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Abstract: Among several types of energy saving

smart window technologies,

the leader, the dynamic EC

(electrochromic) window one needs integrated PV (photovoltaics), to minimize expensive electrical wiring as well as to

obviate the need for external energy. Self-powered smart windows were reviewed according to PV types used. DSSCs
(dye sensitized solar cells) were found to be compatible with EC cells, to have several categories of next generation
smart windows such as PECCs (photoelectrochromic cells), PVCCs (photovoltachromic cells), EC polymer PECCs. In
addition silicon solar cells and third generation solar cells were investigated. They are summarized in a table showing

their advantages and disadvantages respectively for a fast comparison. The strategy to expedite the commercialization of

these next generation smart windows includes developing retrofit smart window coverings for use on flexible polymer

substrates adhered to the inside surface of a window and easily replaced after use for upto 10 years.

Keywords: Self-powered smart window, ECW (electrochromic window), VT (visible transmittance), PV (photovoltaics),
DSSC, PECC (photoelectrochromic cell), PVCC (photovoltachromic cell), Energy saving, Solar heat gain coefficient

1. ME

Age WE F7F A oA AwlQ] oF d0%E A
oti, et o) 2 URETRRE) 200 W/niK(AI3
0.16 W/niK)g et Heg B3 s gt o
UL FA AW G U0 AIANEES FI
ARA SABI oflz RAVIA WEY Kol Hu
ok ZA®0] Wokdt wAl wQlFe] B AL
A% B71stel 2 ARA 2A7E 1 Ak A A

a. Corresponding author; sonbi@reseat.re.kr

Copyright ©2015 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution  Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

A9k 7R ke
ool e Fasteh(@ee AVT). VI7t 245
2 Ul 29| Yot 9% o] 2 asirit
A=0] AM¥l(colored) = & FHEs X2 &
of AT 155 0] ojEd JUes &0t 2M
(bleached) AJEfollAl VT7t 714} =ch 2 mha} 71A|aof|A]
A} AAo] Eake Rlol7p ATIAIY Fat= #igho|ch



754 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 28, No. 12, pp. 753-764, December 2015: S.-H. Pyun

| visible | Infrared
1.0-— = »
Clear
Y -
= Hi \\ %  High-solar-gain low-E
5 N \ !
5 06 # TR 3
=2 1 1Y \
£ 1 \
g 05 T
S | Modab\a(a'sclav gain low-E
= o4t B L
i \‘ Y
0.3-{# 1
| Low-solar-gain low-E "~
\ g
0.2 \ i T
S RS ste-solar-gal
ol AN Moo g
B | N
0 - o=
03 0.8 13 1.9 23

Wavelength (microns)

Fig. 1. (Left) spectral transmittance curves for glazings with
low-emittance coatings, (right) schematic diagram of moderate-

solar-gain low-e double glazing [2].
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Fig. 2. Dynamic window and window film installed cost
and performance targets [4], R&D roadmap for emerging

window and building envelope technologies, U.S. DOE.
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Fig. 3. (a) SEM of WO; films deposited at best rates with

well defined porous structure favorable for coloration/bleaching,

(b) transmittance of WO; film [7].
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Table 1. Conventional smart window technologies [8].

Dynamic Type Passive Type
EC PDLC SPD TC PC
o Charge Polar.lzed PolarAlzed Phase Photo
Principle particle particle L. .
transfer . . . . transition excitation
orientation  orientation
Main WO_S’ Liquid Polarized doped AgCl.,
terial orgame crystal article VOx orgame
ma material Ty P material
Driving DC 1.5 AC 30 AC 30 Heat uv
force V* ~100V ~100V 25~45C light
Response ~1 min 10 ms 100 ms ~3 min ~5 min
speed**
AVT (%) 5~80 70~80 5~70 10~30 60~80
- Excellent
Durability 10 yr average average average average

* Power demand; 0.5 W/mi(during coloration) [9], **: 30x30 cri
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2.4.2 PECC-2

Fig. 8. Coloration in open circuit(upper part) and bleaching in
short circuit (lower part) of the new device(PECC-2) [15].
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Fig. 13. Redox reaction of PANI [25].
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Fig. 14. (a) The transmittance spectrum between 400 nm and
900 nm and (b) time-course measurement of the transmittance
at 620 nm for the SA13(self-developed) EH-ECW device [30].
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Fig. 15. PECC configurations with PEDOP/V,0s hybrid as
coloring electrodes. (a) EC in bleached(yellow, oxidized) states in
dark or in light under open circuit, (b) ECD in colored (reduced,

green) states under illumination with closed circuit [31].

9]0f| poly(3,4-ethylene dioxypyrrole)(PEDOP) =&
7156kl Al&gH PEDOP/V;0s UrHE slojEz|t
= AL dd=sos Zh= PECCIF A= ATt [31].

CdS/ TiO; ¥Y=E Z+= o] PECCe #5F &Y 4]
stojHz|t o] gMloflx =ABo 2 WSt 475 nmofA|
At) AT} 65%C}. BN E%F 224 Fg'!, At ofuX|
U 223 Whkg'&= 9 FEZTAE 2 Agsict Ats}
gkl 5000 AtolZ2 F BREFC] 90% [AI= o] stolE
2|t gr2 XY A &3 EC AULE A=2-8F 417
mjA|Efo] 3-8& 7} 5hct

Mu]go] oF 20%6 ci 27| 94 PET 7|% 9o
Aw/d AZAHPEDOT)E FAsto] AEAT 9 A=
T 600 Q/sq, 0.1 Sem™!e] EC ZatAE 220 Ax
g]9ict [32]. PB-PEDOT-PET %=, 12|71 ETHolx|
AsliZdo]l EC PEDOT-PB 4A} &Fof o] &=t &
Ao rRE A2 HpA-GMOl 7t WHELE +£15

ISR )

vV AoloflAl 1,0008] ol4} EYch CEE 7Y
NIR gollA zH2F 92, 750 ciC 'o]a, ¥RHA|ZFS bs
2ict. PEDOT-PETS ECZte APd  EfFAX](QD
SC)et & AMulg [FA%Y Bl g & Qloh

2,45 EHHE DSsSC 0|8 M

Glass

— TCO RS
‘WO; electrochromic layer 35

T T T T T
Byl Bleached
3 5l ]

10 1
>

L L L L
) 400 500 600 700 80 900 1500
Wavelengta (nm)

Electrolyte 1

Ton storage layer

2
<
Transmittance (%T
=]

+)

Glass

Fig. 16. [33] (Left) schematic diagram of tandem DSSC-EC
device, (right) transmission spectra of the device after the

coloring and bleaching processes under 1 sun illumination.
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Fig. 17. (Left) long-term stability of 10 wt% ISG(in situ
gelation=no UVA) and the ones with different amounts of
UVA. (right) in situ transmittance(700 nm) curve of a tandem
DSSC-EC device during coloring and bleaching processes
DSSC-EC device exhibits

reasonable response times of 27 s and 38 s during coloring

under 1 sun illumination. The

and bleaching processes, respectively [34].
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Fig. 18. [36] (a) schematic cross section structure of an EC/PV
vertical stack in a PV-powered ECD. The device
consists of two inverted PV cells (PV1 and PV2) and an EC cell
including 4 electrodes, (b) current-voltage curves for a single PV

laminated

cell after coating with ECP-Magenta(triangles) and current-voltage
curves for PV cells in complete EC/PV stack when connected in

parallel(solid circles) and in series (open circles).
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Fig. 19. Axonometric view of the photovoltachromic device.

Two external circuits connect the photoanode to the

electrochromic electrode (A) and the gold cathode to the
secondary electrode of the electrochromic device (B) [37].
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Fig. 20. Transmittance of complete PVCCs (sample A and
sample B) under bleached and colored conditions in the range
of wavelengths between 400 nm and 1,500 nm [37].
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Table 2. Classification and summary of self-powered next
generation smart windows.
PV .
Type Configuration Strength Weakness
__category
. Vertical tandem Normal Pin holes
a-SiC:H . . .
Si of PV-EC. operation. worried.
! SiH Solution type Ultrathin but High cost
a-Si
PV-EC device. no short fault. module.
PECC-1 WO; is the counter Simple Catalyst
electrode of DSSC. structure. needed.
The photo anode: Switching; The photo
PECC-2 TCO/WO3/TiO,. independent anode is
Cathode has Pt. of TCO size. costly.
Pt and WOs in the Switching: Micro
PVCC cathode; separated fast. Normal pattern:
DSSC . .
by micro_pattern. PV output. high cost.
Switchi
Polymer EC polymer Wl;c e Stability
speed fast. Low
PECC replaced WOs. concerned.
cost (no Pt).
Tandem Tandem DSSlC and Performance Too many
EC; vertically layers;
DSSC R normal. X |
integrated. impractical.
Tandem OPVs and Fast solution .
Polymer . Stability
OPV EC polymers: processing and
PV L . o concerned.
Vertical integration. switching.
Perov- pVCC PV and EC: PV performance PV stability
skite Vertical integration. adjustable. in scrutiny.
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