Process nea i

drives

. Reactor
» Confinement/Vented Low Pressure pressure vessel Graphite reflector
Containment without leak-tight :
requirement Pebble bed
; He circulator
he
FA
i d Steam
: Steam Generator
Hot gas duct Heating tube
assembly

Feed water

26



&3 mpeERzEELE

’ Technical features of Pebble-bed Modular HTR-PM R, P TR

B Inherent Safety Features

» The TRISO-coated fuel particles are considered

2R =F G EBIRNNHE
(TRISO coated particle fuel)

FoREEI R (U free zone)
a key safety feature of HTGRs , each coated e

{U containing zone) SNECEE (OPyC)
LAt sic)
AREEE (1PyC)

particle can be treated as a “containment”, of
Bt (euffer)

-,______,_./
B 60EXK
Diameter 60mm

which the failure fraction is very low BT

Spherical Fuel Element

FobFFBk
Semi-Spherical Fuel Element

Retention of fission products in coated particles - .
2092%
H Diameter 0.92mm
for normal operation, DBAs and BDBAs A i
Coated fuel Particle Diameter 0.5mm
In case of any accident, the maximum fuel bt
element temperature will not exceed the limit Silicon Carbide
Operating Operating T i Thermal
value 1620 °C Average Maximum Deer:igiriirl:wri(te Decomposition -
Temperature  Temperature Temperature
V |
600 800 1000 1200 1400 1600 1800 2000 2200

radioactivity release will not occur in any normai

operating and accident conditions

27
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” Technical features of Pebble-bed Modular HTR-PM R,

B On-line refueling

Reactor core

B Main technical features

P HEER

Simplification ball

» Inherent safety features expulsion

» High Temp Multi-role S 3 R ER

Separate out the
breaking balls

» Modularization

Fuel handling schematic diagram

LT Fuel promote

New fuel load

ot °®
WORIER 15 SBER
Fuel sphel  Graphite

T SSETIN

sphere

Z R EE

Spent fuel
removal

KRG 1
Burn up
measuring

28
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B [nherent Safety Features

» To ensure the safety of the reactor, three things must be done well: shut down the reactor;
remove the residual heat that continues to be generated after shutdown; ensure that radioactive
materials are not released into the environment

» The modular HTGR achieves these objectives through innovative design, achieving inherent

safety
Key issues for the reactor safety Inherent safety design of Modular HTGR safety goals
Reactor shut down * Negative feedback e Shut itself down
* lLarge temperature margin
Decay heat removal * Low power density * Inherent heat removal

e Slim core * Core meltdown free
* Large heat capacity

e TRISO particle e Radioactivity retention
* Below 1620° C

29
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” Technical features of Pebble-bed Modular HTR-PM \,
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B Inherent Safety Features : reactor shut down

» HTGR has a large negative reactivity coefficient and a
large fuel temperature margin

» Two independent shutdown systems are designed: a
control rod system and a small absorber sphere system. In
the event of an accident such as a power failure, the rods
and the small absorbers are released and drop into the
reflector borings by gravity automatically to shut down the
reactor (We use only one shutdown sysytem in our

newest project, due to the inherent safety features of
MHTR)

30
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’ Technical features of Pebble-bed Modular HTR-PM D il

B [nherent Safety Features : decay heat removal

> HTGR uses a design of low power density and the P Chokr

power density is only 1/30 of the PWR reactor,
thus the absolute number of heat generated and
decay heat are small

» The base of the fuel balls and the reflector
surrounding the reactor core is made of graphite,
the heating process following an accident can be
effectively mitigated

" “NSurface cooler

“22\ Heat conductivity
42+ radiation

) ;' = 21 7 = wmsEa =t N
L J 1 e 3§/ F 7 _J_ JiF ) -
- = = 1s

» HTGR sets passive residual heat removal system

w— .t
M ok i L
Mo Y

Decay heat removal by natural mechanism s,



” Technical features of Pebble-bed Modular HTR-PM
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Decay heat transfer path based on temperature gradient

Side Reflector

Conduction

Core Barrel RPV
Radiation
Convection
Conduction
Radiation Convection
Convection
v

- “
s A

i

Cavity concrete
RCCS  Citadel

C.c.inductjon |

Convection |

Radiation :

Inherent post-shutdown decay heat removal is achievable through conduction, natural convection and
radiation heat transfer. Design choices include core geometry, low power density and high thermal

capacity of the core structures.

&3 mmeEnnsEAS
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’ Technical features of Pebble-bed Modular HTR-PM R o

Temperature for DLOFC(depressurized loss of forced cooling) accident

Even for total loss of coolant, no action, after long Total Loss of coolant can never
time, temperature less than limit, high temperature be assumed in other reactors.

just in small area, small time interval

1600
1600 \
1400
5":?.. 1500 j--‘-s.‘\'-...___-' o PV
g / ]
2 1400 — 1900 =
E_ 1300 I .""h.& 2100 Core
£ 1200 . \ 52 fB
E 1100 ’ S 800 N\
= .
E \
E 1000 600 \\
2 ang -\
= 400 \
800 i
0 20 40 60 80 100 120 140 160 200 ' L
0 5 100 150 200 250 300 350 400
Time /hr R(cn)
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’ Technical features of Pebble-bed Modular HTR-PM ‘

B Inherent Safety Features: radioactivity retention

Fuel kernel: UO2
Buffer: Porous carbon
IPyC coating

» HTGR is composed of all-ceramic fuel S
. ® OPyC coatin
elements. It is able to prevent the release of s
radioactive fission products at temperatures bia.comm
not higher than 1620°C
> The reactor core meltdown and large-scale P perFuct e

radioactivity release will not occur in any [—
normal operating and accident conditions 'ﬂ

-
N —
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” Technical features of Pebble-bed Modular HTR-PM iy e

B [nherent Safety Features: test on HTR-10

» In 2004, 60 scientists from 24 countries organized by IAEA witnessed the inherent safety
verification test carried out on the HTR-10 on the spot

» Verified the large negative temperature coefficient of reactivity of the reactor and that decay
heat removal totally guaranteed by natural mechanisms can keep the reactor in safe state

Safety demonstration test of helium circulator trip ATWS test

0

-300 1700 3700 5700 7700 9700
Tmme(s)

3500 1400
3000 j 4 1200
= power(kw) 1 g00 E
= 2000 e
1 speed ( mpm) 1600 S
= 1500 b
& 1 400 &
1000 \ 1 200
500 t [ll' 0

\ N A~ o
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” Technical features of Pebble-bed Modular HTR-PM

B Inherent Safety Features: test on HTR-PM

O In August and September of 2023, The first world’s
verification experiment of power outage combined
with loss of cooling accident was carried out on HTR-
PM nuclear power plant

O First time that commercial-scale nuclear fission
reactors can be cooled down naturally without
emergency core cooling systems

O HTGR technically eliminate the need for off-site
emergencies and can built close to the users

§3 mmemnzsEL

mﬁ! CHINERGY CO.LTD.

.

k"

0
0 20 40 60 B0
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—Top refiector
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—— Side reflector
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H Close to the user

» According to the “Principles and Requirements for the Delineation of Non-residential Area
and Planning Restricted Area for Small Nuclear Power Plants (Draft for Public Comments)”,
HTR-PM sites can be closer to users, are more environmentally friendly, and are better
suited to urban heating

No residential area
of more than 10, 000
people within 2 km

Planning Residential area

.. Restricted Area
Existing No towns with more

HFCEaFDOWGF than 100, 000 resident
plants within 10km
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” Future of HTR-PM ‘

B HTGR Technology Development Route

Commercialized Improved Supercritical HTGR Very High Temperature
HTGR Gas-Cooled Reactor (VHTR)
Construction of multi-module . . o .
. . Combined with supercritical Increasing reactor outlet
commercialized units based on . .
. . steam turbine for higher power temperatures to enable
reactor modules validated in eneration efficienc hydrogen production
HTR-PM 9 y yarogen p
Multi-module Reactor outlet temperature
Reactor outlet temperature 750 °C Reactor outlet temperature 750 °C reaches 900°C, Intermediate
Cogeneration or Supercritical power generation heat exchanger developed
Industrial Steam Utilization of decommissioned Hydrogen production from

thermal power plant sites nuclear energy
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” Multi-use applications of HTR-PM ‘*

B Carbon Peaking and Carbon Neutrality goals present significant opportunities for
HTGR
» Implementing a dual carbon strategy, which aims to achieve carbon peaking and neutrality, will
impact various industries, particularly those with high carbon emissions,such as steel, cement,
chemicals, and heavy machinery manufacturing, etc.
» HTGR as a green low-carbon, safe and efficient advanced nuclear energy technology can
provide a variety of products, including "hydrogen, steam, water, heat, electricity" and other
products, has a huge market potential and development opportunities
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” Multi-use applications of HTR-PM .

B HTGRs have a wide range of potential applications
» HTGRSs can operate at temperatures up to 950°C or even higher, which can cover most of
industrial thermal demand, such as hydrogen production, petrochemical industry, electricity
production, seawater desalination etc.

HTSE and Thermo-Chemical [ ' T q J J ' } | '

Hydrogen Production | || ' m
Coal Gaslfication
Steam Reforming of Natural Gas ,

Biomass Hydrothermal Gasification | | L soosoos ]

Cogeneration of | i | |
Electricity and Steam L oseooc ]

Oil Shale and Qil Sand Processing m

Petroleum Refining | m

Ethanol Concentration g
Seawater Desalination | 3
District Heating : | | ] I I | I 3

0 100 200 300 400 500 600 700 800 900 1000

LWRs _ Process Temperature °C

HTRs
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” Multi-use applications of HTR-PM  DERE

B Modularization: built as needed

> Flexibility to adapt to market demand
« Small and medium power grids/remote areas

« Slow growth/substitution

« The scale of process heat application
»Construction flexibility

« Partial construction and operation

« Reduced pressure of investment

« Standardization/Economies of scale/learning curve

42



’ Efficient Power Generation \

&3 mreEnzsRsE

mn; CHINERGY CO.,LTD.

» HTGRs can be used to generate electricity directly, similar to conventional
nuclear power plants

» Affected by carbon peak and neutrality policies, a large number of fossil
fuel power plants will gradually be shut down and retired

» HTGRs have advantages of inherent safety and flexible scale, they can be
built close to users. It is a promising option to reuse retired fossil fuel power
plant sites to construct HTGRs,which can offer several benefits:

Infrastructure Utilization: Existing infrastructure such as transmission lines,
substations, and water supply systems can be repurposed, reducing the need for
new construction and associated costs

Land Availability: The sites typically have land, which can expedite the development
process and minimize land acquisition challenges
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» As a follow-up commercial version of the HTR-PM, 600MWe HTGR(HTR-PM600) have been further
researched and developed for power generation

» HTR-PMG600 is based on the technology of the HTR-PM project. It utilizes proven HTR-PM reactor and
steam generator modules. Six modules are compact arranged in a circular factory building and

connected to a steam turbine, form a 600-MWe nuclear power plant. HTR-PM600 achieves the same
level of inherent safety as the HTR-PM and a power generation efficiency of 43.7%

» The industrialization project is currently progressing

HTR-PMG600 Parameters
Reactor module thermal power MW 250

Module number in a plant 6

Plant thermal power MW 1500
Plant electric power MW 680

Pressure of the primary circuit MPa 7

Reactor inlet temperature oC 250

Reactor outlet temperature oC 750

Reactor module thermal power
Module number in a plant

250

T Plaat thermal power AENEC Nl Feed water temperature °C 205
HH [ © & \ Pt e AR paaty e it MPa & St t t OC 541
[ & = Reactor inlet temperature °C 250 eam empera ure
HTR-PM600 | QO S oo e < s
T e B Steam pressure MPa 14.3

Steam pressure
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” HTR-PM coupled with petrochemical industry W, e |

Background: “carbon peaking and carbon neutrality”
» HTR-PM coupled with petrochemical industry to provide highly efficient and stable electricity

and steam as well as alternative coal consumption for petrochemical industry parks

m The petrochemical industry is the basic industry of national
economic development in China

s One of the industries with high energy consumption and
high carbon emission

s Developing petroleum and chemical industries as large
energy consumers are facing serious challenges

A feasibility study on how HTR-PM could be implemented
for a petrochemical park with a specific design
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” HTR-PM coupled with petrochemical industry ‘

O Demand of energy to match Petrochemical parks

> The Petroleum and Chemical Industry Planning Institute has been commissioned

to complete "Feasibility study of HTGR coupling with Petrochemical Industry”
According to the development of 22 petrochemical parks in China's coastal areas to the

RS AL BA TR
planning scale:

m Steam: The total demand is 135,000 t/h

m Electric: The total power consumption is about 40 million kilowatts

m Hydrogen: The total consumption of hydrogen in China is around 28 million tons (about

316.4 billion cubic meters), of which chemical hydrogen accounts for nearly 98.5%

m Desalination: Petrochemical parks are located in coastal areas islands etc., and all have

demand for desalination
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” HTR-PM coupled with petrochemical industry , i |

> It has a good match with the power and energy demand of the petrochemical park

» Can simultaneously meet the park's demand for "green hydrogen, steam, seawater desalination,

heating, and electricity (hydrogen, steam, water, heat, and electricity)”

» At present, the main steam of HTGR is 13.9MPa and 540°C, which can cover the main steam

demand of petrochemicals

electricity
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” HTR-PM coupled with petrochemical industry ‘

B Petrochemical coupling technology

> Ability to supply heat continuously:
 independence of each module, mutual backup,
any NSSS module, or even a module stopping,
will not affect the overall heat supply;

»Directly apply the technology proven in HTR-PM;

»Give full play to the high-temperature and

multi-purpose features and advantages of high-

temperature gas-cooled reactors.
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410MW
Driving a large compressor

H
T

R
506MW

6NSSS)
k P

for the chemical industry

High Pressure
Steam Drive

. 1.6MPa 230°C
Medium Pressure
Steam Drive 450MW
_v» Chemical Plant
Tracer Heat
Total heat ..o
oy . . 0.35MPa 170°C

utilization; Low Pressure 640MW

Steam Drive .
over 85% Chemical Plant
Tracer Heat
Latent heat utilization
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” HTR-PM coupled with petrochemical industry D |

» HTGRSs can provide industrial-scale, low-carbon, and stable high-temperature process heat for
various industries such as petrochemicals, steel, heavy oil thermal recovery and so on,
replacing the consumption of fossil fuels and reducing carbon emissions

» Companies like PetroChina and Sinopec have signed strategic cooperation agreements with
the China National Nuclear Corporation (CNNC) to jointly promote the cooperation of HTGR in
providing energy for petrochemical industrial parks and other areas

Steam consumption parameters for a certain

petrochemical park

The main parameters of HTGR

Thermal power of Reactor 2*250 MW
Ultrahigh Pressure steam 11.5MPa/530°C
Reactors two
Medium Pressure steam 1.3MPa/290°C Steam Generator outlet Pressure 14.3 MPa
Lower Pressure steam 0.5MPa/210°C Supply quantity of steam 680t/h
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” HTR-PM coupled with petrochemical industry ‘*

®m Technology scheme of Petrochemical coupling HTGR

» HTGR have continuous capability for steam supply : The independence of each module, any NSSS

module or even a module stop, does not affect the overall thermal supply

&2 mmsERRERAS
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> Direct use of two-module combination technology verified by HTR-PM demonstration power plant

» HTGR play a major role in characteristics and advantages of high temperature multi-roles

TWO NSSS module of HTR-PM constitute one module |
unit
Auxiliary
I _

System Layout

HTR-PM600S nuclear plant of HTGR unit composed

of three reactor plants, nuclear auxiliary building and
electrical building in a straight line. Each module can
be run independently and take turns to shutdown
overhaul; The spent fuel building and common

building are shared by three modules

———————— building

Nuclear auxiliary

A

Electric building

Spent fuel
building

2 Modules
Common

1 Module building

combination 50
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B Process Heat Application: HTR-PM600S W R

O We have developed the 600MW HTGR(HTR-PM600S), for steam supply it combines three “HTR-PM” module

units together , each of them can operate independently , achieving high reliability and uninterrupted supply of
high-temperature steam

O A project get approved in August 19th 2024: HTR-PMG600S used for high efficiency electricity generation in a

petrochemical industry park and heat sources of high temperature petrochemical technique process. can
reduce the energy consumption and reduce around 3 million tons of CO, per year

The main parameters of HTR

Thermal power of Reactor 2*250 MW
Reactors two
Steam Generator outlet Temp 541 °C

Steam Generator outlet Pressure 14.3 MPa

Supply quantity of steam 680t/h

Demand of industry steam

, Thermal load | Parameters
N ﬁb Ultrahigh Pressure 11.5MPa/530°C
High Pressure 4.2MPa/400°C
Medium Pressure 1.3MPa/290°C
Lower Pressure 0.5MPa/210°C ©1
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« Jiangsu Xuwei nuclear steam supply project is located at Lian Yungang City, Jiangsu Province,
17.5Km from the coastline.
« The project is commercial large-scale nuclear power heating project, Supplying industrial steam to

the Lian Yungang petrochemical industry base. Simultaneously utilizes residual heat energy to
generate electricity.
« 4 ACP1000 and 2 HTR-PM60O0S to be constructed on the site; 2 ACP1000 and 1 HTR-PM600S to be

constructed in the first stage.

» Approved in August 19th 2024; The First Concrete Date (FCD) has been provisionally arranged for
Sep 2026, The planned construction period of HTR-PM600S is 54 months.

Foaidee ] Al e Fo e O At = ’Y{“,ai‘: = H’&ﬂ

National green energy demonstration project
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B Hydrogen production

» At present, the hydrogen production is mainly based on petrochemical raw
materials, it can not meet the demand of carbon-free hydrogen production in the
future

» More than 95% of hydrogen is used as an industrial raw material, and the
characteristics of industrial hydrogen demand are large scale and stable supply

» HTGR are considered the most suitable reactors for hydrogen production due to
several key advantages: high-temperature output, inherent safety, absence of
greenhouse gas emissions, potential for large-scale hydrogen production

» The main technical routes for application of HTGRs in hydrogen production
include: nuclear thermal-assisted carbon-based fuel reforming, high-temperature
thermochemical water decomposition, high-temperature steam electrolysis,
nuclear power electrolysis of water etc
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” Multi-use applications of HTR-PM e

B Hydrogen production: HTGR-IS

Hydrogen product 450°C

Bunsen 257
A BHIHTH,SO,

2HI +  HSO4
=

X

HI I +1‘@5+ SO 7#H0 Decomposition
decomposition Sulfuric acid to
for hydrogen e hydrogen
production Row water production
lodine sulfur cycle
> High efficiency (Efficiency >45%) > Full flow, pure chemical process, suitable for large-scale
» Have good matching and it is easy to hydrogen production
coupling with HTGR » Clean and carbon-free, advanced technology

o4



&2 mmsERRERAS
mﬁ! CHINERGY CO.,LTD.

ECNNC

” The internationalization development of HTR-PM ‘

B International Cooperation

» HTGR has attracted the attention of numerous countries abroad. We has successively
signed cooperation framework agreements on HTR-PM with Saudi Arabia, Jordan, Indonesia,
Emirates and other countries

» We are open to extensive cooperation with various countries to jointly advance the
technology and application of HTR-PM, contributing to the sustainable development of
human society by providing clean, low-carbon, safe, and efficient energy
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