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A study on a power plant using Dye—sensitized solar cells
in low light environments
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Abstract

Recently, attention has been focused on renewable energy and carbon neutrality to resolve fossil energy depletion and
environmental problems. In addition, high-rise urban buildings and an increase in building energy are rapidly increasing.
There are many restrictions on installing solar power in urban areas. In addition, as buildings become taller, a lot of
low-light environments in which shade is formed occur. Therefore, in this study, we intend to develop a power plant
capable of generating electric power in an outdoor low-light environment and indoor lighting environment. The power
plant in a low-light environment used a dye-sensitized solar cell. A unit cell and a 20cmX20cm module were
manufactured, and the electrical characteristics of the power plant were measured using light sources of LED, halogen
lamp, and 3-wavelength lamp. The photoelectric conversion efficiency of the unit cell was 17.2%, 1.28%, 19,2% for each
LED, halogen lamp, and 3-wavelength lamp, and the photoelectric conversion efficiency of the 20cmX20cm module was
10.9%, 8.7%, and 11.8%, respectively. In addition, the maximum power value of the module was 13.1mW, 15.7 mW, and
142 mW for each light source, respectively, confirming the possibility of power generation in a low-light environment

2 o

< oA 1z 2 37 A sAS flste] AR 9} kg ol e walo] AT Uk w3 = A
Eo n3ste}l 1m0 Frtel wE AEAUA 9 T w&EHA HaL Atk EA19] FAlol AA U U] e kg
S AR QoA B Alfalge] glon A& uFdr) ol il 5ol FAEE ARE o] Wol WA
Ak mebd B Aol Ao Axk 87 2 A 29 #7444 Agiage]l sbed waas sdetnat st
Azw o] WA= BEAA 9] FHT sl AR HEAAE S8tk ek A8 HEHA
o] @ A3} 20cmX20em EE-S A2Fetar, LED, @2 A, 3uby sz o] 39S 2g8lo] wrdiaae] 47F EAS =
et vejdlel Bdwstg g2 LED, =7 A= 303 WZHZ 172%, 1.28%, 192%=Z 2] AE YERlon 20cmx

7z e deEplith £8 2Ee] Ajdghe Fade 247

20cm 2859 FAWBTES A7 109%, 8.7%, 11.8%°] A
131mW, 157 mW, 142 mW=A A% 44 T 7Hs

3

tlo

EREEES

Key words : Power plant, Dye-sensitized solar cells, low light environments, Solar module, Energy recycling

*School of Electronics and Computer Engineering, Chonnam National University

* Corresponding author

E-mail : tozero@chonnam.ac kr, Tel : +82-62-530-1795

% Acknowledgment

Manuscript received May. 11, 2021; revised Jun. 8 2021; accepted Jun. 15, 2021.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

(267)



A study on a power plant using Dye-sensitized solar cells in low light environments 35

x
]

r

A2 HgaoluA ag g
of AN} g
93 ok Ee, B4 AE
7ol we Aelyxe] F77}

o, =Ale] F4lol AA A ¢
sl QlolA we Aok}

=}
el
o
Mo
B
%

ofN M
i)
© =2
R
ol o
tjo
ol

[FS/ R )
o

fu)
o2

ry
= ooy
o

of
o
X

r
ol i
w B o

10

o
o
%0,
o
1
AL @b 30 o ofy

A

o o o
1o,
TS
ol
S
)
i
2
=
AL
[

g
o
ok
oL
)
2
P

o
o
52
o
122
ox
ol
X
)
=
t
&
N
rd
> rr

utE 7
7] Bg 9 75 e wep Algel AAE FE
g AAZE #HE7E e g AHEQIH Yl(Internet of
Things, IoT) #& 7|9 T840 S7lstal Ao
Ao AvEE dqUAE, E, JE §)E
Wkl ol et 2 B S

_—

He W
Aol A aulEE YA F 20%S AAce =
H71719 AndEe A2Ee, FF 4 trendst
= FRE F Ade A duA 23 ZeAE
AAol bk, U Fee] B WAoo w
F7HAQL 9% Au] gl B AA 5 A
Hl-&S dzetal, Fdo] BAsE ol o=
FolE Ahd AR e Fue & 7t
o] & VeRM dasith A2 Axk A
HEAAE 283 A7 go] P 9t 7}
FAA B s e AYE g E g8
gk A7)l B doltt, HEhkA] daEE Az
T B 1000 luxell Aol ek FHE TS
A WS aE2 Ao HFdA= 10%4], 3=
HFE A9l GaAsEl A A= 21%[5], 2B A7)0
E HFAAE 232%[6], F71EEdAE 28%(7],
o]

!

oleld HAAA F GRped BNt Az
T #eN Be WEEES Uehys AL o
aleh.

Ed dRted HRdAe] FasdE A9A
Aol aAZA QA Fagew Auel A1)
7 A% NEECIEES =0

HEHSE HIAANE 2
&sto] &9 AGFEWEA 0257 20cm*20cm

S Fde 2

AEeY A 2= FEFY o =
gy FHAT Y=gz A" gdad Tio,
b, dEAFoR FIWE AR EAE FAAE &
A3, U3 £ f8 713 9ol mzHE 9
A=l Mg Soz 749 Ad A=, 283 F
A Abo]l 50~100um F71¢ FHS At 33 g
Al gHo A gl M=HA F2E A
Y eH9-12]. ¥ Aol 2¥ 13 2 34
o7 A8y HdHAA Fe AS AxATH
7h A R g AR

AEEY HFHA 9 FAFTH =T 1
d 29} o] HMmA 7weel mxste] Al #ssd
o FAFe gHElYols 7o g s Yedat
g Hol~Estd EHE Az TiO, #H o) ~E(A
ZAb D g edlole ~) S o] &3t al, AUlH TS
AxA 7ol W5 & FHE Ho] A= platisol

Heat for 30min
at 450°C .
Coated TiO,

Dye Adsorption Tio,
photoelectrode

FTO glass
paste on FTO

glass

Heat for 30min » .
at 450°C

FTO glass Coated Pt Junction
catalyst sol

3

roduction process of Dye-sensitized solar cells.

HRUSH S YHA CoM A FHE

1.3¢m 1.3cm

0.5cm
1.5cm 1.5cm

Photoelectrode Counter electrode

Fig. 2. Photo and counter electrode of Dye-sensitized solar

cells.
O 2 A=ZZSd x| &AMz 2 ANZ



36
U dA533
Ag = B4 Ad 9 N719(Ruthenizer 535 bis-

TBA, CIS-diisothiocyanato—bis(2,2'-blpyrldy 1-4,4’-
icarboxylato) ruthenium(II) bis(Tetrabu tyl ammonium,
solaronix)2 o€k &ufo] 05 mMZE 12413t &
oF galte] AxsG D, AxE FATES 24A 7

T =2
gk AANA 9RE §2 AR

o} "E 2 A A
A
A} three bond)&
e Aol AT 21
Aae FUsAk AL 1/ At 3
© 2 3-MPN (3-methoxy propionitrile, WaKo) 10
ml &vol Lil (lithium iodide, Aldrich), I (iodine,
Aldrich), DMP1I (1,2-dimethyl-3-n—propylimidazolium
iodide, Solaronix) ¥ 4-TBP (4-tert-butyl pyridine,
Aldrich)& 7}7} 05, 0.05, 06 2 05 M9| H &=
wrkako] &ajAlA Az skl

(e}
fA

3to] 12A17F F<F

N

7_(_]—
Age B A

15, JaE, 29

N

froS o :

X op

o

A 23}
2E A dxyg 719 FTO f2l& Al
AAE A ol A oA HEdS 8,
# FTO fF&71% 71gargd &8
Z Frs delA #Y
11‘71E olﬁo}ﬁ oFA| =,

[e)

2l

A BES

=

H€E FTO A=
A5 7] 2

x,

(269)

j.inst.Korean.electr.electron.eng.Vol.25,No.2,267 ~ 272, June 2021

(b) Counter electrode

(a) Photo electrode

c) Grid d) sealing
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Table 1. Irradiance value for each lamp.

E O HIZY WAERR
LED Halogen 3Band
Numinance(LUX) Irradiance value(Irr)

500 0.21 4.19 0.24
600 0.26 471 0.31
700 0.29 522 0.36
800 0.34 570 0.40
900 0.38 6.14 0.45
1000 0.43 6.64 0.49
1100 047 7.00 0.54
1200 0.51 7.42 0.59
1300 0.56 794 0.63
1400 0.60 838 0.24
1500 0.64 879 0.31
1600 0.68 9.14 0.36
1700 0.73 9.49 0.40
1800 0.77 9.87 0.45
1900 0.81 10.25 0.49
2000 0.86 10.54 0.54
3000 1.29 0.59
4000 1.72 0.63
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Fig. 6. -V characteristics of DSSC unit cell at low llluminance.
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Table 2. -V characteristics of DSSC cell at low llluminance.
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} LED ‘ Halogen ‘ 3Band
Items Unit
Result

Voc Vv 0.709 0.659 0.709
Jsc mA/crt 0.133 0.150 0.150
Fill Factor % 78.28 86.64 88.61
Pmax mW 0.052 0.060 0.066
Efficiency % 17.21 1.28 19.22
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Table 3. I-V characteristics of DSSC module at low llluminance.
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E 3 ¥R43Y HYMA| 2EQ MxE MHNFEY
) LED ‘ Halogen ‘ 3Band
Items Unit
Result
Voc \% 797 7.98 7.96
Isc mA 2.58 2.65 2.76
Jsc mA/crt 0.026 0.018 0.028
Fill Factor % 64.04 74.16 64.81
Pmax mW 13.1 15.7 14.2
Efficiency % 10.9 817 11.8
IV Curve
—
Power
—
(a) LED

IV Curve

Currenttma)

Voltage(v)

Power

Power(mi)

voltage(V)

(b) Halogen lamp

IV Curve

current(ma)

Voltage(v)

Power

Power(mi)

Voltage(V)

(c) 3 Band
Fig. 7. |-V characteristics of DSSC module at low llluminance.
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