Transformativedmpact o Printable’Solar Cells
for Next-Generation Energy Demands
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ENERGY APPETITE
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_ Will double from 15 to 30 TW/yr in 2050

'@ Photo by woodleywonderworks - Creative Commons Attribution License http://www.flickr.com/photos/73645804@N00 Created with Haiku Deck



ﬂ Solar Power for Global Energy Needs
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M Advantages of Perovskite Solar Cell Technology
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High Efficiency Low Primary Energy Demand & Payback Time

* Primary Energy Demand (PED): Energy
consumed in manufacturing process

» Energy Payback Time (EPBT): Time required
for generating back primary energy consumed
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PVSC was Identified as the Game Changer in Renewable Energy

Perovskite Solar Cells: A new generation of solar-cell materials, cheaper and
easier to produce than those in traditional silicon cells, garnered plenty of

attention this past year. Science, top 10 breakthrough of 2013

EU has funded 45 perovskite projects: including six “EUR 5 million” projects:
CHEOPS, ESPResSo, APOLO, GotSolar, MAESTRO, PERTPV etc.

Perovskite solar cell is listed as a strategic project by National Natural Science
Foundation of China for 2017. EXB#4RZFEES 2017 EXINE

Perovskite solar cell is Listed as a strategic project in the National Energy
Technology Plan for 2016-2020. EIZxXgEiRE (BEREFBAREIHF+=7" Xl
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FERETAR I

e Potential for Printable Perovskite Solar Cells
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Low Manufacturing Costs
High throughput processing

Low Environmental Impact
Benign processes with low energy intake

Multiple Applications
Consumer Electronics Building-integrated and semi transparent

Energy Grid Integration and Niche Applications

Jen et al. J. Phys. Chem. Lett. 2016



M Semi-Transparent Solar Cells for Building Integration PV
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Highly Efficient and Stable PVSC Pb-Free PVSC
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High PCE without Hysterisis Replace Pb to Address Toxicity Concern
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Thick TiO, based ETL on perovskite

| 1. Excellent carrier transport == PCE
2. Supressed ion diffusion == Stability

?
2

20.8%\ 21.0% ‘ .,-;J..,J

[
-
<

1 |7 15%sn [

Curront denstty (mA cm )
-]

PR
£
u -
qE': 7 3. Thickirobust fabrication == Reproducibility ]
%‘ .12 TiO,-fullerene . Y
S e -
u ] : | =—— *‘
T -8+ o 5 | A8 I 2 - a T
g 1P Perovskite T ! 1] [ L] L8] LR L LR ia [=1] - | b a6 an 10
3. - Voltags (V)
1 Adv. Mater. 2014, 26, 6454 Adv. Mater. 2016, 28, 8990
= 30 ac
0 : e . o
. 1.2 g 5 1‘% a5 b 13%
S®1| 50%Sn | Ex
; - % 151 v =154 50%Sn W/ Br
Long-Term Device Stability &l wm 3 -
et e A | [ —— 240 nrn
1.2 S — E’ 51F- 1 I::.T':H:'-%-- ] S 57 —a— 350 nm
= o8] . 3 o — = 1 A —a— 580 nm
8 04] Under ambient condition —o—TiO,-fullerene device ] ; o0 D2 04 OB 08 Ta oz o4 oe  oe 10
= ool i i i i . . . 1 : Valtage, W (W) voltages ()
= X1 — — ] § Adv. Mater. 2017, 29, 1702140 Adv. Mater. 2017, 29, 1704418
T 40- ] |
L 4 '
‘GE %jﬂ,‘f o o o B 3 e o - " mrvericd jpoi-n sstar cei
g 154 E ;E:n T-".q‘\
% lgz E 'é r Tl-l.lw:;llzlr:lrl:::;&lm
~— 0 T T B :-I:-"' = E
20 o - h F (2]
e = puresn| 1| [~
5 9 : Sul { Jen Group
T 3 ] E e
Time (month)

L

. A &
. al B4 axE

YVoltage (%)

Jen & Choy et al, submitted Adv. Mater. 2017, 30, 1703800



M Prospects of Perovskite Tandem Solar Cells
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M Challenges and Considerations in

e Commercializing Printable Solar Cells

Thwld

A. CH;NH;PbI; compositional design to of CH,NH,* and T 0 '
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conditions unique to roll-to-roll processing

 |EC Tests
e -40°C to +85°C for 200 cycles
o -40°C to +85°C & 85% RH for 10 cycles
« +85°C & 85% RH for 1000 h

e Sustainability
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° Material Utilization Frmemnmmerenasasnest ! " Film thickness
C. Device and process engineering Electrode limitations
° Recycnng and End-of-life to enable fully printable PVSCs \\_PET ./

Jen et al. J. Phys. Chem. Lett. 2016



M Application Landscape for OPVs and Perovskite PVs
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