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BUAL), [FIFIEA 8 it . 28 KA FEL A AR FERR RO, Sl G52t L BRI Bdlarho o HBRSE:
B AT, ERARYR R G RE AL — AR AE A AN SO R Y5 AR 7 M A B & OIS L, a4 T Uk
AEAEL . N RAARENEAE S, LIRSS B REE IR AU a) 5 0, AR AR, # A A
AP AR 22 P REVR A TR i BB 22 REAE BE & (IS AT, W 2 35 N 03 8718 75 R I I 25 PRI R s T AE AN AT
BA. EHIREIE R AU TR 2 32 NN AT N METE TR . RS R W E R, ., #. %, A
A Z R REUR A PUH B &, MR T SRR M 2 AL REVR AL 75 R G, DR A SR B R G AR e AL
T, BT SR RE VR R G 7R W ROk O E

AR, BP0t F IR RS T A AL, & B RN =E 1R TR, HEls 7
FMURHE TR, FART &, w5 N F LK.

B, BTV RN EARRIE R AL, HET77EFZ DL EnergyPlus ) TRNSYS Pl &8 51 g FEAH
VKA 0T BAR P, JF&s-& i 5s R A EERAL 21T 5K0E. SCHR (6] £/ EnergyPlus 17 H#K
FEEARA, LIUE R RS2 1T  PRIUE N A EFd; SCHR [7) FIFH TRNSYS B0 d 3 gere 5 4% 5t
HEAT PPk AR, At S 2R 30 R FH 3 A0 550 2 S e AR AR UL B AR i th a5 2 o e B, 2 HARAR
A OV BRIz ] 101, R AR M R G AL S ARIR R G0 2 Pl AR R AN REAFE L & RIS 1T 3R
WS, VAT, MR EE B AT I 07 BN\ S B0 DAER R, 07 T SR B R R SRR, 1
D7 B AT ME UL B A N ] T s A i AR, = 05 AU AR R PR, SBULSR I RAERE L . 2K
B SN A 7 THDME DL A2 SEBR LA R K.

5 R R EA TG R RRIE R A EVE— RPN, MRS A ELFNE B £
FE, Bt gt 7 & @R IE R AT, b, SR [12] E07 TR G BB A, JE T (L 55 i 2k,
AL T L REVR RS T i B R & IS AT RS, SEILEE L R G 5 M I S RO B, $ie T ARRE & Rk, S
MR [13]) AL T AR U AERE . A REAT REFE I [ OLAUAR Y, SRARAS B RS RIS AT SRS STk [14] 1]
BRI TR 705, FRAR T @R GISAT A, AN s 7 N A EraEte. S/, fESEhrd AR 4, Ui
S KIS, A b AU A B T I 4% SR 5 SR . TR Rt s S5 P ik, DA v s8R .

B =, ARG B AT AR RRYR . ORI oA A B A RR YR TG R 5] AN I
KR, Bt Fad G XOTIEAFAE R ERIE, V2 F2 IRAWTIT 1 @R AEYE R 470 A 2N, STk [16]
S TR0 R v B o A AR AR, ok 7 HERRULEC IR R SCR [17] 4R TR T 2 R AR IR
WA AR TT %, S T RGUEEAR AR AL BEXS 0 A ANRRUR RGN &, 5 Ae & 5 | 145 Sl 5 HL ]
e EH B SR (18] H FAFIRBN A TV T AT N 25 40 B, AT 208 5 7 v, Sk [19]) X IEAE T AR
(1) A0 e T R IE, B ER 1 T ER o0 An SNARAL T VR I B i 1tk STk [20] 4 HH — it 28 G428 ) A4 36 T
2, BN oA 2R R RS AR A i ], TRE R faEistr. Bk oA TR — €
FREE B ik 7 & KO VEME AR A R 5 BT S R s A 2, B9 E SRR R RS A=
MIRe B85 2 R 2RI, O 20 A X7V DURIEPROE WSk, IR HE B N A T TR PR R 4.

Bl & B A N A BRI R, (5 B EERLA R4t (cyber-physical system, CPS) N
A FLREIE RGAE T O RIOCAR L T G IR S, CPS SCRF R RIS BIRZERC HL I 43Tl 4
WA AT AR DARERX IR FL) S5 28 AL RE IR 2R G A R AU AN (Fy) . BB AR 5 SR i
XA BN FIAE B, SR Re IR Tk U, LR Y FR A BON T RE. (5 B AL & R T 2K R
GUERACTTRE, thdn, STk [22) B TETEE - WE - GelE - 25 RAEMIY TR, fR T 2 e
WIS S0 R, SRk (23] 3R T AN ET CPS BIREYR R Ge oA 2B AN S s AR A TR 2 )
28 SEIAT R oA TR SR SCHR [24] AN CPS HUAFESEH T REVs LRI 1) 2 R AR AR G4, I ARG |
E VRS 4 AN D7 AT T REUE ELIEC R R K RE R K, SCHER [25] $R T —ANE T CPS Ry

518



HEB FEREE B 3% 3

PR RGN ACKERL, S b T K E W5 R AT w0k, IR T K E M Sk, B8 Bk
QBT L QUG T R R, ERE M ELREIE RS v A R AR 2 R RETE A 5 A
HEFAL BB R SR IR WO RO A2 ], X3 BUE P2 AL BEIR AR G0 A& A5 mAR X
ARRIAE S, WIRAE R AL R GUREAR 1 RLHE.

EEFUREVR R G0 T BN BRGS0, MECLR ARV AN 5, M AL REIR . A0
MBEFEBRREEE R, BT &P R 0 R A DU IR T 5 = 2 PRk AL, S8 T 5 2 A2 T
ANEEF R ZRTERRA; B, T @R AR ST BA RN S G . 2R R8N LA B BT 5
ERZIR, T i 73 A7 AT TR DRAES S, ME LB N . BRI, B B3 i A, 340 2 i [FT P
N TR AR R AT AL R I R EEE N (1) s RV SRR RS AL P IE
AR AL 715 B A Qi SR A B G5 A B, 0915 B R G B R SRR BE Rl B0 1 J: Ak (26],
Tz SN L SR B AN A A, TRt B SR TR SEBLR S 2
AHURER 5, KR BRARIE 5 SRR KA 4 /s BB (2) = RN D2 Fa IR R et &
P FEIRAL R At 1 Sk B 7). BT A B FIAU, TSR O iR LT 2> A U AL, T DU
PIC oo AT S TT 20 DA v R AL B3 4 Jmy L) SRR AL, [ 32 2 W [RDATL ) T B ) A4 T 54
Mz & H T SERE LS, Bz O AIE R L LS S, B R ACE B, 12T
THEANBERCR, R, 12 mR g BRI KT 28],

BIME R ERL G RGN = DRIV DY @ SUREIR F Gt 70 AT SO SRt 1 BRI S5 Hy 5%, (HSE

DU RS O R ARAL S T IR 4n R B 26—, EINAEIR AR ST BEUR L A7 AN REAE v A 20 1, HL 3 80 A g
FIFIREBC & 24, (1925 Pl 2 HOVEERA (5 S E LSS 4 eI SR A 35—, @HRIH ARG T, ENWAREIE

AT RTER, . e % AEEZPIRRIRAN UM BHEAR ELAS S, [F) I i BE 1o IOAFAE, 49 Rt
B AL (8] RER &, W@ SRR IR R h 2 RER SRR, KB REFE AL AN 52 T ARG 4L 4t

R, D AE R 5=, LA PR S EERHREIR R S, JUH R KB EH R R S
s DURI AR b s SoR M, DRI (el Rz (5 B B & R 450 5 R RSB R G AR

BE2M, X T R GUEBEAN A A SFE R B A AL it JC v 2

BEXS BB, AR 7S TAE: B, ACMEBWERL G MR, @ 7 - E
ORI R G 2R REI S AF A REAE A M VIR 270 R, R R, iR 2T R 2
T E AL S R H AR s B BOTHIEE AR, F3A &7 A RS SR RE RIS TG &R W [R5 A
TR, AT A SR RE IR R 8 P 2 A BRI B AR G B (0 2 RS S AR L 4 T ] R e
BT FEARGMAEE ARSI RS, Frifi s - mERM B ARG, it TR TR
PR RS AN B (0 — AR AL S5 4, W] SCEEA = W RV 52K, JE S 14 R R AR e, Hk, A
P AL — R R B A, SR B 7 T IR e AR T 10 3L A5 B AT AR AL TR st T
BT R FR B A RGEARA T E, KL T & w0 A7 SN RO e 3, JFHIER T 5 i i il
Stk e, ASCUASERREFIREIR R GUIsAT Bt vk at, A 6 FhAS R U PR e T AE IR 28 e BB i
S, Bk TR RE. AUE S R A AT R T IE ML T AT, AR E R A S
PERERI I IN, AB R i e SR R 18] (ZE MU A S 0l b, T gt 90% AOTHRS ), H A
U B A PEREAN) A ) SIE PR T RE L P R

ASCHAE 7 ZHER: 55 2 WA TR I EAA R A A - R 3 WA T
E R TN, HFER T AR oA AOSARICA SR S s 28 4 TR IT S IER T T 6 R EE
M B, FEd BAE A R U] T IR TERE; 28 5 WXTASCEHAT T R4S
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2 [e)ERfIL SEE

AR RE IR R A AL W R R L Il 1 R, B8 RGN Z R R & 2 IR A
FIREWEA B M AL MIRE &, 7EE & K AN Bl BRI, 723 2 HL P #SR AT T, DA/ IME &R
GSAT AN BAR, R BE . f#. FEITRGEREC T, SCHILH R AT RIS AL, ASCULR
G RAER fERE . REFEA VT R, DLW R Z M RE R 5 B AC NI, MMM G = (V, E),
bV 2RGAFTAE T RIIES V = {v1,v0, ..., on ), GFEECEMT 8 BRI A G HT AL 51
BT RS B REHTY AMAANES ECV x V, BFFHEERL T, ¥ (A BXEAMEEZE

T AP R A B _ES PATE RE B MR RO AR R AR AL, DR S DU i A
KOG HRGRR, KT P AR AR, ASCET AR R AR, KR TR AR RS
PRI AR LS . VB FIE BN 4% = 2454, BT N 53 R SRORER R, AN [ 0 2% ) A FLOGIE 5
e, BRI ERANE 1. K=MK RIPBRI R, A SCE CEIAET /L (1) J5IREET A
(R) TREFTN A b5 BARE G (2) BB AT A (HVAC) SIS A MR B, LA A
VKPR AR (3) BEHMT AL (PG) HREHIREIR R 40 5 M [ R L RE S A (4) PABARTS
w(PV) N, AR ARG AT REA & (T AR (5) RAR IS YA A IE™ 45 53 (CCHP), N
FEFTRNIN BER L RERTVA & (6) il BT AL (SE) HIE HIALAE; (7) v (ST) BAB UK s Bl
BB RIBERL. S5 45, B3 R 2 B 5 1) 7 m P e REE e — A 1, — N SEE 2541 5
A AE & 7RG R HNER S BAg; 51— s oG B, TR A R SR ICREE 2% 1
). ARHE =ML PR NG R, A SCE =360 BRI W BRI, 72 RER R . WEANE
BAESAT R A OGRSt 17 8 H A3 2 S BUR b R AR I I 15 B = A 29 ]
R, ASCENE R - AR SEEE R UL 1) BRI 7 D A AR R L e, o R AR R ) e T A
“AGHTRD, ZIE T RSN R 2 R RE R S SRR, JHRIEY R AR T, Ak B s v f/
T RS AT A, BLAE T R IR BE RV AR AN 5 HLA % IR A BE RS TR ; I R Y IS ST A il
ROBERS b, Z0E 75 AR RS . AR DURE BRIAC IS RE, fRIE T SR RE R T S (5 B 2 a5
H. UL EMSRREET B RIE T RS R OE T, N IR BAR R AT VR 4.

2.1 TaER
2.1.1 BCEMTE

Pic FEL P4 A2 S SR RER AR ) L BRI, R AR AN RIS B (1 LA 5 DA 75 SR R A FURE IR A%
GrSHC HL M e [ P REAC L AR, 1% R AL B AR AL TR I K, AR (1 HL RE A AT S
FOMIETT IR B R B 58 EL AR /). RV, R I 5 75 830 2 E SIS AT 20 R LA R TR A g
BASHAHR. BT

K
min Z (C’ge{g - Cfes + )";v,pgeggepv + )‘SC,pgelpcgesc - )\’;g,scwpgﬁscef)gﬁsc
k=1 (1)
+>‘]C€chp,pge]]§g<—cchp - )\gg,Rng‘*Regg%R - A’;g,hvacwpg‘)hvaceggﬁhvac)a
0<el <EF-2F 0<el <EF.2F 2F 42k <, (2)
el]; + eggepv + eggecchp + e§g<—se = ef + egg—mvac + egg—>R + egg—mev (3)
0< e§g<—se <LC- z§g<—se7 0< e];g—me < LC- zgg—me’ Z];g<—se + Z];g—me <L (4)
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Figure 1 Coupling graph network of multi-energy flow and information flow of a building

Fob, 1 R I BRI . R A o CARIL 155, pv f m%ywﬁa 1, se ARZEREHIH A, cchp 1
AR, R ARSI, ivae RETEEWL o, b 5503 1 BRI 1
SEHL R b, ek AR b I ELSEL SR ML %%H?’a b BB AR T m AR 4 A
(e AR, BE, B /MBI | IHER A Suib il of, o6, 2k oE Ok B
1 5 PR RS it P 5 ) LS LAY 0-1 R R, I 1 BB AETE ARSI, AR 0; ek ek
SV b B m 4 AR SRS E R LO AR IR R (2) SRR
f e R E R IRAHOR ST R AU, 2 (3) A1 AR T, R (4) NHL R, (L
e A R LORRU P AT, B0 55 4 7E ) — I B RS A AR

2.1.2 FRBE

FEARTT RO K FEAR S F Ak o HL R, IR AEIR R 5 IZIKI%FE PR Is AT AL B i), By DA
AN AR B3R B AR 301 Zliiqjﬁ:%ﬁﬁﬂ@aﬁﬁ(&% TR S HAHE Y SRR
HRAS, BRI

E k k k k k
min pv pngVﬁpgepVHpg - )‘pv,sewPVHseepv—)se - )\pV,RwPVHRepV*}R
k
)‘pv hvac wPVHhVaCepvﬁhvac) (5)
_ Lk k k k
Ppy " T = €py—sse + €pv—rhvac + CovoR + Cpv—pg? (6)

Horr, ph, Ak I BOGIRAT R IR, 7 ?‘jlﬁﬁi{tﬁ? JGARTY AR T LT A R U Y ORI
(RS s Bt H, B I e L R RSt PRI, T R RE R PR X (6) Fid

2.1.3 AHEEKATR
AP SR KRR A AEAA . e, S HEAS . E T ASCUIE BT
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TR TR VR R SR RENR 2R g8 o0 A UL AG B R Al

REVEIRAL B, A5 PRV IR HLAL = L P . FLAUAL H AR B T FE R AR U A o
MY R 8] O RE R A ELRRAS, AR A T

K
. kysk k k k k k k
min E (CnVng - Acchp,pngChpquecchpﬁpg - /\cchp,sewCCllpﬁseecchp—me - Acchp,RwCChpﬁRecchp—ﬂ{
k=1

k k k k k k

- )‘cchp,hvacwCChP*hVECecchp%hvac - :u’cchp,RfCChP*chchpaR - Mcchp,sifcchp—>Siqcchp—>si)7 (7)

1, 2k >0

k k kK — _k ’ e ’
Zc'ﬁgxcgzc'xm e = k (8)

0, 27 =0,

k _ k k _ k k k _ k k
pcchp_PC'xmqcchp_(a'xc+b"zc)7—7 ‘/rlg_(c'mc+d'zc)7-5 (9)
k _ k k k k k _ k k

pcchp T = ecchpﬂpg + ecchp%hvac + 6cchp~>R + ecchp%se? qcchp - qcchp%si + qcchp%Pﬁ (10)

b, b Ok BRI A ViE O k I BOEFERIR TR, pk, A frn 23RN kI BGS EH m
T AR A n T RUIAE BRI oF T k B BNV AT 265 e, To A0 SIARRALAFFHLI B/
A K AT 25 28 ARERIFRHUIRZS I 0-1 tREEACE, B 1 ACRHLALTHL, SIWE 05 ply, s ¢bp 7091
N kI BRI R S H1A 8 P ANLALEUE I, a, b, ¢, d ASHENRMRNPLASEL, wl4h
B SEBRE AT HE 2G5 3 B Fhx st AR R X (1) AR B R, X (8) AN
R LM RALIR, 20 (9) JvheEH L3RRI FEZIR, 30 (10) 95 s T2 .

2.1.4 fEHEDPE

il LYY O L PR (Y TS OB SE TR St R RE (A il AL, 21 R RIS AT AR O LT AE RSO I
2 P R 75 i SSURE A AN S5 AR E Y IR B B A LA BRSSOy

K
: § : k k k k k k k
min (Cb - )‘sc,RwSC*)RescﬁR - )‘sc,hvachCHhvaCesc%hvac+)‘pg,scesc<—pg
k=1

- )‘gc,pgwsc‘?PgeéZ*)pg + )‘gv,scegtx—pv + )"gchp,scei‘f:c(—cchp)? (11)

syt B = (sh- E+7phe - an =7 pha/Bo)im, (12)

2o 2P <pbe Szt PP PP <pha < apa P A+ 2 <1 (13)

Vo <sp Vo, sy =sf =W, (14)

Z]l;c_zllsc_l = Z]gc,c_zlgd,da’ Zt]jd_zll;gl = le;d,d_zll;c,ca’ Z{;c,c"'ztljd,d <1, lejc,c""zlgd,da <1, Zk]jc,ca'i_zl]jd,d < 17
(15)

O = 5 (e + haa) /o), (16)

0< 6§e<—pg <LC- Z§e<—pg7 0< 6§e—>pg < LC- Zfe—>pg7 Zfe—>pg + Z§e<—pg <1 (17)

efeepv + egeepg + eg&x—cchp = pl];c T, €§e~>R + efe%pg + efe%hvac = pl];d T, (18)

Hrb, OF N k BB A AT oA ; sk A kBB AT FUIRAS (state of charge, SOC); E N K H &
ap, By INTE TR, AR RERREG pf, phy 20N kBRI L BHLTDE; pbe, pbe
5 pbd, pPd HRIAFE I E IR, Vi, Vi, NHHE SOC L FIR; V0 NHIIAR SOC; #f., £, Ak

RAMTT BOBRESH 0-1 RAALE, B 1 FRoRAE & RTBCGEATTE (80 L, S 0; 28 ., 2859 HHT
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THEHMTE . BB 0-1 JSEAR R, B 1 RS TP N, B 05 2F, 00 2Fq g0 PHHBIAZES by,
by AR IS OMEM B S AR ar. 30 (1) ARt B AR, 3 (12)~(14) e BB AR S
IAARRZSLZA, 2K (15) A1 (16) 9IRS A7 dr A0, 30 (17) M EARA AR, X (18) N1 s
BT HTZ0HR, RPEOR B BCH R L A B RIBC T ORI AR S BRSO, REAT TS ABAT A, RIS A2
75 L TR AR PR R 5 TR et T L O 0 RV 30 2 387 i L R R, ST P R A N 5 e )T A

2.1.5 4TS

il ¥ 19 B B UK AT S A BT AT, EOCIRTT RS, AEIBAT IRAL A L 1r) R AN R e
B PP TE A 132 A5 18 SR T AR I A e A LA, Y UL AR

K
: k k k k k k
min Z (:ucchp,siqsi<—cchp + Hhvac,si9si«hvac — usi,RfSi%Rqsi—)R)v (19)
k=1
k+1 _ ( k k k k
4 - (ql + Ggichvac T Qsi«—cchp — qsiﬁR)/”LCU (20)
k k k k 0 K 0
4; + Qsi+hvac + qsi(—cchp < VOU 0 < 4 < VQ’ 4G =¢q = Vq7 (21)

Horb, o Nk W BUER RS ng NARBERRARE Vo NRAKMEAE; VY NIRKRMEAE; ¢, e 7
Ak B m T RUA BRI n AR 2 (20) A1 (21) 23 AR LR S IR ACIRE LR,
Forp it 2R R T A R B SR I R

2.1.6 BEEZEDS

IR 368 20 U 9 R o LR A B P, AR R T, BRSOk B H R L R R R AL
PRI T A P R 5 P I 2 R L #4 E A1)vA B ) DK A e R P B S TP A s ARV BT T, T R
HLAE VA, IR 2 R B TARAE B AR T A b TS A e o DRAIE B8P iE, s TARAE BT
R I A B AR T R, LA B P, e H AR R B S B 20 R

K
: E k k k k k k k k
min ()‘pg,hvacehvacepg + )‘pv,hvacehva(x—pv + )‘cchp,hvacehvacecchp + )‘sc,hvacehvacesc
k=1

- /‘Lﬁvac,thvacﬁRqﬁvaC%R - /‘l‘ﬁvac,sifhvaCHSiq}]{l}vacﬁsi)’ (22)
0 < €fiyae - 0" < 2t - Py 7, 0 < el - copf < 2 - P - enitier - 75 213 + 2 < 1, (23)
eﬁvac + eﬁ:e = eﬁvam—pv + eﬁvac(—pg + el]jvacecchp + eﬁvam—se’ (24)

eﬁvac : Copk = qﬁvac—)R’ eikce- : COpik = qﬁvac—mi’ (25)

b ef o ek alA kI Bz S R A He . HIVKFEFREE; cop®, copl 43N kI BRE I8 7 I %
Z A HIVKIIMERE REL (coefficient of performance, COP); P, NEUE HIA TN penine: NHIVKECER,
2 28 AR kI B A TARIRES AL T A VKT 0-1 PRERAR &, B 1 RRAL T8 B TAEBLR,
A 0. 7 (23) AHIA . FIVKELIR, 78 [F— N BN &AL REAL T —Fh TAERI; X (24) #1 (25) A
R REE P AR, S E R A BT S KR
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2.1.7 EEETS

P (RS R EHBAT TR RE SR B A — AL, WA TSR R TR 5K, EE R
Gt PII, ARy

K
k k k k k k
min E : pg R8R<—pg + A pv R6R<—pv + /\cchp R6R<—cchp + )‘se,ReR<—se + Mcchp,RqRecchp
k=1
k k k k
+ Hhvac, R IR« hvac T Hsi RIR«si)» (26)
k k k k _ E k
eR(—pg + eR<—pv + eR(—cchp + CR¢se — CR—i> (27)
r
k k k _ k
qR<—cchp + AR+ hvac + QRsi = E dR—i> (28)

Herp, N, AT B RLEEG ef L, M qf L, 200009 k BB RS M Rns 25 o AT 3[R B R A &
2 (27) AT (28) B TRIRE MBE R T 20 0, B B T A BT A

2.1.8 REETHA

FEF RN, 55 8] B9 45k 55 A SRR 2 T B AT R AR G e — i, s 8] B4 H ARG SRAR A T
J5 1) A BA BEAVR PR RGN G35 S AT BA A 22 53 AT 38 BE 5K 53—, s [A) P i 58 3 3o 6 47 4
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Cloud center

Download: prices of energy exchange
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Edge nodes: state monitoring and local optimization
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Figure 2 (Color online) Edge-cloud information interaction mechanism

Upload: solutions of energy exchange
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Figure 3 (Color online) Edge-cloud framework
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* 1 HEMLERI LR

Table 1 Comparison of numerical results

Number of rooms

4 20 40 60 80 100
. . Energy cost (¥) 209.26 1595.38 3571.54 5548.57 7523.18 -
Centralized solution
Time cost (s) 11.57 40.62 72.18 179.77 1152.99 -

. . Energy cost (¥) 209.39 1595.46 3571.72 5548.45 7524.27 9501.03
Decentralized solution

Time cost (s) 18.01 32.84 39.71 64.35 93.08 99.13

Gap (%) 0.062 0.005 0.005 0.002 0.014 -

*2 BREYEETESNER

Table 2 Quantitative analysis of communication data volume (dimensions)

Number of rooms

4 20 40 60 80 100
Centralized algorithm 3058 9410 17350 25290 33230 41170
Proposed algorithm 2208 3744 5664 7584 9504 11424
Saving (%) 27.80 60.21 67.35 70.01 71.40 72.25

* 3 SEGERERRZTRMEMALHSITRAI L SHEER

Table 3 Comparison of energy costs between the demand response optimization and the proposed method

Number of rooms

4 20 40 60 80 100
Energy cost with . .
529.41 2907.61 6130.84 9354.08 12577.32 15800.55
demand response (¥)
Energy cost saving
60.45 45.13 41.74 40.68 40.18 39.87

with the proposed method (%)
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Abstract Because of a large demand for building operation and its flexibility, building energy systems have
considerable energy-saving potential, which provides a technical path toward the national strategic goal of “peak
carbon dioxide emissions and carbon neutrality.” However, building energy management may face challenges such
as the complicated interaction between the occupants’ requirements and system demand, multiscale spatiotempo-
ral coupling and energy balance among multiple energy media, and high computational complexity caused by the
curse of dimensionality. Therefore, to overcome these challenges, in this paper, we develop a cyber-physical energy
system model by proposing a node and traffic model to formulate the building energy management problem with
supply—demand coordination, which captures the interaction between the information network and the physical
network of electricity, heating, and cooling, and supports the edge-cloud computing framework by integrating the
local data collection and computation. Furthermore, we develop an edge-cloud framework-based distributed algo-
rithm to solve the problem and show the optimality of the developed algorithm. The performance of the method
proposed in this paper is demonstrated using six case studies with different problem scales. The results show
that the proposed method has good performance in accuracy and computational efficiency, which is particularly
suitable for solving large-scale problems.

Keywords building energy system, cyber-physical system, edge-cloud computing, supply-demand coordination,
system optimization
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