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1. Landscape for innovation and technology development
in Hong Kong

2. Examples of university-government-industry collaboration in
water innovation:

* WATERMAN real time forecast system for smart
environmental management

* SANI innovative wastewater treatment
* Smart urban water supply systems (SUWSS)
3. A new international water innovation hub

4. Conclusions




Urbanization

nnovation and technology

The future: The Second Machine Age

“In the past few years three forces have been
yielding breakthroughs that convert science
fiction into everyday reality: sustained
exponential improvements in computing, Big
Data, and recombinant innovation have led
to technological innovations like self-driving
cars, Jeopardy! supercomputers, humanoid
robots, speech recognition software, and 3D
printing.”

“The Second Machine Age” — by Erik
Brynjolfsson and Andrew McAfee, MIT, 2014
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*  Hong Kong ranks No.1 in the world in infrastructure (2014-15 Global
Competitiveness report, World Economic Forum).

*  Strict enforcement of environmental regulations

* Coastal marine waters are heavily used, e.g., navigation, recreation, fisheries,
waste disposal, water supply, dredging for fill material, large scale reclamation,
environmental conservation and scientific work.

An innovative knowledge-based coastal environmental management
system is essential to the building of a Smart Hong Kong

PR BAMMILE R KRR EERL, BLERERE

A smart city (% 23k 17) is a city

H K leveraging people-centric (UL A Z574%)
@) ng @) ng and technology focused (BH: %)

solutions to achieve:

S Mma r—t C |ty sIncrease efficiency of city operation

) and management

Blue print HTHENER B HAF
¢, «Improve quality of life 2¢ 24 #

*Strengthen economic competitiveness
A
*Through “innovative”, “interactive” and
“collaborative” approach [gl# /) . |
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11/3/2019



PETERE (CAE) MIEBIENZM (
HKAES)

AR 018
- W5t

Report on
Policy Study
on the Integrative Development of
Innovation and Technology

in the
Guangdong-Hong Kong-Macao Greater Bay Area

October 2017

A e
Y ERTERER

T @® =

Chimaas fcadery of Cnglosariog

RARBAR
THE HONG KONG UNIVERSITY OF
SCIENCE AND TECHNOLOGY

First cross-borderindependent
study conducted by IPP in
collaboration with the Hong Kong
Academy of Engineering Sciences
(HKAES) and the Chinese Academy
of Engineering (CAE) 2017

Recommendations adopted by
Greater Bay Area planning

The Guangdong-Hong Kong-Macao Greater Bay Area (GBA)
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(Source: www.dsec.gov.mo/BayArea)
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FE &I Major Findings
1) HEBBRECIFR
Hong Kong is desperately in need for innovation and technology
- BUERASRIAM SR T CT, BIF RN FHE AN B R BAYRES X 519995 MIT
RYEBHIE NERERRA
There is a clear consensus in the community that Innovation and technology cuts
across all disciplines (not just ICT) and are the drivers of economic growth and

improvement on quality of life. This is a clear change of attitude compared to 1999
around the time of the ITC formation and “Made by HK” study by MIT.

2) FEBMLSFIAESMB-HRETIAAREKRS

Hong Kong should build on its strengths — the emergence of top research universities
- EBRERARAICFTEEN BMIT1997 R HRR & HIE 11998 F EIFTFIRHE AL

SV LKRZEERR EROXIE

The major development since the MIT “Made by Hong Kong” study (1997) and the
establishment of the Innovation and Technology Commission (1999) is the rise in
international esteem of the Hong Kong universities— in basic research and in innovation
capacity.
- Collation of 28 success stories in R&D commercialization that have won major
international prizes and awards and successfully commercialised with significant impact

LIS RTHELZ Globally Recognized Universities

City having the greatest no. of World’s Top 100

Universities by QS — also higher than San Francisco Bay #1 #1 #2
Area (2), New York (2), Chicago (2), Paris (2), Beijing (2), (4 out of 8) (4) (3)
Tokyo (2), & Melbourne (2)

World’s Top 150 Universities in QS World

University Rankings 2016 #36 #27 #44 #55 #111
Global Employability University Ranking #13
2016 (reported by Times Higher Education) (#1 in China) #77 #85 #138 -

World’s Top 65 Universities in Engineering &
Technology #14 #26 #41 #60 #44
* QS World University Ranking 2015

* Times Higher Education Rankings 2016 #19 #33 #74 #58 #74
World’s Top 50 Universities in Computer #14
Science & Information Systems (#1 in China, #19 #22 #49 #49

* QS World University Rankings 2016 #2 in Asia)

51 % of research output judged by international experts to be “world leading” (4 star)
or “internationally excellent” (3 star) in Research Assessment Exercise 2014
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ZERI S TEMBAS JHERRI 1000958 (2015-16)
Number of University Engineering & Technology Departments Ranked
within Top 100, 2015-16, by Country

30
28

26 - Regardless of the ranking system, HK universities are
24 among the top 60 in the world in engineering &
22 technology/computer sciences. Excellent performance

20
18

in life science & medicine.
- Against the most rigorous standards, 4 HK universities
14 are among the top 10 in Greater China (mainland,
12 Taiwan, HK/Macau).

Source: Times Higher Education World University Rankings

Policy Recommendations BUSR & i)

*Government leadership at the highest level necessary to rejuvenate I&T
development

BYFT RIS 7 BN 1 1 JE Y S 1

*Professional and technical expertise necessary in government decision
making

BRF R ] i BT WA T 5¢

*Support for local technology innovation

BINRIEFF LR LT EI 37

*Enhancement of recognition for I&T contribution

JIHEXTFIEERIGIHTHT A R

*Nurture of human resources and talents in 1&T

T RFIFERSESE BT Z RN A

*The identification of strategic areas for collaboration in Hong Kong and
the Greater Bay Area

BB B RIATE X B TFHI e

*Development of integrative collaboration of Hong Kong-Mainland 1&T

T 2= Kt R AT G P K
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Innovation and Technology

« Set aside 5.5 billion for the development
. of Cyberport 5 to accommodate more
technology companies and start-ups.

* Set aside $1 6 billion for universities to
enhance or refurbish campus facilities,
in particular those for R&D

* Inject $20 billion into the Research Endowment Fund of
the Research Grants Council under the University Granis
Committee to provide research funding

« Establish two innovative clusters in the Science
Park focusing on “A.l. and robotic technologies”
and “healthcare technologies”, pooling top-notch
universities and institutions to collaborate and
undertake R&D activities

« Launch the D2 bilion Re-industrialisation
Funding Scheme in 2019

« Expand the Corporate Venture Fund of
the Science Park to 200 milion
= Allocate $800 million to support R&D

work and the reellsatlon of R&D results
and engi g research centres

* Double the annual funding ceiling for each university under
the Technology Start-up Support Scheme for Universities
to $8 million

* Extend the funding period under the Researcher
Programme and the Postdoctoral Hub Programme

Hong Kong SAR
Government Initiatives

R&D investment
increases to 1.5% of GDP
(from 0.74%)
in 5 years

2018-05-14 UL FHFEB R T 3k E1E
HEERR

A

President Xi Jinping gives major policy directive
for HK-mainland collaboration to develop
GBA as an international centre of innovation
and technology, May 2018
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Smart Solutions for Water Resilience

Success stories/examples of university-

government-industry collaboration in water
research and innovation:

« WATERMAN real time forecast system for
smart environmental management

* SANI innovative wastewater treatment

* Smart urban water supply systems (SUWSS)

Project WATERMAN (2008-2018)
I K THIR B R

1) Beach water quality forecast system
- daily/real time forecast /K& FH#R R4
- emergency response s I
- sewage disinfection dosage optimization
FAL A BT R AL
2) Fisheries management — scientific determination of
carrying capacity of fish farming
Wt TR IR BTV
3) Harmful algal bloom (red tide) forecast and early
warning system TR THE R4
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Every day 1.85 million m3 of treated sewage is
discharged into Victoria Harbour

TS ZKHERR E=RI—NEERRS

Traditional sampling of beach water quality has no

forecasting or nowcasting ability
iSRRI A TRIRE

» Sampling frequency ~ typically once per week, few sampling takes place
during weekends (/& R 13— kERER, MR AL RIEAT)

* Membrane filtration method takes 18-24 hours before results become
available (IRAT4H b 5558 75 IR 18-24/NRy)

» Even rapid methods like qPCR take several hours to get results; and water
quality can vary over time scales shorter than 1 day (P I 1278 75 W/
AFHAER, KE RO H B

» Research proved that water quality today does not necessarily correlate to

that yesterday (T 7L EH/R 4K 17K B AN B K (17K IR A 0 SR RBE HF)

Big Wave Bay June-July 2007 To better protect public

‘ ‘ w 0 E A
3 wwwﬂwwﬁ = health, a predictive
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S e, % o Prry ey il .
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Hydrological model Framework of WATERMAN beach WQ forecast system
K B AIWATERMAN SEBT K R TR R4 A AEENGS H KE/KSC
1 = SREHWEEN, FTIRKMESRKHE

Data-driven model
Q P @
Hydrodynamic model S
A - ' Data assimilation
| WA /R %)

).___ Beach WQ index|
| MK E TR
Experiments £ i KBS REEESR
2 {E\100mL
2 a T 1 <24
/ 2 25-180
Past data 3 181-610
LB ¢ 4 2610

Prediction of mixing and transport from near to intermediate field is a long
standing challenge — Distributed Entrainment Sink Approach (DESA)
Y& FiE TR 22 (8 S RAK A5 B T DR RIS B 73 R BR B /K T B v B — R R

Near field + Intermediate field 375 + 915 Farfield &
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WATERMAN 3D Hydrodynamic Model for HK Beach WQ Forecast
FIA [3BUCHDESA] 54, WiLHKagnE RERUTEEEREE, 5
W TR B PERIKB, RRRABEE K.

Choi and Lee, ASCE
Journal of Hydraulic
Engineering (2007)

Chan, Thoe and Lee,
Water Research (2013)

Outfall e
- DESA BRI Lotk £ -
JETLAG Rl , Far-field
Near field model Hydrodynamic

T Rang Model
: suny oysomon v 1035 7K ) AR

Surface: 34 ppt 33 ppt
Bottom 34 ppt 35 ppt

Current, Turbulent Mixing Bacterial decav modelin
W FIED i

e~ %

Bacterial Loading

E. coli concentration

(KREREEE)

Smart Phone app
“HK Beach”

2013-2017 Beach Water Quality
Forecast Accuracy

*Qverall accuracy: % of correct
prediction of WQO (180 cnt/100mL)
compliance/exceedance
(N ~ 180 per beach)

N {)

Tuel

un

N

: ) 3 Sgl
« - 80-98%
: RN R
%
& —%outhern
ﬁ: 83-97%
D Islands gy
; o
! &, 73-99% 0 45 9 18 Kilometers

J’\}O Beaches with daily water quality forecast provided viamobileapps L_1 | 1 | 1 | | |
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WATERMAN system (2008-2018)
HFHILDEKERRAEERS, HEERBEEHLN

EIA, setting
discharge standard

) Disinfection
- optlmlzatlon

nwmm =

gl

Emergency response
: 25-27 August 2014
; | Buterfly —— with bypass discharge

= = normal operation
Emergency sewage bypass

“H.K.Beach”

w

2 i g
T e fl\_-:/’—_(.'_"l-“ )p}--r-r-s\ adin
W
\f’\ﬂ 3 EI’I] sampling
25/8 26/8 w 2878

Protection of
Public Health

E. coli (counts/100mL.)

International Impact (BRPERSEE) Stanford | news service

The WATERMAN System has been heavily referenced by a Stanford study shows ways to improve public
California beach water quality prediction system, health at beaches
(WATERMANA 32 B i JH HEAT 1) T b B 51 P 4 2% B %
FLHE)

The California nowcast system was jointly developed by
Stanford University (574 K%£2) and Heal the Bay, and
funded by the California State Water Resources Control
Board (I /K & Jd i 23 B €r)

The system has been well-received by the health agencies
and the public. Itis currently providing daily prediction at 23
coastal beaches along the California coastline in 2019 (44l
JHF 23 VK SR AL R /K B L) Website:
https://beachreportcard.org/

WATERMAN forecast system also cited by Safeswim system
in Oakland, New Zealand

Croucher Laboratory of Environmental Hydraulics 2004-

Hong Kong UGC Area of Excellence (AoE) in Marine Environmental

Research and Innovative Technology (MERIT) 2005

ASCE Hunter Rouse Hydraulic Engineering Award 2009

China State Scientific and Technological Progress Award (Second Class) 2010
ASCE Emil Hilgard Hydraulic Prize 2013

11/3/2019
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https://beachreportcard.org/

Real time red tide early warning system successfully tracked 19
algal bloom events (2000-2003) A3 ER 7 197 74

FLUORIMETER mj) THERMISTORS PYRANO- ANEMO- ACOUSTIC
METER METER ~ METER DOPPLER

CURRENT

METER

.= o5

CHLOROPHYLL DISSOLVED WA AR WIND  TIDAL
'CXYGEN TEMPERATURE RADIATION LEVEL &
CURRENT

— Surface Mounted

— Bottom Kat O
~—— Middle =3
301 — Surface

Chlorophyll-a (ug/L)
N
3

31 Deo-!)g 30-Jan-00 29-Feb-00 30-Mar-00 29-Apr-00 29-May-00 28-Jun-00  28-Jul-00  27-Aug-00 26-Sep-00  26-Oct-00

D Foudant gtaire Determination of carrying capacity
Qﬁﬁ Dryauafion of the (tonnes) of all marine fish culture zones in
Hong Kong — Endorsed by FAO and Hong
Kong Legislative Council

Sustainable intensification of ﬁwﬁ%é%ﬁ@ﬁﬁ%ﬁﬁ miﬁﬁﬁﬁﬁ

aquaculture in the Asia-Pacific region
Lee et al; FAO 2016

Documentation of successful practices

Carrying capacity of 26 FCZs in HK(
é?&%"%@?ﬁ%&ﬁlﬁﬂﬁlﬁ%ﬁﬁﬁ
CTRHE, ) o

AW CB(2)2520011 1200 B #

WATERMAN % #

(S
5. EASEENT TEABREWET—EOAMEE Wg,

KB OER SN R B A% 0 B H WATERMAN - %% @
AOEEEES RPRASEEGRIRRARN TEMEY | D
AEXFENESNERETERETESNEE FUER \\\C&
BB SEETERGs T LR T IR 6 R —
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Al-based red tide risk forecast system
Meteorological data 3D Hydrodynamic Model trocking

a 5 3, ,kgq

Water quality data
(real-time, routine)

Data Assimilation
Species
identification

W& mgt\iﬁ\:l + Water column
Stability?

ﬂ 8 April 2016
% 1] - “‘I z i
Nutrient? H s

itoring
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HONG KONG INNOVATION IN WASTEWATER TREATMENT
Professor Guanghao Chen, HKUST

Home-grown new sewage treatment technology-SANI Process
. . Space of Sha Tin Sewage Treatment
1200 tonnes sewage sludge waste  1.5- 3M KWh electricity Works (STSTWs) 280,000 m? (HKCEDD,
produced daily for disposal. consumed daily 2011) = 40 football fields

T-Park for sludge incineration, Tuen Mun  Aeration: major energy consumption source

(Source: HKDSD Annual Report, 2011-2012)
(Source: Civil Senvice Newsletter, HK) (Source: HKDSD Annual Report, 2011-2012)

SANI process can reduce 60-70% secondary sludge, 10-20% energy

consumption, and 30-40% space in comparison with STSTWs (1000
tonne/d) (Wu et al., Wat. Res., 2016).

China National Engineering Research Center on 2
Heavy Metal Pollution, Professor Guanghao CHEN, HKUST

HONG KONG INNOVATION IN WASTEWATER TREATMENT
(Collaboration with Drainage Services Department)
Development History

10 m?¥/d Pliot-scale at
Tung Chung SPS

larger-scale
trial

100 times scale up
Pilot-scale trial

30

11/3/2019
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INTERNATIONAL IMPACT

Professional Recognition

+ Patents * Awards * Knowledge

IWA Project Innovation Awards-Global
Honor Award (Pusan, 2012)

Bronze medal winner of 2018 IWA Project
Innovation Award in the category (London, late 2020)
‘Breakthroughs in Research
S and Development’ (Tokyo, 2018)
The World Smart Cities Awards - Finalist in
the Group Category (Barcelona, 2012)

Core patents in USA, Japan, mainland, Hong
Kong, etc.

The International Huber Technology Prize- Hong Kong Green Innovation Awards 2018-Gold Award
Second Prize (Frankfurt, 2012) (Hong Kong, 2019) »

HONG KONG Smart Urban Water Supply Systems
— Prof MH Ghidaoui (Theme-based Research Project)

S

Y

)

In HK: ~ 7,000 km of pipes; ~200 pump
stations; ~1000s of valves and controls

e )]

32
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Smart Urban Water Supply Systems —

Hong Kong Research Grants Council Theme-based Research Project
Collaboration with Water Supplies Department

Pafect detection by
bsure/acoustic
es

Data frequency of
pressure
measurement by
traditional

SCADA systems:

1 sample/15 minutes

High frequency pressure
data measurement and
acquisition

system:

200 - 1000
samples/second

North Point, Hong Kong Yuen Long, Hong Kong

P Y

11/3/2019
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The Future

1) Science and technology are engines of economic
growth.

2) Fundamental research is the basis of all innovations
—long term sustained research is the key; research
ideas only come from research

3) Innovation and technology entrepreneurship is
important for Hong Kong’s future social and
economic development. Hong Kong can play an
important role in the fervent national drive towards
an innovation economy with self-determined
technology.

Hong Kong’s Urgent Water Research Needs

1) Maintenance and further development of Hong
Kong’s world class infrastructure depends on strong
water and environmental engineering capabilities

2) Water resources, flood management, eco-hydrology
& hydraulics, wastewater engineering, coastal
engineering

3) Need for local/regional training, capacity building,
and professional development across government
departments (WSD, DSD, CEDD, EPD, AFCD)

4) An international hub for water research and
training like HR Wallingford, Delft IHE, IWHR based
in HK?

11/3/2019
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Excess lead found in drinking water
Drinking water security of public rental housing estates

Droughts & sea water RIMEKRMEER  oriental Daily (6 Jul 2015) i
intrusion,, : ‘

S+ B I MR A

contamination and

-— -
Ahwater tl_'anspo'rtlln high
rise buildings |
tngets 020 (LI [
Salinitylppty 0 25 5 TE MRS B TSV RSB T5 3

-

*Village devastated by Debris flood and _
oNr e TRt - o~d boulder current in Tai
Po River

Rainfall on 22/7/2010
(225 mm/d) ; 114.5 mm/hr

1 human casualty; severe
property damages

11/3/2019
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Resilience to extreme weather (Typhoon Mangkhut, 2018)

mm F H i -
- B SRES ef&_u__l:.mx

1 ; : i 7' 3 .‘.1

.‘ 7.. 3 ;

ll’lm

Sai Kung STW
Courtesy of Ir PK Chan

Towards a New International Water
Innovation Hub: Ingredient of Success

1. Unprecedented policy, S$ and society support for
innovation and technology development in GBA

2. Emergence of world class research universities

3. Demonstrated success of university-government-
industry collaboration

4. Need for focused and coordinated synergistic
development of I&T, capacity building, and training.

5. Hong Kong as a “super-connector”

11/3/2019
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Concluding Remarks

1) University-Government-Industry collaboration is essential
for the sustainable development of Hong Kong’s world
class water infrastructure

2) An International Water Innovation Hub to serve Hong
Kong and the Greater Bay Area (GBA)

3) A Water Research Institute in the Science Park/River Loop

- Capture wave of policy and $$ support for innovation and
technology in the Greater Bay Area (GBA)

- Develop world class research and innovative technology in water
environment engineering

- Create new water industries

- Synergize international and local collaboration across disciplinary
boundaries

- Provide world class training and professional development

- Provide training in evidence-based water policy

rr S

STl
» =

Collaborators - _
- Prof \N.enping""\ﬂ/"\‘/ang
- -Drainage Services D
- Agriculture, Fishérié
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