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Abstract: With the expansion of cities, energy consumption of buildings is increasingly growing. The energy crisis and
environmental pollution resulting from it are imminent. Therefore , constructing a micro-grid for buildings properly and consuming
renewable energy thoroughly can effectively relieve the pressure of the power grid and realize its clean and low-carbon
development. Aiming at the problems of low PV power consumption rate and large peak-valley load difference in building
photovoltaic systems, a photovoltaic system with phase-change energy storage and its demand response mechanism are
introduced. Under the premise of considering demand responses, a phase-change energy storage system is designed integrated
with air conditioners, to jointly meet the temperature-controlled load of a building. The scheduling strategy is given, and an
energy storage optimization model for the system is established.To minimize the system operation cost, taking particle swarm
algorithm to solve the model, the optimized configuration of the energy storage system capacity can be obtained. Then, an
economic and technical analysis is carried out on the system. Finally, five configuration schemes are compared based on case
studies. The results show that the scheme proposed not only effectively reduces the cost, but also effectively improves the PV
power consumption rate and reduces the peak-valley load difference.

Keywords: phase-change energy storage; building photovoltaic system; demand response; PV power consumption rate;
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Fig.2 Daily output of the PV system
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Fig. 3 Classification of demand responses
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Fig.4 Photovoltaic output and load curves of the micro-grid

A G, A K B IR] 25 & R T R PCMAR 46 e L O
UM o WP 7 TR, PCM R ROG R & 4t
2 % WU A B IR R R A B UT DLAIG i e
HL, 08: 00—09: 00 Fl 16: 00—23: 00 [ F HL /&
e 1F B B e, AR 5 R o IR L >
1+ W8 BF BB A R 97, S B BELAS

900 e (LA ke
. B 4 M 75 HL
o R 4# it
6001 § TN
2 |
S 4500 L]
% 7 0
300 % g
150F % / %
L7 D....
04:00 08:00 12:00 16:00 20:00
21
5 RIRZEER
Fig.5 Consumers of PV power
600
< INHE 4 S
] O
5001 % # Rt it
Mo PV fft
4001 AR
= | 1 K
= 300F ¥ X
S R
200 _
S
100F %
L X L 1 L
0000 0400 0800 1200 1600 2000 2400
I 2]

E6 FERHAErAM

Fig. 6 Electrical load composition

R 95 UE A SCHF 98 7 v ST T 5 AR gt
VRILE 7 5 AT bT He A

(DFE L, R TCARATECE , 77 #1717 1 1R
CEN o2 P

(2) %2, ZGAHL & A SO R & L, B
KR, J6 PCM .

(3)J7 % 3, RS [A)IFIe B A 2O IR & i

2300 ‘ ‘ ‘ ‘ ‘ ‘
00:00  04:00  08:00  12:00 1600  20:00  24:00
21

7 PCMIIEH%
Fig.7 PCM power distribution

(4)75 % 4, R G R B o3 A OBk & B A
ABRE , T RT R o

(5) S5, ZGIR L& oA XOG IR & M
AR HE AT SR I B

5 Fh BT IR BCE T 2N A L B T | R A e )
FANE 8—9 FIrR , 2R 5 2N OGIRIE A 3 g4
2 H RUAS LS R WL 2. A SRR A B
PR, T BTN AT SR, BUAS R 5 474, 72 J0/d %
%1 631. 68 Ju/d, (HAFTE AR K L 5 FEL A7 fap AN DE JE
MRS, (A5 G AR 98 e eIk, B JE vk el A8 s 40 1
faf 4%, Joid 5 IR HI W JEL AT | W A7 A I 45 25 5 i 3R
e AR A4 513. 269 kW

J7 % 3 507 % 4 3 55| A K B A PCM, 1]
DLSCI— 2 A I ELAY 5 Bl R FH PCM Jr 28 i) I
2574 513. 269 kW AH L, B2 SR FH 7 SR i 17 1) e 7%
20 431,357 kW, BGRB8, IO B4 (H K 4
B a2 A T WA 2500 349. 485 kW, 17 fuf 1l £k

ALE AT R A 1 Ty 58 Hf , WA 2 AT LA R 2 il
N, HAT DAY A B HOBRAS S AH R R FE 7 AT
Tia] B [ADAER 28 B B 1) 5 B A AR T 4 R B AR . 1
LB A PCM [ 728, AR AT LAK i 5 4 v G AR T 40
R AR TFESEHEAHATENRE B THEZ
HTH AR 08D AR S X W A 22 1 1 0T
A SR, HRAS I D ORI A R

WE 9 s, [F 51 AT K B Fl PCM 1) J5 5
i, 3 PCM {H 9 R ITUAR OGAR & i KAk
TH AN JFOR ) 81. 39% 4 i %) 88. 83% , [ i , i
1 7E 1 B R H AT A i BE T e, FH A 7 e ey e )
By 25 oA R T AR IR P B e, (A5 A4S 2%
513.269 kW [5 %8 349. 485 kW, K KIRE T 244
RIGHR AL

H T PCM MR AR AR , H 7850 R L (IR AF



. 60 - & R % 43 A
PV HE— B A i 25
800 —¥— PV+PCM - — J SN .
+E¥+E%M+DR (2) 75 >R ma v A1 PCM [R]BsF 51 A @30 61k R 48,
7oor SR 5, BT LA 2 R AR
600+
= B 23T
7@_ 400+
= 300+
C1JFEIA, SRS, X4, 4 5 TR L e Ok I o e 2 55
2008 £ AR A AL B [T, A, 2016, 40(6) - 1709—
100+ 1716.

0 L L L L |
00:00  04:00 08:00 12:00 16:00  20:00  24:00
%)

E8 mLafrsk

Fig. 8 Electrical load curve

B —<—1{Y PV
600 PV+PCM
—eo—PV+DR
400~ —— PV+PCM+DR
200 AT
=
=<
8 0r
S
=200+
—400
~600 L L L L L ]
00:00 04:00 08:00 12:00 16:00 20:00 24:00
I %
B9 M5 R HI) % fh 2k
Fig.9 Exchange power between the micro-grid and
the power grid
Fz2 FEMERR
Tab. 2 Evaluation indicators
VR HERAR .
Fe kg R UKD e,
kW (JG-d™)
Tohe & 0 513.269  5474.72 23
PV 81.39 513.269  1631.68 37
PV+DR 72.31 431.357 1329.21 46
PV+PCM 97.45 512.587 1659.52 53
PV+PCM+DR 88.83 349.485 762.29 60

DR R R Rz s PV A6k R4

i 5% 7 F, LA ik /0 g R A st B P BRAR %0 Y B
H AL 762. 29 76, AN 2 5 28 2 AU BL EDLIR R St
H BT A 1 50% , Toie N 3F B 2R |, ix
T RIS T AR AL 25 -

5 45ig

ARICH I T 7% 18 PCM R SFOLIR R S, IR 5
AR, 8 57 R G BE A O AT, i oo 5
B Bl 153 AR 258

(1) 7% J& PCM HYEEFOLIR R S8 ] LUK R 52 =
RGOCIRI N WD IR, 51 AT 2R B

ZHOU Nan, FAN Wei, LIU Nian, et al.Battery storage multi-
objective optimiziation for capacity configuration of PV
based microgrid considering demand response [J]. Power
System Technology,2016,40(6) :1709-1716.

(2] B0 AR, A, 55 2 A BE AR SR M ) 17 14 Bl P ST AR

THANRE BT [T ] B R G R 515, 2017,45(22)
63-69.
PENG Zheng, CUI Xue, WANG Heng, et al, Research on
the accommodation of photovoltaic power considering
storage system and demand response in microgrid [ J].Power
System Protection and Control ,2017,45(22) :63-69.

(3 8k, ik, T 0, 45 71 T R A TC B DI FR 9

NRE I BEHLIZ SR S AR a i S EU AR E [T ]
L LA 42,2016,36(6) : 1578-1587.
XU Zhicheng, ZHAO Bo, DING Ming, et al. Photovoltaic
hosting capacity evaluation of distribution networks and
inverter parameters optimization based on node voltage
sensitivity[J].Proceedings of the CSEE,2016,36(6) :1578—
1587.

(410 R5E ek A7, ol 55 ARIR LR R g0 & At Re b
PPt BT IR T ] il 5 {3k, 2021, 58(5) - 8-13.
YANG Tianmeng, HAN Zhentao, SHI Zhe, et al.
Coordinated optimal configuration method of hybrid energy
storage  in Internet  system [J]. Electrical
Measurement & Instrumentation,2021,58(5):8-13.

(5 MR-, P AU, 45 R R rh i vl — A R R ¢
XJZ P A T AL A 5 (/0L . i il 5 4% 5% , 20202 1-7
(2020-01-21) [2021-06-07]. http://kns. cnki. net/kems/
detail/23.1202.TH.20200121.1017.006.html.

NI Pingbo, ZHOU Dan, ZHU Haiping, et al. Research on

Energy

double layer optimal configuration model of electric—thermal
energy storage system in smart building [ J/OL]. Electrical
Measurement & Instrumentation, 2020: 1-7 (2020-01-21)
[2021-06-07]. http://kns. cnki. net/kems/detail/23.1202.
TH.20200121.1017.006.html.

(6 1B B PRI T, WRIR L 55 T R SURHAS BERH# BE I 3
LR REIRIH AN R G SE L) ). P R L TR %41, 2018, 38
(3):792-804.

WEI Fanrong, LIN Xiangning, CHEN Le, et al. Microgrid
comprehensive energy consumption system based on phase

change building materials [1l. Proceedings of the CSEE,



%9

IR, E A THTROES KR ZSBEEIREFT

- 61 -

2018,38(3):792-804.

(7 )24, W1 5E  BEAL, 55 . 5 IR IXOGHANT E PEFIAR AL A e

G0 T A SR B - P R B (T ) R
2019,43(10):3687-3697.
LI Yan, HU Zhihao, SUI Quan, et al. Microgrid joint electro
thermal scheduling for phase change energy storage system
of urban buildings considering uncertainty of wind, light and
heat [ ] ]. Power System Technology, 2019, 43 ( 10) : 3687-
3697.

[ IAARAS, ThA, ARG , 55 . T I5C B, 199 H B o fak (R VA

sem i o A AOGIR AT L [T ] AR 2015, 39
(12):3442-3448.
ZUO Weijie, MA Zhao, ZHOU Limei, et al.Grid-connection
of distributed photovoltaic generation method based on the
power quality health status of distribution system [J]. Power
System Technology,2015,39(12) :3442-3448.

[OITBH, &0, BH/KZE, 45 ST 275 (80 RE B L 1 i e

Jog 4 00 T W55 T LT ] AR LR, 2021,43 (1)
31-37.
BIAN Yang, ZHAO Qijian, HU Shuijun, et al. Research and
application on power quality monitoring and warning of
intelligent power distribution network based on cloud
platform[” .Huadian Technology,2021,43(1):31-37.

(10 EL 81, PR IFH , 250 . 4 i 13 0 ' ER T 29 38 B (A 8l o

SR i 43 J A A J5 ik L), i R L 2016, 49 (8) -
99-105.
MA Jian, DI Kaili, LI Rui. Hierarchical optimization
method of price incentive demand response for improving
photovoltaic absorption rate of microgrid [J]. Electric
Power,2016,49(8) :99-105.

(11 350 23008, AR S0, 45 AR E R G225 L IO )
WA S RA L) ] Bl 543, 2019, 56(18) : 7478,
DONG Huifeng, LI Wenqi, NIU Wendi, et al. Practical
algorithm applied in peak load shifting of battery energy

storage system in power grid [ J].Electrical Measurement &
Instrumentation, 2019,56(18):74-78.

[L2JFLHE 8, B o &5 B IR IR T P 0 far 75

KW A 77 1% L) B R GE R A B fsa i, 2015,
27(10) : 75-80.
KONG Xiangyu, YANG Qun, MU Yunfei, et al. Analysis
method of user load demand response under time-of-use
electricity price environment [J].Proceedings of the CSU-
EPSA,2015,27(10) : 75-80.

LIBIPNEIE TR &, WIS . TH M 2T R m o DG AR B

W fi BE A5 et DR AL TG B (0. B2 R 5 T A2, 2019, 19
(9):108-114.
SUN Xiujuan, ZHANG Pengfei, BIAN Xiaoxue. Optimal
allocation of energy storage capacity of photovoltaic
microgrid considering multiple types of demand responses
[J].Science Technology and Engineering, 2019, 19 (9) .
108-114.

(14 J1 N, 2R, 0 W T RE IR 9 75 5 1 A9 3 DR IR 7 5K
W S L) . AE LR R, 2021,43(1) 1 71-75.

FENG Li, LI Jun, LIU Bo.Demand response of Chongging
power grid integrated with clean energy consumption [J].
Huadian Technology,2021,43(1):71-75.

(R FT % k)

1EH B
ERGE(1987—) , %, FARE MO, TARIW, A1, N
BE YR T 1M 9 TAF (E-mail : wangqiuhui@ssecc.com.cn)
ML (1973—) , 5L TR, S 9 TR, R
ML R ) R G A 4 U e g AE AT 5 T LA (E-mail :
15844019872@163.com) .
ZEAESE(1997—) , Lo, MRS PR ZE 2R L3R5 4 L DA
FLA BB R G217 J7 T R Y (E-mail : [jwen_0428@

163.com),



