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Hybrid Energy Storage System for Fast and Efficient Electric Vehicle Charging

YuTong Sun, XinRan Ma®
College of Sciences, Northeastern University, Shenyang 110819, Liaoning, China

Abstract: The rapid adoption of electric vehicles (EVs) necessitates efficient and fast charging solutions to meet
growing energy demands. This study introduces a hybrid energy storage system (HESS) designed to enhance EV
charging performance. By integrating batteries and supercapacitors, the HESS leverages their complementary
characteristics, optimizing energy storage and delivery. The primary problem addressed is the inefficiency and
prolonged charging times of conventional EV charging infrastructure. A dynamic control strategy manages power flow
between batteries and supercapacitors, significantly reducing charging times and improving system efficiency. This
approach reduces battery size and optimizes power quality, utilizing a device with three 18650 lithium-ion batteries and
four high-capacity supercapacitors. Simulations using MATLAB/Simulink and Proteus software demonstrate a charging
time of 57 minutes for the storage system and 4.74 hours for a full EV battery charge, outperforming traditional
methods. This project contributes to the design and implementation of a HESS for EVs, facilitating both efficient and
fast charging capabilities.
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Figure 1 Block Diagram of Designing a HESS System and Efficient Electric Vehicle Charging
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Figure 2 Efficient Fast Charging Control System Design using MATLAB
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Table 1 Specification parameter for lithium-ion battery
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Table 2 The parameters of supercapacitor
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Figure 3 Battery Charging Circuit with voltage Regulator and Current Limiter
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Figure 4 Experimental Setup of Battery Charging System
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Figure 5 Supercapacitor Charging Circuit with Voltage Regulation and Current Limiter
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Figure 6 Supercapacitor Charging Circuit with TL431 Variable Reference Zener Diode and TIP32 PNP Transistor
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Table 3 Comparison Result between Simulation and Experimental for HESS Circuit
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Table 4 Summary Results of Charging Time on Lithium-Ion Battery
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PiE TR IR 5 A 7o B R g L A A0 BUIRAS IR Ak 72 30 FP N, ff HUIRAS B 0% FHE 99%.
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IR, XRPRBABCR, AR E R N BEE S 100% S, Bk, ERH S0 EE%
RIS BRI 78 L AR I, AT N S HU R 3 % IRAE Y, BROIX BE R 3 2 B 3 s 78 AR 5 A B IA B

B 11 (o) D B R 25 25 1 i T 7E 78 A R P B B 1) (A Ak HUFRZERE S 25.50 FP Y BIHI4R1 0.08 V &
FTH IR AN 1234V, REERMR, SEEERRNE R VTR AR AR, HiEERRR 1234V 1
FEFRFRE 12V, XRFAHEB ARG EER L. DA IE TR BE RIR, DRl gasss: &
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Table 5 Summary Results of Charging Time on Supercapacitor
5 IR A G 7T RN (] A 4 R
HMNER (A FREATE () ERE FEME O HFRE  BE (V) HRE HE (V) SEBE

2 59.60 61.05 10.30 9.30
3 39.73 41.55 10.75 11.55
4 29.80 30.45 11.33 13.33
5 23.84 25.50 12.34 10.44
6 19.87 22.25 13.54 12.14
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FRERERALBE R REE ., JLAh, BIb GBS SRNRRUERY 2.5 A, XA IR BOR ] FORE A
M P o, BRI T R GiERE, AR RKRAME MG, AT S, & 6 PRIMEE N 1 Rt 5%
ARG ARG PRIFANE, iR 7SR RS 5 R I —— X BRI S mRUkRE
ESNPS

Table 6 Experimental Data for both Hybrid Storage System (Battery and Supercapacitor)
Fo MOMERG (RILSBIHARER ML

BA R HE (V) B (A)
FEE 12.4 2.5
B AR 12.2 2.5

RTHHETZHOERE RGN 145 R 5L RAE 7B AREAETH (12,65 V) 555 (12.60 V)
FILFARIE, AR E0N 5.00 A, BRI AFILEC R 4T . SR10 78 RUN TR AE WD B 22 57 (T TN 1800
(30 738D, SERNAKIE 3168 & (52.8 708D, UMM ECRAETI AR e L R 0 e s BLSE T 3R - A2
SR IRy 12.40 V, SRR B0 Bl iR B3, TEON 5.00A, SERAUN 2.52A.
K2R, ABHAEELSE I RAR Z W] B 1t i, MO EOPR S B mIX R R . BORE, %
REY: HOSHAENE SR MWV& REF, HIEHR A S5 i b 85270, Zik 0 1 E ke,
TAEE Z KN RMANFE

Table 7 Comparison Results between Simulation and Experiment in Storage System

T R RGN A RS SR A R AN H

2 PiEAE LA
MANHEE (V) 12.65 12.60
BMNER (A 5.00 5.00
FEHIN A (s) 1800 3168
W EE (V) 12.40 12.40
Bt (A 5.00 2.52
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R QILE T HENRF I RSN S BHIA R ML 12000 Ah, UEHIHATEAAAR T A RE R
TAREIEN 144V, FEHENRGHRME 252 A FHET, HHEESBEAMRE 3625W KMHIIFR. & 8 i
Hozg T I RA R TR SR IR, XAV ARG IS RS S BRI L T ASHE
T AET, EA TP R E bR R RNRCR SRR W fr it AR, R SR
LIRS, WL R G ML A U E AR, TR TR R G . SEme . SRR
HE AT AL 5 B o

Table 8 Summary Result of EV Battery Charging System
8 HARERILAE RGN ERILL

¥ e
CERIIEELS 12 000 Ah
L 14.4V
LI 2.52A
UIES 3625 W
Fo HLI 1] 4.74 /NEF

M. &

ASCFTBEIR G ERER SR IE b S S R SRS SR 7T, BEAHE 7 b s e L, A T
AR PR TR IRE ST . N R G T B BT I SRS ORAIE 1 DR I e e B, A9 2R 1 %4t
HLZNIR A 78 HL B AR AR T8 HEIN T T, B A a5 Fi I S A AT S, T 35 4 R [ Fe LI [«
R LA AR e 06 7R S ROE ) FETRCRLB 3R, AT AE 78 RN RS D 3R 006 L b s 0 94, i 7 F i R 4 LA
o ZEMAGIE R 12 Ah B TSR AR E g RN 4.74 /NI, RINZ4ERR 7RI A S 8. SR g
KRR, SESRGHLL, REMHEIERG AR E RN RIZEHEIE 40%, IR B E R B EoRIiE /1. 1
b, IRARERERGUE BB BSR4/ RIRAA AR SEK AR RE AR I AR A PRI TS LA, B ST B H
Eo EAbSBZER AL GEK, IR FH 7 8 TAMOR I E—— R i R R S P AR N R
B —— AT A B — Lt RGeS B v U RE A SR A )i i AR 2 B T D0 A 428 1) S5 DA Bz H 1Y)
FAFHARAL, IFRRITT HAERIRANR G ERERSIINELE . X85 Tt — AR T i shiR 42 78 i iR W] R 2k
5RO, A LOVE SR E SRR =BT

SFE R

[1] EE. PLEEASHTIREN 4 mks B h]. HLAE A, 2022, 44(02): 1-8.

2] MHFW. TS Z V54 FIGEE. J EREE R, 2022, 42(04): 1501-1508.

[3] Alanazi F. Electric vehicles: benefits, challenges, and potential solutions for widespread adaptation. Applied
Sciences, 2023, 13(10): 6016.

[4] Honlb. 2 TR R L. B TR RERT R, 2022, 41(02): 1-10.

[5] KA WTH R AU 2R AL Hh R 2 (A5 TRE2A3R, 2022, 18(02): 369-378.

[6] ZEu%. HIEPURPGRZERMERR. FEL T, 2022, 33(08): 905-912.

(7] BRA&SE. Mo AR I EOR. KR 1, 2020, 44(02): 478-486.

<
=

op
="

DOI: https://doi.org/10.61784/mea2010 63 HAC TR 5 N H



PRI, SRR

8] R—IK. AR TEEREMMEE. FIEFR, 2022, 11(02): 201-212.

[9] Muzir N A Q, Mojumder M R H, Hasanuzzaman M, et al. Challenges of electric vehicles and their prospects in
Malaysia: a comprehensive review. Sustainability, 2022, 14(14): 8320.

[10] BEL4ER. RINTEM S, A EIZ, 2021, 41(04): 361-368.

[11] M3 FRARTREE L S s R R . B R4, 2022, 25(02): 305-314.

[12] Z7E R, FHPOLTFIESRE e EAR. ML 23], 2020, 51(04): 437-446.

[13] RGP, DUAMARFR 28 = HoR. Al 4k, 2022, 43(04): 511-520.

[14] suth ], KA PERSBAR R S T 2. i TR, 2022, 29(04): 1-8.

[15] Zhang J, Gu M, Chen X. Supercapacitors for renewable energy applications: a review. Micro and Nano

Engineering, 2023, 21(14): 100229.

DOIL: https://doi.org/10.61784/mea2010 64 HAC TR 5 N H



