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South China University of Technology (SCUT 2013-2020)

» Professor, School of MSE, State Key Lab of Luminescent Materials and Devices, SCUT- 2013/6-2020/12
» Director, Innovation Center for Printed Photovoltaics, SCUT, 2018/1-2020/12

Participated in the certification of Champion OPV Module Desighed and Assembled a R2R OPV pilot printing line

TS

New efficiency world record for organic solar modules
EurekAlert (press release) - 2019113118

:y world record for modules .. from Vacuum nip
Friedrich-Alexander Universitit Edangen-Nurmberg (FAU), the Bavarian ... in
[ cooperation with the[South China University of Technology (SCUT)]

ERFRIER
saw New Organic Solar Cells Set Efficiency World Record

SciTechDaily - 20192113128
New Organic Solar Cells Set Efficiency World Record ... The scientists from

Friedrich-Alexander Universitt Eriangen-Niimberg (FAU), the ... cooperation with the
[South China University of Technology (SCUT)] designed an OPV module with an

‘Sficiency o7 26 percentover an area of 26 square centimeters ...
ZERS B 1R

Solar Energy Goes Organic

Advanced Science News - 20194128258

Organic solar cells usually consist of different organic components, .. has set a new ‘

record for the power conversion efficiency of organic ... ERN) in cooperation with the 'Webclean
[South China University of Technology (SCUT)] designed an OPV organic solar cell |Unwinder 2500

Wwith an efficiency of 12.6% (the former worid record ...

Sy g
SRS
B Efficiency World Record Set For Organic Solar Modules
Photonics Online - 2019511 A 188 ale s "
Efficiency World Record Set For Org HTFEELR ntists of the Friedrich-Alexander-
Schools Research Library University Edangen-Nimberg (FAU), the ... with The]South China University of Technology (SCUT))
OPV module that ... The new world record surpasses the previous high of 9.7 percent by 30 percent.
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New organic solar cells set efficiency world record

Roll-to-Roll OPV pilot printigg l
el ST Fee | |

i

Scientists of SCUT, ion with their partners in y have set a new power
Conversion efficiency of organic photovoltaic modules (OPV), with an efficiency of 12.6 percent over an
area of 26 square centimeters. The former world record of 9.7 percent was exceeded by 30 percent.
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City University of Hong Kong

South China University of Technology (SCUT 2013-2020)

» Professor, School of MSE, State Key Lab of Luminescent Materials and Devices, SCUT- 2013/6-2020/12
» Director, Innovation Center for Printed Photovoltaics, SCUT, 2018/1-2020/12

City University of Hong Kong (CityUHK 2021-now)

» Professor, MSE / SEE, City University of Hong Kong- 2021/1-now
» Associate Director, HKICE, City University of Hong Kong- 2022/1-now

> Pl (Blue Economy), State Key Laboratory of Marine Pollutions, CityUHK- 2024/1-now

Department of Materials Science and Engineering School of Energy and Env1ronment Hong Kong Institute for Clean Energy
@ E/leaﬁ:\tgljsegzitlceandEngineering e RN == =L ESls @Sh ol of Energy and Env ent - & fe

MERIB(ES)
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. News and World Report 20222023
Best Global Universities
ZEMEREERBRELIKREKRDPHR2022-2023
Ranked Ist in Hong Kong (15th Globally)
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Hong Kong

&% Promoting New PV Technology in HK

ERNRERFRR

Work with local companies & the R&D: New Generation Printable PV
community to promote green tech j

. SB[E]E ' . > [BEpA) ZARAE
- BHEEEAR == https://www.youtube.com/watch?v=x FXxaosgls

> 2021 "TRIZER | - EEEERARIERE T HE AR B P E
https://www.youtube.com/watch?v=BZgvhloi2 Ac
A Wyt e —— e » Innocarnival 2022-Challenges and Opportunities of Solar Power in HK
L - T https //www youtube. com/watch?v u5yq |hv-HA



https://www.youtube.com/watch?v=x_FXxaosg1s
https://www.youtube.com/watch?v=BZgvhloi2Ac

M if f &i=e Challenges of Solar Energy Deployment in Urban City

Majority of Solar Energy

E—
Resicentia Ty T8 in HK is from Rooftop PV
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Land Utilization Map (Image courtesy of Hong Kong Planning Department) I

» HK consumes ~280000 TJ annually

» Now: ~100 MW PV installation -> ~0.2 % energy in HK
» PV: 5 GW x 1500 hr/yr x 60min x 60s = 27000 TJ ~ 10%
> Requires 25 km? covered by 20% PV panels to produce 5GW
» All available building rooftops ~ 0.5-1 GW PV installation
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Y §EE Eee Innovative PV Technology with Broaden Applications

City University of Hong Kong

- Solar cells with new form factors for easy application integration
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M if § == Unique Optical Properties of Organic Semiconductors

PP suazresmzs
City University of Hong Kong

» Tunable optical absorption is ideal for transparent PV applications

» Bandgap can be readily adjusted to suit tandem solar cells
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« Key material development for OPV

 Target-oriented high-throughput optical modeling for

designing multifunctional transparent solar cells

« Commercialization of new generation PV

\ v_ ——-‘A\ -



@ fiEss  Key OPV Materials Breakthroughs

City University of Hong Kong

> In 2019, reported OPV “Star molecule-Y6” with NREL-certified efficiency of 15.6%.
* Yip, Zou et al, Joule 2019, 3, 1140 (Citation > 4500) Highly cited paper

> In 2020, reported the “crystal structure-charge generation” relationship of the Yé.
* Yip, et al, NMat. Commun. 2020, 11, 3943 (Citation > 400) Highly cited paper

> In 2022, published “Renewed Prospects of Organic Photovoltaics” in Chem. Rev
* Yip, et al, Chem. Rev. 2022, 122, 14180 (Citation > 350) Highly cited & Hot paper
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Y L R Low bandgap NFA Development

Develop novel narrow bandgap non-fullerene acceptors (NFAs) with strong NIR absorption

: single-junction _
§(a) b o BTPV-4F-eC9 IEICO-4CI BTPV-4F
: e s ) : (£4=1.25eV) (£4=1.23 eV) (£4=1.21 eV)

= b ng:;g::gy ons::r:gy Li et al, Adv. Funct. Mater. 2021, 31, 2102361 Hou et al, Adv. Mater. 2017, 29, 1703080  Li et al, Nat Commun 2021,12, 178
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1.55eV< £ <175¢ : . ;
i Jen et al, ACS Energy Lett. 2021, Li et al, Adv. Mater: 2022, Jen et al, J. Am. Chem. Soc. 2018,  Li et al, Nar Commun 2023,
6,9-15 34,2108829 140, 2054-2057 14, 1236
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Huang, J., Adv. Energy Mater.
2017, 7, 1602400.

Efficiency potential: 46.1%
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¥ ffiE==  Evaluation Criteria for Transparent PV

5 78 54, 7 P ssarenmss
City University of Hong Kong
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https://www.nature.com/nenergy

@ EE=s  Current Technology - Low-E Windows

A RERTFRERE

Low-Emissivity Glass Window
Energy saving — control cooling and heating

uv VISIBLE

|
Low-E Glass

keeps  keeps
your home'’s  your home's
interior cooler in  interior warmer in
warmer months  cooler months

Low-E Coating

on glass surfaces

Argon Gas Blend
between panes

Lowers energy bills all year

In summer, In winter,
most long most
wave solar radiant
heat energy heat is
is blocked reflected inside

Visible light passes through

Energy saving:
Heat reflected back Up to 200 kWh/mZ/yr +

Most harmful

Energy Generation:
20% PV Panel, 1500 hr/yr
Produce ~ 300 kWh/m?2/yr

o



Hong Kong
Institute for

iy CUrrent Technology - Low-E Windows

Low-E coating design on glass Low-E coating on film
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EREBTAR
City University of Hong Kong
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Glass
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@ EEss  Current Technology - Low-E Windows

5 78 54, 7 W ssareR@Rg
City University of Hong Kong

Low-E coating design on glass Low-E coating on film

OPV structure Dual-function STOPV

oO3 0:10:100 nm
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LiF 0:10:100 nm at ity
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| iy
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Yip, at el, Joule, 2018, 2, 1816
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City University of Hong Kong

High-Throughput Optical Screening for Device Design of OSCs

Input Required Property
Single-junction

« Max. Jsc

Tandem cells

* Double-Junctions
* Triple-Junctions
Semitransparent cells
* AVT vs Luminosity
» Specific Colors

» Color Neutral

+ Green House specific
* Indoor vs Outdoor

* Heat Isolation
Complex patterns

New Modeling Concept

> Introduced the concept of Optical Genome Engineering,” a new and novel approach utilizing
high-throughput screening to design organic solar cell architectures with optimized properties.

Materials Database

Optical Layer

Interfacial Layer

Substrate

Optical Constant Database
® >250 Active Layers

® >20 Interfacial Layers

® >20 Other Layers

+
Electrical Property Database

Best
Materials Choice &
Device Structure

High-Throughput
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Modeling
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Optical Simulation
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® Multi-objective
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Thickness
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Device Fabrication

Optimized Device
Architecture
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City University of Hong Kong

Modeling-Guided Design of Tandem Cells
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Collaboration leads to tandem OPV breakthrough
> Yip et al, Adv. Mater., 2016, 28, 4817 (SCUT, PCE>11%)
> Wan et al, Nat. Photonics, 2017, 11, 85 (Nankai, PCE>12%)
» Zhang et al, Adv. Energy Mater. 2018, 1703180 (SCUT)
» Chen et al, Adv. Mater. 2018, 1707508 (Nankai, PCE>14%)
» Zhang et al, Adv. Mater. 2018, 1803166 (SCUT, All-polymer)
> Li et al, Adv. Mater., 2018, 30, 1803769 (ZJU, PCE>14.5%)
> Li et al, ACS Energy Lett., 2020, 5, 1771(ZJU, Triple-Tandem)
» Chen, Ding et al, Science, 2018, 361, 1094 (Nankai, PCE>17%)
» Zhang et al, Adv. Funct Mater, 2021, 31, 2103283 (PCE>18.7%)

Optical Model-Assisted Device Design

Modeling-Guided Design of Transparent Cells
2 o o )

[ B-1 G-1 R-1
[ TeO, 0-200 nm

i IIIIIIII!I
0.8 imumm
BN ll‘. — HIIIIIII:IIIIIIII

0.74f

F-P electrode
|

0.6

- Bis-FIMG B-2 62 R-2 s
PM6:Y6 40-150 nm »
| PEDOT:PSS 40nm

0.3

0.2

Basic ST-OSCs

0.1

Collaboration on semitransparent OPV

> Yip, et al, Adv. Energy Mater. 2019, 9, 1803438
> Yip, Sun et al, Small Methods, 2020, 3, 1900424. g
> Yip, Sun et al, Adv. Funct. Mater., 2020,30, 2002181 |
> Yip, Li, Chen et al, ACS Energy Lett., 2020, 5, 1771 |
> Yip, Li, Chen et al, ACS Energy Lett., 2020, 5, 3115 |
> Yip, Li, et al, Adv. Mater., 2020, 32, 2001621

> Yip, Li, et al, Energy Environ. Sci, 2022,15, 2629
> Yip, Zou et al, Adv. Funct. Mater., 2023,33, 230501
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Y GO0 Partnering with Leading Window Manufacturer

City University of Hong Kong

"New Window Technology with Combined Energy Generation and Energy Saving Functions”

Highly Efficient ‘ igh Throughpu - Commercialized
Thin-Film OPVs tical Mod Low-E Glass
» High efficiencies (>20%)

* Low-E property
» High transmittance * Heat- and noise-insulating

Innovation and Technology Commission

Heat-Insulating
Power-Generating
ST-OPV Glass

» Light-weight, flexible, printable

* Low primary energy demand

IR & B

N\
MONDO

GREEN ENERGY
Rib i3 & RER

Normalized Absorbance

(s
(

~ Yip, at el, Joule, 2018, 2, 181



Y i e Target-Oriented Optical Modeling

PP suazresmzs

Model function Simulated result Experimental result
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S" 8% institute for : : . . . .
@ 858 ¢==ew  Enhancing Si PV Panels with Tailored Optical Coating
Optical Model:

« Optical film reflects desired visible light for color customization
» Allows high PV efficiency with optimal layer design
* Blocks infrared to reduce thermal load
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Optical film
Si PV
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8" 8" institute for . . . e . .
ﬂ Bi, i emtew  Tailoring Colors for specific applications

______Kai Tak Sports Park
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Tunable colors




MR @R ook
B E m 4 Institute for . - - .
| 1@ i B dmeen  Developing a Publicly Accessible Modeling Platform
ki PDUP WP ssanenmzk
1. Accelerated Design: Streamlines device prototyping and testing.
2. Material Optimization: Enhances material selection for improved efficiency.
3. Global Collaboration: Enables knowledge sharing across research communities.
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Clean Energy

E muetr  Promote New PV Applications with Local Green Tech Companies

[
&=
ERATAS » BB ARERTHRR

R Solar Windows, Tiles, Roads, Walls, Bricks, Wood Decks

(. . y | |
mﬁo e > /7 -~ = T),, ~ = '_.‘ = o - "'
A- G RADE GREEN ENERGY ~ g 7
/ | | NEN
) | )

Technology Group Limited

) AT RV

/—‘>‘




fm B5 i deew  [ntegrated Power Generation-Storage-Saving Project

W saarenmns

City University of Hong Kong
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Hong Kong
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City University of Hong Kong

2023-09-01
(Super Typhoon Saola)

Energy Management

Yield: 0.33 kh Consumption: 0.29 kV/n
84.85% 15.15% 96.55% 3.45%

Consumed: 0.28 kwn Fed to grid: 0 05 kwh From PV: 0.28 kwh From grid: 0.01 kwhn

@ PV output @ Total consumption @ Consumed from PV (kW)

kw
0.7
0.6
0.5
04
0.3
0.2
0.1

0
00:00 01:30 03:00 04:30 06:00 07:30 09:00 10:30 12:00 13:30 15:00 16:30 18:00 19:30 21:00 22:30

Solar panels in Cheung Sha Wan blown
away by Super Typhoon Saola on 1 0

1 Sep 2023

2023-09-07
(Record-breaking Rainstorm)

Yield: 0.04 «/h Consumption: 0.30 k//n

100.00% 0.00% 93.33% 6.649

Consumed: 0.04 kwh Fed to grid: 0.00 kwn From PV: 0.28 kwh From grid: 0.02 kwn

Energy Management

@ PV output @ Total consumption @ Consumed from PV (kW)

0.1 A '

00:00 01:30 03:00 04:30 06:00 07:30 09:00 10:30 12:00 13:30 15:00 16:30 18:00 19:30 21:00 22:30

Record-breaking rainstorm on ]
7 Sep 2023 Black 2.
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HKICE’s PV systems endured the recent extreme weather conditions

2023-09-18

Energy
(After two extreme Weather Conditions)

Management

Consumption: 3.87 «\h

100.00% 0.00%

From PV: 3.87 kWh From grid: 0.00 kWh

Yield: 13.89 k\h

23. 1% 76.89%

Consumed: 3.21 kWh Fed to grid: 10.68 kwh

@ PV output @ Total consumption @ Consumed from PV (kW)

kw
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HKICE's demo display site
remained unharmed

Solar Panels before and after Extreme Weather in
Mid Sep 2023
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Promotion to the whole campus > 3MW capacity
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S Establish Model to Evaluation Solar Energy Potential in HK

[ e e e e e e e e, -— - ————————— |  memmm e e e e == =
|

3D building Common Spatial Data | | Solrmadisen + Unleashing the Green Potential: Assessing

:lnformatlon Infrastructure Portal ! | N : ' PR K :

! I Y. N N\ Hong Kong's Building Solar PV Capacity
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! 1 ! PV panel Geographic 1 C (( < 1 A3
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! I I I 5

! I 1 1 J K j] 120,000
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! ilding structires in different 1 1 Power generation Technical 1 I Roof power generation(MWh)

: identification structures 1 : from solar irradiation potential 1 KM - Facade power generation(MWh)

e o e e e e e e e e e e e e e e e e = = = ,: : 0 5 10 [ Total power generation(MWh)

. . In collaboration with Prof. LIANG Dong (SEE CityU)

Solar Energy Potential Model Expansion Submitted (http://dx.doi.org/10.2139/ssrn.4753774)

> Current Model: Established for BIPV solar potential in Hong Kong.
> Next Steps: Expand to assess solar energy in coastal regions, roads, agriculture, and fisheries.
> Guideline Development: To provide comprehensive guidance for solar energy deployment.
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o Establish Model to Evaluation Solar Energy Potential in HK
Real World GIS Layers Data A SoPS —

P

Full View

Buildings
— I

—

Boundaries

— B Application |
scenarios

Energy
Management

Montn Year Lifetme 202306418

Field
“Iiggl Product Perﬁg[wrljgnce Data performance
X : N\ data
@ PV output @ Total consumption @ ‘_?_‘“:c.'l!ill




Hong Kon
o =. =. Insgtit:lte for
HEE B 4 Clean Energy
L LLEY Puvup

et ===ex PV Technologies for Oceanic Applications

State Key Lab of Marine Pollution
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| State Key Laboratory of Marine Pollution
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A About Us Research Knowledge Exchange Facility News Talent Recruitment

CityUHK’s own Fish Rack in Saigon
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Discover the truth about Ciguatera Fish Poisoning

Benthic dinoflagellates contain Ciguatoxins

e Potato grouper
e Brown-marbled grouper
o Humphead wrasse

EHEEHARE
City University of Hong Kong EETEERENERE
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= Innovative PV Technologies for Oceanic Applications

,&‘ (b) Potential biofouling problems on a close-to-
— water or underwater surface
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Solar-powered fish farm

Conditioning film Bacterial biofilm Diatoms, Macroalgae and
4 g« (Protein, polysaccharide) larvae, microalgae, spores invertebrates
Secconds to minutes Minutes to hours Hours to days Days to months

Sunlight spectra under water, and PCE vs bandgap
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materials innovation, device optimization, upscaling & commercialization.

City University of Hong Kong
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Organic Solar Cells
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Highlighted publications:

Adv. Mater. 2023, 35, 2302861

J. Am. Chem. Soc. 2023, 145, 5909
ACS Energy Lett. 2022, 7, 2196
Chem. Rev. 2022, 122, 14180

Adv. Mater. 2021, 33, 2008158

Adv. Mater. 2020, 32, 2001621

Adv. Energy Mater. 2019, 9, 1803438
Adv. Energy Mater. 2018, 8, 1801609
Energy Environ. Sci. 2017, 10, 1784
Energy Environ. Sci. 2018, 11, 1688
Energy Environ. Sci. 2022, 15, 2629
Energy Environ. Sci. 2022, 15, 2958
J. Am. Chem. Soc. 2016, 138, 2004
Joule 2019, 3, 2241

Joule 2018, 2, 1816

Nat. Commun. 2019, 10, 4100

Nat. Commun. 2020, 11, 3943

Tandem Solar Cells
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Highlighted publications:

Organic/Organic Tandem Cells:
Science, 2018, 361, 1094

Nat. Photonics, 2017, 11, 85

Adv. Mater., 2016, 28, 4817

Adv. Mater. 2018, 30, 1707508

Adv. Mater. 2018, 30, 1803166

Adv. Mater., 2018, 30, 1803769

Adv. Energy Mater. 2018, 8, 1703180
ACS Energy Lett., 2020, 5, 1771

Adv. Funct Mater, 2021, 31, 2103283
Perovskite/Organic Tandem Cells:
Adv. Mater, 2023, 2306568

Adv. Energy Mater, 2023, 13, 2204347
Adv. Funct. Mater, 2023, 33, 2212599
Small Methods 2023, 7, 2201255

Adv. Funct. Mater, 2022, 32, 2112126
J. Energy Chem., 2022, 71,12

Nano Select, 2021, 2, 1266

_ Nano Energy, 2020, 78, 105238

Perovskite Solar Cells

Molecular Interface
Engineering

1. Molecularly engineered Interfacial materials

b > Energy level alignment
> Surface trap passivation
£ . 5 .
(N » Doping or doping free

e VY. > Interfacial stability
0% ik 1k > Wetting property
/ M > Polymer/small molecule

2. Molecularly engineered perovskite materials
» Dimensional engineering

o » Quasi 2D/3D structure

» Layer orientation

» Interface coherency

e

» GB trap passivation
> Stability
» Carrier dynamics

Highlighted publications:

J. Am. Chem. Soc. 2023, 145, 5920
Adv. Energy Mater. 2022, 12, 2270004
Adv. Energy Mater. 2021, 11, 2100784
Adv. Mater. 2020, 32, 1908011

Adv. Mater. 2020, 32, 2000571

Adv. Mater. 2019, 317, 1901152

Adv. Mater. 2018, 30, 1802509

Adv. Energy Mater. 2021, 11, 2100784
Adv. Energy Mater. 2019, 9, 1803572
Adv. Energy Mater. 2017, 7, 1602333
Adv. Energy Mater. 2016, 6, 1501534
Adv. Funct. Mater. 2018, 28, 1707444
Angew. Chem. Int. Ed. 2019, 58, 49

J. Phys. Chem. Lett. 2021, 12, 4882
iScience 2018, 9, 337

Nat. Commun. 2020, 11, 177

Joule 2021, 3, 1900265

Perovskite LEDs

* RGB & White Perovskite LEDs
+ Carrier Dynamics Study

Highlighted publications:

Nat. Commun. 2019, 10, 1027
Nat. Commun. 2023, 14, 6441
Joule 2021, 5, 456-466

JACS 2022, 144, 12102-12115
Adv. Mater. 2017, 29, 1603157
Adv. Mater. 2018, 30, 1801370
Adv. Mater. 2021, 33, 2103286
Adv. Funct. Mater. 2020, 30, 1910167
Adv. Funct. Mater. 2021, 31, 2103219
Adv. Funct. Mater. 2021, 31, 2106691
Adv. Funct. Mater. 2022, 32, 2201123
Adv. Sci 2022, 9, 2201844

Adv. Sci 2022, 9, 2200393

Adv. Opt. Mater. 2022, 10, 2201123
RSC Adv., 2019, 9, 27684

Rep. Prog. Phys. 2021, 84, 046401
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Pbl,<100 HKS/kg Perovk51te ~0. 5 um CIGS: ~10 pm c-Si: >100 pm Si wafer>1500 HKS/kg
Cheaper Precursors & Scalable Processing Methods
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*Modified from Nature Comm. 2018, 9, 5265.
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Current Results
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State Key Laboratory Of Luminescent Materials And Devices , South China University Of Technology E ﬂ- ﬁlﬁ QE
Collaborators
Prof. Alex Jen Prof. Changzhi Li
Prof. Yong Cao Prof. Lijian Zuo
Prof. Fei Huang Prof. Yingping Zou
Prof. Christoph Brabec Prof. Ning Li
) Prof. Yongsheng Chen Prof. Chunhui Duan

2022-Sep @ CityU

Prof. Hongzheng Chen
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Thank youl!

Hong Kong Institute for Clean Energy

Prof. Angus Hin-Lap Yip

Tel: (852) 3442 7649

Email: a.yip@cityu.edu.hk
Website: www.yipgroup.info

HKICE : www.cityu.edu.hk/hkice/




