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Integrated research on smart energy management technology for public space buildings based on digital twin and
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[ Abstract] Large-scale public space buildings must meet specialized functional requirements while fulfilling public
service roles; consequently, their energy management faces challenges such as significant fluctuations in foot traffic, varying
energy consumption across functional zones, and complex operational safety constraints. Through a review of existing
literature and a summary of key issues, this study analyzes traditional energy management alongside the foundational
applications of digital twins and artificial intelligence. It integrates technical elements—specifically functional requirements,
data sensing, intelligent analysis, and execution authority. Guided by the objectives of prioritizing specialized functions,
adapting to public service experience requirements, and achieving precise energy consumption control, the study establishes
a closed-loop smart energy management technical framework. This framework comprises function-oriented digital modeling
and coding, comprehensive real-time sensing of operations and energy consumption, hierarchical intelligent analysis under
operational constraints, and tiered, flexible, collaborative control. A hierarchical authority mechanism is employed to balance
functional operational safety, public comfort, and energy-saving requirements. This technical framework offers a systematic
approach for transitioning large-scale public space buildings from “supply-side assurance” to “demand-side driven” energy
management, while also providing a technical foundation for subsequent case studies and parameter optimization.

[ Keywords] Large-scale public space buildings; Digital twin; Artificial intelligence; Smart energy management;

Demand-side driven

155 TP AR, 2 oRen KA RS
s CRAEFIRERGI) , REAEFRIRYE  BYENES, U NSRRI A I RS 92 2
PRFHR 2 73R LR AR W FE R AEFIEE A F I I R AT B EOR, X SR IiE

-61-


https://jer.oajrc.org/

SRET, AR, &R, RET, B

S Moy AR 5 N TR RER A 3878 A 2 S RE VR SR BEEOR SR T 7t

WEER K. AL TIHAIRHE RS, BT REREAHXT
e LhNE g, WA E— RSN TR, W
AT Gy PP A L E R REIRTE FE . SRR, %A
AT R B AR i R AN KB 4R 822 B T . TG
BURFIA] i A2k % 1122 51 4% (Intergovernmental Panel
on Climate Change, IPCC) ZE/SUIFALSE ARG FE H,
NETES) O T B BRARNE, Jhgg e 75 4
RENHTE RG i RIE FHEH R R, KRLA L7 A
U BEVRE 5 S — DR moRS A AN B e K.

15 B BRysBic AT 2 RS HEE R S R, FREDR: “ X ”
HARINN B 5K FE kg, 4282 hn o 15 e Fae e A .
2025 4 11 H, ESBoBnE 7p A = kAT (s e Al
IR EATEY E A, = EEAE 2030 A T SEELRK
LU L 2060 FHTSEHLR A, I R LR Pl
W, 2 el B A5 AU PR LGB 2 T ST B B, [ 6 Il T A gk A 4
ik, R0 3 g 50 O R 9 3 T R WS R ) B A A, I
REAE -5 i HFTBOE B 2 7 S XUk ™ R s 1 2 LB {140,
FHOGSEER CAEA S SO I B, |- ARAE T
EEd R R SRR SRS RS RIETIEE
SRR RIRIE S, PRI T KRR A SRS (A AR
YA B R TH R ST 00 I b S AR ) REVR
SRR, T RIS AT BERE. HESh “ XK
H AR S B E X

BT LAEC 2R AR TN TR REBOR Jy R Alt,  1hie
5ORB AL (A @ BURR YR E B R AT X, FHAE
RIS AT Re 75 SR I AT B2 T e i A AEP &g . 19 Re
TR ENIZE o WL E Jeil il SO EE 7 A%
RER L Bpan e 5 N TR Re R e SN HEIR, 78
I EER EIRG R A S A AR Dy Re 22 5« s il
Fr R AN SR S5 7 TR B S r) s B S 45 A i SR D e
oK, MR, ST RN B AR AR £ R 45 4
FRERIATERL, TERUH FiE 1T 2 FE A e I R
B BRRIR IR . W90 SOANE T B UL Bl A
e, TR T @A “ A — IR —w A — o g 1A
WiBH, FEiE 5 FARHLH AR DI RE LI R &
RETIEE SR H AR, N JE SRR S E A TR AL S e
PRALAE SE LA

2 REAHTERTERERAREMS AN
7N

IR RRTR R AL I ROR B 2R A R R, TR
Mgl E R . BTSN TR BRI E
DA P R AAE K B A S () v (R R = AN 2 AT
B o KA A L3 (B i A e i BRI LAA R H i

S AT DR R, B PR - N A eI 8722
B N SR IR B, AHOCHIE ST Ah H B — 1 & i
N e SEZARF SRR, T G AR PR A S A0S

2.1 B KANL T REFAREEEAR

18 48 KA s SL3 (A SRR U B DL S AR A
Fefilh, FEAFREICTRBOR. HlE R, TR
JEE ES T R N GETT ReE BEAE TAR . AL TR R
5K S 74 GRS 2 BUREAN, e AN
Ri7g SE CAFENIRTTRESR ) SFEK . AHRHLE W 2
AR FETTRE B AR St 58 RRURVH 2000 K00 Ilit &
REVEVH et vh LA REEAL B A BN AR ). ESERR
AT, BT A S U . AR e
TR REREARA, JFHEILHE F el a1,

SERE, &40 605 E P BRI 2 A U HA AR
il gt /3K, (HEZ PO A0 5%« E W AT
MMz ], 7E SRR | HHs b & A sh 2 4507 AT =)
PR o AR, N T e 5 POl 7 vk iZ 0 H T i i e
TR, DAME SRR A RS AT Y 1 S ST, X
BB« DHRE 3 XA 2% 0 RS L3 ] i 55, A
MREEAE FE Gt M ] g g X DL IR S ik H B Is AT IR,
T LI IR . SR o A AN A A T BT DAk AR

22 HFFABAIFRBERAESLS B ALk

Brdei: 5 N T8 e (Artificial Intelligence, Al
IEFE RO AL RS E BN R R A & . 723
= OR3P S s, BeE AR A O T e i
PRI S8 EERAEC. WNERYUHIE, Ber2rmn 1
SR 5 AR AL 2 T () L AN AE B SRS RAEDY,
N TR RET A T i) . Tl Al B sk,
HRES GG, A AR U A R Gl A R kAT
30T, ERFUIRASHLG | 3R WA 42 SR i S

B2 5N TR REHOR 1 R e 52 31 7 1 75 SR A
JRZEARZEL AL RIHESN S AL IR MAEREFI A
I FH 3 S RUR 35 S A FE W B 2R A 3R AT T R G
U, 9 A7 I 50 A% AR Vi AT A 7 2 B ) ISR
R B XA AL L 55 BB R GRS | 3hA XA

BRESEH B, R MR A e 8, Ha ik
FaSS I A A D e (S L R RE o M S
B

By AR it A AT I W 2 20 tHALE IS R
SEUR N SEAR SHCT R PR SR, AR BN BT
BOARM S NAE 21 28 WHZEP K. FHINH] L 2
T YR A AU A RE 07 B, S XA A2 HL
BEFTBONAT BRI 16T, S MBI A3E 2 (R 3, 91



SREET, ZiRAR, i, RET, Ryl

R R E S N TR RN A0 R SRR S BEHOR SR 7t

TABARE L AR TR BT 2 (] R IA AR B

NJE SEIEAT IR WA B8 1A B

SR AR A3t
IRFEEEEEEA

LAERS Mt EE a0

Il "SR EEIm. BLEMER" AS@

o e = = = = = = = = = = = = = = = = =

- (-8 =& =gestEEa ) }
I ™
! %Z g v SHTEEEE TR | |
B8R s | 8 ([ ATst LS ) am, | FRUETESRE
. BE » i > ¥ . .
BB = EOEmEEE |
. 4 ( piremEwmEe, BEEEER | ERBEANR !
1

i
| ¥ :
" ([ sEvEmmeesHEms ,

HEBERR. AITRRS. SifE. BREH
Bl 1 fRgARQHTEREEERARIZE

HEN 2010 SEX)G, Tolk 4.0, FReHliE S8
(Internet of Things, [oT) HARKE, fFiEiT5dHaeM
FREREE, HUT 2R R m Fut B i A B B A s [ i 52
L HAVRES R, R RUERA @R 07 B A A
PR AR B AR, FE KB AIL A, ToT 1548
T HiE R4 (Building Automation System, BAS)
TR EEAR L RERE . = N IAER L AR AR 23 (R4 FH 254
W, AFHCTF AR Bl SR IB TR 8T .

2018 fFRIJEZE 2020 SFARHT, 5G. =it HAMIEK
WAL SO 1 — 20 i, B2 AL IR R H L R
SR R =R A RIS 4E M BRI E HL, BT E
R 2 R . i Bt il & DL A R G RE I F L
BEEPEN O, fE R A i 3, BRIl S, &
HKS 2B BT B R R B E I R &G — %
NFRE AT 3 Al . 2023 SRR, AN TR R
AR R ik — P HEsh B 2r A 1 Tl . AR Ak AN
SRR DY, HiliE R G I AH S 78 T IR R
WAL T RAERNA 2 B it a0, X —k ke
RIS AR AL ThRE . ARETIEES
REVRE R SR OB BoR 2% 1, (H S BR R A7
SRR AR SRS TIA AR

23 RFFAHATRRAKRENLE 0 EH
a9 )2 B AR 5 B AL

2R AR A RLE I R EGAR L OB Y
DA TR AR EEE, FX A a5
PEHEAT A A AL, DU R HERA 1) SR 7
B N TR R T SRR B Bl ot 1ol

-63-

MFEER S SAE AR, A AR HoR SR
W FeAl s AR BB EAT i 5204, A A e
SRR SLORIRR R DLSCHHE B R L B TS
HE TP, TE ToT H NFNSER Bds EAR RS 1,
RG] 8 g 55 B4 (Building Information
Modeling, BIM) idsg &5 K &(E 5, FIH T ILE
BATEAE, N TR BT 5 RO A 7 A A R SRS
Fro SRR EM, BIM. IoT 5 A T8t O RN
2R ) AT R RR 2,

BT, 725 N TR RS SR REER
ROELENY . TE AT AR AL 7 [ 2 555 3 = T
JENFHIRZ, NREIRE PR AL 7 n] i S 0RO % .
Li 5 B S AHLI R Aeia & b0 dti, g 7R L
FUAMERAAEAR LIRS . BITAH SRR S
BhRSE 71524, Williady S5 THUIAE LRI R
SO, T HOIIR B R I R 95 E 3 A E A
FRIERS),  RAE RIS 720 A F T 2 (R 45 4 4 A i
W, DSOS BT BE s AT 4E9 R0,
EMSsE BIM. GIS 52 A S HORM @i+ A
HISATERM NS REE RS, HTNATIEICE . T
R ERA RN FRPE R BT, X UERF LR, BoraRd
HANTHEGCHEAN LT AZBTERNZ T, H
@SR EH N RGEMETIART . LLEWANH,
— 71, AEThRE XL 5is T 2R Z R i, 4
— PR SRS AE AR BURE A DI RE AT RE R R T
I, MAEE. 20 B RERE R AT 2 BE AN [ R 4t
H, B RGO S AL R RE T s eAh, BLA



SREET, ZiRAR, i, RET, Ryl

TR NTREEEN A

A

(i) 7 S RE R A BB R 7T

o7 A2 SR b M o« RS M B TR
MSEIR IR R BERIE ) BIBE A AT A PPN 1) S AR
LT AN o KT 2% i) SR A M 75 EEAE W T
LR A b SR ZUR IS G, 04T HAR S IHEALR
NG EEREIRE A E BEROR IR 2R R I SR ALK AR

3 BFFES AT E MM KRR 2 H = ERER
BENEERRELZ

EEXTDIRE Sy X SR ZE . B8 R B SRR 2 LA
Lo AR RO AN S L, KB A S 2s [a)
U REVER AL S BN RE R SR ) k) s Bt
DEFFEIGE R — TR RBIFEHTr 30 ERERE
56 B R AN F D RE X IR AL A 2K, KR 48 L A
RIS R RE M a8 7 RO S SR ) e e or
Hig4T 24, IR IR F SR ) BT & AN BRI
Fo 5 LRI, B 2 A O AT T AR I AR R
ik, ANTF X I REYR 75 3R 7 R IB AT NS A 2 2
TIXEEHFAE, T AR AL D REDR S « B 55 1A B0 I .
BEFEARERTE " OF B b, K@i, Sem K, 73R
WA 5 73 GO SUONESE AR, T R ) R R 4 36
2 A SR e R AL E B BRI . N 2.

AEAHTALEFE S EERABEE

ZHARBL BURS AR AR T AR -l
SRR AT RE TR RN R He AL B A |
SERP B AR L B ATZIRR 2 R e R RN PR A R
PUASAH AT REMIBATT . WOk, BIM @B, 52
AN TR PSR N [ ol sl 0 A A T 1 et
AT TREBCRBR ST K, TR RERE
FRAETR L R B RS B AT (R I 5 . To T JE Y 245
VIR MR IR 2, DL RERE. IB4TIR
BMAILMRS X NS E, S b
S FLIG . BB TUAREL S, RS JECH R =
AIE TSR P B RGP EE 1 % Tk fii4E 4, JF
W PATROR A0 IR B R 2R AR R 5T Al v AU
W5 U R GUR S L TRl RE SR IR L A I O R
FRM R, HIRZ AR E RO, BTN SR
LR o W ER B A IR PIAT 45 SRk 8 R I A e A Y,
FAB IEA R SRR % TR0 o FH Uk, AR $R 4L 2 ) R
VU, R R D 268 70 SR B, 43 2 AR ERTE RO A A
W, J vt R P R B, o RV AR IR
TR AFEAL L FRBURE AT BE . A AETIE R T R RE
i 2R

_________________________________________

[ 1
1 -
BN, BIM BSEIRE, BREMEE. HETE - i
g ' UmmmE. TEERARA + st GREABEREIESL :
1
1+ |
b T —=l L |
(=} y ERRERT SR BIEEEEEREE D om
N - Ed
_________________________________________ z
vﬁsm&smﬁwz %
__________________________________________ 'i
AY
e R, HES L HEERTRERE ARBERBEA |
skAcTBAE = (ugmiaEr G FHESEGHRS P RESHDHSE |
E ] et LSRR g |
1
ﬁ |
1
i3 I
1
#
]
&
B
]

TR A HE
RS

FER BT

- EER ’{

‘ EXBEREIDR ’ [

RREEAULNEGE TAHSES, !
HFEEEREE R ER

SIFBIEREER. ENREE

TEARMEE
SRS HBIERREARBHR ’ ey

IR ,

FRCTEEMSE. BRSSIFINIEHE. SEIbIEERE

2 RBAHTERERE B EERARBELE

- 64 -



SRET, AR, &R, RET, B

S Moy AR 5 N TR RER A 3878 A 2 S RE VR SR BEEOR SR T 7t

3.1 it F@F R L %5

D 3 m) B H0C 7 A AR G i - A o 4 5 20 2 3
JURTERS, T2 fE S D Re Al R U8 PR 2R — IR
B, AR BIM 5ReIRE S BIELSS, XK
ORI AR WA #UT RIS SEAN R 1
Resr XIF o IR e, B S X2 T S5 B A
AL, ST AR S R | REVR Bt AN FH 3 5 TR ) S K

BRSO BIML SO E A TR SR
SRR X T RAI P EE | R KR T A N R B
SR FH BRARFAE ) DX 8, m) R A SO R SRR A R
Iy IERRIESE KR B B MRS 22 s T

AR LR A BRI B 2, U X R
T A ) B B R A 4 o [, 4R

P TKHLALS Badp s 57 Ry 70 T2 IR A R A5 e MR 1R
AT =Y, IR AR AE L B4 1, DU S 4%
ANBGRIERL Thag X Ia 4T ZR DAL RIS 5 A8 1 I 5
Ao XL T AR, W R REVR A B 7R A Ak
Iy B 2 T 5 Ky TR P DR 3 B A

FEMEERL I, AN TR g R B 51847
PACKENR IR, X | bR A BERESE bR 04T 2071
o xF CHLRERIE) (CQIEHUTTRESR GBI « AR
BERRHEA “ 005K ™ fl s ZOREAT RS, Wl BOR A R
Tobs AR TR AL PR . TR R 2
TR o AN R T B DX AR P Je A28 D 3t — 20 st 1N B
B R R L DX TR R A MU KR S5 58 S R
18, FFH2 D) Re X SRAUFIE F I BEOr SRR, T 38 SR
MG —ZHBEIA R 2 0] BORH 15 ge - AT g
X Sz KRIR Gt Ja T B P, 5 5 S A BN
BE I T, VBB T LAt

3.2 BT BRI L BRSEH B

STRET R S5, T 2@ R
SRR 265, A0 e 5755 JE SR K B DX ST iy RE AR e 26
FAXS L, F [R5 SR AR et « SRAR e m] 73 it
ARG B IX I 0 243 . D RE DX A i L A 3%
DX U5 RERE 2 o =28, PRSI IRES . N s
ZHMBEVSIH FERHE, TR LW B TR

SR AR A 5 B e IR R 2 B K R 45
GERE MR 7R THOAR R B 6 AL 55 S5 r AT e 4 A IRz
PRI TR AR S AR 7 S 0 A T s, $2 1 5 Jo BT R
SRR YRBN « IR AL K e i AR 5D
HbR BN RATE ] e T EE Z BB R B S
T o TR L ARG R AP 5 AR R L I A R
SEEE, HT W AR AR 2 S & 9 G5 g

el IR

-65-

FEMIEZIR, 0% PR T 15 A X7 ) b Ao -

e DX IR 0 = B S T P A X E
LN ARG 2 AT BRI . CO, RS A%
SRS, AR T RE TR KA FoGHE I, F2 ] s A vcid
KBRS H,  DAEAR N 0185 AR DX ) FAET & BE A=
RS, K ThAEIX [F I L BT AR T R,
I GE T2 VAR it R RE X #5162 TURE FEL R, DA
X 4% FH X e 6 AN A JE X I it

WP RRIR 5 NI B A A 1 AR . KRR Y
N 88N GLE B IX 38 A BN 1008 5 2 B B N R 5
0 SR R I 2 JAUAT AN ] I B ) 2 A U AL s 6 W 3BT XL
43 DX B A4 PR R o 22 256 4 U e R 5 #viE i)
KEES DNRE X 4% IS AT D)3 E K, ot A
Tits FAMIRE IXIREAEZ 8] 1) ¢ R AL L2t

BN 2 v T AR X D N B ARk
Fao AN EE & X s e gus AT s G
A REFE(S R, LB st i WA TR 5 A5
ZHGE RS, I IRBDIRAS | B REFE AR A2 1L
BT AR . 2R AR MR Sk M % 2 4728
AR R B B & S BE F [A] I SRR AS e %
FEH 25 () A0 S . B8 4y R AL 4l n {818 47 )
Bofs B0 T — Mg i S gt N AR BRI, O JE S R
G [A] o 3X — R AT Y0 N TS i i fa ,
RE A T 4R AL e B 11 His B Al

3.3 BATART 5 B AT 4|

SRITE I R TR A SH 7 [ S 5 o 18 4% 1) I3 ) SR
T FC R FH 2 Ui 320 2 vty FH 28 ity B [ T H S0 o S IX 3k
1) JRUGE Ak AT 55 ¥R B AR 25 )2, LAAR R B B [ 5 5 [X
WREAESE . A (i HEIRAS 70 A A A7 Amr PN Eh 2 i A
RUALEE . HEAS o A7 Ik R DA 5 A R 0 R H ) R AN
ZHAERNLIR . X PP T IR 3 v AT 55 70 Bl
BN Z G, 0 A2 AR ECH o 250 XU A P8 A e Kb 3
P8 o F7EPOE AN E I REE LGN R, WKk A
PEREFE LU BRI W A AT 5528 i i Ab 3, 2 )
BT R AN TR AT, AT ek Hie a4 A 5 4R v
AbFE AT BRIE ) S

120 %5 iy S IR A P = ST [ e I R R G AT R
BT R BARS R DRI &AL, X R R 14 8L
AT TRACER, 5Bk S (BRI TE 880 3, IR a3
BB T o AR ASIBAT S H0BE I R H RAE, BN 1%
B DX I P AR 9 T X TRTB - 3 i P/ Tl A RR Py
NIE SR IR RTE 4, B T R LA XA R A
BB AR S 1 7, DAYRN A B R SR B R A Ak BT I



SRET, AR, &R, RET, B

S Moy AR 5 N TR RER A 3878 A 2 S RE VR SR BEEOR SR T 7t

A AIBAT I o P B i 55 2 X sl H 432 BT
(5 WISEAZ AR N Ao Jm s RS {75 2 A I P 3R
R FD Ry 2R EAR Y, 30 SR SR i) 7 [X B
Fe R I REAE RIS A% 22 v, T )5 825 XA

2 AR R REA S AT 3 2 Ak 2 X3

K FREIR LR . ot ERICESEE DR X BN
WL 0 TRAGERERS 78, PTARYE 55 75 Kk H
KAEWHCIZMNG (LSTM)  BHRMZLNYZ (CNN) |
IRFEFZ N ZE (DNN) SR FE S IR e i . 4%
T AR LIS AT R A N RT3, R M B A ET i fE LR &
REFEFEH

TR ReFE R i &35 i J7 T, TR CNN 42
W B AT RASHRHE, FIH LSTM Z0#r fifar . i
ARSI P ARk, 478 TR A1) 15 2% 5 JXU G A e FE 7
W, AT 5B RIS, BRI
T B o

FE 53 X REVR T SR ANAS T 7, wI 45624 H& R
FIS RPN TIRE X I AT R 2R, Zr i BT 4% X
A R BRI & & B AT X H], TEA R iE
ITSHRE T T D T e

1522 75 S A1 AR 7 THD, b0 0 0 e Ve AR vl
B IE R B R R Y S, AT N AR AR A A
B2 B A WIEITR, IHERFIR AR L
F T RATRe RIS HUE . REFEKTF R A ARET
TEE . RGUER SR RERER VBRI T RHfEi% &
Bz E O, ERNREEHBERENS%.

3.4 DR FEWDBEIAE

R RE /AT S, WL R G H R B AR
HEBDUR RN T2 B 2 B = R, s
PR %143 F SRR o« K% O AL AN EE T (X 4%
RS R RVF RS EAT KR AR, MRS
BYEN NG IAT o & B L FEFE R AR, IR
B AR AR TA . N TR RE T St P 4
TIAIBAT RO R Wt DA % AR FE AT 2 4

XFFASLERIE . RO R R X R R 42 R SRR
W 3e FH X33, 58 405 R AE R ] PR T R B S B S XL
AR IR o 0T AR A% O T RE X i I A ],
RGP R R 2, /b 2 3 X3 B B R R
o B[R R o (R A AR T AR A B [ B
R, DA N REREAR AL .

FEREHRT, MR~ S HEEE R,
S ISR RERE . 5 IALTE SN ] Py S 16 i S 15 L
RGOSR E SR AR IRIA . Ak 4% 7 2 5 UHRUR

-66-

KIEEEREIZE L, Il B AR AT T R
. TAENRES RS0 T HEE R S bria
TR, HERE R TikiE4.

Ol BB EM R RET S —REREX
R T S UE T L MOGIRE R N T .
D Efs HA B AT I B SR EEOR IR L R B2 FAR
i NI B 25 T 2, FR G0 R SR R s A % ik
PIRITE, HigE 5iage N p14s & s 1 SRS & o
AE DA A AR DLREAT BT 7 RN TR, BL A4 e
PAT B o SE AR o, 27 2R AR AR R SRR AR 5C X
BRSNS, A ESERTRERS
X (8], HAC R AR HCRIC B RIR P, k5 4k
SrpT RIS S AR B A

EIRTORE 2 th Th e 3 B AL S A dB
1T 5 REFE ARSI IR L B ATZR T 702 B REWTH 23
GNP F) 2 DA FR AT DU IR IR IR AT B, IF
i edf B B P, D R B < it ) P
[] “ F5 RMBER 7 AR PR TEREMIHARMEL . AL i
R PR E 2R St RE 5 IR IR SRR, JR R 19X 28% R E W]
RIS AR VS, B BRI S STRE R IR LT %
I AP B A A R AT A T T . DUANIATY
RAERFHEE SO TSR B, A RAEAHISgI
1T 2 AR HTHE T SEBUR R A 3825 (8] 2 A 40 AL 7% g
EHL

4 FRERE

KNSR FRR Z R MBITAHR, ZRf
IRET S RAN A SR 55 HRRE, HREIRE BEA eI LLFEA
REFEDN H b, I TR EAEIGAT % s . AMEFIEIL 5T RERE
W BB AR R . BV By (R S+
BB PRI B A ], (EAE Th e XIS
15 28 G R ORI L B M2 A B BRAT B8 P T2 5 T 475
FAAEANE, [ T8 32 47 SRSt 0 DA K% R o %7 237 15 72 1]
il AR IR AL

BT OCERAT AN [ gl BT T B AR
5N TR RE 3[R SRR 0 75 SR 0 9K 3 7R e R 4 2
BORBREL o 12 2 ABCT 2R AR AR S 02 1) e
ASAT RN, LA P EER I SRR i (3t St Sl ,
PN Ul ST RIS RS (AH R AY N RS Vi R IS4
AT, TE R AR — IR — R ) — 23 G Az " IR PR
5 A REAE I B St — BB HIA R, BORBREOR
REIX Z2 5 MIs AT M I N EPERUR R 7, 83 R4
EESECNE - EL NS S I N R S: SR Sy W
R AL TIRELI A 23 AR P 5 SR AT fE H b 0% 72 7]



SRET, AR, &R, RET, B

A

S Moy AR 5 N TR RER A 3878 A 2 S RE VR SR BEEOR SR T 7t

—HER NG BEEE.

MEAZITE, LB RE A TE DA REFEHE I A
A AERG AL E B 7 G N5 T AN A2, I A] AR i
U ThRESSTY | WRAT BE 1 R 58 < 26 1 R St v
XA FIBE R 26 R AR R A S A SRR — @ 1 P
WEFEILIT B B B e R B 2 b i, 1R DA AR5
HRIEEAT HE AL T RERCR . REGUREEM A
SIS LS. SRS A G R A A
() SR e SRABRAIE , B — PR ThREIX S HURE L B
RO FE | Y P me NI TR) AN o i 5, JFLLEAN [F]is
TSN REAE S A EIRIL, USSR AME 1R T §2 Y
BORBRLL

SE K

(11 PRNRICHE E S AR R (55 B4
3 530 5) [S].2008-08-01.

[2] IPCC. Summary for Policymakers[M]//LEE H, ROMERO
J, eds. 2023:
Contribution of Working Groups I, II and III to the Sixth

Climate Change Synthesis Report.
Assessment Report of the Intergovernmental Panel on
Climate Change. Geneva: IPCC, 2023: 1-34.

3] HE&FEHEIIAZE. Gk AR E4T3[EB/OL].
(2025-11-08)[2026-07-02].
https://www.mee.gov.cn/ywgz/ydqhbh/qhbhlf/202511/t20
251108_1132414.shtml.

(4] FAWk, MM, 05, & BERBEE T AL
SE b A N AT TE—— DA N BLARAL L T 3 9 1 ).
EFUITRE(THE30), 2021, 49(3): 113-118.

[51 JTAREACHIRIEIT. |7RAE 2024 FREHYIIH SR
RIEARA[R]. T T ARE SRR T, 2025.

[6] VALIZADEH M, SHAFIE-KHAH M, PISHKAR 1, et al.
Digital twins for energy management: bridging virtual
intelligence and physical systems[J]. Applied Energy, 2026,
417: 128050.

(71 e NRIEANEE 5B, ALY TTRE 2% B1[Z]. 2008-
08-01,2017-03-01 1&17.

[8] SELVARAJ R, KUTHADI V M, BASKAR S. Smart
building energy management and monitoring system based
on artificial intelligence in smart city[J]. Sustainable
Energy Technologies and Assessments, 2023, 56: 103090.

[9] SkAERE, MRMSTK, REF. 3T A ORI Sk
FEORAP AN B B R ST AR T T[], ATV R 2o

-67-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

(k2 FEAR), 2025(1): 92-101.

RASHEED A, SAN O, KVAMSDAL T. Digital Twin:
Values, Challenges and Enablers From a Modeling
Perspective[J]. IEEE Access, 2020, 8: 21980-22012.
TOOSI A, BOTTINO A, SABOURY B, et al. A Brief
History of Al: How to Prevent Another Winter (a Critical
Review)[J]. PET Clinics, 2021, 16(4): 449-469.

gk, oRBE, TKRIR, . N AR SR AR Tl
Jo 5 e B[], ML BAIE AR 4, 2026, 32(1): 1-17.
MIHAI S, YAQOOB M, HUNG DV, et al. Digital Twins:
A Survey on Enabling Technologies, Challenges, Trends
and Future Prospects[J]. IEEE Communications Surveys &
Tutorials, 2022, 24(4): 2255-2291.

YU W, LIU G, ZHU L, et al. Digital Twin: A Literature
Review of Concepts, Technologies, and Applications[J].
IEEE Access, 2025, 13: 183075-183095.

QIU C, ZHOU 8§, LIU Z, et al. Digital Assembly
Technology Based on Augmented Reality and Digital
Twins: A Review[J]. Virtual Reality & Intelligent Hardware,
2019, 1(6): 597-610.

TAO F, ZHANG M, NEE A Y C. Digital Twin Driven
Smart Manufacturing[M]. London: Academic Press, 2019.
Wk, dRBY, BURAR, & BT EEE TN a5 R
V1. HHEHLE R IE R 4, 2020, 26(1): 1-17.

W, TRRUE, B, S5 BT AR R AR A [T].
TN G R4, 2022, 28(5): 1267-1281.

ZHOU R, CHEN D, JIA Z, et al. Digital Twin Al:
Opportunities and Challenges from Large Language
Models to World Models[EB/OL]. (2026-01-04)[2026-06-
29]. https://arxiv.org/abs/2601.01321.

MATA O, PONCE P, PEREZ C, et al. Digital twin designs
with generative Al crafting a comprehensive framework for
manufacturing Journal of Intelligent
Manufacturing, 2026, 37: 1049-1072.

THL EFEECTRY BOR 5 BB SAR )],
Aed 5 5 28T, 2026(3): 146-148.

FREEE, R R, 2R NLARAE [ bR KR AR IR R
RAEEE BB AR, JEREREZ, 2026(3): 59-65.
SEMERARO C, BIYROUTI S J A, ABDELKAREEM M

A, et al. Digital twin-driven innovation in smart and green

systems[J].

building: a structured review and research agenda[J].

International Journal of Thermofluids, 2025, 29: 101393.



KT,

ZRAE, i, REV, R S Moy AR 5 N TR RER A 3878 A 2 S RE VR SR BEEOR SR T 7t

[24]

[25]

[26]

[27]

LIY, LIUY, XIE Y. Research on the Intelligent Operations
Center of Hub Airports[C]//Proceedings of the 2024 7th
International Conference on Computer Information Science
and Artificial Intelligence. New York: ACM, 2024: 93-98.
WILLIADY A, HANDANI N D, KIM H S. Investigating
Efficiency and Innovation: An Exploratory and Predictive
Analysis of Smart Airport Systems[J]. Digital, 2024, 4(3):
599-612.

RAETR, LK. BT AR A () 4k A i A S0 B
R 5 BRER[T]. AR I K 22 2 (E AR R i), 2024,
52(3): 369-378.

PR, EE, PR, % OIRA B Sha AT 2 RN S

-68-

R AL I]. NRAZE, 2024(14): 92-94,

[28] ZHANG J, CHAN C C,KWOK H H, CHENG J C P. Multi-
indicator Adaptive HVAC Control System for Low-energy
Indoor Air Quality Management of Heritage Building
Preservation[J]. Building and Environment, 2023, 246:
110910.

RRBUERE: ©2026 15 # 5 FFBERBUHTFIRF 72 4 0 (OATRC) i
o AXBEHIRMIRILEBELFAI &R AR,

https://creativecommons.org/licenses/by/4.0/

© O _JorN AccEss



https://creativecommons.org/licenses/by/4.0/

	1 引言
	2 大型公共空间建筑能源管理研究基础与技术现状
	2.1 传统大型公共空间建筑能源管理技术
	2.2 数字孪生与人工智能技术发展与应用基础
	2.3 数字孪生与人工智能在大型公共空间建筑中的应用现状与问题

	3 数字孪生与人工智能赋能的大型公共空间能源智慧化管理技术路线
	3.1 功能导向数字化建模与编码
	3.2 运行与能耗全域实时感知
	3.3 运行约束下分层智能研判
	3.4 分级柔性协同调控

	4 结论与展望

