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FOREWORD

The Chinese University of Hong Kong (CUHK) has been taking pride as a leading university in both the global and
the regional context. Our future development is intertwined with the sustainability of Hong Kong, the Pearl River
Delta, China and the world. For decades, energy has been a leading global issue , and the underlying adverse
consequences of fossil fuels usage exerted more and more urges for us to explore the renewable alternatives.

In this regards, the Faculty of Engineering has been aspiring excellence in research efforts. Since 2013, we
established a multi-disciplinary team consisted of more than 20 enthusiastic scholars to start this 5-year research
project “Smart Solar Energy Harvesting, Storage and Utilization”. The project is honored to obtain a support of
HKS 60 million from the Hong Kong Research Grants Council, under the Theme-based Research Scheme (TRS)
which is in line with the strategic objectives on sustainable development outlined by the Hong Kong Government
in 2005. Together with the institutional support, the total project fund is as high as HKS 76 million. The project is
actively progressing and has achieved a good deal of world records, putting Hong Kong on the map. This project
aimed at addressing the urgency of developing clean and renewable energy resources to replace fossil fuels, given
the fast-growing demand for energy and the recognition of man-made global climate change. The approach
adopted in this project is harvesting energy directly from sunlight by using photovoltaics (PV), photocatalysis and
artificial photosynthesis, which in turn developing efficient and smart energy storage systems to ensure reliable
energy supply, and increasing the penetration of solar energy utilization.

This collaborative research is in line with the “Paris Agreement” which came into force in Nov 2016, and applicable
to Hong Kong, as well as “Hong Kong’s Climate Action Plan 2030+” in Jan 2017, which targeted to reduce its carbon
intensity by 65% to 70%. Various measures have been implementing regionally to combat climate change, e.g.,
Hong Kong's first floating solar PV system in Shek Pik Reservoir launched by the Hong Kong SAR Government in Jan
2017, with output power of 100kW and saved electricity expenses of the pumping station by 25%; and the waiving
of the first registration tax for electric vehicles (EV) to encourage the shift from diesel-powered vehicles to EVs
since 1994, leading to a more than hundredfold increase of less than 100 EVs in Hong Kong in 2010 to 11,020 in
late July 2017. In addition, being one of the innovative pioneers in technology advancement to benefit the society,
CUHK is committed to and advocates the university research activities in “Environment and Sustainability” by
including it as one of the four major research areas in the CUHK Strategic Plan 2016 — 2020. These measures
showed the recognition on energy technology by various stakeholders of Hong Kong Government and university.

In our project, a high-efficiency CIGS solar energy generation system was successfully launched, as well as a start-
up company in the Xiuzhou National High-tech Zone, Jiaxing, Zhejiang of China since 2015, with estimated capacity
2MW/year. In 2017, the various achievements of the team were integrated into field application strategies, based
at the CUHK Lee Woo Sing College, for validating the performance of the renewable energy system. In the future
we are going to further explore even more breakthroughs, with the ultimate goal of integrating diversified systems
for high-performing smart microgrids.

¥ A‘Ax Eit‘-\; -
Prof. Ching-ping Wong

Project Coordinator

Dean of Engineering, The Chinese University of Hong Kong
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BANRAIEB 4% About the Project Coordinator
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Prof. Ching-Ping Wong

Project Coordinator

Dean of Engineering,

The Chinese University of Hong Kong

Professor C.P. Wong is currently Dean of Engineering of The
Chinese University of Hong Kong and Choh-ming Li Professor of
Electronic Engineering. He received his BS degree from Purdue
University, and MS and PhD degree from Pennsylvania State
University. After doctoral study, he was awarded postdoctoral
fellowship under Nobel Laureate Prof. Henry Taube at Stanford
University. Prior to joining Georgia Tech, he was with AT&T
Bell Laboratories for many years and became an AT&T Bell
Laboratories Fellow (the highest technical award bestowed by
AT&T Bell Labs) in 1992.

Published extensively over 1,000 technical papers and 12 books, he yielded fruitful research results and holds over
65 US patents. He made significant contributions to the industry by pioneering new materials, which fundamentally
changed the semiconductor packaging technology. He is a Member of US National Academy of Engineering (elected
in 2000), and Foreign Academician member of Chinese Academy of Engineering (elected in 2013).
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FARR AIEH About the Project

B EREM3EETEl About TRS

2011%F - BEBHBKN®IIL Y "EFEHRKEE .
(Theme-based Research Scheme, TRS) - DA #F
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In 2011, the Hong Kong government established the
Theme-based Research Scheme (TRS) to support
research at the eight UGC-funded institutions which is
more long-term and strategically beneficial to the

development of Hong Kong. The Research Project “Smart
Solar Energy Harvesting, Storage and Utilization” is the
most highly funded under the grand challenge topic
“Developing a Sustainable Environment”. The project
adopted a holistic approach, ranging from efficient
harvesting of solar energy and storage to utilization. Its
aim was to substantially boost the efficiency of solar
energy generation, effectively elevate the utilization of
electricity, and tackle various obstacles in renewable
energy technology, thereby fostering the widespread
commercialization of relevant technology. This
collaborative research is in line with Hong Kong
government policy as well as the “Paris Agreement”.
Various results from the project achieved remarkable
world records and were published in various renowned
international scientific journals papers , putting Hong
Kong on the map.

EREMREE MERIRERRNRE | ERECAESURE (2011 £25)

TRS Funding Results under the theme "Developing a Sustainable Environment" (2011 to Present)
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JE B 5 Project Fund

BRORIR

Sources of Funding

onf  FeEmER
HKD 76 million

BURFK 51.33 M
__ ». —  RGCFund (66.7%)
BUR46 T RER AR 9M

RGC On-costs to Universities (11.7%)

!

60.33 million
BB TR ERS Research Grants Council (RGC)
FREAFEET 2] Theme-based Research Scheme (TRS)

REER)
Matching Funds
from Universities

16.6 M
(21.6%)

BSAR
Expenditure Breakdown

7T6 HEMIT
HKD 76 million
- — o= 156 M
' Equipment (20.4%)

Bl e 2.2M
Academic Conference (2.9%)

A\

il 8.2M
Others (10.7%)

ANER 41.5M Eﬁﬁ)%ﬁéﬁ 9 'V'o
Human Resources (54.2%) Aemsx  (11.8%)
RGC On-costs to Universities

FA PR T ARR (4 - {E51H B FY B DA i sE AR B A A -

There may be a slight discrepancy between the sum of individual items and the total as shown owing to rounding.




# = Background
JE B #5HA Project Period: 5 £F years (2014 —18)
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The fast-growing demand for energy and the recognition of man-
made global climate change underscore the urgency of developing
clean and renewable energy resources to replace fossil fuels.
Harvesting energy directly from sunlight by photovoltaics (PV),
photocatalysis, artificial photosynthesis, and other enabling
technologies is a promising way to meet such requirements.

The project aims to strengthen the competitive edge of Hong Kong
in solar energy technologies and their market penetration by
combining the newly developed PV modules with the intelligent
system integration. The holistic approach covers:

e Harvesting: The development of thin film PV devices and
modules to enhance the performance of solar harvesting;
Storage: The design of highly performed electricity storage;
Utilization: To enhance the performance and security of solar
smart grid systems to better meet the electricity demand under
various operating modes.

HPIRYEE 2 2R & Our Holistic Approach

%M IBE System efficiency =
f (EREEHarvesting » TF{#&Storage > & Utilization)

>
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NEZBEE Scientific Board

X Project Team

« HEEAEFIER  BH-UBFRIKSE

« 20 Z2AREFK - HFEETARB - FE
BRABREEBABESH - BRiBE
HESIE

- IBEBRRLK - ©3818 150 R A
BRIMAESE

* Six sub-topics, each led by one senior
professor

e More than 20 expert scholars from CUHK,
HK PolyU, HKUST and HKU

¢ More than 150 research staff and
students since project commenced in
2014.

SR ZEIIE BB RGBS E A
High Performance Vacuum Deposited Thin Film PV Cells and Modules

By 75455 Leader - MABEREIE Prof. Xudong Xiao
( PR % Dept of Physics, CUHK)

-0 AGREEMAAG AR TERE
Solution Processed Excitonic Solar Cells

FFEEEUR Prof. Jianbin Xu
(PREFIEZR
Dept of Electronic Engineering, CUHK )

() WERBERRZME

Alternative Solar Technologies

@ FBEHIS Prof. Jimmy Yu
‘." ( P K{EE8%, Dept of Chem, CUHK)

AERfET
Energy Storage

Y 75484 Leader : SEIEFHUZ Prof. Ching-ping Wong
|| (PAIBRSRERR EFIE%
Dean of Engineering, Dept of Electronic Engineering, CUHK )

\_

MEBHEE EEREZHRE

Microgrid Monitoring, Management, and Comprehensive Security

H W 5E4EE Leader : BRBEHIR Prof. Minghua Chen
&

( PAREEIEE 2 Dept of Information
Engineering, CUHK )

i *®
&) N LF B i [ = A 2 = w A m m ,‘

KBSt AH R ERERRETZEREREMER aal I

Laboratory and Field Demonstration of MGs M

k! B \
with PV Modules and Smart Storage Microgrids\!/‘\!/»

W3 EE Leader : FFHAZEIZ Prof. Zhao Xu RXERPB
Q (BBETIKE . BHIEZE% Dept of Electrical Engineering, Households
, The Hong Kong Polytechnic University )
\ J

10



EXEERIE Advisory Board

HPNEXBEER 17 URth A ZERER

IEHRHEXBERER - BEEZEEMEET—R (2015 & 2017 F) -

Our Advisory Board consists of 17 experts from local and overseas academics and industry in smart solar
energy to lead the macro-level direction of the project. Board meetings was held once per two years

(2015 and 2017).

Prof. Zhong Lin WANG
Regents Professor, Materials

. Science & Engineering, Georgia
Inst of Tech

Prof. Peidong YANG
Distinguished Professor of
Energy, Chemistry,

U of California, Berkeley

Dr. Henry SNAITH
Co-Director, Prog on Solar

Energy: Organic Photovoltaics,
U of Oxford

e
I

Prof. Fanny M.C. CHEUNG

Pro-Vice-Chancellor

(Research), CUHK

Prof. FUNG Tung
Asso Dir (Admin), Inst of
Env, Energy and Sust, CUHK

AL - tPIRE SRR LR R A EFRARFRA - B

,
*
3
4

Dr Michael CHANG
Chairman,

Limited (ATL)

Prof. Jun-hao CHU

Professor/CAS Member,
Shanghai Institute of
Technical Physics, CAS

Dr Fugiu ZHOU

Research Institute,

Amperex Technology

Director, Energy System
Analysis Center of Energy

National Development and
Reform Commission

Prof Qirong JIANG

Professor, Department of
Electrical Engineering, Tsinghua
University

Prof Yusheng XUE
Honorary President, SGEPRI
(State Grid Electric Power
Research Institute)

Mr. Siu Hung CHAN I
Managing Director — China o
CLP Holdings Limited f

Prof Joseph Hun Wei LEE
VP for Research & Grad
Studies, Chair Professor
of Civil & Env Erg, HKUST

Prof Norman C. TIEN
Dean of Engineering, HKU

Prof. Alexander Ping-
kong WAI

Ir Professor & VP
(Research Devt), PolyU

Prof. Henry NC WONG
Dean of Science, CUHK

—_—

Associate Professor

\"

Prof. Subodh MHAISALKAR
Professor & Executive Dir, Sch of
Materials Sci & Engineering,
Energy Research Inst, Nanyang
Tech U

Prof. Hongjin FAN

School of Physical &
Mathematical Sciences, Nanyang
Technological University

11




#ET2IZF Facts and Figures
FEBE{EXIZRER D : RE - FRMER . HRIEH

The Research Project “Smart Solar Energy Harvesting, Storage and Utilization”

Smart
Solar @
Energy —

AEBHA " EBEMIETE L (Theme-based Research Scheme, TRS) /8 2011 S IT LK -
MRS y— "ERXUFELRVIRE, - ESERBMRENIER -

Is the most highly funded project under the grand challenge topic “Developing a Sustainable
Environment” in the Hong Kong government Theme-based Research Scheme (TRS) since its
establishment in 2011.

BEEIK -

Obtained 7 world-record performance technologies achieved by the team,
putting Hong Kong on the map.

IBEHBERBLIK - 2B 8 150 I AESH
More than 150 students and research staffs trained / involved.

—— B PR HEA T _E355% 7#83B 210 "X -
More than 210 international journal papers published.

/ EXGEERRMFE L SRt IERIRGRERRERE - SHEBEFERRKIN L

S IEEPRFTIERMER -
10 patents obtained and / or application in progress.

12



3218 & 525F Awards and Recognitions

EAMRETHE  MREENLEMENARES F SEFEEBHNEEBERSET -
During the implementation of the project, the project team members have been obtaining
awards from various professional bodies, as recognitions to their outstanding research

accomplishments.

Prof. Jianbin XU

e |EEE Fellow on Nanotechnology, 2017

* Best Presentation Award at the China PV
Technology International Conference (CPVTIC
2017), 31 Mar 2017, Xi'an, China.

e Cheung Kong Visiting Chair Professorship 2014

at Nanjing University, Ministry of Education,

China.

e Qutstanding Fellows (Faculty-level) Awards of
CUHK, 2014

Prof. Ni ZHAO

Best Poster Award, Perovskite Solar Cells
session, 2015 MRS Spring Meeting.

fE1F Storage

Prof. Ching-ping WONG @

e Choh-Ming Li Professor of Electronic
Engineering 2013-17

L

o

FH Utilization

Prof. Dah Ming CHIU
v ¢ The detailed analysis of current energy
usage with CUHK Lee Woo Sing College
led to the Silver Award in
the GREENPLUS Recognition Award
2014 of China Light Power (CLP) HK Ltd.

Prof. Zhao XU

o 2017 S FERREATTETF IR
BRI RL ) — S5 4%

e Best Conference Paper, 2016 Power &
Energy Society General Meeting, IEEE
Power and Energy Society General
Meeting (PES), 2016.

e Best algorithms for solving the
complicated optimal power flow
problem in power system
operation, IEEE Power & Energy Society
General Meeting, 2014.

% .

(:‘ Prof. Jimmy YU
5"'& e+ Highly Cited Researcher 2016,

_E?J
:i'-*‘ Chemistry and Materials Science, Web
of Science
Prof. Wei-Hsin LIAO
Y Outstanding Fellows (Faculty-level)
Awards of CUHK, 2014
i
Prof. Jianfang WANG
e Khwarizmi International Award (KIA)

' Laureate, 31st Session 2018

Prof. Keyou YAN
¢ 1,000 Youth Talents Program, 2018

Prof Yi-Chun LU
e CUHK Young Researcher Award 2016

Prof. Minghua CHEN

e ACM Recognition of Service Award, 2017, for
contribution to research community, in
particular for serving as General Chair of ACM
e-Energy 2017.

e Best Paper Award Candidate on ACM e-
Energy 2016 (3 in total).

¢ Best Paper Award Candidate on ACM e-
Energy 2016 (3 in total).

¢ CUHK Young Researcher Award, 2013

Prof. Jianwei HUANG

e |EEE Communications Society Distinguished
Lecturer, 2015 - 2018

e Best Paper Award Finalist, IEEE ICC 2017.

e |EEE Communications Society Distinguished
Lecturer, 2015-2016.

e Thomson Reuters Highly Cited Researcher in
Computer Science, 2016.

Prof. Angela Yingjun ZHANG

IEEE Communications Society Distinguished
Lecturer 2018-19

¢ Fellow, Institution of Engineering and
Technology (IET), 2016

13


http://www.ee.cuhk.edu.hk/%7Enzhao/
http://www.phy.cuhk.edu.hk/people/wang-jf.html
http://www.ee.cuhk.edu.hk/p_details.php?id=375
http://www.mae.cuhk.edu.hk/people/list.php?name=yichunlu
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Subtopic 1: High Performance Vacuum Deposited Thin Film PV Cells and Modules

01. CIGS KIBAEE a1 AER L
Device Optimization of CIGS Solar Cells

]
HE P KEYIE % Department of Physics, CUHK
HBRIE BHEHR

Professor Xinhui Lu
Email: xinhui.lu@cuhk.edu.hk

Professor Xudong Xiao
Email: xdxiao@phy.cuhk.edu.hk
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Product: Flexible CIGS Thin Film Solar Panels
BHRNWERKGESHEEAN - B ARGHHEBERTPUESI20% -
Bz - BRECHRARE - 2278011 ERERIMRIBAR Stk -
EMRH TENHSHERR TUXBEENESE - mAETY
FE - B EEMMEEHTYENERR - FAIDSERE - KBS -
B %A B TR0 - EET R CIGS (SHAsZMG) HEEXR
BSEEE M -

The traditional silicon-based solar cells is a mature technology. It has a

ok
l. BE

good capacity and solar power conversion efficiency as high as 20%. BB STt CIGS B A
However, its shortcoming is that it has to be mounded onto thick ﬁ%;ﬁa; RS
substrate modules, significantly limited its widespread applications. By Flexible CIGS Thin Film Solar panel

contrast, the flexible kind of solar cells is light, foldable and bendable,
and even can be struck onto the surface of different objects e.g. vehicle
windows or clothes. The research team invented their own technology
and developed their flexible CIGS (Copper Indium Gallium Selenium)
thin film solar cells .

developed by the team.

CZTS KPEEEE it CzTS Solar Cells

SN - BB IEEM 885 —TEFH ALY CzTs KIGREE M -
In addition, the team is also doing research work on
another new type of CZTS solar cells.

BERNEEPIABYEREREANZ A
E B8 &=2S : CIGS Evaporation Chamber System , =, 2N y
(EEEFRSTATEIED) FILERRMOTNH - 98 || @RS —ABEERRI © Multi-chamber Co-

+E8#ETT) - evaporation System for CZTS (X REMFTETEIIR T 74
The large equipment CIGS Evaporation Chamber 150 EETE).

System established by the research team at Another large equipment “Multi-chamber co-
Department of Physics in The Chinese University evaporation system for CZTS” established by the team
of Hong Kong (The TRS scheme sponsored around (The TRS scheme sponsored around HKS$ 1.5 million for
HKS$ 600,000 for some parts of this equipment). this equipment).




BRI EEIRAZ 1 BIRAE] Shinetech Co., Ltd. ‘?‘

20155 AL 1T Established in: 2015 "<

EIHH%?ZK_I 5 Registered capital: RMB 52 million
5,200 Bt AR Estimated capacity: 2MW/year
hETERE - BF 2 MW Location: Xiuzhou National High-tech

ik ATREFMSHE  Zone, Jiaxing, Zhejiang province, China

BlxEREHN ccs EMAAGRIE - BRI EFBPXKREBHRE T CIGS HIRZRF - BER 2015 FHEPENTT
BREMBIMNEEXSMRMEEZERBENK T REAS "ERMERRAARAS ., - LstEEES
F2MW - AEIREHEEZDEMERAERNEMY Ccs BEXGREENEER - ES2PEHE— - £
F_x - WHEAMNGM 3,000 FHRNEEZER 82 fIET1 (29 20 IEEBEEERE ) - B3 - ATNER
TREMBUGHIERRZ " EREEMER ) KEET "ESWHHRPLO L - £ A6S KIGEEEMIAR L -
XA SR EE T 2IRE =SB IR E -

The full-set technology of fabricating efficient CIGS cells and modules by the team

leads to a high-efficiency CIGS PV system in CUHK, as well as a start-up company 4B
“Shinetech Co Ltd” in the Xiuzhou National High-tech Zone, lJiaxing, Zhejiang
province of China since 2015, with estimated capacity 2MW/year. The company
currently has the first in China, the second in world production line of flexible CIGS
thin film solar panels based on polyimide substrate. The company currently has
3,000m? clean room, 82 employees (20 of them have Master of Science or PhD
degrees), and has been approved to build “Provincial Enterprise Research
Institute” of Zhejing province and “High-tech R&D Center” of Jiaxing. In the field of
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CIGS solar cells, the R&D team achieved the third conversion efficiency in the i

world.
BRATIRIMA : HERNE A7 B T Company staff
About Prof. Xudong Xiao, Company Founder BF % A B Research staff 62

o BEEERERBINFIEELRARENTI D PhD degree obtained 4 phD "
from University of California, Berkeley, USA )

- BEEBPXARBYIEABERBRMERERNBRATSESERE i + Masters 8
Currently holds the positions of Professor, Department of Physics,

The Chinese University of Hong Kong and Chairman of Shinetech Co., Ltd.

o PEIEBERBERIME "BINSBRASSIESTE L (B " FASTEL ) BZEA One of the awardees of the
“Recruitment Program of Global Experts” (Known as the “Thousand Talents Plan”), Ministry of Science and
Technology, China

s TEIEREHEMMITERETE (973578 ) BFERZEZR Principle Scientist of “Major State Basic Research
Development Program of China” (Known as “973 Program”)

o FLEEBIE 40 IERMAGTE] - BEFUEAKYE 1 27T Presided more than 40 scientific research projects (Funding
over CNY 100 million)

o R (HE) REMBIBRAZSMEAT SR 7 BiB150%=m 3 - #5|At8i184,500 X - H 15 8I3E35. More than 150
papers published in Science and other international well-known journals, cited more than 4,500 times; H factor 35.

o EBFE 7 #4J 50 IR0 EER] - FEHEE 47 I8 Applied for about 50 patents, authorized 47.

O R EFF
Available % %
Patents

Novel design of barrier layers for deposition
of CIGS thin film solar cells on metallic
substrates

16 (Patent: CN201410203029.X)

System and Method for Laser Scribing a Solar
Panel and the Solar Panel
(Patents: US 15/455376 ¢ CN 201710141357.5)




= mi5 & Product Advantages
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agj{% High . (& Light weight O] &M Rollable and BEMIBE >

efficiency (12 - 18%) bendable Excellent stability G

- — = I

HmpMERONE || BhE: B8t (8 || smopesEss || osmvesEes |

7% 8-11%. The SXNRWEXGES =%E 0.05mm. E10%. Decreased by -

efficiency of other MAY200 2 —) Polyimide substrates 10% of the power in g

company’s flexible High power/weight is as thin as 0.05mm. 20 years. w

products is 8 — 11%. ratio (> 0.2W/g) HHK
(Weight is 1/20 of s == >

SN BEXIZEREE K

silicon solar cells)

Rollable Thin Film Solar Power Bank

FBEEZ Wide

application range

S EE - TE |
FRRERY -
Fashionable and with
attractive appearance,
excellent temperature

{E18%E Low loss

NEEE T SEE |
RERAVEM.

Battery internal series
connected (high

voltage, low current)

EAEB Color :

B £ Weight : 218g
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N
S
/

o
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R~ size :
#5188 /8 Output Voltage : 5.0V

resistance. BH 1% Diameter 30mm x £ Length 190mm

B Y B8R Output Current : 2.0 A
Bt S £ Battery Capacity : 4,800 mAh

AR TFEMS

=
L= |

About the “Xiuzhou National High-tech Zone”

Suzhou -
EESNEHRMELNBE (BESNEHE ) URERDHER A i
2006 £ REBMBE - 01589 - ABEREXDEBHEH [ o
EAGABREHIERERNIE M8 [ ZENRR SHENES lop 1 2w

B i)
o

HimmEmAEENARNEZEM - 2017 £ 8 B - BRSEER
TEREZNENESHME AR EAZBER _22—175 - HF%F‘%
BFFAMARNBEXRSHES -

The “Xiuzhou National High-tech Zone” (the Zone) is located at the west of
the Jiaxing prefecture of Zhejiang province, China, which was approved to be
a province-level development zone in 2006. In Sep 2015, the State

Council approved the Zone to be upgraded to a National High-tech Industrial Development Zone. After the
developing for more than 10 years, the Zone now becomes an important base for economic transformation and
upgrade in Jiaxing. In Aug 2017, the Zone joined the National high-tech zone ranking in China for the first time, and
its overall ranking entered the first half nationally, and is the highest rank among all newly upgraded national
high-tech zones.

Jiaxing, Zhejiang O i’j?
&

Hangzhou

i
o

2 2017128198 - EEAEBGANEE EZIEEHEN
ﬂ L (FEMEmEIEFES K - 5 AR More information

REBE  FHNEESTRRT - ZH
BRtgRERREHA - FMBEXSHE

FREENK) fuiEHE B EIEER R PR
et - WEFEER KA -

Five guests from the Jiaxing government
visited R&D facilities of Prof. XD Xiao at
CUHK as well as The Hong Kong Science
Park on 19 Dec 2017.



https://sse.erg.cuhk.edu.hk/sse/node/92
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Subtopic 2: Solution Processed Excitonic Solar Cells

18

02. EEFEEM RS &S AR T S HES 5K s > i 2
Highly Crystalline Large-grain Size
Perovskite Thin Film Crystals with Good Stability

HEDP L KEE F T 2% Department of Electronic Engineering, CUHK

6.

BREREE
Professor Keyou Yan
Email: kyyan@ee.cuhk.edu.hk

e
Professor Jianbin Xu
Email: joxu@ee.cuhk.edu.hk

&1 43R5 RE Problem to be Solved

KR KN FZREEE M ( Perovskite Solar Cell - PSC) 2EIRRDGHFTRE - R2013FEH (RE) HAf
( Science ) MAZE (T ABRERE) 25 - O - ERAGESNFEIZH—EHEAMEENIGEIRE
FRERY - PRI 7 BB -

Perovskite solar cell (PSC) is one of the leading frontier research topics worldwide. In 2013, PSC was selected
by the Science journal as one of the “Top 10 Breakthroughs of 2013”. The raw material of this kind of solar
cells is a particular kind of instable perovskite, which hampered its device fabrication for commercialization.

NigEiESHEREYRIZEN

Significant Improvement of Perovskite Stability

ERARINBCAREEMSISIEN S AR EEE - o
BHBD "IFCBEELERBEERS & » ( NABR )

110 . ;
ZEMAE  BYIRS T MAPbl, HEIAIBRIIREM - 100 Z:Zm’:”“'
EIRRE MR B EBRAZEMmEAT (B2 z 1% S~
@5 ) ( Nature Communications ) 8838 - g 50+ i

B0
S 2 A E AR FE 7 S5 SRR AR ~ PR AIIREIR %
12 . AEILELRE FIR T NABR - A NABR FABUAIA g ™
RSN - EERRE 65% WIRIRT - 8E3U1R 60
FHEEMEA - tEUBHR G ZHIEMNSIIESE § -
HEEFRFA—E2RAKREFA - EEMRER - BE
MBEHSHUER - B - STRENSRIEAEGIES TR B 2 @ » @
A BB E WA EARRIEFMTEE BRI 55— 185 Exposure Time (days)
HRIEAXZREE)

FINABRE A FIMAPDL S5 SA 1AL - A1 A

The team successfully established a technique named THR—EBRAKEHZEMEAS -
“non-stoichiometric acid-base reaction (NABR)” to The stability of perovskite material prepared
significantly improve the stability of MAPbI, perovskite through the NABR methodology is significantly
thin films through reaction route optimization in boosted from one week into two months.
organic and inorganic hybrid perovskite. The
breakthrough has been published recently in the -
latest issue of the renowned journal Nature
Communications.



http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503
http://www.nature.com/articles/ncomms13503

They systematically investigated the perovskite formation, degradation
and recovery and proposed the NABR based on the mechanism
investigation. Being an ion crystal, perovskite is subject to instability
under environments of high air humidity. The research team
discovered that perovskite material prepared through their NABR
methodology is stable for two months under a humidity of
approximately 65%, whereas perovskites prepared by traditional
o ' methods degraded distinctly after one week. The study sheds light on
(£H#E) PAEFITEBAFRERK the development of highly efficient PSC with low cost and high stability,
- BEAYIE - RIS - B which is promising to be applied in the stability enhancement work of
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gea-oE Tois R EERRTE - another type of perovskite. 0=
(From left) Prof. Keyou Yan, Prof. Jian- b s - =
Bin Xu, PhD students Tiankai Zhang and “;éfgkf%tﬁgﬁ%ﬁb B #&J
Mingzhu Long of the Department of REREE -

Structure of the MAPbI,

Electronic Engineering, CUHK. .
perovskites solar cell.

#E—PIRARNEEKRENEE

Enhancement of Crystal Structure and Surface Area

F—7HE - HABR/ERESHRES (1 FAEXIUT ) EFFRNONABERYE  ©MUEEIH5E

FEK - MABMFAAEBEA (10 x 10cm28LLL E ) 17 - AIZERENR L EEEHNEBERA - BM—BEM

MAHEBEEAR  WEFEARERE - SHEULBE - PAERTRAERERERENRESS - scaRELH

B AEEIEEAIEERE (5 x 5em?) - AKIEI TIHHKBEENNERE - DR CEEMEERAKBE—L -

B - IEFNREEERTAMERE (BIWEITH ) - MEEARREELERFIRZEMERISHKIEYK -

E—TRETERNEERBELEEN - XARRREDFIRERE Wiley IETNERTI (SEERSRMR)

( Advanced Energy Materials ) &2 ABIEHS (AKBEJR) (Nano Energy) £ - o

&)

BFZ{E7& 7 Commercialization Potential ”

PUB# 77 AL ERYESEATRE th K EIBx i 88 ROESEATRE
PSC by Traditional Method PSC by CUHK Team

EEE Cell Area ® /NEFE Small
(1x1cm?2E

DU orless) (5x5cm?)
R R EVRE M Rpes— =28 / BE4ES TR B
Humidity and One week only ( ) Two months
thermal Stability
Bl Crystallinity  QORHIE) - BB MEE /) ARTEH - sEat
Small crystals, low crystallinity Large crystals, high crystallinity
BUH5IBTE Process EERTAE ( ) R F AR ER
Involves anti-solvents No anti-solvents
® BURREH (‘/) by REBRZE
More complicated Simplified process

A A
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On the other hand, although small area PSC (1 x 1cm?) achieved a modest power conversion efficiency
(PCE) currently, fabricating into large area modules (10 x 10 cm? or more) is mandatory for market
applications. However, owing to the limitation of substrate resistance , PCE is substantially lowered.
Hence, the team designed a reactor process and device which are able to fabricate compact and large-
area PSCs, significantly improved commercial requirements. In addition, this approach is fast (within a
few seconds) and applies to mass production. The related results were published recently in
“Advanced Energy Materials” of the Wiley series and the renowned international journal “Nano
Energy”.

RN EF 2 M 238 About Prof. Jian-Bin Xu

APAERBAMARRIMAEF MR AN EFRER - SRR GER350% - i
BHESNEREREE  TREEZEEEEH ?%?Mﬂgiﬁﬂﬁir ubt=5 -
RSB GHKIEEE  <ESHKNEFTZENSEE (IEEE) 54 - B
REINERMESS - FFHERKZ EP?W?HJrﬂHBETTIEquU/UEE ﬁﬂ’@m!
ZUFERIBPEBREIR KN T E22ERERABERNEF L2EAEE (IEEE)
2018F Efr+ (#RRHR) -

Professor Xu is a respected expert in nanotechnology and electronic materials. He has published over 350
technical papers, and actively taken part in a myriad of professional activities. He is a Fellow of the Hong
Kong Institute of Engineers (HKIE), Senior Member of the Institute of Electrical and Electronics Engineers
(IEEE), the Secretary and Council Member of the Hong Kong Materials Research Society. He is currently the
Director of Materials Science and Technology Research Centre, CUHK. He is a recipient of several prestige
awards including Chang Jiang Scholar Chair Professor by the Ministry of Education, China and Fellow on
Nanotechnology of the prestigious Institute of Electrical and Electronics Engineers (IEEE), 2018.

B 1S Bk 52 &R 212 About Prof. Keyou Yan

BHEREEMRNYIEEEBEERE S  EMEMEEBEENEFEER 28R 78
BSOEHHmY  HPZEEBKELLEIR ,.&Hﬁ T tlI] Journal of the American
Chemistry Society (JACS) ~ #h>RHERIHATHIYN ACS Nano - BEIRIRIZHATHIAN Energy &
Environmental Science 33% - XE#E A 5|FAZiE 2,000 E?_h Hoh 2015 FERMN
MR R ISR IE K GEEE MR X E W Web of Science EAESIFMNY - BBUIRHZE
BT (ACS) B8 - WIEME JACS * Nature Communications EREEIATINERA -

Professor Yan has a multidisciplinary background in materials physics and chemistry as well as
comprehensive expertise in material chemistry. He has published over 50 papers in top and authoritative
journals including Journal of the American Chemistry Society (JACS), ACS Nano and Energy & Environmental
Science and others, with more than 2,000 citations. Particularly, his two papers related to perovskite solar
cells in 2015 were selected by Web of Science as highly-cited papers. Professor Yan is a Member of the
American Chemistry Society (ACS), and also a regular reviewer of submissions to JACS and Nature
Communication etc.

1BEASZ L Related Papers:
* Mingzhu Long, Tiankai Zhang, Yang Chai, Chun-Fai Ng, Thomas C. W. Mak, Jianbin Xu

& Keyou Yan. (2016). Nonstoichiometric acid-base reaction as reliable synthetic route EZIEHEN
to highly stable CH3NH3PbI3 perovskite film. Nature Communications, 7: 13503. [Link] More

e Mingzhu Long*, Tiankai Zhang*, Wangying Xu, Xiaoliang Zeng, Fangyan Xie, Qiang Li, o
Zefeng Chen, Fengrui Zhou, Kam Sing Wong, Keyou* Yan & Jianbin Xu*. (2017).
Large-grain formamidinium Pbl3-xBrx for high-performance perovskite solar cells via
intermediate halide exchange. Advanced Energy Materials, 7(12): 1601882. [Link]

e Mingzhu Long, Tiankai Zhang, Houyu Zhu, Guixia Li, Feng Wang, Wenyue Guo, Yang
Chai, Wei Chen, Qiang Li, Kam Sing Wong, Jianbin Xu* & Keyou Yan*. (2017). Textured
CH3NH3PbI3 thin film with enhanced stability for high performance perovskite solar

cells. Nano Energy, 33: 485 - 96. [Link]
s

l



https://sse.erg.cuhk.edu.hk/sse/node/94
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST2%20-%20Long%20Mingzhu%20-%202016%20-%20Nonstoichiometric%20acid%20-%20Nat%20Com.pdf
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST2%20-%20Long%20Mingzhu%20-%202017%20-%20Large-grain%20formamidinium%20-%20Adv%20Energy%20Mat.pdf
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST2%20-%20Long%20Mingzhu%20-%202017%20-%20Large-grain%20formamidinium%20-%20Adv%20Energy%20Mat.pdf
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST2%20-%20Long%20Mingzhu%20-%202017%20-%20Textured%20CH3NH3PbI3%20thin%20film%20-%20Nano%20Energy.pdf

03. FRAKABES MR ZEHEER a

Design and Synthesis of MThdTl
New Organic Photovoltaic (OPV) Materials lU J J
— —

BRI 2% Professor Henry Yan

BERRKE(EEA

Dept of Chemistry, Hong Kong University of Science & Technology
Email: hyan@ust.hk

’\TnFEHH Company Description

TEESEARBFARLT , E—RURTENSRIE
BEIREZE - AEIMEREEREARBEAEIKRETN
BARW - A ARRESEBRURWIL Racix - WEH
AZEEZH NREL KEZREE Mt Racizdk - ATIBAIRHE
BRI R - EXCARTSHE  JEEAEH
HRBEE ZHEE - MR AREIKBEN B EERELRS
RERBENKIERBAS ZMER -

“eFlexPV” is an advanced energy technology enterprise based §5§%%%1ﬁ*ﬂ}§ﬁ|}§@ﬁl

in Hong Kong. Their technology is based on a major

efFlexPV

breakthrough in organic photovoltaic (OPV) energy conversion https://eflexpv.com
world record, which was officially certified in the renowned

NREL solar cell record. The company aspires to develop new B EH Contact email:
type OPV technology, commercialization, sales and marketing, mfo@eflexpv.com

consistently elevating its performance, aiming at becoming the

world-leading supplier of organic thin film PV devices and
applications.

Best Research-Cell Efficiencies iZNREL
50

Bong
i gy Seeebi)
W Step ()

Efficiency (%)

s U S T R T AN S T T A T T T T N T T T T T T T T T S T IO T A S S S
1980 1985 1980 1995 2000 2005 2010 2015

BR 20155 - B CIEEABH LGRS MERAZHARSH
11.5% - WEEEEREERBEREFERE (NREL) ERXEIAEE
BHRRW - WHER ERMEZ2HN " RENERRENBER, L -
Earlier in 201&!;{3m achieved single-junction organic solar cells with ¢
been officially cer . This achievement is noted as a major technologic
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https://energy.gov/sites/prod/files/2016/04/f30/efficiency_chart_0.jpg
https://energy.gov/sites/prod/files/2016/04/f30/efficiency_chart_0.jpg

Emist Product Advantages

O B¥=EE (o/HME%%E ) Attractive appearance (Bendable)
Q EEeeolz]Hl ( #5/EE/IK ) Customized colors (Green/blue/gray)
Q 3 (ZERECHEE)
Semi-transparent (Adjustable degree of transparency)
Q &% (E2EREWIHIKL/S0)
Light weight (1/50 of regular silicon type)
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S Q =M (ol - o297 ) Flexible (Bendable, rollable)
% Q Z% (EREME ) safe (plastic thin film) B S A TS A= it
Kny Q BEYSE (Fm 15FMULE) EmEYE -
—_ Reliable and stable (lifetime more than 15 years) Organic PV product developed
by the team.
FIERIF Installation Examples
BEEREM KEEBREBINE
OPV in curved cover OPV installed in between colored glass layers

—

o] #£550AE Customized
degree of transparency*:

20%-40%

FEIREEFEREYER
T B R EEMAAREUL

A

Degree pf transparency would

influence generation efficiency

and in turn, installation area

and length of pay-back period.

mEE
S

Schematic Diagram REE
Schematic Diagram

EE NS EE;O 2142 About Prof. Henry Yan
BAFIR AR EFENIER KB - 2004FRAIEAREBESELTEA - 2012FMABTEBRFERE ZH] - ERR
EZEWEF AT Polyera HRERMABEBCETMIR - BEMFE - BAERNANEREEHKIGEES

M ENBEZEERE  BREWRNZEENRETLHAL -

BZIEEEM
Prof Yan graduated from Peking University and obtained his PhD at More information
Northwestern University in 2004. Before joining HKUST in 2012, he led
a research group at Polyera Corporation — a leading company in the E JE
organic electronics industry. During the past two years, Prof Yan’s team o=
has had major advances in emerging organic solar cells and is -
considered a leading group in the field. Et

[ 9 .

#HRA3ZEK Related Paper:

* Yuhang Liu, Cheng Mu, Kui Jiang, Jingbo Zhao, Yunke Li, Lu Zhang, Zhengke Li, Joshua Yuk Lin
Huawei Hu, Tingxuan Ma; Rongrong Hu, Demei Yu, Xuhui Huang, Ben
tetraphenylethylene core-based 3D structure small molecular accep

22 organic solar cells. Advanced Materials, 27(6): 1015-20. [Link]



https://sse.erg.cuhk.edu.hk/sse/node/95
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST2%20-%20Liu%20Yuhang%20-%202015%20-%20A%20Tetraphenylethylene%20Core%20-%20Adv%20Mat.pdf

04. ERZHENLEHE S BRI 2 ABHRE RiZE

Precision Design and Control of a Flexure-based Multi-layer Roll-

to-roll Printing System

F&R tH #r 2132 Professor Shih-Chi Chen
EEPXREHMEIREETIE R

Email: scchen@mae.cuhk.edu.hk

JEE:RAR Project Description

E¥%E (Roll-to-Roll, R2R) BUEHRfiTfERTFHAEE T F
EREIZIEM » ISR « SRR s - H
FEERE R REBAES > BAME - 4&E -

%%ZK FEEL > W BRI R AR SR

EXBR S T —(E LA IR (MCP) iy Ry BERE
BELSEEHEEHR (R2R) &4 DUERAZE(EAE
E = G e R DL B S 1 - PRI ERE—
TR LR > B Sasg B HEN RIS REA 215
PREVIRH] - AT ZERIQPOR EREVRGEIE - H AR
R FE R B2 Aot 7 - SORIEFIN EIRAEZE - AIHH
i R SR DA AR E R R SERIIT - 0 B A THHE R S
FEWREIE 2 GG EIR R AN B LA & DU T i
FMotELEF: (1) AERIEERERME (2) B
RPTELHAR 2L IR L AG - BRI SERREST - BPRRT R
st BUE DR R A > (1) BAYPRES:E
HEERE J e #EThRE > K (2) DBk B S A
RS IR R R B EN R 248 - RIEBESRIZAIIE
NG IS A a A w3 ) SUN R g it
[EIEN R 2 &Y AT B4R 1 - RRFEAIARGE - W] B2 e
IR BUE AR & -

Department of Mechanical and Automation Engineering, CUHK

Roll-to-Roll (R2R) printing technology has been
widely adopted in various industrial applications,
e.g. paper, textile and steel industries. Its
characteristics include continuous printing and
high throughput, simplified process, environment-
friendly and low cost, hence considered promising
in future applications.

The team developed a scalable precision multi-
layer roll-to-roll (R2R) printing system that
achieves continuous printing on a 4” web with 100
nm print resolution. The R2R platform is
compatible with various high precision contact
printing techniques. For example, Microcontact
Printing (MCP) technique has been implemented
on the R2R system to fabricate nanoscale photonic
devices and optical components, e.g., optical
gratings. To demonstrate the practicality, this
project will deliver R2R fabricated (1) optical
gratings of various pitches, (2) organic field-effect
transistors, and (3) terahertz metamaterial perfect
absorber. To illustrate the capabilities of the

Tension control module

™

Rewinding module
Second layer
(require alignment)

Impression roller

Printing module

EREMEBHZEBEH SR R FHIREL
Prototype of the flexure-based multi-layer R2R printing system

Unwinding module

Web guide module
First layer
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¥1 5178 Problem to be solved

LT A A — (8 2 R E A 2 [ B G G HI R 4
e oY= Ry O g e SRSl ERST

1

2

3 PSR B E IS ORI A1) A T8
41 P RE LA MRS B T E S

5+ L BRI S R T

6:
1

2

3

4

HeF DR il E ol < S 4R R B P R SR M A OB R

: Design and construct a multi-axis flexure guided R2R system

: Develop a multi-layer flexure-based R2R printing system

: Develop process to fabricate submicron resolution samples using MCP
: Design and optimize fabrication parameters for printable optical

gratings and metal grids
5: Design and implement a submicron accuracy multi-layer registration method

6: Incorporation of MCP metal grids into flexible organic photovoltaic cells

Y585 B B %% Uniqueness and Competitive Advantages

high- throughput high-resolution multi-layer R2R . The high printing precision of the R2R platform is realized via
the application of compliant mechanisms which generate highly repeatable mechanical motion via the
compliance of the material. In the R2R system, the print roller is supported by a four-axis flexure positioner; in
combination with a cascade feed-forward controller, nanometer level positioning precision is achieved. Multi-
layer submicron registration accuracy is achieved via a five-axis flexure positioner with novel optical alignment
algorithms. The developed technology could be widely adapted to manufacture low cost photoelectronic
devices.

TEZRMEEL I FAG 34 Bl il <2 B A
R2R printed gold electrodes on
flexible substrate (PET web)

BRI ZKIERELRRS ZEHE The team successfully developed a world record
ZENRI L - #EEEZE 100 nm - XWWEELT technology in precision R2R printing, realizing

R continuous printing on 4” web with 100 nm resolution
1l: SHEgEROEEN with the following merits:

2. BE=E 1: high resolution and repeatability

3. ZERERERIE 2: high throughput

4 . BRGEEROEE 3: multiple DOFs misalignment correction capability

5: BHEEZBNSHERE 4: real time contact pressure monitoring

24

of Flexible Electronics
.J‘llll.lili-b‘-lllhjf '
. '&"—.—

5: Submicron layer-to-layer registration accuracy

Transistor) Fabricated by Roll-to-roll roll Printing System (& 45 El1ll &t Fr
Printing System (& ¥1&Elfl 245 Al S SBAIRE)

B2 BN —E) ;

Sample printed products: Flexure-based Precision Roll-to-roll Machine for Fabrication

(Left) First Layer of FET (Field-effect (Right) Metal Grids Fabricated by Roll-to-




F&F Applications

I EEMIEEZEER] - B - ERIEEETRY
SiEEE b?F%@’m\rﬁHﬁ’\*JL%m“H/J\EJ—
EBERN T ZiE R - WAL - 8<%
REEM/N\REEBEN O ZMLERY - tzu}*

FR b # i - H%%‘%%sE,.\HJ/J\ET%TE_EE’J%E
HRETEB TR - AKEENHEBEERVEZE
£E B RNCENR 4 RNEENER -
MEEFARE 1-2 KRE -

HiEFEE -

1: P15 ei

2 BRBE ~85%EMNETBARE

3: UEBHREABMHNRZEERIEAE

4 . BRERGUERERE

5 : JeEEBREAME A ZEHRIES

6 : ZERMERER

BHiEF F Target Users
ZMEF/HEFRTEREED

This technology already obtained two US patents.
Owing to its high precision, the technology is very
suitable for manufacturing high-resolution and ultrathin
flexible electronics and photoelectronic devices. By
adopting this technology, the design of more tiny size
and wearable devices would become possible,
substantially fostering the manufacturing of portable
products. Currently, the web width is 4 inch and it is
able to be upgradedto 1 -2 m.

Other applications include:

1: diffraction gratings

2: high resolution ~85% transparent metal grids

3: flexible organic photovoltaic cells that utilize the
metal grids as electrodes

4: organic thin-film field-effect transistor

5: photonic metamaterial, e.g. terahertz

perfect absorber

6: multi-layer flexible printed circuit

Manufacturers of flexible electronics/ photoelectronic devices

AR

Available Patents

Precision design and control of a
flexure-based roll-to-roll printing system
(Patent: US14/057,320)

Advantages

e High throughput, high resolution and
repeatability

e Multiple degrees of freedom
misalignment correction

¢ Real time contact pressure monitor

e High layer-to-layer overlay accuracy

Positive Microcontact Printing

BZIREEM

More information

l1-l

TEREBRANAE
Tudou Video

HHRASZ R Related Paper:

e Xi Zhou, Dien Wang, Ji Wang, and Shih-Chi Chen*. (2016). Precision design and control of a flexure-
based roll-to-roll printing system. Precision Engineering, 45: 332 — 41. [Link]
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Subtopic 3: Alternative Solar Technologies

05. masmseamit kK hEyaEsnisgseaE (88 )
Using micro-fibrous Red Phosphorus to Produce Clean Fuel (Hydrogen)
from Water with High Efficiency

FEZEZIZ Professor Jimmy Yu
=3 EBDP L KE(EE % Department of Chemistry, CUHK

56 Email: jimyu@cuhk.edu.hk
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. REZHEEONAFTEIR  REEKPNA—E "S8WD ) - —EREEEGALT  MEEREZRFN
B B DA - TG - Aok SRE  EERERNSE —EE BN - ISR

—ERRIERRRY "ML CEEMBRAALE: - ERLLEMIOCELT  EEAYRKPEESR
B A SR -

The research team of Prof. Jimmy Yu found a way to create clean fuel by simply exposing water (laced with a
secret ingredient) to sunlight. The key ingredient is red phosphorus. Their research discovered that the
hydrogen yield by a particular type of red phosphorus (micro-fibrous phosphorus) is much higher than that of
other types, and is the highest among elemental photocatalysts at a much lower cost.

£+ %45 RE Problem to be Solved

BeE NBHERFBROREERUNERERCAMRIERNZIRRRERE - ZINERZKZFEIR
mE30 - HEEEINWEE - MNEERZREY - BIRWOCHEER - EE(EBRELEBEREER - B
MR ATRCEIER - oTRECECENME  RBHTHERARE - EAHZEEBRIEEY -
BEHREBREEM BEEHLERBETRRESUE - BIHEBR-—EZSKEHENENE —TR -
ABERESE - NZAIS - BRERTD - ARES - SEERFERNESERS - BELCHEMER
RHEEBEAREE - TEBBETHEE  RINEIERRAK  IRESRE -

-
PB4 LTI

micro-fibrous red phosphorus
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The fast-growing demand for energy and the recognition of man-made global climate change underscore the
urgency of developing clean and renewable energy resources to replace fossil fuels. A photocatalyst operates
much as chlorophyll does in a plant, absorbing energy from light and causing a chemical reaction. The process
of photocatalysis is simply a form of artificial photosynthesis. There are hundreds, if not thousands, of
materials that can be used as photocatalysts. But most of them are heavy-metal oxide compounds that are
expensive and complicated to produce. Very rare elements are often used to enhance their efficiency. So
chemists have been searching for a single element that can perform the same function. Red phosphorous is
abundant in the earth’s crust and can be extracted fairly easily. At the same time, hydrogen has a high fuel
capacity and creates more energy than other chemical fuels. The process of conversion leaves only water as a

by-product, not toxic gas.

B EEE
Traditional Photocatalysts

i AL B

Micro-fibrous Red Phosphorus

x RHBREEEBRIEEY VINERABRESE - BLZAIE - MERKES
Most are heavy-metal oxide Abundant in the earth’s crust and can be extracted
fairly easily
compounds i . .
I vENEES SRS  tEE BE Rl 22 o

Expensive and complicated
production process

x 2 FMATTRRIESUEE
Need rare elements to enhance
efficiency

High fuel capacity and creates more energy than
other chemical fuels

VEEBRERGE R IMNEIERRBK  UEE
BRe

The process of conversion leaves only water as a
by-product, not toxic gas

SRBENBEWE
Hydrogen gas produced is collected by glass
tubing system.

M A AL ROKRR S )
Mixture of micro-fibrous red
phosphorus and water

BB B -

Experiment designed by the team.

RE KB Z IR

Simulated solar light

Fibrous phase phosphorus with a Record High Hydrogen Evolution Efficiency

phosphorus

H, H,0 kL
H,0 v
. oy \ |
Ultrasonically
smashed  ~
4 L
mf " sio, fiver
2 Bulk Fibrous phase
‘ " phosphorus

Mirco-Fibrous Phosphorus/SiO, Smashed-Fibrous Phosphorus

I AT el K P 2GS/ R FRETR (BR)
/ N\ E °

Diagram showing the production of hydrogen
from water via micro-fibrous phosphorus/SiO,.
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Other elemental ﬂ‘ﬁ%%*u

< 800 Phosphorus |
=% B Amicw |  Photocatalysts Available Patent
"= 700{ A 684 FibrousPisio,,
< 633 B: Smashed-
© 600 Fibrous P :
C: Bulk-
E 500. B e %
:|:N400 - Hittorf P |400
“6 morphous 1
it 300+ Red P : Sultur Photocatalytic Co-Ps-loaded Red Phosphorus
© 200 | Carbon for H2 Formation from Water
-~ P/IYPQ
> 100- C 65 4: Boron l Selenium (Patent: U58:940;656)
0] 21 0616 N/A N/A N/A N/A
Samples
M B B IE B AL - BERLLE MY * Performance for CoP2 : 6 times > Platinum
BT . BEE AN KIEESS - * Price for CoP2 : 200 times < Platinum
The hydrogen yield by micro-fibrous
phosphorus/SiO2 is much higher than that of other
red phosphorus, and is the highest among
elemental photocatalysts.

EAHL RIB=2U% About Prof. Jimmy Yu

RERZNECHRBEPHELER - 2016 F - I Web of Science ERREEK
MRINBEHESHKSIBE (REWSINEREAEE 11 F£9 - G5 IAXREESH
1% ) - REFE BRI EEFKRERF ERFRMISEDS LR - thEEZ
TEESAREER) - W ZRIEE (Thomson Reuters) B4 "2014 H REEFENREZR |
Z—

Professor Yu is a leading scientist in the field of photocatalysis. He is selected by Web of
Science as a most cited researcher in both chemistry and materials science in 2016 (Highly
Cited Papers are defined as those that rank in the top 1% by citations for field during the
previous 11 years in Web of Science.). Photocatalytic water treatment and air purification
systems based on Prof. Yu's inventions have been commercialized. He holds several
patents for his inventions, and was named as the “World‘s Most Influential Scientific
Minds” in 2014 by Thomson Reuters.

OUR HONG KONG Story / video featuring the

invention in the “Brand
Hong Kong” Series by the

Hong Kong Government: TSR N E EHIEE AR
http://goo.gl/IS0zUh Tudou Video: More information:

The new clean fuel. Water.

tHRA3Z Ak Related Paper:

e Zhuofeng Hu, Luyan Yuan, Zhifeng Liu, Zhurui Shen,* & Jimmy C.
Yu*. (2016). An elemental phosphorus photocatalyst with a

ficiency. Angewandte Chemie,

HONG
HONG

D record high hydrogen evolutio

55: 9580-5. [Link]
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http://v.youku.com/v_show/id_XMzM5OTk3NTg3Mg==.html?spm=a2hzp.8244740.0.0
http://goo.gl/JS0zUh
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST3%20-%20Hu%20Zhuofeng%20-%202016%20-%20An%20elemental%20phosphorus%20Photocatalyst%20-%20Angewandte%20Chemie.pdf

06. L@ REEmSE FIEIRMAEMR

Upconversion and Plasmonic Nanomaterials

FRBAIE Professor Jianfang Wang
BB KEY)IE % Department of Physics, CUHK
Email: jfwang@phy.cuhk.edu.hk
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= sE = U0
RIBHD - 49%IBERIREALSME — — o
WER - BIEGLEIEABEE Wi WA PABR A =~
BN ASHREBEAIR - BA A% g
AL R WR L 1L KIB (SR R
" X T g 5 WE (16%) LLEHH
RBELE - EANB RSB A %) S e L enmae (55%)
HARSWAIET - BAMRMA mmiEl L
5hI R —ERIRIERI D - v BT
v HEREE

o] R iRl S v B
49% of sunlight energy falls in - xnﬁﬂtﬁﬁ

infrared region. Due to the
limitation of bandgap in
semiconductor solar cells, majority
of infrared energy was not absorbed

AT MR

ALOMR BERTRY -

and converted into electricity. Given FEEM RIS
no change to the materials of solar

cells, efficient use of infrared energy 49%HEE

is a challenging task. KAWL E PR

T#HLaE EBmAR

KT - 49% WBEERBLLINEKE - DI 2B KEAEE
MARBEWEATINCEEE - MIFTE XA 2RO EL A T8
Bkl - BESIEAIINCERE(ER TR - BARGAEEMUIE -
THBEEBRNEIE 16% - LLERAVAR EBRARL (5%) 5
mfEL L -

4526 KB E Uniqueness and Competitive Advantages

B e 7T — @AM H T SEERME - BEAIRANNEERE(ER YR - BEEERYEER16% - 1H
EEEMRANR FEIRMRIREA B L - EEMRMERTE  RHEGE  AAEE - LWEAIRER
EXGEPRAINCEZ RO B - BBt E R KGEE MMM ERAEE SRR - EIRHEHR
EERZBENBERAERE  AINBRAKNBERGREES -  EEARCERER (64) #iSE N1
(E#7) £ -
The research team invented an innovative lanthanide-sensitized oxide, reaching a maximal power upconversion
efficiency of 16% for infrared light, which is at least double the efficiency of traditional nano-upconversion
materials. This material is stable, with simple fabrication and low cost, and able to successfully convert infrared
light into visible light. The team also designed solar cell models of this new material. The technology also has the
commercialization potential of in lighting and computer monitors. This work has been published in Nature
Communications in 2014.




TEALIMHERE T Infra-red

TEATONEERST N - BRI 3 p0FT A% T BB BE
BHIRIIA TR -

Under the excitation of a near-infrared, the lanthanide-
sensitized oxide powder developed by the team emitted
strong visible light to the eye.
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JEFIT RIS EE A - REFME P ERS S E Sy
HAEE LSRR ER T -

Assist solar cells to convert subsemiconductor band-
gap light energy into solar cell absorbable high energy

photons.
o] IZEEF
Available Patent SRMATEENEGTERF - A

RESHATEEREFNNEN - B
e FEEREREN EE R FE -
% Plasmonically Generated Charge Carriers.

The excitation of localized surface
plasmon generates hot electrons and hot

Converting infrared light into visible light using holes. The hot charge carriers interact
lanthanide-sensitized oxides synergistically to drive chemical
(Patent: US 14/279,128) transformations.

e Conversion efficiency (infrared to visible
light): >4% (max 0.1% for existing materials)

TofEERNAE EZIEEE
Tudou Video More information
1HEASZBX Related Paper:
e Junxin Wang*, Tian Ming*, Zhao lJin, Jianfang Wang,
Ling-Dong Sun & Chun-Hua Yan. (2014). Photon energy
upconversion through thermal radiation with the power

efficiency reaching 16%. Nature Communications, 5:
5669&

30



https://sse.erg.cuhk.edu.hk/sse/node/97
http://v.youku.com/v_show/id_XMzQ4MTMxOTQxNg==.html?spm=a2h3j.8428770.3416059.1
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST3%20-%20Wang%20Junxin%20-%202014%20-%20Photon%20energy%20upconversion%20-%20Nature%20Comm.pdf

07. snEsaEig o s

Development of Thermoelectric Generators (TEGs)

R LZUR Professor Dongyan Xu
BEPXAREHMEBEETIESRE A

Email: dyxu@mae.cuhk.edu.hk

5 ﬂAbstract

2 E/i% (TEG) SEAABUERR (R

)E&@ﬂﬁﬁk%ﬁ%ﬁ’] BRE - £1&
(I

E)

E
- BRFSIEREREAE
TEE2aE (ﬁDI%m/TEEB SEEERAE
@ T BEPFEEE ( IREESR )
IRIE 2 ( WNKEZEBE / mERUNER )
HAthZEE ( REKE - EE2mEHEE )
ﬁﬂ% EfFELEREEZNIAA - Bl BB R
EFRMBEIR -
TEG EAORENS - SmkMRERSER -
mE - HEEZRRIRIEER - BRI %/J\ :
oliEfE - BEEBV\RORE N EEE - A -
ERMERAS @ HR FENEARE -

ERNREEPINRRERS

'-Hrt

World record high power density

BEEGES FIEEFERMANT - BREZE 525K
ZNRENNRBEESE 9.2 mW cm E’J*ﬂagﬁé@é

- BENBMCHEPERENEABRER PR

UGS - % TEG B ol EHERRE R NIME
(Mol ZFHE2E KR NE

s
SBEFER ) £ DUREARR

ZHBERDRBHRE - RUCUFHREEFENE - &
REMREEY - MEFEEEE - BEKERIEER
NRFHETEG R - ZIBRITE A EESRHE RS

B E A -

The team developed thermoelectric generators (TEGS)
by combining pulsed electroplating with
microfabrication processes. It achieved a power
density as high as 9.2 mW cm at a temperature
difference of 52.5 K, which is the highest value
reported so far for the electroplated micro-TEGs in
the literature (J Microelectromechan. Syst. 25: 744-9).

+HRA3Z L Related Paper:

Wenhua Zhang*, Juekuan Yang* & Dongyan Xu*. (2016).
A high power density micro-thermoelectric generator
fabricated by an integrated bottom-up approach. Journal
of Microelectromechan. Syst. 25: 744-9 [Link]

Dept of Mechanical and Automation Engineering, CUHK

Thermoelectric Generators (TEGs) are devices that can directly
convert heat (temperature difference) into electricity. In our daily
life, a lot of thermal energy is wasted, e.g.:

Industrial heat (High / low quality waste heat)

Transport vehicles (exhaust gas)

Environmental heat (solar heat, hot spring)

Others (hot water pipe, residential appliances)

If these heat sources are harvested well, they can be utilized again.
TEGs have many advantages including high reliability, long lifetime,
and environmental friendliness. Especially, compared to
conventional heat engines, TEGs are compact, scalable, and can be
easily driven by small temperature differences. However, its low
energy conversion efficiency hindered its widespread applications.

FFRMAEREBK

Non-flexible TEG

REMBREH
Flexible TEG

Flexible TEGs could be used for thermal energy harvesting
from the human body to power microelectronic devices
(such as wearable medical sensors and wristwatches). They
are very flexible, making them well adhered to the skin and
comfortable for the users. The team is currently developing
the flexible TEGs.

o IREET

Available Patent

ing

JEEEEE Energy Harvest

N
v/

. BE

ol
Methods of fabrication of flexible micro-
thermoelectric generators
(US Patent Application: US 2017/0345989)



https://sse.erg.cuhk.edu.hk/sse/node/98
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST3%20-%20Zhang%20Wenhua%20-%202016%20-%20A%20High%20Power%20Density%20-%20J%20of%20Microelectromechanical%20Sys.pdf
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Subtopic 4: Energy Storage

08. =@z A B NEEBRERS

3D Porous Carbon Foam-based Composites for

High Performance Supercapacitors

BHEP X KEEFT 12 % Department of Electro

SEIEF 42 Professor Ching-ping Wong
Email: cpwong@cuhk.edu.hk

J& B iR AR Project Description

—RRR - BRBERRNINEBESEREEEER -
EENAINY - BT IRSBHRAESRNEERE -

BRZABMBURBESEMNERES - &

ZHM K ( FRl2AE% ) JLUBNISEMAIEEER

HEMESEY  MESEFUMREBARANELE

RRE DI EEZNESEMES -

nic Engineering, CUHK

{HEE T Professor Ni Zhao
Email: nzhao@ee.cuhk.edu.hk

In general, supercapacitors show high power density,
but suffer from low energy density; while batteries
exhibit high energy density but low power density. To
increase the energy density of a supercapacitor, it is
desirable to use porous carbon materials and highly
pseudocapacitive materials, as porous carbon
materials (especially porous graphene) can increase
the specific surface area and electrical conductivity,
while the surface redox reaction occurred in the
pseudocapacitive materials can store more energy.
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INERZER
ZZM  power density: Low 10h 1h 0.1h
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Energy density: High 5 100 & e /FB R AR
% F Batteries Development of
= 0 [ N ' Hybrid battery/Supercap. hybrid systems
3 3 | S e
8 1 A e oot 360 ms
. > -Supércapacitor
Iﬂgﬁg% ‘51:3 0.1 3 J-'——-—‘-—“——-——.—;- —————— % 36 ms
HEREEER  Power density: High e : : Capacitor
Supercapacitor ﬁg%grg{& ‘ 0.01 1o sl BN R . ]
10 100 1000 10000

Energy density: Low

Power Density (W/kg)
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BRHRE Y — B ERMNEE) B EAEEeSmEN=
HEMASHEME  TEARBHRESRZ  oUE
IRSEERZE (409 W hkg-1) IEINERZEE (70
kW kg-1) - IR RIBNEREEN - 2 RERE
FX1E Nano Energy 2015, 13, 458 °

KB IE P RS WEERIEETE 4E B ARE S 23 The highest reported performance asymmetric supercapacitors

The research group demonstrated a low-temperature
chemical vapor deposition method to grow high-
quality three-dimensional (3D) curved graphene, which
can be used as the supercapacitor electrode to deliver
high energy density (40.9 Wh kg!) and power density
(70 kW kg) as well as long-term stability. (See Nano
Energy 2015, 13, 458.)

1. SFURghE

W Y EE R AR A S R

EAERHEE (40.9Whkg?)
EVIREE (70kW kg)

ANANIAN

R EN

2. AR e

FHEAVE( LB E

FEE LI E SR
[EREREE (98.0 Wh kg?)
RLHREE (22.9 kW kg?)

SONZMRERERE 7T — o BB =#%
RAEAKES - EE 758 - tER AR
& - ZZRALEBOULIHEARSHOARAMMA -
AMFHERER TRONZER - FARTEMR T
ENXREERFEFEE - WA UARIERE
EARRME (HNEBREEIHEREY ) N2
SERERM  TLRBHESEERNELEMEE -
FERIBLASHEEBENSNEREBE - D55
93.9 Wh kg-1#121.1 kW kg-1 - LEETIE X
BRNESHNIFHELBRERRNMEE - 2R
#HREEFENano Energy 2016, 25, 193 -

3. BRI =L LR B

> B DUHEER SEHTARFLRIGEL » Rl RS BIRE T 7T

SIRVZER > EIRERRGL T K ERARE A TR

> B DURZRAE Ry e A RIARE (BN BELYIscEmR

} Ezémﬁ%iﬁ&éé% » I DAFRIR T B R E
EEMERE

BT ERA
A R
AL E

HRE R (93.9 Whkg™)

AN N NN

ELPREE (21.1 kW k™)

B FEFI %18 Potential Applications

ic vehicles

Flexible e

Another hierarchically carbon-based free-standing 3D
electrode was fabricated via a facile, scalable, and
cost-effective route. The hierarchically porous
structure integrates a lot of macropores and
micropores, thus providing sufficient space for ion
transport while offering a large amount of surface sites
for energy storage. In addition, the carbon foam can be
used as a mechanical support for pseudocapacitive
materials (metal oxides or sulfides), showing even
better electrochemical performance with a high
energy density of 93.9 Wh kg and a high power
density of 21.1 kW kg1, among the highest reported
values for asymmetric supercapacitors. (Nano Energy
2016, 25, 193.)

1HEASZ AL Related Papers:

Jizhang Chen, Junling Xu, Shuang Zhou, Ni Zhao* &
Ching-Ping Wong*. (2015) Template-grown
graphene/porous Fe203 nanocomposite: A high-
performance anode material for pseudocapacitors.
Nano Energy, 15: 719-728 [Link]

Jizhang Chen, Junling Xu, Shuang Zhou, Ni Zhao* &
Ching-ping Wong*. (2016). Nitrogen-doped
hierarchically porous carbon foam: A free-standing
electrode and mechanical support for high-
performance supercapacitors. Nano Energy, 25: 193-

202. [Link]
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https://sse.erg.cuhk.edu.hk/sse/node/100
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST4%20-%20Chen%20Jizhang%20-%202015%20-%20Template-grown%20graphene%20-%20Nano%20Energy.pdf
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST4%20-%20Chen%20Jizhang%20-%202016%20-%20Nitrogen-doped%20hierarchically%20porous%20carbon%20-%20Nano%20Energy.pdf

09. ssEREmMERERNS - WRRTRS

High-energy-density and Low-cost
Zinc/iodine-bromide Redox Flow Battery (ZIBB)

E 18 & % Professor Yi-Chun Lu

BEPXARE WM HEBHMETER
Department of Mechanical and Automation Engineering, CUHK
Email: yichunlu@mae.cuhk.edu.hk
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JE B iR AR Project Description

ERE  RBHEMENAHTE Emgﬁlg?&fiﬁﬁixt@ﬁmimﬁ ;
MEERRSBHEHEWNFERE - RBIMHNBRERAAZE - B2
REAEEREER - LTHEBEBMALRZRKREK -

In Hong Kong, the number of charging stations lags far behind the

growth of electric vehicles they are supposed to serve. Increasing the (LH ) PAKMBEBEEETIERAE L
energy capacity in electric car batteries would considerably relieve the Eﬂﬁiﬁﬁﬁﬁd‘ﬁﬁ : %Eﬁ%%%‘%ﬁﬁ@i :
burden for charging stations. Scientists have been making efforts in EIREAE - LURARINERBETE -

Members of the research team from CUHK
. Department of Mechanical and Automation
electrochemical front. Engineering, CUHK. (From left) Ms. Zhejun

BEPNARE (PKR) BHEEME LEERENBEBIZEIREZAIE | L PhD student; Dr. Guo-Ming Weng,
AERTERSREME 7 —Ee S M- RRmEN - RIF Research Associate; Prof. Yi-Chun Lu, and
7 BAIK R RAE A B EAMIE (101 Wh L) - BIEZTRRIEAQR, | |1 mon longvin Tam, Research

RO BHTEEFAZEMEAT) (BERAIRIERE) (Energy & :

Environmental Science ) 3% - WEEBER{EEZE NS ({EEBHER) (Chemistry World ) EB5RE -
A high-energy-density zinc/iodine-bromide redox flow battery (ZIBB) has been developed by Prof. Yi-Chun Lu, of
the Department of Mechanical and Automation Engineering, The Chinese University of Hong Kong and her
research team. ZIBB achieved the highest reported energy density for aqueous redox flow batteries to-date (101
Wh L1). The breakthrough was published in the renowned journal Energy & Environmental Sciencein early 2017,
and was recently featured by the magazine Chemistry World, published by The Royal Society of Chemistry,
United Kingdom.

advancing the energy storage technology, especially on the

REEF(Br-)RY W : IBEE/N - BEEKX
The Secret of Bromide Ions (Br-):
Less Volume yet More Capacity

H-ERREMUSARENBCEAEZAEEERRFR - %ﬁ?(l-)
MEF(Zn) 2RI/ ES AR B EBEEE Y E IR D -

B EIRSMELIREHESR ( TR+ EANBERE Eé/1ﬂ1§§1$¢1+
BEIS% ) - RHRNEASWELERET - H=72Z—A9HET (- )?E
*76@:2&?(12)5’3%%% E—EZ%E/S&% =

(I )EI’] r**%J o %E&E?(Br-)f:iiﬁﬁﬂ—%ﬁ
- R R R E MR SR Elix o] BIEBEMRIRMNIER - Mk
ghER -

The zinc/iodine-bromide redox

flow battery prototype.
L‘ ‘.L.I



http://pubs.rsc.org/en/content/articlelanding/2017/ee/c6ee03554j%23!divAbstract
https://www.chemistryworld.com/news/bromide-makes-the-potential-difference-to-flow-battery-chemistry/2500533.article
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In zinc/iodine RFB, highly soluble zine iodide is the major active material in the electrolyte, with iodide ions (I-)
and zinc (Zn) being the electrochemical active ingredients at the positive and negative electrodes, respectively. In
the traditional design, the high and stable cycle life (efficiency as high as 95% over 50 cycles) of the battery was
ensured by allowing one-third of the iodide ions (I-) acting as a complexing agent to stabilize the iodine (12),
forming triiodide ions (I13-). However, the power of the iodide ions (I-) in contributing to battery capacity is
wasted as they are ‘trapped’ as a stabilizing agent. The team therefore introduced bromide ions as a replacement
for the ‘trapped’ iodide ions (I-), i.e., forming iodine bromide ions (I12Br-) by reacting bromide ions (Br-) with
iodine (12). The process still allows for a stable cycle life in the battery, without sacrificing energy capacity.

o] ZEER
2 Available Patent
m %o
o © /se' High-Energy-Density and Low-Cost Flow
o 0 POl ——” Electrochemical Devices
D ¢ \ EEm— (Patent: US15/371,466 » CT/CN2016/109055
~ae 3 ¢ CN201680002631.4)
TIPS ¢ Higher energy density compared to current redox
HEFRERRRD  REEFBr-) B =E 5 flow batteries of any given electrode active materials
FoROREREE (1) FE B R BEF - (MK * No compromised electrical conductivity as compared
T azER s LUBNNFEBES 2 © During to the semi-solid approach
the charging process, bromide (Br-) replaces * No phase-separation issues
iodide as the complexing agent to form ¢  usage of ion-permeable membrane
iodine bromide ions, releasing the iodide (I-) * { costs for suspension optimization & expensive
to contribute energy capacity. membrane
HRASTE Related Paper: &1 B FI 2B 15 Potential applications

* Guo-Ming Weng, Zhejun Li, Guangtao Cong, Yucun Zhou ZE &5 5 Electric vehicles
& Yi-Chun Lu*. (2017). Unlocking the capacity of iodide . A RBIfEgE 245
for high-energy-density zinc/polyiodide and Large-scale energy storage system
lithium/polyiodide redox flow batteries. Energy &
Environmental Science, 10(3): 735 - 41 [Link]

AN E 18 E 21#Z About Prof. Yi-Chun Lu

BHIZ2007FREEBNFEABINEMR TIEERAREN - WK2012FEEEH
MEETERMBNERTREBLAINGHELTEAN - H2013F#E - RN EEMEIE
TERANBIMRE - BRSSP ARMEBECTRESERAMEHE - BERUEEE
BZEPAKERARKRAZEIR - GFEPAENHZE (2016) - RERESBHERER
PrRARSBHEE (2014) - EEMRENBHESEEE (2014) - ZHMEETEMR
Martin Family Society of Fellows for Sustainability (2009) R&8EZBHXBNEZE S
BEHITRBIFES -

Prof. Yi-Chun Lu received her B.S. degree in Materials Science & Engineering from the
National Tsing Hua University, Taiwan, in 2007. She received her Ph.D. degree in Materials
Science & Engineering from the Massachusetts Institute of Technology (MIT), Cambridge,
USA in 2012. Professor Lu has been appointed as a research affiliate of MIT since 2013. Sh

is currently an Assistant Professor in the Department of Mechanical and Automatio

ing at CUHK. Professor Lu has been conferred various CUHK and international
teaching awards, including the University Education Award, CUHK (2016), the
plary Teaching Award, CUHK (2014), the
Hong Kong SAR (2014), Massachusetts
ellg\_/vs for Sustainability (2009) and the Tai
earch Innovation Award (2007).

BZIEAEM

More information



https://sse.erg.cuhk.edu.hk/sse/node/99
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST4%20-%20Weng%20Guoming%20-%202017%20-%20Unlocking%20the%20capacity%20-%20Energy%20&%20Env%20Sci.pdf
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10. wEARERENERES

Online Energy Generation Scheduling for Microgrids

PR B2 ZEZT Professor Minghua Chen
BEPNABERIEA

Email: minghua@ie.cuhk.edu.hk

b ek

i Problem to be Solved

MEH (Microgrid) 2—E/NERRERECEZRS - —

F'7(T§ BB LN BB R E—EER
HORMER (B—) - LEAIRRKARECER

FRER /N R B EHAGRHE N - ol AT AR AR
BT - UEBEREBAIIRABNRFAREY - SERERY
R PIRBERERERLA - =68 - BA - 2 H%
%BE%E@T@B’WE?HE’J%E BBREFERRXETE
HESAEE  SEFOHPERTBAMEMANAT
’“ﬁﬁ/m/ii_%ﬂEA%E/EJE’Jh%ﬁéEE EEX - AL -
BARESHERAME EEWDH;&?F?WBEWH%DZMB At
BHERREE  FZ2ROmEENTK - NEEREZE
B

Microgrid is a local electric power system with both
generation and distribution sub-systems (Fig. 1). A
building, a hospital, and even a district can build a
microgrid of their own. The network uses solar or other
renewable energy generation; it can also use small gas
generators to provide electricity in grid-connected or
islanded modes.
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B —. MEBAEFER - (AREESEKERPARE
MasdarZ2 B REIE - RIEELEHB/NE - DIKEE
EHIRH S HIF)

Fig. 1 Schematic diagram of microgrid operation.
(Collaboratively contributed by a TRS collaborator and CUHK
alumnus Prof. Sid Chau from Masdar Institute of Technology,
Project Manager Miss Mandy Tse and Prof. Minghua Chen.)

Department of Information Engineering, CUHK

Microgrid can effectively improve power system
stability, energy conversion efficiency, and the
percentage of renewable energy integration. The
United States, Japan, Germany and Denmark are
actively promoting the development of microgrid.
Renewable energy generation, however, is affected
by weather and thus intermittent in nature, the
operator also faces difficulty in accurate prediction of
the local electricity and heat/cooling demand. As
such, conventional energy generation scheduling
solutions based on accurate generation/load
prediction fail to work in microgrids with the unique
generation/load characteristics. Therefore, the key
challenge in microgrid operation is to optimally
orchestrating external energy supply and local energy
generation to meet both power and heat/cooling
demands with optimized costs.

BEYEE

BRI EAR EEM R L e " B
ENEREE )  BRBERERAREEERA
REREME - BIRRSUEENMEHERE

BRMEBMRAZZ - HRABESKGERERTF
2R - NP ANBEERERER - RE2

The team developed a paradigm-shift online
algorithm for cost-minimized energy generation
scheduling in microgrid. The algorithm addresses a
key and unprecedented scheduling challenge caused
by the intermittency of renewable generation in
microgrids, achieving effective cost-saving
performance and enabling integration of high-
percentage renewable generation in microgrids.



JE B 3% BB Project Description

BT ERTEHNERFAEESR - 12 —E % CHASE (Competitive Heuristic Algorithms for Scheduling
Energy-generation) FIEERAEEIHE X (B ) - TREBEZXGCHASEE AR BEERE = Fmr iR M EL
ZhFl - ERBNB/DIFREENERLY  ERBTEREBRAEENHIEERE - BRARENRIER
WEREBHRXK - ERAHNBIVFEIEGERMNER FTHRA20%MEAEE (B=) - EE - BERER
FAHMAR—NEBERETEREEBEAMNAERLE - &I - CHASEEZWOJTHAMEE & 8B T KB
ERERESIE—DTRE - REBENERGEREKR - CHASERE AW A& & BT IB 8 A E PreEER|
HEREE - mEEEDRLI0% -

Professor Minghua Chen and his team broke through the conventional prediction-based scheduling paradigm
and proposed an online algorithm called CHASE (Competitive Heuristic Algorithms for Scheduling Energy-
generation) (Fig. 2), which is based on intelligent tracking of the behaviors of perfect dispatch. In a case study of
a virtual microgrid based on traces in San Francisco area, with little or no generation/load forecast information,
CHASE algorithm was able to bring about remarkable 20% cost saving (Fig. 3). Here, perfect dispatch refers to
the optimal scheduling solution assuming full knowledge of all future generation and load information. Recently,
the feasibility and performance of CHASE algorithm have been further validated at the Hong Kong Polytechnic
University Microgrid Laboratory. Extensive experimental results show that the cost saving performance of CHASE

algorithm is close to that of the lowest value reached by perfect dispatch, off by less than 10%.
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Net electricit?dﬁetr;:z;\a u u J ‘ % l:}—:E[(if;.:ula;:.c;'|eduhr'g scheme) f:ﬂcm:;(- ;?‘“\ ,
ENRRETRK | [ & il Hi; R
Heat d;rrr:gnd \— | | J a—:' -C:;:; :a;_)n:hmark) &)
4 ETHLEN SRESE -% 20 R (R CHASE: statistically
B RITR R R hAR 0 " = ~ 20% cost saving
Function A(t) captures & (#720%0 45 )
“sparseness/denseness” of : § o
the demand L ocal generator 1 On LS Spring Su:mer Aullimn Wiln(ter whri\elv?ar
THAHGRRE At EmiRe & 14 ¢ 2
Offline optimal solution Local genarator
CHASETT;% ez N 0 OB B=. ARARERAEEREE R/ DfRAER T ESELE
CHASE ‘s solution 5'5/}? , Izﬁﬁ"g\ﬁjzzt:,?UZO% o
B _. CHASE MEFEHZE - BIERE AEER) S22 iRER Fig.3 The online energy generation scheduling algorithm CHASE
sk SEMAREERE - CTOw BEX (BREER) ° ompetitive Heuristic Algorithms for Scheduling Energy-generation
FEsREHI At BB EHRER - XMRERAERK (RKEE (C H Algorithms for Scheduling E )
&% (BEETRR) BEESRiBT ER R BE B IE B can bring about a remarkable 20% cost saving, given little or no
M CHASE &% (BER3RR) BeE B EREB R B iE IR EH bring ab kable 20% g 8 littl
B RASHEEDEEAEMEEINREE  mEREIR generation/load forecast information.
10% -
Fig. 2 Schematic diagram of CHASE algorithm. Perfect dispatch (red
line) could perfectly satisfy user demand (purple line) by controlling
the on / off of local generators. Meanwhile, CHASE (blue line) is an
intelligent tracking of the behaviors of perfect dispatch, with cost
saving performance close to that of the lowest value reached by
perfect dispatch, off by less than 10%.

BREGEIEL - RN T —REREEPANBEREABMGER - SRMTARE -
BRAERSEENHEZ —BESERGE -

The next stage of the research is to carry out field test in Lee Woo Sing College at CUHK, EE 2 s e
commented by Prof. Minghua Chen. When the technology is mature, he believes that it More information
provides a viable solution for providing electricity in Hong Kong's outlying islands.

#HEA3Z Ak Related Paper:

* Ying Zhang, Mohammad H. Hajiesmaili, Sinan Cai Minghua Chen* & Qi Zhu. (2018).
Peak-aware online economic dispatching for microgrids. [EEE Transactions on Smart
Grid, 9(1): 323 - 335. [Link]
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https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST5%20-%20Zhang%20Ying%20-%202018%20-%20Peak-aware%20online%20-%20IEEE%20Trans%20on%20SG.pdf
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11. snEsEphEasgER

Energy-efficient Operation of Heavy-duty Truck

£+ %4578 Problem to be Solved

PEHRBHBEEGEBAEERM 5% -
BAML 7 RBRBEEINARERN 20% - E"L
FEPRERISAE _ARBERUR - BILE -
%EPE’*'HEEE’JL.\/Hﬂﬁﬁiiﬂ%u;ﬁaiﬁﬁﬁé
Z 2% ° Medium and heavy-duty trucks only
consist 5% of total vehicle number in USA, but
consume 20 % total transportation fuel use.
Hence, improving fuel efficiency of these trucks
would bring substantial social and economic
benefits.

45 Advantages

EXRFTNSERE - eRBEEME N
1t &) 38 EauE’JEEWEQETH:'QQ EREBHNITEEREN
AR - BRXERANG R - BEEHER [ £
K (B REBWAR ) UBIESHZRTE - £ 1
iﬁﬁqﬂUﬁ"’f?]&%iﬁ?ﬂ% BEEHER - Bl
A RBEEAR - LENEHSERNER -

EREAA - LB AR R RERESE -

LWEZRERERFEHEERE 17% M5 - E
5o B E B HAPRAYEEK -

The highly-efficient solution invented by the team
is able to deploy an optimized route with speed
plan for trucks that have to travel between two
designated locations. The approach provides an
optimized solution to save energy consumption
through the deployment of a lower speed during
going up slopes (which is more fuel-consuming)
and a higher speed during going down slope, and
at the same time considering other factors such
as wind speed, surface quality of roads, vehicle
model and loading. Results showed that the
solution can reduce the truck’s fuel consumption
by up to 17% as compared to the common
shortest/fastest path algorithm, while meeting
the deadline constraint.

tHEE 3Lk Related Paper:

Lei Deng, Mohammad H. Hajiesmaili, Minghua
Chen* and Haibo Zeng. Energy-efficient timely
transportation of long-haul heavy-duty trucks.
IEEE Transactions on Smart Grid, Vol 19, Issue 7,

%’jjtﬁlﬂ EREWAGR - TaY (UHHFEmBHEFHR
MEm ) ERENEHARAERZEZ BN - 2+ 7R
W -0E BAmMELAEREZERERENERRY - &
BREEBA/RMIGEE - WAREEERLEANER -
Delivering goods to the required destinations within a stringent
time constraint is important for most transportation vehicles,
especially for fresh foods or goods with limited storage time.
Nevertheless, the currently available application software in the
market only take distance or time into considerations, without

considering energy consumption of vehicles.

RIRIREEEE
220 R
S BERGEE
= 210
@ E — Fastest Path Algo.
= 5 © 200 —— Shortest Path Algo.
= = Qur Solution
W s
wx @ 190
ws =
23
% 180 BTN ESEEE
T
17
Q8 20 22 24 26 28
Total Travel Time (hour)
nvu "%EH“IF% (IJ\H_J')

M R R R B RER AR - BBGE Y S R E R ARE v

TI-REEIEEE 17% HE -

Our solution is able to bring up to 17% fuel consumption saving as
compared to traditional approaches.

FEF3 Applications

EHLU%E"JZEEE HIBREIRAVEEE - LB S EERAERER -
B2 EEWMBRAEEFAIANEIRREE  MEKLETER

RIBEEH S 2R \Ei_tﬁ'ﬁﬁﬁé’/'\ﬁﬁéL@%ﬁ_mE%%ﬁZ P
EREEE - WEAMELEREEFE - ERAFEER L
FER -

Both oil- or electricity-powered vehicles are suitable for applying
our solution. For those types that are heavy duty (with higher
energy consumption) and have frequent travels in highways (less
restriction by traffic congestion), the energy saving would be
more substantial. The algorithm can be installed in smartphone,
tablet or laptop computers.

o[ R EEF

Available Patent

July 2018. [Link]

Energy-efficient Operation
of Heavy-duty Truck
(Patent US 15/622,742)

EZHEAE

More information



https://sse.erg.cuhk.edu.hk/sse/node/273
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST5%20-%20Deng%20Lei%20-%202017%20-%20Energy-Efficient%20Timely%20Transportation%20-%20IEEE%20Trans%20on%20Intelligent%20Transportation%20Sys.pdf

12. Erpmamn & e BT

Cooperative Planning and Operation of Interconnected Microgrids

= EEZEY Professor Jianwei Huang
BEARAPIREBERIEAR

Department of Information Engineering, CUHK
Email: jwhuang@ie.cuhk.edu.hk

18 B iR AA Project Description

MEBARR 7 BB RIZEIE - TN BREAR S HHE(F - ¥
—RENZAPRHLBEESHN o H o BERERSE
WASRE - LALIHMEREREUN D ETEE -
ME—FN - EEMERTEREERE - SRS
BEFER - AEBREBNZAPEFANETHAAR -
ELENEREZHBUNZRETEERE  EPEST
BARNANEZE - Bt - MRS ETERME
MR EBREVERBLRER -

We are facing the following three challenges: (1)
renewable generations from solar and wind energy are
highly stochastic and location-dependent and therefore
lacks a common model to characterize the distributions
of different renewable energy sources; (2) microgrids
are independently operated instead of being controlled
by the grid, such that the traditionally centralized
method for the planning and operation does not apply
to microgrids; and (3) microgrids care about privacy
when interacting with other microgrids and the grid,
such that a privacy-preserving operational framework is
needed.
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HPEE=AMKE : (1) IBEERBEESSE
FEr At & = RAV SRS - BATiRD —EsEE AR AR
ZRIETAE F RO BEREREERME , (2) ME
ABEEUET  WAREREER - BILEHRET
NWETEEATAEA ; (3) MEMEREL
@5 - FIRECHERAZEBREHREIEEZE
TREBREBARE - FHIFEERT— B2 HERAR
RS BITIR -

Besides operating in single mode, different microgrids
can also be connected to operate together. The major
features of the next-generation power grid include more
distributed power generations especially from
renewable energy sources, and decentralized operations
of the power grid in the form of microgrids. As shown in
Fig. 1, these microgrids are often interconnected and can
exchange energy and information with each other.
Different from the centralized operational paradigm,
microgrids are operated by independent microgrid
operators and hence have their own local interests. It is B —. GRYEEET -

essential to understand how to make optimal decisions Fig. 1. System of Interconnected Microgrids.
for the planning and operation of microgrids.

HHEASCEK Related Papers:

e Hao Wang & Jianwei Huang. (2018). Incentivizing energy trading for interconnected microgrids. IEEE
Transactions on Smart Grid, 9(4): 2647 - 2657. [Link]

¢ Hao Wang* & Jianwei Huang*. (2016). Cooperative planning of renewable generations for interconnected
microgrids. IEEE Transactions on Smart Grid, 7(5): 2486 - 96. [Link]
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https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST5%20-%20Wang%20Hao%20-%202018%20(Updated)%20-%20Incentivizing%20Energy%20Trading%20-%20IEEE%20Trans%20on%20SG.pdf
https://sse.erg.cuhk.edu.hk/sse/sites/default/files/public/TT/ST5%20-%20Wang%20Hao%20-%202016%20-%20Cooperative%20planning%20-%20IEEE%20TSG.pdf

o B4 EER 22 E AV Z X M Diversity of Renewable Energy Generation
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To address the first challenge, we
developed a data-driven method to
model the distributions of
renewable energy generations over
multiple locations. We used
meteorological data to calculate the
solar and wind generation scenarios
of seven locations in Hong Kong
shown in Fig.2.
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Fig. 2. Scenarios of renewable energy generations in locations: King’s Park
(KP), Tai Mei Tuk (TMT), Sha Tin (SHA), Sai Kung (SKG), Tate’s Cairn (TC), Tai
Po Kau (TPK), and Waglan Island (WGL).
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The results show diverse profiles of renewable energy generations in terms of technologies and locations, validating
the potential economic benefit of cooperative planning of renewable energy generations.

SFREIAENRUKEBLE
Performance of Cooperation Planning and Data Security
ATHROMYMEENEE  RRERKSE (2) M (3) - HME

B —EHRBUBTHERARNSIERENSFETLR - B
REER - B TR EEm . - HPRRET B TER A ST
% - LB BMEBERNSFREEMSHLERNEERE - FRKA -
SRS RAERESEN B IRE M AE35.9% - ST INERNSIFE © o

o
7 BME— SR T RETHNBEERTN hREE . m | e B B Be
B=FfnT S BEHERSEBCEESNEEISMCERE - I o PERERE ST
REZRINTEERGRTE - HERRIPMIRBEAEFEMERZE e Ilru W?
MRS EMREMERETPNEERT - TS EMUERZRA wmE | S el Y
R 7 —EERER - DBRTBEAEREENRENRAE - M AR &
NRGEEZN SN ERERERAPHMISRET R TIKE - | ——me - gn
To enable such a cooperation among microgrids and address the second
and third challenges, we developed cooperative frameworks for the B=. M EABESSER(E D -

planning and operation of interconnected and self-interested microgrids.
Specifically, we designed a fair cost-sharing scheme to split up total
investment cost using the “Nash bargaining solution”, which incentivizes
proactive participation of microgrids toward socially optimal planning of

HEAAEE(ESNREREN
BRER  DRBRZBHEZIR
%) -

renewable generation. Such a cooperative planning method can save
the total investment cost by 35.9%. We further designed a distributed
energy trading algorithm shown in Fig. 3. Our algorithm can protect the
privacy of microgrids in a way that each microgrid optimizes its energy
trading and scheduling by itself and only reports external trading bids to
a virtual energy clearinghouse for the settlement. The trading algorithm
sheds light on the design of transactive energy markets for distributed
energy resources over power distribution networks.

Fig. 3. Energy trading algorithm for
interconnected microgrids (in which,
microgrids optimizes its internal power
scheduling and only reports external
energy trading).

BEZIEHEM E=pE
More information o 42
[=]r:



https://sse.erg.cuhk.edu.hk/sse/node/272

13. saebaREEA 24

ER#ZE 2R Professor Dah Ming Chiu
BEPXAREEFEREIRESA

Email: dmchiu@ie.cuhk.edu.hk

I8 B3B8 Project Description

hARMBERRENISEFIEESRERIKMNTE - &
FRA300EREERELE r BUNEREER - i
VRVZRZ4 - BKRZFERAHEBRBNERR L
ZERTENZSK  BIBENAEREE - BXREE
=EENEE - R5t 7 S bEREREEMA LA
# " A2 Power, (BE=) - AEEESEER
HERLIE - #BABEHEARESHNEET KERE
B IAEREERLEEKERAE (BN ) -
BEBBUR 24 o rEECHHAESEEM
BEZMLEERESHRE  ELXBEEEHEE
7% REIXEH -

LWS College actively invested in smart buildings. They
installed individual smart meters in all 300 dormitory
rooms, as well as monitoring system in VRV air--
conditioning systems and hot water systems in public
areas to measure all electricity consumption data
digitally. Based on the dormitory usage these data, the
research team helped build a smart online energy
management platform “Woo Sing Power” (Fig. 3),
which provides instantaneous feedback to each room,
raises the awareness in the students of energy
consumption and conservation and assists
administrators to find opportunities and policies to
save energy (Fig. 4). Users are able to know their
usage pattern compared to others which encourages
good behavior towards energy conservation and
carbon footprint reduction.

T #12 Power .,
Smart Energy Management Online System: “Woo Sing Power

Department of Information Engineering, CUHK

»

Bl— ZERENEEREaE
300fETEEEBMNELEER © wmmusass -

B_. EREEAN/N

Fig. 1. The smart meters that
were installed in all 300
rooms of LWS hostels .

Fig. 2. The octopus
card payment system
at LWS hostels .
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Fig. 3. The Smart Energy Management Online
System “Woo Sing Power” .
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Fig. 4. User interface of "Woo Sing Power”.

1. & J1FEF Electricity Utilization
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1B¥t 53 #483% Group-based Feedback System

Bt REHECHWHAEERRFEREE =
REEERA TIEREER,  AEREBENRE
KFE - BEUBERRS ; o2 - WKFEEE
FEHLESER  WRBEREXREAPHE

FENFTE - UL - BRBRE S HAERS
BEBCHHEBEREAEMRIENER : MEXTH
BRI LUE RS N EARLHER - 85 T,

fohy ~ TEBE, R TE. c BERRRENE
RABRKNBIEHERS - BHERDZAEMBR

HEMS  ARRKRFE ; WUIDERBER - 118
NGB - BEIMRIBIL A 4RET S HBREER

fl - WEURREEMERBUNRMEETS -

Traditionally, there is no such feedback for users; and,
the monthly pricing scheme in the College is based on
“Progressive Pricing Policy - when the usage reaches
certain threshold, usage is charged at a higher price.

However, it is never clear what the right threshold for
higher prices is, and the weather influence (hence user
need) is not taken into consideration. In view of this,
“Woo Sing Power” introduced a group-based feedback
system to allow the users know their usage pattern
compared to others: Users are grouped daily according to
similarity of their usage behavior into four relative groups
— “Energy savers”, “Moderate users”, “Above majority”,
and “Heavy users”. On a hot day, the air condition need is
high, so overall energy usage is higher, but users still get
feedback on their relative usage compared to their peers.
The data driven approach makes this scheme more
objective and practical. The research team further
proposed a pricing scheme based on the same group-
based feedback system. The whole idea of group-based
feedback and pricing relies on the idea of social norms to
encourage good behavior towards energy conservation.

Hard Decision Usually not Fair

A B c D S E
X
5% MNext 10% MNext 70% Next 10% Last 5%
Proposed method by CUHK Team:
Optimal K-means é
jiva

which is not fair The proposed method by the team

Grouping Results of 2015-12-24
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ol— R ; ;
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B f. B4t 4K (Hard Decision) B4R IR F BHEABBILES - BBRREBEMHEB A RBHIRFS
- LEEARAYE - EBEEKBR Optimal K-means 73/A S B2 R X RBEE -
AMRUEBEMETHHE  SHERABEMERUENREESERIE—A - AR ARRE -

Fig. 5. The traditional grouping approach (Hard decision) rigidly assigned users groupings by group size only,

FEEMIRIBRIEMHETT

(Optimal K-means) is validated by literature in

dynamically grouping the users according to their similarity of user behaviors, regardless of group size..




B ELLE Energy Saving Competition

2017F2R 248 - BEBERES2RKRT VT 28BEE - SR FHEE - tUEARREAGBAZEREERER
SMD B - LEBGEREN - EZRARIBRANE T  RIBEEEH LR2FH20MEEE R EER280E/ER -
HAABEIIAIEER - BAIENTFIIERE (442 kWh) RBEZE (7.66 kWh) BITUAL (K942.3%) - TR E70

EEBMNEER - aBEEAMER (B7N) - MEIEMEIEEE - MEERNEREGERTE - REMASBRIL 7
RIFAYPELE

During Feb — Apr During Feb — Apr 2017, the team designed an energy saving competition for the students. The
competition points were obtained by both good energy saving behavior (measured by the group based ranking),
as well as the frequency of logging in and viewing the daily feedback. During the month (Feb to Apr) when the
weather was getting hotter, it was found that although both the participant group (N=20) and non-participant
group (N=280) have an increase in electricity consumption, the average increment of the former (4.42 kwh) was
only around 42.3% of the latter (7.66 kwh), which showed that the participants had a higher awareness in energy
conservation (Fig. 6) and actually saved energy. The LWS College trial project is setting a good example for the

whole university.

c
2
=)
(]
e
E
=
>
)
S
|
e
()
2
Ll
BE
~
[y

50

= & DAEEEE R B
§ 45 Active participants (N=20) 43.48 16 E Average
EI,;“ c == i fif 5 increment:
= o Other rooms (N=280) 7.66 kWh
= & 40
W E 35.82
0 € 35 i1 FAverage
S 32.78 .
IHHJ o increment:
HE E 30 28.36 4.42 kWh
[
>
o

25
The month The month

before competition after competition started

HEA—EA  LERGE—EA
B ENBEREELET  SHERENHAESIE
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Flg.'6. Result of the energy saving competition showed, FZIEEEN

during the month (Feb to Apr) when the weather was L )
More information

getting hotter, it was found that although both the
participant group (N=20) and non-participant group
(N=280) have an increase in electricity consumption,
the average increment of the former (4.42 kwh) was
only around 42.3% of the latter (7.66 kwh), which
showed that the participants had a higher awareness in
energy conservation.

+HEA S Related Paper:

e Lei Zhan* & Dah Ming Chiu*. (2015). Encouraging Energy Conservation in Campus Dormitory via Monitoring
and Policies. e-Energy '15 Proceedings of the 2015 ACM Sixth International Conference on Future Energy

Systems, July 14-17, 2015, Bangalore, India. [Link]
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FIEBN : XIGeEEEG RSk RREAT 2 EREREMER
Subtopic 6: Laboratory and Field Demonstration of MGs with PV Modules and Smart Storage

14. sRTASRENTAERE QE
Smart Microgrid Laboratory at The Hong Kong Polytechnic University q&

FrRREE

Professor Zhao Xu

BEETABEK TEEA

Department of Electrical Engineering, The Hong Kong Polytechnic University
- Email: eezhaoxu@polyu.edu.hk

>

2EEEMAEFIERER cHASE BRI E BN EZMNERER
First-of-its-kind Laboratory Microgrid Platform and CHASE Algorithm
Implementation

MAEEBANRMAENNSUER - EXEEREEMNE
MERZEENN - MEENRBAEREHRERS kK - 2288 E
MBEHERTe  BEEE4kw (HMERRE— - BER

BRE) - BEL LabVIEW S4- 5% 7 EBEBRETE R
# - B - FARESEREMEHREBNERERYS -
BrRrZEHARERESR ; Hd - PARBEHREKFH R
HWCHASEERREEEAEHEUFARE « MINRE -
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The research crew has been aspiring excellence in the study of
efficient utilization of electricity. Their microgrid experimental
laboratory platform - a holistic integration comprising - == = e .
photovoltaics, energy storage and optimization dispatch e \\(\\ —
components - is the first-of-its-kind in Hong Kong, with total B ' o .

capacity of 4 kw (See Fig. 1 for the laboratory outlook and Fig. 2 B —. EfEMEEERENING -

for the network architecture). The team established the smart Fig. 1. Outlook of the laboratory microgrid
real-time monitoring system using the software LabVIEW. platform.

At the same time, it acts as the
implementation verifying platform for various
online experimental dispatch and control
strategies, with control cycle as rapid as 5
seconds. Here, the CHASE online energy
generation scheduling algorithm developed

: | by Prof. Minghua Chen from CUHK was

SR — successfully verified.

—
-

Intelligent Micro-grid EZEEEN

Led by Prof. Zhao XU

More information

B_. EXEENEEMERAERZETABRRBZER -
Fig. 2. Network architecture of the laboratory microgrid
platform established by the team.
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15. sufbstEn A RIER K
Granular Probabilistic Interval Forecasting
SHEINEENRERYE - MEMAP I BERERNEEN
BV ERTRAIA TSR - —EEEATRAIREEESM
SRARMUBEANEZESN  HIWRKREHEEEW
EHIANFEEZRE - Hop - NHESTER AN R TR R il
WARB—TEREERENSGE - BEE L - HAIFERE
FEARREENRE - SIEBAEHNFEEAMEEN R
EERUARMERERANEAEBHE LRI LR - RE
Z 0 UL HIEAR BRI S RES - (REBAE M O SEIET -
BEXEEFEERANEEE  WE 7SO ERE
ARG - FARERER - EULSHER BRI REES
FNERS - PREENTEERI0%MTEAE E 4T o
MIBEIO%ERIE - FERZA A FEOSE (BN ) -
ZEMEMINEEBRAN AR TR REREEIEN
MR FER - BAREAZERARKEGREKEMOE
FRERITIEMR L -

Forecasting the generation and consumption of electricity is
essential to achieve energy efficiency. An accurate
forecasting strategy can provide important information for
supply and demand pattern to the microgrid, assisting
policy makers to devise suitable control and dispatch
strategy. Here, granular probabilistic forecasting technology

B1E{X{E In collaboration with:

AR

A ) 4

#F il 3 5 £

HoMa Kong OBSERVATORY

has been shown to be a promising approach.
Actually, all forecasting approaches involve errors.
Probability forecasting is able to reflect different
levels of errors by prediction intervals, thereby
allowing policy makers to deploy a suitable control
strategy to guarantee economic and reliable
operation. In collaboration with the Hong Kong
Observatory, the team developed high-performing
granular probabilistic forecasting technology. (In Fig.
4, the high reliability of the approach was verified by
the 90% confidence level of the 15-minute interval
prediction results of solar irradiance, which means
90% overlapping of observed values) This technology
has been successfully implemented in the short-term
probabilistic forecasting of the solar irradiance data
of King’s Park at the Hong Kong Observatory, and is
applicable to solar and other renewable energies in
future.

BZIREEM

More information

B =. B Matlab BRE&ETROBERERTER 241
(FSRE) - BUKHMERT E R ARRIBER IR 30 SRR K

BEocha

Fig. 3. Using the Matlab software, the team developed
the Forecasting System for Renewable Energy (FSRE)
for forecasting solar irradiance using granule-based
interval technology.

980

Solar Irradiance(W/m/m)

280 -

o
6:00 8:00 10:00 12:00 14:00 16:00 18:00
Time(UTC+8)

BP0, L 15 788 7 E R0 6 B 8E s il 45 R
4 FREENTEER 90% WIEAIEE 4T
oJB % 90% WERIME - FRRZ A ASFE TS -
Fig. 4. The 15-minute prediction intervals of solar

irradiance via the granule-based model have a
nominal confidence level as high as 90%.

O Z#EE 7 Available Patent

distribution.

-

forecast.

Granular Predictor for Probabilistic Intervals Construction
(Patent: CN201610537237.2)
* No need of pre-assuming the predictive
Both stochastic uncertainty and knowledge

uncertainty can be well captured by this predictor.
e Fast learning speed thus being applicable to online

+HRE Bk Related Paper:

¢ Songjian Chai*, Zhao Xu* & Wai
Kin Wong*. (2016). Optimal
granule-based Pls construction
for solar irradiance forecast.
IEEE Transactions on Power
Systems, 31(4): 3332-3. [Link]
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16. 2 asEESRERa TS

First-of-its-kind Smart Demand Controller in Hong Kong

HIARRERREEN ML EZETHERR
R - Bl BRENERGBEENRAHEEHIE
TEBFEHE - AFHENERRINM SRR ESE
REEROEERSENESEERAHZHE -
o HEARREERMEREMN (HW—RER
RN REGHEEXREER (BR) - IHE
HlZR R BRSNS EBEREE - ERRBER -
YEFFEZER T ; ERAARKER - AERKE
HEE - ICEFIBREEER P A D BERFENET -
HEEEERAGNTREFEEAN - kF6 - ZHRA
RKREABREEREARLQBRERTZENES -
IFEES EALLERIEE - U6 - MEREBHRTE -
EBFRIONEERENMEERSOLREE - BA
THIRIREN A EEL H o] UK IR SR
K- IEEEHI R EER B EEERNREETH

Frequency stabilization is the key factor to ensure
power system operation safety. Conventionally,
frequency regulation is generally provided by the
generation side at high cost. The team successfully
developed a real-time smart demand controller, the

first of its kind in Hong Kong, which can be applied in
different home appliances, in sizes as small as a
regular credit card, which is very suitable for home
use in Hong Kong (Fig. 5). Thanks to the devised
controller, the home appliances are able to
contribute to frequency stabilization in real time.
That is, non-critical appliances are switched off when
frequency significantly drops, and rapidly resume
power supply once the frequency is restored. This
controller can share the load of frequency
stabilization from the user side, bringing great
benefits to the entire microgrid system. Its fast
response and high controllability make this controller
very suitable for application to large home appliances
like refrigerators, air-conditioners and water heaters.
In contrast to the conventional way, the approach
suggested by the team not only improves

the response rate, but is also environmentally
friendly and substantially reduces costs. Widespread
application of this controller holds significant
potential for supporting system frequency stability in
Hong Kong.

B EERaHEAIREEA ) - kS
#BoEEXRERER -

Fig. 5. The smart demand controller is as small
as a regular credit card, which is very suitable
for home use in Hong Kong.

—

B /x. FriREEOMEEK -
Fig 6. Research team of Prof. Zhao Xu.

EEICISEE

More information

TEHEBRANA
Tudou Video
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~&2]E B Field Demo

A EMAGRE

B3R Milestones

H 2016 £ - KIEREFBPCAL
MBERGIF - ESMaIIbE K E
JBERERSEEM - MERERAIEH
Weg 2 BEREREN ARV -

« ZHT 396 R CIGS KFFHEMR -

,ﬁ’h“ 30 &7t - AxER ﬁﬂmﬁ%ﬂ%‘:‘é 5
B mEAEE35kwp o

o EXSBINER T LA 130 ETh
AR AR B T | -

« R2017 £5-8 AWIEEHRR - &
WA HFEEMNE N 13,600 E (16
Bz 9,360 E KR 4,240 &) - &
REEXE® 15,400 JT

- HItHEE  2B/N0E—FAARS
|3H*H'\ ’]PIL%JEEE'E

« FLIERENEBANRHAEE
(57 BEE) 578 - 2 HENSE
SEXNLEREHEEMN2.4%

AR - BB HEESREE L EHNHR

R - DIEEEREARD AR AESNE

PEENERAREZEE -

BEEEA

SREREIRTE ZMERE M ER
Field Demonstration of Microgrids
with PV Modules and Smart Storage

B1E{X£E In collaboration with: :

Since mid-2016, the project
collaborated with the Lee Woo
Sing College of CUHK by
establishing a field demo at the
north and south rooftop of
student hostel. The installation
validating the performance of
the renewable energy system
derived from the project:

* Installed 396 pieces of CIGS solar panels (Around HKD 300,000), funded by
TRS. Peak capacity reaches 35 kwp.

* The College invested another HKD 1.3 million for the mounting hardware
and electrical work of the solar panels.

e During May — Aug 2017, 13,600 kWh of electricity was generated (North
block 9,360 and South block 4,240), equivalent to around HKD 15,400.

* Hence, the system is expected to save around HKD 40,000 electricity fee
per year.

e This amount is around 2.4% of the total power consumption (570,000 kWh)
of the entire College.

In the future the project is going to further explore even more breakthroughs,

with the ultimate goal of integrating diversified systems for high-performing

smart microgrids.

BhEssmURPANBERIEENKIGEEZ
The background of the photo is the solar system fleId demo LWS rooftop.

ENGIN =3 U

(&) PRIEBREBRRETEFHE (RIEE
. 8 ERIBEAREAIURMMERZGE - B
,..\Ifrzﬁi,%mlﬁfl?“ﬁfgﬁiﬁx URMEER

. BIRRREFEHE

(From left) Prof. Wong Ching-ping, Dean of

' Engineering, CUHK; Prof. Dah-ming Chiu, Emeritus
Professor, Department of Information Engineering;
Prof. Minghua Chen, Associate Professor,
Department of Information Engineering; and Prof.
Yeung Yam, Associate Master, Lee Woo Sing
College.
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About the Lee Woo Sing College, CUHK 12 q Lee Woo Sing College

FARBEPXAE - IBER

BEHEEEEPIABEREABPBBIBIE - B 2012 FABE
RUANEHE - Bz —ENARNERE - PAEARGIFARE
BN - FATI T B AAER - 12007 ERIOTBER - EER
h— -

Collegiate system is the unique tradition of The Chinese University of
Hong Kong (CUHK) among the local universities in Hong Kong. To cater for
the addition of students upon reversion to a four-year undergraduate
curriculum in 2012, five more new Colleges were established in addition
to the four existing Colleges. Lee Woo Sing College, one of the five new

Colleges, was set up in 2007.

NEER—ERDHEGEEENIRIR - €8  The College is committed to green management and
BINAREBNZIERTHITEZIRIRITET  education, and is the leading green College in CUHK. Being
E - (EBRERNRRLMESLE - EREZ  apioneer of implementing green technologies on a

HHETEBEEGHNNIBEERN R - university campus, they invented and installed a number
PR SEBEMIRRRR - HBI—FroJi58&EE  of first-in-Hong Kong energy saving and renewable energy
RS - systems.

MEBEEE The Green Measures

. EHEREBELEEE HEHZG * First-in-Hong Kong hostel smart meter

o THEREESMECIGS KGERE A% * First-in-Hong Kong high-efficiency CIGS solar energy

o ZEBBEEZXLED BABZ4A system

o EXUBEPRENIGIE ZRR] * First-in-Hong Kong plasmonic crystal LED lighting

. EBEERZERER/NAEAESIE * Heat-reduction glass coating

e HIFEEREERETHER * In-room energy-saving ceiling fan and mini-refrigerator

. HIEMBEERRAESTEER * Energy-saving appliances and electric cooking

o EMEEiEd\EEREGEEEH * Green courtyard and roof-top planting area

. THIEREEYS MDY * Canteen waste reduction and processing scheme

o FEAEFEAMFEIE * Waste classification on all floors

e Green life ambassadors

‘GOl" #&%ERE 2015
MBEREFBPINABRERI K AFEZER (CPSO)
BL GOl #eRBihr "EERRERTE, - TEEER
B TIRREY . =@BERPRIEEZE - iR2015F6H5H(£H
) PXABHBERRRBBIEBE FBRTHBESMN -
ERERZHEFIREA -

‘GO!" Green Award 2015
Lee Woo Sing College has been recognized as a winner of the
‘GO!" Green Award in the “Overall Green Actions”, the “Energy

FIEEEREY Conservation” and the “Green Purchasing” categories by the
HAETRETAE CUHK Campus Planning and Sustainability Office. A brief award
More Information of presentation officiated by Prof. Fung Tung (Second from right),
Energy Saving Work Done Associate Vice-President, CUHK, was held on 5 June, 2015

in LWS College (Friday) in celebration of the World Environment Day.
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IR EN (Bifk) Publicity Activities (Selected)

T {Eth Workshops

CUHK Energy Day 2014 CUHK Energy Day 2015 Smart Materials for Solar TRS Project Workshop for

B E Exhibitions

Energy Harvesting Energy Storage 2017
Workshop 2016

Inno Carnival 2014 Exhibition on International ICT EXPO  The First China University
Scientific and
Technological

Achievements Fair 2017

Germany's Energy 2017
Transition 2016

China (Dongguan) Guangdong International TRS Public Symposium 2017

Science & Research Applied Science & Technology
Institution Innovation Trade Expo 2017

Achievements Fair 2017

Meetings and Visits

-

¢ pehdy:
Disting ff‘héd ;

Visit by Prof. Steven Chu, Distinguished Lecture by Distinguished Lecture by

Nobel Laurate in Physics 1997 Prof. H. Kumar Prof. Rodney S. Ruoff
19 Oct 2016 Wickramasinghe 19 Jan 2018

8 Jun 2017 51
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& {E COLLABORATION

ABEHZEEMECSHEAR  HMREAREESEKIBLAZEGHFHE - ERERMRREBLERSER
Em&R - BEdE  SRERKFERERARMRIFLEER - APt EIFRATHEE - BMAB+oE0D -
Various results from the project achieved remarkable records. We are seeking collaborative partners for various
kinds of collaboration activities, with the ultimate goal of converting R&D into quality products and services,
contributing the well-being of the society in applied technology in renewable and new energy. We welcome

collaborations from various stakeholders.

22 CONVENE
& 1F COLLABORATE

{15 CATALYSE

AERH HEZRAL
University R&D ' «‘ Various Stakeholders
L) %
o,

52 {5 CONVERT

IR A hEE R ER R
Applied Technology in Renewable and New Energy
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E £ 838 Funding Opportunities

BEWNRIL 7 ZEARNRERES  XHFHABETIBEFRENASERER  SERARMAR EEIRIE
BN -EENEHGFEN  BREAEEBRES  ©EANHBEEENEFERARTKTE  TAREHEFEIAEZEM
The Hong Kong Government established various kinds of technology funding to support R&D and applications of
innovative technology, aims to increase the added value, productivity and competitiveness of our economic activities.
The Government hopes that, through thse, Hong Kong companies could be encouraged and assisted to upgrade their
technological level and introduce innovative ideas to their businesses.

B%TDXTE% ' %ﬁg1ﬁlﬂgﬁﬂl‘]§§ﬁ”‘g$§§ ° Ei't%%%i%“%%ﬁg . https://sse.erg.cuhk.edu.hk/sse/node/85

There are other kinds of funding available. For details, please visit: https://sse.erg.cuhk.edu.hk/sse/node/85

BEHMARIMEERE - BIMEREES o Innovation and Technology Fund

Innovation and Technology Fund (ITF) Innovation and Technology Commission

Innovation and Technology Commission (ITC) The Government of the Hong Kong Special Administrative Region
ITSP (Tier 3) projects B 1EF T Mode of Collaboration

For projects that are exploratory & forward-looking in nature. E=—[EIER : ATEWIENE
Funding cap: HKS 1.4 million E£_REIER AT ERM 10% 51
Project Duration: Not more than 18 months 50% BB (IRENEMET ) -
Call for application: March and September every year Tier 3 projects: Company sponsorship
ITSP (Tier 2) projects not mandatory

For projects that are Industry-oriented, with potential for commercialization  Tier 2 projects: Company sponsorship
in nature. of 10% or 50% is mandatory (Cash or
Funding cap: HKS 30 million in-kind are accepted)

Project Duration: Not more than 24 months
Call for application: March and September every year

BEHFEHBERE - BIREEES ol
Innovation and Technology Fund for Better Living (FBL) :"' - . ) —
Innovation and Technology Bureau (ITB) —\ %d $:|' i :% E &

Main features:

a) Projects should be able to benefit the public at large or specific groups,
and should be in line with government policies

b) Projects should involve the innovative application of technologies

c) Project themes include daily living, education, environment, health,
safety, transport, etc. which can benefit the community

Funding cap: HKS 5 million

Project Duration: Project deliverables should be rolled out within 12 months

and run for at least two consecutive years after roll-out (except for projects

that are one-off in nature)

Call for application: Throughout the year

S 1EF X Mode of Collaboration
ERERIB AR ARV RIEE A2
X 10% ( CIZREFTE S -
FRETHHE W= - F=HEHE) -
Applicants have to bear no less than
10% of the total project cost (e.g.
funding from the parent
organisation, expected sales
proceeds, third party sponsorship).
(Cash or in-kind are accepted)

R EZE £ Research Impact Fund (RIF) U,——wC NEHREEM RO ®
(W §

University Grants Committee

Objective: S 1EF X Mode of Collaboration
a) encourage local academics to consider and articulate the potential of TEBFTWAZBR) 30% £8) - oA

research to deliver benefit for the wider community; FEEERM (KB ¥R . L
b) encourage more impactful and translational research projects; and FE LA BT ) -

c) encourage a greater volume of collaborative research beyond academia.  The mandatory 30% matching
Funding cap: HKS 3 — 10 million from RGC (Another 30% matching fund from  sypport can be contributed
university, industry, non-governmental organizations, stakeholders or private  cq|lectively by universities, industry,

donation) NGOs or private donation etc.
Project Duration: 3 — 5 years



https://sse.erg.cuhk.edu.hk/sse/node/85
https://sse.erg.cuhk.edu.hk/sse/node/85
https://www.itf.gov.hk/
http://www.ugc.edu.hk/eng/rgc/funding_opport/rif.html
https://sse.erg.cuhk.edu.hk/sse/node/85
https://fbl.itb.gov.hk/

EFI#=Z 4 Patent Licensing

N EREHENEEMORMENIEE  FEAEQIEBLEES -
If your company is interested in licensing our technology patents, please contact us for further
information.

1. Prof. Xudong Xiao , Novel design of barrier layers for deposition of CIGS thin film solar cells on metallic
substrates. (CN201410203029.X)

2. Prof. Xudong Xiao, System and Method for Laser Scribing a Solar Panel and the Solar Panel (US 15/455376 e
CN 201710141357.5)

3. Prof Shih-Chi Chen, Roll-To-Roll Printing Systems and Methods for Fabricating Print Roller (US14/057,320)

4. Prof Shih-Chi Chen, Positive Microcontact Printing (US9,575,226)

5. Prof. Jimmy Yu, Photocatalytic CoP,-loaded Red Phosphorus for H, Formation from Water (US 8,940,656)

6. Prof. Jianfang Wang, Converting infrared light into visible light using lanthanide-sensitized oxides
(US14/279,128)

7. Prof. Dongyan Xu, Methods of fabrication of flexible micro-thermoelectric generators (US 2017/0345989)

8. Prof. Yi-Chun Lu, High-Energy-Density and Low-Cost Flow Electrochemical Devices (US15/371,466

CT/CN2016/109055 » CN201680002631.4)
9. Prof. Minghua Chen, Energy-efficient Operation of Heavy-duty Truck (US 15/622,742)
10. Prof. Zhao Xu, Granular Predictor for Probabilistic Intervals Construction (CN201610537237.2)

/NEV KB Et 2 Trial Site Testing

HAEDERA T LUNREE S AR AN - 28BEXEZSFEN - FFRE0ERKEESN -
We welcome related industry partners to try using our technology in small scale trial sites, followed by deeper
collaborations in next phases. Please contact us for further information.
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https://sse.erg.cuhk.edu.hk/sse/node/264

Contact Us

Project URL: https://sse.erg.cuhk.edu.hk/sse/
Project Manager: Mandy Tse

Email: mandytse@cuhk.edu.hk

Tel: +852-3943-8450


https://sse.erg.cuhk.edu.hk/sse
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