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Day-ahead optimal scheduling of buildings considering continuous
double auction trading mechanism
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Abstract: As the main consumers of urban energy, the low carbon and efficient operation of intelligent buildings is
crucial for achieving the goals of “peak carbon dioxide emissions and carbon neutrality”. To enhance building
economics while improving energy sharing and the consumption of distributed energy resources, a distributed
optimal scheduling model for buildings taking into account building characteristics and energy trading was
proposed. At the building optimization level, a multi-objective building operation optimization model considering
economic and temperature comfort requirements was established. At the energy sharing level, a peer-to-peer
buildings trading market was set up, and a new continuous double auction trading mechanism combining building
optimization results and market risks was proposed. This mechanism feeds back the results of market transactions
to the optimization level of each building, achieving iterative optimization and energy sharing within buildings.
Robust optimization was used to test the effectiveness of the model in various uncertainty scenarios. Simulation

results show that the distributed optimal scheduling model can optimize building economics while enhancing
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energy complementarity and the consumption of distributed energy resources in various scenarios.

Keywords: energy sharing; continuous double auction trading; iterative optimization; robust optimization

TE“ XU T 5 T, 52 I RE IR IE I AR o m s Y ZRG R R G0 i 2 e TN AR i 7R R T B U
I FH 2 0[] s 98 20 B HE S, 2 S B H AR 09 A RGR AR BB TAE N Ik T BB AR B RV LR B BRIE R4
A 0 1) 2 3 o OB 200, BAT 58 BPE A B far 2005 SR L BRI IC A& 28 0 A SN RE IR IR AL IRt L $R TH 2R A R TR
PEF I 2 UM R ORI A A A S RE IR TH AN BE L 0T RE IR A T L 22 A RE IR AE AL RN A A B AR B B AR X

H A, B NS 2= E X Re S T s AT At F R i BT R TR 2 ST TAE . 8/ e S8 5R) B 5 il
S R PR B ) SRR R A T A Y R OLA BB R AT, SRR T R UK B AR 0 09 TR R A . 5K XU A TR
VR Bl A0k T00I A B2 e (0 O e, SR FHASE 28 Tl 42 1 Ty 32, A R 1 AT FE AR R IR T 058 2 A BORE T U0 Ak R 5 T B A
FEM )@, Sharma 5575 H — iR BU 1Y A SRR JR A BE R 40, O 8 o7 2 By BOE R U0 Ah A5 78 Aok B AR 7 43 A =X R TR
B AN 1 PR T TR AR RE R TH AN o B R BE BE B T, Dedesko 5™ DL ME AR Y 3 5 BE A D 7R 2 R
G BIRRAE , I 43 M 30 A5 70 A 58 25 RS 0ff 2 M 0T B T2 SR 3 RS AT R PR 52 e . 3 SRR I 5 SRR ) 2
RIMEFAESS A DN RE A D1 AT b 22 5, Jo ik A1 22 28 U = 2 1) 9 B AN REPE 4R AR = ny 2 B Pk 5 0 A 2
RE VR IH 98 HE 7, ELO R 508 B2 vh AN B o PR 1 2% ek T PR — |, ok LRI A 2 SR Y AT RE P

AR, L 7 T 5 0 R AL SO A T 39 58 B T 0 22 e Ak, I AT AR s 2 BoR B 52 By AR, b i X 3 (peer
to peer, P2P) 3¢ 5 " 2 8 A AU AR FEL BB 5 &) 1T A RN T P AR U 9% FH o TC 4% o A X RB VR 1Y B Re Ak T e L g
A RIE SRR D) T B S 5 i AT e sc S Y B R A RS AT P2P 22 5 7R S i R L T Y
[F) B, 5 P 5= 2 T P R 4 A1 X B RV 4N g

FEXTRE TR A RE IR L E 22 5 I AE SR M T B Z MR R . 520 = S 1 B T R Y P2P
&5 I A IR AR A VR TR A AR 73 W 58 5 h 45 AR MR O & o Li S B 52 ) 22 & i AR O
KT ST IFRFTEA R ZE M I %28 5 1 5 1952 1 . Kopanos 5542 1 7E P2P HESE T 25 [ ) P 45 1%
TR K5 I G — Wi , 1 DL B 2 B A e/ g B B AT RS RE IR HE 52 . Huang 55" T 47 KUK 29
W TS P2P AL oy b i — D o Hr (R L A Re X T 35 58 By 952 e . Y ET IR R B F iz 17 i1k
X A2 Ty 0 5% W LA Je 28 5y 45 X s AT B IE .

EE XA BRI T AR R T R R AR It R A B (R R A A A AR A
Se, B IR T A A5 DI REREPE N BT O G I R A R T ARG A Ak s R A R ] 43, T DL & Bk
MEFIE VN HAR 5 2 Hin s AT e Al o U AR I8 B 52 55 900 3 s AT DAk 45 2R 45, il B AL i 37 22
Ty R LR TR L BEI 3E S o 5 T 58 B 5 R I At L & B 1 AT R — R s AT Ak, SE AR T AT I R AR
PEA FRE FREN RRIR 1Y BBl L5 R, 38 a7 T 00 0IF Jr B B 7R ) A7 R
1 EREFEIESR
1.1 EEEEFHEMK

FER D, BT S F4, K 158 . EMS %8 fE 1245 B & 4t (energy management
system, EMS) o A4 4% 50 1] Ty G AN B 4P 45 48 B 5 500 A BT RIS T RIRR IR B T L A S BN R 1
fr s o

BRERE T Y o A U RE TR R 4t £ % B R & L (photovoltaic, PV) . HE 4811, & 51 HREFE BLREFEH (5 1L
=I5 40%"Y, i 2 — 2 BEFE F T R A% T N IR B AT A1 25 R JH 1Y (heating ventilation and air conditioning,,
HVAC) ZG"™, AL, B REME T H AE B2 % [JE HVAC R G REAE LRI ZEME M A AN A i fer . R REE LA
EMS, HH TE ST 17,01 5 L liig#ir 2 o E B ik s .



114 R K ¥ F

%47 %

E1

HEF R

Fig.1 The composition of buildings group
*1 ERFEERE

Table 1 Equipment configuration of each building
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Table 2 Building parameters

BT g 5 K, /(W-(m*-K)") F,/m’ K, /(W-(m’-K)") F, /m’
EEBTA 0.93 810 1.76 440
fEEHFB 0.95 1065 1.85 600
fEEMFC 0.98 980 1.94 530
AT D 1.09 700 2.80 1 600
AT E 1.29 615 2.80 960
FEREFF 0.93 1620 2.00 2 800
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Table 3 Building equipment parameters

e EYelE] BB Bl
2B p, (kg m?) 1.29 fHRER & A E, /(kW +h) 100,80,140
2R IEE CL /0 (kg °C)Y) 1005 THAEBE 2 T T P /(KW - h) 15,10,20
HVACREALIL C,,, 3 fHRE & L TR P /(KW +h) 15,10,20
% KK v/(m - s™) 4 FLHRRE 0.95
WA EM2Z P, /Pa 135 TR 1y, 0.95
JAHL ML R EA 7 o 0.15 TR R prgin 1.4~3.0
7% KL Ty0/°C 20~30 A P 0.436
3% KB m (kg s™) 30~135 ANB e /W 43.84
Fe M G T R e, 0.15 ABFELINEP /W 100
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Table 4 Building optimization characteristics
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Table 5 Pending trading of buildings

8:30—9:00 {532 ) 8:30—9:00 ¥ 14 9:00—9:30 %2 5 9:00—9:30 ¥ &

B
i
St
C[H

Hi 7 /(kW - h) JRV: IR 34 A L1 /(kW - h) AR B 13 A
BFA -26.1 0.76 -45.5 -0.75
T B -442 0.59 -73.3 -0.59
BT C -36.5 0.66 -60.5 -0.66
PFD 222 -0.88 6.7 0.94
T E 41.3 -0.77 32.6 0.75
HFF 116.8 -0.35 91.8 0.29

k6 XHEE
Table 6 Trading settings
WRZG RN R B 1~ A 2 3 AW R EAE o RS A 5 A B
30 0.3 0.4 0.6

F T 10 7] -1, 25 45 5= e 32 3K 32T 3 0C 2R AU R 1 09 52 ), A 7E 8:30—9:00 25 22 #8 Ik EE T C
MBI T BIA ALY 5 FIR TS 5 Wi /D TAE BT AL I 5 5 C 19 38 5 URS: T /0N, B30T XU PR 5 Ry
6 SR T R £ K T C 7R SR 23 FH 24 AR IR R A T B SRR TR T A JF R A LS THEF A MMM ik z2 5 .
X H 2 2T 358 B A 0 B H U e A XU B R 5 O oK T v R L 4 L v RIS B 5 DL T 5 S B 28 B IR
AR B A B AE 5y o £5 b P2P A2 5y T S AR Jo 2 R ol 3 6 3, A1 552 5 T 35 v i 38 A4 s 40 1) TR #0465
FL A T S T 3 v S A0 RS 1] T R ) L L ALY

Lo e MG S TR IS S A S W E RN, DT AR ST ENE . Kl 11 RF
LA A BRI BETESZ I T 8:30—9:00 . 14:00— 15:30 B B L% 5 i 4% 5 H , HE 4 I BB v i
5 T T PR O A LAY 5 B L R B SR I, BE AR K 5 T 3 9:00— 13:30 Bt BE LA A AR A A% I FiL , HL A A BRI He
5 AL AT R O B HL AR

0.8
120
— fEEATA
0.7 100 [ HEERTB _
| —— fEEEEC
80— FlesD L
0.6 = 60— RIBFE
& % w B il
£ 18
S 0.5 — B FA 20 E ‘
s fEERTB n |
N - | ]
0.4 —_— D
—— R FE —2 ]I
— HERFEF 40
0'30 5 10 15 20 25 16 17 18 19 20 21 22 23 24 25 26
TR B K

(a) 8:30—9:00T M &L (b)) 8:30—9:0038 5 ik A& 1



%9 XML F RGE G e 48 AU 69 AR T A B AT AR 123
0.70 100 -
—EERTFA
0.65 801 fEERTB
0:60 —— FAEFD
0.55 g “OF I E%giE
IR 5 20+ e F
& 0.50 ﬂ]l?lm ol { 1
= 045 R 20} ‘
& 0.40 & _40F
0.35 _60
0_30 1 1 1 1 1 | —80 1 1 1 1 1 1 1 1 1 I
0 5 10 15 20 25 15 16 17 18 19 20 21 22 23 24 25
WmMEW WMEW
(¢) 9:00—9:30TH R M5B (d) 9:00—9:303 5y ik LK Bt
10 WHXHHER
Fig. 10 Market trading situation
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Fig. 11 Changes in building electricity price after trading
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Table 8 Maximum iterations analysis of case 2
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Fig. 13 Energy utilization in buildings
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Table 9 Trading weight factor comparison

2 5 I fEVR L = /(kW -h) X AME LR /(KW - h)
0=0.8;4=0.2 32212 199.7
0=0.6;/=0.4 3234.6 151.5
0=0.4;8=0.6 3275.1 100.6

0=0.2;4=0.8 3301.3 64.6
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Table 10 Time-of-day tariff comparison

T 65 H AN AE IR S RAL /% Xf e AR L /%
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EH A +0.05, T HLH1-0.05 110.7 96.9

B +0.1, LA -0.1 111.1 98.0
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Table 11  Robust analysis of personnel uncertainty

ERHRN WA ER/(W-h) b EE/(kWh) WA S B E/(kW-h) DAk E /(KW ch)

0.2 1 656.1 3291.2 1553.5 81.8
0.4 1 666.4 3301.2 1543.3 76.0
0.6 1676.7 3292.4 1533.0 73.3
0.8 1 686.9 3308.7 1522.7 60.0
1.0 1697.2 3308.1 1512.5 54.8
100 r 100 F.
os| ool BT AME LR
o BN S B (1 A
§ 9 | jé 80
f§ o4 g ot
| PR 8 ol
BE RS S O A B
90 - - - - ; 50 ' - ' - -
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
RN ERER
(a) AR AW E ST (b) Je 8 B A E PR T

E 14 SHMHDIIT

Fig. 14 Robust optimization analysis
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Table 12 Robust analysis of Solar radiation uncertainty

BRARH PRLEL/(kW-h) IR /(KW-h) IR E R /(kW-h)  RALE /(KW -h)

0.2 1689.3 3209.1 1413.4 71.1
0.4 1720.6 3137.8 1276.8 37.1
0.6 1753.9 3048.4 1140.1 20.5
0.8 1772.4 2951.8 1018.7 16.7
1.0 1791.5 2840.3 898.0 0.9
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