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Theme-based Research Scheme

The Government set up a Research Endowment Fund (REF) with a one-off grant of $18 billion in 2009 to
reaffirm its continued support to research and development. The investment income from up to $4
billion of the REF (around $200 million per year) is used to finance research projects on specific themes
under the Theme-based Research Scheme (TRS). The objective of the TRS is to focus academic research
efforts of the University Grants Comittee-funded institutions on themes of strategic importance to the
long-term development of Hong Kong. The Scheme provides funding support for up to $75 million per
project for a duration of up to five years. Three rounds of exercises have been completed.

The Government has identified the following three research themes for the Scheme:

(1) Promoting Good Health
(2) Developing a Sustainable Environment
(3) Enhancing Hong Kong's Strategic Position as a Regional and International Business Centre

Under the three themes, 11 grand challenge topics were identified. The topics for the first and second
round exercises were:

Under the theme of “Promoting Good Health”

e Infectious Diseases
e Genomic Medicine
e Stem Cells and Regenerative Medicine

Under the theme of “Developing a Sustainable Environment”

e Water Pollution and Water Treatment

e Sustainable Built Environment

 Organic Photo-voltaic and Light Emitting Diodes'
e AirQuality

Under the theme of “Enhancing Hong Kong's Strategic Position as a Regional and International Business
Centre”

* Hong Kong's Future as an International Financial Centre

*  Promoting Hong Kong's Business Through Networking Capability

* Promoting Hong Kong as a Centre of Excellence for Business Services Innovation
e Entrepreneurship and Enterprise Organization

Public Symposia

Public symposia are held to communicate and share the achievements of the TRS projects amongst the
research community and other stakeholders. This is the first round of symposia which covers the 11
projects funded in the first and second rounds of TRS in 2011/12 and 2012/13 respectively. The total
funding awarded for the 11 projects under the first two rounds was $451 million.

1. Changed to "Energy Harvesting, Conversion and Conservation”in the Fourth Round
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RESEARCH GRANTS COUNCIL
Theme-based Research Scheme (TRS) Public Symposia 2013

Time Programme
9:00-9:15 Opening Ceremony
Venue: RHT
Theme 1 - Promoting Good Health Theme 2 - Developing a Sustainable Theme 3 - Enhancing Hong Kong's
Environment Strategic Position as a Regional and
International Business Centre
Presentation Venue Presentation Venue Presentation Venue
9:20-10:00 T12-403/11 RHT | T23-713/11 KB115 | T31-717/12-R KB113
The Liver Cancer Genome Challenges in Organic Enhancing Hong Kong's Future
Project: Translating Genetic Photo-Voltaics and as a Leading International
Discoveries to Clinical Benefits Light-Emitting Diodes - A Financial Centre
Professor N. Wong (CUHK) Concerted Multi-Disciplinary Professor D.W. Arner (HKU)

and Multi-Institutional Effort
Professor VW.W. Yam (HKU)

10:00-10:40 | T12-404/11 122-715/12-N 132-620/11
Massively Parallel Sequencing of Sustainable Lighting Transforming Hong Kong's
Plasma Nucleic Acids for the Technology: From Devices to Ocean Container Transport
Molecular Diagnostics of Systems Logistics Network
Cancers Professor S.Y.R. Hui (HKU) Professor C.Y. Lee (HKUST)

Professor D.Y.M. Lo (CUHK)

10:40 - 10:55 Break

10:55-11:35 [ T12-705/11 RHT | T23-612/12-R KB115 | Poster Session RHT
Personalized Medicine for Cost-effective and Eco-friendly (10:55 - 11:25)
Cardiovascular Diseases: From LED System-on-a-chip (SoC)
Genomic Testing and Professor KM. Lau (HKUST)

Biomarkers to Human
Pluripotent Stem Cell Platform
Professor H.F. Tse (HKU)

11:35-12:15 | T13-706/11 Poster Session RHT
Cell-based Heart Regeneration
Professor R.A. Li (HKU)

12:15-13:30

13:45-14:25 | T13-607/12-R RHT
Stem Cell Strategy for Nervous
System Disorders

Professor N.Y. Ip (HKUST)

14:25-15:05 | T12-708/12-N

Functional Analyses of How
Genomic Variation Affects
Personal Risk for Degenerative
Skeletal Disorders

Professor K.S.E. Cheah (HKU)

15:05-16:05 Poster Session

Notes:
1. RHT: Rayson Huang Theatre, The University of Hong Kong
2.KB113 & KB115:Rooms 113 & 115, 1/F, Knowles Building, The University of Hong Kong
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Theme 1 - Promoting Good Health T12-403/11

Grand Challenge Topic: Genomic Medicine

The Liver Cancer Genome Project: Translating Genetic
Discoveries to Clinical Benefits

Project co-ordinator: Professor Nathalie Wong
The Chinese University of Hong Kong
Participating Institutions: CUHK, HKUST, HKU

Liver cancer is a highly aggressive tumor that is prevalent in China and Southeast Asia. An annual incidence of
~320,000 new patients has been reported, of which >50% occur in China. In Hong Kong, the mortality incidence
from liver cancer is ~1,450 cases per year and it currently ranks the 3rd leading cause of cancer deaths. The dismal
outcome for the majority of individuals diagnosed with liver cancer is largely attributed to (i) the lack of early
diagnostic markers that render patients diagnosed late in the clinical course of disease progression; and (ii) most
patients show low therapeutic efficiencies, which consequentially lead to an inferior survival prospect. The median
survival for the majority of patients is estimated at about 11 months.

Like other cancer types, liver cancer is also a genetic disease. In the areas of liver cancer genome research, clinical
diagnosis and treatment of patients, Hong Kong's researchers have broad and extensive experience. Since the 2011
exercise of the Research Grants Council Theme-based Research Scheme (first-round), Prof. Wong and research team
have begun to comprehensively delineate the DNA and RNA sequence abnormalities in this cancer. The Project
is a joint collaborative program of clinicians and basic researchers from The Chinese University of Hong Kong,
The University of Hong Kong, The Hong Kong University of Science and Technology, Beijing Genomics Institute
- Shenzhen and The State Laboratory of Oncology in South China. Understanding that current limitations in the
clinical management of liver cancer patients is largely due to the paucity of information related to its malignant
transformation from liver cirrhosis and the biology of liver metastasis, this Project proposes to conduct large-scale
genome-wide analyses to define genetic events which discriminate tumor from cirrhosis and progression to
metastatic disease. The deployment of innovative next generation sequencing will offer unprecedented depth,
speed and capacity to widely elucidate somatic variations at the genome and transcriptome levels. The instigation
of this ‘Liver Cancer Genome Project’ will have strategic importance in cataloguing the genetic blueprint of liver
cancer which in turn will provide the foundation for research into identifying targets for therapies, biomarkers
for early diagnosis, and prognostic indicators for predicting recurrence. This program is also expected to make
significant impact in developing effective disease control strategies for this commonly fatal cancer.
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Theme 1 - Promoting Good Health T12-404/11

Grand Challenge Topic: Genomic Medicine

Massively Parallel Sequencing of Plasma Nucleic Acids
for the Molecular Diagnostics of Cancers

Project co-ordinator: Professor Dennis Y.M.Lo
The Chinese University of Hong Kong

Canceris the top killer in Hong Kong and many parts of the world. The lack of effective tools for the timely detection
and dynamic monitoring of cancer has hindered efforts in combatting cancer. The Project Team is a world-leading
group in the biology and diagnostic applications of plasma nucleic acids. The advent of massively parallel DNA
sequencing has created a paradigm shift in genomics research. The group is among the first to demonstrate the use
of massively parallel sequencing as a diagnostic tool. The group has pioneered a number of novel approaches for
applying massively parallel sequencing for the detection and analysis of plasma nucleic acids at an unprecedented
level of sensitivity, resolution and comprehensiveness. Tumour-derived DNA molecules have been known to exist
in the plasma of cancer patients. In this project, the group proposed to develop technologies for applying massively
parallel sequencing of plasma nucleic acids as a detection and monitoring tool for cancer. The team aimed to
develop technologies that would allow a non-invasive genome-wide scan of cancer-associated genetic alterations
in plasma. In a first study accomplished by the project team (Chan et al Clinical Chemistry 2013; 59: 211-224),
the team achieved the genome-wide profiling of copy number aberrations and point mutations in the plasma of
four patients with hepatocellular carcinoma and a patient with synchronous breast cancer and ovarian cancers. By
detecting and quantifying the genome-wide aggregated allelic loss and point mutations, the team determined
the fractional tumour-derived DNA concentrations in plasma and correlated those values with tumour size and
surgical treatment. The team demonstrated that the approach was useful for the analysis of complex oncological
scenarios by studying the patient with two synchronous cancers. Through the use of multi-regional sequencing
of tumoural tissues and massively parallel sequencing of plasma DNA, plasma DNA sequencing was shown to be
a valuable approach for studying tumoral heterogeneity. The team believed that a plasma-based approach for
genome-wide scanning of cancer-associated genetic aberrations would allow the development of generic cancer
detection tests with broad population coverage. Such an approach could be contrasted with other approaches
available to date where only a subset of cancer-related molecular alterations would be targeted at each instance.
The project team was the first to achieve the non-invasive detection of cancer-associated genetic changes in a
genome-wide manner. The achievement was publicised by the media, for example in the Genomeweb (http://
www.genomeweb.com/node/1141026?hq_e=el&hq_m=1378254&hq_l=1&hqg_v=34f6359008#main-content).
Subsequent to the team’s publication, studies from two other groups have also confirmed the feasibility of the
approach. The project team is currently improvising the technique to reduce its costs and to assess its applicability
to other cancer types. The ultimate goal is to develop tests that enable the timely detection, real-time monitoring
and accurate prognostication of cancer. These goals, when realised, would significantly impact cancer management
and bring health benefits to the citizens of Hong Kong and worldwide. This project is also expected to generate
valuable intellectual properties which would stimulate the developments of biotechnology in Hong Kong.
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Theme 1 - Promoting Good Health T12-705/11

Grand Challenge Topic: Genomic Medicine

Personalized Medicine for Cardiovascular Diseases: From
Genomic Testing and Biomarkers to Human Pluripotent
Stem Cell Platform

Project co-ordinator: Professor H.F. Tse
The University of Hong Kong
Participating Institutions: CUHK, HKUST, HKU

Cardiovascular diseases (CVD) are leading global cause of morbidity and mortality. Despite recent advances in the
management of cardiovascular risk factors such as hypertension, diabetes, dyslipidemia and obesity, the prevalence
of CVD continues to increase worldwide especially in Asian country, including China and Hong Kong. Beside life-
style and environmental factors, blood lipid levels are under tighter genetic control than the related CVD. This
highlights the need for new approaches beyond monitoring of conventional serum lipid levels to prevent, identify
and treat individuals who are at risk of developing CVD.

In this project, we sought to discover novel genetic markers that are associated with blood lipids and coronary
artery disease (CAD) in our Chinese population cohorts. We have performed genotyping using a custom-made
state-of-art human exome chip which can detect more than 0.3 million genetic variants in human. Our preliminary
data have identified several potentially new genetic markers that are associated with abnormal lipid levels and CAD
in our Chinese population in Hong Kong. We plan to further validate these initial findings using the exome chip in
a large cohort of Southern Chinese subjects in Hong Kong and China.

In order to understand the potential important of these novel genetic markers, we have established human
pluripotent stem-cell systems that allow us to generate different human tissues, including liver and heart cells in
a dish (in-vitro). These human tissue platforms can allow us to study the relationship between those new genetic
makers and cellular function in those tissues, and thus provide novel insights into the mechanisms of dyslipidemia
and CVD. Currently, we have successfully generated patients-specific liver cells using our established pluripotent
stem cell platforms from several families with severe familial hypercholesterolemia due to genetic mutation on
low-density lipoprotein receptor that lead to premature CAD for disease modeling and drug testing. Moreover, we
also successfully create a mice model of severe dyslipidemia due to the similar genetic mutation at the low-density
lipoprotein receptor to validate our in-vitro study findings and for in-vivo assessment of the pathophysiology and
drug testing for dyslipidemia.

Based on the new knowledge that we gain from these genetic and experimental studies, we are currently
developing different novel genetic and biomarker-based diagnostic tools for risk stratification, prognosis and
therapeutic monitoring of dyslipidemia and CVD. We have identified several hormones that secreted from human
liver and adipose cells are associated with CVDs in Hong Kong Chinese. The potential clinical implications of these
biomarkers for diagnosis and prediction of CVDs will be further investigated in our ongoing prospective human
studies.

Taken together, our study should offer novel insight into the complex pathophysiology of dyslipidemia and CVDs
that can potentially translate into new approaches to personalized medicine for prevention, diagnosis and treatment
CVD.
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Theme 1 - Promoting Good Health T13-706/11

Grand Challenge Topic: Stem Cells and Regenerative
Medicine

Cell-based Heart Regeneration

Project co-ordinator: Professor Ronald A. Li
The University of Hong Kong
Participating Institutions: CityU, CUHK, HKUST, HKU

Heart diseases are a major cause of death worldwide. Loss of cardiomyocytes (CMs) due to aging or diseases is
irreversible. Current therapeutic regimes are palliative; in end-stage heart failure, transplantation remains the last
resort but is significantly hampered by a severe shortage of donors. Human embryonic stem cells (hESCs) can self-
renew while maintaining their pluripotency to differentiate into all cell types, including CMs. Direct reprogramming
of adult somatic cells to induced pluripotent stem cells (iPSCs) has been achieved. The availability of hESC/iPSCs has
enabled researchers to gain novel biological insights and to pursue heart regeneration.

Despite these promises, substantial hurdles remain for translating into cell-based therapies and other applications
(e.g., for disease modeling, cardiotoxicity and drug screening). Based on our team’s own work in the past decade,
we identified major gaps: hESC-CMs have immature properties, small physical size (~10x<adult CMs), absence of
ordered organization, poorly-defined immunobiology and sub-lineage specification, uncertain safety and efficacy.

With the TRS support from HKSAR’s RGC, we are making significant scientific and technological advancements to
address these questions. For instance, we have now developed several patented technologies for mass producing
ventricular muscle cells, engineering a range of custom-designed bio-artificial human heart tissues, from 2D cardiac
patch and “disc” to 3D cardiac “micro-hair” for high-throughput screening and more physiological human heart
muscle strips as well as chambers (a.k.a. mini-heart) that collectively serve as state-of-the-art in vitro diagnostic
tools with higher sensitivities and accuracies, as well as future transplantable prototypes. In the process, we are
also gaining invaluable fundamental insights into the underlying biology, adding values to the existing body of
literature. Such effort in the past two years has resulted in a total of over 40 publications, and a cadre of locally
trained stem cell biologists. It is our anticipation that our project will continue to significantly advance the field and
lead to translations that benefit the community during the remaining funding period.
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Theme 1 - Promoting Good Health T13-607/12-R

Grand Challenge Topic: Stem Cells and Regenerative
Medicine

Stem Cell Strategy for Nervous System Disorders

Project co-ordinator: Professor Nancy Y. Ip
The Hong Kong University of Science and Technology
Participating Institutions: CUHK, CityU, HKUST, HKU

In the adult mammalian brain, neurons are continuously generated from neural stem cells. These newly generated
neurons are then integrated into the neural circuit. This observation has led to two promising approaches to
treat various brain disorders: transplanting exogenous neural progenitors (precursors of neurons) and increasing
endogenous production of neurons. Examples include replacing lost/damaged neurons by exogenous neural
progenitors in Parkinson's disease, and promoting endogenous production of neurons to enhance the action of
antidepressants in various psychiatric disorders such as clinical depression. However, the mechanism by which
neural stem cells amplify, proliferate, and differentiate into neurons and integrate into the existing neural circuit
remains unclear, and represents a major obstacle to developing therapeutic interventions.

This inter-disciplinary project has two goals: (i) to understand the process by which neurons are generated from
neural stem cells and then integrate into the neural network; and (i) to identify small molecules derived from
traditional Chinese medicine (TCM) to treat brain disorders. We have made significant progress in the first year and
some of the highlights are featured below.

First, we have identified a novel mechanism that regulates neurogenesis and cortical expansion, a finding which
has significant implications in understanding the evolution of the brain and the pathophysiology of autism. There
is an enormous production of neurons and growth in brain size during embryonic development, deregulation of
neuronal production at the embryonic stage results in neurodevelopmental disorders such as autism. Development
of the mammalian cerebral cortex has been thought to be regulated by the generation and differentiation of a
specific type of neural progenitor cells known as intermediate progenitor cells. However, direct evidence to prove
this has been elusive. Our recent studies show that precise regulation of amplification and differentiation of these
neural progenitor cells controls the growth of the cerebral cortex and the brain. Additionally, we have successfully
identified the key molecular signals that direct this process.

Proper integration of newborn neurons into the neural circuit is critical for normal brain functioning. To achieve this,
the neurons need to migrate to the correct position. We have successfully identified new molecular controls that
initiate the migration of these neurons.Thisimportant discovery will promote understanding of the pathophysiology
of neurodevelopmental disorders such as autism and schizophrenia.

The third finding concerns a protein complex that controls the division and differentiation of neural stem cells. We
have delineated the structures of several proteins in the complex at atomic resolution and obtained biochemical
evidence of how the interaction of these proteins controls neuronal production. This will enable us to develop
therapeutic interventions for diseases that require enhancement of endogenous neuronal production or neuron
replacement therapy.

We have also successfully identified small molecules from TCM that can help neurons to connect with, and integrate
into, the existing neural network. Furthermore, adult neurogenesis is functionally important for mood control and
cognition, and we have demonstrated the beneficial effects of the small molecules in learning and memory as well
as in mood control. Additional studies will determine their candidacy as cognitive enhancers or antidepressants.
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Theme 1 - Promoting Good Health T12-708/12-N

Grand Challenge Topic: Genomic Medicine

Functional Analyses of How Genomic Variation Affects
Personal Risk for Degenerative Skeletal Disorders

Project co-ordinator: Professor Kathryn S.E. Cheah
The University of Hong Kong
Participating Institutions: CityU, HKU

Low back pain can make life unbearable for millions of people worldwide and presents a huge socioeconomic and health-
care burden. Intervertebral disc degeneration (IDD) is a major cause of back pain. Although environmental and lifestyle
factors can affect the onset, severity and progression of disc degeneration, family and twin studies have shown a strong
genetic predisposition in the development of IDD. Because IDD is so common, almost everyone will have some degree
by the time they are 50 years of age or older. Many genetic factors are thought to be involved, but so far only a few
have been found and the disease mechanisms of IDD are poorly understood, hampering preventative measures and the
development of therapies. The challenges are to define how genetic variations contribute to the risk, onset, severity and
progression of 1DD.

As an internationally recognized, leading muiltidisciplinary team of clinicians and scientists with a successful history of
collaboration, we are building on our research on a Hong Kong population cohort, which is the world's largest. This cohort,
an integral part of the programme, is comprised of approximately 3,500 individuals, collected over a decade, with DNA
samples, spine MRI scans, demographic, environmental, lifestyle and clinical information. From our research we have
already discovered several genetic risk factors that influence susceptibility to IDD.

To address the challenges, we aim to identify additional genetic risk factors that influence the onset, progression and
severity and understand the mechanisms involved. The cells in the disc have their origins in the developing embryo during
gestation. Itis thought that the presence of embryonic-like cells in the centre of the young adult disc are protective against
IDD but this is not proven. As it is hard to obtain normal human discs to study, knowledge of the normal development and
process of degeneration of the human disc is limited. We therefore aim to understand the biology of the cells in the disc in
normal embryonic development, in growth and in the degenerative process. We are using state-of-the-art technologies
in genomics, generation of animal models, establishment of stem cells and cells of the intervertebral disc from animal and
human tissues, and bio-engineered materials to understand the relationship between genes and disc cell function as well
as cell survival to better understand the impact on IDD.

In the first year of the programme, we have obtained exciting new leads to additional genetic risk factors. Using the
mouse as a model, we have obtained comprehensive genome-wide information on the genes that are expressed in early
embryonic and newborn disc cells, which are already providing important insights into the developmental processes.

Through this programme of research, we will deepen knowledge of the biology of IDD and the signals responsible for
maintaining a healthy disc, assess the functional impact of putative genetic risk factors and gain insight with implications
for prognosis. By integrating this knowledge with clinical, environmental and lifestyle factors, we will be able to predict total
personal risk for IDD that will improve prevention and disease management.

IDD cannot be treated by drugs and current cell-based therapies face considerable hurdles. Long-term applications include:
prediction of total personal risk for IDD that will improve prevention and disease management; design of improved cell-
based therapies to protect healthy discs from degeneration and retard or reverse the degenerative process.
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Theme 2 - Developing a Sustainable Environment T23-713/11

Grand Challenge Topic: Organic Photo-voltaic and Light
Emitting Diodes

Challenges in Organic Photo-Voltaics and Light Emitting
Diodes — A Concerted Multi-Disciplinary and Multi-
Institutional Effort

Project co-ordinator: Professor Vivian W. W. Yam
The University of Hong Kong
Participating Institutions: CityU, HKBU, PolyU, HKUST, HKU

With the huge and fast-growing population and an upcoming depletion of fossil fuels, there is an urgent need and
pressing demand for a low carbon or carbon-neutral energy economy. Development of clean renewable energy
and new measures for reducing the energy demand are definitely needed to meet the grand challenges. Organic
light-emitting diodes (OLEDs) are recognized as a viable candidate for the launching of a more efficient solid-
state lighting system, while the discovery and development of efficient organic photovoltaic (OPV) devices for
solar energy conversion will have a major impact in addressing the energy issues. However, low power efficiencies,
materials and device stability and relatively high manufacturing cost of OLEDs and OPVs present a major challenge
for commercialization, and new breakthroughs in the development of new materials and fabrication processes that
are much cheaper and more processable for efficient OLEDs and OPVs are highly desirable. This project integrates
multi-institutional and multi-disciplinary efforts from The University of Hong Kong, The Hong Kong University of
Science and Technology, Hong Kong Baptist University, The Hong Kong Polytechnic University, and City University of
Hong Kong, and the complementary expertise of chemists, physicists, materials scientists, and device engineers to
form a team, in order to meet the grand challenges related to energy. With the efforts and collaboration contributed
by the team members and the funding support of the RGC Theme-based Research Scheme, significant progress
has been made to address the grand challenges of the project over the past 18 months. New classes of robust and
patentable phosphorescent OLED and OPV materials have been developed. Particularly, (i) a novel class of soluble
gold(lll) phosphors has been synthesized and demonstrated as phosphorescent dopants in solution-processable
OLEDs, in which the performance is comparable to solution-processable OLEDs based on other transition metal
complexes; (i) new classes of green- and yellow-emitting platinum(ll) complexes have been synthesized and
superior device performances with high external quantum efficiencies of up to 26.4 % and small efficiency roll-
offs have been achieved; (iii) new design strategy for achieving highly efficient fluorescent/phosphorescent hybrid
WOLEDs with power efficiency of up to 82 ImW™ has been developed; (iv) novel approach for harvesting infrared
solar energy of up to 1300 nm by making use of the charge-transfer complex formed at the organic heterojunction
has been demonstrated; (v) new classes of low bandgap OPV materials with high charge carrier mobilities have
been designed and applied in the fabrication of OPV devices; and (vi) industrial-competitive technologies for
fabricating highly efficient thin film transistors (TFTs) for active matrix OLEDs (AMOLEDs) have been successfully
developed. In addition, a number of high-impact international SCI journals involving interdisciplinary and muilti-
institutional collaborations as a result of the collaborative efforts amongst team members and with local and national
collaborators as well as Hong Kong-owned IP rights and patents have been generated. These technological know-
how can definitely create new opportunities for knowledge and technology transfer to national and international
industrial partners and lead to the development of high technology R&D consumer electronic industries related to
OLEDs and OPVs in Hong Kong, the Mainland, especially the Guangdong Province region. It is envisaged that the
success of our TBRS project would promote Hong Kong towards a low carbon economy and the development of
a sustainable environment.
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Theme 2 - Developing a Sustainable Environment T22-715/12-N

Grand Challenge Topic: Sustainable Built Environment

Sustainable Lighting Technology: From Devices to Systems

Project co-ordinator: Professor Ron S.Y. Hui
The University of Hong Kong
Participating Institutions: PolyU, HKU

This project s related to the“sustainability”of lighting systems (used in buildings and cities'large-scale infrastructures
such as road lighting) that consume 20% of electricity globally. Sustainable Lighting Technology proposed here
deviates from the traditional Energy-Star concept which focuses only on energy saving. It stresses a new principle
that includes (i) energy saving, (i) long product lifetime and (iii) recyclability of product materials. It highlights the
important point that “energy-saving technology is not necessarily environmentally-friendly if it generates lots of
harmful electronic waste within a short product lifetime”.

This project involves a new investigation into a new General LED System Theory for “multiple non-identical” Solid-
State LED devices. By linking LED “device” theory to “system”theory, novel LED systems with not only high energy
efficiency, but also lifetime exceeding 10 years and over 80% product materials recyclable will be studied and
developed. The project will focus on an“integrated system approach”that covers (i) new white LED device structures
and manufacturing processes, (i) novel passive and active LED drivers and control techniques, (iii) current balancing
techniques and (iv) novel device geometrically-staggered distribution and thermal designs, so that future LED
systems can meet the 3 sustainability criteria.

This project is expected to lead to both theoretical & practical breakthroughs. The outcomes of this proposal include
(1) a novel Generalized LED System Theory for “multiple non-identical” LED devices, (2) a new design methodology
& tool for optimization of a new generation of highly efficient and sustainable lighting systems, and (3) practical
realization of the new “Sustainable Lighting” principle that can replace traditional “Energy-Star” concept with the
aim of drastically reducing electronic waste worldwide. With several major lighting research centers based in Hong
Kong and over 1000 LED product manufacturers in South China, this project will bring significant benefits to Hong
Kong and its nearby regions.

After one year of research, the joint research team has the following achievements:

e Riding on advancesin laser processing, vertical thin-film LED devices have been developed based on the laser
lift-off (LLO) process. Such devices exhibit enhanced performance, benefiting from significantly improved
heat-sinking and current spreading.

e The photo-electro-thermal theory for LED systems has been successfully nurtured to incorporate the critical
aspect of colour variations of the LED. This extended theory will provide a new design tool for lighting industry
to optimize LED systems. This breakthrough will appear in the IEEE Transactions on Power Electronics.

e Acomprehensive review and comparison of LED drivers has been completed. The results have been presented
in the IEEE ECCE Conference, Denver, USA in September, 2013.

® Anew current balancing technique has been successfully developed. The results have been presented in the
IEEE IECON Conference in Vienna, Austria, in November, 2014.

e A power audit and analysis on the design limitations of a compact LED bulb has been conducted. The
bottlenecks of such product design have been identified. The results will be presented in the IEEE APEC
Conference in Fort Worth, Texas, Feb. 2014.

* A patent application on the colour control of LED systems has been filed.
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Theme 2 - Developing a Sustainable Environment T23-612/12-R

Grand Challenge Topic: Organic Photo-voltaic and Light
Emitting Diodes

Cost-effective and Eco-friendly LED System-on-a-chip (SoC)

Project co-ordinator: Professor K.M. Lau
The Hong Kong University of Science and Technology
Participating Institutions: HKUST, HKU

In August 2011, the Hong Kong government launched a public consultation on restricting the sale of energy-
inefficient incandescent light bulbs (ILB), based on the overseas experience in the past few years (www.enb.
gov.hk/bulbs_consulthtml). The consultation ended in November 2011 with many supportive responses. An
estimated annual reduction of electricity consumption by up to 390 GWh, or HK$390 million saving in electricity
bill assuming a tariff of $1 per kWh annually, and a reduction in carbon emission by 273,000 tons is achievable. As
part of its energy savings initiative for a sustainable environment, HK needs to become an active participant in this
endeavor. The current solution of energy-efficient light-bulbs (EELB) using compact fluorescent lights (CFL) posts
environmental concerns if the ban of ILB is in full effect. As an alternative to CFL, we should play an active role in
the Solid-State Lighting (SSL) revolution that has gone into full swing worldwide. On a broader level, our mission
is to accelerate the adoption of the eco-friendly SSL in HK and the world by unleashing the intrinsic LED efficacy
with innovative device fabrication and packaging technologies. With the embedded integrated circuits in our
developing microsystems, we plan to significantly improve the efficacy of LED-based lighting sources. As such,
our technology provides both the environmental and commercial incentives that hasten the transition to an LED-
lighted world. A generation of multidisciplinary researchers is being trained and new ventures are being spawned,
contributing to the transformation of Hong Kong to a knowledge-based economy.

Through decades of research and development, semiconductor-based light emitting diodes (LEDs) have taken
great leaps in performance (efficacy >200 Im/W in labs and >100 Im/W for commercially available LEDs) and
manufacturing yield. However, the adoption rate is still slower than previously projected as the general public
is yet to be convinced that the higher initial cost of LED lighting makes economic sense. Unfortunately, the
environmentally friendly nature of LEDs over the mercury-containing fluorescent lights was not a sufficient reason
for switching, added to the unfavorable consumer experience of unreliable LED products flooding the market.
Technically speaking, the GaN-based LED is the light source of choice for SSL because of its high efficiency, stable
nature and maturing technology. Despite the popularity of GaN-based LEDs, their current status is similar to the
transistors in the 1950s. Most LED chips are individually or group packaged and used as a small light source.
Poor package designs for thermal management, optics and electrical drive systems resulting in significant loss
have impacted the realization of the inherent LED performance, misleading consumers about the true efficacy and
reliability of LED products. We have made progress towards our goals to overcome this barrier by utilizing silicon
IC technologies in LED lighting and develop an integrated optimization from device design to lighting systems. In
parallel, our integrated approach has enabled novel projection systems with higher light utilization efficiency while
decreasing system form factor and total cost of ownership with increased reliability. To lower the manufacturing
cost, our platform is focusing on novel direct growth of LEDs on silicon wafers to allow for high volume production
(on 200mm wafers) leveraging the mature Si IC technology with the cost advantages of CMOS scaling. We have
demonstrated high-performance blue, green and yellow LED directly grown on silicon substrates.
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Theme 3 - Enhancing Hong Kong'’s Strategic
Position as a Regional and International Business Centre T31-717/12-R

Grand Challenge Topic: Hong Kong’s Future as an
International Financial Centre

Enhancing Hong Kong’s Future as a Leading International
Financial Centre

Project co-ordinator: Professor Douglas W. Arner
The University of Hong Kong
Participating Institutions: CUHK, PolyU, HKU

By the end of the 20th century, Hong Kong had emerged as one of the world’s major international financial centres.
Today, while finance remains central to Hong Kong's future, it is facing unprecedented challenges, both in China
and globally. In the context of China, the continuing process of economic reform and financial development
raises many opportunities but at the same time brings into question Hong Kong’s traditional role as the primary
intermediary between China and the global financial system. At the same time, the global and European financial
crises have raised fundamental questions about finance, exchange rate systems, the global position of China, and
the future role of the renminbi, including Hong Kong's role therein. Reflecting the centrality of finance to Hong
Kong, Article 109 of the Hong Kong Basic Law, ascribes the Hong Kong Government an obligation “to provide an
appropriate economic and legal environment for the maintenance of the status of Hong Kong as an international
financial centre”However, it has yet to take a comprehensive approach to this obligation or to consider its strategic
and practical implications. This project, built around a team of internationally recognized experts from economics /
finance, geography, law, and international relations, will analyze the elements required not only to maintain, but also
enhance, Hong Kong's future as an international financial centre, focusing on its role in China's ongoing financial

liberalization and economic development.
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Theme 3 - Enhancing Hong Kong's Strategic
Position as a Regional and International Business Centre T32-620/11

Grand Challenge Topic: Promoting Hong Kong’s
Business Through Networking Capability

Transforming Hong Kong’s Ocean Container Transport
Logistics Network

Project co-ordinator: Professor C.Y. Lee
The Hong Kong University of Science and Technology
Participating Institutions: CityU, HKUST, HKU

The logistics industry plays a critical role in Hong Kong, not only for its direct contribution to the economy, but also
for other business opportunities enabled by logistics such as trading, financial and professional services. Having
been a leading regional hub for decades, the Hong Kong ocean container industry now faces fierce competition
from nearby cities. With the continuing trend of economy globalization, the ocean container industry is deemed to
maintain its strong growth and important role in global supply chains. This is an important moment for Hong Kong
to regain its regional leading position by reinforcing its advantages and identifying new directions.

The project aims to conduct a thorough investigation for the ocean container industry, so as to provide operational
solutions, managerial guidance, and business policy insights to support the sustained growth of Hong Kong's ocean
container industry. The project has two major goals. i) To establish Hong Kong as the research hub for maritime
logistics and supply chain management. A team of world-class researchers, led by Chair Professor Chung-Yee Lee of
the Department of Industrial Engineering and Logistics Management of the Hong Kong University of Science and
Technology, is geared toward generating state-of-art research in this area. i) To develop an in-depth understanding
of Hong Kong's role as a port city and its future direction. The team plans to address the issues from different and
inter-correlated angles: Tactical and Strategic issues on Ocean Container Logistics Supply Chain Networks, Hong
Kong's Strategic Future Direction as well as Integrated Decision Support System.

In the first two years of the project, the research team has made a series of achievements towards their goals. The
team has been working closely with industry stakeholders such as OOCL, HIT,..., to name a few, to develop the
most advanced tools to support managerial decision making. To pursue academic excellence, the team has been
collaborating with leading international scholars in the field to develop new theories in ocean container logistics
and supply chain management. The outcomes of the project are disseminated using several means, including
journal and book publications, academic and industry conferences, and online, to generate impact at academic,
industry and governmental levels. In the first two years, the research results have produced twenty academic
papers, five keynote speeches in international conferences, and a monograph to be published in 2014. A number
of results have also been embedded in their teaching materials to groom the development of the next generation
of industry leaders.
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All of the Theme-based Research Scheme projects presented in this Public Symposia are
funded by the Research Grants Council in the First and Second Round exercises from
2011/12t0 2012/13.
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