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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
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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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Fig. 4. Design of 5 layer electrochromic device with foil

substrates for promotion. Arrows are direction of ion

movement. Glass panes can be laminated with the device [6].
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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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Fig. 7. (Left) absorbance spectra of a PECC-1 before
(bleached) and after(colored) illumination at an intensity of ~75

mWem? for 1 min. (right) PECC-1 WO; on the cathode [14].
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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].
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[33] (Left) schematic diagram of tandem DSSC-EC
(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].

ghido] st Aulgolxgt HA] A o, B
AL At det 5 Wiadol st

U+td L&A} PVB (polyvinyl butyral) &-& SAF

A MefAl2 diF] Mo thA= HLIt Zo} iz
A TiO,2 X EJ} o]2dYct o] QA 1AM AsjAL A
Rea A AE & FAAe] Astz o1} o]l Ax
©2 37 %o %A M| PCES Ao {AFC)
(4.86%). UV el UV S47IUVA)S] &)= aH5%)2
UV =% 2,100 h & %7] PCE9] 98%Z SXIsict Al

A A2 AAl JsH(1,000 h)of zeiz A7] AL
ol o]o] 24 o]folt}. BHE DSSC 37] 55 cniof
AR} =0 JHs5HY /\u}E QA Ooo| Asks}ct,
WO; Z3} o2~ PBSS 2= DSSC-EC 44} A
A EPEAZE 2|1 AT= 7E2F 27, 38 s, 58%3r)

2.5 AHMICH EHYHX] ALZ ZHMICH A0IE =S

2.5.1 ®7| nEX EfUYMX] S

20119 7WA)8E Er]7 EHEE o] NIRS &
2olo] RIS AASHE OPVE AEslo] ADlE A9
o] FEdoz Akgst ¥1rt Qo [35]. &7 ClAlPc
(chloroaluminum phthalocyanine)at 87 CgQ] 0%
e OPV7t 241y Bragg WHAIZ|(DBR) &= AHE5HA
MElRlo 2 NIRS &45t0] X718 AYARICE 55% Xt
AT} PCE 1.7£0.1%S 27/35t0] o]& ofefo]7} Az

~
o
~

(€Y

PV2 =

ITOZnO/PEIE < Electrode 4

<€~ PV layer

= Electrode 3
MCCP
Electrolyto "~ ECP layers

ECP-Magenta
- PEDOT:PSS - Electrode 2
PV1 — |WBBRRIERCEMM < PV isyer

ITO/ZNOIPEIE < Ejgctrode 1 81 ob 02 04 o8 08 10 1%

ECD -

Current (ma)

Fig. 18. [36] (a) schematic cross section structure of an EC/PV
laminated 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
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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