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Tém tit: Nghién ciru nay chi ra dwoc @ suy giam hiéu sudt ciia tdm pin ndng lwong
mat troi thong qua viéc xu ly dir liéu, phdn tich va tinh toan tir bo $6 thuee té thu dwoc tai Du
dan dién mdt troi dp mdi Nha mdy sita Pa Nang. Trong qud trinh vdn hanh hé thong, chdt
lieong bé mdt tam pin la yéu té quyét dinh lwong quang ndng thu dwoe, tir o tac déng dén
hiéu sudt chung. Hiéu sudt suy gidm khéng chi nam ¢ 1y do ky thudt ma con béi cac nguyén
nhdn khdc nhuw nhiét g, géc nghiéng, géc phwong vi, cueong do birc xa, bui ban, béng rdm, ...
Nghién curu tap trung vé anh huwong cua bui ban tich tu trén bé mdt tam pin toi san luwong
dau ra. Sir dung phurong phap Hoi quy tuyén tinh, bai bdo chi ra thuc trang hiéu sudt tam pin
lién tuc suy gidm, vé ldu dai sé gdy anh hieong nghiém trong dén loi nhudn kinh té ciia doanh
nghiép. Chinh vi vdy, chiing téi da phdn tich va chi ra nhitng thoi diém tam pin nang lwong
mat troi can dwoc rira, lau chili, bdo tri, bdo duong hé théng PV dé phuc hoi mét cach dang
ké hiéu sudt chuyén doi nang lwong ciia ching. Nhu vay, ddy la mot nghién ciru quan trong,
ccfp thiét, két quad mang tinh thyc té cao: tudi tho thiét bi dién dwoc dam bdo, hiéu sudt diroc
phuc hoi dang ké, hiéu qua kinh té dwoc ndng cao.

Tir khéa: Tam pin ning heong mat troi, Hoi quy tuyén tinh, hé thong Photovoltaic

" Hoc vién Chinh sach va Phat trién

T Khoa Dién, Truong Pién — Pién tir, Pai hoc Bach Khoa Ha Noi
t Khoa Dién, Truong Dién — Dién tir, Pai hoc Bach Khoa Ha Noi
¥ Khoa Pién, Truong Dién — Dién tir, Pai hoc Bach Khoa Ha Noi
1 Khoa DPién, Truong Dién — Dién tir, Pai hoc Bach Khoa Ha Noi
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I. Diit vin dé

Trong bdi canh nhu cau ning luong
ngdy cang ting va cac ngudn nhién liéu
hoa thach nhu than da, dau mo, ... dang dan
can kiét, nang luong tai tao (Renewable
energy — RE) da va dang duoc ting dung,
nghién ciru va phat trién khap moi noi trén
thé gioi. Trong s6 d6 ning lwong mit troi
(Photovoltaic — PV) 1a mdt trong nhiing
ngudn ning luong tai tao dugc nghién ciru
va phat trién manh, rong rai nhat. Hién nay
0 Viét Nam do chinh sach thuc déy dién
ning luong tai tao cua Chinh phu dé ra dan
dén su bung nd cac du an dién mit troi véi
hon 82 trang trai dién mat troi dugc xay
dung va hoa lu6i dién quéc gia. Do mod
hinh nang luong tai tao xuét hién kha méi
0 Viét Nam, nén viéc van hanh, bao tri va
bao dudng chua dugc tdi wu. Trong quéa
trinh van hanh hé théng, chét luong bé mat
tam pin 13 yéu t6 quyét dinh luong quang
nang thu duogc, tr d6 tac dong dén hiéu
suat chung, ma nguyén nhan khach quan
khién san luong tim pin ning luong mat
troi giam nhanh nhét chinh 13 do bui ban
tich tu trén bé mit cac md-dun quang dién
c6 xu hudng hinh thanh cac cum dudi anh
hudng ciia lugng mua [1]. Theo quyét dinh
s6 500 ciia Thu tuéng vé phé duyét quy
hoach phét trién dién lyc qudc gia thoi ky
2021 - 2030, tAm nhin dén ndm 2050 (quy
hoach di¢n 8). Muc ti€u la hudng téi1 dat ti
1€ nang luong tai tao 47% theo cam két vé
chuyén doi ning luong cong bang véi Viét
Nam (JETP). Binh hudng dén nam 2050, ti
1€ néng lugng tai tao 1én dén 67,5 - 71,5%.
Bén canh d6, Viét Nam phén d4u dén nam
2030 c6 50% cac toa nha cong s va 50%
nha dan st dung di¢n mat tro1 mai nha ty
san, tu tiéu (phuc vu tiéu thu tai chd, khong
ban dién vio hé thong dién qudc gia).

Thong thuong s€ c6 hai quy trinh van
hanh va bao tri. Thtr nhat, viéc van hanh va
bao tri s& dugc lam theo chu ky hodc theo
cam nhan khach quan cua nguodi van hanh.
Quy trinh ndy gip phai nhuoc diém 1a khi
c6 su ¢b phat sinh bat ngo khong duoc phat
hién va khic phuc mét cach kip thoi, nhanh
chong nhét, vi du bui bam day dic thi s&
gay hao phi vé mit hiéu nang. Thi hai, vié¢c
van hanh va bdo tri dugc thyc hién va giam
sat bdi mot hodc mot nhém nhan vién ky
thuat lién tuc tai khu vyc. Pidu nay dam
bdo duogc su linh hoat, nhanh chéong khi
giai quyét cac su c¢d phat sinh nhung chi
phi duy tri d6i ngil s& 16n. Do d6, nhu cau
str dung cac cong cu tinh toan dé nhan dién
dac tinh ciia hé thé)ng pin mat troi trong qua
trinh sir dung 1a hét sirc cap thiét dé giup
cho viéc toi wu ké hoach béo tri.

Nghién ctru nay s& t6i uu hai phuong
an trén: van hanh, bao dudng, theo doi va
du doan chinh xac dugc nhitng van dé phat
sinh nham giam thiéu chi phi nhan cong
va dam bao tinh linh hoat, nhanh chong.

I1. Phuong phap nghién ciru

Pé nghién ctu hiéu sudt ctia tim
pin nang luong mat tro1, mot vai nghién
ctru dd stir dung mé phong chi tiét t& bao
quang dién va mo-dun [2] dé tién hanh
1ap m6 hinh PV trong moi truong Matlab
Simulink [3] nghién ctru khac lai tao ra
mot cude khao sat 30 ngay véi bui ban va
cuong do anh sang mat troi1 dugc tinh toan
va thiét dat tir trude [3]. 6 déu 1a nhimg
nghién cuou di trudc dya trén co sé ly
thuyét vé tim quang dién ciing nhu nhimg
gia thiét dugc tao ra trong thi nghiém. O
bai bao nay, chung t6i tryc tiép nghién ciru
tir b s6 lidu tir mot du 4n thyc € da va
dang dua vao van hanh.



2.1. Hé thong pin ning lwong mdt troi
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Hinh 1: So d6 nguyén Iy hé thong dién mdt troi ap mdi Nha may sita Pa Nang

Tong cong suat 1dp dit cua dy an
12 1249.6 KWP. Hé thong thiét ké bao
gdm 2118 tam pin Risen 590 Wp, chia
thanh 96 String va duogc diéu khién bai
10 Inverter Huawei (trong d6 9 Inverter
cong suat 100 kW, 1 Inverter cong suat
60 kW). V6i muc dich chi phat dién
cho phia tai ctia nha may, cdc bién tan
dwoc két ndi va cai dit diéu khién Zero

Export dé chong phat dién nguoc 1én
lu6i (EVN GRID).

Toan by hé théng dién mit troi déu
duoc theo doi lién tuc, thong tin tra vé
duoc cap nhat 5 phut 1 lan va duoc truyén
truc tiép toi tay nguoi quan 1y thong qua
Hé théng giam sat co két ndi Internet nham
muc dich thu thap dir liéu cong suat dau ra
cua PV va dir licu khi twong xung quanh.

INVER INVER2 | | INVERS | [ INVERA | [IWVER S | [INVER
MODEM BATA 12 quan b - e - S . _ |
INTERNET <— ADSL LOGGER hi il = i
RN ey E THERET EIMERNE EMEET | ETeEwer e p——
ETHERNET ETHERNET ]
ETHERNET o ETHERMET = T N T N uT M T T M L
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INTERNET THERNET | | STHERINET FERIE EreRtE
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— 1 e
SMART
PHOKE PC LAPTOP

Hinh 2: So d6 nguyén Iy hé thong gidm sdt



58

Hé thong cha yéu bao gdm mot PC
(trung tAm diéu khién), mot thiét bi dau
cudi diéu khién tir xa (RTU), thiét bi thu
thap dir li¢u dién va thiét bi thu thap thong
s6 thoi tiét. Mbi bo bién tan (INVERTER)
lam nhi€m vu thu thap tin hiéu vé téng san
luong di¢n dau vao; hiéu suit chuyén ddi
tam pin; dong dién, dién 4p tai 20 dau déu
nbi (PV1 — PV20) va chi ra 10 ddu MPPT
c6 nang lugng dién mat chiéu (DC) lal6n
nhat... Hé thong thu thap dir lidu thoi tiét
chu yéu thu thap birc xa anh sang mit troi
(Irradiance), nhi¢t d6 moi truong (T) va
nhiét d6 cia tdm pin PV (T,,)- Sau do tat
ca dir lidu déu dugc day 18n bo luu trir hé

thdng hodc luu trir ddm may dé ngudi van
hanh c¢6 thé thu thap va xir Iy gop phan
quan trong trong danh gia chinh xac tinh
trang tAm pin nang lwong mat troi.

2.2. Xdc dinh cdc chi sé lién quan

Dap tng duoc nhu cau clia ngudi st
dung, hé thong giam sat nang luong thu thap
dugc s6 luong 16n dir liéu (1én dén trén 80
truong). Bé phuc vu muc dich nghién ci,
chung t6i da chét loc va lua chon nhiing
thong s6 can thiét cho viéc danh gia tinh
trang bui ban dua trén danh gia do suy giam
hiéu suat tdm pin. Cac trudng dit liéu nay
déu xuat phat tir co so dit liéu cua inverter
va tram quan tric thoi tiét.

Bang 1: Dit liéu dau vao mau

Datetime Irradiance Ambient(toecn)lperature PV Tel(lggsrature I)T(:)Vtvill-i?]?\l;lt)
2(;221(5)3083 271 31.1 32.696
2?22283083 2773 24.7 31 33317
= |
Clasoo | 1998 247 3 2%
“leaogo | 2092 44 »1 2005
oo | W 23 23 S
Clesogo | 1487 24 il e
Clessoo | 1192 %2 7 e
RET N = 0 o




Mac du hién nay trén thi truong dién
mat troi xuat hién rat nhiéu loai hé thong
giam sat nang luong, dit liéu tra vé gitra cac
loai khac nhau c6 su khéc bi¢t. Tuy nhién,
dé danh gia duoc chét luong tim pin mot
céch chinh xac nhat thi cac chi s6 néu trén
1a hoan toan quan trong va can thiét. Do
vy phuong an ching t6i dua ra c6 thé ap
dung cho hau hét cac loai hé thong giam sat
nang luong mat troi ndi chung.

2.3. M6 hinh todn hoc
2.3.1. Cong thurc

Dé udce tinh cong sudt ddu ra cia hé
théng PV, ngoai cuong do bic xa mat troi
thi nhiét 4o moi truong xung quanh cling
can duoc xem xét mot cach ky ludng.
Vi loai pin RSM120-8-605M duogc st
dung, tai diéu kién tiéu chuin vai cuong
do buc xa S = 1000 W/m?, nhiét do tim
pin T ,=25°C thi cong suat dinh mirc
P, =605 Wp

D6i v6i nhiét do méi truong T, khac,
c6 thé ude tinh cong suat dau ra ctia tim
pinquangdi¢n P bang cach sir dung cong
thire dudi day [4]

Vé6i T, 1a nhiét d¢ tam pin PV:

Sm
Teen = Ty + w(TNOCT —20) (1)

Trong do:

T la nhi¢t d0 moi truong xung
quanh - Ambient temperature (°C)

S 1a cuong d6 buc xa mat troi —
Irradiance (W/m?)

V6i P 1a cong sudt ddu ra tAm pin:

PSSy
Fn = 1000

[1 - A (Tce” - 25)] deg (2)
Trong do:

P_la cong suat ti€u chuan
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/. 14 hé sb nhiét d6 cong suét

Deg la hé sO suy giam hi¢u suat
tam pin

Sau khi c6 thong sO vé san luong
dién dau ra, thiét 1ap hi€u suat van hanh
cua tam pin:

Cong suit dau ra thyc té
100

3)

n = Ay ~ DAY 7 z *
Cong suat dau ra theo tinh toan

P
= P—“*wo%

m

2.3.2. Cong cu su dung

Trong phan nay, muc tiéu ctia chung
toi 1a su dung ngon ngilr 14p trinh Python
va cac thuat toan dé xu li bo dir lidu (nhu
héi quy tuyén tinh, ...) dé dua ra cac do
thi vé luong buc xa va hiéu suét thu duoc.
Tur céc b dit lidu da duge xtr 1i va dd thi
duoc dua ra, quan sat va ndm bét rd hon
duoc thuc trang hoat dong ctia hé théng
pin ndng lugng mat troi tir 6 dua ra dugc
thoi diém dé c6 thé béo tri, ti wu héa hoat
dong cua hé thong.

Xem xét tong quan bo dir liu thu
dugc tir inverter, thiét ké va muc dich xir
dung cua trang trai dién mat troi chung
t6i dua ra hai nhan xét so bd. Thir nhét,
do nhu ciu cua trang trai dién chi 13 cung
cap cho tai ndi bd, khong ddy dién thira
lén trén ludi dién qubc gia, nén viée tiéu
thu cua inverter 13 100% theo nhu cau
cua tdi. Thu hai, inverter c6 cac trang
thai khac nhau nén viéc nghién clru trang
thai bao lai cua inverter 1a viéc can phai
nghién ctu ky cang. Do vay ching toi
da khao sat dir liéu cua cac inverter nhu
trong luu do thuat toan biéu dién trong
Hinh 3:

Tir d6 két ludn ra céc trang thai c6
tan sudt gia tri (>0) xudt hién >= 90% nhu
Hinh 4
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Pau tién, 1y nhimg dir liéu co
trang thai “Grid connected”. Céac gia
tri can quan tdm & ddy 1a ‘Total input
power(kW)’, ‘Ambient temperature(°C)’,
‘Irradiance(W/m?)’ 1an luot 13 tong cong
suit dau vao inverter nhiét 46 moi truong
va lugng buc xa thu dugc.

Budc tiép theo 1a tinh toan nhiét do
tam pin, cong suat dau ra tim pin va hiéu
suét theo cong thirc d néu & trén.

Dir liéu dau vao

Tinh toan s6 liéu
theo cong thire

Loc dir liéu thoa
man

Phuong phap héi
quy tuyeén tinh

Loc dir ligu

V& do thi

Ping

Hinh 3: Lueu do thudt todn cia chirong
trinh xur ly 56 liéu van hanh cho inverter

pected shutdown
itialization
nlight detection

: power limited

Communication interrupted
Starting
atus, dtype: int64
cua timg trang thai cé Total Input power >@:
24006
252

Name: In er status, dtype: int64

Hinh 4: Khao sat trang thai cua
inverter 4

Tir s6 liéu tinh toan dugc v& do thi
biéu dién luong buc xa thu dugc va do
thi biéu dién san luong dién trung binh
theo gio:

1000
al I-
0 l -
0 5 10 i5 20

Hinh 5: Biéu do cwong do nang va su
thay d6i theo diéu kién thoi tiét dién hinh
trong khu vuc
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Hinh 6: D6 thi biéu dién san lirong dién
thu duoc

Dua vao hai d6 thi biéu dién trén,

nhan thdy nhimg mdc thoi gian ¢ luong



buc xa dudi 300W/m? khong dam bao du
diéu kién dé phat dién

Loc lay nhiing thoi diém c6 luong
btrc xa trung binh theo gio dat trén 300W/
m?, ‘Total input power’ 16n hon 80kW va
‘Ambient temperature’ 16n hon 6°C. (bd
sung sau)

Tiép theo thir v& duong gia tri hiéu
sut trung binh cao nhat theo timg khung
gio va “‘Total input power’ dé quan sat su
suy giam cia hiéu suat tim pin nhung con
bién dong kha nhiéu va chua thé nhin rd
dugc xu hudng cta do thi. Giai phap & day
1a sir dung mot duong tuyén tinh trén co
s& dir li€u da tinh toan dugc theo phuong
phap Hoi quy tuyén tinh

Viy bo dit liéu ban dau da duoc xur
li, 56 liéu da duoc cu thé hoa thu duge do
thi nhu ¢ phan 4. Két qua thé hién rd xu
hudng suy giam cta hiéu sut tim pin.

II1. Két qua va thao ludn

Cuong do buc xa tang cao lam nhiét
dd mdi truong xung quanh cling khong
ngimg tang 1én déng nghia hiéu suit 1am
viéc cua inverter dugc tang lén, kéo theo
nhiét d6 thiét bi ciing ting cao. Nhu vy,
nhi¢t do moi trudng xung quanh va nhiét
dd thiét bi do inverter thu duoc c6 mbi
quan hé twong dong.

Hm N \IWIM[IUU

Lhi kiﬁi{m’m -

Hinh 7: Nhiét do cua méi truong (Ta) va
nhiét do bén trong inverter (T Device)

Hinh 7 thé hién rd nét mac do tuong
quan cua 2 do thi néu trén. Xét thay, ¢ giai
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doan dau tién, do sai léch vé hinh dang do
thi 1a qua 16n, chimg t6 tai thoi diém méi
hoat dong, nha may con gap nhiéu bat cap
trong van hanh dan téi xay ra sai xot, do tin
cay cua thiét bi tai thoi diém nay 1a chua cao.

Trong trudng hop cd sy ¢d bt ngd, gia
tri dot ngdt giam vé “0” hodc tang giam véi
bién d6 16n ma khéng giir duge mdi quan hé
twong dong v6i nhau dugc coi 1a nhimg thoi
diém 15i. Nguyén nhan chu yéu gy ra hién
twong ndy 1a do nhiing yéu t6 khach quan
nhu may che hodc don gian la c6 mua cuc
bo tai vi tri ghi nhan cua tram quan tric thoi
tiét. Dit liéu tai thoi diém d6 s& dugc bo qua
hodc dugc thay thé bang nhiing dit lidu duoc
14y mau tir thoi diém khac c6 cung chu ky.
bac biét khi bd dir li¢u qua it hoac khong du
dir kién dé két luan xem truong hop do co
phai 13 16i khach quan hay khong ta c6 thé
xem lich sir 16i cia tram quan trac thoi tiét
tai diém d6 dé co két luan rd rang hon.

Nguoc lai, véi 4 thoi diém gia tri
dugc thé hién trén d0 thi Hinh 8, day la
nhing thoi diém inverter gip su cb can
duoc dua vao bdo tri, stra chita ngay lap
tirc, tranh anh hudng t6i hiéu suat chuyén
d6i DC/AC inverter.

Ngoai ra, trén co sé lam vi¢c trong
cung mdi trudng, diéu kién thoi tiét, nhiét
do ma 7 inverter do dugc phai 1a nhu nhau
(c6 sai s khong dang ké).

Hinh 8 thé hién 15 nhiét d6 cua bay
(07) inverter do dugc sau 5 thang hoat
dong, cac do thi c6 tinh chat xép chong
va twong dong v6i nhau chimg t6 inverter
dang hoat dong on dinh. Tuy nhién tai thoi
diém m&i van hanh, dao dong va khong
cung chu ky so v&i cac khung thoi gian
sau d6 cho thdy cong tac van hanh hé
théng dang trong giai doan hiéu chinh 1am
quen voi thiét bi. Piéu chinh déu ndi hé
thng dé cac diém do dugc chinh xac hon.
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Hinh 8: Nhiét do cua moi trwong cua tieng inverter

Sau khi di vao van hanh 6n dinh khi
gap su ¢ nhiét do cua céc inverter cling
duoc thé hién khé dé nhin théy nhu & trén
hinh. Vao khoang thoi gian tur gitta thang
4 dén thang 5 theo nhu ghi nhan inverter
s6 7 bi 161 khong hoat dong nén nhiét do
ghi dugc chi ¢ dung ¢ muc nhiét do khoi
dong cua thiét bi.

Hinh 9: Hiéu suat cua inverter so 3

Qua Hinh 10 ta thiy do thi van c6
su 1én xuéng khong xac dinh, diéu nay

cho thay sy thiéu chinh xac trong phuong
phap xtr 1y s6 liéu.

Hinh 10: Hiéu sudt inverter s6 3 can canh

Hinh 9 1 két qua biéu dién duong
hiéu suat va hiéu suét tuyén tinh cia cac
tam pin dwgc ndi voi inverter s6 3 cua nha
may (céac inverter khac cho két qua tuong
tu). Tir dudng tuyén tinh c6 thé thdy mdi
ngay hiéu suat giam 0.08%. Tuy nhién, d6
thi cling cho thay nira dau c6 do doc 16n
hon ntra sau.

Hinh 11: Hiéu sudt cua inverter 3 thang 3, 4, 5

Hinh 11 biéu dién hiéu suat cua

thang 3, 4, 5 (ntra dau) c6 dudng hiéu sut
tuyén tinh déc hon, mdi ngay hiéu suit
giam 0.15%.

Trong khi 6, Hinh 12 biéu dién hiéu
suat thang 6,7,8 (ntra sau) c6 duong hiéu
suat giam rét it, mdi ngay hiéu sudt giam
0.03%. Piéu nay xay ra c6 3 kha ning.



Hinh 12: Hiéu sudt cia inverter 3 thing
6,7,8

Kha ning thi nhat: do & nira dau,
nha may maéi duge dua vao hoat dong nén
hé théng hoat dong chua 6n dinh.

Kha ning th hai: do diéu kién thoi
tiét Vi du: thoi tiét & Da Néng thang 3,4,5
thuong hanh kho, nhiéu bui hon. Trong
khi vao thang 6,7,8 tro1 thuong xuyén co
mua lam tro61 di 16p bui.

Kha ning thtr ba: Do diéu kién ngoai
canh: c¢6 thé vao thang 3,4,5 luc nha may
bat dau duge dua vao hoat dong ¢ xung
quanh nha may c6 nhiéu cong truong dang
tiép tuc thi cong dan dén nhiéu bui.

IV. Két luan

T bo dir liéu miu cé thé dua ra
duoc nhan xét téng quan rﬁng su tich tu
bui ¢o tac dong dang ké dén do sut giam
ctia hiéu suit tim pin sau 1 khoang thoi
gian dua vao su dung.

Theo nhu théng sb ciia nha san
xuét, mdi ndm tAm pin s& mat di 1% hiéu
suat hay do suy giam hiéu suét trung binh
0,08% trén 1 thang.Trén thyc té, Mic du
mua ¢ thé lam sach mot lugng bui ban
tuong d6i trén bé mat cac mo dun PV, 1am
tang tam thoi cong suit ddu ra clia cic md
dun PV nhung khong thé 1am sach hoan
toan bé mit pin ciing nhu tdi wu hoa dugce
hiéu sut nhu thong s6 hiéu suét dinh mirc
ma nha san xuat di néu.
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Thém vao d6, dé dua ra duoc ké
hoach bao tri (lam sach bé mit tim pin)
hop 1y cling nhu don gidn hoa qué trinh
phan tich dir liéu thi cdn phai c6 bo dir liéu
voi quy mo 16n hon. Véi bd dir liéu 16n
hon thi d§ tin cdy cua s6 liéu sau khi xu
1i s& cao hon tir d6 co thé cu thé hoa duge
thoi diém hay ké hoach béo tri ddi v6i hé
thdng pin ning luong mat troi.

Nhu véy, bai bio nay 1a tién dé cho
dinh hudng téi wu cong suat hé thong pin
nang lugng mit troi, cu thé 1a trén phuong
dién 1am sach bé mit mo-dun quang dién.
Két hop két qua cua bai bao nay cing
nhitng phuong phép lam sach bé mat tim
pin da c6 nhu st dung may bay
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BUILDING AMODEL FOR FORECASTING DUST
SITUATION ON SURFACE BATTERY SOLAR PANELS
BASED ON OPERATION DATA

Tran Thi Huyen Trang'’, Bui Duc Thuan®, Nguyen Van Duc®,
Tang Thi Thuy Lien", Nguyen Quang Minh™", Do Phuong Nhung''
Email: dpnhung@hou.edu.vn

Abstract: This his study shows the efficiency degradation of solar panels through
data processing, analysis and calculation from the numbers obtained at the Rooftop Solar
Power Project. Da Nang milk machine. During system operation, the surface quality of
the panel is a decisive factor in the amount of light received, thereby affecting the overall
performance. Performance degradation is not only due to technical reasons but also other
causes such as temperature, inclination angle, azimuth, radiation intensity, dust, shade, etc.
The study focuses on the influence of Dirt accumulating on the surface of the panels on the
output. Using the Linear Regression method, the article shows that the efficiency of panels
is continuously declining, which will seriously affect the economic profits of enterprises in
the long run. Therefore, we have analyzed and shown the times when solar panels need to be
washed, cleaned, maintained, and serviced to the PV system to restore the energy conversion
efficiency of the PV system significantly. Thus, this is an important and urgent study with
efficient results: the life of electrical equipment is guaranteed, the efficiency is restored

substantially, and the economic efficiency is improved.

Keywords: Solar panels, Linear regression, PV system
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