Tap chi Khoa hoc cong nghé Giao théng van tai Tap11-S6 4

Phan tich anh hwéng cia cong nghé Half-cell dén cong
suat pin quang dién trong diéu kién bong do

Analysis the effects of half-cell photovoltaic technology
under partial shading

Lé Phwong Truong™*, Nguyén Cao Cuong?

Trudng Pai hoc Lac Hong
?Truong Cao dang Binh Phudc
*Email lién hé: lephuongtruong@lhu.edu.vn

Tom tit:

Bai béo trinh bay anh huong cua cua cong nghé pin quang dién Half-cell dén cong suét cua pin quang dién
thuwong mai trong diéu kién bong d6 duya trén phan mém MATLAB/Simulink. Mot mé hinh toan hoc pin quang
dién véi cong nghé Full-cell va Half-cell duoc xay dung dé phan tich sy anh huong cua hai cdng nghé khi bi
bong db. Két qua thie nghiém cho thdy md hinh md phong va thuc nghiém c6 do sai léch gitra cuong do dong
dién va cong suat 1 1.0 % va 1.5%. Tir quan diém thyc té két qua nghién ciru ¢ nhimg uu diém: (1) md phong
d6 suy giam cong suat cua hé thong pin quang dién khi bi bong do vai hai loai cdng nghé pin quang dién; (2)
d6 chinh xac dang tin cay; (3) tu phét trién.

Tir khda: MATLAB Simulink; Half-cell; mo dun quang dién; ton that san lugng; bong do.
Abstract:

This paper presents the effect of the Half-cell photovoltaic technology on the power of commercial
photovoltaic cells under shading based on the MATLAB/Simulink environment. A mathematical model of
photovoltaic cells with Full-cell and Half-cell technology have been built on to analyze the effect of shading.
Experimental results show that the simulated and experimental models have gap between current and power is
1.0% and 1.5%. From the practical viewpoint, the research results have the following advantages: (1)
simulating the power decrease of the photovoltaic system when it is shaded with two technologies Full-cell
and Half-cell; (2) reliable accuracy;(3) self-development.

Keywords: MATLAB Simulink; PV model; Half-cell; Full-cell; shading.

1. Gigi thiéu c4c cAc yéu t anh hudng toi cong suét cia cac tim
pin nhu béng d6 cua cac toa nha cao tang, bong
may. Hién nay, trén thé gi6i da co nhiéu nghién ctu
vé anh hudng cua bong d6 18n cong suat caa tim pin
mat troi1 nhu bang 1.

Ngay nay, véi su tién bo vuot bac caa cac nghanh
cdng nghiép ché tao pin ning lwong mit troi, cac
nha san suat pin mat troi da nghién ctru va san
xuat ra cong nghé pin Half-cell nham khéc phuc

Bang 1. Cac phuong phap phan tich anh huéng cua bong d6 dén cong sut cua pin quang dién.

Tai ligu tham khao Phwong phap Két qua
G. Trzmiel va cong su [2] Thay ddi vi tri té bao quang dién Hiéu suit giam t6i 80%
Qian va cong su [3] Phan tich Hotspot modul Half-cell Tang 50% so voi Full-cell
J.C. Teo va cong su [4] Sir dung diode r& nhanh Khong gay ra ton that dién
Wang va cong su [5] Phan tich so db pin quang dién, ndi tiép-  total-cross-tie, bridge-linked c6
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Tai liéu tham khao

Phwong phap

Két qua

song song ,total-cross-tie, bridge-linked

Lu va cong su [6]

Bana va cong su [7]

quang dién

Qian va cong su [8] Phan tich Hotspot

Ajmal va cong su [9]

honey comb cua PV
Peng va cong su [10] Thyc nghiém

Steim va cong su [11]

Nghién ctru nay

Thay d6i huéng theo truc X va'Y

Céu hinh series-parallel, total-cross-tied,
bridge-linked va honey comb cua pin

Céu hinh simple series, total-cross-tie va

Diode bypass hiru co

Anh huoéng cua cdng nghé Half-cell 1én
cong suat pin quang dién

hiéu suat cao

Hiéu suit cua Half-cell t5t hon
Full-cell

Luc chon ciu hinh total-cross-
tied

Nhiét d6 cua Half-cell thap
hon 25°C

Total-cross-tie tao
luong cao

ra nang

Séan luong giam 18%-35%
Diode bypass hiru co mat 30%
dién nang

Giam cong sudt twong wng
10.45%; 21.01%; 30.21%;
40.88%

Nghién ciru nay anh huong cua cong nghé Half-cell
I&n cong suét pin quang dién giam cong suat tuong
ung 10.45%; 21.01%; 30.21%; 40.88%.

Theo d6 cac thong ké & bang 1 cho ta thay cac
tac gia da tap trung nghién ctiru cac phuong phap
khéc nhau dé lam ting hiéu suat cua tam pin khi bi
anh huong cia bong db. Qua do, cac tac gia dua ra
c4c phan tich caa minh vé wu diém va nhuoc diém
cua timg phuong 4n dé dua ra cac két luan thich hop
cho ting du an. Két qua cho thay st dung cong nghé
Half-cell 1a mét trong nhitng giai phap t6i wu nhat
cho cac du 4n gap nhimg diéu kién bét loi vé bong
d6. Half-cell s& gitip cho cong suat caa tim pin dat
duoc hiéu suat tot nhat va 1am tang tudi tho cua tam
pin. Cac nha nghién cau [2]-[11] da tap trung
nghién ctiu anh huong cua bong d6 toi cong sut
caa tm pin mat troi. Tir 46 dwa ra cac giai phap
khéc nhau nham cai thién su tac dong cua bong db
I&n cong suat tam pin.

Nhu vay, muc dich cudi cling ciia cac nghién ctu
a cai thién hé théng dat cdng suat t6i wu nhét khi
hoat dong. Mai nghién ciru déu chi néu ra mét véan
dé ma hé thong dién mat troi hién nay dang gap
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phai. Nghién ctru nay phén tich anh hudéng cia cong
nghé pin quang dién Half-cell dén cong suat pin
quang dién thuong mai duya trén modi truong
MATLAB/Simulink.

2. M6 hinh toan hgc pin quang dién

2.1. Cong nghé half-cell

Cong nghé Half-cell c6 su khac biét so véi cong
nghé Full-cell d6 1a sé lwong té bao quang dién
trén mot mo dun ting gap doi va duoc két nbi nhur
hinh 1. Déi véi cac tim pin Half-cell cac té bao
quang dién duoc chia 1am 06 day. Do d6, néu mot
hoiac mot day té bao quang dién bi che bdng thi
chi 1am giam 1/6 céng suat ciia mdé dun quang
dién (hinh 2).

;
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Hinh 1. C4u trc cua pin quang dién Half-cell.
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Hinh 2. Pin quang di¢n cdng ngh¢ Half-cell
khi bi bong do.

2.2. M6 hinh toan hoc pin quang dién

Mot té bao quang dién thong thuong tao ra cong
suat khoang 2W (Pmax < 2W) va dién ap khoang
0.5V. Trén thuc té cdc md dun ning luong mit
troi thuong mai c6 cong suat tir 2W dén 500W.
Xay dung md dun nang luong mat troi tao ra
cdng suat nhu trén can ghép song song cac té bao
quang dién trén mot mé dun PV va nhiéu mé dun
PV ndi tiép lai voi nhau, tir d6 tao ra dong dién
va dién 4ap theo dap tng nhu cau thyc té. So do
mach tuong duong mo dun nang lugng mat troi
duoc thé hién tai hinh 3.

M5 hinh thyc té
_— B Mo hin}} don gi_én B
Mo hinh Iy tuong Ns »
'p : N, °
L :—
i INplpw | T T T
A N, N_S R H
SH
.C) S 1 1 1 1 JVP V

Tir mé hinh tong quat nhu hinh 3 [11] phuong
trinh todn hoc cua pin quang dién duoc viét nhu
sau.

=1~ P ) -1 1)

Mb hinh diode don bao gém dién tré ndi tiép
R va shunt dién tro Rp, trong d6 dong dién dau ra
c6 thé dugc viét:

V+IR V+IR
I =1, +1o(exp( " )—1)— 3 (2)
Voi:
N KT
Vi =— 3)
q
Cac dong quang duoc dua ra boi:
G
lop = (lpnsre + K -AT).— 4)
sTC

Hinh 3. M6 hinh tong quat pin quang dién.
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Va dong bao hoa nguoc:
_ Isc,STC + KIAT
- exp| (Vaosre+ KyAT) 7@V, |-1

0 (5)
Trong d6: |: Dong dau ra cua té bao PV; V:
Dién 4p dau ra cua té bao PV; Ip,: Dong quang
dién; Iy, Iy1,1p2 : Dong bao hoa nguogcC cua
diode; V;: Dién &p diode; I;: Dong diode; I,:
Dong bio hoa nguoc cua diode; a, aq, a,: Hé sb
ly twdng diode; k: Hang s6 Boltzmann; T: nhiét
do tiép giap p-n; g: Pién tich; K;: Hé sé dong
dién/nhiét d6 ngan mach; K,: Hé s dién ap /
nhiét d6 mach ho; G: Thuc té chiéu xa; Gere:
Chiéu xa danh nghia (1000 W /m?); AT Sy khac
biét giita nhiét do thuc té va nhiét d6 danh nghia;
Ippstc: Quang dién danh nghia (25°C va 1000
W /m?); Ng: Sb luong té bao duoc két ni theo
chudi; Ny,: S6 lwong cac mé dun két ndi trong
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chudi; Np,: S6 lugng cac md dun két néi song
song; Voc : Mach dién a4p mé; I,.: Dong dién
ngan mach.

3. Xay dwng mé hinh béng @6 pin Half-cell va
Full-cell trén moi trweong MATLAB/Simulink

3.1. Xay dwng mé hinh tinh toan hé théng trén
moi treong MATLAB/Simulink

M®& hinh m6 phong pin quang dién Full-cell dugc
xay dung dya trén mot di 6t theo céc cong thirc
toan hoc tir 1 dén 5 duoc trinh bay ¢ phan 2. Tuy
nhién, dé chuyén ddi tir méd hinh Full-cell sang

md hinh Half-cell can phai chia sb luong té bao
quang dién mic song song va ndi tiép phu hop
nhu cau trc cua pin quang dién Half-cell nhu
hinh 1. Trong nghién ctu nay, s luong té bao
quang dién cua 01 mo dun quang dién 1a 144 té
bao quang dién duoc mic thanh 06 day song song
mdi day 12 té bao quang dién. Do d6 mé hinh mo
phong hé théng pin quang dién Half-cell cai dat
s6 lugng té bao quang dién mac song song la 06
day mdi ddy 12 té bao nhu bang 2. Md hinh mé
phong mé dun quang dién Half-cell duoc trinh
bay nhu hinh 4 va hinh 5.

Bang 2. Thong sb k§ thuat cua pin Canadian CS3W-440MS.

Théng sb ky thuat Ki hiéu Tham sb
Cong suat cyc dai Pmax 440W
bién &p dinh muc Vmp 40.7V
Dong dinh muc Imp 10.82A
bién &p ha mach Voc 48.7V
Dong ngan mach Isc 11.48A
S6 luong cell Neel 12x6 (144 cell)
Hiéu suat - 18.40%
Nhiét @6 hoat déng P/K -40°C + +85°C
o T T |
I ] I
| > |
| T
' out N |
| ] |
I @ | Congsuit cell 1-72 I
[ |
| Rampl o , |:| |
[ [
' - Ding i cell 172 |
: 06 » 2 XN ] :
Out3 P+ 4
T e — |
: Bicxg it i AddL Téng cong suit Half cell I
| = |
| — Out4 + ] |
| 5 P s A2 Ting dorg dien Halfcdl |
| gt dg — |
| Q y[] |
| [
I Congsuét Full ell I
I n Outp—————P |:| I
| Blc xa mit tri2 L] |
I ———— Dong dién Full cell I
| |
[ |
| |

Hinh 4. M6 hinh Half-cell trong méi truong MATLAB/Simulink.
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Hinh 5. Chuong trinh con cia mo hinh pin quang dién.

3.2. Két qua md phéng

Trong nghién ciru nay, mé phong tim pin quang
dién st dung hai cdng nghé Full-cell va Half-cell
dé so sanh sy khac biét vé dong dién va cong suét
khi bi bong do. Gia sir birc xa mit troi suy giam
tr 1kW/m? xudng 0.8kW/m?, 1kW/m? xubng
0.6kW/m?, 1kW/m? xubng 0.4kW/m?, 1kW/m?
xubng 0.2kW/m?. Nhiét d6 md phong 25°C. Két
qua mo phong duogc trinh bay tir hinh 6 dén hinh

125
12 L

\ \ \ \ \
Khong bi anh hudng do bong dd

Bi anh huong cita bong d6 Pin quang dién Half cell

Bi anh huéng ciia bong d6 Pin quang dién Full cell

6] Dong dién cell 73-144 (Half cell)

ng Picn (A)

Do

Dong dién cell 1-72 (Half cell) 1

I I I I I
0 5 10 15 20 25 30 35 40 45 50

Pién Ap (V)

(a) Buc xa giam tir 1kWh/m?2 xuéng 0.8kWh/m?.

8. Khi bi bong @6 chiéu vao mét phan cua pin
quang dién. D4i véi pin cdng nghé Half-cell chi
chiu anh huéng buc xa thap mot nira tim pin, nta
tam con lai van hoat dong véi diéu kién binh
thudng do d6 khi bj bong d6 tir 1kW/m? xubng
0.8kW/m?, 1kW/m? xudng 0.6kW/m?, 1kW/m?
xubng 0.4kW/m?, 1kW/m? xudng 0.2kW/m? thi
dong dién giam Ian luot 13 10.23%, 20.55%,
29.48%, 39.90%.

F Khong bj anh huéng do bong do 1

Bi anh huéng ctia bong dd Pin quang dign Half cell

Bi anh hudng ciia bong dé Pin quang dién Full cell
Dong dién cell 73-144 (Half cell)

Déng Pién (A)
T

‘- Dong dién cell 1-72 (Half cell)

I I I I I L
0 5 10 15 20 25 30 35 40 45 50

bién Ap (V)

(b) Birc xa giam tir 1kWh/m? xubng 0.6kWh/m?.
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Dong Dién (A)

Hinh 6. So sanh d6 suy giam cong suat cua hai cdng nghé pin quang dién Full-cell va

I | | I I

|

0 5 10 15 20 25

Dién Ap (V)

(c) Buc xa giam tir 1kWh/m?2 xudng 0.4kWh/m?.
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Hinh 7. Buong dac tinh UIP ctaa cdng nghé Half-cell khi bi suy giam.
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(b) Birc xa giam tir 1kWh/m? xubng 0.6kWh/m?.
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(c) Buc xa giam tir 1kWh/m?2 xudng 0.4kWh/m?.
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(c) Biic xa giam tir 1kWh/m? xudng 0.4kWh/m?.
Hinh 8. buong dac tinh UIP caa cong nghé Full-cell khi bi suy giam.

4. Két qua thuc nghiém va phan tich két qua  quat. Cac thiét bi do bao gdm VOM do dong va
4.1. Thiét dat thuc nghigm ap.cﬁa mod dun quang dién, mot nhiét Ké deé do

) _ . nhiét d6 hoat dong cia mé dun quang dién, mot
Hé thong thuc nghiém bao gom 01 m6 dun quang  thiét bj do birc xa cAm tay PCESPM 1. Cai dat
dién Half-cell CS3W-440MS. Bo d1§u khiénsac  tpiét bi thuc nghiém duoc trinh bay nhu hinh 9.
MPPT 24V, Inverter 1500W va mét ac quy 50A,

Hinh 9. Thiét dat thuc nghiém.
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4.2. Két qua thuc nghiém ngd ra cia mo dun pin quang di¢n CS3W-400MS
Thuc nghiém duoc tién hanh trong 01 gid trong trong \01‘ gio tuong u:ng tir -0.003 (A) dé,n 0'2?
khoang thoi gian tir 14900 dén 15900 ngay 21 (A2 vaAtu: '9'003\ (VY) der‘ 0.25 (W_)A' So Sa”f‘ keAt
thang 10 nam 2020. Két qué thuc nghiém duge  9Ua MO phong va ket qua thyc nghiém ta thay do
trinh bay tir hinh 10 dén hinh 15. Tur két qua thye 53 16Ch gia dong dién, €ong suat mo phong va
nghiém cho thiy sai léch dong dién, cong sut  [MC nghiem lan luot la 1.1% va 1.5%.

——ié 6 thengien
08 [0

Nhigt dg (OC)

Biwce xa mit troi (Wm?2)

045 | | | | | | L |
B0 106 115 5 3% o] us 150 U 106 UL uzn U3 s us 10

Thoi gian (Gio:Phit) Thoi gian (Gio:Phat)
Hinh 10. Bac tuyén birc xa mat troi trong. Hinh 11. Bac tuyen nhiét d6 tam pin hoat dong.
k] ‘ ‘ g 1
| ——Dang thye nghiém
—— Ding md phong

Dong dién (A)

Pién ap (V)

¥ ‘ ‘ ‘ ‘ ‘ ‘ 2 ! ! ! ! ! !
un U uts 125 13 145 L] U 1419 145 145 144 UE B0

This gian (Gid:Phit) Thiiin (GiPhi
Hinh 13. bac tuyén dong thuc nghiém
va mé phong ngd ra trong 01 gio.

Hinh 12. Dic tuyén dién &p ngd ra trong 01 gio.

05 20

I I I I I
02 7 180
~ 015 [ ~
< 2 oWl
: Z
‘%‘ 0 ‘<§
o0 n
= W oL
8w 5
0 m
205 | | | | | | 10 | | | | | |
1400 1405 1415 1425 1435 1445 1455 1500 1400 1405 115 15 1435 1445 1455 1500
Thisi gian (Gid:Phit) Tha gian (Gid:Phat)
Hinh 14. Dic tuyen sai l¢ch dong di¢gn mo phong Hinh 15. Bic tuyén cong suét thuc nghiém
va thuc nghiém. va mé phong ngd ra.
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Cong suit (W)
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005 | | |

1400 1405 1415 1425

1435 1445 1455 1500

Thoi gian (Gio:Phit)

Hinh 16
5. Két luan

Nghién ctru nay xay dung mot mé hinh mé phong
so s&nh su khéc biét gitra hai cbng nghé pin Half-
cell va Full-cell khi bi béong d6 dya trén phan
mém MATLAB/SIMULINK.

Tur d6 phan tich su anh huong ctia cong nghé
Half-cell dén cong suat ngd ra cua pin quang
dién. Tir két qua mé phong cho thiy céng nghé
Half-cell khi bi bong d6 ¢ 0.8kWh/m?
0.6kWh/m?; 0.4kWh/m?; 0.2kWh/m? higu suat
giam lan luot 12 10.45%; 21.01%; 30.21%:;
40.88%. Trong khi d6 cong nghé Full-cell giam
lan luot 12 20.91%; 40.56%; 60.88%; 81.42%.
Bén canh d6, két qua thuc nghiém cho thiy sai
léch gitta két qua mé phong va két qua thuc
nghiém giira dong dién va cdng suét lan luot 1a
1.1% va 1.5%.

Tai ligu tham khao

[1] Tha Tudng chinh pha “Co ché khuyén khich phat
trién dién mat troi tai Viét Nam”; ban hanh ngay
06 thang 04 nam 2020; c0 hiéu luc ngay 22 thang
5 nam 2020.

[2] G. Trzmiel, D. Gtuchy, D. Kurz;*“The impact of
shading on the exploitation of photovoltaic
installations”.  Renewable Energy. 2020;
153:480-498. DOI:10.1016/j.renene.2020.02.01

0.

[3] J. Qian, C. E. Clement, M. Ernst, Y. S. Khoo.
“Analysis of hotspots in half cell modules
undetected by current test standards”. IEEE
Journal of Photovoltaics, 2019;9(3):842-848.
DOI: 10.1109/JPHOTOV.2019.28982009.

30

. Dic tuyén sai léch cong suat thuc nghiém va mé phong.

[4] J. C. Teo, R. H. Tan, V. H. Mok, V. K.
Ramachandaramurthy, C. Tan; “Impact of
bypass diode forward voltage on maximum
power of a photovoltaic system under partial
shading conditions”. Energy. 2020; vol 191.
DOI: 10.1016/j.energy.2019.116491.

[5] Y.-J. Wang, P. -C. Hsu; “An investigation on
partial shading of PV modules with different
connection configurations of PV cells”. Energy.
2011; 36(5):3069-3078. DOI:10.1016/j.energy.
2011.02.052.

F. Lu, S. Guo, T. M. Walsh, A. G. Aberle;
“Improved PV Module Performance under
Partial Shading Conditions”. Energy Procedia.
2013; 33:248-255. DOI:10.1016/j.egypro.2013
.05.065

[6]

[7]S. Bana,, R. P. Saini; “Experimental investigation
on power output of different photovoltaic array
configurations under uniform and partial shading
scenarios”. Energy. 2017; 127:438-453.
DOI:10.1016/j.energy.2017.03.139.

[8] J. Qian, et al.; “Comparison of Half-cell and Full-
cell Module hotspot-induced temperature by
simulation”. IEEE Journal of Photovoltaics.
2018; 8(3):834-839. DOI: 10.1109/JPHOTOV.
2018.2817692.

[91 A. M. Ajmal, et al.; “Static and dynamic
reconfiguration approaches for mitigation of
partial shading influence in photovoltaic arrays”.
Sustainable  Energy  Technologies  and
Assessments. 2020; vol 40. DOI: 10.1016/j.seta.
2020.100738.

[10] Peng,J., Lu, L., Yang, H., Ho, K. M., & Law, P.
(2013); “Experimentally diagnosing the shading



Lé Phwong Truweng, Nguyén Cao Cudng

impact on the power performance of a PV
system in Hong Kong”. 2013 World Congress on
Sustainable  Technologies (WCST); 9-12
December 2013; Lodon, UK. IEEE. 2013;
pp.18-22. DOI: 10.1109/wcst.2013.6750397.

[11] R. Steim, et al.; “Flexible polymer photovoltaic

modules with incorporated organic bypass
diodes to address module shading effects”. Solar

31

Energy Materials and Solar Cells. 2009;
93(11):1963-1967. DOI:10.1016/j.solmat.2009.
07.013.

Ngay nhén bai: 31/12/2021

Ngay chuyén phan bién: 04/01/2022
Ngay hoan thanh sira bai: 24/01/2022
Ngay chip nhan ding: 31/01/2022



