455% 52 #AHAE VoI55  No.2
2026 £ 2 A THERMAL POWER GENERATION Feb. 2026

DOI:10.19666/j.r1fd.202505079

Eate hg R R4 4K D MWK

HF, BFEX, AR, &AK, FHE, F W

(dbd ) KFR R ) SR ITAZF T, Lw  102206)

i E] ATREMMFAMPAT T X, HE65FIEERYE., BKABRAIRGOTRTEMEL, T FAN
&A% % (basic pumped thermal electricity storage, BC-PTES) % “Aedf sk ¥ 4 3K 5 69 4 R
%% (electric heater-integrated pumped thermal electricity storage, EH-PTES) % 423kt T
T OB REAGATAR T MK A 4F 1, HIRT T X5t EH-PTES & M AL a9%
. R &KW X+ T TF BC-PTES A4 5 EH-PTES 243 Ak widAZ& T 24K K
WARK, 97418 456, 455 kW; EH-PTES # 4B A &K & a9 2R % (41.50%) Lk %E &
(54.1 KWhA/m®) , P emi B MEEH 63%. HARERCIREELIE O R A%
A AEMMA R, FRELBHAERG. T EH-PTES 24, ARERXECESNT, F4RiE
BARMEMRE B BB S E ARG megH, RESEAE 0B B S 2R
A, LAEGHHE OREHN 50 C, ek BdoBEd 600 CHZE 1000 CH, EH-PTES
F G ALIA A E W 45.03% L 51K £ 44.81%, 5 30 £ 45.75%; B mk % 0B & % 850 C.
JEZEHLE 0B &l 400 ‘CHH % 550 ChF, A %iiiastE g 39.17% 7 #38 £ 45.14%; #
GATB A FIF RS B BB DT REEME BT, FREWAE KERST
PTES 2409t B, v # BB 0B E A 1000 CrF, EH-PTES A Afhit B HE 5 ik
113.9 kW h/m3. AT 725 R 7T A R Ak € F AR T RIEASF
[X % #] "AERBEHER; EREWKE,; o4 AN

[BIAAXHER] BF, A%, AR, ¥ SRt A R@E RAR A B> #H K%, 2026, 55(2): 13-22.
YAN Yu, YAN Xuewen, SHAO Mingxuan, et al. Thermodynamic performance analysis of an electric heater-integrated pumped
thermal electricity storage system[J]. Thermal Power Generation, 2026, 55(2): 13-22.

Thermodynamic performance analysis of an electric heater-integrated pumped
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(School of Energy Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Using energy analysis and exergy analysis methods, and considering the irreversible losses in the
compression, expansion, and heat-exchange processes comprehensively, the performance indicators and irreversible
loss distribution characteristics between a basic PTES (BC-PTES) system and an electric heater-integrated PTES
(EH-PTES) system under defined operational conditions are compared, and the influence of key parameters on the
EH-PTES system’s performance is investigated. The results indicate that both the BC-PTES and EH-PTES
systems generate large exergy losses in the turbine during the discharge, with values of 456 kW and 455 kW
respectively. The EH-PTES system demonstrates higher round-trip efficiency (41.50%) and energy storage
density (54.1 kW h/m3, with the exergy efficiency of the electric heater at 63%. Parameter analysis reveals that
there exists an optimal discharge-phase compressor outlet pressure which can minimize the exergy loss and
maximize system round-trip efficiency. For the EH-PTES system, at the optimal discharge pressure, the round-trip
efficiency of the EH-PTES system initially decreases and then increases with the rising electric heater outlet
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temperature, and it increases with the compressor outlet temperature. For example, when the compressor outlet
temperature is 550 ‘C and the electric heater outlet temperature increases from 600 ‘C to 1000 °C, the EH-PTES
system round-trip efficiency decreases from 45.03% to 44.81% at first, and subsequently increases to 45.75%. When
the electric heater outlet temperature is 850 ‘C and the compressor outlet temperature increases from 400 C to
550 °C, the system round-trip efficiency increases from 39.17% to 45.14%. Notably, the round-trip efficiency is less
sensitive to the electric heater outlet temperature than to the compressor outlet temperature. By integrating electric
heaters, the energy storage density can be substantially enhanced, reaching 113.9 kW h/m3t an electric heater outlet
temperature of 1 000 °C. These findings provide critical insights for optimizing the PTES system design.
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analysis

TEROR R PRI SR, BAUXEE. KBAAE MR
R TT A BRI KRB . #5401t 2024 R E
AR A B R PR S ML ST 1890 GW, (B 2EHL
e EBET 56.4%, HA X HE., JHEYIAE
bk 42%M0, SR, AT FEAE BE IR K ik Bt P AN e B
L RGN IBITH R, Ffgm Mt
SEVERIA SR, AR R — AR B REBOAR LAV 90
Al A BRI

#HIEAEH (pumped thermal electricity storage,
PTES) AR, NARF#HHIMLBIE AR, &—FET
“HL-H-HL T TR OB REH AR, ATARFERALR
JIRH) T BRI LR AR G T R
ZMsO TR, BARAMK. fREEER A
SZ 1 PR A A R SRR, ARYEIEIA BUANR], PR
PTES R4/ NE T ARG PTES R T
BTG PTES KR40, BT HEMEART PTES &
i R B, A OCHI T 1 B R RS ER L5 )
A KAFRE S5 N KRG RER I, 1T
FETFA FHEIRN PTES REES5H 17 8, il PR T i
B B R AT PR g R B AR,

SRERSEULR A 8k, i 12 TR A
TGN PTES RGPS TR RRBCEL TR
EANES 7 SUR IS &SN SV E = 2 o)
B il AU R e ) A SUR S S G & )
RORCE M RK, SRR 1%, FIR
A HETt 2.63%. Wang %5 A\ I H 4l F 38 78 PR it 4
10 FE B — A R WO PR 25 R R R B AE AR N
823 K INME iR R ik 52.43%, B #HEE N 550 K
32 THE 40%, RKUFETHig R &I &% RSt
BRI ROGENG . Zhang 25 A\ BT H T B R
fEft (D-PTES) Sla##iefrft (1-PTES) R4,
RILN-PTES 7E K it sz b BAT 38 ARt 34,
ST —A 10 MW ) I-PTES £%5, HEgfETRME
FIRE 7% FE 43 751 il 3k 65%A1 26 kKW h/m3. Huang %5
NIVEF S B IR R I RS TR I 4B

http://rifd.cbpt.cnki.net

BCRIEIN , RS AR 68.8%~78.0%; EAEHK
R AJRR, RS8R RRCEE TS 2] 113.9%~115.2% .
RGNS T PTES R4 H EE W &R
SRR, S5 BB HUUS I A R G0
f) 55.7%. White 55 NPUEHBITT | & A0 5
GUAT IR R FEE , 3 3D il P v T 22 W] R AIG
ANAI RIS B R R . Wang 88 N2BR F I
W70 7R AN R R AR AT T, RS
R R e R IR AR IR X EIRTTHE, @R
RAE S BRI ANVE AN S UK T, femiiiE oy 1100 K
I AT 3R R AT LA 3] 59%.

BT LR SCHR AT %0, PTES &40l it $2 m itk
T FE G ARG PEREDS, T i Fi T — R e R
JEAEHLH R B g, B B8 SR Za AL B
SRR RS — A 550 CR4, R, E4ENLME
REfE— R LE 7 PTES ARG tERE LR .
T AE 7S H O A BRI AR D AR e PR
FERS, AT PTES RAUiE R Z MR T k44
PLUTARIR X ), A R 48 AR A s b ik 2]
B I A AR S, ST AR B2 1) RS TS, T
TRAERETR K FIN, SRR FT3R  PTES R4t
FRff e LS, /M BV T AN A i B RS T

BelikIMIHR 75 1 4 R BN 25 08 5 T A1 27 W76
) PTES KRG MAFR T, 4R RIFLE
NI 17 MW B, 0] DLR G IR R T
5% AR LR U3 UACFEAIR 23%. Chen 55 A[8lR
H 5 LA PR PR A 45 5 2 52 v B B R I AR 2% 1Y
IR L R IR BRI RO 1% . Laterre 55 A1)
BE H s b 3 BT e T RN A B B B PR B
oL, S RERAKIR S IR G A BT XL
G AR R TT 1A

HAET, EPXEEREII#AN PTES Celectric heater-
integrated pumped thermal electricity storage, EH-PTES)
RGHIMH R TR, BRI PTES R4EH)
EIRRR MRCR . (8 REEE B S I RE R bR S M) 1o oK




28 =

T A RN RGR il B RS ERED BT 15

RGN, BT ARG H (basic pumped
thermal electricity storage, BC-PTES) %445 EH-
PTES RGN JPEREXT LU L, 707 4 i H in #4%
PTES R MR ML, Wi EH-PTES R
4t 5 BC-PTES RGN FH i 2 7

WPk, ASCEETReE T A T TS, 4R
HEEES. WK RS RR, XFH
T BC-PTES £4if1 EH-PTES R Zifit B4 K AMH
Ko Aiett, WHE 7 R RN DR, B
IR R B R R L O ) 55 0%k
WAITSHOT R RERIRZ M, DLEASEE R I FA
PTES BRI BT IR BEIIR S .

1 RENE

EH-PTES R4 imFE Wl 1 fizs .

a) A IR

&

wemas [ O
N

TR 4 Bl
4

AL Sha b

7

b) 7 i B

B 1 EH-PTES R&tiZE
Fig.1 Flow chart of the EH-PTES system
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Fig.3 Effects of compressor outlet temperature T2 and
electric heater outlet temperature Ts on the system
performance during the charging process
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Fig.4 Effect of discharge pressure ps' on the EH-PTES
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