#53% 456 M #HE R Vol.53  No.6
2024 4 6 J THERMAL POWER GENERATION Jun. 2024

DOI:10.19666/j.r1fd.202403031

A F Aa sz a o5 K AK 84 4= 2R £ T

TR, FOR, FHE, RExX, #WD

(B /) KFR R ) EIMTAZF R, T fRke  071003)

i E] A RREMNAREEHEGR R, BIBENEREREFETET AR ASERG LR
wACIE, A R RS, \#Frﬁ" ABRRAI AR AR R R ., EREH, &
ZPM25 R EREN LS b LREXAMOMAEF LR B A A LREEK S, it
R ERMKIERKE R, MEEHTEREW, KEEARBEAKAMG L, Rt AL EM
RIEKENg, wo, AH DTW (dynamic time warping) H &k FHEAME . B L@ T M
BETHHEEARAHNORE, REHDPEFENTHEEEND L BENARZEHAT
# DTW 14, BRUER T H 40357 L B 624 DTW 1A, @3B 40 L B ez s
DTW &, %t 5% AT A KL LM E . ABEFHERLHFRLT, EBHIEE P
0 — R AR, FFxtFRARME éﬁ%l#ﬁ%i\ﬁ%% #IRA K 09:00—15:00 #9 £ 4% 5
# 3 ANBF I B EAT AT, iR RMEBRET DT 600 Wm2 e &4, AL,
BRAVG M AGAT R T AN 0.83, HFHARIREAN 022, MAUKXRIEERA. REFAHZHE
FARK B R FRES, 2R TR L ERREFRRAGIL, H2 KPR ES
HOTF, wsbmA 28 RBIT—RF k.

[k # 8] ckat; /e, R4LRE; AWE; DTW F&

[BIAANHEK] §H%, =&, 4@, F LT e bRA/SRAMEKAMN[I]. #H L€, 2024, 53(6): 21-29.
ZENG Qiaofei, LI Bm LI Xinfu, et al. Prediction of dust accumulation loss in photovoltaic modules based on similar days[J].
Thermal Power Generation, 2024, 53(6): 21-29.

Prediction of dust accumulation loss in photovoltaic modules
based on similar days

ZENG Qiaofei, LI Bin, LI Xinfu, CHEN Jiahao, YANG Yuang

(School of Energy Power & Mechanical Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: To study the effect of dust on performance of photovoltaic power generation, a laboratory bench was
built to collect daily power generation data of clean and polluted photovoltaic strings while monitoring
meteorological data to analyze the influence of dust accumulation and weather on power generation performance
of photovoltaic modules. The results indicate that, the increase in PM2s mass concentration in winter and the
frequent occurrence of sandstorms in spring lead to a significant accumulation of dust on surface of the
photovoltaic modules, resulting in a rapid increase in cumulative power generation losses. However, in summer,
due to increased precipitation, dust is difficult to accumulate on photovoltaic modules, resulting in a slow increase
in cumulative power generation losses. In addition, the DTW algorithm is employed to find similar days. Firstly,
the entropy method is used to calculate the weights of each meteorological parameter. Then, the DTW values
corresponding to each meteorological parameter on each historical day are calculated in reverse chronological
order, multiplied by their weights, and added together to obtain the comprehensive DTW value for each historical
day. By comparing the comprehensive DTW values of each historical day, the meteorological similar day that is
closest to the current day is selected. In order to avoid extreme weather conditions, a portion of the dataset is
selected as the validation set, and the criteria for finding similar days are optimized. The data from 9:00 to 15:00
each day is divided into three time periods for analysis, and the condition that the average solar irradiance is not
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less than 600 W/m? is set. After optimization, the evaluation index determination coefficient of the prediction
model is 0.83, and the root mean square error is 0.22, indicating a significant improvement in prediction
performance. Finally, the algorithm is used to develop a cleaning strategy for the photovoltaic power plant. After
comparing the cumulative power generation loss with the cleaning cost, it is determined that the power plant
should be cleaned every 28 days under long-term non rainfall conditions.
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Fig.1 Actual diagram of the test bench system
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Fig.2 Time series diagram of electrical and meteorological parameters of photovoltaic modules for two years
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weather in 2022

M3 T NEAEL, WA R IRAE
REPKEP BRI L, WNRKIUA S Rtk
EHURRIG . 5 5 Z= il [ AR N B R
%, BURSRHORFFEAKT, Rt R ERIRLE
I, BTG TR S PM2s (3
m, ARG, REBRES R R E
PURBEZ K.

http://rlfd.cbpt.cnki.net

2 tE1A B B
2.1 BIASET R B E L

B HREM IR SHUE WL R 5 5dE, N
T AR EOC R AR K B BR, AR SCRH
DTW Sk ab s X2 —pit5 2 A7 51
Z[AIFHAAEE 7%, BUER& 2 MR P81 C A1 Q, K
5y m. n, B C={c1,co, .cm}> Q={q1,02, .On}o
RXFE 2 ANFA, FIEHRE T A mxn B RE,
FEERINLE (1, §) Tk, 5 i g, KRR GE
R R R, B ()= /(- q;)? ). DTW
IR H R MR B R — 2 (1,1 2 (m, n)
B/ M 26845 (warping path). #8482 W={w1, wy, -**,
W, ot WKHEFEREHIRIES T RE S, LT
XAt

1) AR5 max{m, n}<K<=m+n-1; wi=(, 1)
F wi=(m, ) RIS 46 R 85 J BE 21 (06 552 1 e 1), 2
R S KB sl

2) EHEM BT wa=@'\b), AT TF—A
BAE A wis(a,b) B A2 (a-a) <1, (b-b)<1, B
2 NN PR, A IR, PR
FOEAT RS

3) B 45T wa=(@'\b), IR TR
=R we(ab), 7 E A (a-a)=0. (b-b)=0,
R AT T PR R 012 B 5 B T B YR AT 1




5% 6 3

WK SF TR AOBIRGLAF R A 2K T 25

W Bk dr, DTW FEykmte BEHRE —% M
N ARA LA RN S RN — KBS KR E
N(1L,D)ZFRR () S S BN BmEE s, B
y (Lp)=d(eic)+min{ ¥ (i-1,)), » (1j-1), 7 (i-1j-1)}-
22 ETFBEEFTERKRSEHNE

T 4% 5 2 B0 S DR AL % o B 0 B
RI, BT 5 SR BUER, 7T M S B
e B B 2 i B AR L

905 1 v (290 e i 22 00 b sz WA [] 2 % 2 [ 1) 22
SEVEMEERE. RABERTESSES I
#H, PRWTE:

1) HaEbs AR, TSR RS HTEN
FHERALANE, DR b 7 ) T 6 B0 40 3 A7 b v AL b
H, DIHBRREESR. HHEATN:

X; —min(X;)
T~ max(X ) - min(X,)
A XN IR ESEUE; max(X) N RS
HEE ) TS EEKRE: minG)NAEZSHFE |

®)

WS K e ME s X AT 2R § IS HbRiEfL
AL B JE R -
2) H—AsbrE. HHEARN:
X,
Y=o (4)
&%

AA: Y R IS HAE SR HAHEE, 0<Y<1.
3) WHEAISEE B o fEEAHME di.
A

g = K_an:Yij InY; (5)
di=1-€; (6)
ﬁ#%.%ﬁﬁmosasl,K:ﬁ%o
) THESHRE w. THAXN:
m:fj )
2

T H ML H B B, sRTE
AT SRR S HNE; Fia, % H
BATHE AP H SN IR SET M) DTW
{8, FRRCLHLBCEIFAMG R 1 H K4S DTW
. f)m, W AR L H4RE DTW {H; &
s /IMEL TR LR 7 52 F AR DR 24T H R AR

http://rlfd.cbpt.cnki.net

AR (L) QYT AR — 5%
PR AR AR R B, HEmT DA Y 24 S
ZMTOCRALF e R B K R ik,
o TRV TR A 2 2k
3 BHI i R itiE
3.1 BIETMMERR

AR BITTHRZE (Srvse) FIRE BB (RD
KA RE i AR R KRS K0 2 Ormse BT O
I, AR R 2 RYBEE 1, BRI
AR .

(8)

©)

R n WEBEAMNL | ONEEASGE (1) P
A ARERIIE S PO | ANREA T
P AREAS P

3.2 BUE ST

ISR S RGeREEM) 2021 49 H 29 H
£ 2023 49 H 29 HiWHdE. 45 2.3 Fi{Eikit
SERBRREIERE . XGE . PMos. 15 B IE B FIAH XHE B
IRLEE, 4554054 0.691. 0.110. 0.144. 0.038.
0.017. ZxEFAREEITHE DTW (kT 2417 H
AL H B, 4 kAL H T4 R

4 vT51, ESHE S HME AR —E
iz, JLHARTE 2022 fE4ZY 2023 (F5ZE, Tl
BT RESME, S iHE I iabs, AN R2 A8
0.58, Jrmse N 1.13, FHMIACRIWZE. £ 2 NiX 2 B
I B35 BP0 23 S G AR H B BRI 25A DTW fEL

FLSA
10/ —— Fijilf

34V a/s1Y

L
N2 \7?01

107_\\‘)\'\2011[\.‘\ '307-1‘6[2\ 0
H A
& 4 FHIAH & BEHRK LN R

Fig.4 Prediction results of power generation loss rate on
similar days




%A%

26

2024 4

A

F2 YETHS5#HEMBL&S DTW E
Tab.2 Comprehensive DTW values for current and similar days

SE B RN, AR R R, 2B M
FHRAAE € WA, HERHRLBHHH A A

B \ R N NN .
e M BUH, B SEEsAmiRE. B 5 BRT
2021111 202231 2022222  2021.10.30 o ) ‘
207233 > 980.33 2022 FybAhFERRAEE2METH S H AR H R
2022.3.4 164.67 PHAR MR Ak e, M 5 af L, 2022 4 3 H
202235 154.92 SHM 2022 %3 H 6 HiX 2 KA KPHER R E S H
2022.3.6 2 696.45 s R .
MUHMEAFAEREZES, IMERSEOIER
EEKE 3 53R 2 KRI, & 24078 BAFEE yE4 DTW B K.
12001 1200,
—20224E3H3H — 20224E3H4H
1 000k 2021411 H 1H 1000k 202243 71H
800 800}
£ g \
Z 600 Z 600 \
# ) \
= 400 = 400 !
200 200+ \
O 0_ F
00:00 04:00 08:00 12:00 16:00 20:00 24:00 00:00 04:00 08:00 12:00 16:00 20:00 24:00
i %1 I %1
a) fHfLH 1 b) HIfAH2
1200 - 1200
—— 202243 /51 —— 202263161 ||
1000 - 202242 /22H 1000k 20214F10H30H ‘v*
—~ 800 | —~ 800}
= =
Z 600 \ Z 600 i
= \ B
2400 - 2 400t A
L2 E
200 200+ ,
0 L e () =
00:00 04:00 08:00 12:00 16:00 20:00 24:00 00:00 04:00 08:00 12:00 16:00 20:00 24:00
i ) Ff %1
c) HIELE 3 d) HfLH 4

5 HpTHSHEMBIR/ERE
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