Cell Efficiency (%)

52

48

44

40

36

32

28

24

20

16

12

Best Research-Cell Efficiencies

NATIONAL
LABORATORY

OF THE ROCKIES

llI-V Multijunction Cells Thin-Film Technologies Hybrid Tandems (2-terminal)
| (2-terminal, monolithic) O CIGS (concentrator) A Perovskite/Si (35Jh3[)p2 ) : 6'}% ) FhG-ISE
LM = [attice matched ® CIGS A Perovskite/organic B FhG-ISE/ - —X7 (4-),665x) 47.6%\4
J Solar) Soitec (4-))
MM = metamorphic 8 CdTe . - O Perovskite/CIGS (3%“922”;)
IMM = inverted, metamorphic Amorphous Si:H (stabilized) W I-V/Si Spectolab | FRGASE SpireSemicon \ o
— V¥ Two-, three-, and four-junction (concentrator)  Emeraina PV (3-1,299%) | (3-),454x)  (3-J,406%)
nree- ) ging \
v Thregqunghon or more (non-concentrator) O Dye-sensitized cells Boeing-Spectrolab éojagfgx()
A Two-junction (non-concentrator) O Perovskite cells Boeing-Spectrolab S Boeing- '
. ) ; Boeing-
—  Single-Junction GaAs ® Organic cells SR \ReL | Spectoab , NREL (6-) o
A gSi” le crystal A Organic tandem cells NREL () (4,357 G364 Spe(@.b CTUTUTUTUURRRRTRY- SOPPRPPPTR 41 V'39.5%) 4
A Cor?cent?;tor & CZTSSe cells = 5 Boe\mbgé ) :
i n Il Boeing- pectrolab (3-
V' Thin-ilm crystal & Quantum dot cells Spectrolab S\ ceet” 'v\ T FhG-ISE/AMOLF
— ) ) © Perovskite tandem cells Spectrolab ™" (3.) . i 4N FG-ISE A LONGi
Crystalline Si Cells (3)) Boeing- Sharp Sharp (3-) ‘ LONG A
g Singl tal ( trator) Spectrolab (3-J) v . (3-) FhG-ISE = oG
ingle crystal (concentrator veee KAUST<A
m Single crystal (non-concentrator) NREL () NREL/Spectrolab (3-) UTTII LA NREL Alt;VREULWM) — EI- A NREL X o a(;ﬂﬁlhgovv
O Multicrystalline Varan ’ Spectiolab 3-) e (3 Sl melsEmr WL e MREL - Ata o EPRLICSE Nanig Ui Rensin 30.8%
® S NREL (2-)) el (3 e e o o o = FhG-ISE <A (2584 /A i [Soochow U (0
Silicon heterostructures (HIT) (216x) T — e ——————— CXNREL A LONGI 30.1%
V' Thin-il Ja E FhG-ISE (232x) Alta__Alta SunPower (Irg-area) , Tt Oxford PA up L S UNSW/BL 29-10/0
IN-Tiim Crystal Varian \ Varian — - pan tnergy =/ o\ Y, HZB /N FhG-ISE 7Nanjing Univ fgﬁ%rlg .17
B 12050 S Argr = SunPower (96x) = = 0 Amonix(92¢)  "d0oud Ui Panzsonic | AL _ e A6, ATiford Py [ UIG—C 1016 _gt@
Stanford B e e e ————————— ————— == = NS e I P ¥ X Oviord V[ kel & s 6'. Jrina
o) &= =S A kT e Y S T—— holse M — _-",‘;TG'&;«. NO/UT\ b7
s Varian T T DS —— - - ={ (- \SFH/ A °A°~ i R e L
(T.J. Watson - UNSW Panasonic NREL (14,75 S0lexel_ 751/ Kist
[ Research Center) == 5anyo X F|rst Solar 4 CITE Evolar/UU
——————T sanyo NREL (13,1 Solarr e NUS/ RSO
A-==—"""" UNSW / NREL  Sanyo Sanyo - oo NREL o — OO ol
A Furtaolre (140 T == 75w EMPA (Flex poly) / v..’ — ‘ \S(AS U il HZB JinkoSolar Fi\rs/tsoulrasrt olar
— ARCO . oo J — FGISE 261y Canccin HyperPV
. Georgi e NREL  NREL JOS, "o & Trina || —KRICT/UNIST UNIST
Westing- Spire Varian (2-)) UNSW Tech NREL NREL NREL So\exel .. | First Solar
NREL NREL U. Stuttgart - S : ® Solibro
) house NREL . SolarF City U HK/UW loP/CAS
Sandia | v/ V s of fist [ -Solarfon . ST
- U. So. ) Solar € - A N 4
; : @ = - NREL L Univ.of Queensland SCUT-CSU
No. Carolina Florida Matsushita V= Stuttgart KRICT neray Tek of Taiwan
Mobil State U. () gojarex Solarex o A\ NREL UniSolar AIST /Kymcﬁél loP/CAs  10P/CAS
Solar Boein (e Euro-CIS (aSi/ncSi/ncSi) 0 0,
g uro ) ' ~ 14.0%
- o sl NREL UniSolar UniSolar NJUPT 9
— . Kodak Kodak ~ ARCO BOg A — 7 oeing —_0— — 13.0%
Pochg Kodak — U Photon Energy O~
Kodak L AMETEK IBM  IBM SCUT/eFlexPV
Matsushita ot A Boeing Boeing * k Sumitomo U.Toront
o— ARCO Uniol Konarka , Toronto
[ U.of Maine i o o Solarmer 7T Heliatek HKUST
‘ Boeing NREL / Konarka Konarka UToronto U.Toronto
U.of Maine EPFL Groningen U.Linz / (PbS-QD) .
A &
— Siemens Plextronics 4% Heliatek §
U. Linz g U. Dresden NREL . &
U. Linz (Zn0/PhS-0D) UWuppertal %,
I A S TN Y Y T I I S N N N N B AN I [N N N (NN N Y N (NN [N NN AN (NN NN NN SN N N NN NN (N N N |-




