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The attenuation law of Photovoltaic module operating efficiency under high—temperature
environment and engineering countermeasures
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[Abstract] In high—temperature environments, the performance of photovoltaic modules will be significantly
affected, which has become a key factor restricting the all-weather normal operation of photovoltaic power
generation systems. This paper mainly studies the attenuation law of the working performance of photovoltaic
modules under high—temperature environments, analyzes the influence of temperature on photovoltaic
efficiency, material properties, and structural performance stability, explores the operational performance
fluctuations and performance weakening caused by sudden rises and long—term high—temperature working
conditions, and discusses the influence mechanisms under different climatic conditions. Based on this research
result, solutions such as improving the structure and heat dissipation design, selecting heat—resistant materials,
adopting heat dissipation technology, and constructing an intelligent monitoring system have been proposed,
with the aim of providing a feasible idea for solving the operation problems of photovoltaic power generation
systems in high—temperature environments. This research achievement will help enhance the economic benefits
and operational stability of photovoltaic power generation systems.

[Key words] Photovoltaic modules High—temperature environment; Efficiency attenuation Engineering

countermeasures
5lE TR IR B A AT UL, JRR A SRR L, DR S R
FEC XU B AR 50T, o B A] R A RRYR S H el B R R4 T ST ROBAT o ARSI IRFE IR AT RSO K TR

PBESFE AR T A BEIRAO ML BV SCHE R IS B = AT AT $R0T

XPREARA . TS X ARSI EE T 2 —. N EE 1 BRINEISLRAHEBEITHIEANE

AT AR BEIUA BRSO IR BRI T PRI K, AN
SUFTE . SR, SEERHOBIREIF A A RIRIA T T, B e
SO BDCIREAFRIVEREAAE - AEREITER, AR AT BER R . HiA
FAFE I W RBLIC I TR, 4 A v il (0 %0 3 A 28 ) ok Bk
1o R, EAZRE — A IR N A3 AT AR 5 i i 2 R AR AL 2R

L. LB o B 40 R 1 B B R

AR ZE A P e 5 IR 1 AR DG, X2 H S T A R
BV P 19 LR A N, 4 TAR IR S i L C R,
o TF 3% H R R 249 AR 272, 3mV, 5 B0 1k ol R 4 R R PR
0. 3%-0. 5%. 7E 5 2= fm AR X, 20 {2 IR AT A 21)65-75°C,

52 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Engineering Technology Development

TAEBARERE
B 6GeN 4 eNRA 1.0€2025 4F
EHFA: W TS (ISSND: 2737-4505(P) / 2737-4513(0)

EirEmiR 44 R 025 CHIEL, 208 N RIR B I8 12% 18%. 1X
EURE FAE G RRBRE R, Sebr & il I BAR T . R
v ik A1, TS ERL I R B R BORE  BAR, (RTE SR A A T A A
TEMRES L. KEIRE, MiRisir MY BB ESE T 18
ROER, BN T eI — AR i 2R AR R MR E, (R AW
B K T B 58 E M FE 0K, T 4 — 25 5 W) R 3l R Ak (132 4T

L. 22 A4 R) 5 PR AR P ek P e

rR AR, AR 2R A b 22 PR L R BRI AR SR I AR
P, RONCR BRI BN R BEMEHNEVA (205 -BE R 205
1) 7E LR T0°C I 28 5 R AE SN BB, PRI
e ZR I I NNE AARE o AR E K Bl a7 A R 4L,
FEARAPE I 200 T . 5 LRI, &8 SR 00 fa B & B R T v
T3 0, 457 4 ) PR RELER B SR 302495890 00393/°C,, JiLE 25°C
TFETOCH, BB _ETFT18%, B4 B2k M BURERE i o LK o
F) 55 1 R TE IR AR A T T B il R VR AL, SR AL
RL” I, 0 R R AT RE R IR . R, I B PE AN
R —IRATARAL, TR TR B SR Z EN
2.

L. 3 5 R S F 40 5 Rt ks

Bk 23 0 L SRR M AL, S TR IR R AR 2 SR B AR 2 1 2 i
P ABE S . IR I 22 5 SR I H it 4 P AR K A 445 B
55 IR ZAGHAE I B A LRSS e BB AT, 38 RN J1 9% 57,
ML= R P R o Ak, w23 7R A OB D AL B b
BHAF ARG 4, T PEAR LA (B K AN 2 e . 40, 7EVDE
Hh X 3B AT PR AR A HP DR 24916 0% 1A i e il % e L 51 A ) B A
ALBERIR . 3o R RO B B S v E I TR B R (PTD) B R A,
T RAH AR TR B IR 3 o0, 3 7 T Z 4 2R 1 43 L BB TE ) LA A
FAY IS 1) 90 PR P B I 380 5% LA o G S A ek T B 28 )l LA
FURT I F BRI, AR AT HOR T, 45 23 18 v LR AN %, %
St {5 P 4 R R A ¥ R e 34 R KR

2 BiRIMETHRRAGEITAERRRIE

2. IR A TR 264 T 1 302 U B R AR

e H s IE AT i e, AR TR AR R e AR, T 22K
PRARIRGREE . X3, MER SRR IIBES s . Rk
W, %R REE7E 1000W/m? 25 7F T Il b FHB, 2R 3R R T 7
e i35 CTF &5 CLL I, SR BEZ FFEZ15% 8%, IXFhR
IR T2 SRS R AR A, TR EE U B R
RIERME Z LT B, A4RZRENRS LA EEH S
DR, R 2°C /min, (i f K ThER B B (MPPT) 2R 45 (1 1A 8245
B, BRI T AR AT A . A X R HA AT,
BT A BAPUOR T RE S B ISR ke, i R R X S8R
PERRELTT i, S A TSR BB TE B . BRI, RS IR T A
RN BRI, B 5] K G A B 5 1 RE R AL
HEFTIK,

2. 2K EEAT N IR I 2 S e

HH LR AS 8RR, K 3 vz A7 x4 R R 1 e BE L R A
PERUAS ] 100 7E FEh A A iy R b, AR AR 3w e 0 HH I 4
IR R AR . SRR R I, FEVD R SR X, BT
I 54 HI LA 1A AR TR R TR 0. 6% 0. 8%/4F, B 1A i X
0. 3%-0. 5%/4 . X—ZEF FEPRT KIS EINE 74k 24k
BB k. SR A TE U e 2k I RT RO L 5 SRR,
RIFESZAT AT 3-54F 402 T BRI S, LS NZR18 T FB B o £51)
T, LG b X R 3 1) o Ak 2L A IS AT AR AR N B R A
3. 5%, MG RFFETEIRLI0. 4%, &I 2 0 RIEE 1R K R
(PID) (e, SHCRIMRMIY R R . k] W0, K ERE
AP R LM R AR, I AT 851 R AR LR MR IS I )8, X Fi s
A 5t ) B8 0 . S

2. 3R SR F AR R R ok ) 22 S A IR

TR A R 2R VR TEA RS TR I 8%
5o iR R X AN E IR, AR mRAE A R AR IR SR
N, INEEVASS 3 2 A K AR S SRS AR Z A, A6 R R 0 2 ik
T T X T T RS an 7 b BE R X, R SR
FEBUR, BERIRERR, RIRA AN, 51 R BEZEFIE S 5T,
FRINAARRIFRE L AURFA AL RIE T RIS, L FE R
TREBHLENESER, A SEE. KE., BRRESHE
FMEBN, RS 32 R

2. AR FEPRNT R L R 5 B A I A R

AR AP R 3T L2 5 B R AR, T 5 e )
VT RRES . 5 G0 TOOMWAIA 1 FEL 3ty G S 4 1 %2 93 %6 ik B 4 4F
0. 7%, M43 I8 Bl K S EUR B ERIRT~8% MME
BT 3 AR o [F B, BT R R RE B R I A AR B 4 A
(RIBE N B, 5y a5 SO R AU B R .
PID5| K (M ThEk 40k T B R Ha S FBORIE Z TR, WA H
REMIBYE AT L — B0 E OB Z R, MR
725 ERL 3 )48 % [ W o SR TR ) R 9 R R0, 5%, T S B )
TR BOEF0. 8%, FB-4 Ti H 45 B [ WA i e 8] T R 22 AE K 124F,
Rt W HZ A H 5 BRFEE NS e Rk G, 756
AR ALPE B AR P A (R, 308 75 4 W7 L6 150 2235 202 A
S AT IE B SRR T

3 BAFBRETHRAGEITHENIREXNR

3. VLA ZE A 25 40 5 HEAR LA sl R I e

BerE AR A HL sl s, 2 A S R 1) A 2 5 T 1) R )
W B HSE TR B AR T =503, 58U M8 AR E
RAHZ, WK BRI AT 758 24 0 AR 4R 51 2 ) 1Y
DUTEIRE, MR i2s SE SR BN B A0E, 3 1T BRI RE 51 i 2 T I
[EZ123° C, HRHABIRE L%, HBIEEESY BN R
R H, 25 FEARAE 10~ 15em s B SC 3 LARG IE 2 TR M E L R .
HEAE T F YRR RS, T DAAE I S B v (R U A
s RE, TR M T ) — e . T R KU X
A DATE B AR 25 2 15 BB B OGBS R B
T, BT 33 2 S A 0 e AR s ] i R A P A A

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 53



Engineering Technology Development

T AEBMARER
HOLOE AW ORA 1.062025 4
EEAL BTG (ISSND: 2737-4505(P) / 2737-4513(0)

AT SRR Z AP AE G R, W] i R UHiA

T =Ta+i><(NOCT—2o) 1
800

Hh T, gk s, T, W, G Rk % 1 s s,

NOCT Jpatr LA R . it B T, | 405 s Al 7e i

EIRES N ORFR AR T, RN s> #0875 B0 iRk 55 5 B i
5 .

3. 2R FMERIR B 2R 250 5 i vl 1 9 28 Rt s

AR RE R VR H A e LS R AR AR 22, o R
IR B BV 49 9 -0. 35% ~ —0. 45%/ °C, £ PR 1R
70° CH B U T B . WO, SR FH R B R BUBAR 0 A ek L
BRI R RN A B0& %, Flin, FRigs HIT) ribis
REL -0, 25%/°C, TEAH [FFRBE 54 T Al /b 30% LA b 12
P TR T 271 2 AR /R SR A i, R E R A
KECAT LM R 5-0. 20%/ °CAH 24, AT AL Vb BT H X R A 2
Ko FEASEMRIFTH, ¥ F REVAMBE R T 2= a6, 38
EIATER Y 9%, BB P AT« B Itk I FIPOEM B B . R
FAPOEAR B EVA, 16 iR i A 5 N TAESE S5, B R e
KW LR/ A . KRR TR E GO TIR, 1ig
LR IR AN A RE, A PRSI = A FIP DI AT Re k. %
By MRz BN & TR R U0 T G 55 B A 4, BRI
IR A AR 0 R 15 R RGN, R4 7= I FE R, R
T 7 P AR ARG R AR AR S5, ARAIE P SR E RN IB AT Z AT HERR —
IR REAFLE (¥ 1) B, PRARAAT P R vl 5 500 B R XU

3. 35| AW 5 E A AR RGBT IR E

AR AETE RIS T IS AT N, ¥ it RS 05 2 2% FRAGIR
FE, R R AR . HENAE T AL TR, 4RI RIME, o LS
EOFEI NS FR KA BT 5 U L R e e g o B
TO0HEL 3k v R F S 2R TH T RS SO, B TR FRL 1T 45 A 5 RUR
R SR, S RBAE R N RE274°C AEFB A3 i X 35, SR FH AH
RIS E AR, 245 R 60 °C IR W A 4k, BENS E LB 4k e T
I, RS E . T E 7 AR B3, WK PRRER
Ze il i BRI, BRI E RS 10°C, THERIETH L
4% 6%, A RGBS IEHKBA IR RS ERE, WA TR
R .

AHMRSEE R R T AER:

AP:PMX,BXAT (2)

Hoh AP oh%Astk, B, A5 %1%, B R RK,

AT JESEEIREE . #9004 R R T8 C, 15 B = 0. 4%

JCHAETR, TR TR T3, 2%. Bk, & FA -S4 50 5 F3h 20
T, RERBTE A F SR S A S Sl B, B F Bt AR e
LT §

3 AFE SRR IR S IR T T R R IR SR

TEFGAR HG B IR, FRrli R 5 AN B A 2 B 1R, 4 e
AFTER . B BE NI R 4L T LA AT IR BRI T SERE B A
PEBE B A A 1 LT A ME RS AN AARAN, P TEAD 2 M I3 8 43 A, —
BRI I 70°C BRI AT Al R R, 12 48 N 51 RE i 70 BT B
RIS B AR o RS SR R, R AR IR R AR AR 4E
I BEI R MO, TE%FEARZE0. 55%, +4F B it Ak B8 InZ16%. [
IR, 1% ZR G030 B A B RR S R i R AR R o, O s A T 3R
LY SRR, ALK, BAKE B iz 4 pliAs .

4 &

AR P EL AR I AT BRI R B KA S5 R,
TAEXSEL MBS BB, B 5B 4P AT R . 1
THEAT 5 45 R T RE B A AR TELTE, 7 B et R0 8 285 61 ) B sk
T RRURE, 4 R 32 Bh v E A B e B IS AT IR, R R
A0 2R G DB 4 R B S 5 U T o X St e A
BlAr, Rets WIESL ENEAT R T A A B B . BA— > LOOMWAR A%
LS A, 45 SR DA 2 i, 47 B R R R T B T R
HEN5%" 8%, Xof RL I a F- F+ PR H T J3 76 W] W, 7E iy i b [X 4
J” ARG TREN SR, AN BB e L4 FH 7, 1A 038 50
Ha S 8 DR I S B IR R

[5% 3Cik]

L1 DV Ak, B R 90 S5 PR 0 3 R 41 3% v g R [0 4 K
¥,2024,43(4):76-80.

(2018 47, BB, BR E 2 F 0 X S ARG etk 4 4538
HOM A LI K B fik 2 4R,2021,42(5):7.

BlYHIEH k. —KF PO RA SR E P H
WA R E B A ¥ F A R2023,47(3):234-237.

(417 K, B8R, 4 0 3,4 & IR 2 5 xR AR 412 ik Y
%A 5 (D). 7T B A 6697,2021,39(3):6.

(51 & 7, F W, kBt e, & 2L TR 30 th OB 1k v, 3k P b 3
S OBtk 44 9R B A 5 (0], A FE 86,2024(4):101-107.

EE T

R (1982——), B, Ak, 7T i 4 da [ W 48T B AL R A AL
W LR B A TAE,

54 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



