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Abstract [Background] Due to its pollution-free nature and non consumption of fossil fuels, nuclear fusion is the
most ideal future energy source. China is preparing to build a China Fusion Engineering Test Reactor (CFETR) with
independent intellectual property rights, and plans to build a commercial thermonuclear fusion power plant that can
generate electricity externally by the mid-20th century. However, there is contradiction between the instability of
nuclear fusion heating power output and the smooth operation of steam turbine generators, hence thermal storage
technology is used for peak shaving and valley smoothing of power output in nuclear fusion reactors. [Purpose] This

study aims to compare heat storage technologies applied to CFETR nuclear fusion power plants to reduce its the peak
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and valley power output. [Methods| The parameters of helium cooled ceramic breeder cladding in nuclear fusion
reactors was selected as the boundary conditions for thermal storage technology. By evaluated the applicable
temperature range of thermal storage technology, three potential thermal storage technologies, i.e., chemical heat
storage, sensible heat storage technology and phase change heat storage, for CFETR nuclear fusion power plants
were preliminarily analyzed, and their costs were preliminarily predicted. [Results] The three major types of heat
storage technologies can all select heat storage media suitable for the temperature parameters of the helium cooled
breeder blanket in CFETR nuclear fusion power plants. However, chemical heat storage has the potential to be
applied in CFETR nuclear fusion power plants due to the temperature difference between its heat absorption and
release, which is not conducive to the stability of the system and causes energy loss. Sensible heat storage technology
and phase change heat storage technology have smaller temperature differences between their heat absorption and
release. The preliminary economic analysis results show that the cost of phase change heat storage is the lowest,
followed by molten salt heat storage, and the use of silicon bricks as the heat storage medium in solid-phase sensible
heat storage technology. The use of cast steel as the heat storage medium in solid-phase sensible heat storage
technology has the highest cost. [Conclusion] In thermal storage technology, molten salt thermal storage technology
has a high degree of maturity and has a large number of engineering applications, with a cost between phase change
thermal storage and solid-phase sensible thermal storage, and has great potential for application. The cost of phase

change heat storage is the lowest, and the parameters are suitable for nuclear fusion power generation. However, its

technological maturity is relatively low, and it is expected to become a focus of future research.

Key words Nuclear fusion, CFETR, Power generation technology, Energy storage, Heat storage, Economic analysis
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Table 1 Comparison of nuclear fusion cladding schemes
e REAE EDIRE  HMERE BITEA
Items Cooling  Inlet Outlet Operating

medium temperature temperature pressure
/°C /°C / MPa
KREE K ~290 ~325 ~15.5
WCCB Water
AAREE AR ~300 ~600 ~12
HCCB Helium

7 Sy U Th = 07 1, AR 5 CFETR 4725 #L &1, #%
RAEE PRI IR 28 1 GWRY, o i TR
A5 HE Tfy e g AR TR B S R LUK Tl e i H 4R T Ak
RN 1.25 GW i H 2 h 515 H1 20 min, PR
BGH,

1.2 ERERERMED

I RN AR, SEATURRAS K , i N2 B 8] Ay
RPN, 5 TR R LB A .

A ERAE R A7 A I3 1) U S AR A7 R G0 S
M7 EMA KA KB & 4t (Concentrated
Solar Power, CSP) CLH K& TFEIH . N 11
151 CSP RS R , 8 R L A B 4% e b A Bk
R A2, 34T T REBE R AR, £ 2.3 MR
ERTE CSP RG0S HH 1 & 10 2 0 DA S 25 R0 £ A4 K}
(RIS HO6) L

*x2 CSPRGZEH
Table 2 CSP system parameters

2 Fx Items 24 Parameter

AP P Mk Commercialization
Technical maturity

7% & Capacity / MW 50~100

T{EIEE Operation 290~565

temperature / °C

FERSH IR & Temperature 540 °C;
Main steam parameters & /J Pressure 10~16 MPa
5 #4 )5 Thermal Ji A ER Fuse salt
conductive medium

[EEF32h LR BEE Er A 77 (290~565 °C)

Storage system Dual tank molten salt storage

R®3 BRBEMHRSH
Table 3 High temperature molten salt material parameters

PR Ttems 4 i Melting 73 fif L5 Decomposition
point / °C temperature / °C

Solar Salt 240 565

Hitec 142 450

Hitec XL 130 450

LiNaKNO, 118 550
LiNaKCaNO, 93 450
LiNaKNO,NO, 97 450

KMgCl 430 >700

NaKMgCl 383 >700
NaMgCaCl 407 650

NaKZnCl 204 >700

KMgZnCl 356 >700

LiNaKF 454 >700

NaBF 385 >700

KBF 460 >700

KZrF 420 >700
LiNaKCO, 397 670

M 23 WK, R R SR T R T A
600 °CLL_I, TAFE K F37] 3k 16 MPa, 5e & iE H + T2
T 5T HE B T 45 2F £ 300 °C O\ H1)/600 °C (HY
[71)/12 MPa. 111 [ Ay A5 S5 A 2 R 7K R 5 44 e
T AR EBAR, NG 7% TR 5t MU
A I B # R 28036 [ PT 7 55 CFETR
R R MSHGEHE .

SXof 1) P ] i TR R D B A A AT A R ) 4
RFRN A A, H A CL 245 20 0F 78 8 1 ]
A B AAE AR RE I A+ 5 3 K VE SRR S, L
FEYHESH KA.

MTFETS 5 H R 3% AR IR E AT I8 600 °CH)
(i A ity A RL AT 0 AT T H B, 456 3R S 4 I B
H A1 4% 4M (Cast steel : 200~700 °C) - fif: % (Silica fire
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Table 4 Solid state sensible heat storage material parameters

4B Ttems LAEJEE Operation % /& Density / kg'm™ 534 &% Thermal conductivity — FL#%¥ Specific heat
temperature / °C coefficient / W+(m-K)™ capacity / kJ-(kg'K)™'

{ESL RN 200~300 1700 1.0 13

Sandstone mineral oil

TR 200~400 2200 1.5 0.85

Concrete

[&] 4 NaCl 200~500 2160 7.0 0.85

Solid NaCl

#54) Cast iron 200~400 7200 37.0 0.56

4] Cast steel 200~700 7 800 40.0 0.6

A i K A% 200~700 1820 1.5 1.0

Silica brick

BT I % 200~1 200 3000 5.0 1.15

Magnesia brick

brick: 200~700 °C ) . £ Jii iy ‘K #% (Magnesia fire
brick : 200~1 200 °CO¥IRF & A RN FH L EVE o

1.3 EEEAEARER ST

AH A% fif #4 (Latent Heat Storage, LHS) & — Ff A
W R RN BA B S R BE T T SR
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] RE RS
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Table 5 High temperature phase change material

parameters
44 F Items 3= W Latent % Price
Melting  heat/kJ kg™ /$-t"
point / °C
NaCl-NiCl, 573 558 2957
LiCl 610 416 8250
LiF-NaF-CaF,-MgF,”™  593~595 510~515 58616
LiF-NaF-CaF, 615 640 104 330
KBr-KF 576 315 1631
LiCl-MgF, 573 131 11371
KCI-KF 605 407 1019
KBr-K,MoO, 625 90.5 4522

14 AUFERRARERESH
T S A IR A A IR AR B — o, LI PR 0

7 50~1 000 °C2 [a] , HAH bk & #filg I R, HoAig
MR, 2 — M EAREE IR FR. &
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()2 Fhik il TR A . WE 6 AT LAF Y, 2 ik
NP fig ARG FETE DR IX TR P o H , TR R
VAN S N DU A S €S VA ) A R iR
W A2 7 D e 7 3 P LR 22 K K P e 1 5 350 R
FAAL 2= At RSB R RS S B G . B AR
TR R LA I A e P DL B 3 B0 FEL KR 1) B
fik. B, fh2E g AR E TR REBR B ik i
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Table 6 Chemical thermal storage working fluid pair

parameters

FANWIEESN WRIRSE A E Heat
Reaction equation Heat storage storage density

temperature  / kJ- kg™

/°C
CaO+H,0==Ca(OH),"” 400~600 1402
Ba(OH),=>BaO+H,0"" 500~700 875
Sr(OH),=SrO+H,0™" 500~600 1118

CaCO,=Ca0+CO,™
Ba0,=Ba0+1/20,%"
C0,0,=3C00+1/20,
6Mn,0,=*4Mn,0,+0,"

650~900 1778
600~900 474
600~1 000 844
500~1 000 202

2 FERRAREFE S

s g R R AR H 1A R LA R B I8 1T
PRI AZ T AR R LS S O R - 1.25 GW it 2 h 5 42
ML 20 min iF &, & Z K E B 6 65 2L 2
357 MW -h Pl B Re e AR HEAR T R . DA
WEAE R THEAREE , o3 #r # Fhfids A R (it R AR
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Table 7 Cost calculation parameters and results of solid-
phase sensible heat storage materials

2 0/kI C/K-(kg'K)' Ar/°C P, /$-kg' M,/$
Items

B 1.29%10° 0.6 300 2.4
Cast

steel

fERE 1.29x10° 1.0 300 1.4
Silica

brick

x P, (1)

1.7x10

6.0x10°

222 PRERA

PRUG IR FH = AR LR T AR A R A .
LR T AR B OK, Ao 5k 5 Bk v PRl FH K

FRAE AT MV VS By T AR5, A IR 400 °C
600 °C, Prift )2 L2174 1:1.8,

A BEAT BT TR S — AR, K& K/NANE]
TUAARFS Ll AN T AR Bl 2 18] (1 9% &R 42X (O 15, it R
RGN AR R RGO . MRS
R K 8, O Rk % BN 1 820 kg - m”, #5 4N
7 800 kg-m™. R T HE SR A AR EHE A fig
AT A R BRE TSGR IE AR N
0.75. MARHE RGO H R AR Z) 2 3 138 m?,
FERARFIZ) M 1 220 m?,

CLAITVER e+ 25 9 2 500 kg -m™, B 03 78 5% i
[FERE A 0.75, MIARHE 20 (3) AT LA 5 VR A4 K
0.67 m3, FEREIRFU TR EE HARFA) 4 684 15, B54M Ak
N1 82115 . MRIER QAT LATHE HY, filfk R T AR
TR 2 280 1%, BN N 149 % . I HIREA A
SR PR AR B A B (1.8 4 ), MUTREE A 1) et R A
SRR EE TR 504 75, BN N 268.2 £, BRI A A
fiErk $421 278, #5404$224 180,

FRAAS
4, (v) @
- A, AL S 0 R A R (0 2 TR 7, 7,
T PR A IR AR
0

£ aCAtp 3)
bV R RMA R Q il v s CONRERIEL RV 5
AN TE sa NIATEE L p NAMRLE L .
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Table 8 Calculation parameters and results of solid-phase
sensible heat storage and insulation cost

£ FR Ttems WEOHRE AR RE PRI L
Density J¥Fill Volume Tempera- 7K Insu-

/kg-m™ density /m? ture / °C  lation
cost/$

WREET (W) 2500  0.75 0.67 400 835.87
Concrete
(reference)
ERIS 1820 0.75 3138 600 421278
Silica brick
FEEN 7800 0.75 1220 600 224180
Cast steel

2.2.3  SEAfRLA

B AR IR T R, R AR
A O, AT 47 R AE PO LS A LU B ROR . il AR
Rk AT PLZ IR () T
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FH.

F9 SARHLL

Table 9 Thermal conductivity comparison

A5 Ttem S # R $ Thermal conductivity
coefficient / W+ (m-K)™

2R CCMAED 0.121

Air (literature value)

Z’< Helium 0.238 6

R CCHRED 1.5~2

Concrete (literature value)

TiE#% Silica brick 1,5

#54X Cast steel 40

SCHRC3 1T 7 BT B il bt R A TR st 1, it b
LT AR EGER /N, BT B 2 (4 A R 3G
FEIATHFN . 48R, B I8 I e RN FAZR TR IR
B MY S AR FT R Th RS DR,
B DA S A T AR ORI .
T BRI3 1] VR g AR RE ) S R BRI, T
RS R 31 ] VR e 1 45 B 91 SO 3k AT 4 25 T4 , 0
TERE I A ST 768 477. BT H S AH
TR T RERE B SR IR S, EAEIE F, wk
T TE TR I AL , R e A0 I 8 A A
2.2.5 R AFEEAA

V¥) 22 B AR W] 2 R A o RRAR A T8 RRAS L S A
A AR A 2 RO 10% 5. 222385 sA J 84 R
FSCAS I 8] 4 A S AR 20% 15
2.2.6 A WAAEPA

it FiRHE, R 1088t T A B R
Ao GERRIRTERE R AN 11 214 064, /N T 5540
(] 24 278 446, ¥ B A LT . HoHp [l 2 2 # i #4

TR SOCAS o5 PG I8 E 50% L L

F=10 EESEAREBREREES)
Table 10 Solid state sensible heat storage cost ($)

RRAR A fil g GH HD FEAN (A B

Cost type Silica brick Cast steel

PARE A 5997 600(53.5%) 17 136 000(70.6%)
Material cost

PR AR 421 278(3.8%) 224 180€0.9%)
Insulation cost

AR 7 542 029(6.7%) 1257 004(5.2%)
Foundation cost

T8 A 1768 477(25.8%)  0(0%)

Pipeline cost

GXE A 1378351(12.3%) 3799 544(15.6%)
Installation cost

EIEz 3% 894 156(8.0%) 1861 718(7.7%)
Indirect costs

K4t Sum 11214 064(100%) 24 278 446(100%)

23 HETHEREFSH

SCHR L3111 H B i 1 vy 5 FH 22 i #0A J RL BE
600 °C , #H A% #4 ) 4 & iR #H 4% #4 %} (Phase Change
Materials-high temperature, PCM-H) , A 2% & & N
550 °C, 5 1% 5 A8 S04 B 8 19 5E 0 J2 i Bl P2 2 3
FEAM 2, 1 e AL 509 20.83 $ - kWh!, #2 1 5R
AHEAHRE RS0 357 MWh [ fig & 1T 5, o] LIS H g
BE R GL A ST 436 310
24 EREFMEITEE

Bt AR TR RRAS T 1, B TR LU
5 AR 2 it PR i R B AS B IR 5 L U I i 2 i A
[ 2 S At A B B 1 i AR A B e

24278 446

25 000 000

20 000 000
@
% 11214 064
S 15000 000
% 9 424 800
:;5 7436310
—_
S 10000 000 /
£
S

5000 000

Fuse Salt Silica Brick Cast Steel Phase Transition

1 A H

Fig.1 Comparison chart of heat storage costs
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