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ABSTRACT: At present, an increasing number of commercial
buildings are equipped with distributed controllable resources
such as energy storage and micro— gas turbine, which can
transfer load, reduce load and even generate electricity on—grid
according to the demand, making it possible to trade electricity
in a small area. For this kind of energy trade, this paper sets up
an electric energy trading model considering the integrator and
the commercial building. Among them, the integrator adjusts the
time— and— use electricity price according to the electricity
consumption strategies of the commercial building to increase
the income while the commercial building changes its electricity
consumption strategy to reduce the cost. And for the privacy
existing between the integrator and the commercial building, the
paper proposes an alternate solution method based on improved
bare bones fireworks algorithm (IBBFWA) to realize the
solution of the model. Finally, the effectiveness of the improved
bare bones fireworks algorithm and the effectiveness of the
model in reducing buildings operating costs and improving
integrator’ s revenue are verified by the results of an example.

KEY WORDS: commercial building; distributed controllable
resources; integrator; regional energy transaction; IBBFWA
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Table 1 Table of distribution network electricity prices

®3 ITEERMER

Table 3 Comparison of calculation results

i B @t EM/OT/AW-h)  H/OT/KW -h)

0:00—07:00 A B 0.17 0.13
07:00—10:00  “FiFEE 0.49 0.38
10:00—15:00 U B 0.83 0.65
15:00—18:00  “FHfEE 0.49 0.38
18:00—21:00 UEE R B 0.83 0.65
21:00—23:00  “FHfEE 0.49 0.38
23:00—24:00 B 0.17 0.13

4.2 EREXEFEHFN
1) AN HE - Al SR AR A 1 ik X S L REAS
Sy AR R A AL JS R FLA AN R 2 s .

£2 HH
Table 2 Price of electricity

1 BT W HLf T

AL = AR ALE
01:00 0.170 0 0.154 0 0.1300 0.134 5
02:00 0.170 0 0.204 0 0.130 0 0.150 0
03:00 0.170 0 0.195 1 0.1300 0.158 8
04:00 0.170 0 0.199 9 0.1300 0.179 0
05:00 0.170 0 0.162 8 0.130 0 0.154 4
06:00 0.170 0 0.168 4 0.1300 0.160 4
07:00 0.170 0 0.189 6 0.1300 0.160 6
08:00 0.490 0 04121 0.380 0 0.404 9
09:00 0.490 0 0.443 3 0.380 0 0.463 1
10:00 0.490 0 0.445 4 0.380 0 0.490 2
11:00 0.8300 0.637 5 0.650 0 0.620 7
12:00 0.8300 0.697 3 0.650 0 0.661 1
13:00 0.8300 0.629 5 0.650 0 0.910 6
14:00 0.8300 0.982 3 0.650 0 0.620 6
15:00 0.830 0 0.873 8 0.650 0 0.668 5
16:00 0.490 0 0.541 6 0.380 0 0.3347
17:00 0.490 0 0.502 6 0.380 0 0.333 7
18:00 0.490 0 0.507 1 0.380 0 0.506 8
19:00 0.830 0 0.745 9 0.650 0 0.707 6
20:00 0.830 0 0.745 4 0.650 0 0.866 3
21:00 0.8300 0.737 5 0.650 0 0.943 6
22:00 0.490 0 0.5312 0.380 0 0.496 0
23:00 0.490 0 0.5259 0.380 0 0.399 1
24:00 0.170 0 0.160 5 0.1300 0.177 5
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S5 XA i FE o R ARk i R T
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M1 86.073 8 -27.228 1
M2 —411.444 2 -540.890 4
M3 —411.444 2 -540.890 4
B4 -599.771 7 —739.544 4
5 985.085 2 978.103 6
T 6 911.767 5 907.103 6
BT T 849.189 1 846.542 4
T8 1.034.046 1 1021.507 7
HEF9 923.164 9 920.496 2
T 10 770.233 4 731.142 2
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Fig.2 Outputs of equipment in Building 1
without an integrator
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Fig.3 Outputs of equipment in Building 1
with an integrator
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Table 4 Comparison of calculation time

X7 PR RS B bR

GA 43798130 4589.3530 4089.1120 123.1555

PSO 4309.2620 44994100 4060.8450 127.294 4
BBFWA  4280.8490 4428.2330 4193.331 72.612 1
IBBFWA 41852280 4383.3280 3890.5390 125.703 3

x5 HHEHERRER

Table 5 Comparison of calculation results

Y CPHlgEoT mEWGEoT webiasoT Al 2

GA 54.523 1 185.697 6 20.608 4 103.155 6
PSO 240.959 0 355.7210 110.0350  73.336 6
BBFWA 173.695 0 267.605 7 53.160 0 57.550 0
IBBEWA 283.580 3 376.222 9 137.9282  59.633 1

T 4 ]I AEPL AR E] L IBBFWA B
PLF GA . PSO F1 BBEWA , T I [a) 25 S 30 T FAAIK
AR B 5 2.29%~4.4% . NFE 5 WA FE 1k
BOR L IBBFWA W4T GA . PSO il BBFWA, H
H1, GA . PSO.BBFWA F1 IBBEWA %) F- 414 25 73 1]
g 54.523 1.240.959 0.173.695 0 F1 283.580 3 G,
IBBFWA ML AR Bl o M KA A e/ IME R
F,IBBFWA ¥ 8% 5, 1 5 AR T HAW A, 2oy
24 59.633 1 MALRCR LA E -

5 4hiE

hy i R DX S5 FL BB AC B [ 8, A SCHE 5 B T 4R A
PRI AR RS A R 2505 , 32 T —Fh XK
REAC A AL, 3R] IBBFWA F1 CONOPT #H%%
B AT SR A, [ BB R

1) 5 GA.PSO #il BBFWA At , IBBFWA 1£ 7
PERCR A, RIS E - IBBFWA Jr FH (]
B, R HABT AR 95.5%~97.8% ; 1EITH 45
J7 1 IBBFWA [RAC R B s, P2 43 fe i, A
HoAb X B0 117.7%~520.1% , [G AL R [

2) SR E AN E, 5 AT P T
FHRESR 2 , 25 FH P P i 1) SR A R
o] 1) A2 B R, AR R BRI AN R B AE S TR IR
R LML . XA T R T
188 A FEARIEE IS 0.29%~131.16% , W T4
B 2 B RS

3) AR L BRI, Aok
S HNG E— 2 57 A REIC HL T A N AR I X
ZAE LR S R T AE Sy [P LA TSR

S 30k
(1] B&RE, ik, HER, % IR EX I RGN
S B RS P )] D RS H Bk, 2011,
35(14): 2-10.
ZHAO Junhua, WEN Fushuan, YANG Aimin, et al.
Impacts of electric vehicles on power systems as well as
the associated dispatching and control problem[]].
Automation of Electric Power Systems, 2011, 35(14): 2-10.
[2] LIU Nian, CHEN Qifang, LIU Jie, et al. A heuristic
operation strategy for commercial building microgrids

containing EVs and PV system[]J]. IEEE Transactions on




20

SRR, 45« 25 T RGNS AT AR X M AE 14 XS AR T H AT BESS 5

Vol.36  No.4

Industrial Electronics, 2015, 62(4):2560-2570.

RIS | ST A R T AR R KUBE A I 23 C & )
FL M) 1,2017,45(7):37-42.

MA Xiaoteng, WU Jiang, GUAN Xiaohong. Space—time
relationship simulation and analysis of wind energy
utilization in urban buildings[J]. Smart Power, 2017, 45
(7):37-42.

M, EFFN, FEE, A 25T IR B R R R A
BRI P EEALTRRAR, 2013, 33(28):1-8.
WU Xiong, WANG Xiuli, WANG

Economic generation scheduling of a microgrid using

Jianxue, et al.
mixed integer programming|J]. Proceedings of the CSEE,
2013, 33(28): 1-8.

IR, sk, RS SIS RGN H MiZ
Frede. o E R PL TR 2= i, 2015, 35(14):3569-
3576.

LI Zhengmao, ZHANG Feng, LIANG Jun, et al.
Optimization on microgrid with combined heat and power
system[J]. Proceedings of the CSEE, 2015, 35(14):3569-
3576.

PRER I, e SCH2 , WRAE | 45 B T 14T 0000 e 14 A %
T H i I 00 T L - AL 2016, 32(11):
80-86,90.

YAN Qingguo, RUAN Wenjun, CHEN Chu, et al. Day—
ahead air conditioning load forecasting of public building
based on parallel prediction strategy[J]. Power System and
Clean Energy, 2016, 32(11):80-86,90.

HrNe, Bk, SRR, S G R0 HEUAHRE &R
G v PAHBIBC AL T L A 8 B D7 2. Hh LT
P4, 2017, 37(2):581-590.

JIN Xiaolong, MU Yunfei, JIA Hongjie, et al. Optimal
scheduling method for a combined cooling, heating and
power building microgrid considering virtual storage
system at demand side[]J]. Proceedings of the CSEE,
2017, 37(2):581-590.

FH, B, A, A ORISR A AR IR
A GEA A5 BOR SR BE T D). R AL TR AR
2015, 35(14):3734-3740.

WANG Hui, ZHAO Jun, AN Qingsong, et al. Study on
optimization and policy incentives of distributed energy
system under different building loads[J]. Proceedings of
the CSEE, 2015, 35(14):3734-3740.

W, MR, RS, SRR SUR A T B T g R
352 Zy AL 73 W D). L PG5 9 BRI, 2019, 35(10):
50-55.

CAO Wei, YE Guinan, ZHOU Xianzhe, et al. Analysis of

[10

[11

[12

[3

[14

[15

[16

|

|

|

]

{

[t

—_

—

demand side response trading mechanism in power market
under new electricity reform[J]. Power System and Clean
Energy, 2019, 35(10):50-55.

LU Yuehong, WANG Shengwei, SUN Yongjun, et al.
Optimal scheduling of buildings with energy generation
and thermal energy storage under dynamic electricity
pricing using mixed— integer nonlinear programming[]J].
Applied Energy, 2015, 147(6):49-58.

LI Junzhi, TAN Ying. The bare bones fireworks algori—
thm: a minimalist global optimizer[J]. Applied Soft
Computing, 2018, 62(4):454 — 462.

BOR, BRORAG, EiEE, & SRR H ) R HALE
BIRBERI]. f1 ) A B ki, 2014, 34(5):79-85.
LU Quan, CHEN Tianyou, WANG Haixia, et al.
Combined heat and power dispatch model for power system

with heat accumulator[J]. Electric Power Automation

Equipment, 2014, 34(5):79-85.

WANG Dezhi, ZHANG Xiaoshun, QU Kaipin, et al.
Pareto tribe evolution with equilibrium—based decision for
multi— objective optimization of multiple home energy
management systems[J]. Energy & Buildings, 2018, 159
(8):11-23.

FFL, I, X, 4. JE T RE A A RAHL
215 ) 2 L S 0 B AR E SR D). T RERAR, 2014, 32
(3):201-204.

BO Chunguang, WAN Jie, LIU Jiao, et al. Optimization
of load distribution between extraction thermoelectric
heating unit based on genetic algorithms[J]. Energy Conse
Rvation Technology, 2014, 32(3):201-204

XIFBRE. JE T RUE IR AL TR RGBS EL ).
WREHIA, 2013, 31(2):155-158.

LIU Weiting. Parameters optimization of organic rankine
cycle system based on genetic algorithm[]]. Energy Conse
Rvation Technology, 2013, 31(2): 155-158.

W3 . ST IRAL TR B B b R U NOX SRR I fE 1],
THEHA, 2013, 179(3): 75-78.

YANG  Qiaoyun. high

efficiency and low NOx emission of utility boiler based on

Combustion  optimization for
genetic algorithm[J]. Energy Conse Rvation Technology,
2013, 179(3):75-78.

FLE, ARk, 22mEN, 45 ST OREE 1 T L CCHP
LA RGO EA). BT, 2019, 47(9): 29-
36.

WANG Hongtao, ZOU Bin, LI Xiaogang, et al. Planning
method for CCHP terminal power supply system based on
optimal strategy simulation[J]. Smart Power, 2019, 47(9):



FEL 9 5 3 T RE TR

21

[18]

%36k H4
29-36.
FH SRR, skmise, g, 45, 381 ST e 4 A8 il el X
HH, b fith AE A8 T R | I IELAS SR ). PEAL /KL, 2019(5):
1-5.

[19]

[20]

TIAN Lulin, ZHANG Peiwen, ZHOU Meng, et al.
Variable power peak load shifting strategy through storage
battery system based on real- time electricity price for
commercial park[J]. North West Hydropower, 2019(5): 1-
5.

IhFE, BERE. OBGM (1, n) BERIYE K AR HE i h
AR PEIEKHL, 2019(4): 95-99.

SUN Xiangjun, HUANG Lingzhi. Application of OBGM
(1,n)model in dam deformation prediction[J]. North West
Hydropower, 2019(4): 95-99.

ok, MHE, #HEE, SF AT S AR R QPSO-
SVM 1 7K v HIL A R 3l il 12 W 7 125 (0], & R g
2020, 48(2):38-44.

XU Yonggan, RAN Heng, GOU Xin, et al. Vibration

fault diagnosis for hydroelectric generating unit based on

generalized S transform and QPSO-SVM[J]. Smart Power,
2020, 48(2): 38-44.

21] #j #E, FHAE, THRE, & KEBZEEERSMZH
bR L AR R 0], B 2 Sy, 2019, 47(9): 19-
28.

XUN Ting, LEI Shenghua, DING Xiaochen, et al. Multi—
objective optimal power flow algorithms for integrated
community energy systems[J]. Smart Power, 2019, 47(9):
19-28.

Wim HH#A:2019-11-13,

LR :

S (1983—) , B AR, DB TR0, BFSE 5 [0 b i H R GE
JAEIBTT

2R (1986—) , B ASEL, T AR, W55 5 [ by v I 8 2 328 1 5

MRk (1980—) , 53 A B, TREI , B 5 7 1] oA L 0 ) S 32 4 7

(%% #RILR)




22 B, 25 T IO TR KR A6 1 DXl R 3 i e s 5 Vol36 No.4

14
Bt 3% — MR
FTA1 BFHEXLXSH 0
Table A1 Related parameters of buildings IS
=
P ZH B (RS 1/2/3/4/5/6/7/8/9/10) f@
FRC IR FRRAW  60/80/60/80/60/60/60/60/60/60 or
FEHHL TR B /W 0/0/0/0/0/0/0/0/0/0
o e 300/400/300/400/300/300/300 2 . .
- EHL A /A Wh e 0 5 10 - 15 20 25
H R 0
N %] = N=]
e FEHIACR 0.9 . M o ﬂt‘m -
ﬁi%%{%—{ 0.9 1g. utaoor temperature
Lo 1.0 RA3 EHEHHEXSHE
Eaig 0.2 Table A3 The related parameters of the algorithm
7;%%%& B /W 195/0/0/0/0/0/0/0/0/0 ol P e
Izt RHLIIR T FR/AW 15/0/0/0/0/0/0/0/0/0
g KR 03 EEIAN/ 50
(6 ETES 0.15 oA A 30
FEEL % |- FR/KW 150/200/150/200/150/150/ 5 YA 08
H 5 150/150/150/150 ———— —
Jp JHHEI)E TR R /AW 0/0/0/0/0/0/0/0/0/0 T :
LA AR 1 E ARV 50
pENES R EL 1.2 PR 30
il M B 09 SR 0.4
W PSO
AT W) i WA Tt 0.9
AR/ (kWh-C™) 0.525 .
o B 2 I FE 2L o1 2
= SR FIYC 18 DI H 2 >
IRZ 2 L RE A% B FR/AW 1000 AR B 50
R AR LB R B IR /AW 1000 VA= e K B8 -
BBFWA
150 b Ca 0.9
Cr 12
Z 100 NI 50
¥ . WA KAERK 30
I Ca 0.9
IBBFWA
0 - L N 1 5 Cr 12
0 5 10 15 20 25
I B b 0.1
A5 5 ALK 3

Al SERTUNE H
Fig.A1 Forecast of the output of photovoltaic



