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Efficiency
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Justification for OPV

A Solution phase processing for all layers
A High throughput fabrication i scalability
A Low embodied energy

A Flexible and lightweight
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PEDOT:PSS
1.61%

isopropanol

Silver ink (PV 410)

mPET film

»ITO on PET substrate
®m UV curable etch resist
Mo

®NaOH

® Demineralised Water
uZn(OAc)2

mKOH

u MeOH

= Acetone

= MEA

®P3HT

= PCBM

Calculated share of embodied energy

Sputter coated ITO causes
unbalanced inventory



Indium free, thin silver semitransparent front electrode.
Prepared by slot-die coating
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BALANCING MATERIAL INVENTORY

Equivalent Primary
Energy (MJ)
400 -

350 -
300
250 1
200
150

Removing ITO leads to significantly more balanced inventory
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Life Cycle Analysis for OPV

Future work to reduce EPBT:
Feasible assumptions:

- Decreasing layer thickness

- Increasing substrate width

- Increasing geometric fill factor
Challenging assumptions:

- Higher efficiencies

- Increasing lifetimes

- Materials recycling (silver)
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Table 10 EPBT in days versus real efficiencies and projections (shaded in grey colour) for Process H in its existing form and when improving following
both feasible and challenging developments (shaded in grey colour). Data for ProcessOne are also listed for comparison

Efficiency 0.25% 0.5% 0.7% 1% 2% 3% 5% 10% 15%
ProcessOne 5938.7 29694 21209 1484.7 742.0 4948 296.9 148.5 98.9
Process H 1034 517 369 259 129 86 52 26 17
Feasible assumptions 210 105 75 52 26 17 10 5 3
Challenging assumptions 82 41 29 21 10 7 4 2 1
Remove ITO, achieve a | | Nfeasi bl eo assumptions
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Deployment of OPV: Solar Park

Processing of OPV modules

E -
- ' - Rotary screen printing of

Printing of front silver grid
front PEDOT:PSS

Slot-die coating of

Slot-die coating of ZnO P3HT:PCBM

Rotary screen printing of Printing of back silver

front PEDOT:PSS y electrode
A

700m foil (147,000 cells) with Fabrication speed of 1m / min
100% technical yield [7]
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Deployment of OPV: Solar Park

Final product
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6 lanes x 100m. 305 mm width.

Installation rate 100 m/min. Estimated possible rate of 300 m/min. 7]
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Video: Installation of OPV solar park
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Deployment of OPV: Solar Park
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Reduction in performance largely related to FF and V_,
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Deployment of OPV: Solar Park

Energy payback time of components
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Deployment of OPV

Low density plastic tubes,
connected with ropes.
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Deployment of OPV

Helium filled balloon,
Dimensions: 4 m X 5 m.
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Deployment of OPV
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Breakdown of cumulative energy demand required for
every component in the BOS for each system
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Solution Processed Perovskite Solar Cells

Perovskite solar cell processed on a flexible PET substrate

School of Photovoltaic and Renewable Energy Engineering

AAAAAAAA



Video: Solution based roll coating of a Perovskite layer
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Late mail: Investigation of slot-die coating parameters
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Late mail: Investigation of slot-die coating parameters

3 12f ' 1
J12| .
2 | L]
< L [r—tt— 4
g 10] ]

& I j_— {
£ ] o S——

= Becnsad

S gk ke R S T
E ) | ST ettt |
= | = By L =3}
= 1

s

0 i S

> | E—

e 4] -

S | ==

E 2:?—%7 >

S | ~ slot-die coating speed

52nm  55nm  110nm 126nm 142nm 167nm
P3HT thickness

School of Photovoltaic and Renewable Energy Engineering

Comparison of slot-die / spin coating
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Challenges faced: Low efficiency

Low efficiency largely related to J.. and FF

Requires synthesis of new polymers which can:

A Have increased spectral breadth

A Improved charge carrier dynamics to increase EQE

A For tandem, require polymers with precisely complementary absorption
windows

However, must also be compatible with printing and coating techniques.
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Challenges faced: Stability

Significantly lower environmental stability than silicon solar cells.
Mechanisms reducing the stability of OPV devices:

Chemical:

- 0O,/ H,0 induced oxidation of organic components

- 0O,/ H,0 induced oxidation of electrodes

- Water degradation of PEDOT:PSS (buffer layer)
Mechanical:

- Changes in photoactive morphology

- Delamination at weak interfaces

- Mechanical stresses for flexible substrates, particularly when different
layers have different thermal expansion coefficients
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Challenges faced: Stability

Inverted device structure

Normal Inverted

Substrate

Reverse the direction of charge flow through the device

Silver replaces aluminium as metal electrode
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Challenges faced: Stability

Provides standard protocols established
for different testing methods

Undertake and report inter-laboratory
0round robind tests

rtemation O'D.\/
Stabllity
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