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Thermodynamic Efficiency Limits of Semitransparent Solar Cells

JI Yongji, LIU Dong, LI Qiang

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Semitransparent photovoltaics (STPV) is a promising solar energy harvesting technology because it can be
integrated to harness huge sun-facing areas of modern buildings for electricity generation. Its thermodynamic efficiency
limits are of fundamental interest. This work extended the analyses from neutral STPV for building windows to those
installed on the surface of colored building envelops according to the principle of detailed balance. Results show that
the efficiency limit of STPV for blue building envelops is as high as 28.3%, which represents a 10% absolute
enhancement compared to the neutral STPV for building windows (18.1%). These results demonstrate that STPV can
be integrated into both windows and envelops of modern buildings, which has the potential to offset the low density of
solar energy. This work provides guidelines on the selection and the development of active materials for STPV.
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Fig. 2 Efficiencies of black opaque and neutral transparent
solar cells varied with the semiconductor bandgap
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Fig. 3 Efficiency limits of neutral semitransparent solar cells
varied with AVT
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Tablel Parametersfor semitransparent solar cells

STPV Absorption band PCE/% JSC/(mA'cm’z) Voo! V FF/% Eyop/eV
Neutral >720 nm 18.1 30.64 0.70 84.4 0.94
Blue >500 nm 28.3 37.00 0.88 86.9 1.13
Red <600 nm 21.4 13.18 1.76 92.3 2.06
Yellow <500 nm 13.0 6.48 2.14 93.7 2.48
Magenta 500-600 nm 10.9 6.76 1.74 92.7 2.06
Cyan >600 nm 23.1 30.79 0.87 86.2 1.12

100%;  3) X 87 . 0 £ %5 43k 1) ~F= 328 BH K FH B He it
WKW SR 2. 240, 3. mamE @, H
T 10 AR L€ 1) 2 35 B DK BH fig Lt

T 0 2 375 BH K PH A Rt B PR 2805 P T B 48 1 DL
B4 I s, W, 2R (i B K P A F it
(IR R 2R3 3R 28.3% 21.4%F0 23.1%, =Tk
82457 B K PH 6 F; 0 €8 325 B K PH R FEL I 1R B
FRACRE LR T SQ MR 84%. BHEM ML

. 35
5 ---Neutral
2 301 —— Blue
£ ol ~-Red
Q
&
g 20 |
.8
2 15}
=
g 10F
B
2 5T .
=¥ —m I
0 : —
0 3 4

Band gap / eV

Bl 4 Tots DARCHE (R AL (5 OV A ) 2525 B OK BH g

T FR) 2R B~ AR AR A R A A2 A

Fig. 4 Efficiencies of neutral as well as blue and red (additive
colors) semitransparent solar cells varied with the semicon-
ductor bandgap
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Fig. 5 Efficiencies of yellow, magenta and cyan (subtractive
colors) semitransparent solar cells varied with the semicon-
ductor bandgap
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Fig. 6 Semitransparent solar cells, their corresponding PCE
and E, ,, for colored building envelops
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Table2 Materialsand performance of typical colored STPV
Color Material PCE/%  AVT/% Ref.
Blue BT-CIC 7.1 43.0 [7]
Blue a-Si 7.2 14.2 [10]
Red CH;NH;Pbl; Cl, 75 417 [11]
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