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Research status and prospects of solid electric heat storage technology
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(1. Beijing Institute of Smart Energy, Beijing 102200, China;
2. State Grid Zhejiang Electric Power Co. , Ltd. Research Institute, Hangzhou 310014, China)

Abstract: As a key component of energy storage technology, solid electric heat storage technology is adopted to con-
vert valley electricity and various fluctuating electricity energy such as wind power and solar power into heat. The
technology excels in environmental protection, efficiency, energy saving and safety and exhibits great potentials in
regional heating renovation, deep peak regulating of the power grid and heat supply for industrial production. To this
end, the principle of solid electric heat storage technology is introduced, and the research status and progress of
solid heat storage materials and device structure are summarized. Moreover, bottleneck and key direction of the de-
velopment of solid electric heat storage technology is discussed. Finally, the application status of the technology in

different fields at home and abroad is sorted out and analyzed economically to provide ideas for promoting the devel-

opment of the technology.
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Fig.1 Working principle of solid electric heat storage system
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Table 1 Thermophysical parameters of solid heat storage materials commonly used in engineering

T C

FRALU[W: (m-K)™]

3 i 2/ (kg-m™) R/ (K] - (kg K) '] ARBHAZS/ (kWh-m™)
REE+ 200~400 2200 1.28 0.85 100
5k 200~400 7200 48 0.57 226
55 200~700 1820 1.50 1.00 253
Tikfi% 200~700 1820 1.50 1.00 253
BEfit 200~1 200 3 000 5.00 1.15 958
(RS 200~1 100 2 400 1.20 0.85 510
[rYa) 200~1 000 1 600 0.70 0.50 178




28 =k 2

42 4%

TEA KGR E A OC, BRI | 4w £L
(7 LG AR IR R B OB A VAR 3, il 2 S
B AT AT AME AR ], AT DL S A a
(AL AV FLARCR o o 7 A ST A 22 it i e Uik
e INER A AR AS S PR BRI, A TA T A
AR, R MATLAB XAAZS o B e 475K A
ARAGF T AR RE B A 0 25 SRR R AR AL,
SEIGHIFTE AR AR B BEH P (0 P RE PR AL T B LA
TRAEZ AE P S A AT B R R, T
FLUENT #f4, Z5G3EMRITSERMEEE S
MR IS5, RS (IR Gofi/ cat e
INFR IR BE oA . AL PR R AN/ CARCR AT T
B AR KA A B, SIS T AN R R A
ST PRIt R BE AU R IR, T 9E AR
K R A ICEPAK 257 g T AH AR B #4747
R A AT X R I 8 B T At R A T BB AR 4
W5, 52 E SR AR E S E . RS
PG IR BT R, BFSE T i TR A AR B A
FLBE AR PR B 30 | i | BRI S P il
R . 4 EE P — MR T B A E
PR SR, Wiy, BESIRA R
AT = SR EREL, DA 3 B BAYE AN R T
YERF 2R Y . WA, 8 BB 25 R
i m i XT L, B0 R B AR S AR S i
B IERA T

XFF R E R E, Bt & S hERE
etk , VUK RE AL LB AR AN AR 2 H AT
YRS SO . A I AN S BIE AL |
G128 WA K22 = S i R RN =Y (R ETRILY % = S TR
PRM AR R, 2B 28 UH AN 2 [ R B 4
FR KRR EZTT 0] o =R A A e R B b
AT E PR N RE R ) G SR R is 1T S 4K
XFIRABRFRE AL LI O HEE . LUF ARG
JEFEAR M), V4R MEMS (THLHL R 40 ) sk &
&, T MEMS H AR B iR A% 8 B R RN
AR A B L AR S AR, ARG ke
WRTRIREE . . W AR OGS, LA,
S B e 5 7 G AR MU S B S R T — e At
B, RRGFEMKERS, HAREARAZ —
— TR FEORE AR R kA, 2B T EAN
A3 5 B T B AR AR F R

W B S 25 18] F A 40 B S ARG e e S5 B0 880l
AL RGeSt dEA TR o T, X T RE
Pt St B A BB S Seit A S
FR G0 AT ACKS B [ F R R A S AL S
H. RETT R . REENSE T TH IR AT A H 2
Tk
2 ERMRBTIVERBEERNAESSR
id ks

TR 28 5 PRV 58 35 1 Rl a2 8 A vt
T 1A Hi 25 B S AR I B R S0 ke B 2 e ==
KEE, FE i TR E RO I A& 06
R RBUIN Al B R ey R R G AR
H RT7E E AN A A DR i v HZ 6, mFER
PHfE S5 XU AE A . 25 Ui Ak B L K F 5 At
AT
21 ERHAEBTIEEBERNASEFE
2.1.1 AIEARERE B ERGUE

KFHRES KHLAE A Al FEAREVR X3, 2
e Y B RE IR G HLRN PR 875 e 0 FRAR BE R, (H 4B
RIBATREN, TEMHMERE S Z LA,
AR & BT AE A RE I, TEREVRA 2 B Bk

[N =N

HBEE o

T SRR AT S 100 MW %6 il 26 15 2K B fig
PR L ) SE PR TRES L, BT T R AANTH
At FABSS X7 s 3 K BH BB 3Rk R il 49 4% %
AR PRI AR T IEALRE  RAS s, Y
Fe . RIEMECH 2.6 R, S
12 hivf, iz AR UK BHBE# R B o B & 7
(AR U 45 B8 AR L 8 v 1) PR AL £ R RSP A
H AR o 8 XU F, 40l XU fL IR, B 4R R
S URRSE T R BT 4 7 XU R DL R ARG T
ORI It B T IR, DA B IX H 3 £ T4 B
ISz bR FE KBS ], % 500 MW XU 7 . 40
J7 m* (b AR A HE B AR YE TR H B 9E & B
1l FH 60 MW B LA SRR 0 ot 78 XA TIM 4, ol
PAF1 680 I u AR es , BT 2 000 to
KRR A FIY S KU S A LR R
TR G W 2 5 AR S Pras T 2 6 ik 1T AT
Fi M e A 2 XL EL B R SR Y 0 HL T A
BEE N, PO BB R R 5 T R A K H 58 8



5510 H#H

3T, & B ESREORTI IR S 29

F o I A A
HA %5,

[T 4 fitg A0H AR A ] AR RE VR AT ELA TR Y
N HET R X TR RR TR, AR Y [ A g 2
RN Y T8 50 7% S AR PR | I sl R SR A
P ey AR G PR DA AR U B T oL T R E . 5
— M, N FE R e R E R
HLAL S PR R, AR AR R . R . 2
JESEREEIN 2R, R o B 5 S A SR A
BRI S, PR R TSR 518
2.1.2 5 Tl figHh e

FEAES TS, maekEHae T2 70%
FRHE FH AL A R AL TR A AU T S 5L
Tk SR . gkt RGBS E T 2
[FIE, Bt 25 S H e Xk Ay, Aok 2 2
FHHEL R B B AR 7. AP A, 2022 4
RPN B AR S e, AR R I 5 )
M, AR 10 GW, Fi, FEARE PR
FE R REABALGE Tl B3E) I FH A 7R JE BE

DL i 5 M AU —— T S0 A ], 3 BEAE
M T HLE R EORTE S U T A N e 285534
250 FETHAHL W H 2020459 H—20214E 1 A 3t
5/ H B a TR, i R YL 54
THAE S 482 722 kWh,  HiA A i H 2t
90% . FHIITIRHMY, 1~10 KV K Tl FH H i et
Bt FETBAIRA BB AN 4351 1.034 7 986/kWh
0.606 8 JL/kWh #10.258 976/ kWh {44, /1 & HE
AR A . R R B . AR
BEAGAFARE N ik, 5120 A, 5
e ags B B 2B 7 78 VRO ORI 48 A
FHEE, LB IRE R A BRI A AS 3426 #1105 LA L=,
R G

X TR AL =TT RE, A B G AR A A
AEEEZENER, N KREREEIARE
P, O it U 2 ) S5 11 DG T B RIARL 25 5 o B B st [l 4k
SEIREE AR L AF 0N T 5 2256 A E Sl A o T
e, ABAFFERUALRLON, , BB 2 fif P2 i AN W
B, LA 2 TR SRR AR L,
B INEE AR )32 2 AR FHRT AR, XA A T A3
RELGE TN 55—, ELgE )
R ARG G, FTIE B 3 [ A it

FITRE i RUOM) i R L

AR B AR TP TR e — KRB T o AR A A B9
FRER . i RAHLE . Tl A
b 55 WA HIL A AN 757 55, R RDRE [ 1A 25 4
P I R, i) D i P R AR
S A7 s

e e f AR W i, F RTAT oS R
Bl JR USRS L I R A S DDA
LT NS SCHR T, T T i e R A M A Y
W ELPERIRFIRTE , 445 [ A1 e T R A W AR R
SRR B, i 58 38 1 i 1 P A 7 R AR
A R 25 2 HE B L R 235 Al A B
EEHEE AL DR - ESEUE B RRER
ANTRI BRI, DA A AR 8 o) 1 = T AR
MZERE T, X Z B RS T TR,
B R AL AR H AR E T AT SO I R R A 2
JEREOR,

TETE AL 55 7T, T ] R A ) e 1o
fERES IR BN IR 55 i 8%, R0 T HERES S
Bl 55 i I i) 5 oy s R s AR, LT k07
AT, JF4 G R E AT IR TR AT 5
SR, R RN BEAE L T ZR G B R A A
REHPEMES T . PRI AE - TR Eh i P R
e, I TAEX, 6. AR ZES T B
BRGITE, JPR TEGER . B % KBy
ARERZ B UL DI RERL T, WF5E4e th RS AE A X
B TAkFE X IhARE T aF 25 5 FIEGCT
HASTDAHET N, R AR BORAE SR v
Gl PO L A SR A R IR AR AL
IR AR A E A SR S RIALER, H
AT 1] 1 R G T EA A A R LA
TRAE R T BA BRI IR R 25 0], Bl AR R
A AT A R, il AT A AR R Y A
PLih,

2.1.3 HEERMERGUE

TEAEAR AU, [ A [ B A B 2 T T J
FOHLR ML, R SR AT G . B R S5 0
LR B 5, R FH Il 5 f A i 20 A L 7 2 0
SRR BT H 2255 1, kT L BT [ v iy BOR 2
P27 0/m* L H 9 7000/m* . FFR 60, WiH
ZF i 20 AFSE SR, AT AT H v L A AR A
Worge . EEIPRUKE RIS . BRI E



30 =k 2

42 4%

PO Z I AR A B A 40 518 0.301 5 56/kWh,
0.294 2 96/kWh. 0.244 2J0/kWh, % &35 50
PRARAS HL MY 0.280 270/kWh, e T B A E5 HAu e A
T RARBIFMAT T, Fa IESER
352 2= [ F 3 G Tl b I el TR R o], 4 B
BRI 4T m? . A S h A, ik
[P A H 25 AT LK T I R B A RE TR S i, 3%
MR, el o L S b i AN, A
B2 I Bl 1A L A R A AR 9 [T i A B
6.74E,

B FEMACES BB B 2 T, AR R B 82T
JETADCSEMAITTY . FILeh A B s R
SR, K I AR SERR 9 A RE R
e, BT VEAN R ) SRR AT R E A e
WATEM AL, FFRRRE TR . ARG M
AT SRR G T, F5TTE Y
FEAGERE R G VRN TR, #ERD A gAY
T, EeRERERE R SS0 K, & M Mahis 2%
R R 92%, HURHRFLBRFR N 4020 B, W 3RkA3 i
JNE T HEAL A BE LS 0.210 8 25 90/kWh. BVERS
SEUSIBE TR T A A PR B SR A
PRI R I, AT AS R 152 45 0 B 45 9 il
AR KGEFT AR, BIFFE A LRI 2R B5OKT fEL T A A4
it BRI B TR PR . TR M
Eb T HAE TR Oy 5, R I R AR R L
HEAREATESEN L T oSG i iy
225, AE LIRS B R RECK R, anfeis
THLX, YAREFHRECN0.850), H#AE H
AR .

Bl WU H bR e, R LUBTRE IR o 3
A () 3 180 EL 9 R 9 9 R A% A0l I il % €5 8 1)
HEFEZ —, BRI RBREEAE S
P ALy, JUHUR/ANE | phsr | PO A oA 5K
BREIR IS AN 5 LT 5, R ARk T T R R
JEE R4
22 ESMEBTIERBRERN ASE5FHE

[ 4% L 5 ILE [ A A AN 20 B 1) R 3 17
L, T B A TR ES . Bedouani 55
X AN GRS IR 11X 6 BT 28 1) 4 FhAS [l AEAit 25
N E PRI TR ST, 25 R E IR
S5 PG IR 6] g A~54F . A1, RS T

PALE SRR, {10096 5 80 %6 44 SUHLAE 1)
B I 5 [0l 4 LT A #2 . Moffet 40 ff
— A P BEA L o BT (1) S FH R A A B,
JF7% 1 g W B R A F R ) 2, A T I 4E
L E R G AR H R A RS SRR
SRR o E I R AT TR A 15%
(IR 25 BbAh, WFFRITAL TR B I R H &
g ] P Fp, A5 H i £ ff IR B 520, 3T 40 sk e ARy
e, MEMRRGENERRTAT LA A%,

TEBEANEIM AL 2022 45 R He, I RIS ) i fi
TR A LG K 97%, 5% 2.8 GW/3.3 GWh, iX
T i RE R GAE N R IR AR AR B 245 2
R o flhn, HmHaEIE /A F] Vattenfall H T IETE
A PR RO e K A & R, iR
FARRIR 600 MW (#6375 PEMRBE A Ll 1131 F 2023
4 FRIEH.

XA B RGEEAERE TR S, L8
K AR A & R BT IE . [E AN KA fk e E
FERE R AR RSB T T 2K RARKIN R ]
Tl F AN S AT SR 2 R FL DO R ASS i B 6 7= 11 2
Bk, RAEERE . EE, hEFERC
G T — RYIKEUEREWIH , SR MR H 477
A JE I ) LR RE AT AR R B R Pk . A 1Y
T MDA AR S N RS 118 BT A RE U F, 7 AN B
T I, BRI 3 5 i RE R S AR i
WP AR AE T B . BT, RIS
AT 2 L RS ) i R T H 1 20 ] o

3 4HiE

1) [ P o B TAB R S BRI T HP R 2 5800 %
JERIIVESE, RUENE . T 2R LA PrvESE N
R, IR TP SR, A AR R
19 s A/ TSR A i A P 2R [ A bR
(145 SR

2)7E [ A B PR RESR T )7 T, E U
HUEHETE . 5 B R MR i B R, BT
BRI RS TN . I 55 A
O, A SRR B A R
GERCRFRINSE [N, AR AR 5 05 5
FOARMEE S BB, B o P 3 ke
BATE | ARTHER BRI E E Tk



5510 H#H

3T, & B ESREORTI IR S 31

3) AR E ARG A E NI A WETT 5
1, FEAEGE Toll il 3l LA K B U A 7E )
(T S A e JRE i o Sl [ R P 38 R AR A T
IR A T e . RO S5 Ty 1 iy 1 H]
S, RO BE FE R RE IRl A L
B SR s bR [, i 42 [ Mg RE
Z 5B IIELERER, RS ERIRSS
Ha R i ) R GE R AR B AR, A A T RE
AL AR R R A

S22 3Lk

(1] DU, AR P Ml A AL A A RE R 285 M 0BT
[J] WiV HL ), 2019, 38(5) :50-54.
SHEN Hanming, YU Xiahuan. Economic analysis of dis-
tributed electrochemical energy storage on the user-side
[J].Zhejiang Electric Power,2019,38(5) : 50-54.

(2] FEE,XGER . B ARG IR i R GRS iR e
oA LT ] Toallnk, 2020,49(5) :29-33.
YAN Baitao, LIU Guanjie. Numerical simulation and
analysis of coupling solid heat storage with coal-fired
power generation system [ J]. Industrial Heating, 2020, 49
(5):29-33.

[31 #0lL T, BRI, B, A5 | r R[] EAM T ) R P Y
PP SO ELLT ] Wi ), 2022,41(3) - 34-41.
LAI Yening, ZHANG Zheng, XUE Feng, et al. Evaluation
and simulation of grid flexibility improvement by electric-
thermal complement[J ].Zhejiang Electric Power, 2022, 41
(3):34-41.

[4] RS, SN, &R . 5 BRI IR S i B2
(I LIy R4S HE, 2022, 24(2) :65-71.
WU Juan, BI Yuehong, LU Yihan. Research status and
prospect of solid electric heat storage technology [J].
Power Demand Side Management, 2022,24(2) : 65-71.

[51 UK. BRI RGP 54 R Rt 5E (D ).
TRBH TR BH Tl K2, 2022,
YAN Shuihai. Study on heat transfer modeling and control
strategy of solid electric heat storage system [D].
Shenyang : Shenyang University of Technology, 2022.

[6] FRHEML. FIAE A E AT R A ST 5 (D . ¥k
BH - TR BH Tll 2, 2021
XU Yaozu. Analysis and optimization of heat storage and
release process of solid heat accumulator [D]. Shenyang:
Shenyang University of Technology, 2021.

(7] &I ATRUZR, AR EAR, 55 I BB A A BOR BUIR S
LT fERERE S HOR,2020,9(3) : 861-868.
LING Haoshu, HE Jingdong, XU Yujie, et al. Status and

prospect of thermal energy storage technology for clean

heating [J]. Energy Storage Science and Technology,
2020,9(3) :861-868.

[8]  XUfh, 24T, X447 , 55 | mniR AR bR 45 5
BEFLHERELT ] AR SR, 2023, 12(2) : 398-430.
LIU Wei, LI Zhenming, LIU Mingyang, et al. Research
progress in preparation and application of high temperature
phase change heat storage materials [J]. Energy Storage
Science and Technology, 2023,12(2) : 398-430.

[9] LAING D,BAHL C,BAUER T, et al. High-temperature
solid-media thermal energy storage for solar thermal
power plants[J]. Proceedings of the IEEE, 2012, 100(2) :
516-524.

[10] AREEEH , ZIEM, 25, 25 R HRG R T ] 25 PR e L
[J]. TR+ 57K Jg il i, 2014(7) : 88-90.

LIN Lijuan, MIAO Zhengkun, MIAO Ce, et al. Using
smelting slag preparing heat storage concrete [J]. China
Concrete and Cement Products, 2014(7) : 88-90.

[11] 2R . o T vy v [ R 2 AR e A R A R T 5T

(D] PR FH kBT K57, 2019.
LI Weifeng.Study on electromagnetic field insulation char-
acteristics of high temperature and high voltage solid heat
storage device [D]. Shenyang: Shenyang University of
Technology, 2019.

[12] AR B R, A5 TR 4 At e s AT A8

RGBT FE [T ], P E LT AR 74, 2019, 39(20) «
5999-6007.
XING Zuoxia, ZHAO Haichuan, CHEN Lei, et al. Re-
search on optimal design of electric heating and heat stor-
age structure with coupled heat transfer[J].Proceedings of
the CSEE, 2019, 39(20) : 5999-6007.

[13] SRAERE . AR Pl Pud R B A S Sk 52 [ D .
G AT R, 2017.

LIANG Juxiang. Simulation analysis and experimental
study on heat transfer process of solid heat storage[ D ].He-
fei: Hefei University of Technology, 2017.

[14] SERE, T . 151 EE Ak B A 3 RO PR R
GAFTLT ] RAABLR L 2014,42(8) : 78-83.

HU Sike, XING Jiaojiao.Solid heat storage device storage
and heat release characteristics of the numerical simulation
analysis[J].Fluid Machinery,2014,42(8) : 78-83.

[15] SRR, XVHS el . BA B 7 FLIE i AR E ek
FEPER TS LA LT ] AR PR, 2015,43(9) - 73-78.
HU Sike, LIU Jianyu, XING Jiaojiao. Analysis and com-
parison of characteristics of heat storage and release on the
solid with round or square bores [J]. Fluid Machinery,
2015,43(9):73-78.

[16] T FJe, skt e, XA, 58 —Fh A T2 S AR AR i
IMELE 745 : CN108980950A [P].2018-12-11.

[17] B INEAR, 5RIG €, 55 — Pkl AR iR L E R 4t



32

iz <k p

42 4%

[22]

[26]

CN208779535U[ P1.2019-04-23.

IR, TRIEAT T 21 [ AR PR B 2 AL B
ST Bk sl ) T, 2007,22(6) :638-641.

SU Junlin, ZHANG Yaren, HU Yuehong. Heat-storage
simulation and experiments of a solid heat-storage type
electric boiler [J].Journal of Engineering for Thermal En-
ergy and Power, 2007,22(6):638-641.

TRUEAS . TR A 3 B B Y IR A IRST M [D . ¥k
FH - PR PRl K7, 2016.

XU Dexi. Thermodynamic finite element analysis of solid
electric heat storage device[ D].Shenyang: Shenyang Uni-
versity of Technology, 2016.

TRPEES, B , WRTR , 25 . 11 25 Pl A PR A A AT C
B il Jy ik [T]. da THOR 41, 2020, 35(11) : 2439-
2447.

XING Zuoxia, FAN Jinpeng, CHEN Lei, et al. Heat trans-
fer matching characteristic and heat control method of
solid-state electric heating thermal storage system [J].
Transactions of China Electrotechnical Society, 2020, 35
(11):2439-2447.

ARG LS B, 45 AR AR RE R A 2R 1 AR
RIRTEMTLT ] R BEHLI, 2017, 5(6) : 529-535.
JIANG Zhaowu, SHEN Guoqing, ZHAO Jun, et al.Math-
ematical model and simulation analysis of phase change en-
ergy storage high temperature heat exchanger [J]. Smart
Grid,2017,5(6) : 529-535.

TREEE WAE, 3L, 45 | TR R it PR ke 7 LA AR
Lot T]. SERERI = 50K, 2019, 8(2) : 338-346.

XU Guizhi, HU Xiao, JIN Yi, et al. Simulation modeling
and analysis of a high temperature phase change heat stor-
age and exchange device [J]. Energy Storage Science and
Technology,2019,8(2) : 338-346.

LhIF5  RAR e, 25 . el AT AL B AR S A (AR
WRSAELT ] iR 510K, 2020,9(1) : 88-93.

MA Meixiu, LI Zhendong, KANG Wei, et al. Numerical
simulation and verification of high temperature phase
change thermal storage electric heater [J]. Energy Storage
Science and Technology,2020,9(1) :88-93.

W IR AR SC, A5 U A T AR 22 P i
Stk ] ARRERE S HOR 2019, 8(3) :538-543.
YANG Cenyu, HU Xiao, LI Yawen, et al. Modeling and
simulation of phase change material based energy storage
system using fluid-solid coupling [J]. Energy Storage Sci-
ence and Technology,2019,8(3) :538-543.

ALGAMILI A S,KHIR M H M, DENNIS J O, et al. A
review of actuation and sensing mechanisms in MEMS-
based sensor devices [J]. Nanoscale Research Letters,
2021,16(1):16.

JONES D, SNIDER C, NASSEHI A, et al. Characteris-

[29]

[30]

[34]

ing the digital twin: a systematic literature review [J].
CIRP Journal of Manufacturing Science and Technology,
2020,29:36-52.

e L AT L VFAERI L 45 100 MW 3 lER 3 20K PR BB AL
R LU AR R i I R S AR A AT [T ],
KBHAE, 2022(3) :42-47.

GAO Song, REN Bohan, XU lJigang, et al. Optimization
research on output heat power of heat absorber and heat
storage duration of 100 MW molten salt tower CSP station
[J].Solar Energy,2022(3) :42-47.

FAER R, PG , A5 el R PO PRI T 44 7 X
e Bk o [T ] R BHRESAAR, 2019,40(4) : 986-994.
GE Weichun, CHENG Shanshan, SUN Peng, et al. Wind
power accommodation strategy and benefit analysis of
combined heating of electric and coal boilers[J]. Acta En-
ergiae Solaris Sinica,2019,40(4) :986-994.

SRR B, B AR, A . RS SIS A e 423
L] AHRERE S HA, 2022, 11(1) - 283-290.
ZHANG Shitan, CHU Shuai, GE Weichun, et al. Evalua-
tion method for the coordinated regulation of large-scale
abandoned wind power and heat storage [J]. Energy Stor-
age Science and Technology, 2022, 11(1) :283-290.

R R, SR, S R BORTEEH ST
I Bz e 2 e [T ). v g R 2, 2022, 24(1) -
68-72.

YUAN Li, YUAN Jungiu, CHAI Tingyi, et al. Applica-
tion and economic benefit analysis of electric heat storage
boiler technology in knitting industry [J]. Power Demand
Side Management, 2022,24(1) :68-72.]

JEIBSiE , 329 . GRTC AS I A A R A A R A2 0 S £
S [T] B, 2018(12) : 73-78.
FMEZE, X B R4S i e P BSOS M A T L T A
A 5 A B9 R [T]. ) SRR IR, 2020, 41(5) -
645-646.

WANG Xiaoyun, LIU Shubin, WU Liangjun. Thoughts
on cost collection of power grid enterprises under the su-
pervision mode of transmission and distribution cost [J].
Power &. Energy,2020,41(5) : 645-646.

R, SRRV, S8, 45 AR RE S 5 TR A Bl
S A BT [T]. AT RE4R L 2020, 15(3) :
88-96.

NAN Guoliang, ZHANG Lujiang, GUO Zhimin, et al. De-
sign of trading mode for grid-side energy storage participat-
ing in peak-shaving assistant service market[J].Journal of
Electrical Engineering,2020,15(3) : 88-96.

WRIGEA] , kst , 2, 45 T ERAA TN 435 80 B RR IR
ARG RBITELT ] WRERIAR, 2020, 38(3) :230-234.
CHEN Xiaoli, GAO lJilu, LI Bo, et al.Research on compre-

hensive smart energy system scheme based on molten salt



5510 H#H

3T, & B ESREORTI IR S 33

[37]

[38]

thermal storage [J]. Energy Conservation Technology,
2020,38(3):230-234.

BRI, F PR, 5 A R G SR T H 22
XTEHTLT ] d TR, 2018, 20(6) £ 36-39.
MIAO Changhai, BAI Zhonghua, WANG Wen, et al.Eco-
nomic comparison and analysis of typical regenerative elec-
tric heating projects [J]. Power Demand Side Manage-
ment, 2018,20(6) : 36-39.

1 T AT, 45 B B EORTE SR A T i it
A p 3 R A5 L], R I R, 2018, 51(8) -
112-116.

YUE Yunli, ZI Zhenning, LI Shunxin, et al. The applicabil-
ity of electric heat storage technology in clean heating in
Zhangjiakou region [J]. Electric Power, 2018, 51 (8) :
112-116.

ROKSE, KB, ERRH , 55 5L T R BUR R A A i RE 3R
G- TR T[T ] AR R, 2021,43(7) 1 1-8.
ZHAO Yongliang, LIU Ming, WANG Chaoyang, et al.
Thermo-economic analysis on the pumped thermal energy
storage system based on the solid packed beds[J].Huadian
Technology,2021,43(7):1-8.

TR BRI, Sy, 25 . AL AR AR PR B B 2
VOO MA GRS [T]. S RERL A~ 550K, 2019, 8
(6):1211-1216.

[39]

XING Zuoxia, ZHAO Haichuan, MA Shiping, et al.Study
on key parameters design and economic evaluation of the
electric heating and solid sensible heat thermal storage de-
vice[J]. Energy Storage Science and Technology, 2019, 8
(6):1211-1216.

BEDOUANI B Y, LABRECQUE B,PARENT M, et al.
Central electric thermal storage (ETS) feasibility for resi-
dential applications: part 2. Techno-economic study[J].In-
ternational Journal of Energy Research, 2001, 25 (1) :
73-83.

MOFFET M A, SIROIS F,JOOS G, et al.Central elec-
tric thermal storage (ETS) heating systems: impact on
customer and distribution system[C]//PES T&.D. May 7-
10,2012, Orlando, F1.,USA.IEEE, 2012: 1-7.

Wi B 2023-01-10; 1&EIHEE: 2023-02-23
EEE N

£ %4(1986), 4, T¥ME, HHAIEN, TERE

= i B AR AR B AT A T dr 6 B AR

¥ R(1992), B, TEWHE, TP, TEAFELS
. ERBE AR B REFT @O T, (BEEE)
(kL %4t RIBH)



