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Modelling of a novel photovoltaics building energy system considering
hydrogen vehicles and energy storage

GAO Ligiang ,FEI Ruowen ,LLIU Min ,DENG Guanzhong
(School of Architecture and Art, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: In order to integrate hydrogen vehicles and energy storage technology with nearly-zero energy buildings, a
novel mathematical model of low-carbon photovoltaic building integrated energy system was proposed, which used
photovoltaic as renewable power source, and contained electrolysis-hydrogen storage system and cool/heat storage
system. In the model, hydrogen vehicles ( HVs) attached to buildings were included in the system energy
scheduling process. According to the driving characteristics of vehicles, the vehicle scheduling model was
established through Monte Carlo method. Finally, a mixed integer linear optimization problem was generated, and
the power-heat-cold dispatching results of three typical days were analyzed through a case study. The case study
shows that the integration of HVs and building will help to reduce the exchange power between the building and
public grid, and the improvement of photovoltaic installed capacity and the application of energy storage system will
help to reduce the total carbon emission of the system.
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Fig. 1 Schematic diagram of a new low-carbon photovoltaic

building energy system with hydrogen cars and

energy storage systems
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1 000 120.483 9 291.347 8 —170.864 392.142 7

mEw, WEXRRENEENT &, F5
WL AT R, mAEM B RZRETIRT, Hib
AN T BN B KBNS R Wk B R R AR o KR
FEAA 300 kW, F54b, MEARFENLEIEE] 1 000 kW
Bb, RGEAEG I B R IT AR A8 o T fl, B S E IE
BB EREFER S, WHE, BT AN EREREN
mMaE, £ EWEN, THAEREEIARERS,
REMGREAE AT, MR, AR BRI
Bk, ks b, BE&ERRENF BN, R
G5 301 b B A A TN, B R AR S T R
S0 B B R AR B, 2R G0 0 A A 3K B e A
Wil 5 YE AR B A 0 I8 7 & J e AR R SR 452 W AR
IEZH TR, 8 5 OG-+ i RE R i 15 @
ARG B RN FREFRBC L AT RE.
3.2.4  fERE & X IBAT4E RA

TE 800 kW YeARFEM A BIE R T, FERE K
EREI AT, RGBT A 5 AEBRHE B = 1) 22 1k
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HE 4R, “ENERFARGFENEESELE
AR TR I, RS R R G b i A
FEA 0. 135, HuBRHER R R 0. 66 kg/kW - h'*,
Hil& 8 WA, 4 RGN S/ EREAES RGE, B¥&
Tt RCBRHE B B AT A B9 3G 0, HUAH e T sk 2D
BRI A, R G0 b A i VA BT A IR PR A B Sk
HERL.

F4 AEAHEEET, REEETHEASERERE

Tab. 4 The annual operating cost and annual carbon
emission of the system in the presence of different energy

storage equipment

it BETE = BATRA /T 7T Heme /¢
it %+ A 6. 14 67.96
Tofit e 6.75 88. 94
TofifiPh 7.14 80. 97
¥R 8. 24 96. 35

x5 FEFEEET, BEMNINZBRINERE
Tab.5 The maximum exchange power of the system under

different energy storage scenarios

o 2T H e/ kW
o ey )
P To fiti 4 185 42
EERFeS 148 14. 4
g% TefE % 28. 4 300
- H&w 0 247. 56

B 5 alan, YE sk, EZHE T
MR % B Tk R G T AN, HARET DL
SRR L, HAEHT RS 5NN Z B IF7E L 01
RIRE, SREFHFAFELFE R, JFH, 4
KIHGESIEAREEE R 0, BAMER R/ HE RS
B SN L L Ty, FIR HP P24 %68, IR k>
R BB FE A R IR HE R &=, 5 —J7E, 4
Bl P B I, A ZR R G e W 1Y) L RE TG T fif
17, RS S0 B AR R i H 5 A 8 . TR [
FEZ, XZ RSB, 58T, K
WAE Y JES W PR A e R &, 5 B A 2Rk
AEPGE B, B AT AR BB, B s T s, %
PAEE RGN W] DL B R R BT 40 T B A AR U
s R ERE, HA FRIERAK 2T
B,

5 g

T TEBLR AT B bR, bR R RIEFE
REFEREI HATRE IR R, b, HVs h T4k
MUK, 2RFHRMZ Bz KE, H HVs
PERETRFM T, wRAE o AR B h
A RGARE. A SCEY HVs 5 RERE R M 5%
Ji, MR T — AN 25 B AR & R R i BE B A 0 BT 2

RSAEIR R SRR, 4 HVs 4558 T @ SR T i ]
RGP T & R, HERNR A ST,
AR T R T S0 RIE ik HV U8 B AL
b h, Gl RRRIRG R NS
HBMAZ =AW H §) d- P-4 Tl 8086, I8 A1
H GAMS/CPLEX “FH#1Kfig, HRILLITF4e:

(1)4 RGN TELE R A 6 R & B B, A H
fr L&A HP, K300 43 0] 15 A4 i 854k R S AR
RE/ISREEAT TR, W LR B H A M H B, I
A BT FEARSN A R E T 5

(2)F s SEAE R BT 1) HVs S R4 it v
e, WL RGMEEE J1. 54, HVs [ g
SUBLRE B W) B 5 Bh T B iR ik EURE P B AR
i 2 1m) 7 371 A W] A H Sy e] DL i i A
BATIHAN G, B TRIREN RS 5N
HhE

(3) BA 2R G0 10 A 1 T R 2 Bl AR JE AL =
H ST R TR, JRER A RER Tk
o, LHEEMTRIEIRE. FEHHE A S
BIRTER T, MR 3R R 400 o] 14 s fr3E MLk
F, DISEBLARG M R ERERE

(O ERF P SHE PR, B &GS
WA R TIHANER L B, B R%E S5 5MM
IR [ BEARAE AT AR 5 R HE R

MWiEZ, bZE HVs AR ZE #H kR 5
K, HVs 5iEFREFEE N 1S BT ik —
BREACRTIREAE 520 EAEHE, X T 5 H e g
7% e H bR H A R X
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