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JUSSHLAH, V)6 SHLA, EREA BB RIE TR 15 RN
). FRELATRZ T 5 SHUALT 2021 4E 6 H 25 HIER LS, T 7 H 31
HEABWEE; HEER) 6 SHLAT 2021 455 A 11 HIFMALLD; fEfhE
A S BRI RIE TR 1S RN HET 12 A 20 HSEhIE M I & HEE 1 .,
2IRA 10 LKA KK, Hd3EE 1 & (INDIAN POINT-3), #[E3 &
( DUNGENESS B-1, DUNGENESS B-2, HUNTERSTON B-1), f#[ 3 4 (BR
OKDORF,GROHNDE,GUNDREMMINGEN-C ) , k&' # 1 &5 (KURSK-1), M3t
Wi 1 & (KANUPP-1), HE&E 14 (KUOSHENG-1)

BE 2021 4RJIE, RS T HERC R T 19196 HEAE, TEiz v e,
FEASEEAKRE (PWR) . ik (BWR) FIEKHE (PHWR ) 3 Fifeid, %
WP 303, 61 147 &, 43l i R AE I SOV HEEVEU 69.00% . 14.03% FiI
10.86% . 1 57EIz S HE S At DL WL 1.

*1 ERSEMMXESZETERER

ESE RAEHE  EENESE (MWe) 2020 FikBE (TWh)  ZEAL (%)

BfESHT 1 1110 0.3 1.0
W 1 448 2.6 345
(3L 1 915 5.8 1.7
= 1 482 3.9 3.3

O ATNFRLAE ChEZRE L RS (202000 F1 (b E B RS (2021)) 356 FE
Wi o
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ZEER RIS TS

HmEX el
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1552

1854

2794

Hnigfkse 1868

BEEHE 2242

4405

7121

7343

mEx 13624

23091 152.6

27727 201.8
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2021 FiEFizpe k= ,‘_S

E=x REEEE  RENSE (MWe) 2020 FiZkBE (TWh)  ZEAEHE (%)

EE 56 61370 338.7 70.6
ESES| 93 955623 789.9 19.7
=it 437 389508 255888

iE: FPREERBERRTEENE (IAEA), REESSEMSENBERITEE 2021 FK. ZRE
2. ZROEEkaEEAZNS (WNA), &KREBEHS 2020 FH5iE. TEHIRERIERERFHZBE
BER, ATEEWETRRE, SERRIEFEMEN; SithaaThESEHE (364, ENE
254t 2859MWe, 2020 FizLBER 26.8TWh) .

Jz 100
m 90 -
4
# 80
E=N
20t
PN
a0l 5336
50 |
40 F 3337
30+ 2924
20 F 15
10

93

0

ik 5
] [

Hi¥

B 1 HREERNES S
BEY: BERROK F TAEA, SERHECE 2021 4RIR, 3k b B BCRHR B K R B B, T
SERRUEAI, 5 P G 0 T 220

SRERAAEBENWER S, KE. BE. PR KPR HALE
12 O HE RSt S 5 AL, SO HEBCRR (N AR ERE R 1) 61.76%, LA R
SRR 67.72%.

T o gk, R EEE 10% B 19 NESR, T 25% A
RAER, #id 50% 1A 3 MEK. FERDSEEHRZE S E (LK 2).,
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2 BEBNEETZEGER

Vi BERE WNA, SeilEdih 2020 4E1E 0.

S ZRERBIER B
o
e
570
EE(SO- Ego
% s
Zsoh M
: 5]
a0t %ﬁcﬁ'@ii%%
30 13382ss
20 + Sgéﬁ%ﬁ%
‘-‘_‘:.‘%Sgooow o
Wl 175755335 25225¢
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |IIIIIIIIIIIIII.III(;II‘:I::I‘::I
T3 5 fa LG S G W S8 S i P AR 2 O 0 BT I R AR ep OR i B L BT
[ 3% 5w 2 R g% oe 35 =5k [ B O o [ A O AR G Sl A VG I 2 R Y R I R
=R 3 Je e K & # A 5%
B )I:'bz W W i) R4 Hr

EERAE B G LA BT AR KT T 30 4E. 35 4F. 40 450 45 15
A 295 5. 235 6. 120 GA164 &, 0 nl A iE i LA EY 66.74% .

53.17%. 27.15% F114.48% (WK 2) .

x2 EXETZBHAIETER. HENRAOLER

BITER (F) #HE (1) S (%)
= 30 295 66.74
= 35 235 53.17
= 40 120 27.15
=45 64 14.48
= TR C

R 2021 AR, RERTEEZENALER] 52 5, 204 T 19 D E XK

O AWHERAE CTERER R (2020)) F C i ERZRE R R (2021)) Sl EROHHY.
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2021 FiEFizpe k= "_S

X, EAEPLARIR 55087TMWe (W3 3) . RS EAERZAGEIA RS
ARG OLNE 3 At R . FEAKHEAE G W HE 5 iR R, Bk E) 84.62% ., iR
S HERIAE BN A GL AN 4 B, i A L 2E 45 HE R B ot LU T
WL 5,

o E A% I H TR RS DL R .

el JRSOAA C A% I H AR T 2 — Bk E O ERIROR, Bl R
E T 1 A S VR L T H AR N2 5 42558, IR BUHHBGE H IR £
2026 4,

BTIePs . BRI (Barakah ) A% FHENN 2 SALA R IEMI& HUSD)

H . R B (Akkuyu ) 3 55 HET 2021 4E 4 H IER B
T BIEEJG 15 RNHERE T 2023 4R IEAIKIE.

FE: R (Vogtle ) HL ™ 3 5l T HHBE™ 514 Sl sy il ), 432
ZEEZE S (NRC) WETikA, Kt — LRz,

PR M. BRI B 4E K (Ostrovets ) B HL) 1 5-HL41 ( VVER-1200)
F 2021 4 6 HIEX$iz, 2 SHIAT 2021 45 9 HiE ARG B .

252 BURERBHE (Olkiluoto ) AZHLEG 3 SHLA1T 2021 4% 12 H BHiKikF|
I SRS

*3 HRSEMMXEEZEYERR

8. &, MWe

ExR HEHE BEENAE
] 14 14792
E 4 5360
PaEXEE 2 2690
ENE 6 4194
BB 4 3759
BHAE 2 2653
%5 2 2234
S 1 1110
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cess
ecoe

BEEA FRIER T

ESER MBS BENAE
=INRIE 2 2160
Br= 2 2070
BEEHE 1 1014
=E 1 1630
3= 1 1600
B 1 1340
TEH 3 3342
Hrigtkse 2 880
PtREE 1 25
RHE 2 3260
FEA 1 974
2t 52 55087

T BESRE IAEA, RIHEE 2021 £k, HhhERREERERMER. BTFEERERR,
S5ERFIHHFEES, £ 4 aAESEIR 1S, 25, BEEISRERERN/NEE, SHkE

25,
§16OOO—14
fi 14000 |
;%12000-
Z10000 -
=
28000 |
6000 || 4
6 4
4000 F 32,
2 2 2
2000 L T
R EE IR
E B OE HORE OB oA R mo o B2 v @ & B s Wl
o H [ A %’;;‘Jg %ﬁi

E 3 tHRSEEEZENASFRINSESEHER

LI BUEOR A TAEA, Zuilis 2021 SRR, HRRE 5B upaiscs: (6) .
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%ﬁhmu
R . 1890
YKo . 2653
JE7K e _ 49132
0 10000 20000 30000 20000 50000 60000 (MWe)

E 4 HREBRERRNSEER

VIR . Bk A IAEA, il 2021 4.

FEAKHE
84.62%

5 HAEEYEASHRHELLER

PRI . Bk IAEA, Siil#iE 2021 4E)E.

= ZEERARKR

MRS TAEA Bl ZEit, M2 2021 40K, Rk 78 Mo b ERY & it
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[Jiﬁﬁﬁﬁﬁ&%

UG =AU KHE . WhAKHE. DR KHE . BAve PO il e HE . B PRIE
TR A KV HE . RV PR Z PR

(—) BE=RZERA

AR BRI 21 a0 i 2 A EOR . B R8s fiF Ttk
% AL 3 L = AR B R 32, 78 BRI ARAIHE ORI 1 B8 U5 4 R 3A
BiF, AU HLEARAE Ry ] AR i A% AR, wiit 2 21 ik 2
iR DA B2 AT E BRI EARs “E 5 .
AP1000. EPR. VVER. APR1400 il ABWR 54 / HL%,

46 TAEA B4l G i, 2021 AF 2 ERIF T 7 5 G HNA, SENAE
4785 TR, Hi 4 GEENAIRA T A BER, BREIA RN
4485 J3FFL. #% 2021 4ENE, @ER7EEMZBIAA 51 6, BRIA RS
5397.0 i T I, H, fEgd—=MREEmNA 41 &, Bty b2 @z ayd
1 80% . HB=AALHBBARIE . s, FE@HRE 4. K5, Ke.

2021 4F 12 H 21 H, 2522 BURFISFEAZ HLG 3 5 EPR HLAL S B iR Il 5
PR JF 22 40 2451 UA FRBT I v A Ha sl . IZ LA 2022 41 6 H %
ARDGZAT, TR AE ST 22 B 25 i o BBk 3 60%

®4 BFREERARBEBER (H#ZE 2021 FK)

/B iz ZEES Nl =41
AP1000 4 2 2
EPR 2 4 0
VVER-1200 5 9 0
VVER-TOI 0 2 0
APR1400 3 6 0
EH—= 2 12 0
Efi—S 0 2 0
ABWR 4 4 0
it 20 41 2
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2021 FiEFizpe k= "_S

®5 B=HEERAREER (#ZE 2021 F£K)

K&/ HE B | &% pranyi] T%EBuh [ HEZFR
AP1000 (4) AERE =014, 2#, BIH 1#. 2#
EPR (2) fgEs (GE2E) Bl 14, 24
APR1400 (4) SEPKEBZERAT AR 34 44, BRF 14, 2#
#w—5 (2) hizEEH R o#, FHIZF 2#
ABWR (4) BRE—HM, RZ tHEBXS 6#. 7#, T8 2#, =KX 54

X6 F=ZEFRAERER (8= 2021 £K)

B &
W&/ HE ME | 8% RITE TEBYG [ HIAABR
KBRS 1#, BB 2#,
VVER-1200 (9) BEAT R 1 24, FIER 1#. 2#. 34,
RARE 3, BB T#
VVER-TOI (2) BEAT FE/RERSE 214, 2-24
TR 5#. 64, R 1#. 2#,
N
APRI400 (6)  BEKBEBAR Lo o
AP1000 (2) [N IRTEIEED 3# . A#

A2 (41)
BRURELRIE 3#, FRRITHE/R 3#,

EPR (4) faiEEk (X5E) FRESEIE C 1#. 2%
_ 1275 6#, BHiE 3#. 4#, FHiZF 34,
#Hlp—2 (12) :pgﬁérm BN #. 2#, K 1#, 2#,
- =A%, 24, BT 34, 4#
Ef—2 (2) ERERER  BETS 14, 24

ABWR (4) BRE—HZ, &2 3R 3#, XS 14, &1 1#. 2#

(Z) NEURIRIC S W HE

R W S B A% re st R ks AT . P T E R TR A RIROR B
JR C TR R PR A i, BT 2 AR SSRGS R S A FL o
“BHRNREREGEL" ST i/, (H A S f 5. PEREEE 55K,
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B BEEA FRIER T

FEAE G R UBEE: , Ji#5 J88 RITM-200 Ji2 )37 3 . RITM-200 J52 7 3t ] K57 5
P LY R LD AR R 3 100 R BL, B “BEER KB S8 30 JKIL.
OISR IR AR 1] iT AR . SE[E] NuScale /NHERRTS 2 R 4
W BeBE, HAIGC HD TR M2 Fl. i Al S} L5 A = R R P ROR
PAAJBE S IE B BE 421 J5 3 S R NuScale H1 323 w] SCBU/INEERG LR .

(=) BOUAKBER S

A% v % ] AU AT S 5 DU AR AL RE R BEF & i o AR 8 7 et 8 7 BN-800 H
o HE O A — R A AR (MOX ) SRR T8 ikl Kb 5 R
2407 ] P URHIG ER A T E 20, HRZ T BREST-0D-300 #4 HRHET &
BV 2 o7 3 i 255 2 7 R T M GRS LI T 21 42 20 ARA0)R P IR 21T,
JRAS T2 13.89 423650, 1% R N HENS i PR & R B AR IRRE, S AR 1
BREST-1200 @i FHHESRHES 5 . 5 ] 2 0 A | 5K S0 00 28 Al 1% PR 48 b S B P
He o2 S b ek B SRR AR A ER S g D . 5% [ B 3 sh L m] 2 3y
BRWEHETHR CCDURITHR” ), 5 B SRR 2 RRTE 50 T BB R 2 W] 25 B if
R E RS IR S E A T . DURIR” Bk oigeh 1~5 JK R, W)
BIEATAMET 34, 384 3 REEATHAIA, 7 RINTTLEaREs. © R
EF 2021 4ER)SE M T, A BT 2023 AR TR DRI, T 2024 43k
FErvaEE s, 35 E R DR C i NRC $238 g B e (MMR) ()
HI 45, MMR PERRGYIL. HF8 RS HE, B 1A e A R4t v, MMR
SERTR 15 JK L. HII% 5 JK LI EiR SR HE, SRAIS A A B, &
B AP BRI, ITHEAT 20 4E Rk},

(M) B30

AP AR AR GG B TR BRI S . MR & RS A T 1050 Ty T AS i 1 BT 14
R EEEZR AR E (NIF) SRS 7 1.3 JRAERAR U 40 5%,
KB T ERAE KT o PR ZERTEAE R 5 56 B R ) S T ot
RGBT
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2021 FitRizgERE B

(0) Stk

DA T 8 W) GATA SRR HHORHEORE (EATF ) SERE UCARHIE R,
6 A 4k R W BRRHE RESF S W] . EATF S S4H: O AF 25 IR R A% i) 2
SHLHSER 18 N H WRAEHIERS, ArdiE 2K M B BORL SR A58 b i
KJE EATF BESAZMRBH AR 1 R SEBUREHIE A . 78 2020 41 8 HiZA% bl 4l e
BERIBIAR], $RARREER T 4 NSRBI T TG A, 45 SRR
PEREFF ST . Aok, Mtk EATF Je AR 2 Wik i 18 > H ikt
PEIR, FFAESS ARG HEAT PEAIAS A AT & .

P4 )2 22 F] [ Encore it F ORI IEAEZEAT B 1 A7 B i BE S ARG 0 BCRIE: 5
X AEUE A wl ) T 2025 AR RCES — AR RS A TRISO BRI ; M 2B AR 2~ ]
R I A R B Rt (TR —4R TRISO AL ) IEAEE T AMEE G

VU ARRHIEER
(—) KA

1. Hhogiie

HLHE 2020 4R JRA A ALMEGEE (NEA) FITAEA LR LA e B .
77 1m Fl 73K ) ( Uranium Resources: Production and Demand ) %iif, # % 2019
), SRR N E AR AR A PR SR SR ) TR Bl B R
R R ARG T 260 350 / T 58l (1 B3 U 5 itk 1) 807.04 J5 tU, #% 2017 4F
1) 798.86 J3 tU 54K 1.0%; FFRIAML T 130 3£50 / T v ah i B U5 5 it ik 3
614.83 J7 tU, #2017 4EHY 614.22 J3 tU, H9K 0.1%; HREAMK T 80 3E5T /
T v b Y VR U5 A Rk B 200.76 J5 tU, B 2017 4E R 207.95 5 tU, W80 3.5%;
TER AL T 40 3£ 50 1 T 3 Al 9 B 55 5t ik 21 108.05 5 tU, 5 2017 4R 1Y
105.77 J3 tU 354K 2.2% . ABRAFA BB GG A 722.03 J7 U, JEH M) Réh
BEUR LR 3900 J3 tU, &l 6 Syt 3 sl [ 5 S i T
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Hfth

BRI
25%

Iy B ST
12%

meEk
6% 1w 11%
8%

6 MHAREFEMI ERREEALL

2. RIRkhA: =

2021 AEAERFIRGH R 473120, 5 2020 AFEFEAFF -, 2021 4E2BRKR
SRBI AR P RS2 B Ml A FEN R, JUHOR IS RN B2 se i, 7 R
T BT 2019 4E K551 F B 32% Fil 4%, BLAMZ 2425 (Ranger ) B 7k A K f5
LB AP 530 ( Olympic Dam ) HihA (7KE T KIEFM, ERFAE 2021
AR AR B PR 2020 4E TR 38%. 2021 AEAXER IR Bl R4S G e an gl 7
IR

3. RIRkhHE

A [ PR AU UxC 1 Bl e 22 ) i (2022 4F55 — R JER
i), 2021 AERER R ORE TR B 62496tU, Bk 47312tU 1Y — 2 2B F= 3t 41,
Tl Al 5 oK R A N A . 2021 AFE— AR R LN I Z ), 2 SR
I3 R, B R AR Bl AR ST BT A DA 2020 4R 19 2 29.49 T /5 Bk
%2021 44 34.92 650 /T, 2011~2021 40 R AR Sl A7 % 7 Ak b 42
8 FfiR.
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2021 FiEFizpe k= ,‘_S

o St

TRIE/R 3.4% 2.8%
4.8%

&
5.6%

Ly 25 5 e T
7.2%
W B T
46.1%
1N
8.1%

IEVN

AR
12.2%

7 2021 FERRAMTERE G

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 (4Ff))

B8 2011~2021 FREARAMNEZMWES

() el

1. — kAR

AL BERL AT LAY B BRI RN . i, (RS R AT
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B BEEA FRIER T

P E BRI R (Orano ) o INEERGILEER A 7] (Cameco ) . SEE AL
7] (Conver Dyn ) . % 7 E KR T-6EAE M1/~ H] (Rosatom ) &5 PY s L B s 4%
A REAENI RS, Forh A SE [ R 8 2 Wl Ad P S s TUA RS TR BOR SE B UF /Y
Az, HAR N A i WA A A R S UF R

H E— TR LR, RN S 8 — B TR, HHA
PREFIRIKT o 2020 4F, AER— U AR IR 551 00 7 19 2565 B0 8™ HE - 62000 g
B/ A, TPRERIHZEZIA 51% . 2020 4E42 3K UF, 54407 BEFIFI FH R 415K 6 IR .

&6 2020 F2Bk UF, #A0F=sefF A=

BRI T/, %

haLf il BRI ®itFeaE  SEhRreE (2022 ) FERERI AR
Rosatom HSHT, BF/REZE 12500 12000 96
Cameco mEx, EEE 12500 9000 72
Orano %E";Zigwﬂ‘ 15000 2600 17
Conver Dyn =H, WSSZIEAME 7000 0 0
CNNC FRE, =M. %&bH 15000 8000 58
BE 62000 31600 51

i¥: Orano MFEALRBIBEEFARISRES, KT 2023 F5Emk. 2021 F 18, MTW E%
TIRERFITK, BirEE 2023 FIREEF.
BrlskiE: WNA The Nuclear Fuel Report (2021) .

2. IRMERL

AR AR R UE A 2 HE ll A b R R A I RT A . FER R
B, TR A R R TR I S E R AN B = SRR, AR
BV HERTAE Y, B — R AEGEUR, R A B H A kR 2 B A R
BRI G I A7 14

WG, RN AR R IR T B R 35%~50%, 2019 4E 1K
BN ) AR T N 290 3.08 7, KRR BEZE Py S0 EAF R WAL, Al
WA BB . 3 T AR IR WY B 43 0 Bl Ak — AR TR 4 2
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2021 FitFizsEkE B

A RER

2IARN 25
TEIRMER SHER FEE -

[ERIGENES
_ (&£, B\, & ‘BlETF
Bix ( R ) ;j\:%miﬁ:\ﬂ)

o]
EEIREAE
iz AR
R RS WSS ESE
BB (B ) Bl s W ERiEY
ERIETS

BIF-&
T O (RemseE) W
,\ et | EBHRHT

HHTR
e

(IREEARSSHERIT )

(RIS

AIEM =5 Jane

2 NI

B (i) BEMH

KRR [ERIZER
e (REERRSS R )

3. mialnts

REATHITIAR

- f%U3OBy UFG;
- {EA LEU B UFs. UO,.

BIRRRL R L /SWU BB

- SREFRRESFRSIREHAY

R

- LEU fE7 UF, f&

- RAHMEHTRERHA

UFg

- kB ERE#HARI LEU 340 UF,

—HAHRE

- R
- EZFH UO, BIRGEFLEE

i (ERU)

- BERHRERBTNRS

SR

- RAEBROZEAR (BTERIR)

- BZEEBHA LEU (DSIU)
: ﬂzﬁ UFG EE UOZ E"Jﬁ{'t%

SEZEL (RepU )

TEREA IR TR, AL BOR FUAE T o, DALl A2 A i A o
AT HABAZIR™ e I8 AEBEESE T A, FERGIRBHE ARG A, R

SRANAERZMRRMIRBR 25 B 9Y (9 0 S 80AS oy el i, 2008 48%; VBRI G UK,

tEEZ N 23%; EhHeGi t ELZIOh 18% ;T B e AL IR 55 75 BRI it A

Hol HeR AR, AR 9%.

s UxC Geil, A 2013 420K, fhFefbaekii g rh g RS FIBLBL
TR TAT, KIS S B MAS IS AT, M 2018 455, AxEREhEELmy
i R B BT, 2021 AERNFEAL I AR 2000 16 3650/ T3, FFHH
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B BEEA FRIER T

BUBLEE AR S I AR B B R . th TR IRAZEAEBUE, 2021 4R K
S I TV AL A% 2 T Rk 3 . BEAR SR [EIMERE B B R T sl 640 (7R 7000
WA ) KPR, BRBT T AR T REAEAROROREE TR AS . 181 9 O 2011~2021
AF E PR AL T B ST NAS R ST i 2

—o— JLEIB IR —m— B A%

6 —— JEERWERNME  —— WIS A%
A
L4t
%12
=10F
i
= 8r

6 -

4|

2L

0

9 2011~2021 FEIRHEEHHIZIEMBENEEE
GERDRU: CRRRHIBERE BR0LEE ), ISR BRI . L. BRI, Wi,

(=) shiR4E

el ) A48 0 4% R M R i) R Y — A A R R B Can S i
7 BR A Bl S P TR AR B AT ) o R BOR AT SO R P R B A 4
P, XEARHT BRI R R IMAZ 2] T 2 MR R, B Rl U A
HESE RN — B A Bt L. H AT, Al TolA =RAD7 R, B E K
L tEn . T RS 2 R4 2w (Urenco ) o FREEAZ Tl
BE VA R W) IEAE & S O N ERMERIRG, IR IEAE TSR DA . HAR
ELVE 2% A A [ ARG R 2 W] ARS8 B/ B 1 N R e . T L) R R
SEARFRE A B AR L5 T8 2] [ Btk 22 8 SR
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2021 FiEFizpe k= "_S

1. — AR

5] B 5 47 ke 4 IR 55 A2 W 7 £9.45 Rosatom. Orano 45 Urenco. HRJE WNA
Biil, 2020 AR AR MBUE T HEL M 5.99 J7 tSWU, Hirfr, Rosatom P~ e K,
K 2.77 J5 tSWU; HKJE Urenco, j=HEA 1.83 J5 tSWU; Orano f=f84 0.75 J1
tSWU. 3k 8 24y 2020 4= PR I Hh 32 BRh Mk AR AL N 1 ™ i

&8 2020 FEFMHPEEMIRGEAL A 6E

B, 7 tSWU

HRGE RNEr=RE
Rosatom 2.77
Orano 0.75
Urenco 1.83
CNNC 0.63
Hits (B4, EFfEE) 0.07
B8 5.99

ZRIkIR: WNA The Nuclear Fuel Report(2021) o

2. IRHERE

s i Sz vk A — O HE R i T B vk i il (HEU ) &R A IR
WAB 7 i (LEU) . i bLAL R gl e 4ol A R rall A7 RS A A
(MOX) #ABFA K 2 Je A PR [l ) 4h (RepU ) o AHEGT—URAERN, —WRAEN T
Gy @It A KR, W UxC ARG, 3 AR AR Ak di — I g s 24
9000tSWU/a,

% ] Yt #0308 3o A e P2 A o A v A A AR A AR VA 4 7 i O T 17 3%
W, R Rl BN . 2 2011 AR R AR H AR B
05 AU P N3t 8 SVIRA R T TP A U OSN3 SR oy = R S S n & S
SRR AR AT . PEINGE,  H i Rosatom FEAFZY24 5000tSWU, Urenco EAEZ) K
4000tSWU, Orano JFEAE2) R T000tSWU

s ol 37 rh il e i ™ o — RN E L AT MOX SR A B 28 )5 A B B A Y
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B BEEA FRIER T

B, JEE 2 RGBT 95% (AR MOX BARE, JE4kSETE
i H AR B A 1 KR R, W T — 40 EE PR vk 4
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Abstract

Nuclear energy is an important area of strategic competition among the world’s
major powers. By the end of 2021, there were 442 nuclear power units in operation
wotldwide, with a total installed capacity of more than 394 million kilowatts, distributed
in 32 countries or regions; 52 nuclear power units under construction, with a total
installed capacity of more than 55.087 million kilowatts, distributed in 19 countries or
regions. In the context of the increasingly urgent global response to climate change
and energy security issues, the advantages of nuclear energy in terms of cleanness, low-
carbon, safety and high efficiency have become increasingly prominent. The world’s
major nuclear power countries continue to increase their investment in supporting
the research and development of third-generation nuclear power technology, small
modular reactors, fourth-generation nuclear energy systems and fusion technology.
World authoritative organizations such as the International Atomic Energy Agency and
the International Energy Agency predicted that the installed capacity of global nuclear
power will continue to increase in the future.

This report comprehensively presents the latest progress of China’s nuclear
energy development in 2021. As of the end of December 2021, the number of
commercial nuclear power units in China was 51, with a total installed capacity of
53.275 million kilowatts, ranking third in the world and accounting for 2.24% of the
country’s total installed power capacity; nuclear power generation was 407.141 billion

kilowatt hours, ranking second in the world, an increase of 11.17% compared to last
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year, accounting for about 4.8% of the country’s total power generation; 20 nuclear
power units were under construction, with a total installed capacity of 21.429 million
kilowatts, continuing to rank first in the world. New progress has been made in nuclear
energy technology innovation. The first domestic and foreign HPR1000 reactors were
put into commercial operation one after another, the major project of large-scale
advanced pressurized water reactor continued to advance, the high-temperature gas-
cooled nuclear power plant demonstration project was successfully connected to the
grid for the first time, the construction of onshore small modular reactors started, and
new breakthroughs were made in the research and development of key technologies
for advanced nuclear energy systems such as sodium-cooled fast reactors, lead-cooled
fast reactors, molten salt reactors, and fusion reactors. The production and operation
of the nuclear fuel cycle industry remained stable, new progress was made in the
exploration, mining and smelting of uranium ore, the processing and production of
nuclear fuel was stable and reliable, the development of serialization and type spectrum
of fuel elements continued to advance, and the management of spent fuel and
radioactive waste in nuclear power plants continued to be strengthened. The capability
of independence and localization of nuclear power equipment has been continuously
improved, the annual supply capacity of about 10 units/set of 1-million-kilowatt-class
pressurized water reactor nuclear power main equipment has been formed, and the
localization rate of main reactor equipment has reached over 90%. Work in the fields
of nuclear energy industry management, policy and regulation system construction,
radiation safety supervision, nuclear emergency response, and nuclear security
have been continuously strengthened. The systemization, institutionalization and
standardization of nuclear energy personnel training have been further strengthened,
and a high-quality nuclear energy personnel team with a scale of about 200,000
people has been formed. The nuclear energy industry has deepened its opening to the
outside wotld, and continued to strengthen international cooperation in the fields of

nuclear power engineering, nuclear energy industry chain, scientific and technological
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innovation, and international governance. The application of nuclear technology has
made great progress in isotopes, medicine, industry, agriculture, security and other
fields

This report analyzes the new situation faced by China’s nuclear energy
development, and believes that: intensified climate action is driving the global transition
to low-carbon development, and nuclear energy has once again received attention;
global energy security issues have become increasingly prominent, highlighting the
importance of nuclear energy in ensuring energy security; global advanced nuclear
energy technology research and development continues to strengthen, and nuclear
energy technology innovation has made new progress. The report looks forward to the
future development of nuclear energy in China: nuclear energy will maintain a steady
and orderly pace of development, nuclear technology innovation will further empower
the high-quality development of the nuclear energy industry, the multi-purpose
utilization of nuclear energy will enter a period of acceleration, optimizing the spatial
layout according to local conditions will promote the balanced development of nuclear
power, and the policy environment for China’s nuclear energy development will be

more complete.

Keywords: Nuclear Energy Development; Carbon Neutrality; Clean and Low-

Carbon; Energy Security; Technological Innovation
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I General Report

B.1 The Report on The Development of China’s
Nuclear Energy (2022) / 001

Abstract: This report comprehensively introduces the latest progress of China’s
nuclear energy industry development in 2021 from 9 aspects. In 2021, the number
of China’s commercial nuclear power units has reached 51, and the nuclear power
generation has increased by 11.17% compared to last year. The scale of nuclear power
units under construction has continued to be the largest in the world. A series of new
achievements have been made in nuclear energy technological innovation. Nuclear fuel
cycle industry, nuclear power equipment manufacturing, nuclear industry management
and safety assurance, nuclear talent team assurance capabilities have been continuously
improved. International cooperation in nuclear energy has continued to deepen, and
new progress has been made in the application of nuclear technology. Currently, the
development of China’s nuclear energy industry has entered a new stage of “actively,
safely and orderly”. Looking forward to the future, the scale of nuclear power installed
capacity will further increase, the layout of nuclear power is expected to be more
balanced, the innovation of nuclear technology will better enable the high-quality

development of the nuclear energy industry, the multi-purpose utilization of nuclear
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energy will enter a period of acceleration, and the policy environment for promoting
the development of nuclear energy will be more perfect.
Keywords: Nuclear Generation; Comprehensive Utilization of Nuclear Energy;

Nuclear Fuel Cycle; Carbon Peaking and Carbon Neutrality
I Topic Reports
B.2  Scientific and Technological Innovation of Nuclear Energy /018

Abstract: New progress was made in scientific and technological innovation
in China’s nuclear energy sector in 2021. Large advanced pressurized water reactor
and high-temperature gas-cooled reactor nuclear power plant continued to be
further advanced. CAP1400 has made new progress in the autonomy of equipment
and materials, nuclear power standard system. HTR-PM continues to carry out in-
depth research on related technical fields such as the debugging and operation of
demonstration projects. The first HPR 1000 nuclear power plant in China and abroad
have been in commercial operation. New breakthroughs have been made in the
independent research and development of key equipment, and the level of digital
intelligence has been continuously improved. The demonstration project of small
modular reactor has officially started construction. Research and development of
advanced nuclear energy systems and demonstration projects were being stepped up.
The demonstration project of multi-purpose utilization of nuclear energy has been put
into operation. New breakthroughs have been made in the research and development
of controlled nuclear fusion technology, and the certification of software with
independent intellectual property rights was progressing smoothly.

Keywords: Science and Technology Innovation; Large PWR; High-Temperature

Gas-Cooled Reactor; Small Modular Reactor; Nuclear Fusion

208

STOQ-HHZREA A (2022) -CS6.indd 208 2022/10/19 16:26:09




Contents B

B.3  Nuclear Power Production and Operation / 029

Abstract: The installed capacity and power generation of commercial nuclear
power plants in China have grown steadily. This section comprehensively shows the
production and operation of nuclear power in China in 2021 by sorting out the latest
data on the installed capacity, power generation, utilization hours of nuclear power
equipment, operational safety, and nuclear energy heating. By the end of 2021,China
added 3 new commercial nuclear power units, bringing the cumulative number to 51
with an installed capacity of 53.26 million kilowatts. The nuclear power generation
increased significantly by 11.17% compared to last year, reaching 407.141 billion kWh
and accounting for about 4.8% of the national total power generation. The average
utilization hours of nuclear power throughout the year and the average capacity factor
was 7777.85 hours and 92.27%, respectively. All nuclear power plants operated safely
and stably, and there was no operation incident of INES level 1 or above throughout
the year. The full score proportion of China’s nuclear unit WANO comprehensive
index reached 70.8%, with an average value of 97.83, both higher than that of
major nuclear power countries and better than that of global units. In 2021, the
demonstration and promotion of nuclear energy heating in China also began.

Keywords: Nuclear Generation; Nuclear Operation; Equipment Utility Hours;

WANO Comprehensive Index

B.4  Nuclear Power Engineering Construction / 043

Abstract: By the end of 2021, China had 20 nuclear power units under
construction, with a total installed capacity of 21.429 million kilowatts. The installed
capacity of nuclear power units under construction continued to rank first in the

world. And 6 nuclear power units were newly started in 2021.In 2021, China’s nuclear
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power projects under construction steadily promoted. The project safety, quality,
progress, investment, technology, environment protection and other aspects effectively
controlled.

Keywords: Nuclear Power Project; Project Overview; Construction Progress

B.5 'The Nuclear Fuel Cycle Industry / 059

Abstract: The nuclear fuel cycle industry is a high-tech strategic industry and
the foundation for the development of nuclear energy. In 2021, Nuclear fuel industry
keeps stable production and supply , continuously increase the industrial scale, and
further consolidate the support capability while against the COVID-19. Important
progress has been made in uranium exploration, mining and metallurgy technology.
Continuous improvement has been achieved for the quality development of uranium
enrichment industry. The R&D and industrialization of self-owned nuclear fuel brand
has been accelerated. Important achievements in the construction of LLW centralized
disposal sites has been made. New breakthroughs for the construction of underground
laboratories for high-level radioactive waste has been achieved.

Keywords: Nuclear Fuel Cycle; Natural Uranium; Nuclear Fuel Processing

B.6 Nuclear Power Equipment Manufacturing Industry / 068

Abstract: In 2021, China’s nuclear power equipment manufacturing capacity
has been continuously improved. Nuclear power products and systems independently
developed by equipment manufacturing enterprises have been successfully applied
to CAP1400, HPR1000 and HTR-PM. Each core link of the nuclear product is

independently controllable, a whole industrial chain is formed, and it has the ability

210

STOQ-HHZREA A (2022) -CS6.indd 210 2022/10/19 16:26:09




Contents B

of industrialization and batch production for nuclear equipment. At the same time,
relevant enterprises actively participate in equipment development related to the
Sodium Cooled Fast Reactot, Lead Based Reactor, Molten Salt Reactor, Fusion Reactor
and spent fuel reprocessing.

Keywords: Nuclear Power Equipment; Equipment Development; Localization

B.7 Nuclear Energy Industry Management and Security / 077

Abstract: The nuclear energy industry has earnestly implemented the new
development concept,and actively strengthens the industry management, the
construction of policies and regulations, radiation safety supervision, nuclear
emergency, nuclear security and other fields. The 14th Five-Year Plan for nuclear
industry, nuclear science and technology, decommissioning treatment, nuclear safety
and prevention and control of radioactive pollution, and national nuclear emergency
preparedness has been formulated and promulgated.

Keywords: Nuclear Industry Management; Policies and Regulations; Nuclear and

Radiation Safety; Nuclear Emergency; Nuclear Security

B.8 Talent Team Building / 081

Abstract: Innovation is the foundation of strong nuclear, and talent is the source
of innovation. In 2021, China nuclear corporations have vigorously implemented
the talent development strategy, and the scale and quality of talents is constantly
improving, the systemization, institutionalization and standardization of talents
cultivation is further enhanced, the system ant the mechanism of talent development

continuously optimized. By the end of 2021, the major nuclear enterprises formed a
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high-quality nuclear energy talent team of about 200,000 people, providing a guarantee
for the scientific and technological innovation and industrial development of nuclear
powet, nuclear fuel cycle, nuclear technology applications.

Keywords: Talent Guarantee; Talent Cultivation; Talent Team Building

B.9 International Cooperation in Nuclear Energy / 085

Abstract: In the face of the complicated international situation and the
continuous spread of COVID-19, nuclear energy industry in China has firmly adhered
to the high-level opening-up and insisted on deepening international cooperation.
Important progress has been made in overseas nuclear power projects. The China-
Russian cooperation projects - The Tianwan Nuclear Power Plant Units 7 and 8 and
the Xudabao Nuclear Power Plant units 3 and 4 - have officially started.Pakistan’s
Karachi K-2 unit has been put into commercial operation, creating good performance
in the construction of the first overseas reactor of third-generation technology.Karachi
K-3 unit first loaded. New achievements have been made in international cooperation
in the nuclear energy industry chain. The fuel assembly plant of the Sino-Kazakhstan
joint venture has been completed and put into operation, the development of overseas
uranium resources was steadily advanced, and services have been improved to build an
international brand for nuclear power operation and maintenance. New achievements
have been made in international cooperation in nuclear science and technology. The
first ITER China Helium Cold Solid State Experimental Cladding System (HCCB TBS)
project was launched. Two projects of Living PM and SG integrity evaluation were
awarded EPRI Technology Transformation Award, and several international standards
have been officially released. With the cooperation and exchanges with IAEA and
WANO, the influence of China’s nuclear energy industry in the global governance has

been continuously enhanced.
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Keywords: International Cooperation; Nuclear Power Engineering; Scientific and

Technological Innovation; International Governance

B.10 Nuclear Technology Application Industry / 090

Abstract: Nuclear technology application is a highly knowledge-intensive, multi-
disciplinary, multi-application-scenario subject. It has become an indispensable and
important field for the current national social and economic development, and has
become a strategic commanding point and an important industrial direction for the
development of all countries in the world. In 2021, nuclear technology application in
isotope, medicine, industry, agriculture, security and other industries has achieved good
results.

Keywords: Nuclear Technology Application; Isotope; Nuclear Medicine; Nuclear

Security
Il Major Issues Research Report

B.11 Research on the Development Strategy of Nuclear Industry

Standardization 2035 / 095

Abstract: Nuclear industry standardization, which is one of important guarantees
for nuclear safety, is also of great significance in promoting the safe development,
high-quality development, and innovative development of the nuclear industry. Base on
the analysis of Chinese nuclear industry standardization, the shortcomings of nuclear
industry standardization from the aspects of management mechanism and standards
system framework have been sorted out. Combining the development trend of China

standardization and nuclear industry, the development strategies and suggestions of
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nuclear standardization have been proposed, to support the independent and long-
term development of China nuclear industry.
Keywords: Nuclear Industry; Standardization; Standard System Framework;

Development Strategy
IV Special Reports

B.12  Safety Guarantee for Continued Operation of

Nuclear Power Plants / 115

Abstract: Based on the achievements and experience of Qinshan nuclear power
plant unit 1 operating license extension demonstration project, this paper expounds the
safety guarantee for the extensive operation of nuclear power units from the technical
and regulatory aspects. The technical route, technical methods, industrial standards and
practical experience of nuclear power plant extensive operation can provide reference
and guide for China’s nuclear power plants to perform the operating license extension
activities.

Keywords: Operating License Extension; Aging Management Review; Time

Limited Aging Analysis; FSAR Supplement; Environmental Impact Assessment

B.13 Demonstration and Economic Analysis of Comprehensive Utilization

Technology for Nuclear Power Units / 129

Abstract: With China already committing to peak carbon dioxide emissions
before 2030 and achieve carbon neutrality before 2060, a broad space has been created
for the comprehensive utilization of nuclear, which has been seen as a unique model

for green and low-carbon development. This paper reviews the history and current
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situation of the comprehensive utilization of nuclear domestically, with focus on the
Haiyang Nuclear Power Plant’s (in Shandong Province)as a pioneer in this field. By
reviewing the exploration, demonstration and economic argumentation of Haiyang
Nuclear Power Plant’s practice in providing district heating,simultaneous production
and transmission of heat/water, this paper looks forward to the further enrichment
and expansion of scenarios in the comprehensive utilization of nuclear, and puts
forward some thoughts and suggestions on the innovation of the comprehensive
utilization of nuclear in China.

Keywords: Technology Demonstration; Economy; Scenario Development

B.14 Experience and Enlightenment of Nuclear Power

“Going Global” / 142

Abstract: This paper reviews the main achievements and experiences of the
Algeria Bilin Nuclear Research Center project, Pakistan nuclear power project, overseas
nuclear power market layout, overseas operation and maintenance, international
cooperation, and international operation capacity building. Analyze the development
prospects of nuclear power in the context of global carbon neutrality and the
normalization of the epidemic. Analyze the specific strategy of nuclear power “going
out” that promotes the coupling of market development, engineering construction,
operation and maintenance services, international trade and other businesses, and
the spiral rising. Suggestions such as the introduction of national-level nuclear
power export strategic plans, the formulation of special financing policies, and the
improvement of nuclear power export-related laws and regulations.

Keywords: Nuclear Power “Going Global”; International Cooperation; Overseas

Market Layout; Overseas Operation and Maintenance
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V International Report
B.15 World Nuclear Energy Development in 2021 / 154

Abstract: The global energy industry has been greatly affected by the Novel
Coronavirus outbreak. There’s been a huge drop in demand for electricity,nuclear power
has relatively little impact.In order to systematically and comprehensively understand
the development trend of nuclear energy in the world,to investigate and study data
from international authoritative agencies such as the IAEA and the IEA.The data
indicate that the global installed capacity of nuclear power will continue to grow in the
future.Global green energy development is urgent,nuclear energy plays a prominent
role in building green and low-carbon development.Several European countries and
organizations have said they will adjust their policies,they will step up efforts to develop
nuclear energy.

Keywords: Nuclear Energy Development; Growth Trend; Green and Low-

Carbon
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