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Ransforming New Energy Education Enabled by Integrated Virtual - Physical and Multiscale
Energy Storage Systems
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Nanjing University of Science and Technology School of Energy and Power Engineering, China Jiangsu Nanjing 210094

Abstract: Addressing the compartmentalized knowledge structure and the lack of depth in practical experiments within
new energy courses, this study establishes an "atom-material-device" cross-scale knowledge chain. We explore a low-cost
teaching reform path through the innovative integration of virtual and physical experimental resources. This approach is
implemented by developing a visualization tool for Li* migration pathways and incorporating research-grade in-situ data to
demystify microscopic mechanisms. It is further enhanced with hands-on activities, such as disassembling retired batteries
and using 3D-printed micro-experimental kits, enabling the safe observation of typically high-risk processes. By designing
interdisciplinary anchor problems that span the entire energy storage system, we foster cross-major collaboration, ultimately
enhancing students' conceptual understanding and analytical capabilities.

Keywords: Cross-scale; Virtual-physical integration; New energy curriculum; Teaching reform; Competency development

05l&

HrREIR FUF TG FHA SR 3 5 LR R RN A G
PRI, B RotiR . fERE . PRkt i oK
PR EIZIPHZY, S ECE AN DU B8 R A RIFESES ™,
2023-2025 FEEHRATRRE 120 £ R FIBERIT TR, 29
80% [AFAETCH N, “HE I H (JRFRE) — BARSFR
TR N, (PR ) — Bt ABE (B8R REE) 7 ek
ERALEL, UDERE SRS T 2 R B & I RE . tboh, S058
Hr N ESEEF AR S EMRE], LEHRE 2= E BRI
REMH, /bl s RO, IRATF BETHEAR
EREDKE REZR R SESLRFAE R RIS, %
FIEEGIRE AN R, MELUARIKF A G aliE

BEATHYREIRACR . Hitt, AREFEMULT T LA T XS e
RN T THEE SRR
1 &

ARG RRIR RE T IR R 5L e r ik
ACEIRLREE, ARWFT QUM HDARE | “RESER S #
B ZIEAM R TREEN . ——FTRES
e BELE, B T - MR - SR IS RUE
FHRGE; RSB R AR XA PR E”
B, WiRsE. SRR R SCiEN G ; —R5IAZE
REE R EIRIRR, JRE) A B Tl M ERR R E A T
R X = NAEEEARRIRARE, SRR T — B R
FAERIANS RS EETRE I BeEHTE .

27



BS5HRE 75 12

ISSN: 2705-0904(Print); 2705-0874(Online)

FERNRSE BT, DL BRI S X
— ARG AR, et T MO ZZ M =K 55
AINREE R, B, ERFRE L, FIFEFIRRER
LT R, fi2eAH0E 2 A AR i
BT B ME, EMERE L, 5IARHFZR R
i XRD #4f8, sh&AE RIS RS LiFePO, 5 FePO,
PIAHSHE O ASALE], KRR SRR R &a,
R &, il 2 FE s (5 BRI B b A s
IR, FR MR SO NAERR F o
BUX—ERN . BRENEETI, FAERIRZIEEE
“HEEER” AT NLE BBl ) SRR AE
NEREE FAHE S SR A 4
ELEARRAELZFERIAEE, AR SRR
e - R MREME SRIE. EREDEm, &
MBS AR BRI RS ESL SEM Bl (40 SEI
IRRIDOREERD ) | AT RS RS, RIIE THEAEL
TERPEE S RE . fESLRET, AW |
A REaRk LR, BEFLTHET 3D FTHIE
RIENER:, ZEFERES Bk, ié
BOmAERNEAS, SSHT “mREETRE, TR
W7o gesh, R TN “EERIERPRE L R
GRS, EORYEARE PR TR (andd Al/Mg 2t
BRSPS EIE M) |« O (BRSO ERE
DIMSINTE R RN ) UGS (AL ALO, IRE TZLIE
FEENUGREE ) =N FERIORIR. FEIS T LTTA
IEAIME, RATHERE S ]ITEE BB EN T
2, MIMEM RIS TREMEY GRS, SRS .
BOROHT S A ES 2 4ERE D RIh AR TR
2 FREWHF
LEHFLHR A" UM E
TEAISLER R A OIRTT o ARSI B brigt, 3
IS “EERARIRE L . SRR . Bl AL
AR, W T —EIIAME . BE RS AR
%, BEEFIIEEFEN TREERE0HHE
TERERMIAFNRICET, FATBO T RIS 05
BRI, ®EssEh “BAU, BAET BRI R
RIS . ROWATLIR AR R M R T RE IR IR A TR 22
FEhs 2 —. All, A5 T ESAEEN DT3GR
&, FHEADINFEERE—T o RENEGI” , &
LR P AR B AR AR RS R 15 . REZ2EE(L
N HE S IRS R AN . A, B FAR SR A Y

28

WL, AR EWH AT BRI . R SRS
FRREN 2R, Mk RSB X2
KRR, SEFRENHEE. BREEIHERLES
o E BN NARKEC. A TR AA IR RIES HE)
Y, IEFERE TR SEIAT D . AR UEE
BB R . AR NGRS R, SEit
ML LR AR N AR D ROWEE K . SEL AR S
JBRE, H&LICF MR ENEE . EORER MR
AT X — RO R RS L,
TERTEBR PSR Tl TR ROR S LI 20
HeRE” KRR ORREEYE,
FESCRRIRVEIR LT, AR T ROk + fE D
FHE” AR R AR, SEBL T ENSINNI S B T30k
SCABUE S IR M TR e S E SR FHXSSRiRsE
RrfysplA, mXEGRRE, FATEENL TR bR
LIEM. ZERRABGLT, RIFPER DS
PR —if, BRI HERR R E b BT AL R A
B E M, SRTFoera i hle . PR, g
TRIEANH MR E 2T T 2R XA 1224
DT IANS Lt ARG AR ZI R . ARf,  SEAARSE
Fee T HOmI A (78, 1l Rl ) o A,
FANTA B SLRA R B ERE S A Al T —
BRI . AR SRS R RIRA T RER IR (4n
NEE. JHEEHE ) (R AR ARRIZEI TR,
RIRJZ2 e XA “Ririth” 2ET & A RERIR .
XS EE SRR B AL B ER G O R TR E S R .05 E
HATER 78 . $HRITNIIRESS . W03 = B RS s
R, PAEREORIET sl iR, BIAMCZREY
FAME (angthl . #okds) ik, SEREI0TRERRIR
WEBIREER, BESWT, &M Eire R SE R
JHFREERE FItiRRE L2 TFE REER . XA “5hF
W 5 “shik0s” MREEEITA, BRI T AT
PRSI ZIR(E RS R 2 TR RIBIEE T .
TEGIHTN THER T, BAPRETERASGTRE, &
T 2RI XTI E S5, BAERE IR RS
IR PhAEBIHTH RZEAERE . BATILL T3S eflieirt
R ARG GEE UL X—HURITH A #R, B 7B
RIS TREITL R ZES AR T R—RIRA,
MRS AEHEE LI EA CEEESE . .
Rah M. BaCER b m=RE) , I— ek
BB It RGT A T R S 0UE . (RS ERRAEZ N —



BE5WR 75 128

ISSN: 2705-0904(Print); 2705-0874(Online)

ERRNRIITE, HohpasEa. YU TR AR
W =4t 4t (75 CAD/CAE 526k, BRI
TER NS SHEKAEST )« P ERAL A RO F A
BT Akt B TE TS (R AR LIEES
R ), DLSAHEMEAAL RO e sd . MEA (JEF
o) Skt SRR EYEDAT (BRI R
AL o ARSEANTE RN, &/ A
TR A TSR ARIT 2k X, A SV PRI
B B THORRSERIRRIS AR O ROR PSS . iR, &/
HANTIRLZ—PLREBRIRE, BEHITAITERR, #
SORE AR REITR AT X “HJIJRE
o7 DRI, ARk 2R “EE”
BRZMA BRI RETR 25 TR LD ENAIRT ES
PMEERE, HIREARZEL, QI s IAERAMER
HEE] T L ERR S TR

LIRS SERE R SRS S, AW TR R
SCRhE” BesGUERE kR . SRR EAESHESA
YERTISEUS TR R SE IS, SRl TR R
THrRelRu TR E a7 A S

B, EROE—2AERR RS L, BN E.
& REHNIES RIS E B RERITEE” K
TRBR. HCHERT, AT RS R R R R S
®, AXEEFEH “PNPERER SEERE R B, —15
AR LS PR S BRI H 1S, A EREE AN
MIFTF/ B REE (e Hhe2e . IR Rzs)
%) . BRI R (4n SEI RS SR REE L. Btk
RkhiZesigs: ) , BRI AR (AR L,
PIARERERS R . RECRESOTHE ) e R R s .
B, TE TR R AT e TR A PR, 22
BEWLE A AT RIS IS TR R e . SR
MR RIS L, DKW TR R — B
IR, CREHENTH oA SRR R E A S AN
THETY ARSI, iR R # SETE
R, RARMVBEREREFEIPFEERSML 1
B RS XMREE S DTee s, BV A&
TRHFRIVERBAEAFIE. SRR, FERNZERTI%E
THEAGEE D IRE TIRES . EDL "Rk
1£7 ARERTFREES T, Wl T — R e S
AFTIRERYIET TS BN, ATt A NAR Ui AR
K, BT REET “RiSCRE DR BB

migkt, il REEA TERIE T AR TR
TRIETERY NSURERIPE ) . (R S/ HEE T A e 35
55—/ INB U BT DAL 25 2 >) B R A TR (L e I
T2, WEET By - 45K - MERE” ROTIURREY, KiIESEF
THEACHITF R RIS . X RN, 4 DR )
MRNIREEZ A, TRRENS S shahds 25 RHNR . B A%k
T B e TRE R BT

Hox, fFEFEREEASHE, BRI T masiih
Zafb ., BRI IR HIRREL, RS T 1545
LI H AT BATE EFFL I RTIREI B
(B A SEENE . 3D FTEINTENER: ) | Kok
MAEHRIES . F it S A2 U SR ) BRI B A (IR T 25
NGRS, 15 “— A—F. FFERE NInEe
FBRATIRE, IR T¥ENSE5E 5RGE. TE
FEEET, SR Tid7E. s, RS omuiR stk
ORI 522 a6, MRIRER TEiR. &,
BB ER LR B LR, LA R DAE4E
ZEINE N, RAIRIT IR R SNEN
X “RESCE AN AORRIRERISRRS, (AR
T H R MECEERTIY 65% —BRIRE] 100%, SLIGHA I E =
T SEE PRI AR, DFERIE&EEERREsZ
SR RRE L, HES (DR EZIEN
FERBERIRI E IR E ST S, NRETIREREFRY
SR T RSP T AR

G, FESEESHSNEER, RIEFFLKY
2RI, bRl RS RR, [EBEPTER— Al
Sy, TIZE R BB AL, BT E R
ORI RGBT, A BT F b S AR B ) A |
BRELE It 2 R A iR TR . AR 15
FAIIERGE, T T iR SR X Ry
BIE B A AL A AUIERD , Ak E A ] AR SR LAk ER
AR B TR, SCILT “HERRER T, \]
R WA Bal, AR E s EN
B o I =L o = 1| P =3 ) A E AVt oS A e b
SHBEARL, I AN T HBREEARC & I S e 2
RIREEEH, XX e m LI E T A,
BT T DU R 2 KA S0 5 4 AT B A 3 BT
FEIFRNEE . AVELRINE , AT S5 TH
REA AR REOEENS . XA L3RG T
g, SRS RS T TR E IR 2
HEEHE NPT, FE TBMAR SR

29



BS5HRE 75 12

ISSN: 2705-0904(Print); 2705-0874(Online)

WAL 2380 o
4 %G

AR = REFE - EIhE” X, @i
HNREEIN A B LIRS — MOEL - BRRARITTE, L6
TEURE T R A e e e SR B0 SRR, 26 2 RHA R A RS 77
Ao BYERE ST,

HRZOBIHET : DURHIEERE R e E AR
IEEHR IR AR AR, 1B TR 5 aimaEhd (2
BERIRA o 2OV EIR TR B IR T2 HlEs L,
FERIIE FH TS BGSFSa bR . F—2 ¥y R 2 SRR
KA, HITR AR FH A EFER.

S5 3 :

(1] i, XJZE, 5k E&% . Advances in Education

2024, 14, 657.

30

(2] g, RARPI, BMEEE . ERERIE S5HK,
2025, 14 (4), 1718.

[3] XUZhFL, SRAGRI . fifERERFE SRR, 2023,12(3),
985.

[4] FEERE, L TEFEE . 2007, 24 (3), 79.

5] FRAS, ZER, 22695 | BSHFeydik 2015,
37 (2), 28.

(6] EPh, RHEX, EH%E . Educational Theory and
Research 2024, 2 (15), 59.

HETH: Fa RS AR N ESEE T
2" TH_ETAH (2025BKJG072)

VEEEN: EEME (1994-) , 4, IWAEEA, 1l
2, PHM, WA, BFROTIA: FrEEEAE .
IRESF-HMSE .,



	虚实融合跨尺度储能体系驱动的新能源课程教学模式探

索与实践

