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Phase change energy storage technology and its application in the integration
of transportation and energy

YANG Xiao, XIE Baoshan, LI Chuanchang
(College of Energy and Power Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Phase change energy storage technology is one of the key technologies to promote the in-
depth implementation of the goals of “carbon peaking and carbon neutrality”. With the continuous
development of integration of transportation and energy, phase-change energy storage technology is
increasingly widely used in the field of transportation, and has attracted more and more
researchers’ attention. In this paper, phase change energy storage technology was systematically
classified, including phase change heat storage technology and phase change cold storage
technology. The materials and optimization technologies of phase change heat storage and phase
change cold storage were introduced respectively, including increasing thermal conductivity,
reducing supercooling degree, inhibiting phase separation and regulating phase change
temperature. The comprehensive application and innovation of phase change energy storage
technology in cold chain transportation, electric vehicles and aerospace were summarized,

including the application of phase change materials in the envelope structure of refrigerated
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vehicles, cold storage plates, refrigeration units, battery thermal management systems, cooling/
heating systems, and deep space exploration thermal management systems. Finally, the problems
facing the practical application of phase-change energy storage technology in the field of
transportation were summarized comprehensively. It was pointed out that the development of high-
performance phase-change materials, and materials with excellent sealing, as well as the
optimization of energy storage efficiency of phase-change energy storage systems were the focuses
of future researchers in this field.
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Fig. 1 Schematic diagram of phase change heat storage
technology
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Table 1 Types of solid-solid phase change materials and their advantages and disadvantages
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Fig. 2 Principle of phase change materials prepared by chemical grafting and block copolymerization™
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Fig. 4 Optimization technology of phase change thermal storage materials
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Table 3 Application status of phase change energy storage technology in field of transportation
IOz 13 5% H AR JH 4] HAR A =) B
V2 IR R A 2 [ e R P RE L TC TS T B NAE
RHEIZ i (] A FE A Pk s e dabiiinl AN s
il HLE — i A At g% B K SR
CERiE- K= B PR BRI RN A AR | IR 2E BB R R AT A O
HL Bl 4 R GE B B R VAT i A AETERRBE RS
BHRSE A% T BE R E ML A FEAERR A
iz ik R RE RS [ IRAAR | it e AEAE I RURS:
238 He A 15 it i — VA T RE AR e AP WA S I S AR EUR

2.1 HHEMBERARELEESHFHNA

B 2 N2 A= 1 KT (0 AN W s R AR 3 T XY
AR NATINT T it BT R o B T RN W, — 8k
A fE Y VR B FL S AR BE R O A
P10 R, A BE R BB XY A 4 R A
AN EE R — AR . O T ORUERE R Y W] KLk &
J , B2 AR IR KR T Rk B 48 U RV BE R R AR
Ju R E BT, AR RE B R HLA i AR A K IR
B AT AE IR R S5 55 0 TER BEE U E A T2
R o A BT A R T 3 i PCM. 1 A
HikEHBEHASEE P mEAIER B EDN
.
2.0.1 RHAR AL AE ¥ 98 A L4 245 4 v 1 iz

Vo A 1 BB AP 4 ) R DR R DR IR B R B
1R A AR A I OGS 43, 38 T R & Kk
AT EHME A R BRI R . O T 3 — 20 1 o [ 4 25
i 1) B AP B 78 B A DR IR 2 v B M AR £ ¥4 b
BSR4 RS . MICHEL 5V i 17—
il & A PU-PCM LK & & 2 B9 58 4 & T 2 20}
i 3 A 1 33 RVBC(E BT L R R A Y
5V LR 8 A R ) o 2 R A 2 Y U 4
7 43 BB R & R IK 2 B U A )2, tn B 9(a)
Jis o BRI SR, A JE 32 A 18] 7 2R i B
PN R I AR E N T 18%.
2.1.2 RS RITE A B b i 1

i ¥t , ORR AL fh il o AN [ A0 28 A4 )7 [
2 R % T TS N A 2 AR K A A T R 1Y
I f VA WA A AR TN S A8 R LIS RE A AR . B
M 1 A 58 8 H s % R £ (high density
polyethylene , HDPE ) Fl 2t P Tiif 98 5 58 & I 45 %1k}
T PR T 8, R 78 A Ve BRI SR 4 AhSE B Y

TIAN S5BIF 58 T — B FH {5 485 2007 FH 19 % e i
FE T AR, 12 TR0 ARCHS A8 B A AR AR B4 R R, i8] 9
() Fim. IR R, h TS IEWIE M
AR AL R AR a5 S 0 5 RN B A A B
PE AN, 76V 4 32 i 2o A2 op S TR] 00 S50 BR 58 DL fit
A MR 1 A8 7 AR 23 R ) i Ve BT VA AR .
DU Z5975% F R 56 50 0F f B A0 BUEF oY T H AR
IFi) 428 0 A7 1 At ¥ ABOX A6 1R ¥ 20 B ] A 5% e, 4
E19(e) fIon o KB 20% o0 T T, 20% o7 T %
I 1R 2 CCRY it v A T 4 4 R R R
2.1.3  AHARBARLAE Ve AILZH g iz

FE V4 32 AT, A PLAL R B E B
YRGS 4 o B A3 a0 A 1 ¥4 791 O S B8 HIAE
YA 8 P9 T B A L B LR A A 0 B ) A IR
R T R RER B AT . 5 A AR AR
G5 K6 R A v B HR A R R B R A R R VA BIL
YL BT 22 4 75 Y — A B A BT o R A AR A R
55 HLALAH S5 A AN RE AT 250 % A% 1 ¥4 BL A 1Y
REFE , ] of o B B 4 o S B R 5 ) . LIU 50584
T — T A AR i ¥ 2% B (phase change cold
storage unit, PCCSU) A hy iz fi 2 76K 4= 1 % 2l il 2
P E NG PCCSU 22 e 76 N T e A8 ) AT , 76l &5
U O ) 5 o T R TR, I 9(d) TR o 4
FW], PCCSU ] Ip 35 452 v v& 78 4 A 10 P38 s il 1 i o
U A, 55 08 FH AH A2 BRI 12 58 1 2R S0 1 B —
JEE T B A L, A S R R [ 0 B R, i
ALK Bl ) 1% S8 HL AR ] V& %€ B AH E, PCCSU 1Y BB
VA FEAR T 15.4%~91.4%
2.2 HHEHBERAREENEPNLEA

BE % AR PR BT AT RE S & B A H 25 &
M, BB AR BT RE TR IR AR AR 3 IE 2 Wk

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



FH21 5% 4

MR, 5 AR AR AL HOR L AL kA 2 R 37

BE o, FAHLAS
Hh 4
4h7E1 &2 [ H&PUPCM 7

£ 1 o
R PUHILZE i /

ZREM

Hh5E2

(a) PU-PCM U7k & & )2 /R 21K Y

’ 4,’» 10
N | B~
B
LES! TTHR2 &3 UEL

(e) AFHEZNT7 3B PCM AW 58 B

D & |
swxs W

RE

fEA IR R

o BRI B
(b) FAFHA PCM (it ik i1 1!

PCCSU

e

il E

R

58
R~
S
B=—5—

(d) B R 2 Y

B9 A %k A 2 B i 00 5050

Fig. 9 Application of phase change energy storage technology in cold chain transportation
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Fig. 10 Application of phase change energy storage technology in electric vehicles
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