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Optimal configuration and scheduling strategy of BIPV
public building in V2B scenario
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Abstract: The integration of mobile energy storage capabilities of electric vehicles (EVs) into building energy
system scheduling has gradually become a significant measure for advancing the green and low-carbon development
of the construction sector, which can effectively enhance the energy efficiency of buildings while reducing operational
costs. For large-scale building integrated photovoltaic ( BIPV ) public buildings, a two-level optimization
configuration and scheduling method for BIPV building energy systems, considering EV integration, is proposed.
First, a Gaussian mixture distribution model is used to fit the daily travel behavior of EVs, establishing an EV
travel pattern model based on public buildings. Next, to simultaneously determine the configuration and scheduling
results of the system, a two-level optimization model is established: the upper level aims to minimize the annual
planning cost of the system to obtain configuration results, while the lower level aims to minimize the daily
operational cost of the system to obtain power load scheduling results. Finally, a solution method for the two-level
optimization model is provided, and a case study is conducted using typical daily weather load data from the heating
season of an office building on a university campus. The results indicate that configuring and scheduling the
building energy system according to the solution results can effectively improve photovoltaic utilization and extend
the service life of energy storage equipment. Furthermore, by comparing different energy storage schemes in the
system, it is found that utilizing only EV energy storage is more advantageous in both long-term and short-term
economics, and achieve good system operational performance.
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Fig.1 Schematic diagram of system energy flow
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Tab.1 Equipment parameters

WS KAl
AR AR S/ mm 1 425 x990 x 36

EV FEHL A%/ (AR 1) 2 540

AR 2/ (OG- kWh ) 1 946
EV IR TR IIE/KW 7
EV it %5 it /kWh 40
EV FEHL AL a 10
HIAG R T/ a 5

K2 EBTITHIPRAK

Tab.2 Equipment operation and maintenance cost

B BATHEY A/ (JC-kWh™!)
5 L 0.024
SeRaL 0.023
2 IR 0.021
=Y 0.020

R3 BRETEVHESH

Tab.3  Pollutant emission parameters of equipment

(g-kWh D)
B CO, NO, S0,

H, 889.0 2.35 0.420
AR FEHL 724.6 1.82 2.280
SENM A HLBL 1142.9 3.74 8.790

SRR Tt 20.4 0.01 0.003

x4 SRMIMEETNER

Tab.4  Environmental penalty costs of pollutants

(Jt-kg™")
HYY) A (i o TR

co, 0.025 0.01

NO, 8.000 2.00

50, 5.040 1.00

x5 BERSEBN
Tab.5 Power grid time-of-use price
B B/ (JC-kWh™!)

01.00 -06.:00/23 .00 —24 .00 0.33
07:00 -10:00/19:00 -22 .00 0.83
11:00 - 18.00 0.49
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Fig.7  Optimization results of building energy system equipment
parameters
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Tab.6 Optimal system configuration scheme
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Fig. 8  Daily operation scheduling results of battery energy
storage configuration
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Tab.7 Effect of EV access on the operational performance of

building energy systems

G REHAEY BHLHERIER ERFIE %
1 i 8 91
2 2 5 100

Yaxagks 1)

BT LRSS, bk — a0 EV A H56E
BRSPS, TE RGP EAUKEE EV i
RERYER 3 Pzt R4 Has A7 WL 10, i i X}
Feise 1 50 2 Midgs 3 B EESS S, 50 0E A
EV AR B G RE T R nl 171, 4 8 TE4IER
TR 52 5 3 FHAERIR AERR A
HiZ T A FIAE B NIZ 1T 45 3, e 2 W,
TR R E T B Eitae 5% shigee, 3
L RE T AR e T s | g 3,38 T A4
X AN BE AR, AN F T RGN LR TR e 81T,

R, IR RefE Ry EE PR bl A, D R B SRR VR R 40
T EV R ERERE 9 EE T, RGN H 21T BN
B, s 2 MHBITRAR SR L BT
8.6% , 1Mt 3 B HisA TA b3t 1 IR T 16.7%
MR GER I 28 UM 04 £ B 40 A, SO 61 kWh &
b AR B IR A IR 2 2.2 J7 T, 14 AR ST HLAE
(AR A R 0.36 JT 76, A EL T B B A 5
ESIOE M R 1, o 2 AR B S H AR BRI
T 6.3% , Tl 3 WARESCH AN 18.56 7T,
s 1 AR T 22.8% , M5 3 isfras Rl
VLB M EV BB sk B &, S s 2 E 1T 6E
TR B8l ANMUBEREWE R EV A SR sE ok,
WA RS B B SR A T 3a A7 AR, SEBL T 17 ek
He HhR, EV 32 A S HURR TR 3R g8 A A 20 N 2
L T IOEZ 2k IR S R o S 2200 ool o
o, 5 3 ML E RIS AR 23R 3E I B Tias 1
g2,

250 O Evas [0 sAkAERs [0 anR
200 [ evic: [ 6% HAR
150
> 100 P
< 50 AV
- 1
o HAAmARARAH !
hi |
250 ==l
-100 I
-150
0 5 10 15 20 25
t/h

E10 fifgeEEA EVWBIETEESER
Fig. 10  Daily operation scheduling results of EV energy storage
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Tab.8 Operation scheduling results of building energy system under different energy storage configurations

L AESR IR/ kWh

ARG A/ TT 0

Y BT B H 847 A/ ot A SURAS/ T T8
EV i HL [ LR Fe bk

1 LR 0 91.32 791.98 2.20 0 598. 44 24.04

2 FHIH +EV 108.01 97.00 806. 67 2.20 0.36 547.22 22.53

3 EV 105.70 0 751.08 0 0.36 498. 60 18.56

TERBUREIR R gt 15 3 L& ) %, EV 5 & 3

O 5 A R 1 4 00 11, S L I 677 oy
FRARI AT 7T bR, A7 A Fy AR o 3 R UL A L) ARSCAE WU #5550 T B0 R SRR TR AR G0 4%

B, AERTE T RERA IR i e it 1l A fE
TRATF 2 A B TS BUE SRR Y REIRZS 4, R 5 18
W BV HA SRR IR R G0 LU AL 58 2 v T it e
—FHETS R AR

ARG EV Bom A Rz, 3 H—F % &
EV # AR BIPV #3508 IR &R G de A e & M8 10
M FEST T RGBT B A SUZ A AR R T i
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