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Effect of cooling patches on performance of
photovoltaic—thermoelectric hybrid energy devices
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Abstract

In this study, we examine the availability of a cooling patch to enhance the output power of a hybrid energy device
(HED) comprising a photovoltaic cell (PVC) and a thermoelectric generator (TEG). The cooling patch attached on the
back of the TEG drops the temperature of the PVC via the TEG and makes a large thermal gradient across the TEG
under irradiances in a range of 200 to 1000 W/m2 The cooling patch is more effective for the output power of the HED
as the irradiance increases, and it enhances the maximum output power of the HED to 42.1 mW at an irradiance of 1000
W/mt. The increment in the maximum output power reaches 27% owing to the attachment of the cooling patch that does
not consume any power.
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Fig. 2. I-V curves of the PVCs in the HEDs (a) without
cooling patch and (b) with cooling patch.
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Fig. 4. Maximum output power of (@) PVC, (b) TEG, and
(c) the HED without or with the cooling patch at
iradiances in the range of 200 to 1000 W/m?2

a2 4 =% 200 Wm?~1000 WimPoll M Z2lof x| F&}
o120l W= (g) EfE 2K} () SEAKE

(c) etaAtel zcf &3 Y

200

oo wa} ejFFAaAte} WA Zhzte] Hu
9 d99 oz YehuE duA §3F THx
o] Adl 9 AE Procmepe TH WA FAS
o e ekd 2291 200 W/mPdl A= 4% o]
2 3 A, 1000 W/m?oll A= 27% AA 4
HAch HSF 2=t =S w Bk opy e B
227 95 Hol% Puwomp’t F8E A2 W2
HId 2ndME FHA] 23S Z3) Practes
7} S7vekel 7] wao th

(719)

j.inst.Korean.electr.electron.eng.Vol.25,No.4,716 ~720,December 2021

n. 22

B Ao BFF-dAd dux §3 ddi
2o] 9 AEE FFA7]7] s R E1
g = HEgE AANEHAT. DA Sde] BaE
ZY A= 200 WmPH-E 1000 W/m®l o2+
Bokd 2roA duyA] §3 HHaAe] xS
Avbd oz o) Fe)ux] H2E T3 8
Fazte] g UEa iz g &xat
g A o] olyA §3F THAhAe] 9 dE ol
Z7tE e 53] g3 =571 1000 W/mPel A=
ZYPNAE FFAFoRA olyA] §F e
Hd &3 dFo] 27% ol oz FAE I, o F
53 R ERYH A4S dAA gux Y
25 o] &d duA §3F LdAize d5s AA

FAAL F ASS FAsAh

References

[1] Y. Li, S. Witharana, H. Cao, M. Lasfargues, Y.
Huang, and Y. Ding, “Wide spectrum solar energy
harvesting through an integrated photovoltaic
and thermoelectric system,” Particuology, vol.15,
pp.39-44, 2014. DOI: 10.1016/j.partic.2013.08.003
[21 Y. Deng, W. Zhu, Y. Wang, and Y. Shi,
“Enhanced performance of solar—driven photovoltaic—
thermoelectric hybrid system in an integrated
design,” Solar energy, vol.88, pp.182-191, 2013.
DOI: 10.1016/]J.SOLENER.2012.12.002

[3] E. Yin, Q. Li, and Y. Xuan, “Thermal resistance
analysis and optimization of photovoltaic-thermoelectric
hybrid system,” Energy Conversion and Management,
vol.143, pp.188-202, 2017.

DOI: 10.1016/j.enconman.2017.04.004

[4] Y. Park et al, “Performance of Hybrid Energy
Devices Consisting of Photovoltaic Cells and
Thermoelectric Generators,” ACS applied materials
& interfaces, vol.12, no.7, pp.8124-8129, 2020.
DOI: 10.1021/acsami.9b18652

[6] S. Soltani, A. Kasaeian, H. Sarraftha, and D.
Wen, “An experimental investigation of a hybrid

photovoltaic/thermoelectric system with nanofluid



Effect of cooling patches on performance of photovoltaic-thermoelectric hybrid energy devices

application,” Solar Energy, vol.155, pp.1033-1043,
2017. DOI: 10.1016/j.solener.2017.06.069

[6] W. Gu, T. Ma, A. Song, M. Li, and L. Shen,
“Mathematical modelling and performance evaluation
of a hybrid photovoltaic-thermoelectric system,”
Energy Conversion and Management, vol.198,
pp.111800, 2019. DOI: 10.1016/j.enconman.2019.111800
[7]1 J. Kim et al, “Double antireflection coating
layer with silicon nitride and silicon oxide for
crystalline silicon solar cell,” Journal of Electrocerarics,
vol.30, no.1, pp.41-45, 2013.

DOL 10.1007/s10832-012-9710-y

[8] V. J. Fesharaki, M. Dehghani, J. J. Fesharaki,
and H. Tavasoli, “The effect of temperature on
photovoltaic cell efficiency,” pp.20-21, 2011.

[9] P. Singh and N. M. Ravindra, “Temperature
dependence of solar cell performance—an analysis,”
Solar energy materials and solar cells, vol.101,
pp.36-45, 2012. DOI: 10.1016/j.s0lmat.2012.02.019

—— BIOGRAPHY |

Jaehwan Lee (Member)

2021 : BS degree in Electrical
Engineering, Korea University.
2021 ~present : MS candidate in
Electrical Engineering, Korea

University.

Kyoungah Cho (Member)

1993 : BS degree in Chemistry,
Sungshin Women’s University.
1995 : MIS degree in Physical

Chemistry, Sungshin Women’s

University.

2000 : PhD degree in Physical
Chemistry, University of Tokyo.
2002 ~present : Research Professor, Korea University.

(720)

137

Yoonbeom Park (Member)

2015 : BS degree in Electrical
Engineering, Korea University.
2015~present : Ph.D. candidate in
Electrical Engineering, Korea
University.

Sangsig Kim (Member)

1985 : BS degree in Physics, Korea
University.

1987 : MS degree in Solid State
Physics, Korea University.

1996 : PhD degree in Applied Physics,
Columbia University.

1996~1998 : Post-Doc, University of Illinois at
Urbana—Champaign.

1998~1999 : Research Engineer, University of Illinois at
Urbana—Champaign.

1999~present : Professor, Korea University



