U ER TR

2024 4£ 07 A

Electric Power Engineering Technology

F43E FH4W 166

DOI:10.12158/j.2096-3203.2024.04.017

%5 SN E TR IR T 45 5 eI AR S8 H i

HIE,

kg, BA, FRBE, EFHK

(1. MY A RO 7] i S BRI T B , 15 F At 211103
2. T RUHIR L KA A SE Rt BRI FE B, V195 &t 210023)

i B GAMR ALY ZISAH ARG AR, A5 A X bR ENE F 6 SR EA, 2 B fe AL
ML R G BAT R EFBAT R AT R T ERBK . A T AT IR AT M R HE T RZERRAARZTFAE
o, B, AN E G ARRET AAWBITHE, M RAAMAEBERLELITERE, LA, ATE
B REBRAHRR LA G ZTRE  MERTRA P ORERR, %0, AR DMUES R R RBTRAGMHAR
A7, SR T A RAK G4 F AR A% B A6 AL R E AL A | S 38 33 o Ao 7 B ACK 3 b R R AR A S 40
5 T R RA AR FI M . RIS, /£ Python ZR3E ¥ #4745 A 947, #1 A CPLEX K8 Kig, 4Rk
B« T AR AR B R MR T i3 A 4 A 1R Fe )L 3T A SR8 R R MR PR S BT AR TR E A, R Tt R RIB AT B
KB AR AL 5 ERH T REER  IA LR LA AL B

HESES TM721 AR SRS A

0 3l

Wt Tl AR AN W i AR, PR35 A RE TR S5 7
TET TR Ik 5 8 A 114 906 K, 72 s RE DU A o Lo 2
BRHITIC L 28 0 o gk R 244 T 20 35 11 BE U5 1) A5 1 e 10
Jrikio AEARFEREIRA IR T5 I, L5 3 BEIR R GUK 2
FFE A REIRE 5, nT LS BEIX sk P 1) 5 R 13 3 1
b, S DA 1Y) RE DA BE B T SR, L e T
TREVE A R AW B HE O T, TR A
REVR R -0 VAR, 7 4R {1 7 12 ] S RE IR A T2 T
KRR T S i i R A BRHE R (EE R DR A
T REIR IR A 2 52 AN SRR 5T (4 52 ), fof 753 A3
B U R R G R . I, e
T T RE IR A FL B0 21 M) I o 17 2% R G 1 ) AN Tl 5
X AR GEMRE M, X S KU OB AR 25 B 9 O R I i 57
figp R 1 PR A

BETFRMEE B R G LT KB 255
RERARLG, h THA B RA SR, T RS
22T B0 Ay SR B 32 BT T RE AL R R 4%
PIE AR5, B A S g 1) AN B 7 18, 80 38 ] A T
BTRIPRER " DRI ] 3R 4 i 43 L o A
AN 2 P 2 RE DR AR eI AL T JEE 75 225 1
Ry F B B S R BT
BRI TN 2 29 O3] 25 7 1 R Ak B 2545 E TR
ARG B ] U i) AN R . SCRRE 17 14
AT TR Y A g 3 S A U & R AR R

W AS B #1:2024-02-17 451 B 27 :2024-04-19
KA B TR A RAF A A TR B (BK20210056)

B YRS :2096-3203 (2024 ) 04-0166-11

T, 0 2y HORT 2 0 1, 2
JRUHEL HH S A 5 T 2 9 42 A T [ B, R P
B 23 oA PR TR AR AT 2 B AR A . STk
[ 18] % L A IR R S b RUEL HE ) AN PR A AR
L7 , - P BB LG A i %) FEe AT R Ao Sk
[ 19] Hhephorly ) TC B il PARE AR AR A B0 A 9777, DAL TG
AR BRI B A B0 1, 3T 3 22 e e
PSR REPRE S o (ELR 3R SCHRACKE IS s 1 A
S A R — RN DR 20K % 18, 22 1 AT
B L TET A E PR O Seik( 22]
RIS A 1L 1 17 e 1 D AR 2 JR 224 7T
ERETR D R g e SCk( 23 ] 75 BN SE
EX RGBT W RTIE T, M T BRI (L
GBI T 2 R . AT 54T
7 AR R 3 sl BB I L R
T T — e 37 A R R I RS, Sk
[26 ] o7 FFIRE TSIt Al i 981 2 D7 12, A% 18 IR L
TR 56 T AOME S 7 5, (8L phy T W3 3 5t 5 s
KA IR ARAR , S BT A545 B TARST, &3k
Be9% . SCHRL 27 ] R 6 F %508 R 3l 14 23 A1 8
77 A BB R E ES B AL 1, 5L A — R
B BB R A 0 R B R A A £ B DA
RIS O REHISE | REAS7E — 5 LI 4R 75 R 0 3 bk
R TERE . ML R, LAl ™ i
RSN FA BAS K T AL, A EAEAE S 4%
AR B0 T RSL, o AT LA 2 R B RG E f SR, LA
TFEIE A (H— X L2 249 oA 26 20 0 T AL T
0 B AL AR f5t IR 2 1 20 A 80 (TR 25 4%



167 Sy 3K G BB ENER R T LA REIR AR SE H TR

Ai) , BRI T 2B R

SR 13 SCHR K 2 R B8 7890 % TR R AR M 4%
TESEPRIEAT o B RS S DA R P AR i 5 oK
TR I FR X RAR A 45 FA% 32 3007 fp AR AS %
KA, R BB 21 I AN [F] RE 5 5% 48 F1 5 4% 2Z [H) (R
B IRFR, DT B 45 RS RE I 2 S PRIz T 25K

ST UL RS TAER R BR , SCrboxt RAR SR 2%
IBATHY PRI L HEAT VR 43 BT, S T R A 1Y
PROEBOR TEA Z0 T R AR SR R A Sk
FREWNHMRE DL s R & 8 B 5 5K 2 8] 1 52 2%
KR M TAEG M) IR 25 5 RE IR A HY , %A A
TRE P SO S T R4S RE TR R S8 N A B e e
IFH 325 1 T IR AT SN B E M, DL R Gz
Frave o s 48 s T —Fh btk i 2 T AL S 2R
MR FLE G REIR R G HRTUL AR IR B2 05 2%, g%
SEIRBIL 25 29 A 25 2R Bl AL A2 A 50 285 B o 4
( probability density function, PDF) {5 BR il 514, %F Al
WA A A E SERA S, A5, 8
IR B AR A 2R M TR 5 Ak Sl TR B R A T
PR 0]/, 75 Python FREE Hh 47 (452, F| il CPLEX
SR A SR A, AL BRI 1 Ty A Rk o

1 ZAERRFEEARLEN

SCHBIFTE I 2545 RE TR 28 4t T4y B 3 A 45 i 12
A7 AT A OAT , Hy AE SR A7 BRC | RE R L R
JUHIRESETHAEICAL AL, RGUIEA LM ANIAT 1 PR,

[ !

i T —on
— N
— KRS
B1 SZERERZEREN

Fig.1 Basic structure of integrated energy system
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Fig.2 Schematic diagram of bradial distribution network
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Fig.4 Operating area of CHP equipments
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Fig.5 Topology of test system
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Table 1

Parameters of distributed energy resources
in building integrated energy systems

EA FhEGS AR/ (KV-A) BUEIIR/KW

KHAL4H  PDS-16 1 000 800
SefkrLsE 1 PDS-21 800 600
SetkHE 2 PDS-30 800 600
fi RE FL PDS-7 150 300

52 (FE&R

M & 48 % H1 CPLEX &K £, 76 e & 24 1Y 4%
3.6 GHz{hFEZR A 12 GB PNAF I AT B B EAT
Ko XA Ia AT X [R) b A HE BT He AR R 2R AT T Ak B
T 2 s, HA G MR BE- B R A I ) 76.4 s

x2 (HESH

Table 2 Simulation parameters

B Ml B sl
T/ 24 Hm/kW 1515
Tipming/oC 20 HOm /W 10
EESmas /g, 90 Nen/ % 400
ESS:max /g 90 Mee/ % 80
EFS.min /0 10 7"/ % 95
EGS,min/% 10 nES'°"'/% 95
Ve /p.u. 1.1 %"/ % 95
v/ p. 0.9 %"/ % 95

N T REIAT IR H5 5.1 W h i B S RUE
NEERL S (5 0)  7E 5 0 F AR R it oK ik
LRI 3 PR,

x3 BHREOMMUKBER
Table 3 Optimized results of case 0

28 Bl
&t 19 001.65
SR/ T PDS 15 959.94
X 35.56
. SR 13.86
ﬁ?ﬁv%%A/ e 8.81
CHP #L2H 0.67
CHP Hl4] 0.19
MET wmp e
RS 8.11
L RET e/ PDS 437.62
(kW-h) filifik 7.68
TR JE4EL 1.43
fiti e 2.41
A M T  PDS 5 NGDS 43 4T
AR,

P 6 LA TR E AR KFT /Y H X RE IR 9%l
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Fig.6 Average daily cost at different confidence levels
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Table 4 Optimal scheduling results for different A,

[JG+(h-C) ] W/ C A/ TC
0 0 20.97 18 614.32
0.068 153.95 21.28 18 816.89
0.136 193.12 21.55 18 942.08
0.340 36.18 21.97 19 001.65
0.680 12.65 21.99 19 015.32
3.400 3.74 22.00 19 039.05
6.800 1.77 22.00 19 053.40

BRI S ROCE, AT LA — 2
AR A A . RS R T R 0.5
L b5t 2 Mg 3 T EEE R

*5 H=01.2M3WMUKBER
Table 5 Optimized results of case 0,1,2 and 3

Y HTRER S CHP CHP
7 S gt/ MR/ KAV i/
(MW-h) (MW-h) (MW-h) (MW-h)
0 19001.65  8.81 13.86 0.67 0.19
1 15994.96  8.78 14.41 0.63 0.12
2 18297.92  8.78 13.19 0.88 0.26
3 20094.07  8.86 14.51 0.53 0.17

(1) Tyt LAE 5t 0 BLAtl b3 v o e 3o
Yyse 0 Mgt 1 BN IIMER O 115 90/ (kW +h)
Yyt 0 Az 1 bR 223 50 0.34 50/ (kW -h)
F11.50 7o/ (kW-h),

(2) Yt 2. % I BRI T 5 C

(3) st 3. % I BRI L AR 5 C
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R T A [R) AN A 7 M Ak B 7 1% T A O 2 45
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Table 6 Optimized results of case 0,4 and 5

Yt BRI Bl L/ (MW -h)

0 19 001.65 8.80
4 19 433.58 7.95
5 16 700.80 9.62

IR, 6T IEZS 0 A B M A el 2> L SR ik
RSB RE A AT, RGNS E (R
Hs G B R T E— 2P B T AR T RE IR A
R R TYT  A 48 e SC P ek Y AL 2 29 SRR T
LRI EEA R A R . b, A3 p Al S 2 Y
SRAEAE K 10 000 M HdfE Ao
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Table 7 Failure rate of dispatch results obtained by
traditional and proposed chance constraint methods

S AE TS RASG E&S A
(50 @=0.05 a=001 =005 @=0.01
B(2,1) 0 0 7.45% 1.50%
?g%(%ﬁ 0 0 3.78%  0.35%
2k 0(10)  0.06% 0 447%  1.16%
B R (1,2) 0 0 1.22% 0
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Day-ahead scheduling of building integrated energy system considering uncertainty
YI Wenfei' , ZHANG Tong®, YUE Dong”, LI Laifu*, YUAN Yubo'
(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;
2. College of Automation & College of Artificial Intelligence, Nanjing University of
Posts and Telecommunications, Nanjing 210023, China)

Abstract ; Integrated energy systems enable the complementary utilization of various forms of energy. With the rapid increase in
installed capacity of distributed generations, their intermittency and randomness have posed significant challenges to the
operational efficiency and safety of the system. To address the impact of uncertainties in both energy supply and demand on the
economic scheduling of building integrated energy systems, this study first models the operational characteristics of each
subsystem, including the power grid, natural gas network, and various coupled equipments. Next, a thermal cell model of the
building users is constructed based on the quantitative relationship among temperature, thermal radiation, and thermal load.
Then,a day-ahead optimization scheduling model for the building integrated energy systems is established with the objective of
minimizing the operating cost. A chance-constrained programming approach is employed to convert the non-linear scheduling
model into a mixed-integer second-order cone programming problem easy to solve. Finally, simulation analysis is conducted in
the Python environment using the CPLEX solver. The results demonstrate that the proposed model and solution method are
capable of effectively characterizing and addressing uncertainty risks in the system, facilitating the consumption of renewable
energy ,and improving the economic efficiency of system operation.

Keywords : integrated energy system; multiple uncertainties; hot cell model; chance constraint; convex relaxation; optimal

scheduling
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