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Fig. 1. Structure and energy input and release of crystalline silicon photovoltaic modules at work.

1.0 1.6
Yo (2)
oslh — Wl e (N)
— WA Py /N 112
g 0.6 |
B ol
0.2 -/
MOTN N

0 L 0
300 600 900 1200 1500 1800 2100 2400
K /nm

A 2

W Zh# /(W-m~—2.nm~1)

16
—~ (b)
gl
£ o]

I
g 10}
=
2 6t
=
O 1 1 1 1
0 5 10 15 20 25
WA /um

(a) LW e 18 AN R AT Zh A< 1 (B (83 55O AMILSG R BEDEEE); (b) PRAKSR ST 1%

Fig. 2. (a) Absorption spectrum and absorption power spectrum of the module (AM1.5G solar spectrum is marked as yellow back-

ground); (b) blackbody radiation spectrum.
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Table 2.  Module temperatures and PV conversion

efficiencies under different ambient temperatures.

T,=10C T,=25C T,=50<C
Tev/C /% Tev/C n/% Tev/C n/%
PRETFHRO 312 19.62 44.7 1841 67.1 16.39
HANWA 275 1996 414 1871 644 16.63
HATIRB 304 19.63  43.9 1848 66.4 16.45

HABEWC 269 20.01 40.9 1875 63.9 16.68

=

ES

k

5 — 2.0
4 L
1.5
X
=
3 L
< B
s L0 ¥
., e mmms - A 5
—o- HATTIRB e HTTIB £
—— HAEWRC —=— HIEHRC 05 z
0 .
| —
0 L L 1 1 ! 0
10 20 30 40 50
T,/C

Pl 7 ASIR PR IR T 4% Ve 1 AR 17 R T 00RO AR X 24
T

Fig. 7. Temperature decrease and the relative efficiency im-
provement for each direct-cooling backsheet under different

ambient temperatures.
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Fig. 8. Relationship between the module temperature and

h3 when the backsheet emissivity is Epack and e, -
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Abstract

The working temperature of the crystalline silicon photovoltaic (PV) module seriously restricts the cell
efficiency and the module lifetime. Therefore, it is of great significance to investigate the cooling effects of PV
modules. Recently, introducing nanostructures into polymer backsheets to obtain direct-cooling effects due to
enhanced heat conduction and radiation characteristics, has become a new trend for PV cooling technology. In
this paper, we study the backside thermal properties of the PV module by combining the energy balance
equation and optical simulations. The thermal power and cooling effect are calculated and compared between
the standard backsheet and three types of direct-cooling backsheets for three typical ambient temperatures. The
structure parameters and encapsulating mode of mainstream commercial silicon cells are adopted in the
simulations and calculations. The influences of thermal parameters, i.e, the heat transfer coefficient and the
emissivity, on the thermal process and the operating temperature are discussed in detail. We hope that this

study may provide a certain reference for the future design of PV-direct-cooling backsheets.
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