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Designated Test Centers

European Solar Test Installation (ESTI)

Fraunhofer-Institut fir Solare Energiesysteme |SE

Institut fiir Solarenergieforschung GmbH (ISFH)

Japan Electrical Safety & Environment Technology Lab (JET)
National Institute of Advanced Industrial S&T (AIST)

National Renewable Energy Laboratory (NREL)

Newport PV Lab

Commonwealth Scientific & Industrial Research Organisation

(CSIRO)

Australia

*Green MA, Emery K, Hishikawa Y, et al. Solar cell efficiency tables (version 56). Prog. Photovolt. Res. Appl. 2020(28): 629-638.
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2021 KPP EREHER

s Efficiency Area v J Fill Factor Test Center a VA T
Classification oc sC Description LAy T 7
(%) [em?) (mV) (mA/ecm?) (%) (date) P f { i l )L% -
Silicon
Si(crystallinecell)  26.30 £0.39 2743 (t) 750.2  40.49 86.59 ISFH (9/2021) Longi, HIT e £
Si (crystallinecell) 25.82 +0.39 2745 (t) 7504  40.20 85.57 ISFH (8/2021) Longi, HIT e 2
Si (crystallinecell) 25.54 *0.38 2745 (t) 746.0 40.24 85.08 ISFH (8/2021) Maxwell+Sundrive, HIT 11 A+Sundrive
Si (crystallinecell) 254 £ 051 267.6(t) 719.0 42.56 83.00 JET (9/2021) linko, N-TOPCon mF
Si (crystallinecell)  25.26 £ 0.35 2745 (t) 746.2  40.00 84.64 ISFH (7/2021) Huasun+Maxwell, HIT e S i
Si (crystallinecell)  25.23 * 0.38 247.57 (da) 721.4 4175 83.78 ISFH (8/2021) linko, N-TOPCon mF
Si (crystallinecell)  25.11 £0.38 267.6 (t) 7222 4155 83.67 ISFH (7/2021) linko, N-TOPCon m#
Thin film chalcogenide
czrsse (cell) 12.96+ 0.10 0.1072 (ap) 529.4  33.58 7290  NREL(6/2021) ‘@miingUniversityofPostsand gy 4o
EALE SR : g : : . Communications =
Perovskite
Perovskite (minimodule) 21.4 + 0.4 19.32 (da) 1149 23.4 79.6 JET (10/2021) Microquanta, 7 cells o Han
Perovskite (minimodule) 20.1 * 0.4 63.98 (da) 1155 23.09 75.4 JET (3/2021) Utmolight, 12 cells A EiEH
Organic
. Shanhai Jiaotong University e i
+ & 3
Organic (cell) 18.2 X 0.2 0.0322 (da) 896.5  25.72 78.9 NREL {10/2020) Beihang Diiversiy E#wzEk, dkin
: s Zhejiang ,
_l_ -
Organic (minimodule) 145 £ 0.3 19.31 (da) 851.9  23.52 72.5 JET (12/2021) University/Microquanta, 7 cells A T
Tandem
PerovskitefSilicon (cell) 23.4 * 0.6 10.86 (da) 1808 16.85 76.8 JET (1/2022) Mankai, Perovskite/HIT 2-term. mHA=E
Perovskite/Silicon (cell) 25.71 * 0.61 1.2176 (da) 1866 19.18 71.85 FhG-ISE(9/2021) Longi, Perovskite/HIT 2-term. e £
Perovskite/Silicon (cell) 24.8 X 0.74 1.212 (da) 1810 19.46 70.41 JET (8/2021)  Longi, Perovskite/HIT 2-term. fe £
Perovskite/Perovskite
(cell) 26.4 + 0.8 1.044 (da) 2118  15.30 81.47 JET (3/2022) Sichuan University, 2-term. JNAE
Perovskite/Perovskite
(cell) 26.4 £ 0.8 0.0494 (da) 2048  16.54 77.9 JET (2/2021) Nanjing University, 2-term. MR AT
Perovskite/Perovskite
{minimodule) 21.7 £ 0.6 20.25 (da) 2009 @ 14.22 75.9 JET (8/2021) Nanjing University, 2-term. HEAE

(t), total area; (da), designated illumination area; (ap), aperture area
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Solar cell efficiency tables (version 59)

Confirmed single-junction terrestrial cell and submodule efficiencies measured under the global AM1.5 spectrum (1000 W/m?2) at
25°C (International Electrotechnical Commission [IEC] 60904-3: 2008, ASTM G-173-03 global)

Fill
Classitication Efficiency (%)  Area (em®) Voo (V) I, (mAfem”)  factor (%)  Test center ([date)  Description
Silicon
5i {erystaliine cell) 26.7 + 0.5 79.0 (da) 0.738 42.65° Ba.9 AIST (3/17) Kaneka, n-type rear IBC*?
Si (crystalline cell) 263104 274.3 (1) 07502  40.49" 86.6 ISFH (9/21) "'?"*T'ﬁn “""F"',".':..
S5i (DS waler cell) 24.4 + 03 2675 () 07132 41 479 825 ISFH (8/20) ¥ dinke Solar, n-type i
Si (thin transter submodule) 21.2 + 04 239.7 (ap) Q687 38,504 80.3 MREL (4/14) Solexel {asprntr.r.kj“
Si (thin film minimodule) 10.5 = 0.3 24,0 (ap) 0492 z9.7Y 721 FhG-ISE (B/07) CSG Solar (<2 pm on glass)'
-V Cells e srsrennnas R,
Gahs (thin film cell) 29.1+ 06 0998 (ap) 11272  29.78" 86.7 FRG-ISE (10/18) “..AltaDevices’® %
Gads (multicrystalline) 18.4 = 0.5 4011 (t) 0.994 23.2 s MREL (11/95) RTIL, Ge substrate1?
InP {crystalline cell) 24.2 + 05" LO0E (ap) 0.93% 31.15" 2.6 MNREL [(3/13) MNREL™
Thin Film Chalcegenide
CIGS (cell) (Cd-free) 23.35 + 05 1043 (da) 0734 39.58" B4 AIST (11/18) Solar Frontier®®
CIGSSe (submedule) 19.4 + 0.5 &£70.6 (ap) 0488 az.aal 758 MREL [2/21) Avancis, 110 cells®?
CdTe (cell) 21.0 + 0.4 10623 (ap) 08759 30.25" 7P Mewport (8/14) First Solar, on glass*"
CZT5Se (eall) 113+ 03 11761 (da) 05333 33 578 &£3.0 Mewpert (10/18) DGIST, Kerea?
CZTS (cell) 10.0 + 0.2 1.113 (da) 07083 21.77° &5.1 MREL (3517 LRSS
Amorphous/ Microerystalline
Si (amorphous cell) 10.2 + o.a"" 1.001 (da) 0896 16,36 &P8 AIST (7/14) AIST*
51 (microcrystalline cell) 11.9 + 0ah L0 (da) 0.550 2972 5.0 AIST (2/17) AIST*
Perovskite
Perovskite (cell) 22.6 + 0.6 L0187 (da) 1178 2273 84.49 CSIRO (10/20) AR
Perovskite (minimodulc) 21.4 + 0.4' 19.32 (da) 1149° 234 79.6 JET (10/21) o Microquanta, 7 cells®
< T ST A
Drye (cell) 11.9 + 0.4™ 1.005 {da) a.Fa4 22 47" 1.2 AIST (9/12) Sharp™ ="
Drye {minimodule) 10.7 + 0.4™ 26.55 (da) 0.754% 20.19%= &P AIST (2/15) Sharp. 7 serial cells™ 7%
Dy [subrmadule) 88 +03™ 3988 (da) 06971 18. 4290 &B.F AIST (9/12) Sharp, 26 zerial celle™ 7
Organic
Organic (cell) 152 + p2ha 1.015 (da) O.BAST 24 24 74.3 FhG-ISE (10/20) Fraurmulrﬁrulﬁl_:i'f:
Organic (minimodule) 14.1 = 0.3 19.30{da) 08276° 2448 &9.5 NPVIM (8/21) W ﬂum'mm? “ﬁ”
Organic (submadule) 11.7 +02°  203.98 (da) 08177°  20.68% 69.3 FhG-ISE (10/19)  ZAE Bayern, 33 celis”

Martin A. Green, Ewan D. Dunlop, Jochen Hohl-Ebinger, Masahiro Yoshita, Mikos Kopidakis, Xiaojing Hao, Prog. Photovolt. Res. Appl. 2022(30): 3-12.
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Small-area cell (=1 em2)

—w— 345%, GaAs =4, A8, 1.002 cm’

—A— 31.6%, GaAs R0, Wik, 1.0 cm?

—8—29.1%, GaAs B4 Wfk 0998 cm®

—¥— 26.4%, Perovskite/Perovskite (cell), I /1| k4%, 1.044 cm®
—m— 26.4%, Perovskite/Perovskite (cell), B A%, 0049 cm®
—&— 2571%, Perovskite/Si, % 1218 cm®

—8— 23 7%, Perovskite (cell), dRRESEH, 0074 cm?
—m— 22 92%, CIGS (Glass), 1¥8g, 0.9856 cm®

—h— 20.56%, CIGS (Flexible), &, 0.8657 cm?

—m— 18.2%, Organic (cell), F#73cA+1bAR, 0.032 cm®

—m— 12.96%, CZTSSe, Fm#f 4%, 0.107 cm®
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Large-area cell and minimodule (>>1 em?)

—B— 26.3%, Si (HJT), F£ 1, 274.3 em®

—h— 25.4%, Si (n-TOPCon), {17}, 267.6 cm’

—y— 25.04%, Si (IBC), /i 77, 243.2cm?

—4— 24.03%, Si (mono-PERC), £, 244.6 cm’

—p— 23.8%, Si (multi-PERC), [/ $5 i, 246.7 cm®

—h— 23.4%, Perovskite/Si (cell), 11 JT A7, 10.86cm?

—— 21.7%, Perovskite/Perovskite (minimeodule), i1 4t %, 20.25 em’
—h— 20.1%, Perovskite (minimodule 12-cells), A4 b ilL, 63.98 em®

—d— 14.5%, Organic (minimodule 7-cells), 7l ) E+HMEFay, 19.31 cm’
—w— 14.30%, Perovskite (minimodule 28-cells), B #4744, 300.74 cm®
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