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Abstract

Luminescent solar concentrator (LSC), consisting of luminophore included glass or substrate
with edge-mounted photovoltaic cell, is semi-transparent, energy harvesting devices. The
luminophore absorbs incident solar light and re-emit photons, while the waveguide plate allows
re-emitted photons to reach edge or bottom mounted photovoltaic cells with reduced losses. If
the area of LSC is much larger than that of photovoltaic cell, this system can effectively
concentrate solar light. In order to improve the performance of LSC, new materials and optical
structures have been suggested by many research groups. For decreasing re-abosprion losses, it
is essential to minimize the overlap between absorption and photoluminescence solar spectrum
of luminophoroe. Moreover, the combination of selective top reflector and reflective optical
cavity structure significantly boosts the waveguide efficiency in the LSC. As a result of many
efforts, commercially available LSCs have been demonstrated and verified in the outdoor. Also,
it is expected to generate electricity in buildings by replacing conventional glass to LSCs.
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Fig. 1 (a) Schematic diagram of Luminescent solar concentrator. Here ALSC is the area of luminescent solar concentrator,
while APV is the area covered by photovoltaic cell. (b) Examples of luminescent solar concentrator installed in skyscraper”

and greenhouse® Reproduced with permission [4,5]. Copyright 2018 American Chemical Society and 2016 AIP publishing
LLC, respectively
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Fig. 2 Schematic diagram of loss mechanism in luminescent solar concentrator
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Fig. 3 Normalized absorption and photoluminescence spectrum of organic dye (LR 305) and core/shell quantum dot

(InP/ZnS). The overlap between absorption and photoluminescence of dyes leads to the re-absorption losses during
waveguide in luminescent solar concentrator
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Fig. 4 (a) Concentration factor-geometric gain characteristics of core/shell type quantum dot based luminescent solar
concentrator”. (b) Analysis of loss in quantum dot based luminescnet solar concentrator under 400 nm light. Here the
geometric gain of luminescent solar concentrator is approximately (3) Only 50% of incident photons are collected in the
P

edge mounted PV cell”. Reprinted with permission from [7,8]. Copyright 2014, 2016 American Chemical Society
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Table 1 Reported efficiency of luminescent solar concentrator

Luminophore Size (cm?) Optical efficiency (%) Concentration Ref
2.0x2.0 49% 1.2 8
Cd based 10.2 x 10.2 31% 3.1 10
quantum dots 21.5x1.3 10.2% 4.4 11
1.5x7.0 15% 3.4 12
12.0 x 12.0 16.5% 1.7 13
Chalcogenide (CulnS,) 152 152 18.2% 43 4
quantum dots
10.0 x 10.0 8.1% 5.8 14
Earth abundant 1.3x9.0 5% 2.3 15
(Perovskite, Si and carbon) 12.0 x12.0 30% 3.6 16
quantum dot 1.5x9.0 2.6% 1.2 17
1.2x1.2 78% 2.3 19
. 5.0 x5.0 23% 2.3 20
Organic dyes
5.0x5.0 14.4% 1.4 21
2.5x5.0° 6% 0.6 22

"Data from transparent luminescent solar concentrator (Transmittance of visible light is over 80%)
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Fig. 5 The effect of (a) index matching oil and (b) reflector on the efficiency of luminsecnt solar concentrator. The index
matching oil allows more photons to reach edge mounted PV cell by reducing total internal reflection at the interface

between glass and PV. On the other hand, reflectors recycle escaping photons

S B AR FAE 7] o2 o s Euks mt o)F 5 dolthe &4 AT 07t Sl 1 E
2]o] Z2HE°] SV k=
35 el et 371 AolA AT dofd 4= Qlis 27t sofdth dRta 0 = ZHIARZE Aojuk= Brewster
angle = 371 Hdste 229 2HES n o2t & 0] arcsin(1/n) 9] gEO. &2 A olHt}. 37| & st
+ 71He] 28] 1591 172 S7Fe 75 AR dofubs AR 425014 365k = AAastet. o] 7
9 3719} 37| Aol Avtalr} dojd 8H5-2 79%(=1-(42/90)%) A 85%(=1-(36/90)) 2 Z7 1=tk
AA|2 ZHE] 179 242 33715 19T ¢ Zol AF-E]= Poly(methyl methacrylate) (PMMA, 24
E 1.5 7|5t F337] Bt 129 2o do] eioFdz| 2 A=’ B3t 248 5712 5o Jr|d aes
26% oV FNAsHE AFEE A E IR, ST o] 1 FHE 7|We] H$ oFF] =87} ZoiA] 1710
PMMA 2] tjH] go] e, dlo] 7] & YJAfshe Alfells BH MRS 771 ©do] )lol

2] ARSEA] Al Sl SR 215 20| frEldell ARS S vhE 719 Aol A A, A% 2e

D)
o OIN'
1o
i
i
T
=
2
st
rD‘Z
N
)
filo
of
&h
TN
o,
>
30
P O
i)
old
N,
il
5
ol
FfF
k=l
M
D)
o
s
Jdo

e oy w1l A 8st
of eaFA]o] o] B M 5.0 Mpo|ckY), yhapato] 85 - Fig, 59} o] ANhAL 2 Hrk 2R 2to.
2 AWOR YAbslo] o) 2 Uk o] thA] 1] 2 S0l @A B3, ol 915 o B iSo] e
A2 AL 4 Ik, Bje] QAR RS Alelska, U He] SIS (RIALE 97% olh e A e

32

Journal of the Korean Solar Energy Society Vol. 39, No. 4, 2019



i e N B NE O ujw HmL W ome o T o) & mr_e b M o ' W E XM g o B O gy
B KOO o o) g W F T Woge W X oo %W B oor W) m oy 'O ot g2
_ Tl ol ol O TIR ol L  c S T=  ey C JRS
i W% B o8 ow o om ®og o BOET R oW oo A O ﬂ T ,W_M A <
. =0 Mo do oy e TR N Rr X RH A NE 4 fp T R TR e
S TR REEAIT TXheTaf AEETEIBRECST g R
2 OB W o W (NGRS N T Oot WM o ol ok 0 I =R i of X o
il ERCII - S S B o T WoE R ), = N ROA g TV o or
el X B Wy o IR fg NI gy B w o BN BT o B o
b = 1 °F Mo o oV ) T T ~ W ooy R g o @ g M7
80 < ; T <k < mool x4 A =R S SN I
& GO GO~ Ty S - oo g x PF e oH 5w 5« o :
P o prFriigriesagirlticloagicaRRo g
1o o —_— _ N 0 RN — . = —_ s ,,L| _ - fe) Ne)
0 maww{}o%.mmﬁo,wuz_o#m_mmwﬂzﬂﬂﬂﬂﬂwmﬂ.ﬂbuWuoo_emmmwﬂ
L_Lﬂz__%HmfmW%ﬁoﬂm_mmoo_.mmﬁmmwﬁonwﬂ:ﬁﬂoﬂdn3wm%%%
— = O - o s 2= fint — o s = NN
ri R IR T - I R T - I
PR e SR P8R T RERET 2R TR B
o PG e w B R EL EETwT R TRl B G
N ooy WO S B H ofn R o B - s o S R~ - S A S
I o e B O S R
ol T .WA_H o = X e T mﬁ L._E i ol 9 o onr 5 ® il s e E _.g_- = oF N _-
= B D oy = o Hogp 2 9 g N ra < m o E m %
N e XU = ~ P o Xomy B s =8 ol T oy A o 3N
KX B o N = o X oo < N R
T E 4 T W o = :M__ 3 W_u = 25 & = ! m_. R W_ < o wﬂ 5 i\ e B O%
o S o = © S99 2 I T o o W o —~— 9 o N 0 & JF
= o B dogo o g oEawr N — = w8 @wEF B g E g ™ g 0 M T oy o B
w@ﬂaw@_.mwaﬂ%wwﬂwﬂwm:T%ﬂgﬂwaw_a%%%ﬁﬂ@
— o o © T — ~ n g o~ % o N I = = R
or WL of o_ﬁ W HH T orow X o B M QX g E®wm X =nom T 2 B Q_. CINNCIN S
Wz_gm.hmﬂmyQWW@%5ﬂDM%Mlﬂﬂjm%mmﬁwwg
X 2y = | Tl = O [ -~ N —_ L Ho X
b oor o oz N T om oo BTN o 2 P o BN NS <o e
oo N oA B = 9o oo om o W ? MM Ko NOF g 9 __E AP nw_m N
RS RS AR ST R NN
TN R 2w o oy o ok do BOF AR I 5 O o <K
PR T L b Edir R o pa el o bg e gy
SN T S T ol i IS i ST (RN - I -l RSl
E " 2% ol __._u.__l ~ ® ° = o oo B o o el T Wul o o ! MT o ol WM_ o) 11_. o N Wm
moqﬂ%ﬂy%L_LW%%Q&%%W_LW@%m2m1 wam%m%%j@n
o WA T o o By N W R Y pm oy T H AT E M oa
odu no % il oy T X o HOX o) W w = oA oEr o XN T o ol .8 K = Ko
o o o BN om T N }LL o 0 if of < R e BT ox B E
~ ~— N @ 7T Bl N1 H b EOE o N X K N S e 2 X oW 1
%HMﬁowﬂﬂ%%@WmﬂfrﬂH%%ﬁoﬂHL_S%zﬁﬂﬂNummmm%.m
_— — = ros | K ) M~
00 5 7 xO = K m_ T ol E m_t L oo ™R W w_m ,W_ M WL m g o __ g
moB g g & ) o B H o< ™o e g B N 2w P 3
o Tk o T o xR Ww pww s Ppg L H NG m T g
TN T T QW T T K e T % W " M ®H T mwwWT xRN JI ST T O

33

Journal of the Korean Solar Energy Society Vol. 39, No. 4, 2019



(b)

3o

=

Ei

L=
1—

(=]
719 A=

]
=t

|
(a)

2
o

F

of

¥

FREHRIO A
o

)

Kl

S © .m 0 N jant N .Ol =)
£ ¢E m:gﬁwoénﬂ_wm
© 2§ F o oz Ko B oo g
2 8 v o X W N 0 = o ¥
f c . _ o]
2 5 © N A = o
£293% S oo X R T
= T ° & g o 7 ™™ T 9d o N W
g g £ 2 8 N T o T~ 0 o
S r . 2g 24 — & ’or J o) B o
2 ©T > c © 0 ) ‘m_._lL ﬂAI“ Q"_O I= 0 ZH ‘NL
N 8 £ 5 8 8 r 2 i~
g | s = 2 2% E T2 ®m B X oo gy g =
S~} g _ 2 ¢2 N LN %+
o= 4 c = S ‘HIL JrA' ~ = ‘a_l k)
s L] cE 28 8EY q xR R RGNS
12 | 8 B §< 8 X W N B T
% 523 % %medv.wowmowﬂouuu
g 2 ¢ 3 ¢k o0 X INCR O T &y =
ROt 18¢ g 2 8% TR R @ b T oo
s = g ¢35 o T __ob Wo T X Jﬂ ~3 mo
=] o) = N fle L =
g e 28Tz PECHEES R o s T
A 18 c _Z_.E L.:u . E_L .ml OO A
§ §E%§P S o oaror L.
=— s 25 g 2 o °oF & Ho T
o w9 < ~n on @ T 5 o ,DuLﬂan,WOOTb%oT.:AHmSQ
- © © © © o (‘'n‘e) 011BY UOIIRIIUIDUOD) € e g v — B = ] < Anna ol
1d pue uondiosqy  _ =N gl %0 SR T oY S m_m
UOIDD1IM = £ &5 ¢ m_-M o~ W .q_mu X Ne = nmo
c ¥ 5 9 k0 0| o E X
e e Fog B2 ST %
ESSSSSN 5838 8 T oK u_m o W Lmo - T
=583 TN o X KT BN
g5 EE S B oMy g Yy
f— b 4 E g g 0 PN e o Ay m_u o £
[+) Y I g & & ifof — 1MO fasy o ‘rlll H_l 1o
€ y o % S ¢ | o H WoaF U
: A fi:s EREpBLET b o2g
S )4 5583 oY oE T o M
.................. }- £ gL £ o W o Mo M e_ T ol il
8225 0 ggpdx Hdwomy
5 N\ = 2 |n.nV ] _— T <M 1D| o . X
£ ) £ 2 8% of ™™ % m domw ET
£ &5 £ 8 UOV%%%ﬂqﬂ%urmE
= 5 g5 8 N ° ° M R
= S c S 2% kD RO = AP g I Ho = op ofl
< T L2 £ © w - Y SV ~ e K = =n __Q..._
/ ! g5 a & 3 0 4 o Q_O —
0 T JI R o
Q S ¢ 5 (0) d0R oo o o) ® - )
£ £ 9 =F o m X ont Ak o & K
S = o 2 w g 10 0 i D.:u
STEE OB op oy o T T =
KO 5 = O I Lo} o E_E ~X D
©cg38 Howpsg@T EHUyzw
5 & B o ol & R p B gl odo ®OW
- ¢ 88 © KR A e o7 N oW oNr w

B

=
=

11

o

5o
= 1

of| GaAs &

H

a

S

Journal of the Korean Solar Energy Society Vol. 39, No. 4, 2019

APgelA

=20
H i

—

u]=9] Caltech A+ 1

34



FAR| et g eiold A2 FAE 135S A9 Tandem A19] HFARE ARSI, #44
Al gFor & uf FY HUF AHB71e 24 delE e ® 749 Tandem 720 BjFAA17F LRt 242
A H A iH] 28 2%] S B frefsiths AV E Al ]ﬂ%ﬂr@. o R e R e

b
Salar spectrum 1.5 4 W1 F
Abs | .
A= 075 eV N
1.0 4 p S Si-PV EQE -
Iammy what . -
I. A Y

Xl b | ¢
—~ 054 H A = E
3 i A s
2 @
= \ 3 5
= i w
2 0.04+— - e e
£ 400 600 800 1,000 1200 2
= ]
a A A wu
g [ 3
e m
2 2
= m
5 o
=1 r w
< c

T T L T
400 &00 800 1,000 1200
Wavelength {nm)

Fig. 7 Tandem Luminescent solar concentrator with core/shell quantum dots and their corresponding absorption and

emission spectra. Reprinted with permission from [14]. Copyright 2018 Nature Publishing Group
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