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Conference Summary

Opportunities and Challenges of Sustainable Development in the Pearl River Delta Bay Area under the Belt and
Road Initiative

The 8th Guangdong Hong Kong Macau Sustainable Development Conference will be hosted by the Hong Kong
Institution of Engineers (HKIE), with Guangdong Provincial Association for Science and Technology and the
Macau Institution of Engineers as joint organisers. The conference is jointly organised by the Environmental
and Civil Divisions of HKIE. Since its inception in 2002, the Conference has become one of the most important
cooperation platforms and a channel for sharing views and experiences among professionals, academics, policy
makers and other stakeholders in Guangdong, Hong Kong and Macau.

The main theme of the Conference is “Opportunities and Challenges of Sustainable Development in the
Pearl River Delta Bay Area under the Belt and Road Initiative” , The Belt and Road Initiative is an important
strategy for China’ s external and internal development. The Pearl River Delta Bay Area (PRD Bay Area) has
become a major focus of future development and growth. The conference would cover five key development
concepts: innovative development, coordinated development, open development, green development and
shared development. The three objectives of development are economic vibrancy, environmental sustainability
and social harmony. The conference would promote discussion on the future development trends and thinking
in the PRD Bay Area under the Belt and Road Initiatives and the overall sustainable development master
planning and challenges. It would also facilitate dialogue on the opportunities and challenges of sustainable
development in various cities in PRD Bay Area. The conference also serves to promote cooperation and synergy
on sustainable economy, transport, information and smart cities; environment and green development (air,
water resources, green buildings); energy and climate change; and social development and the trends towards
international standardisation and management.”

As The Belt and Road Initiative is at the initial stage, the engineering community will work closely with the
Hong Kong Government to take this forward. The Environment & Civil Divisions of the Hong Kong Institution
of Engineers aim to raise the standards of major infrastructure under The Belt and Road Initiative, There are
numerous infrastructure projects in progress, including railway, highway, and harbours, which would adopt the
standards of the advanced countries. Hong Kong engineering industry can provide the consulting service and
can be involved in the construction, operation management, meeting the needs of high-end service industry
and promoting the green development and green lifestyle at the same time.

Guangdong Provincial Association for Science and Technology aims to accelerate the development of the PRD
Bay Area under the Belt and Road Initiative, raise the efficiency of regional allocation of resources and build
closer cooperation relationship among Guangdong province, Hong Kong and Macau as an important strategy.
On the one hand, it would enhance the regional sustainable economic growth while building up development
momentum reaching out to the nearby region and to strengthen the Belt and Road Initiative, with the PRD Bay
Area as a focal point to create an open and comprehensive development pattern through “Land/Sea, Internal/
External linkages” and “Openness to the East and West .

Macau aims to provide a platform for exchange and deepen the co-operation among China, the Portuguese
Speaking Countries and Macau, In order to support the diversification of the economy and strengthen
the development of the adequate industrial sectors in Macau. Mainland China also agrees to enhance the
cooperation in convention and exhibition sector. Besides, Mainland China fully supports and coordinates
with Macau to hold International conferences and events. AEM would like to collaborate with the professional
community to build a Lusophone Platform for cooperation among engineers in support of the social and
economic development of China, Macau SAR and Portuguese-speaking countries.

The Belt and Road Initiative involve over sixty countries and emerging economies and complements the
development in Guangdong, Hong Kong and Macau. We expect that the exchange among professionals and
academics from Guangdong, Hong Kong and Macau would help to promote the development of the industry,
meet the needs of societal, economic, environmental and sustainable development and prepare for future
sustainable development opportunities and challenges.
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With the full support of the engineering, technology and various sectors, the Guangdong Hong Kong
Macau Sustainable Development Conference (GDHKMSDC) has been successfully held seven times. The 8th
GDHKMSDC is hosted by the Hong Kong Institution of Engineers (HKIE) through its Environmental Division
and Civil Division, with the Guangdong Provincial Association for Science and Technology and the Macau
Institution of Engineers as joint organizers. This conference embraces five key development directions
(innovative development, coordinated development, open development, green development and shared
development) and covers seven key themes, with a view to promoting exchange and cooperation.

The Belt and Road Initiative (BRI) and the Pearl River Delta Bay Area (PRDBA) development concept are at
an initial stage. To support the BRI, there is a need for stronger cooperation among the engineering and
technology sectors in Guangdong, Hong Kong and Macau, with a view to promoting the import and export
of advanced technology and management knowhow in the PRDBA.

Hong Kong' s engineering sector can provide quality professional services, participate in the construction
and operation of development, take forward advanced services industry and promote green development
and green living. With its international expertise and vision, HKIE can play a pivotal role. Hong Kong s
professionals can help raise the quality of development towards international standards and enhance
the environmental management capability, in line with the long term overall benefits of PRDBA and the
principles of sustainable development.

In view of the need for stronger cooperation among various sectors, | hope that this conference can
facilitate exchange and cooperation among professionals and academics about the opportunities and
challenges of sustainable development under the BRI and in PRDBA.

I would like to thank all distinguished guests and the representatives and participants from Hong Kong,
Guangdong and Macau as well as the sponsoring and supporting organization and our organizing
committee members. It is only with your support that this conference can be held. | hope you enjoy and
benefit from this conference. Thank you.
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Through the support from professionals, academics and various stakeholders in the industries over the past
years, Guangdong - Hong Kong - Macau Sustainable Development Conference has been successfully held
for seven times. In this moment the Conference is themed“Opportunities and Challenges of Sustainable
Development in the Pearl River Delta Bay Area under the Belt and Road Initiative’, to coincide with the
great China’s “One Belt One Road” Initiative.

It is without doubt that the strong economic power of the PRD Bay Area region has positioned us well to
contribute in many meaningful ways to the success of the Belt and Road Initiative. The initiative’s immense
opportunities come with very different market dynamics, which have presented huge challenges for all
market segments and players. For the engineering community, our biggest challenge lies on our ability to
advance ourselves, develop and nurture growth potential, accelerate our speed to participate in the new
initiative, position as an engineering expertise centre where our best-in-class standards, talent and proven
record could be leveraged or even exported to support the market growth in the Belt and Road countries.

The engineering professionals are committed to providing a high quality consultancy service and support
to the management of construction and operations in “One Belt One Road” projects; in parallel promoting
green measures and development. This Conference provides an excellent platform for the professionals
and academics from various areas to share our expertise and experience on this theme, and strengthen
collaboration.

I would like to express great gratitude to all the distinguished guests, participants, supporting organisations
and sponsors of this Conference. | wish the Conference big success while all participants getting the best
insight of the “One Belt One Road” Initiative.
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Time Program
Conference

8:30-9:00 Registration
9:00-9:05 Welcoming speech
Ir Elvis AU Wai Kwong
Chairman of Environmental Division, The Hong Kong Institution of Engineers
9:05-9:10 Speech from Guest of Honour
Mr WONG Kam Sing, G.B.S., JP
Secretary for the Environment, Environment Bureau, HKSARG
9:10-9:15 Speech from Guangdong representative
Mr LI Tai Ran
Deputy Director for Housing and Urban-Rural Development of Guangdong Province
9:15-9:20 Speech from Hong Kong representative
Ir Joseph K H CHOI
President for The Hong Kong Institution of Engineers
9:20-9:25 Speech from Macau representative
Dr WONG Seng Fat
Deputy Chairman for The Macau Institution of Engineers

9:25-9:30 Group Photo
Keynote Speaker | Topic Direction: Opportunities and Challenges of Sustainable Development in the Pearl River Delta Bay Area under

Presentation | the Belt and Road Initiative

9:30-9:50 Presentation 1: Co-operation between cities motivates Green development
Ir Dr LO Wai Kwok, S.B.S., MH, JP
Chairman for Hong Kong Green Strategy Alliance (Hong Kong)
9:50-10:10 Presentation 2: The co-operation trend and strategies between Guangdong, Hong Kong and Macao in the period of
the “Thirteenth Five-Year Plan”
Prof Chen Guang Han
Associate Dean for Institute of Guangdong, Hong Kong and Macao Development studies , Sun Yat-Sen University
(Guangdong)
10:10-10:30 Presentation 3: Sustainable development of Macau
Prof WANG Zhi Shi
Director for Macau Environment Research Institute of Macau University of Science and Technology (Macau)
10:30-10:50 Presentation 4: The 3 Pearl River Delta Cities and “One Belt One Road”
Ir James CHIU, Hon FHKIE FHKEng, OBE, JP
Chairman, Paul Y. Engineering Group Limited

and

Ms Wu Xiao

Chief Engineer, China National Environmental Protection Group (Hong Kong)
10:50-11:05 Short Break
11:05-11:25 Presentation 5: The movement and the sustainability in industrial sector

Prof Ir Daniel M Cheng

Chairman for Federation of Hong Kong Industries

11:25-11:45 Presentation 6: The sustainable development of Guangzhou urban rail transit

Mr Shi Hai Ou

Deputy Chief Engineer of Guangzhou Metro Group co., LTD (Guangdong)

11:45-12:05 Presentation 7: A Study of Sustainable Campus Transportation in Macau

Mr Wan lat Meng

Faculty of Science and Technology, University of Macau (Macau)

12:05-12:25 Presentation 8: Sustainable Development of the ‘Big Bay Area’ from the Hong Kong Strategic Planning Perspective
Mr K. K. Ling, JP

Director for The Government of the Hong Kong Special Administrative Region of Planning Department (Hong Kong)

12:25-12:30 Souvenir for keynote speaker and sponsors

12:30-1:30 Lunch Break
Speaker Speech Direction: Intelligent City Speech Direction: Sustainable Infrastructure Development
Presentation
1:30-1:45 Topic: Urban and rural life circle series the standard and | Topic: Policy Coordination and Application to Strengthen
construction method Guangdong Hong Kong Macau cities and District Tenacity
Prof Liu Yun Gang as well as Sustainable Development
Sun Yat-Sen University, Deputy Secretary of The Geographical | Prof Thomas Ng, Professor
Society of China (Guangdong) and
Dr Xu Jun, Post-doctoral Fellow
Department of Civil Engineering, The University of Hong
Kong (Hong Kong)
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1:45-2:00 Topic: Infrastructure and facilities planning through Topic: One Belt and Road’ and the Third Economic
Wisdom, Green and Toughness Transition of Hong Kong
Ir Bruce W H Chong Prof Mao Yan Hua
East Asia Sustainable Infrastructure Design Leader Sun Yat-Sen University, Associate Dean for Institute of Free
Management Consulting | Policy & Sustainability trade zone comprehensive research , Sun Yat-Sen University
Arup (Hong Kong) (Guangdong)

2:00-2:15 Topic: Opportunities and Challenges of Sustainable Topic: Smart cities to meet the future needs of the PRD
Development in the PRDBA under OBOR: Macau Region
Functional Subsidiarity Mr Eric Ching
Dr Zhao Ya Lan Director
Sustainable Development Research Center, Guangzhou Mott MacDonald
Institute of Geochemistry, CAS (Guangdong) (Hong Kong)

2:15-2:30 Topic: OBOR is Reshaping Geopolitics: The Macau Topic: The Opportunities and Challenges facing HKIA in
Functional Subsidiarity light of the Belt and Road Development
Dr Francisco J. B. S. Leandro Mr Wilson Fung Wing Yip
Assistant Professor Executive Director, Corporate Development for Hong Kong
University of Saint Joseph International Airport

(Hong Kong)
Speak Speech Direction: Built Environment, Green Development | Speech Direction: Sustainable energy, Water supply,
Presentation | Green Building and Use of Challenges and Opportunities from Climate
Change

2:30-2:45 Topic: Sustainable Development - Hong Kong’s Strength | Topic: A Discuss on natural sources of capital balance
and International Experience guided by the theory of “two mountain”
Ir Cary Chan Ir Dr Ye You Hua
Executive Director, Hong Kong Green Building Council Director of Shenzhen Ecological Environmental Science
(Hong Kong) Research Institute (Guangdong)

2:45-3:00 Topic: Integration of green and energy-saving cast-in- Topic: Total Water Management in Hong Kong
place lightweight concrete wall construction technology | Ir Dr Chan Hon Fai
research Chairman, Advisory Committee on Water Supplies /
Dr Li Jian Xin Managing Director, Cinotech Consultants Limited
Guangdong Provincial Institute of Building Research Group | (Hong Kong)
co., LTD (Guangdong)

3:00-3:15 Topic: Sustainable Substation: Green and Climate Topic: Cold winter frequency analysis in recent 10 years in
Resiliency for Sustainable and Reliable Supply to Hong Guangdong under the background of climate change
Kong Ir Hao Quan Cheng
Mr Chan Kwok Wah, Keith, Acting Director, Engineering Guangdong Meteorological Service
Projects
and
Mr Ho Siu Kwong, Director, Asset Management
CLP Power Hong Kong Limited (Hong Kong)

3:15-3:30 Topic: Research in technology of managing the places
on collecting and dealing with urban construction waste
residue
Ir Xu Yan Lu
Guangdong Provincial Institute of Building Research Group
co., LTD
(Guangdong)

3:30-3:45 Short Break

Closing Session | Speech direction: Sustainable Environment and Green Development (Air, Water, Green Building)

3:45-4:05 Closing Theme: The sustainable development of guangdong Pearl River Estuary mangrove swamp
Dr Xu Xiang Rong
South China Sea Institute of Oceanology, CAS
(Guangdong)

4:05-4:25 Closing Theme: From Sustainable Development To Ecological Civilization
Ms Christine Loh, JP
Under Secretary for the Environment, HKSARG (Hong Kong)

4:25-4:30 Souvenir Presentation to Speakers

4:30-4:40 Next Organiser Handover Ceremony

4:40-4:50 Closing Speech
IrS S Kong

Chairman of Civil Division, The Hong Kong Institution of Engineers

* The English version program rundown is just for reference, it will not be liable for any errors or misinterpretation. The Chinese version shall prevail.
* Cantonese or Putonghua, with simultaneous translation into English
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Organizer - History of The Hong Kong Institution of Engineers

The Engineering Society of Hong Kong was founded in 1947 with the aim of bringing together engineers of
different Disciplines for their common good. The Society flourished and as a result the Hong Kong Institution of
Engineers (the HKIE), was incorporated under the Hong Kong Institution of Engineers Ordinance, Chapter 1105
of the Laws of Hong Kong in 1975. Adapting to the needs of engineers in Hong Kong, the Institution continues
to develop and expand.

The Institution sets standards for the training and admission of engineers. It has strict rules governing
the conduct of its members and, as a learned society. It enables its members to keep abreast of the latest
developments in engineering. Many of the learned society activities take place at the Institution's Headquarters
in Causeway Bay. It provides a venue for seminars, talks and meetings as well as the office of the Secretariat.

An important development in 1982 was the Hong Kong Government's decision to recognize Corporate
Members of the HKIE for civil service. Most engineering companies in Hong Kong recognize Corporate
Membership of the HKIE as the key qualification for employment of professional engineers.

On the participation of the engineering profession in public affairs, we have one seat representing the
Engineering Functional Constituency in the Legislative Council, and among the 1,200-member Election
Committee (EC) for the election of the Chief Executive of the HKSAR, there are 30 EC members from the
Engineering Subsector. These representatives are elected by the Corporate Members of the Institution. In
addition, Corporate Members and Graduate Members of Information Technology Division of the Institution are
eligible to vote for the representatives in the Information Technology Functional Constituency in the Legislative
Council and its Election Committee Subsector. Views of the engineering profession are well respected both by
the HKSAR Government and the community through these establishments.

The HKIE has established close relationship with engineering institutions throughout the world and it has
signed agreements for reciprocal recognition of professional qualifications with engineering authorities in
Australia, Canada, Ireland, the Mainland, New Zealand and the United Kingdom. It has also signed agreements
of co-operation with other organizations in Europe, the Mainland, North America and Southeast Asia.

In June 1995, the HKIE joined the Washington Accord as one of the signatories. The engineering degrees accredited
by the HKIE are recognized by other signatories including Australia, Canada, Chinese Taipei, Ireland, Japan, Korea,
Malaysia, New Zealand, Singapore, South Africa, Turkey, the United Kingdom and the United States.

In 1999, Hong Kong became a founding member of the APEC Engineer Framework. Registered Professional
Engineers (R.PE.) in Hong Kong are eligible to register as Hong Kong APEC Engineers.

In June 2001, the Institution became a founding signatory to the Sydney Accord. Under this Accord, higher
diplomas and associate degrees accredited by the HKIE are recognized by other signatories including Australia,
Canada, Ireland, New Zealand, South Africa, the United Kingdom and the United States. On multilateral
recognition of engineers' and technologists' qualifications, the Institution is a founding member of the
Engineers Mobility Forum and the Engineering Technologists Mobility Forum. The former is to provide a
framework for the recognition of experienced professional engineers by responsible bodies in each of the
signatory economy, while the latter is a framework that facilitates multilateral recognition of technologists'
qualifications.

Both the APEC Engineer Register in Hong Kong and the Engineers Mobility Forum International Register of
Professional Engineers in Hong Kong were launched in April 2002. The Engineering Technologists Mobility
Forum International Register of Engineering Technologists in Hong Kong was also launched in February 2008.

In June 2009, the Institution was admitted as a full signatory to the Seoul Accord. The computer science degrees
accredited by the HKIE are recognized by other signatories including Australia, Canada, Chinese Taipei, Japan,
Korea, the United Kingdom and the United States.

The HKIE is an affiliate member of World Federation of Engineering Organizations (WFEO) and a member of
Federation of Engineering Institutions of Asia and the Pacific (FEIAP).

For further information in relation to Washington Accord, Sydney Accord, Engineers Mobility Forum, APEC
Engineer, Engineering Technologists Mobility Forum and Seoul Accord, please refer to International Recognition
and Events.
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Co-organizer - History of Guangdong Provincial Association For
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Guangdong Provincial Association For
Science and Technology
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The Introduction of Guangdong Provincial Association for
Science and Technology
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Guangdong Provincial Association for Science and Technology is a mass organization of the scientific and
technical workers of Guangdong Province, is the bridge and link the Guangdong provincial government
contacting with the scientific and technical workers, is an important force in the development of science
and technology drive in Guangdong Province. Its prevailing institutions include 160 provincial societies; 21
municipal associations; 121 county-level associations and 5 direct companies under Guangdong Provincial
Association for Science and Technology.

Primary tasks

(A) To promote academic communication, academic ideology, science development and knowledge
innovation.

(B)  To develop overseas folk science and technology activities, with friendly exchanges between the science
and technology organizations and the science and technical workers from Guangdong and those
overseas organizations.

(C)  To develop scientific demonstration and consulting services, make policy recommendations, promote
the transformation of scientific and technological achievement; to undertake tasks for authorization of
project evaluations, achievement appraisal and technological evaluations.

(D)  To advocate scientific spirit, popularize scientific and technical knowledge, propagate scientific ideas and
methods and promote advanced technology.

(E)  To supervise the provincial societies; to guide the operations of the associations for science and
technology across Guangdong Province.
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Co-organizer - History of The Macau Institution of Engineers
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| The Macau Institution of Engineers
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The Macau Institution of Engineers was registered in 1987, officially found in 1987 is a non-profit professional
association. Since then, the Association’ s purpose is strength the unity and connection with engineers in
Macau, keep connected and cooperate with different organizations in other countries and regionals. Meanwhile,
the Institution is promoting the local engineers and built the cooperation relationship with engineers and
other industries improve the engineer’ s society status, contribute for the sustainable development of Macau
engineers.

Since the Institution was found in 1988, we were continuing recruits the members, they were came from the
engineers from different sections of the government, the college professors, engineers of Franchise business
such as electric company, telecom company, water company, sewage treatment plant, registered engineers and
engineers who are working for other engineering associations; there are three divisions in professionals, Civil
Engineering, Electrical engineering and mechanical engineering, besides Information Software Engineering,
Environmental Engineering, chemical engineering, Surveying Engineering etc. The institution has Members of
the General Assembly, council and Supervisory Board. Under the members of the General assembly, there are
one president, one vice-president, one secretary. Under the Council there are one director, three vice presidents
and five executive directors. Under supervisory board, there are one chief supervisor, one Deputy Chief
Supervisor and five supervisors. Within stewards members are biennial election, the current term of the election
was carried out by the end of 2012, Officers and elected directors and supervisors and other members of the
twelfth through the convening of the General Assembly. In order to more effectively promote the conference
and division of labor, besides the basic structure, there are Ministry of Social Affairs, Ministry of Culture and
Sport, Engineering Technology, Engineering and science section and Training center. Respectively, with one
minister and several officers to organize the activities efficiently.
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Development in the Pearl River Delta Bay Area under the Belt and

Road Initiative
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Keynote Presentation — Opportunities and Challenges of
Sustainable Development in the Pearl River Delta Bay Area
under the Belt and Road Initiative
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Keynote Presentation — Opportunities and Challenges of Sustainable
Development in the Pearl River Delta Bay Area under the Belt and
Road Initiative
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Decompaosition Analysis in Decoupling Transport Output from Carbon
Emissions in Guangdong Province, China

Yalan Zhao "#, Yaoqiu Kuang ' and Ningsheng Huang '

! Sustainability Development Research Center, Chinese Academy of Sciences,
Guangzhou 510640, Guangdong, China

2 University of Chinese Academic of Sciences, Yuquan Road, Beijing 100049, China

Abstract. With a continuously growing share of the world’ s overall energy
consumption, the transport sector has been acknowledged as one of the most
important contributors to global carbon emissions. This paper applies a complete
decomposition and decoupling analysis to investigate and quantitatively analyze the
main factors influencing the energy-related carbon emissions of the transport (TCE)
sector during 1995-2012 in Guangdong, the richest and most populated province in
China. Results showed that decoupling level between transport output and TCE was
relatively low, especially when compared with year 1995, in which case it remained as
expansive coupling. Optimization of tertiary industry structure was the main factor
inhibiting TCE increase. However the rapid growth of GDP per capita and population
was more powerful at boosting TCE, resulting in elasticity index rising directly. 2005
was a turning point when environmental friendly policies took action, after which
decoupling state improved significantly, achieving weak decoupling when comparing
adjacent years.
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~  R.F. Shi, G.X. Cui, Z.S. Wang, C.X. Xu and Z.S.
Zhang, 2008, Large eddy simulation of wind
field and plume dispersion in building array
Atmospheric Environment Vol. 42 pp1083-1097

~  M.Y.Yin, G.X. Cui, C.X. Xu, ZS. Zhang, Z.S. Wang
2007 Large eddy simulation of urban heat island
phenomenon , Shanghai, Aug.15-19, 2007 ,
The Fifth International Conference on Fluid
Mechanics

~ R.F. Shi, G.X. Cui, C.X. Xu, Z.S. Zhang, Z.5S.
Wang 2007 Large Eddy Simulation of Wind
Field and Pollution Dispersion in a Building
Array. Shanghai, Aug. 15-19, 2007, The Fifth
International Conference on Fluid Mechanics
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INDUSTRY +
THE MOVEMENT AND SUSTAINABILITY IN INDUSTRY

SEPT 23,2016 Prof. Daniel M. Cheng
Chairman, Federation of Hong Kong Industries
Managing Director, Dunwell Enviro-Tech (Holdings) Ltd.

DUNWELL
¥ PN CEER PRI I ¥

Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.
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VPR O W = Y
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Figure 2. The Internet of Everything: Devices in Use Globally
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Source: John Greenough, “The Internet of Everything 2015,” Business Insider Inteltigence. Produced by Adam Thierer and Andrea Cas-
tillo, Mercatus Center at George Mason University, 2015

m @ 3 Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.

|OT opportunities

McKinsey Global Institute - IOT Technologies on global economic impact
US$2.7 trillion in 2015 to US$6.2 trillion in 2025 per year

Gartner says there will be 21 billion connected devices by 2020
GE Project — 10T Technologies could add US$15 trillion to global GDP by 2030

VisionMobile Project — IOT developers will grow from 300,000 in 2014 to 4.5 million
in 2020

Top industries benefit
From IOT Technologies

Manufactunng
w @ 4 Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.
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Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.

Digital Disruption — Winners & Losers

>

- 439 Million Users - 750 Million Users
- 91,000 employees - 600 employees
% (3\ 6 Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.
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Any Company
Designed for the
Success in the 20"

Mr. David Rose

“NewYocirﬁfghangel” Century IS doomed to
BusinessWesk failure in the 21st

“World Conquering Entrepreneur” C
entury

Crain’s New York Business
“Father of Angel Investing in NY”

Best Selling Author
“Angel Investing”

DUNWELL (:\

7 Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.

Transformation
Path

DUNWELL (s\

8 Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.
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DUNWELL .
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Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.

World of Operating Industrial Robots

robots in 2014

2,600,000 industrial robots in 2020

The International Federation of Robotics reports in 2015

DUNWELL o
o __n o 3+

Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.
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Facts to Accept

Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.

DUNWELL ., "

Machine to Machine Cloud Learning

DUNWELL "

Copyright 2016 by Dunwell Enviro-Tech (Holdings) Ltd.
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A Study of Sustainable Campus Transportation in Macau
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Introduction

Since the operation of new campus for University
of Macau in Hengqin where is an island in Zhuhai
and also special economic zone in the Guangdong
province, a 20 times larger campus with 12,000
students capacity, it can be expected that a rapid
development of University of Macau will be coming in
the future. Growth of university community members
could increase pressure to car usage and parking
spaces, public transportation demand and challenge to
environment, it is important to minimize those impacts
in campus. Obviously, the answers of these problems
lie on how to promote the sustainable development
concept in the university campus environment.
According to the report of the World Commission on
Environment and Development (Board on Sustainable
Development, 1999), sustainable development was
defined as “the reconciliation of society’s development
goals with its environmental limits over the long time”.
A transportation system is defined as “sustainable”
if it can satisfy current transport and mobility needs
without compromising the need of future generations.
(Richardson, 1999).

Implications of Campus
Transportation Sustainability

University campus is considered as the best place
for testing and implementing various sustainable
transportation management and policy such as
providing incentives for walking, cycling, taking public
transport system, ridesharing, discouraging the use
of single-occupancy cars etc. (Balsas, 2003). On the
other sides, the University can affect not only the
transportation behavior of the campus community
but also the commuting habits and the environmental
awareness that students can develop in the long time
(Tolley, 1996).

—F—HTXEENGRRRERE AR

Methodology

With an aim to understand the conditions of the
sustainability of transportation on the UM campus, a
questionnaire survey was designed and distributed to
UM students for obtaining their perceptions about the
campus transportation. Through the questionnaire,
potential indicators related to sustainable
transportation would be obtained. A preliminary
selection of potential indicators is needed first.

Selection Criteria for Potential
Indicators

Based on the recommendation of Hart (1997), indicators
selected to assess the transportation sustainability
for the case of UM must be able to obtain high-
quality data easily. In other words, the data acquired
through such indicators need to be accurate and easily
available, be able to represent a large phenomenon of
the case, be relevant to stakeholders (including users
and policy makers), and be separated into short-term
and long-term. Indicators of sustainable transportation
should be related to the three main facets stated
by Litman (2005), including economic, social and
environmental ; but an adjustment is necessary to cope
with the environment in the case of university campus.
In consideration of the criteria of indicator selection
and case studies from different campuses, four main
directions are set up to select the potential indicators
for sustainable transportation on the UM campus:

1) pedestrian-friendly campus,
2) environmental-friendly campus,
3) campus infrastructure improvement, and

4) green traveling behavior.
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The indicators can be measured by three methods,
including questionnaire survey, direct measurement
and secondary data research. The questionnaire
survey would gauge opinion-based indicators, such
as reasons of respondents’ selection of traffic modes
and their satisfaction level of public transport service.
Direct measurement is used for indicators that can be
measured directly, such as number of vehicles in car
parks and number of buses arriving at a bus stationin a
particular period. Secondary data research is conducted
for indicators related to professional knowledge, study
reports or special equipment needed, such as emission
of greenhouse gases from private vehicles and traffic
noise on campus.

The constraints that could affect the quality of
data for establishing indicators might include the
number and specialization of individuals working for
the study, difficulty in searching specific resources
for particular topics, and the size and scope of the
study, and so on. For tackling these constraints and
improving the reliability of this study, data availability
for each indicator is evaluated based on three levels,
respectively Grade A, Grade B and Grade C.

Grade A represents that a high quality of data can be
obtained, such as the number of bus stops on campus
which can be measured directly. Grade B represents
that reliable data can be obtained, such as traveling
behavior of students which would be obtained by
the questionnaire survey. Grade C represents that the
data obtained is not reliable or easily available, such as
emission of greenhouse gases from private cars and
public transportation on campus, as these areas of
concern require professional crews and equipment to
measure, and there is a lack of published research in
the literature.

The indicators for the UM campus to achieve
sustainable transportation are grouped into different
areas as below:

A. To determine the level of roads on campus:
A1l. Coverage of road, sidewalk and cycling road
on campus
A2. Quality of road, sidewalk and cycling road on
campus

B. To determine traffic mode choice of students:
B1. Percentage of students who use private cars
and motorbikes as primary traffic mode
B2. Percentage of students who use public
transportation as primary traffic mode

C. Reasons for chosen traffic modes:
C1. Parking area and policy for private cars and
motorbikes
C2. Policies to restrict private car use on campus
(3. Satisfaction level of public transportation
C4. Distance between each bus stop
C5. Service support for disabled people
C6. Incentives for using different traffic modes

D. Promotion of green travel:
D1. Walkability and bikeability of campus
D2. Landscape on campus
D3. Proper links or shortcuts between places
D4. Safety for road users

E. To determine the environmentimpact:
E1. Emission of greenhouse gases and wastes
E2. Use of renewable energy or low-emission
energy in public transportation
E3. Noise pollution

Specific indicators related to each direction can be
observed from Table 1 below.
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Table TIndicators with corresponding related directions _— Measurement Data
Main directions of - cato method availability
- Related indicators — -
indicators C2. Policies to restrict|Data research A
Pedestrian-friendly A1 B2 C5.C6.D1 D3.D4 private car usage on
campus e campus
Environmental-friendly B1 C2.D2 E1 E2 E3 (3. Satisfaction Questionnaire B
campus e level of public survey
Campus infrastructure A1 A2 C1.C5 C6.D3 transportation
improvement e C4. Distance Questionnaire
. .| B1,B2,C2,C3,C4,C6,D1, between each bus  |survey,
Green traveling behavior !
D2 stop
Data research A
A summary of the measurement method and data  |C5- Service support |Questionnaire
availability of each indicator is listed in Table 2 below. [for disabled people |survey,
As mentioned previously, indicators can be measured ~ |Pata resea'rch B : :
by three methods, including questionnaire survey, C6" Ince.ntlves of Questionnaire B
direct measurement and data research. using different traffic|survey
modes
Table 2 List of Potential Indicators D1. Walkability Direct B
Measurement Data and bikeability on  |measurement,
Indicator method availability campus Questionnaire
A1. Coverage of Direct B 57 Land sDt{rvey
roads, sidewalks and |measurement, --andscapeon Irect
cycling paths on Data research campus measurement,
campus Questionnaire B
A2. Quality of roads, |Direct B sDu;vsy Ik et A
sidewalks and measurement, - PTOPETTinks or Irec
. . . shortcuts between |measurement,
cycling paths on Questionnaire ] i
campus survey places Questionnaire
B1. Percentage Questionnaire B survey
of students who survey D4. Safety of roads  |Data research A
use private car, for users
motorbike as ' E1. Measurement of |Data research B
eenhouse gases
primary traffic mode gr useg
. - and waste
B2. Percentage of  |Questionnaire B > Use of Data research A
students adopting  [survey rer.\ewable ener
public transportation or low emissiongy
as primary traffic ] )
mode energy in public
C1. Parking areas Questionnaire transpf)rtatlon -
and policy for private Survey E3. Noise pollution |Data research C
cars and motorbikes
Data research B
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The sampling population of the questionnaire survey
is students in UM. The questionnaire comprises 6 parts,
including personal information; selection of traffic
mode; satisfaction level of shuttle bus service on the
UM campus; satisfaction level of public bus services
between the UM campus and the city; usage of bicycle
on campus; and opinions on accessibility facilities
provided on campus.

Personal information: e.g. year of study, academic
department, whether or not living on campus, whether
or not holding a driving license.

Selection of traffic mode: e.g. respondents’ perceptions
about a series of subjects on a five-level Likert scale,
such as the campus landscape, planning of roads, noise
from vehicles, and whether the campus attracts them
to travel on foot or by bike; as well as their primary
traffic mode and the reasons of their selection.

Satisfaction of public transportation: frequency of
use of shuttle bus and public bus services, as well as
opinions on the period and accuracy of the routes, and
the location and comfortability of the bus stops.

Usage of bicycle: frequency of biking on campus;
ownership of bicycle; reasons of biking on campus.

Accessibility facilities: Taking into account that this
is not a common topic for students, instead of seeking
direct answers in the questionnaire, respondents were
asked to provide their contact information for a follow-
up meeting to discuss their use and perceptions of the
campus accessibility facilities.

Twenty students of UM were invited to take part in a
pilot study of the questionnaire survey. The validity
and reliability of the questionnaire was tested based
on respondents’ answers to the questions. In addition,
their opinions were also considered in order to improve
the contents and layout of the questionnaire to create
a final version of the survey.

For the formal execution, an online survey form was
adopted. A sampling size of 200 was targeted in the
initial stage.

Apart from the questionnaire survey, certain indicators
were obtained by other methods. Indicators including
the number of vehicles arriving at and departing the
campus, and occupancy of parking lots were measured
directly. Indicators including the policy of parking lots,
and usage of renewable energy in public transportation
were obtained by data research. Some of the indicators
were measured by more than one method for a more
comprehensive analysis.

Selected Results and Analysis

A total of 206 questionnaires were received, among
which 54.4% were male and 45.6% were female; 40.1%
stayed in residential colleges on campus and 59.9%
did not. Year 1 to Year 4 students and postgraduate
students respectively composed of 16.5%, 17%, 21.4%,
41.7% and 3.4% of the total number of respondents.
The distribution of faculty affiliated by respondents is
listed in Table 3. With regard to driving licence, 42.2%
of respondents hold a motorcycle licence, 36.9% with a
light vehicle licence, and 42.2% have neither of them.



Table 3Distribution of Faculty Affiliation
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Arts & Busi Sci &

Faculty s o l,JS,meSS, Education |Health Science Law Social Sciences cience
Humanities |Administration Technology

Percentage 14.6% 19.9% 11.2% 1.9% 4.4% 13.6% 34.5%

Perceptions of transportation
environment on campus:
Perceptions of the walking environment, sidewalks,

cycling paths and roads, such as their comfortability,
safety and accessibility, were obtained to assess the

campus transportation environment. For instance, as
shown in Table 4, respondents rated their satisfaction
towards various aspects of the walking environment
on campus. While the campus landscape was generally
evaluated as satisfactory, the other two aspects were
less acceptable in general.

Table 4Satisfaction Levels of Various Aspects of Campus Walking Environment

5-point Likert scale Extremely . g e g Extremely
Satisfied (4 Neutral (3 Dissatisfied (2

% of valid results Satisfied (5) atisfied (4) eutral (3) issatisfied (2) dissatisfied (1)
Landscape 15.6% 46.3% 29.8% 6.8% 1.5%
T facilities al

rees an.d acilities along 6.8% 15.6% 29.8% 34.1% 13.7%
roads with sunshades
Connectivity between 6.4% 21.1% 43.1% 24.0% 5.4%
buildings

The other indicators concerning sidewalks, cycling
paths and roads scored fairly high levels of satisfaction.

Traffic mode selection:

Several questions related to traffic mode selection were
asked in the survey, including respondents’ primary
choices of their daily trips within campus, and those
between campus and city; their acceptable traveling
time within campus; and their reasons of choosing
public transportation or private vehicles.

The results about the traffic mode within campus, for
example, indicate that many respondents choose green
commuting methods, including walking (47%), cycling
(17%), and using public transportation (17%), to move
around the campus. While choosing the traffic mode to
travel between the campus and the city, more than half
of the respondents would use public transportation,
and the other 28.6% and 14.6% would respectively
choose motorcycle and light vehicle. Getting to
know the reasons why students would prefer public
transportation to other modes, and vice versa, would
help us realize what kinds of planning and policy could
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achieve a more sustainable campus transportation.
The three major reasons for students to use public
transportation included cost, convenience and weather
conditions. Students prefer private vehicles primarily
due to shorter traveling time, free parking spaces
provided on campus, as well as convenience.

Services of campus shuttle bus and
public transportation:

Respondents were asked to rate the various aspects
of the shuttle bus service provided on campus and
the public transportation between the campus and
the city, including locations and comfortability of bus
stops, time intervals and punctuality of the service,
as well as overall satisfaction level. With regard to the
campus shuttle, for instance, while respondents were
less satisfied with the stop locations and time intervals
of service; they were happy about the comfortability
of the bus stops and the punctuality of service.
Compared to the campus bus service, the public bus
transportation was less satisfactory in all the areas of
concern.
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Cycling on campus:

Of the 44% of the total respondents, who have cycled
on campus, daily commuting was the reason of cycling
on campus for many (81.3%), while physical activity was
the second popular reason (23.1%). Other indicators
were also asked concerning cycling on campus,
including bike ownership, frequency of cycling, as well
as accidents, such as occurrence, location and cause.

Campus car parking:

Direct measurement was adopted to assess
the capacity and usage of car parks on campus.
Comparison of usage of car parks in peak and non-
peak periods is listed in Table 5 below.

Table 5Comparison of usage of car parks in peak and non-peak period

Peak Period Non peak Period
Light vehicle Motorcycle Light vehicle Motorcycle
Normal Disabled Normal Disabled Normal Disabled Normal Disabled
P1 100% 0% 75% 0% 81% 50% 68% 0%
P2 81% 0% 82% 0% 24% 0% 13% 0%
P3 68% 25% 31% 0% 64% 0% 17% 0%
P4 69% 25% 45% 0% 19% 0% 15% 0%
P5 85% 17% 66% 0% 61% 8% 24% 0%
P6 16% 50% 30% 0% 45% 0% 37% 0%
P7 10% 0% 5% 0% 16% 0% 9% 0%

In short, occupancy of parking lots by light vehicles is
normally higher than that by motorcycles in most of
the car parks. During peak periods, car parks P1-P5 had
more than 65% of usage, and the average percentage
of usage of these five car parks is 81%. During off-peak
periods, P1, P3 and P5 had more than 60% of usage,
and the average percentage of usage of these three
car parks is 69%. To monitor a reasonable usage of car
parks to satisfy the existing demand and future growth
of campus, policy is necessary to restrict users'intention
of driving private vehicles to campus, such as setting
up parking fees or promoting a carpooling program.

Selected Results from Direct
Measurement

Traffic compaosition of arriving and
departing vehicles:

In order to count the number of arriving and departing
vehicles, a video camera was set up at the campus
gateway of the river tunnel linking between the
campus and the city of Taipa, and a 12-hour video was

recorded on 24th March. Graphic summaries of the
arriving and departing vehicle counts are shown in
Figures 1 and 2.

MNurmbes of vehicles anived

SRR OF WOECLEY

Fibe

Figure TNumber of vehicles arrived at campus in 12-
hour measurement.
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Figure 2Number of vehicles departed from campus in
12-hour measurement.

Three peaks are found for the arriving vehicle number,
and two peaks for the departing vehicle number,
largely reflecting the starting times of class (including
evening programs) and work, and the finishing times
of class and work.

Emission measurement of vehicles
on campus:
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2) Obtain the traveling distance (km) of different
types of vehicle in 12-hour measurement period
(from 08:00A.M. to 08:00 PM.).

3) Calculate emissions of arriving and departing
vehicles, by multiplying the result from step 1 and
the result from step 2, in gram.

Steps of calculation for emission of arriving and
departing vehicles are listed below:

Table 6Number of vehicles in 12-hours measurement
period

Bus Car  |Motorcycle| Others
Arrl\{lng 250 2412 1048 248
vehicle
Departing
. 236 2149 912 268
vehicle
Total 486 4561 1960 516

Table 7Proportion and distance from terminals to
campus for public transportation buses.

In order to estimate the emissions of arriving and PRACA TJOILONG .

i ) . EDF. CHUN AV.1°DE
departing vehicles on campus, the following steps FERREIRA LUEN SEAVIEWI MAIO
were carried out: AMARAL BLOOO 1

Percentage| 25% 25% 25% 25%
1) Obtain the emission factors of different types of Distance
85 4 7 13.8
vehicle, in g/km. (km)
Table 8Proportion and distance from each parish to campus for car.
Nossa Zonade Séo
Nossa - - Aterro .
Santo Sao Sao , Senhora Francisco
Senhora - . Sé centre . Other
- Anténio | Lazaro |Lourenco do Carmo ; Xavier
de Fatima (Taipa) Taipae (Coloane)
P Coloane
Percentage 37% 21% 4% 6% 5% 27% 0%
Distance (km) 13 11.5 11 8 9.2 7 3
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Table 9Proportion and distance from each parishes and campus for motorcycle.

Zona de <
Nossa Sao
Nossa . . Aterro .
Santo Sao Sao , Senhora Francisco
Senhora . . Sé centre . Other
» Anténio | Lazaro |Lourenco do Carmo . Xavier
de Fatima . Taipae
(Taipa) (Coloane)
Coloane
Percentage 49% 17% 9% 6% 5% 10% 1% 0% 2%
Distance (km) 13 11.5 11 8 9.2 7 1.5 3
Table 10Total traveling distance = number of vehicles x proportion x distance
Distance from each proportions (km) Total (km)
Campus 272 272
bus
Bus 1032.8 486 850.5 1676.7 4046.0
Car 219384 | 11014.8 | 2006.8 2189.3 2098.1 8620.3 0 47867.7
Motorcycle | 124852 | 3831.8 1940.4 940.8 901.6 1372.0 294 0 21501.2
Others 2482.0 1246.1 227.0 247.7 2374 975.2 0 54154
Table 11Emission of vehicle in 12-hours measurement period, unit in gram.
Campus bus Bus Car Motorcycle Others Total
NOXx 3265.1 48567.6 2824.2 5740.8 19273.5 79671.2
PM10 96.6 1436.3 191.5 580.5 731.1 3036.0
PM2.5 89.8 1335.2 191.5 537.5 676.9 2830.9
THC 68.0 1011.5 5983.5 40465.3 6287.3 53815.5
CcO 1076.6 16013.9 439425 135414.6 23270.1 219717.6
SO2 1.6 234 79.5 6.9 12.8 124.1
Summary of Results of Indicators A) Mark or significant value of the indicator;
The results of indicator can be shown in two methods, o - o
including: B) Statement for the existing condition of indicator.

A summary of the results of all indicators is listed in
Table 12.
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Indicator

Result

Coverage of road, sidewalk and cycling paths on
campus

A.

Marks of accessibility of road and cycling road are
3.5 and 3.3 out of 5 respectively.
Lack of cycling road in East and North District.

Quality of road, sidewalk and cycling paths on campus

The marks of quality of road, sidewalk and cycling
road are 3.8, 3.6 and 3.6 out of 5 respectively.

Percentage of students who use private car or
motorbike as primary traffic mode

14.6 % of student use private car and 28.6 % of
student use motorcycle as primary traffic mode.

Percentage of students who use public transportation
as primary traffic mode

54.9% of student use public transportation as
primary traffic mode.

Parking area and policy for private car and motorbike

81% of light vehicle occupancy in the 5 highest
usage car parks in peak period 69% of light vehicle
occupancy in the 3 highest usage car parks in
non-peak period.

Free of parking fee, permit is needed to use staff
car park

Policies to restrict private car usage on campus

No policy is developed yet to restrict private car
usage.

Satisfaction level of public transportation

The marks of satisfaction of public bus and
campus bus service are 6.1 and 7.2 out of 10
respectively.

Distance between each bus stop

64% of respondent thought the location of bus
stop of public transportation service is reasonable;
46 % of respondent thought the location of bus
stop of campus bus is reasonable.

Service support for disabled people

8.7% of respondents have been used; 61.1% of
them responded the support is enough.

Incentives of using different traffic modes

42.2% of respondent thought the main incentive
of bus is the cost;

62.9% of respondent thought the main incentive
of bus is the shorter traveling time.

Walkability and bikeability on campus

40% of campus area can be arrived within 10
minutes by walking;

80% of campus can be arrived within 2 minutes
by cycling.

Landscape on campus

The mark of landscape in campus is 3.6.

Proper links or shortcuts between places

The mark of connectivity of buildings is 3 mark
Most of buildings except North District are
connected by footbridge without cover.
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Indicator

Result

Safety of roads for users

A. 16.5% of respondents had accident while traveling
in campus; 50% of them thought the cause of
accident was the geometric design of roads.

B. Non-clear separation of different types of roads in
East District.

Measurement of greenhouse gases and waste

A. 48568 g of NOx, 1436 g of PM10 and 1335 g of
PM2.5 are discharged by public transportation
bus; 40465 g of THC is discharged by motorcycle;
43943 g of CO and 79 g of SO2 are discharged by
car

Use of renewable energy or low-emission energy in
public transportation

Unable to obtain in this study

Noise pollution

Unable to obtain in this study

By combining these two types of results of indicators,
a more comprehensive understanding of indicator
performances can be obtained. For instance, the high
occupancy of parking spaces and a lack of policy to
restrict private vehicle usage show that the demand
of parking spaces on campus is high and policies are
necessary to reduce the private vehicle usage. For the
environmental indicators, the amount of emissions
of vehicles was calculated, but other aspects of
environmental impact such as noise pollution were
not determined because of the lack of professional
equipment. Therefore, a comprehensive measurement
in environmental aspects can be done in future
research.

Conclusion

The purpose of this study was to assess the relationship
between sustainability and transportation on the
new UM campus by establishing a set of indicators.
With more than 10,000 people studying and working
in UM, this case study can serve as a reference for
small-scale cities. The main method to assess the
transportation sustainability on campus is to set
up a series of indicators aiming at different aspects.
Potential indicators should be able to represent the
phenomenon on campus, which help decision makers
to take action for improvement. Indicators in different
periods can be compared to find out to what extent

particular policies are effective and to what extent the
campus is employing sustainable transportation.

For future study, as the results of indicators in different
periods can be used for monitoring, indicator
performance can be measured towards a 3-year
or 5-year goal. The questionnaire survey can be
adjusted to obtain other potential indicators, such as
perceptions of carpooling and car sharing programs.
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ABSTRACT

Sediments were collected from three mangrove
wetlands in the Pearl River Estuary (PRE) of South
China to investigate spatial and temporal distributions
of polybrominated diphenyl ethers (PBDEs),
decabromodiphenyl ethane (DBDPE) and 1,2-bis(2,4,6-
tribromophenoxy)ethane (BTBPE). Concentrations of
>PBDEs, DBDPE and BTBPE in mangrove sediments
of the PRE ranged from 1.25-206, 0.364-34.9, and not
detected-0.794 ng g-1 dry weight, respectively. The
highest concentrations of YPBDEs, DBDPE and BTBPE
were found at the mangrove wetland from Shenzhen,
followed by Zhuhai and Guangzhou, showing the
dependence on the proximity to urban areas. PBDEs
were the predominant brominated flame retardants
(BFRs) in mangrove sediments. The concentrations
of SPBDEs, DBDPE and BTBPE in sediment cores
showed an increasing trend from the bottom to
top layers, reflecting the increasing usage of these
BFRs. The inventories of YPBDEs, DBDPE and BTBPE
in mangrove sediments were 1962, 245, and 4.10
ng cm-2, respectively. This is the first study to report
the occurrence of DBDPE and BTBPE in mangrove
ecosystems.

Keywords: Brominated flame retardants, Distribution,
Sediment, Mangrove, the Pearl River Estuary
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. Introduction

Brominated flame retardants (BFRs), as important
additive/reactive flame retardants, have been
widely used in electronics, paints, textiles,
thermopilastics, polyurethane foams and building
materials to reduce the flammability of many
combustible products. Currently, at least 75
chemicals have been classified as BFRs (Alaee
et al.,, 2003). Among them, polybrominated
diphenyl ethers (PBDEs) have been widely used
and are ubiquitous pollutants in the environment.
There have been three major PBDE commercial
formulations: Penta-BDE, Octa- BDE and Deca-
BDE. Penta--BDE and Octa-BDE commercial
products have been added to the list of emerging
persistent organic pollutants (POPs) by the
Stockholm Convention in May 2009 because of
their persistence, bioaccumulation and toxicity,
while Deca-BDE technical mixtures, banned in
Europe and the United States of America, are still
used in China (Besis and Samara, 2012). Due to
restrictions and bans on the use and production
of PBDEs, decabromodiphenyl ethane (DBDPE)
and 1,2-bis(2,4,6-tribromophenoxy)ethane
(BTBPE) have been used as replacements for Deca-
BDE and Octa-BDE technical mixtures in various
products, respectively. Although information
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regarding the environmental behaviors of DBDPE
and BTBPE is limited, the available data show that
these alternative BFRs may also be persistent,
bioaccumulative, toxic, and subject to long-range
transport (Covaci et al., 2011).

Mangrove ecosystems, the intertidal wetlands
along the tropical and subtropical coastlines,
are rich in biodiversity and provide habitats for
a wide variety of fauna and flora. Although their
ecological and economic importance has received
great attention, mangrove ecosystems, as one
of the most threatened biogeocenoses, have
been subjected to increasing pollution pressure
from human activities due to rapid urbanization
and industrialization in coastal regions (Lewis
et al.,, 2011; Bayen, 2012). Mangrove sediments
act as sinks for varieties of organic pollutants
because of their unique properties such as
abundant detritus, high organic carbon content,
anoxic/reduced conditions, and rapid turnover
and burial (Tam et al., 2006; Vane et al., 2009).
Contamination of polychlorinated biphenyls,
organochlorine pesticides and polycyclic aromatic
hydrocarbons has been frequently reported in
mangrove sediments (Vane et al., 2009; Bayen,
2012). Meanwhile, PBDEs have also been found
in biotic and abiotic samples from mangrove
wetlands (Bayen et al., 2005; Binelli et al., 2007;
Qiu et al., 2010; Bodin et al., 2011; Zhu et al., 2014),
but information on the occurrence of DBDPE
and BTBPE is scarce. Therefore, monitoring data
on DBDPE and BTBPE in mangrove ecosystems
are essential to get better understanding of their
environmental behaviors.

The Pearl River Estuary (PRE), located in the Pearl
River Delta (PRD) region of South China, has
become one of the most developed and urbanized
regions in China. The PRE has acted as a major
reservoir for man-made contaminants discharged
from municipal sewage, industrial waste, and
upstream runoff, which may pose adverse effects
to mangrove ecosystems (Zhang et al., 2014).

In addition, intensive electrical waste (e-waste)
recycling activities emerged in the PRD region
in the last decades, which have released large
amounts of BFRs into the PRE environment. It
has been estimated that 23 metric tons of PBDEs
were discharged into the PRE during the last 20
years (Guan et al., 2007). Thus, the PRE is generally
regarded as a hotspot for BFR contamination. More
recently, relatively higher levels of PBDEs (1.71-
114 ng g-1 dry weight, dw) have been reported
in mangrove sediments from Hong Kong, South
China (Zhu et al., 2014). However, data on spatial
distribution and temporal trend of BFRs (especially
for DBDPE and BTBPE) in mangrove ecosystems of
the PRE is limited.

In the present study, sediments from three
mangrove wetlands in the PRE were collected
and analyzed for the levels of PBDEs, DBDPE and
BTBPE. The objectives of this study were to (1)
explore the occurrence and spatial distribution
of these BFRs in mangrove wetlands in the PRE,
South China; (2) investigate temporal trend of
BFRs in mangrove wetlands; (3) estimate the mass
inventory of BFRs in mangrove wetlands. To the
best of our knowledge, this is the first study to
investigate the distribution and temporal trend of
DBDPE and BTBPE in mangrove ecosystems.

. Materials and methods

A total of 30 surface sediments and 3 sediment
cores were collected between October and
November 2012 from three main mangrove
wetlands in the PRE, South China, namely Futian
Mangrove Nature Reserve in Shenzhen, Qi'ao
Island Mangrove Nature Reserve in Zhuhai, and
Tantou Mangrove Nature Reserve in Guangzhou
(Fig. 1). The dominant mangrove species in
Shenzhen, Zhuhai and Guangzhou mangrove
wetlands are Kandelia candel, Sonneratia apetala,
and Aegiceras corniculatum, respectively. The top
5 cm layer of surface sediments was collected with



a stainless steel grab sampler. Five sub-samples
were randomly collected to mix a composite
sample at each sampling point with an area of 5 m
x5 m. The sediment cores were collected from the
middle of the natural swamps of each mangrove
nature reserve using a gravity corer and sectioned
at 4 cm intervals. All the sediment samples were
immediately transferred to the laboratory and
stored at -20 oC prior to chemical analysis.

The extraction and cleanup procedures for BFRs
in mangrove sediment samples were described
by Chen et al. (2013). Briefly, sediment samples
were freeze-dried, grounded, homogenized by
passing through a stainless steel 80-mesh sieve (0.2
mm) and stored in dark glass containers at -20 oC
prior to extraction. Approximately 10 g samples
were spiked with surrogate standards (13C12-
BDE 209, BDE 77, 181, and 205) and then Soxhlet-
extracted with acetone/hexane (v/v = 1:1) for 24
h. Activated copper granules were added to the
extraction flasks to remove element sulfur. The
extract solution was concentrated to 1 mL with a
rotary evaporator and then purified by a multilayer
column filled with 8 cm neutral silica, 8 cm
acidified silica, and 2 cm anhydrous sodium sulfate
from bottom to top. The column was eluted with
30 mL hexane/dichloromethane (v/v = 1:1). The
eluate was concentrated to near dryness under a
gentle nitrogen flow and reconstituted in 200 pL
of isooctane. Internal standards (BDE 118 and 128,
4-Fluoro-BDE 67, 3-Fluoro-BDE 153) were spiked
before instrumental analysis.

Tri- to hepta-BDE congeners (28, 47, 66, 100, 99,
154, 153 and 183) were quantified by an Agilent
6890 gas chromatography (GC) coupled with 5975
mass spectrometer (MS) with electron capture
negative ionization (ECNI) in the selective ion-
monitoring (SIM) mode and separated by a DB-
XLB (30 m x 0.25 mm x 0.25 um, J&W Scientific).

—F—H TXEETGERRBEMAKRK
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The initial temperature was set at 110 °C (held for
1 min), and ramped at 8 °C/min to 180 °C (held
for 1 min), then 2 °C/min to 240 °C (held for 5
min), subsequently 2 °C/min to 280 °C (held for 15
min), finally 10 °C/min to 310 °C (held for 10 min).
Octa- to deca-BDE congeners (202, 197, 203, 196,
208, 207, 206, and 209), DBDPE and BTBPE were
analyzed by a Shimadzu model 2010 GC coupled
with a model QP2010 MS (Shimadzu, Japan) using
ECNI in the SIM mode. A DB-5HT (15 mx 0.25 mm
% 0.10 um, J&W Scientific) was used for separation.
The temperature of the DB-5HT was held at 110
oC for 1 min, then increased to 200 °C at a rate of
20 °C/min (held for 5 min), finally raised to 310 °C
at a rate of 10 °C/min (held for 15 min). 1 L of the
sample was injected in the pulsed splitless mode.
The monitored and quantitative ions were as
follows: m/z 492.7 and 494.7 for 13C12-BDE 209,
m/z 486.7 and 488.7 for BDE 209, m/z 79 and 81 for
other compounds.

An aliquot of the sediment sample was treated
with 10% hydrochloric acid solution to remove
inorganic carbon, washed with purified water
to remove chlorine ion, and dried to constant
weight at 60 oC before the determination of total
organic carbon (TOC) by a CHN-O Rapid Elemental
Analyzer (Heraus, Germany). Acetanilide used as
the external standard was analyzed with each
batch of 20 samples to ensure the relative standard
deviation less than 5%.

One procedural blank was performed in each
batch of the sample analysis. Trace amounts of BDE
153 were detected in the procedural blanks (n =
6) and subtracted from the samples. Recoveries of
BFRs were evaluated by spiking known amounts
of 11 PBDE congeners (BDE 28, 47, 66, 85, 100, 99,
138, 153, 154, 183 and 209) and DBDPE in matrices
and solutions, which were passed through the
entire analytical procedure. The average recoveries
of BFRs in the spiked blanks (n = 3) and matrices (n
= 3) ranged from 98% to 116% and 70% to 130%,
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Fig. 1. Map of mangrove sampling sites in the Pearl River Estuary,

South China.

respectively. The relative standard deviations
(RSD) of all target compounds in the spiked blanks
and matrices were less than 16%. The average
recoveries of surrogate standards in all samples
(n = 61) were as follows: 89 + 12% for 13C12-BDE
209, 96 + 10% for BDE 77 (mean + RSD), 107 + 15%
for BDE 181, and 108 + 16% for BDE 205. Reported
concentrations were not corrected by surrogate
recoveries. For BDE 153, method detection limit
(MDL) was defined as three times the standard
deviation of the procedural blanks. For the
undetected compounds in the procedural blanks,
MDLs were set as a signal of five times the noise
level. Based on the mean dw of sediment samples,
MDLs for PBDEs ranged from 0.00073 to 0.022 ng
g"' dw. MDLs for DBDPE and BTBPE were 0.056 and
0.0063 ng g-1 dw, respectively.

All concentration data were presented on a dw
basis. Statistical analysis was performed with
SPSS 16.0 (SPSS Inc., lllinois, USA). The level of
significance was acceptable at p < 0.05. One-way
ANOVA accompanied by the Least Significant

Difference (LSD) test was used to determine the
spatial variations in BFR concentrations among
mangrove wetlands in the PRE of South China.
Simple linear correlation analysis was used to
investigate the relationship between BDE 209 and
DBDPE concentrations in mangrove sediments of
the PRE.

3. Results and discussion

Concentrations of YPBDEs, DBDPE and BTBPE
in surface sediments of mangrove wetlands in
the PRE are summarized in Table 1. PBDEs were
found in all sediment samples with concentrations
ranging from 1.25 to 206 ng g-1 dw. The median
concentrations of YPBDEs in the present study
were higher than those of the same congeners
measured in mangrove sediments from Hong
Kong of China, Sundarban of India, and Sungei
Buloh and Sungei Khatib Bongsu of Singapore
(Table S1, Supplementary Material). These
results suggested that mangrove sediments of
the PRE have been heavily polluted by PBDEs.



The relatively higher PBDE concentrations in
mangrove sediments of the PRE can be attributed
to burgeoning electronic/electrical manufacturing
industries and intensive e-waste recycling activities
in the PRD region. It is estimated that 20-50 million
metric tons of e-wastes are disposed in the PRD
region each year, accounting for about 70% of the
global production (Zhang et al., 2012). Remarkable
PBDE contamination was found in sediments (3.7-
5,708 ng g-1 dw), fish (8-1,300 ng g-1 lipid weight,
Iw) and birds (35-15,000 ng g-1 Iw) from the PRD
region (Zhang et al., 2009; Zhang et al., 2010; Sun
et al., 2012; Chen et al,, 2013). Great attention
should be paid to higher levels of PBDEs in
mangrove ecosystems of the PRE because of their
adverse effect on mangrove plant species (Wang
etal, 2014), even on biota.

DBDPE was detected in all mangrove sediments
with concentrations ranging from 0.364 to 34.9
ng g-1 dw (Table 1), which were significantly
lower than levels of PBDEs (1.25-206 ng g-1 dw).
The highest mean DBDPE concentrations were

Z.-W. Zhang et al. / Chemosphere 123 (2015) 26-32
Table 1

EI2RERXE

Full Papers of Speakers

measured in mangrove sediments from Shenzhen
(21.6 ng g-1g dw), followed by Zhuhai (9.53 ng g-1
dw) and Guangzhou (4.03 ng g-1 dw). This is the
first study to report the occurrence of DBDPE in
mangrove ecosystems. Chen et al. (2013) reported
that DBDPE was detected in surface sediments of
the PRE close to the three mangrove wetlands with
a mean concentration of 10.2 ng g-1 dw, which is
similar to the results obtained in the present study
(11.5 ng g-1 dw). DBDPE, an additive BFRs, is used
as a replacement for the structurally similar Deca-
BDE. The production volume of commercial DBDPE
in China was estimated to be 12000 metric tons in
2006 and increases at a rate of 80% per year (Sun et
al,, 2014). It was found that DBDPE levels increased
rapidly and BDE 209 concentrations decreased
in sediment cores collected from the Dongjiang
River (the upstream of the PRE), which runs across
the major manufacturing base for electronic/
electrical products of the PRD (Zhang et al., 2009).
The elevated DBDPE levels in sediments of the
PRE should be of great concern because of its
potential adverse effect on mangrove ecosystems.

Concentrations of BFRs (ng g-1 dw) in surface mangrove sediments of the Pearl River Estuary, South China

>PBDEs? DBDPE BTBPE
Locations N TOC(mgg-1) range median mean range  median mean range median  mean
Guangzhou 9 17.7+477 125363 120 141 0.364-104 456 403 ndb-0.0453 0.0133 0.0172
Zhuhai 12 287+326 737-702 163 241 271196  9.20 9.53  0.021-0.118 0.0369  0.0435
Shenzhen 9 435+2.72 82.3-206 142 143  143-349 209 21.6  0.183-0.794  0.241 0.297

a Sum of BDE 28, 47, 66, 100, 99, 154, 153, 183, 202, 197, 203, 196, 208, 207, 206, and 209.

b Not detected.

Linear correlation analysis revealed that DBDPE
concentrations were significantly correlated with
BDE 209 concentrations in sediments among
these three mangrove wetlands in the PRE (Fig.
2), suggesting that these two BFRs have similar
emission sources and/or environmental behaviors
due to their similarities in chemical structures.
Similar relationships between DBDPE and BDE 209
concentrations were also found in non-mangrove
sediments of the PRE (He et al., 2012; Chen et al.,
2013).
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BTBPE were quantified in 93% of the mangrove
sediment samples with concentrations ranging
from not detected (nd) to 0.794 ng g-1 dw (Table
1), which were two to three orders of magnitude
lower than those of PBDEs and DBDPE. BTBPE
concentrations in mangrove sediments increased
in the order of Guangzhou (0.0172 ng g-1 dw) <
Zhuhai (0.0435 ng g-1 dw) < Shenzhen (0.297 ng
g-1 dw). Until now, no BTBPE data on mangrove
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Fig. 2. Correlation of BDE 209 concentrations
plotted against DBDPE concentrations
in mangrove sediments of the Pearl River Estuary.

ecosystems is available. The BTBPE levels in
the present study were comparable to those
in sediments of the PRE (0.04-0.53 ng g-1 dw),
but higher than those in sediments of the San
Francisco Estuary in the US (<0.03-0.06 ng g-1
dw) (Klosterhaus et al., 2012), the Dalian coastal
area in China (below detection limits) (Wang et
al.,, 2011), and the Western Scheldt Estuary in the
Netherlands (nd-0.31 ng g-1 dw) (Lépez et al.,
2011).

Significant differences for the concentrations
of PBDEs, DBDPE and BTBPE were observed in
sediments among the three mangrove wetlands
in the PRE, South China (p < 0.0001). Generally,
concentrations of PBDEs, DBDPE and BTBPE in
mangrove sediments prevailed in the same orders
of Shenzhen > Zhuhai > Guangzhou (Table 1).
Concentrations of PBDEs, DBDPE and BTBPE
in mangrove sediments from Shenzhen were
significantly higher than those from Zhuhai and
Guangzhou (p < 0.001). Shenzhen is one of the
most economically developed cities of China,
characterized by high population densities (a
population of 6500 km-2) and high levels of
industrialization. In addition, Futian mangrove
wetland, the only reserve located in the center

of metropolis in China (Shenzhen), has received
a great amount of industrial and municipal
wastewater discharged directly (Tam et al., 2006).
Thus, the highest BFRs concentrations were
expectedly found in sediments of Futian mangrove
wetland from Shenzhen. Relatively higher PBDE
levels (mean, 80.3 ng g-1 dw) were also reported
in sediments of Mai Po mangrove ecosystem from
Hong Kong (Zhu et al.,, 2014), which is adjacent
to Futian mangrove ecosystem from Shenzhen.
Concentrations of YPBDEs, DBDPE and BTBPE
were significantly higher in mangrove sediments
from Zhuhai compared to Guangzhou (p < 0.01).
Qi'ao Island mangrove wetland is located close to
the urban district of Zhuhai (a population of 623
km-2) and suffered from discharge of untreated
domestic sewage from the island, while Tantou
mangrove wetlands is located at Nansha District
of Guangzhou with low population densities
(a population of 240 km-2) and low levels of
industrialization. Furthermore, the geographic
distribution of BFRs in the mangrove sediments
of the PRE was in correspondence with the TOC
contents (Table 1) and significant correlations
were found between the concentrations of BFRs
and the TOC contents in the mangrove sediments
of the PRE (Fig. S1), indicating that TOC is also an
important factor determining the levels of BFRs.
Therefore, higher levels of BFRs in the mangrove
sediments from Shenzhen might be partly
ascribed to high contents of TOC.

BFRs in mangrove sediments of the PRE were
dominated by PBDEs, with mean contributions
of 86.6%, 70.6% and 75.6% for Shenzhen, Zhuhai
and Guangzhou, respectively (Fig. 3). DBDPE
also contributed relatively larger proportions
to the total BFRs (13.2-29.2% on average). The
contribution of BTBPE to total BFRs (0.07-0.16%)
in mangrove sediments was significantly lower
than those of PBDEs and DBDPE (p < 0.001). This
distribution pattern was similar to the previous



study reported for sediments of the PRE (Chen et
al., 2013). The main reason for this observation
might be ascribed to the extensive use of Deca-
BDE and DBDPE in the PRD region.
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Fig. 3. Composition of BFRs in mangrove sediments
of the Pearl River Estuary.

Mangrove sediments of the PRE have the similar
PBDE congener distribution patterns (Fig. 4).
BDE 209 was the most abundant congener and
constituted more than 90% of the total PBDEs with
the exception of two samples from Guangzhou
(83.1% and 83.7%). The average contributions of
BDE 209 to the total PBDEs in mangrove sediments
from Shenzhen, Zhuhai and Guangzhou were
98.0%, 96.3% and 91.6%, respectively. A small
difference in congener profiles among the three
sampling sites was the contribution of BDE 208,
206, 47, 207, 197 and 28. Compared to Shenzhen
and Zhuhai, mangrove sediments from Guangzhou
contained relatively higher abundances of these
congeners. The ratios of BDE 47/(BDE 47+ BDE
99) in mangrove sediments from Guangzhou,
Zhuhai and Shenzhen were 0.693 + 0.065, 0.602
+ 0.006 and 0.618 + 0.022, respectively, which
were significantly higher than those in the Penta-
BDE technical mixtures (0.444 in DE-71 and 0.500
in Bromkal 70-5DE). These results may be partly
ascribed to the easy degradation of BDE 99 due to
the presence of meta-substituted bromine.
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3.3. Temporal trends of BFRs

The temporal trends of YPBDEs, DBDPE and BTBPE
in mangrove sediment cores of the PRE are shown
in Fig. 5. PBDE concentrations in the sediment
cores were in the range of 0.0901-67.7, 0.208-75.7
and 1.82-212 ng g’ dw for Guangzhou, Zhuhai
and Shenzhen, respectively. Concentrations of
SPBDEs in the mangrove sediment cores from
Guangzhou and Shenzhen increased gradually
from the bottom to the top layers. YPBDEs levels
in the upper segments of sediment cores from
Guangzhou (5.40-67.6 ng g-1 dw at 0-8 cm) and
Shenzhen (71.4-212 ng g dw at 0-24 cm) were
significantly higher than those in the deeper
segments (0.0901-0.724 ng g-1 dw at 8-44
cm and 1.82-3.14 ng g-1 dw at 24-36 cm). The
vertical distributions of YPBDEs in Guangzhou
and Shenzhen were similar to those observed in
sediment cores of Mai Po mangrove ecosystem
from Hong Kong (Qiu et al., 2010; Zhu et al., 2014).
These results suggested that Deca-BDE commercial
mixtures are still largely used in the PRD region. On
the other hand, concentrations of YPBDEs in the
sediment cores from Zhuhai increased rapidly from
the segment 40-44 cm to the segment 16-20 cm,
followed by a decrease to the surface. This pattern
may be partly attributed to the large use of DBDPE
at this sampling area, further certified by the sharp
decline of PBDEs in coincidence with the increase
of DBDPE at the segments 0-20 cm (Fig. 5).
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Fig. 4. PBDE congener profiles in mangrove
sediments of the Pearl River Estuary.
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DBDPE was detected in 94% of the segments in the
sediment cores with concentrations ranging from
nd-34.9 ng g-1 dw. The sediment core collected
from Shenzhen (0.374-34.9 ng g' dw) contained
higher DBDPE concentrations than those from
Guangzhou (nd-5.97 ng g dw) and Zhuhai (0.263-
18.5 ng g-1 dw), indicating that mangrove wetland
from Shenzhen may be close to the input source.
A rapid increase of DBDPE concentrations started
in the segment 12-16 cm for Guangzhou, 20-
24 c¢m for Zhuhai and Shenzhen. These results
suggested that DBDPE, as a replacement of Deca-
BDE mixtures, is widely used in the PRD region. An
increased trend of DBDPE levels was also found
in the upper layers of sediment cores from the
Dongjiang River located in the upstream of the
PRE (Zhang et al., 2009).

BTBPE was detected in 90% of the segments in the
sediment cores with concentrations ranging from
nd-0.384 ng g-1 dw. Concentrations of BTBPE in
sediment cores collected from Guangzhou, Zhuhai
and Shenzhen generally showed an increasing
trend from the bottom to the top sediment layers.
The relatively higher concentrations of BTBPE
(0.114 ng g' dw) at the segment 28-32 cm in
sediment core collected from Zhuhai might be an
accidental input of BTBPE.

To assess the potential of sediments as the
receptor for BFRs in mangrove wetlands, the
mass inventories of BFRs were calculated by the
following equation described by Mai et al. (2005).

Inventory =3Cp,d (1)

where Ci (ng g' dw) is the concentration of
contaminants in mangrove sediment layer i, pb (g
cm?3) is the dry mass bulk density of the sediment
segment i, and di (cm) is the thickness of the
sediment i.

Inventory of BFRs in sediments represents the
total integrated mass of BFRs per unit area
from the bottom to the surface sediments. The
inventories of YPBDEs, DBDPE and BTBPE in the
mangrove sediment cores of the PRE ranged
from 334-4206, 40.4-471 and 0.428-8.68 ng cm?,
with mean values of 1962, 245, and 4.10 ng cm?,
respectively (Table 2). The inventories of BFRs at
three mangrove sampling sites were in the same
orders of Shenzhen > Zhuhai > Guangzhou,
showing the dependence on the proximity to the
urban areas. Using the average inventories, the
total burden of PBDEs, DBDPE and BTBPE in the
mangrove sediments of the PRE, with an area of
15.7 km2 for mangrove ecosystems, would be 308,
38.1 and 0.644 kg, respectively. Data on the mass
inventories of BFRs in sediments are extremely
limited. The mass inventories of PBDEs in the
present study were much higher than those in the
sediments of Great Lakes (3.3-143 ng cm-2) (Song
et al., 2004, 2005a,b; Zhu and Hites, 2005), twelve
Chinese lakes (1.0-463 ng cm™) (Wu et al., 2012),
and Manila Bay of the Philippines and the upper
Gulf of Thailand (11-34 ng cm™) (Kwan et al., 2014).
PBDE inventories in two sediments cores of the
PRE were reported in the range of 279-569 ng cm-2
(Chen et al., 2007), which were lower than those in
the present study. It is clear that PBDE inventories
in the mangrove sediments of the PRE were at the
high end of the worldwide figures.

Table 2
Mass inventories of BFRs in mangrove sediment
cores of the Pearl River Estuary.

Locations  Inventory (ng cm-2)

PBDEs DBDPE BTBPE
Guangzhou 334 40 043
Zhuhai 1347 224 3.2
Shenzhen 4206 471 8.7
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Fig. 5. Temporal trends of RPBDEs, DBDPE and BTBPE in mangrove
sediments cores of the Pearl River Estuary

4. Conclusions found among the three mangrove sampling sites
from the PRE, increased in the order of Guangzhou
< Zhuhai < Shenzhen. BDE 209 was the most
abundant congener and constituted more than
90% of the total PBDEs, indicating the large use
of Deca-BDE commercial mixtures in the PRD
region. Concentrations of YPBDEs, DBDPE and
BTBPE in mangrove sediment cores of the PRE
generally showed an increasing trend from the
bottom to the top layers. The mass inventories of
BFRs showed mangrove sediments are important

The results of this study showed the occurrence of
PBDEs, DBDPE and BTBPE in mangrove sediments
of the PRE, South China. Relatively higher
concentrations of YPBDEs, DBDPE and BTBPE
were observed in mangrove sediments of the PRE,
which can be attributed to burgeoning electronic/
electrical manufacturing industries and intensive
e-waste recycling activities in the PRD region.
Significant difference for BFR concentrations were
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reservoirs for BFRs. More studies should be
conducted to investigate the potential effects of
BFRs on biota from mangrove ecosystems in the
PRE.
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. Introduction

In response to climate change, it is indispensable
to reduce greenhouse gas emissions. Plentiful
carbon emission (CE) research studies suggest
developing the tertiary industry to improve
gross energy efficiency in order to reduce CE
[1]. As a particular sector of tertiary industry,
transport has produced the second largest
amount (23%) CE among all sectors around the
world in 2013 according to the World Energy
Outlook 2015 report of IEA, which cannot be
ignored. Nowadays, many developed countries
have reached their peak of CE. Things are quite
difficult in developing countries, especially
in big countries like China, where economic
development is still the most urgent task, so she
still has surging energy consumption demands
and carbon emissions [3,4]. At the same time, she
has attached great importance to environment
conservation and formulated abundant policies
to contribute her share to mitigation of climate
change. China has made a promise to achieve
its CE peak within 2030 at the U.S.-China Joint
Announcement on Climate Change in November
2014. So she must work vigorously in promoting
energy efficiency in the transport sector.

There is a rich collection of literature focusing on
the environmental aspects of fuel consumption
in transportation and changes in energy intensity
of transport [5-7] as well as the links between
transportation and other socioeconomic
activities [8,9]. Chung et al. [10] discussed the
energy efficiency of transport in China from 2003
to 2009, and found that although all areas has
continuously improved their energy efficiency
since 2005, the policies in the transport sector

—F—H TXEETGERRBEMAKRK

mainly focused on the economic development
instead of the energy efficiency. Zhou et al. [2]
found a similar improving trend, and Eastern
China plays the best in reducing CO2 emissions
due to the transport infrastructure being
heavily concentrated and organized in spatial
clusters. Tirumalachetty et al. [11] found that the
urbanization process has a significant impact on
TCE.

Several analytic methods have been used in
recent researches, decomposition analysis is one
of the most effective and widely applied tools
for investigating the mechanisms influencing
energy consumption and its environmental side
effects. Considering its advantages of factor
reversibility and residual elimination, we chose
Logarithmic Mean Divisia Index (LMDI) method
to decompose factors affecting energy-related
TCE. LMDI method can explain the influences of
the variation but not the stock, so it has better
explanatory ability in developing countries where
economy and policy change rapidly [12], and
fits this paper well. The decoupling index could
illustrate environmental pressure of economic
growth, which reflects the whole responsiveness
of environmental pressure to economic output
change (including stock and variation) during
a certain period of time [13]. After combining
these two methods, the stock explanatory
limitation of LMDI method could be eliminated
[14]. To examine the total emissions of the
whole transport sector, we learned from studies
on industry structure and utilize more general
factors such as energy structure, energy intensity,
economic output and population, instead of
freight [15] or passenger transportation[16].
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2.

Besides, this paper innovatively added industrial
structure and tertiary industrial structure to
emphasize the relationship and interaction
between transport and tertiary industry.

Materials and Methods

2.1.0ata Sources and Processing

The energy consumption data of transport is
quoted from China Energy Statistical Yearbook
(1996-2013). The unit of final energy consumption
of transport is “10* tons of standard coal” Other
socioeconomic data come from the Statistical
Yearbook of Guangdong Province (2006-2013). The
unit of TO, SO and GDP is “108 Chinese Yuan” (CNY),
and the population is measured by “10* persons”.
In addition, to eliminate the effect of price
changes, we converted the economic output
values from current price to the constant price in
the year of 1995.

2.2.0ecompaosition Model of Energy-

Related Carbon Emission

To analyze TCE’s change in Guangdong, we
decompose the TCE as an extended Kaya identity
[17]:

CE, § E TO 50 GDF
CE= ) CE =
>

L . p= Y fES DTS- G-P
‘s E, E TO'S0 GDF F Z;;; (

1)

where CE is TCE in China, i is the type of energy,
E is the final energy consumption in transport.
TO is transport output, SO is the service
industry (tertiary industry) output, GDP is the
gross domestic product in Guangdong, and
P is total permanent resident population. CE
can be decomposed into seven effects: (a) the
CE coefficient of certain energy (denoted by f
effect); (b) the energy structure (ES effect); (c) the
energy intensity, measured by the changes in
the amount of energy consumption per unit of
transport output (I effect); (d) the transport status,
or the tertiary industrial structure, estimated by
the proportion of transport output in service

industry (TS effect); (e) the industrial structure,
the proportion of service industry output in total
GDP of Guangdong Province (IS effect); (f) GDPPC
in Guangdong (G effect); (g) the Population scale
(P effect).

In LMDI additive analysis, the changes of CE were
formulated as follows [18]:

ACE = CE' — CE¥ = ACE, + ACEgs + ACEy + ACEgg + ACEg + ACE: + ACEp (2)
J!:EE,-—ZW,-II: Al
ACEgg = i‘ w; -In (ESI/ES])
ACE, ;Zw, -ln {141%)
ACErs -Zw*-m(rs‘m“}
ACEy =IZW1'I|: (15° 155
ACEg =IZI..;-l <In (G/G")

m;: D i B /P) (3)

where w = (CEf - CEF)/(InCEf - InCE]). | which means
the weight of different types of energy. The index
variable “t” and “0” refer to the examined year and
the first year. In this paper, we mainly considered
two analysis perspectives named initial effects
and alternate effects. The former uses year 1995
as the baseline while the later compares the
examined year against the preceding year. ACE
refers to the change of carbon emissions between
the base year 0 and a target year t. The effects,
ACE, ACE,, ACE, ACE , ACE, ACEG and ACE, were
calculated every year in the period 1995-2012.

As the systematic monitoring of CE in China
needs more of a wait-and-see approach, here the
CE coefficients are fixed obtained from recent
research, thus was treated as constant. Therefore
ACEf = 0. The Equation (3) can be simplified as:

ACE = CE® — CE" = ACEgs + ACE; + ACErs + ACEys + ACE + ACE, 4)
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2.3 Decoupling Index

LMDI method could not explain the influence
factors of the emissions stock, which could be
analyzed by the decoupling index. Therefore,
in this paper the decomposition technique
was associated with the decoupling elasticity
to analyze the relationship between transport
growth and carbon emissions.

The elasticity index €t was calculated with
Equation (5), and following Tapio’s criterion [9]:

- #YL0 . VL0 10y
#UCE  VCE\CE, (5)

Combining Equations (4) and (5), the elastic value

was decomposed into six factors:

MEg/CE' ACE,/CE" MEr/(E' AEg/CE' ACEC/CE' ACE;/CE'
. + +
= " arosTor T ate/tor T atester T amoster  atostar Y aTosTor

egz+ b+ egg 4o +ag+ g (6)

where gt is the decoupling elasticity value of total
energy-related carbon emission and economic
growth. €ES, €l, €TS, &lS, €G, €P are the decoupling
elasticity values of energy structure, energy
intensity, transport status, industrial structure,
GDP per capita and population size, respectively.
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The growth rate of CE in transport was even
higher than that of both total CE and each main
industry within Guangdong. TCE accounted for
86% of the tertiary industry CE on average, and
its remarkably consistent annual increase rate
stabilized tertiary industry CE at a relatively high
level. Therefore, if improving the proportion of
the tertiary industry in GDP is a good way to
reduce TCE, optimization of energy efficiency and
structure in the transport sector must happen
simultaneously.

Figure 1. Carbon emissions and its average annual
growth rate in Guangdong Province during 1995-
2012.

3.1.2. Micro-Level: Energy Intensity and Structure
Generally speaking, the improvement of energy
efficiency is the primary driving force behind TCE
reduction. With the development and renovation

3. Results
3.1.Analysis on Carbon Emissions

3.1.1.Macro-Level: Energy-Related Carbon Emissions

of Transport

The estimated results (Figure 1) showed that the
energy-related TCE in Guangdong rose from 3.35
million tons in 1995 to 16.42 million tons in 2012,
an increase of nearly five-fold in 18 years. With
the exception of a temporary recession in 1997
due to the Asian financial crises, Guangdong’s
TCE kept increasing. The annual growth rate was
fluctuating from -4.22% to 29.12% and then kept
below 10.22% since 2006. The average annual
growth rate of CE in transport, tertiary industry,
secondary industry and province-wide total were
10.03%, 9.57%, 7.64% and 7.53% respectively.
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of technology, energy intensity of the secondary
industry were continually descending (see Figure
2), which directly led to declining intensity of all
industries’ total energy consumption. Intensity
of primary and tertiary industries were kept
below 0.6 and showed a bit of decrease after
2005. Transport, on the other side, has an energy
intensity higher than that of all other sectors.
Energy intensity of transport was continuing
rising from 1995 to 2005, stayed steady for five
years in 2005-2011, and fell sharply in 2011-2012.
It indicated that related policies and techniques
worked after 2005, and played better after 2010.
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Figure 2. Energy intensity of transport sector,
three main industries and the grand total in
Guangdong.

Over the period of 1995-2012, fossil energies,
especially diesel contributed the most to TCE.
Among the fossil energies, TCE from raw coal,
coke and crude oil were at a low level and
showed a significant reduction since 1998. The
increment of CE from fuel oil and kerosene were
on an intermediate level. Fuel-oil-related CE
fluctuated but showed a generally rising trend
during the studied period. Gasoline and diesel
contributed the most to TCE. Figure 3 shows that
the proportion of gasoline-related TCE was kept
near one third of the total steadily. However, the
proportion of diesel-related TCE increased from
one third to half within the studied years. As
for clean energy, it had a rapid growth but still
accounts for a very small slice among all energy

-

Figure 3. Average TCE coefficient and TCE
structure of different energy types.
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Therefore, from a micro-perspective, petroleum
products took a dominant role in transport
sector within Guangdong'’s CE structure during
the studied years. This was not good for TCE
reduction. However, clean energies have many
unique advantages and will in no doubt be of
growing importance in future.

3.2.1. Decoupling Elasticity

Decoupling elasticity values and states of the
transport sector in Guangdong can be seen in
Table 1. In the first three years, the elasticity state
of accumulated decoupling changed from WD
(weak decoupling) to SD (strong decoupling)
and back to WD. The outlier appeared in 1997
was due to the Asian Financial Crisis, in which
TCE did decrease while transport output was still
slowly growing in Guangdong. Ever since 1999, it
remained at a state of EC, in which the elasticity
value was within a relatively narrow band from
0.96 to 1.12. There was a weak declining trend
after 2005, where elasticity value dropped
from 1.09 to 0.96. From a yearly perspective,
the elasticity values demonstrated much more
volatile fluctuations, ranging from -0.53 to 3.07
before entering a relatively steady decline from
1.91 in 2003 to 0.38 in 2012, corresponding to a
decoupling state change from SD to expansive
negative decoupling (END) and eventually to
WD. With the exception of the outlier in 1997,
the smallest yearly decoupling value showed
in 2006, in which the yearly decoupling state
turned from END to WD, with no END state
seen afterwards. It highlights that transport
growth was accompanied by a substantial
increase in environmental pressure, though a
significant improvement was seen after 2006. The
decoupling state in two different perspectives
from 2010 to 2012 varies, indicating relatively
alleviated environmental pressure compared to
preceding years, (a state of WD in alternate years)
which is still remarkable (a state of EC in initial
years) compared to1995.
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Table 1. The elasticity values and states of CE and output of transport sector in Guangdong.

Time Series Initial Alternate
0 t ACE ATO € State 0 t ACE ATO € State
1995 1996 2233 40.78 0.73 WD 1995 1996 2233 40.78 0.73 WD
1995 1997 7.21 84.08 0.13 SD 1996 1997 -15.11 43.29 -0.53 SD
1995 1998 57.70 118.70 0.68 WD 1997 1998 50.49 34,62 2.05 END
1995 1999 136.22 150.34 1.12 EC 1998 1999 78.52 31.64 3.07 END
1995 2000 208.24 | 251.02 1.04 EC 1999 2000 72.02 100.68 0.90 EC
1995 2001 255.81 346.48 0.97 EC 2000 2001 47.57 95.46 0.66 WD
1995 2002 303.11 395.61 0.99 EC 2001 2002 47.30 49.13 1.25 END
1995 2003 381.79 | 446.21 1.05 EC 2002 2003 78.68 50.60 1.91 END
1 year 1995 2004 488.63 | 552.53 1.06 EC 2003 2004 106.85 106.32 1.20 END
1995 2005 72857 | 737.63 1.09 EC 2004 2005 239.93 185.10 143 END
1995 2006 758.62 | 928.46 1.02 EC 2005 2006 30.05 190.83 0.20 WD
1995 2007 870.37 | 1078.23 1.01 EC 2006 2007 111.76 | 149.77 0.94 EC
1995 2008 964.36 | 1205.18 1.01 EC 2007 2008 93.99 126.95 0.93 EC
1995 2009 1026.85 | 1300.76 1.00 EC 2008 2009 62.50 95.58 0.83 EC
1995 2010 1153.78 | 1508.19 1.00 EC 2009 2010 126.93 | 207.43 0.80 WD
1995 2011 1232.51 | 1763.50 0.98 EC 2010 2011 78.72 255.31 043 WD
1995 2012 1306.94 | 2059.24 0.96 EC 2011 2012 7443 295.74 0.38 WD
1995 2000 20824 | 251.02 1.04 EC 1995 2000 20824 | 251.02 1.04 EC
6 years 1995 2006 758.62 | 928.46 1.02 EC 2001 2006 502.81 581.98 1.08 EC
1995 2012 1306.94 | 2059.24 0.96 EC 2007 2012 436.56 | 981.01 0.68 WD
1995 2000 20824 | 251.02 1.04 EC 1995 2000 20824 | 251.02 1.04 EC
5-year plan 1995 2005 72857 | 737.63 1.09 EC 2000 2005 520.32 | 486.60 1.18 EC
1995 2010 1153.78 | 1508.19 1.00 EC 2005 2010 42522 | 770.56 0.72 WD
1995 2012 1306.94 | 2059.24 0.96 EC 2010 2012 153.15 | 551.05 0.42 WD

The name of state: “WD" = Weak decoupling; “SD" = Strong decoupling; “EC" = Expansive coupling; “END" =
Expansive negative decoupling. Which could also be seen in the Abbreviations.

The different trends in initial and alternate
perspectives could be seen with a time scale
of 6 years. If we set the time interval as 6 years,
the studied period could be divided into three
portions. When compared to 1995 (initial view)
the decoupling elasticity remained in the state of
EC, while the values went down from 1.04 to 0.96,
and declined a little faster in the later period. In
the alternate view, the elasticity values grew from
1.04 to 1.08 at first and then dropped sharply to
0.68, and the elastic state advanced from EC to
WD. Similar trends can be demonstrated if we set
the time interval as five years, which corresponds
to Guangdong’s five-year development plans. The
end points in both views were the finish years
of the plans, and the start point in initial view
was 1995 and in alternate perspective was the
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last finish year of the plans. In this time scale, the
elasticity values rose a bit in the former two plans,
and then fell in the latter two plans. The decrease
was much sharper in the alternate views and the
elastic state turned from EC to WD in the 11th
Five-Year Plan (2006-2010).

Overall, the initial decoupling state of transport
in Guangdong was EC, and the alternate view
displayed an improvement from EC to WD. In
both views elasticity state improvement after
2005 can be seen by all three time scales, though
they showed the quite different trends. By
associating them, we could tell more details of
the decoupling path in Guangdong. In this case,
an investigation in multiple views of time seems
quite necessary.
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3.2.2. Decomposition Analysis

Contribution of six factors to elasticity are seen in
Figure 4 and Table 2. Due to the outlier in 1997,
this paper estimated the average values of each
factors excluding the year of 1997, named “ME97”
in the table.

In the initial views, over the studied years, TS was
the only effect that always played an inhibiting
role in the increase of TCE, which accounted
for average of -17.00%. Though TS’s absolute
contribution to TCE reduction was rising from 0.06
million to 0.93 million tons, it was still dwarfed
by the effect of G and P. G and P factors had the
largest negative effects on elasticity, which on
average occupied 90.96% and 27.24% of the
overall elasticity respectively. The ES, | and IS
factors had alternations of positive and negative
effects and accounted for average -1.96%,
1.30% and -0.54% respectively. Among them, |
factor experienced the most volatile changes,
but saw further optimization since 2004. ES
and IS factors had the smallest proportions and
variations. In 2012, the ES, G and P effects were
positive; |, TS and IS effects were negative. The
initial effects of G and P factors had the largest
impact which accounted for 93.71% and 21.88%.
The proportion of ES, I, TS and IS factors were
much lower at 0.96%, -7.19%, -7.09% and -2.28%,
respectively.

Much larger variations can be seen in the
decomposition results from an alternate years’

perspective. G and P effects remained stably
positive and contributed the most from 1995 to
2012, accounting for on average 120.78% and
26.73% of the elasticity value respectively. The
G effect was definitely in the majority. There was
large fluctuation of | effect, whose contribution to
TCE fluctuated from -1.48 million to 0.55 million
tons, and the average proportion was -40.66%,
while ES, TS and IS effects waved much tenderly
and occupied -1.86%, -3.36% and -1.63%,
respectively. Although there were four factors
had inhibited function according to ME97, only |

factor maintained negative in 2012.
Tisr
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Figure 4. Decoupling elasticity and its components
of transport in Guangdong, in initial (a) and
alternate view (b).
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Table 2. The proportion of decomposition factors of the elasticity value.

Initial Alternate
Yea r EF§ eI ETQ £I§ EG EP EF§ EI £T§ £I§ SG eP
% % % % % % % % % % % %
1996 8.98 -48.45 | -28.97 2.95 12240 | 43.09 8.98 -48.45 | -28.97 2.95 12240 | 43.09
1997 78.24 | -808.70 | -152.86 | -13.13 | 721.21 275.25 | -25.00 | 327.04 32.27 1088 | -173.57 | -71.64
1998 -16.74 -34.42 -41.63 -4.07 141.04 55.82 -31.72 84.93 -24.59 -2.69 51.95 22.13
1999 -6.01 20.20 | -33.82 1.01 83.54 35.08 2.17 67.70 | -27.40 5.43 34.63 17.48
2000 -2.53 9.97 -16.66 3.85 73.43 31.94 2.78 -14.69 24.69 10.90 51.03 25.29
2001 -2.50 1.26 -11.23 5.65 78.00 28.82 -5.74 -49.95 20.39 16.41 107.52 11.38
2002 -2.75 4.92 -18.37 5.11 83.99 27.10 | -12.22 32.85 -73.60 1.47 13539 | 16.11
2003 -4.55 14.45 -21.62 0.36 86.77 24.60 -20.58 69.60 -41.35 -26.74 107.38 11.69
2004 -6.04 17.65 -18.19 -2.33 86.37 22.54 -18.67 36.49 0.54 -17.67 87.51 11.79
2005 0.20 17.13 -10.83 -1.72 77.04 18.19 16.12 16.61 15.20 0.41 48.12 3.54
2006 0.00 6.87 -8.83 -2.39 84.40 19.95 -3.54 -438.52 | 78.01 -31.41 399.91 95.55
2007 0.13 5.93 -10.03 -2.93 86.75 20.16 -1.49 -5.80 -25.61 -9.89 119.33 23.47
2008 0.30 5.24 -10.39 -3.16 87.27 20.73 -0.71 -6.74 -17.10 -7.26 100.06 31.75
2009 0.18 462 -13.20 -2.33 89.05 21.67 -6.94 -13.79 | -97.87 | 2242 | 14577 | 5041
2010 -1.41 442 -11.63 -3.28 89.54 22.37 -27.89 1.05 14.00 -18.86 97.76 33.93
2011 0.44 -1.79 -9.48 -3.14 92.00 21.98 4848 | -188.31 54.12 0.94 172.90 11.87
2012 0.96 -7.19 -7.09 -2.28 93.71 21.88 21.21 | -193.52 | 75.80 2749 | 150.83 | 18.19
ME97 1 -1.96 1.30 -17.00 -0.54 90.96 27.24 -1.86 -40.66 -3.36 -1.63 120.78 26.73

"ME97" means the mean values of each factors excluding the year of 1997.

4. Conclusions

In conclusion, the level of decoupling elasticity
between transport output and TCE was relatively
low over the studied years in Guangdong,
especially when compared with the year of
1995, in which case it remained as EC. 2005
was a turning point, at which environmental
protection was highly emphasized and the
alternate elasticity started optimizing towards
WD. By covering nearly a decade before and
after the turning point, the effectiveness and
significance of policy change was clearly shown.
However, as seen from the data, the time frame
used in the analysis can cause significant drift
of decoupling values, therefore it should be
selected with caution. It's also important to note
that decoupling is relative, and in Guangdong’s
case the selection of reference year can lead to
fundamental change of the decoupling analysis’
result. With 1995 being the reference, we see a
continuous trend of EC, while with 2005 there is a
transition to WD.
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Within all the factors taken into consideration,
structure of tertiary industry displays highest
level of impact on EC decoupling. Unfortunately,
transport has a dominate role in tertiary industry.
It's accounted for the majority of output, energy
consumption and intensity in tertiary industry.
Thus we should pay more attention to the carbon
emission reduction in transport sector by more
targeted researches, policies and real actions.
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1. What Sets “One Belt, One Road”

Initiative Apart?
China seems to be committed to leadership in Central
Asia, both bilaterally and within multilateral institutions
such as the SCO and the proposed new “Silk Road
Economic Belt”.

European Council on Foreign Relations (2014, page 13).

The People’s Republic of China (hereinafter
referred to as China) is a State with strategic
thinking. Therefore, the economic “belt and road”
initiative is first, and foremost a development
flexible strategy. Indeed, it is a brilliant
interregional exercise in high-level public and
cultural diplomacy, with the potential to deliver
a historic contribution to interdependent and
interconnected patterns of dynamic interplays in
the age of globalization, capable of laying the
seeds for a new geopolitical era (Francis Cheung;
Alexious Lee, 2016)'. The so-called “Eurasian
bridge” seems to be the drive to a geo-economic
advantage, leveraging trade exchanges, currents of
interaction and sovereign cooperation by putting
forward a singular vision of Eurasia as a pivot
into the heart of Europe. The landmark of China’s
silk economic belt is associated with conditional?
inclusiveness and oriented “actions of facilitation’,
where streamline flows of material and
immaterial connectivity feature as major qualities.
OBOR is an open-ended, participatory, Eurasian
project, with a global and regional impact.

In addition, the “One Belt, One Road” (OBOR)
initiative baptized by the Chinese leadership
refers either to the “Silk Road Economic Belt”
through Central Asia or to the “27 Century
Maritime Silk Road” through South and Southeast
Asia. At the heart of this initiative lies the creation
of an economic land belt that includes States
on the “original silk road” across Central Asia,
West Asia, the Middle East and Europe, as well
as a maritime road that connects South China
maritime facilities to the African coast and
through the Suez Canal into the Mediterranean
Sea. The final outreach of this project aims to
unblock the deepest network of connectivity
between China and Europe, with a global extent,
involving over 60 States, representing a third of
the world’s total economy and involving more
than half the global population. However,
OBOR is not like the Marshall Plan, but a mutual
undertaking (Hu Shisheng, 2016)3, asserted by the
Chinese leadership as flexible, intergenerational
project, that is expected to strengthen interpersonal
relations through investment.

By the same token, the OBOR initiative is at
the heart of The People’s Republic of China’s
“Grand Strategy*” and consequently a central
element in Chinese foreign policy. OBOR is not
an end itself. As Zhao Xijun (2014)° stated: “The
One Belt and One Road initiative is a long-term
macroscopic program of strategic development
for the entire (Chinese) State. “Hence, it is possible
to decompose OBOR in four complementary
and interrelated core objectives: (1) Improving

A brilliant plan One Belt, One Road, Retrieved on April 25, 2016 at https://www.clsa.com/special/onebeltoneroad/.

Conditional stands for the interests of all parties involved and the rational of the Chinese initiative.

Patricia Magalhées (2016). Building the Future, Macao Magazine, May, page 17.

Grand Strategy is a set of long-terms policies among them stands the development of People’s Liberation Army (PLA) blue and green
navy. According to Tim Marshall (2015, page 44)"... within 30 years China will possess the most powerful seaborne force the world has
never seen”.

5 Zhao Xijun, Renmin University, Global Times, Dec 28, 2014.
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Regional Infrastructure, (2) Increasing Regional
Economic Policy Coordination, (3) Removing
Trade Barriers and (4) Encouraging Cultural Ties
as Support for the Broader Project”. Likewise, as
the Chinese National Development and Reform
Commission clearly pointed out (2015, footnote
6), OBOR should promote policy coordination,
facilities connectivity, unimpeded trade, financial
integration and people-to-people bonds.

On one hand, OBOR aims to resettling the terms of
economic globalization and therefore rebalancing
its Center of Gravity (CoG). On the other, it
follows-up the so-called "triangular politics
policy (1969-1989)" and envisages countering
the alleged unipolar economic hegemony (since
1989). Finally, OBOR is a by-product of China's
"Peaceful Development and Rise" doctrine, as
a substantial tool leading the State into the
landmark of great-power status. Moreover, OBOR
is in line with the Confucian tradition, with Five
Principles of Peaceful Coexistence (1954), China's
Peaceful Development Strategy (2005), China’s
White Paper on Peaceful Development (2011),
and with China’s Good Neighbouring Policy. As
stated by the Chinese National Development
and Reform Commission® “The Initiative is open
for cooperation. It covers, but is not limited to,
the area of the ancient Silk Road. It is open to
all countries, and international and regional
organizations for engagement, so that the results
of the concerted efforts will benefit wider areas. The
Initiative is harmonious and inclusive. It advocates
tolerance among civilizations, respects the paths
and modes of development chosen by different
countries, and supports dialogues among different
civilizations on the principles of seeking common
ground while shelving differences and drawing

on each other's strengths, so that all countries can
coexist in peace for common prosperity".

Additionally, the frame of such an initiative
is infrastructure. Indeed, different types of
infrastructure such as shipping, airports, railways,
roads, energy, banking, security, information,
culture, science, education, logistics, trade, and
telecommunication projects, building capacities
and expertise, combining land and maritime
dimensions. One can ask why infrastructure? Five
main reasons. Infrastructure improves returns,
represents a long-term investment, stands as
a portfolio for diversification; Infrastructure
generates environmental and social benefits
(Private Banking Directory Magazine, 2016, page
16); Infrastructure provides an opportunity for
real competition between railways, deep-sea port
operators and airlift cargo operations (Vladimir
2015, page 29); Infrastructure represents an
opportunity for cooperation along industry
chains (Chen Bo, 2015, page 48); Infrastructure
leverages the trade flows by removing trade
barriers. Infrastructure when magnified at this
scale of groundwork has the ability to create a
functional soft power that positively transforms
its geo-economic value.

Furthermore, OBOR requires a great deal of
bi and multilateralism, to attract and to
strengthen communication involving existing
mechanisms such as the Shanghai Cooperation
Organization (SCO), ASEAN Plus (10+1+3+6),
Asia-Pacific Economic Cooperation (APEC),
Asia-Europe Meeting (49 MS) (ASEM), Asia
Cooperation Dialogue (33 MS) (ACD), Conference
on Interaction and Confidence-Building Measures

¢ Vision and Actions on Jointly Building Silk Road Economic Belt and 21 Century Maritime Silk Road (2015/03/28), Issued by the
National Development and Reform Commission, Ministry of Foreign Affairs, and Ministry of Commerce of the People's Republic
of China, with State Council authorization, paragraph Il. Retrieved July 4, 2016, at http://en.ndrc.gov.cn/newsrelease/201503/
t20150330_669367.html




in Asia (CICA), China-Arab States Cooperation
Forum (CASCF), China-Gulf Cooperation Council
Strategic Dialogue, Greater Mekong Sub-region
(GMS) Economic Cooperation, Central Asia
Regional Economic Cooperation (CAREC), Greater
Mekong Sub Region Development Project (5
MS) and the Greater Tumen Initiative (China,
Mongolia, Korea, Russian Federation).

Indeed, this policy is part of a multilateral,
inclusive, long-term strategic vision, and
therefore there is no Silk Road Economic Belt
without the Maritime Silk Road, there is no “Grand
Strategy” without OBOR. Geopolitics affects every
State. OBOR is about geopolitics as it relates
geography, infrastructure and economic power.

. Is OBOR Reshaping the Maps of
the Future?

China cannot develop in isolation from the rest of the
world, nor can the world enjoy prosperity and stability
without China.

Hu Jintao'’s 17* National Party Congress Report (2007)

In the study of the larger long-standing Chinese
economic strategy, we cannot turn a blind eye
to the global perspective. Only China can bring
the OBOR initiative to full success, as a win-win
game, and only China can divert the concept
“made in China” (marketing at lowest price) into
“innovated in China" (technological advantage).
It actually sounds like the phrase “community
of common destiny” that was officially adopted
in Hu Jintao’s 17" National Party Congress
Report (2007) to describe the special cross-
strait relationship between mainland China and
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Taiwan... has been extended to OBOR. Solid
steps were taken in implementing the "go global"
strategy and the open economy entered a new
stage of development’. Hong Junjie (Shanghai
Forum 2016) mentioned that OBOR initiative is to
build a community of interests, responsibilities
and destiny... a new development model of
infrastructure connectivity, which is proved to be
beneficial to all involved countries” Ever since,
Beijing’s diplomatic language has been keen to
use this term (community of common destiny) to
emphasize important and unique relations with
other States, particularly China’s neighbours and
the same expression is nowadays expanding to an
interregional level. However, OBOR goes further.
The Chinese leadership’s idea is to combine
OBOR projects with other Chinese cooperative
investments worldwide. As mentioned before,
there is no Silk Road Economic Belt without the
Maritime Silk Road. Moreover, there is no OBOR
without the rational of Chinese infrastructural
cooperation projects worldwide. They are
definitely part of the same strategy. As depicted
in figure 1 OBOR is physically described as a
set of key infrastructural initiatives, distributed
according to a rational One Land Belt (area). It
includes six economic corridors (1) (NCMREC)
Northern China-Mongolia-Russia Economic
Corridor, (2) (CELBEC) Central Eurasian Land
Bridge Economic Corridor, (3) (CCAWEC) China-
central Asia-West Economic Corridor, (4) (CPEC)
China-Pakistan Economic Corridor, (5) (BCIMEC)
Bangladesh-China-India-Myanmar Economic
Corridor and (6) (CIEC) China-Indochina Economic
Corridor and one Maritime Road, with different
sailing options® as depicted in the figure:

The Community of Common Unity envisages consolidating and reinforcing domestic unity and stability, to establish a new type of
power relations in the international arena, and to promote neighborhood stability.
http://china-trade-research.hktdc.com/business-news/article/One-Belt-One-Road/The-Belt-and-Road-Initiative/obor/

en/1/1X000000/1X0A36B7.htm
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Figure 1 - Fragments of the “Grand Strategy” -
One land belt with six economic corridors and
one Maritime Road

If we enlarge the perspective, one may say that
the heart of the OBOR initiative for the Eurasian
region is undeniably its Center of Gravity (defined
later in this chapter), which must be combined
with Decisive Engagement Areas (DEA), and
Secondary Engagement Areas (SEA). This vision
extends OBOR reach from an interregional scale
to a global scale.

DEA 1 - (East, South and Southeast China Sea®)
China commands three seas: The Yellow Sea',
the East China Sea' and the South China Sea'~
Therefore, China is not a landlocked State.
However, geography confines all incoming and
outgoing vessels heading Chinese harbors to the
control of other States. In geographical terms,
China is not landlocked State but all the Sea
Lines of Communication (SLOC) are practically
leading towards three dead ends. That is why
the maritime area defined by Dongsha Pratas,
Huangyan Dao (® & &) (Scarborough Shoals),
Nansha Qundao (F4 ) & B) (Spratly Island Group)

The South China Sea is a semi-enclosed sea in the western Pacific Ocean spanning an area of almost 3.5 million square kilometers. It
is a crucial shipping lane, a rich fishing ground, and believed to hold substantial oil and gas resources (arbitral tribunal constituted
under Annex VIl to the 1982 United Nations Convention on the Law of the Sea between the Republic of the Philippines and the
People’s Republic of China, award on Jurisdiction and Admissibility, 29 October 2015, page 1 point I.3).

Confined by the Korean Peninsula.

Confined by the Korean Strait, Eastern Sea of Japan; Ryukyu Islands (chain of islands between Japan and Taiwan); and the Strait of

Taiwan.

Confined by Formosa Island, Luzon Strait, Archipelago of Philippines, Sulu Sea, Java Sea and Malacca Strait.
According to Tim Marshall (2015). Prisoners of Geography, Elliott and Thompson Limited, page 49,“... 80% of the energy supplies pass
throughout Malacca Strait...”and (page 11)“... Saudi Arabia is the biggest supplier of crude and oil to China”".

Retrieved on July 8, 2016 at http://www.iims.org.uk/kra-canal-project/
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and Xisha (Paracel) archipelagos is extremely
important — This maritime area facilitates the
SLOCs to Eastern China Sea, to Makassar Strait
(and then to Australia and the South Pacific), to
Malacca Strait and to the Java Sea. Moving into
the East China Sea the Diaoyutai (Senkakus)
archipelago and the Ryukyu Islands (North West
of Taiwan) are strategically important to access
the Pacific Ocean, due to the fact that the passage
through the Sea of Japan towards Sakhalin islands
is not an alternative to commercial navigation
(there is the limitation of the La Perouse Strait
and the Kuril Islands in the Sea of Okhotsk).

DEA 2 - (South and Southeast Asia) The
Alternatives to Malacca Strait '* - This maritime
area represents an enormous constraint to SLOC
for commercial sailing. Therefore, China has
plans to develop the Kra Trans-isthmian Route
(or the Thai Canal, also known as Kra Canal or Kra
Isthmus Canal). This project refers to proposals for
a canal that would connect the Gulf of Thailand
and the South China Sea with the Andaman Sea
across southern Thailand, as an alternative to
Malacca Strait (one of the busiest shipping lanes
in the world, with 60,000 passages annually -
1.7 miles across)™. Likewise China is interested in
the trans-Myanmar oil and gas pipeline (Sittwe),
in the trans-Asian railway from Kunming (China)
to Singapore, as an entry commercial corridor
towards Yunnan Province, or as an alternative, to
use the China Pakistan Economic corridor (CPEC')
running from Gwadar-Islamabad (Pakistan’®)
deep port facilities to Kashgar (Xinjiang Province)
in mainland China'. In the context of the CPEC,
the Turkmenistan-Afghanistan-Pakistan-India
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Pipeline (TAPI), also known as Trans-Afghanistan
Pipeline, is a natural gas pipeline being developed
by the Asian Development Bank, and the
involvement of China may bring a different
dynamics to the initial involvement of USA in
order to reduce influence of Russian Federation in
Turkmenistan. However, in the context of building
railways connecting China to Singapore, Lao
People's Democratic Republic (LPDR) represents
the key partner to the Chinese administration,
due to its hydric potential and because China
has no land borders with Thailand. Therefore,
the CIEC also depends on the Kunming (China)
- Luang Namtha (Laos) — Vientiane and the Lao
Bao (Vietname) — Savannakhet (Lao) railways'e.
By the same token, the Mekong river represents
and extraordinary potential due to the fact it runs
through China's Yunnan province, Myanmar, Laos,
Thailand, Cambodia and Vietnam.

Figure 2 — The importance of Laos and Thailand
to OBOR

DEA 3 - (Indian Ocean) The Archipelagos of
the Maldives & Seychelles — This maritime area
represents a rotational platform to maritime
navigation (SLOC) with several options: (1)
towards the Gulf of Bengal (via Hambantota/

For more details, see the Joint Declaration China Pakistan (Islamabad, April 2015).
In 2005, Pakistan and China signed the “Karamay Declaration” defining Pakistan's role in China's One Belt, One Road (OBOR) initiative.

The DEA 1 and DEA 2 combined will transform China in a two-ocean Power (Pacific and Indian Oceans).

Retrieved on July 8, 2016 at http://www.rfa.org/english/news/laos/railway-06062013161030.html
Ethiopia is commonly known as African water tower, because it is mountainous and water rich. China is financing a hydroelectric joint
project in Ethiopia (Blue Nile project). The Grand Ethiopian Renaissance Dam formerly known as the Millennium Dam.

China is Sudan biggest trading partner (2015).

—F—HTXEENGRRRERE AR




isIERERXE

Full Papers of Speakers

Sri Lanka); (2) towards the Strait of Hormuz;
(3) towards the Malacca Strait; (4) towards the
Djibouti (Babel Mandeb Strait) in direction
of Suez - land later to Venice (Italy), Marseille
(France) or Piraeus (Greece); (5) towards CPEC that
runs from Gwadar deep port facilities to Kashgar
(Xinjiang Province) in mainland China, boosting
commerce amongst Pakistan - Afghanistan -
Tajikistan - China; (6) towards the Horn of Africa
and the African Southern Region.

DEA 4 - (Indic Ocean) The Horn of Africa
and the Red Sea Region - This maritime area
represents a platform to access central Africa,
from three anchor points, using a network of
railways:

(1) Access to Djibouti (towards Ethiopia'®,
Somalia, Sudan?®’, Egypt, and Eritrea);

(2) Access to the Great Lakes Region - Mombasa
/ Bagamoyo / Mombas - Kisumo (Kenya)
(towards Uganda, South Sudan, Democratic
Republic of Congo, Rwanda, and Burundi);

(3) Access the economic communities in
southern Africa (SADC/ECCAS/EAC) - Mtwara
(Tanzania) as an entry commercial corridor
towards Zambia and Angola (Lobito Railways
and Luanda International Airport) (Atlantic
South).

The Horn of Africa and the Red Sea Region also
engages sea routs to access to Suez Canal and to
Madagascar Strait.

SEA 1 - (South Atlantic Ocean) The Gulf of
Guinea - This maritime area is part of a SLOC
from the Cape (South Africa) to the Mediterranean
Sea accessing a commercial entry corridor

towards Gabon, Cameroon, Nigeria, Ghana, Ivory
Coast and Benin. The Gulf of Guinea offers an
abundance of fishing resources, raw materials and
developing markets. Four Portuguese-speaking
countries are strategically located in the area:

- Guinea-Bissau and Cape Verde are located
in the northern exit of the Gulf, prolonging
Sahel into the Atlantic Ocean and offering a
platform to support navigation towards USA,
European Union, Europe, Brazil (MERCOSUL
Member State) and therefore an extension
of the sea corridor towards South and north
Atlantic, bringing new opportunities to
generate revenues;

- The position of Sdo Tomé e Principe
dominates the maritime routes crossing the
Gulf in both directions: North-south and East-
West, and therefore offering a deep waters
port to support the extension of the sea
corridor;

- Finally, Angola (including Cabinda) a country
belonging to two economic communities
(Economic Community of Central African
States (ECCAS/CEEAC) and the Economic
Community of West African States (ECOWAS),
occupies a long costal area and with an EEZ
covering a good part of the maritime gulf
dimension.

In future, an international railway connecting
Cameroon-Nigeria-Benin-Togo-Ghana will unite
the coastal area. The Gulf of Guinea is part of the
South Atlantic Ocean maritime belt, connecting
South America and South African continents.

DEA 4 and SEA 1 are Africa related. Indeed, China
has placed itself between 2000 and 2013 as the

21 Retrieved on July 4, 2016, at https://www.chinafile.com/infographics/visualizing-chinas-aid-africa
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second larger donor to African States. China
has made available grants, interest-free loans
and low-interest loans to many different States.
China has involved hundreds of State owned and
private corporations in building infrastructures
worldwide, with particular emphasis in Africa and
thorough the Forum on China-Africa Cooperation
(FOCACQ). According to the White Paper of China’s
Foreign Aid published by Chinese Government
in 2011, the distribution of China’s foreign aid
in 2009 was as follows: Africa was leading the
chart at 45.7%, with Asia 32.8%, Latin America
12.7%, Oceania 4.0%, Europe 0.3%, and others
4.5%. Given the focus China has put on Africa
in recent years, it is reasonable to assume that
about half of China’s foreign aid goes to Africa at
present (Lan Xue, 2014, page 11). In 2009 China
became the second larger African trade partner
after Europe (Source WTO, Trade indicators 2000-
2012). In January 2005, China implemented
the Special Preferential Tariff Treatment (SPTT),
removing tariffs from some 190 items exported
to China from 25 of the least developed countries
in Africa. The tariff-free items were increased to
over 440 in November 2006 and to 466 by 2007
(Wang, 2007, and Xie, 2008). According to China
Commerce Yearbook (2003-2008) Libya, Sudan,
Angola, Nigeria and Algeria are the African States
with which the China economic cooperation were
the most significant. As the figure 3 displays?’
(between 2000-2013), China has invested in Africa
mainly in the transport and storage sector and it
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has invested in some of States referred on DEA 4
and SEA 1: Sudan, Angola, Nigeria, Ethiopia, and
Kenya. That conclusion is in line with OBOR global
strategy, prolonging the OBOR African reach.

Sector and Country Allocation of China Aid to Africa

B emengnt UL ) by St

Figure 3 - China Sectorial Investment in Africa

SEA 2 - The Bearing Strait — Represents one
of the vital SLOC for global shipping and its
importance for China as a global trader is
growing??. Furthermore, access and the free
crossing of the Arctic Region is gaining vital
importance?, especially in terms of research,
environmental management, navigation security,
natural resources, investment in infrastructures,
and protection of indigenous populations. There
are only three commercial corridors into the
arctic, connecting Asia to Europe: the Baffin Bay
(Northwest Passage), the Greenland/Norwegian
Sea (Northern Passage), and the Bearing Strait,
which is common to both passages. China
needs to sail freely all these corridors, most of

Since 2013, China is one of the twelve observers (non-arctic countries) and the primary role of observers is to observe the work of the
Arctic Council, observers should continue to make relevant contributions through their engagement in the Arctic Council primarily
at the level of Working Groups. Source: Retrieved on April 28, 2016, at http://www.arctic-council.org/index.php/en/about-us/arctic-
council/observers.

Cheng Baozhi (2015, page 64) “... Although China seems very far away from Arctic Circle... the North Pole impact is true to china’s
development. Thus, the issue of climate change and environmental protection in Arctic could be a powerful, convincing argument for
China to participate in the arctic affairs”.

The Panama Canal has been expanded and this inauguration has taken place in Jun 2016. Taiwan's Evergreen Marine Corp. Ltd. (f
£ [E) invested massively in Panama and Taiwan is a major user of the canal. According to an important official from Tawain Jason
Yuan, the opportunity stands as "golden." He particularly mentioned "l would say that to invest in Panama is the smartest thing to do,"
Yuan asserted. "If you know the potential of the Latin American market, you should immediately take advantage and come to Panama
to invest." Retrieved on 27 June 2016, at http://taiwaninfo.nat.gov.tw/ct.asp?xltem=16549&ctNode=103
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them under control of Canada, USA and Russian
Federation. Finally, another mega project is the
challenging railways project connecting China-
Russia-Canada-USA.

SEA 3 - The Maritime crossing points from
the North Atlantic to the North Pacific - This
maritime area is located in the central Caribbean
Sea and is composed by the Nicaragua Canal,
the Panama Canal?’. The project of building
an alternative to all maritime crossing options,
which will connect Cupica to Uraba (Colombia)
by a modern railway, is important to China.
Furthermore, the Inter-oceanic-railway (or
Atlantic-Pacific Railways) connecting Brazil-
Bolivia-Peru has not yet been abandoned and
China has been an active partner.

One also may attempt to define the OBOR Center
of Gravity (CoG) as mentioned in figure 1. This
OBOR COG connects the vertices of the triangle
composed of China’s Heartland (or the Central
Plain), the Pan Pearl River Delta Area and the axis
Shaanxi-Gansu-Qinghai-Xinjiang Provinces.

i A B R | R TR R e LN | S e 1 i 1

Figure 4 - The central triangle and the new
globalization COG

Indeed, the central triangle is probably the
new globalization center of gravity, if OBOR
is completed as planned. Thus, the new
globalization CoG is composed of a set of large
areas as it follows:

(A) Harbin-Dandong-Dalian (Heilongjiang
Province) and a pivotal economic corridor
of mobility towards the Russian Federation,
overcoming the difficulty of using the Port of
Vladivostok;

(B) Beijing metropolitan area, the Great Wall -
Grand Canal (inner communication) - Yellow
River (Yellow Sea Access) - Yangtze River
Delta (East China Sea Access) — the Bohai Rim
Region;

(C) Xian/Shandong (Shandong Province)/
Zhengzhou (Henan Province) — and a pivotal
economic corridor of mobility towards
Urumqi (Xinjiang), that also runs towards
central Europe. In the opposite direction, the
same corridor runs to Shanghai. Particular
emphasis should be given to the fact that
Shanghai is connected by railways to
Lhasa and to the fact that freight can be
transported by train from Lanzhou (Gansu
Province) to Kathmandu (Nepal) via Tibet;

% THE GOVERNMENT OF HKSAR (2014). The Greater Pearl River Delta, Report commissioned by Invest Hong Kong, 7th Edition, page 28.
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Figure 5 - Development Zones

(D) Chengdu (Sichuan Province)/Chongqging/
Changsha (Capital City of Hunan Province)/
Fuzhou Port - and a pivotal corridor
of mobility towards Kunming (Yunnan
Province), furthermore running to Vietnam
and Thailand; the economic corridor of
mobility towards Shanghai by the River
Yangtze; the corridor of mobility towards
Guangdong; the corridor of mobility towards
Xingjian and central Europe;

Finally, the pentagonal regional arrangement
embedded in the GPRDZ as part of the South
PPRDA (in Guangdong Province) (Figure 5%).

OBOR is reshaping the maps of the future
through a global multidimensional infrastructure
network. OBOR is a major brick that makes
sense out of a wider wall of Chinese economic
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CHINAS EXTERNAL SECURITY INTERESTS: SOME HOT SPOTS
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Figure 6 — Security Hot Spots

strategy, and therefore holds enormous potential
to reshape geo-economic maps, at regional,
interregional and probably at global level. It
would be fair to say that the success of OBOR will
be measured by the way we will all look at maps
in the future, most likely with the Indian-Pacific
Oceans as primary visual reference.

What May Cast a Pall Over OBOR?

Never had a country, no matter how powerful it is,
could work independently in the context of economic
globalization.

Sha Zukang (2014, page 35)

In the real world, even the most successful
enterprise comes at the expenses of a price.
Indeed, a few hurdles may have the power of
jeopardize OBOR. Firstly, it is highly dependent

Brazilian Consulate-General Shanghai, Shanghai Forum 2016, China and Latin America: the development partnership of trans-pacific

cooperation & sharing.

Measures to guarantee: Financial Institutions: namely, Silk Road Found, BRICS Development Bank, China Development Bank, Asian
Infrastructure Investment Bank, China CITIC Bank International, Bank of China, People’s Bank of China, China Investment Corporation,
SCO Development Bank, International Monetary Fund (IMF), Export-Import Bank of China. Trade measures: bilateral and multilateral
FTA, upgrading Sino-ASEAN FTA, Sino-ASEAN Cooperation Fund, RCEP, and FTAAP.

Sanya Declaration of the First Lancang-Mekong Cooperation (LMC) Leaders' Meeting - For a Community of Shared Future of Peace and
Prosperity among Lancang-Mekong Countries, 2016/03/23 - Point 6 encourages synergy between China's Belt and Road initiative and
LMC activities and projects, as well as relevant development programs of the Mekong countries, including the Master Plan on ASEAN
Connectivity (MPAC). Source: retrieved on April 29, 2016 at http://www.fmprc.gov.cn/mfa_eng/zxxx_662805/t1350039.shtml.
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on the ability to negotiate with sovereign States,
and that places a huge diplomatic burden to the
next generation of political leaders and public
officials. As wisely Ana Candida Perez (2016)2¢
put it, the differences of geography, language,
cultures and political systems is an obstacle
to cooperation. Concurrently, OBOR is a mega
economic?’ challenge, involving pharaonic
financial assets, demanding time and high level
of diplomatic perseverance.

Secondly, great nations do not join alliances;
they make their own spaces of comfort to
promote important and vital interests. OBOR is
a cooperation strategy and as all cooperation
strategies is based on common interests. The
so-called China’s rising is catching the world’s
eyes... In light of these ideas, some Chinese
neighbouring States seemed skeptical due to
the unbalanced power provided by the project-
leading nation, fearing that today’s agreements
may turn into political chains tomorrow. Partners
are wondering what is China’s political agenda?
The key question seems to be what is China’s
hidden agenda? The evaluation of OBOR impact
in the light of the Sanya Declaration (China and
the five Mekong States), in the context of the
Lancang-Mekong Cooperation (LMC) (had its
initial meeting?® recently (May 2016)), is particular
relevant to explore the possible synergies
between OBOR and LMC are at this very initial
stage.

Another point addresses particularly the Republic
of India as the second largest AlIB shareholder,
as BRICS's member and as the father of Project
Mausan?’. India must be attentively understood
and carefully dealt with. That is why the Chinese
leadership has put forward the “Three Nos" Policy
(China conducts a policy of no interference in
the internal affairs of other nations, China does
not seek to increase the so called “sphere of
influence”, China does not strive for hegemony
or dominance) to minimize the eventual hard
impact of OBOR policy. In relation to CPEC (see
figure 4)%°, we must acknowledge that the area
has been suffering from low-level persistent
insurgency, with Pakistani authorities blaming
India. Sea piracy persists to a relevant problem
in the South China Sea, Malacca Strait, Bay of
Bengal, Andaman Sea and Java Sea. Separatism,
ethnic and Islamic insurgency are hot current
problems to be tackled. Likewise, Gulf of Guinea
is currently being affected by Boko Haram
(based in Chad River Basins: Northern Nigeria,
Niger, Cameroons, Central African Republic and
Chad) and by Al Qaeda (based in Western Sahel:
Mauritania, South Algeria, Mali and Niger (in the
banks of Niger River)). In central Iraqi and Syria,
the chaotic situation created by Daesh (Islamic
State of Irag and the Levant) is well known. These
are only few reasons why OBOR represents a
critical point in China’s diplomacy, particularly in
what concerns neighbourhood policies.

The project is considered the Modi Government’s most significant foreign policy initiative designed to counter China. It is inspired
by India’s historical role as the focal point for trade in the Indian Ocean (Akhilesh Pillalamarri, 2014). Retrieved on April, 2016 at
http://thediplomat.com/2014/09/project-mausam-indias-answer-to-chinas-maritime-silk-road/

Retrieved on April, 2016 at https://www.stratfor.com/analysis/china-dilemma-international-intervention

USA is leading the top 15 countries investing in India. Optimism for doing business in India is rising. Sentiment improved when
Narendra Modi was elected prime minister on a business-friendly reform agenda in May 2014, though positive signs were evident
before the election. According to the Financial Times, in 2015 India overtook China and the USA as the top destination for the
Foreign Direct Investment. In first half of the 2015, India attracted investment of $31 billion compared to $28 billion and $27 billion
of China and the USA respectively (“India pips USA, China as number. 1 foreign direct investment destination", The Times of India, 30

September 2015).
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Economic Partnership (FTA) (RCEP*?) to prevent the
single country dominance and to avoid escalating
rivalry (none of them included USA). USA has free
trade agreements (FTA) in force with 20 countries 33
Australia, Bahrain, Canada, Chile, Colombia, Costa
Rica, Dominican Republic, El Salvador, Guatemala,
Honduras, Israel, Jordan, South Korea, Mexico,
Morocco, Nicaragua, Oman, Panama, Peru and
Singapore. Currently, China has 14 FTA3 signed
and implemented: ASEAN, Pakistan, Chile, New
Zealand, Singapore, Peru, Costa Rica, Iceland,
Switzerland, South Korea, Australia, the Mainland
and Hong Kong Closer Economic and Partnership
Arrangement and the Mainland and Macau Closer
Economic and Partnership Arrangement. Besides,
after reforming the FDI system (approval at local
government level), and after joining the WTO
China has become a foreign investor itself (Wang
Zhongmei, 2016%*). The same author called the
attention to the importance of the negative list
system available in four FTZ, open to any item
not prohibited, in which transparency is at great
importance. China is also involved in the Asia-

reb.alance positively the glc.)bal American ir.1ﬂuence Pacific Trade Agreement (APTA) (China, Bangladesh,
relies on the WTO dominance and bilateral India, Lao, Republic of Korea and Sri Lanka).

economic relations with India®', combined
with the “economic scissors” composed of the
Euro-America Transatlantic Trade and Investment
Partnership (T-TIP) and the mega regional trade
agreement involving twelve Pacific Rim countries —
the Trans Pacific Partnership (TPP/2016). Both T-TIP
and TPP exclude China. China uses OBOR, BRICS,
“ASEAN + 6” and the Regional Comprehensive

Figure 7— Leading Economic Arrangements

Thirdly, the United States of America perceives
OBOR as an instrument to deepening global
economic breakdown and as the beginning of
concrete steps towards shifting focus from the
Euro-American Atlantic to the Indo-Pacific
region. The United States of America is particularly
concerned with the combination of OBOR and the
“Chinese Grand Strategy” to unconditionally bring
on board States across Eurasia, the Middle East,
Europe, Africa and some Central America States, into
its global plans and thereby blunt the so-called USA
“pivot” in the South Asia region. The United States
of America’s commercial economic strategy to

Fourthly, the Russian Federation is actively
involved in the most significant initiatives
directly related to OBOR, namely Eurasian
Economic Union (EEU) and Shanghai Cooperation
Organization (SCO). Undeniably, as mentioned by
Jikkie Verlare (2015, page 3)*¢ “China seems very
much interested in building on existing regional

32 RCEP is a proposed free trade agreement (FTA) between the ten member states of the Association of Southeast Asian Nations (ASEAN)
(Brunei, Burma (Myanmar), Cambodia, Indonesia, Laos, Malaysia, the Philippines, Singapore, Thailand, Vietnam) and the six states
with which ASEAN has existing FTAs (Australia, China, India, Japan, South Korea and New Zealand). RCEP negotiations were formally
launched in November 2012 at the ASEAN Summit in Cambodia.

33 Retrieved on July 2016, at https://ustr.gov/trade-agreements/free-trade-agreements

3 Retrieved on July 2016, at http://fta.mofcom.gov.cn/english/

3% Wang Zhongmei, Shanghai Forum 2016, China and Latin America: the development partnership of trans-pacific cooperation &
sharing.

% Clingendael Policy Brief (Dec 2015) based on the research project ‘A New Opportunity in EU-China Security Ties: The One Belt One
Road Initiative;, conducted by Jikkie Verlare at Peking University.
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security platforms such as the Conference on
Interaction and Confidence-Building Measures in
Asia (CICA), the Shanghai Cooperation Organization
(SCO) and the ASEAN Regional Forum (ARF) in
order to create a new Asian security mechanism...
The joining of the SCO by India and Pakistan in
2016 enhances in particular this organization’s
potential to become a broad multilateral platform
for security and economic cooperation throughout
multiple regions in Asia”. Nevertheless, the Russian
Federation perceives OBOR as another model
of economic regional integration, such as EEU,
SCO, or the European Union Neighbourhood
Policy. Recently, Russia and China signed a
packet of 30 cooperation agreements (June 25,
2016), covering trade, infrastructure, technology,
agriculture, finance and energy.

ASEAMN'y Regeonal Five Trade Agreements

Figure 8 -The ASEAN + 6

Tratin-Pace
[

Fifthly, as Quanheng (Shanghai Forum 2016)
mentioned Asian Economy is vital to the World
economy... OBOR with its basic principle will
contribute to the overall development of the
Asian economy... In fact, in 2014 the OBOR
concept was officially unveiled at the Asia Pacific
Economic Cooperation (APEC) together with
the establishment of a $40 billion silk fund, as
a measure to create confidence and to attract
partners. In relation to ASEAN + 3 (China, Japan
and South Korea) and ASEAN + 6% (Australia, New
Zealand and India) the key aspect is the OBOR’s
perception as an instrument to promote economic
cooperation and trade balance rather than
strategic dominance. At the China-ASEAN Expo
in 2013, Chinese Premier Li Kegiang emphasized
the need to build the Maritime Silk Road oriented
towards ASEAN and to create strategic propellers
for hinterland development. Accelerating the
building of the Belt and Road can help promote
the economic prosperity of the countries along
the Belt and Road and regional economic
cooperation, strengthen exchanges and mutual
learning between different civilizations, and
promote world peace and development. It is a
great undertaking that will benefit people around
the world?®. APEC seems to be the only truly
inclusive economic forum where the 21 Pacific
Rim member economies (USA included) that

Image Retrieved on July 2016 at https://www.linkedin.com/pulse/20141022062158-36873037-outlook-on-asean-investment-2015
Vision and Actions on Jointly Building Silk Road Economic Belt and 21st-Century Maritime Silk Road (2015/03/28), Issued by
the National Development and Reform Commission, Ministry of Foreign Affairs, and Ministry of Commerce of the People's
Republic of China, with State Council authorization, preface. Retrieved July 4, 2016, at http://en.ndrc.gov.cn/newsrelease/201503/
t20150330_669367.html

The European Commission is considering if EU could collectively become a member of the Asian Infrastructure Investment Bank (AlIB);
The EU is working together with Beijing on governance standards and best practices in setting up the AlIB; China’s ambassador to
the EU, Yang Yanyi, mentioned that China is looking for ways to build up synergies between the ‘One Belt, One Road’ initiative and the
European Fund.

In 2015, EU (The Council) appointed Peter Burian as a new Special Representative tasked with promoting EU political coordination in
Central Asia, monitoring the implementation of the EU Central Asia Strategy and supporting regional security in the region.

Hungary is part of the CEE 16+1 platform and Xinhua commented on the occasion by stating that ‘the CEE nations will be essential
links in the Belt and Road initiative’- Shannon Tiezzi (2015). Where is China’s Silk Road Actually Going? The Diplomat (30 March).
Macedonia and Greece both expressed their willingness to partake in the project, which plans to turn Piraeus, the main port of
Greece, into a Chinese hub for trade with Europe.
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promotes free trade throughout the Asia-Pacific
region. The greatest challenge seems to be the
OBOR diplomatic linkage to the South China Sea
disputes.

Sixthly, the European Union (EU) seems to
perceive OBOR initiative as an opportunity to
rebalanced EU-China cooperation, which cannot
be ignored. In the light of the reasoning, EU is
attempting to respond collectively to the
OBOR initiative, adjusting its own policies to
what seems to be considered a historic geo-
economic opportunity, namely ‘The European
Neighbourhood Policy’ (that has to be adapted
to the context of BREXIT); ‘The EU Maritime
Security Strategy”; and “The EU Partnership
Instruments’. Actually, there are signs leading
to a closer positioning between EU and PRC in
relation to OBOR. The EU is involved in the capital
arrangements and governance mechanisms to
financially sustain OBOR*, the ties between EU
and China are expanding to new areas as stands
the example of EU-China strategic partnership
addressing areas now beyond bilateral economic
relations and the EU has developed a Central
Asia Strategy to be implemented by the new
EUSR Peter Burian*, China approaches the EU
at institutional level and at bilateral level. The
creation (2012) of the CEE 16+1 platform has lead
Hungary to become the first European country
to sign a memorandum of understanding with
China on promoting the ‘Belt’ and ‘Road’ (2015)*".
In 2015 the Forum on China-Europe Investment
and Connectivity Cooperation was held, and
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China (Suzhou) hosted the fourth China-Central
and Eastern European Summit, in which had been
highlighted the OBOR role of Eastern Europe,
Balkans and Baltic States... China also signed a
deal with Hungary and Serbia to build a high-
speed rail line between their capitals as part of
a broad plan for a rail link to the Greek Port of
Piraeus*. “At the 17t EU-China Summit (2015),
the EU and China confirmed their strong interest
in each other's investment flagship initiatives,
namely the Investment Plan for Europe, and the
"One Belt, One Road" initiative. The EU and China
also support efforts to improve connectivity in
Asia for the benefit of all European and Asian
partners. The EU-China Connectivity Platform,
was established in 2015, to promote cooperation
in infrastructure, encompassing financing,
interoperability, logistics, and maritime and rail
links across the Eurasian continent”®. Eventually,
the EU will realize the advantages of a Sino-
European Strategic Partnership framework to
engage with OBOR within the scope of the EU
neighbourhood policy. Sooner or later, the EU
will be involved in the financial synergies that
a project such as the OBOR might generate,
because China and the EU need one another,
despite of all reserves (EU Parliament last May
12, 2016 rejected the attribution of the market
economy status to China). Unfortunately, for the
EU, an EU common policy on OBOR does not
necessarily prevent ad hoc agreements between
EU member States* and third actors and that fact
may cast a shadow over the EU strategy as such.

4 EU-China Relations Fact Sheet, Brussels, 22 June 2016, page 2 (EU in Hong Kong and Macao-E-Bulletin, Issue 23 - 2016 of 23 June
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2016).

Alessandro Arduino (2016). Policy Report, China’s One Belt One Road: Has European Union Missed the Train? Page 3 - EU needs to
adopt a common voice to engage China’s OBOR initiative; to promote stakeholder participation; to coordinate crisis prevention; and
to avoid focusing only on short-term economic gains to attract China’s outbound direct investments. Source: retrieved on April 28,
2016 at https://www.rsis.edu.sg/wp-content/uploads/2016/03/PR160307_China-One-Belt-One-Road.pdf.

Stratfor (2016) China: The Dilemma of International Intervention, Retrieved July 7, 2016, at https://www.stratfor.com/analysis/china-

dilemma-international-intervention
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Finally, OBOR has been designed to create
streamline flows, therefore it generates
interregional closeness, and closeness decreases
the ability to safeguard, to regulate, and to act
independently, given that every flow works both
ways. Actually, peaceful proximity generates a high
level of interdependency and tends to facilitate
room for the so-called three evil forces: terrorism,
extremism and separatism. In relation to violent
threats, “Beijing ... has struggled to find sufficient
security arrangements for land routes through
known trouble spots such as Afghanistan and
Western Pakistan. It has also dedicated aircraft
carriers to a future role of securing key maritime
routes that fall under Belt and Road. In short, as
China adjusts its legal structure to allow overseas
actions and restructures its forces to be able to
carry out such actions...”” In Addition, there is an
adverse force, associated to the perception that
many private entrepreneurs, do not really seek
to deliver a contribution to social development.
Inversely, they merely understand OBOR, as an
opportunity to increase their personal wealth,
displaying no regards for social goals.

4. What would be the MSAR role in

the OBOR's context?

We should leverage the unique role of overseas Chinese
and the Hong Kong and Macao Special Administrative
Regions,

and encourage them to participate in and contribute to
the Belt and Road Initiative.

Chinese National Development and Reform Commission
(2015, paragraph 1)*

Attempting to forecast the future of Macau
Special Administrative Region (MSAR), without
considering it within the framework of People’s
Republic of China (China) is doomed to fail.
Inversely, perhaps what is worthy to ponder, is
to anticipate the future of MSAR in the context
of trend denominated “China going global”,
within the agenda of the much talked “one belt,
one road” initiative, as a substantial target for
China’s foreign commercial policy. Historically,
Macau (and Hong Kong) were been perceived
by many*” as a Chinese pivot to Europe and the
Western World embracing the real spirit of the
Silk Road. This statement takes as assumption an
imbalanced position of China in relation to the
international system driving forces. OBOR is an
initiative that potentially will deliver a substantial
contribution to change that.

The year 2008 stands as a token of Chinese
national revival, capitalizing on the success of
the Beijing Olympics. Undeniably, after a century
of humiliations (1840-1940), China has learned
a decisive lesson, and therefore has acquired
a sense of pride, departing from the fact that
CCP State policies are lifting millions out of
poverty, are lessening social inequality, and are
increasing the overall living standards. China has
indeed understood how to combine essential
values springing out from Confucianism and
Socialism, such as ancestors’ reverence and family
centrality, with the crucial requirement that relates
State economic empowerment to State social
development. This line of reasoning, sets the
scene, represents the long reach beacon guiding
the future of MSAR and provides sense to a dual
smart formula designed by Deng Xiaoping: on

% Vision and Actions on Jointly Building Silk Road Economic Belt and 21t Century Maritime Silk Road (2015/03/28), Issued by the
National Development and Reform Commission, Ministry of Foreign Affairs, and Ministry of Commerce of the People's Republic
of China, with State Council authorization, paragraph VI. Retrieved July 4, 2016, at http://en.ndrc.gov.cn/newsrelease/201503/

47

t20150330_669367.html

Zhidong Hao (2011). Macau History and Society, Hong Kong University Press/University of Macau, Chapter 2; Geoffrey C. Gunn (2005).
Encountering Macau, Published by the author; Carmen Amado Mendes (2013). Portugal, China and the Macau Negotiations, Hong
Kong University Press; Moisés Silva Fernandes (2006). Macau na Politica Externa Chinesa: 1949-1999, Lisboa Imprensa de Ciéncias

Sociais.



the one hand, political sovereignty and economic
independence are inseparable, and on the other
hand, political statehood is grounded on “one
country, two systems” principle.

MSAR retrocession to Chinese sovereignty is
also part of national revival and therefore the
negotiations concluded in 1987 with Joint
Declaration of the Government of the People’s
Republic of China and the Government of the
Republic of Portugal on the question of Macau,
represented a tremendous opportunity to envisage
the creation of an “entity” internationally relevant
and nationally integrated. MSAR contribution to
the national revival is more effective as it leverages
a positive differentiation from regional, sub
regional and national dimensions. Remarkably,
Macau'’s positive differentiation has the potential
to deliver a substantial contribution to current
Chinese national goals.

Figure 9 - The Pentagonal Regional Arrangement

Historically speaking, Macau, as a territory under
Portuguese administration (until 1999), played an
important role as part of Chinese foreign policies,
namely in relation to commerce of commodities,
trade exemptions, diplomatic action, facilitation
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of Chinese operations in the Korean conflict
and currency affairs. In the context of OBOR,
MSAR* destiny is to keep contributing to Chinese
foreign policies, as part of the pentagonal
regional arrangement composed of Zhuhai -
Guangzhou - Shenzhen - Hong Kong - Macau (in
Guangdong Province) located in the banks of the
Pearl River Delta Bay. Furthermore, the departing
point to understand the contributing role of
MSAR, is grounded on its uniqueness as a non-
sovereign special administrative Chinese territory,
in which statehood is grounded on “one country,
two systems” principle. MSAR holds a functional
power in the comprehensive OBOR framework,
which can be potentiated in the context
of regional integration. The driver policy
instrument for Pearl River Delta Bay seems to be
the idea put forward by the State Council in 2004,
named “9+2" strategy (Nine Main land Chinese
provinces, MSAR and HKSAR). The five-year Plan
(2016-2020) relies on this strategic document, in
order to create, integrate and enlarge the Greater
Pearl River Delta Zone (GPRDZ), covering a third
of the Chinese population, and a third of the
Chinese economic value. The Chief Executive
Report on the promotion of moderate economic
diversification in the MSAR takes into account
the same key reference and the platform for
commercial cooperation between china and
Portuguese-speaking countries (PSC).

In addition, the GPRDZ is not the only integration
zone deeply related to OBOR. The Pan Pearl
River Delta Area (PPRDA), depicts a regional
ability to plan economic integration, as shown
on figure 6*. PPRDA is composed of Sichuan,
Yunnan, Guizhou, Guangxi, Hunan, Guangdong,
Jiangxi, Fujian and Hainan. The PPRDA gives

% Macau Special Administrative Region of People’s Republic of China.
49 Retrieved on 24 June 2016, at http://www.mdpi.com/2071-1050/6/8/5203
50 Around 50% of the world population is living within a 5 hours flight.

—F—HTXEENGRRRERE AR




isIERERXE

Full Papers of Speakers

51

55

full sense to the Mainland, Macau, Hong Kong
Closer Economic Partnership Arrangement
(CEPA), to the cooperation between the six
international airports located in the GPRDZ*°,
to the Hong Kong-Zhuhai-Macau Bridge, to
the establishment of free trade zones, and to
Guangzhou-Shenzhen-Hong Kong high speed
railway. The regional integration has also been
extended to maritime domain, especially in the
area of research and development, with particular
emphasis to Guangxi, Guangdong, MSAR, HKSAR,
and Fujian. The PPRDA is the natural connections
with the origin of the maritime Silk Road and with
the modern Indochina economic corridor.

Figure 10 — The Pan Pearl River Delta Area

By the same token, the future of MSAR, lays within
the combination of four pillars representing
that positive differentiation: location, heritage,
specialization and international status. The

idea of economic diversification paves the way to
better understanding the future of Macau, but is
has not yet been sufficiently developed. Actually,
diversification must be understood in the sense
of positive differentiation, departing from the
four pillars mentioned before. Furthermore, the
eventual sub regional integration of MSAR in
the GPRDZ does not necessary mean economic
similarity but it does mean being part of the
“China’s Regions in the pursuing opening-up™'. In
fact, Macau'’s positive differentiation or at the best
its ability to supplement that, gives right sense
to the dual smart formula designed by Deng
Xiaoping.

LW
%

Figure 11 - MSAR Location and the Tributaries of
the Pearl River Using Digital Chart of the World
and GTOPO Data

This expression is used in the document named: Vision and Actions on Jointly Building Silk Road Economic Belt and 21st Century
Maritime Silk Road (2015/03/28), Issued by the National Development and Reform Commission, Ministry of Foreign Affairs, and
Ministry of Commerce of the People's Republic of China, with State Council authorization, paragraph VI. Retrieved July 4, 2016, at
http://en.ndrc.gov.cn/newsrelease/201503/t20150330_669367.html

As of December 2015, all of the 57 Prospective Founding Members of AlIB had signed the Articles of Agreement. The initial signatories
were Australia, Austria, Azerbaijan, Bangladesh, Brazil, Brunei Darussalam, Cambodia, China, Denmark, Egypt, Finland, France,
Georgia, Germany, Iceland, India, Indonesia, Iran, Israel, Italy, Jordan, Kazakhstan, Republic of Korea, Kyrgyz Republic, Kuwait, Lao PDR,
Luxembourg, Malaysia, Maldives, Malta, Mongolia, Myanmar, Nepal, Netherlands, New Zealand, Norway, Oman, Pakistan, Philippines,
Poland, Portugal, Qatar, Russia, Saudi Arabia, Singapore, South Africa, Spain, Sri Lanka, Sweden, Switzerland, Tajikistan, Thailand,
Turkey, the United Arab Emirates, the United Kingdom, Uzbekistan, and Vietnam. The AlIB Articles of Agreement entered into force
on 25 December 2015. On 16 January 2016, the Board of Governors held its inaugural meeting, declaring the Bank open for business
and electing Mr. Jin Liqun as President for an initial five-year term. Retrieved on July 4, 2016 at http://china-trade-research.hktdc.com/
business-news/article/One-Belt-One-Road/The-Belt-and-Road-Initiative/obor/en/1/1X000000/1X0A36B7.htm

Plataforma Newspaper, September 1, 2015, page B8.

Economic Community of West African States, Southern African Development Community, and Economic Community of Central
African States.

For more details: http://macaunews.com.mo/red-long-reach-beacon-future-macau/
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There are two perspectives on relations
between OBOR and the Portuguese speaking
countries (PSC). On one hand, the Community
of Portuguese Speaking Countries (CPLP) has
established itself as a language organization,
with an economic and diplomatic purpose.
Furthermore, the CPLP has a close relationship
with the South Atlantic belt, with three
supporting points (Portugal - an entry to EU
and a founding father of the Asia Infrastructure
Bank (AlIB>?); East Timor as a natural candidate
to ASEAN and MSAR as a natural entry/exit
point to China)*3. Particularly interesting in the
OBOR context is its proximity to the Gulf of
Guinea (Angola, Cape Verde and Sao Tomé e
Principe), its presence in three African Economic
Communities®*, MERCOSUL, the EU and the
business potential of the Portuguese language as
a whole. On the other hand, there are the bilateral
relations where China-Brazil China-Angola
bilateral ties are the most substantial in terms of
commerce and they do not depend on MSAR’s
role to develop. Actually, with the exception
of Sdo Tomé and Principe, all the remaining
Portuguese Speaking Countries have established
themselves actively in MSAR.

All in all, MSAR’s functional soft power® in
relation to OBOR might be described as based
in its historic heritage, departing from a
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geometrical increment on people-to-people
exchanges. Macau is capable to be a reference in
terms of leisure and tourism, an interconnecting
cultural platform for diplomacy, with high
reference educational institutions, and exploring
the potential of Portuguese language as a global
business language. In this context also stands a
“branding power” with a very particular relation
with West and European Union, as the second
larger trade partner after mainland China®®.

The first pillar, the noteworthy geographic
location of MSAR at the western side of the
mouth of the Pearl River and at the entrance of
the Pearl River bay. The Pearl River is one of the
most important rivers in China, together with the
Mekong, the Yangtze, the Yellow River and the
Grand Canal, they form a remarkable network
of waterways. Figure 11°7 shows the tributaries
of the Pearl River, the Pearl River Basin and
the watershed or drainage basin is represented
in yellow?8. The long and wide Pearl River Delta
includes the dense network of cities that span
nine prefectures of Guangdong Province, into
the South China Sea. Furthermore, MSAR is
connected by road, bridges, railways and jetfoil
to all major cities in its vicinity. The high speed
railway network reaches Macau from Guangzhou
with a fast branch that rains until Zhuhai. From
2010 to 2040, the major destinations of China

MSAR is the largest EU business partner after mainland China (851 million (2015) (139%)), it has a legal cooperation program in place
to fight against human trafficking, participates in the Horizon 2020 research program, and is actively involved in education program
such as ERAMUS+ and the European Union Academic Program.

Authored by map designer Karl Musser.

The Lubao Yong and Xinan Yong Rivers converge with the Liuxi River to form the main branch of the Pearl River just north of
Guangzhou.

Retrieved on 22 June 2016, at http://www.seeraa.com/china-travel-tips/china-high-speed-train.html

HK airport is a platform connecting more than 180 different destinations.

According to the Flightglobal Insight 2014, retrieved on 23 June 2016, at https://www.flightglobal.com/sponsored/airbus/airports/
Gaolan Port Economic Development Zone to become the first national economic and technology development zone (NETDZ) on the
west bank of the Pearl River Delta. The newly-promoted zone has been named the “Zhuhai Economic and Technological Development
Zone!

Jetfoil terminal and deep water port.

Retrieved on 23 June 2016, at http://en.gzport.com/en/item/3.aspx
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will be interlinked and finally formed a national
railway network in the 30 years’ development...
the Beijing-Guangzhou High-Speed Railway, links
capital of China to the South centre of China®°.
There are six international airports located
in the Pearl River bay area (within a radius of
200 Km): Macau International airport, Baiyun
International Airport (Guangzhou), Jieyang
Chaoshan Airport (Shantou), Bao'an International
Airport (Shenzhen), Jinwan Airport (Zhuhai) and
Hong Kong International Airport®. The Hong
Kong International Airports ranks among the
top 10 (2014)¢" in terms of traffic and it is the
second largest airport in China. There are eight
deep water ports located in the Pearl River bay
area, which can be sailed to a central maritime
corridor of communication, well equipped with
maritime navigation signage, namely a system of
buoys, poles, beacons and lights is used to assist
safe navigation: Zhuahi Gaolan (Zhuhai)®?, Kwai
Chung (Hong Kong), Shekou (Shenzhen)®, Ma
Wan & Chi Wan (Shenzhen), Yantian (Shenzhen),
Nansha (Guangzhou), Xinsha (Guangzhou),
Huangpu (Guangzhou), Downtown Guangzhou
Port Area that includes Xinfeng, Henan and
Dashatou terminals. Nansha, Xinsha, Huangpu
and Downtown ports, located along both sides
of the Pearl River, are grouped as the Guangzhou
Port Group®‘. On the one hand, MSAR economic,
infrastructural and policy integration in the
GPRDZ and in the PPRDA, is a key factor to
understand its functional power, in which
Guangzhou seems to be a key OBOR hub.
Consequently, MSAR will be well integrated in the
new globalization COG. On the other hand, the
GPRDZ needs MSAR as free port, as a perceived
“friendly location”, as a flexible and open
destination and MSAR needs the GPRDZ to obtain
the leverage that its small dimension requires.
Indeed, when looking at MSAR role in the context
of OBOR, is the geopolitical readings of the
Portuguese-speaking countries positioning that
makes it attractive and weights the importance
of MSAR. OBOR is not merely an infrastructural

initiative linking the China to Persian Gulf and to
Mediterranean Sea, but extends the flow to other
areas as identified before.

The second pillar, the Macau cultural heritage,
syndicates as a driver of positive economic
differentiation namely departing from following
aspects:

(1) The official and widely spread use of the
Portuguese language, and the trilingualism
in businesses (Chinese, Portuguese, and
English) seen as competitive advantage
when compared with Hong Kong;

(2) The nature, the practice and the stability of
the legal system and a reliable judicial system
based on civil law, an advance commercial
law, a competitive banking law, a modern
and flexible civil code;

(3) A legacy of European-style practices such as
negotiation, arbitration and mediation, and a
low level of border trade barriers;

(4) Multicultural material and immaterial historic
heritage;

(5) International Universities with European
recognition such as the University of Saint
Joseph;

(6) An unique relationship with Portuguese-
speaking countries, United States of America
and the European Union.

MSAR must be a player capable of building
confidence in the business international chess
game, and its domestic law, side-by-side with
(future) advanced dispute resolution mechanisms
based on multilingualism, are standing as
essential tools to achieve it. Moreover, this second
pillar is the landmark of the Macau'’s role as the



“platform” between China and the Portuguese
speaking countries and perhaps in the future,
between China and all the Iberia community of
States, casting a close eye to the European Union.
A platform has to be much more than branding
and networking. A platform is not a buzzword.
It must be a space of trust, reliance, partaking,
facilitation, dialogue, perceptions, security,
cultural identity and partnership planning. A
platform is an active ground to capitalize on what
is shared. All in all, this sort of platform has to be
a distinguished level “surface’, on which business
and services opportunities can find a long-term
stand, in order to significantly contribute to “one
belt, one road” initiative.

The third pillar, the Macau market specialisation,
has to be in line with the second pillar and
therefore capable of supporting it. The
diversification for a small open economy is
inevitably a protracted process with lot of
uncertainties and difficulties. It involves a change
in economic structure, which requires persistent
and determined policy actions (Chan Sau San,
2006, page 27).

Furthermore, MSAR’s functional power in
relation to OBOR might also be described as its
Asian specialization, capable of responding
to a demand on training, on education, on
substantial and reliable financial services,
on minimal commercial tax regulations, on
deliberate fund raising abilities and on exploring
the potential of being economically integrated
in the GPRDZ. The expected development of
international trade in goods and in services, the
new challenges of Foreign Direct Investment
(FDI), side-by-side with the growing of the
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Chinese internal market, will call for another level
of quality strategic management. MSAR holds
an advantageous position to serve as a service
platform for language services, banking, research,
quality, management, insurance, litigation, and
Alternative Dispute Resolution (ADR) (namely in
relation to Arbitration, Negotiation, Mediation
and Facilitation). MSAR develops its branding
supporting role in a regional context of the
GPRDZ, pursuing a policy of great support to
sports, cultural and entertainment happenings,
exhibitions, fairs, expositions, conferences,
seminars, conventions and other large gathering
events.

In this dimension, diversification also means
positive differentiation, taking advantage of
regional and sub regional cooperation, as an
unique economic services platform, departing
from an important institutional arrangement and
from tangible plans. In relation to the former, the
following institutions are important players, in
close articulation with the MSAR government:

1. Macau Foundation;

2. Forum for Economic and Trade Cooperation
between China and Portuguese-speaking
countries®’;

3. Macau Trade and Investment Promotion
Institute (IPIM);

4, Institute of European Studies of Macau
(IEEM);

5. African Chamber of Commerce in Macau;

6. Macau ASEAN International Chamber of
Commerce;

7. Business associations such as the Macau
European Chamber of Commerce, Macau
Association for the Promotion of Exchange

% Since 2015 there is the Portal de Cooperacao entre a China e os Paises de Lingua Portuguesa (http://pt.platformchinaplp.mo/)
% Hu Angang (2016). Macao’s Future, Macao Magazine, May, page 9.\
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between Asia-Pacific and Latin America
(MAPEL), the France-Macau association,
German-Macau Business Association, and the
British Business Association of Macau.

8. Macau youth entrepreneur association
(MYEA)

In relation to the tangible plans, it seems that
a clear idea about the future is governing the
construction of the present, leading towards the
constitution of another mega city of the planet,
through the integration the GPRDZ. In light of this
idea, the following are standing as foundational
stones:

1. The Policy of “putting people first"ss;

2. MSAR tradition as a free port with law
taxation;

3. MSAR Regional Market;
The opportunities offered by E-commerce;

5. Plan to Reform and Development of the
GPRDZ (2009);

6. The Policy Development of MSAR as a Centre
of Tourism and Leisure;

7. The Mainland and Macau Closer Economic
Partnership Arrangement (CEPA);

8. MSAR liberalisation of Telecommunications
Sector?’;

9. MSAR Industrial and Commercial Develop-
ment Fund;

10. The three experimental Free Trade Zones
(EFTZ) and their links with OBOR;

11. Framework Agreement of Cooperation
between Guangdong and Macau;

12. The New Macau Light Rail;

13. The land access of vehicles to Henggin Island;

14. The fourth bridge between the peninsula
and Taipa;

15. The Construction of the Hong Kong-Zhuhai-
Macau Bridge.

Zhu Xiaodan, Governor of Guangdong province
has repeatedly mentioned (June 21, 2016 -
Joint Cooperation Conference Guangdong-
Macau) that Guangdong Province pays close
attention to investments from and on PSC, Latin
Countries and African Countries. In addition,
Macau’s economy is in some way related to the
three new Guangdong Experimental Free Trade
Zones (EFTZ) (116,2 Km2): The first, is located
in the Henggqin district of Zhuhai, will act as a
financial center linking the Guangzhou-Macau-
Hong Kong regions. The second, in the Nansha
district in South of Guangzhou, will serve as a
logistics zone. The third, in the Qianhai district
of Shenzhen, which with the completion of
railway and road network by 2020, will be within
a one-hour commuting radius of the GPRDZ,
within a 30-minute commuting radius of Hong
Kong. The main arteries of traffic in the region,
including the Shenzhen-Zhongshan corridor,
Shenzhen Western Port, Shenzhen North Station
and Guangzhou-Shenzhen Yanjiang Highway
all pass through Qianhai. The rational of these
zones is to integrate the GPRDZ, pulling together
Guangdong, Hong Kong and Macau into a single
economic unit. Nevertheless, these EFTZs are not
isolated examples. Likewise, China is developing
similar zones in Shanghai, Fujian and Tianjin.

The outline of the Plan for the Reform and
Development of the GPRDZ promulgated in
January 2009 has consolidated the development

7 Key Developments: Fibre is cannibalising Macau'’s largely ADSL-based broadband subscriber based; Market liberalisation and network

coverage targets on new entrants is driving fibre investment; Macau's TV market is now officially open to competition; China Telecom
Macau launched its commercial 4G LTE network; By the end of 2015 SmarTone had launched 4G LTE services following its official
award of 1800MHz/2600MHz frequencies. Source: http://www.budde.com.au/Research/Macau-Telecoms-Mobile-and-Broadband.html



direction of the PRD region as well as the
positioning of MSAR as a world-class tourism
and leisure centre. In June of 2009, the China
State Council endorsed the Overall Development
Plan of Hengqgin and provided favorable
conditions for deepening the trade and
economic collaboration between Guangdong
and MSAR, as well as providing new ideas for
the moderate economic diversification of the
city. Furthermore, the signing of the Framework
Agreement of Cooperation between Guangdong
and Macau, the development of Hengqin Island,
the construction of the Hong Kong-Zhuhai-
Macau Bridge (that stands a revolving platform
makes sense out of the Guangdong pentagonal
regional arrangement), the high-speed railways
connecting Zhuhai to Beijing and the expansion
of Hong Kong Airport, will further consolidate
the close ties in the regional Guangdong-Macau-
Hong Kong area. These development features
will play a vital role in encouraging triangular
reciprocation Mainland-Macau-Hong Kong,
in terms of economic cooperation and social
integration. MSAR’s economic diversification
through positive differentiation must take into
account the following areas, under the rational
of regional and sub regional, differentiated and
integrated world-class tourism and leisure center,
based on economic and commercial advantages:

1. Reasonable, diversified, massive, and
transparent gaming industry;

2. Attractive and permanent non-gaming
entertainment events;

3. Robust and reliable banking services,
pursuing international best practices and
adherent to international regulations, namely
the Basel standards. Since 2015 the BOC
Macau offers liquidation services in renminbi
to banks located in Portuguese Speaking
Countries;
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4. State-of-the art communications and digital
tools, namely a technical ability to develop a
system of versatile e-governance;

5. Top regional educational system preparing the
future generation to deal with international
matters, particularly an outstanding tourism
education and training sector — accreditation
of education system (especially at bachelor’s
level);

6. Serious political attitude towards sustainable
environment;

7. Consensual urban planning, requalification
and heritage conservation;

8. Real support to creative industries as a
making value activity;

9. Security of individuals and reliability of
public institutions;

10. Accessible, competitive, affordable by air,
land (railways and highways) and maritime
transport infrastructures - particular
emphasis goes to fast and reliable customs
procedures;

11. A strong political attitude towards protection
of foreign direct investments (FDI), investment
incentives and the development of individual
international business skills;

12. Separate customs territory with an open
market economy, enjoying a low level of
taxation for corporations not gaming related.

In this regard, the future of MSAR depends
upon its ability to construct unique, strong
and respected public, semi-private institutions,
its aptitude to create conditions to exercise
responsible media and to develop an attitude to
persistently advance individual skills, respecting
the millenary traditions of the middle Empire.

The pillar number four, the Macau international
status, should be perceived as an instrument
of the Chinese sovereignty and national unity
that gives international engagement flexibility.
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MSAR international status gives the required
elasticity to be legally different from other
subjects of international law and for that reason,
leverages China’s economic role at the world
stage level. The widely recognised Macau’s
International Legal Personality, defined by its
social and economic legal international capacity,
stands as one of the most valuable assets to the
future of MSAR, as Chinese territory with the
remarkable international legal characteristics.
Likewise, the design of its International Legal
Capacity as a subject of International Law,
tailors a distinguished role wilfully limited to the
economic, cultural and social dimensions. Indeed,
this pillar has to been seen as the mechanism
that reinforces the others, that makes the positive
differentiation a major contribution to Chinese
national unity and above all, that credits China
with another legal and economic instrument,
to endure a vast and comprehensive economic
strategy, to explore global markets opportunities.
Particularly, the MSAR participation in various
international fora such as, agreements, summits
and international institutions as “Macau, China",
holds an enormous potential to leverage
the previously identified pillars®®. Finally, the
uniqueness of MSAR’s international legal
status, delivers diplomatic flexibility to exercise
presence in international fora in order to
promote public diplomacy®, national branding,
economic facilitation and reinforces partnership
activities. Furthermore, it has the ability to host
international summits on a regular basis, to work
with significant think tanks and be a relevant
interregional partner.

8. What conclusions are setting

OBOR apart?

The belt and road iniciative was a complete new
international cooperation mechanism that China
suggested to international community

China Watch, 2015, page 29

Concluding, OBOR has been designed as a
multipurpose, multilateral, multi actor, long-term
development strategy, departing from the so-
called Silk Road Spirit — "peace and cooperation,
openness and inclusiveness, mutual learning and
mutual benefit"’?. As Thomas Chan (2016, page
19)”" mentioned, its ultimate goal is to transform
the world political and economic regime from
a single hegemony, to a multi-polar systems,
to provide more space to the development of
China together with others, leveraging China
strengthen and influence in global economic
and political affairs. OBOR must be completed
by the DEA and SEA as a part of the Chinese
Grand Strategy, which will bring the Middle
Kingdom to the centre of the global chessboard.
Undeniably, the world will be a different place
due to the current Chinese plans to transform
worldwide flows of interconnectedness and this
fact will trigger consider interregional structural
transformation. Fernanda Ilhéu (2016, page
17)”? acknowledged that OBOR brings a “new
globalization dynamics able to transform the
world”. Definitely, modern China is entering
in a phase of national renewal and reform to
change its production paradigm based on the

Francisco Leandro (2016). MSAR and EU two subjects of international law? Rui Cunha Foundation, IEEM and Orient Foundation.

The 1st Lusophony Games stands as a very good example because they were hosted by MSAR, from 7 to 15 October 2006.

Vision and Actions on Jointly Building Silk Road Economic Belt and 21st Century Maritime Silk Road (2015/03/28), Issued by the
National Development and Reform Commission, Ministry of Foreign Affairs, and Ministry of Commerce of the People's Republic
of China, with State Council authorization, paragraph I. Retrieved July 4, 2016, at http://en.ndrc.gov.cn/newsrelease/201503/

t20150330_669367.html

Patricia Magalhdes (2016). Building the Future, Macao Magazine, May, page 19.
Patricia Magalhdes (2016). Building the Future, Macao Magazine, May, page 17.



following criteria: Infrastructure, environmental
sustainability, quality & competitiveness, regional
stability and inclusive social responsibility.

OBOR is part of the national development strategy,
supported by a network of infrastructural assets,
holding the potential to resettle the pattern
global commercial flows and therefore, boosts
the need for further regional and inter-regional
cooperation. In light of this fact, China's SAR have
no alternative but to be part of Guangdong
pentagonal regional arrangement composed of
Zhuhai - Guangzhou - Shenzhen - Hong Kong
- Macau, merely because it gives the right scale
to Macau to engage Portuguese, Latin and African
markets. The Guangdong pentagonal regional
arrangement combines the functional power
of MSAR to attract all the way of the maritime
Silk Road, the HKSAR to provided world-class
reliable services and the Zhuhai - Guangzhou
- Shenzhen area capacity to deliver mass of
goods and services. Indeed, the “big picture” of
the South China region, namely the Beibu Gulf
Economic Zone and the GPRDZ (as part of the
PPRDA) form an important gateway connecting
the Silk Road Economic Belt and the 21 Century
Maritime Silk Road.

All in all, the Chinese long reach beacon gives
sense and paves the way towards the future of
Macau and HK SARs, as a unique non-sovereign
territories, tailored to deliver social and economic
expectations, and where Asian and Western
civilizations truly need to endeavors. It is time
to Macau and Hong Kong to join efforts acting
integnated into GPRDZ to support obor. Regional
and sub regional integration, differentiation, and
international presence are paving the SAR way,
towards an active contribution to what President
Xi Jingping clearly has put forward: the renewal
of the Chinese nation is the greatest ‘Chinese
dream (B £), for the Chinese nation in modern
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history. Likewise, we must clearly mention that
SAR's role, as it once was part of the maritime
Silk Road roots, currently builds on the location
of the new globalization COG. We foresee SAR
acting as a non-sovereign special administrative
regions as facilitators, in which MSAR is grounded
on the four pillars of functional soft power
subsidiarity, driven by Chinese sovereignty, as
a natural consequence of the one country two
systems principle.
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‘One Belt and Road’ and the Third Economic Transition of
Hong Kong
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Since the beginning of the 21st century, Hong Kong’s economy has been undergoing the third transition.
From the perspective of economic development and industrial restructuring, Hong Kong’s service sector is the
main theater of the transition. In the transition, Hong Kong’s service sector become more important, its main
industries are being upgraded to high value-added segments and its economic function are being transformed
to offshore service. With Mainland China accelerating its speed in building a new open economic system, the
Belt and Road Initiative will provide new opportunities for Hong Kong to strengthen its status as the managerial
center of Asian and global value chain, and will be of great help for Hong Kong to succeed in its third economic
transition. Therefore, the Belt and Road Initiative is in accordance with Hong Kong’s long term economic
development strategy, and Hong Kong should actively participate in the Belt and Road initiative.
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EEmMEO 20 BrEmRES
BAET FEHE(%) AT FEHE(%) BAETT FEHE(%)

2002 1309.26 -14.7 14295.9 7.7 14582.52 -

2003 1216.87 -7.1 16207.49 134 16666.05 14.3
2004 1259.82 35 18931.32 16.8 18358.39 10.2
2005 1360.3 8.0 2114143 11.7 20871.64 13.7
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2011 656.62 -5.5 32715.92 10.5 44669.56 14.9
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1

Smart City
Framework

MOTT M
MACDOMNALD

EXLAE bt
RREERERIFIES

2

» Strategies to Develop Smart Cities
* Urbanisation Initiative

* Go Digital Initiative

» Carbon Portal
» Examples of Smart City Projects

Smart City Framework

(Smart City Council)
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DEFINITIONS
- ACITY
w the people

GOVERNANCE
m responsibilities

ENABLERS

transformers and
technologies

DEPENDANCIES

strong connections between
responsibilities

PEOPLE

Now 2050

2.5+Bn People will have

(¢}
L] 50 /o to get access to
of the world
population lives in cities,
N using v

/ Public safety Telecommunication Energy
()

Ep 60%,... 4 @ @

energy, producing

Built Health and Water and
% environment human services wastewater
7 5 (252)
the \s23/
g 9"" l"x_l _I."'I
WA
Financial Mobility need
Source: United Nations aspects
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CITY RESPONSIBILITIES
Financial | - - | Health and
aspects human services
@ Water and I———l I—I Mobility needs
wastewater
I———-l l—|TeIecommunications
I—| Public safety @

A

() Buit

\.\ /' environment
W

D <P <®

Energy I

8 RESPONSIBILITIES

./ Financial aspects

* Incomes, payments, salaries,
taxes are at the centre of the
sustainability of a community.

* Aspects relating to payments,
salaries, collection of taxes
etc often not commented
upon as it is the fundamental
measure of success.

* Some novel ways to make
cities smarter can be
considered (eg the Bristol
pound)

FN\NEBBERITGERRNAAE
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&%) 8 RESPONSIBILITIES

\\} Water and wastewater

* Fundamental responsibilities
which may be subcontracted
to service providers but are
nonetheless the ultimate
obligation of the Authorities

8 RESPONSIBILITIES

Built environment

Public realm alongside
* Buildings
* Parks

* Recreational and leisure
facilities

—F—HTXEENGRRRERE AR
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8 RESPONSIBILITIES
Energy

« Affordability or options
* Security of supply
* Energy mix

¢ Inclusion of renewables in the
fuel mix

* Maintenance and upgrading
of infrastructure to support
the energy generation,
transmission and distribution

=) 8 RESPONSIBILITIES

\x\ _.f Health and human services

* Health

* Education

* Social Welfare
 Grievance mechanisms

FN\NEBBERITGERRNAAE




EI2RERXE

Full Papers of Speakers

8 RESPONSIBILITIES }
Mobility needs

Increasing public expectation of
* Reliability

» Convenience

« Affordability

* Options

* Quality

Telecommunications

@ 8 RESPONSIBILITIES

Planning for multi-modal
point-to-point
telecommunication
systems that provide

* Large bandwidth
* Future proofing
* Resilience

* Data security

—F—H TXEETGERRBEMAKRK
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« Justice, law and order
* Emergency and disaster

 Climate Resilience and

8 RESPONSIBILITIES
Public safety

management services
(includes Fire, Ambulance
Services and Paramedics)

Response Plans

INEDDDI S
__

7 TECHNOLOGY ENABLERS

Instrumentation and control
Connectivity
Interoperability

Security and privacy

Data management
Computing resources
Analytics
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DEPENDENCIES

» Connection between
smart city responsibilities

+ City systems, services
and infrastructures are
connected

* Understanding
dependencies is another
reason to bring cross-
departmental teams
together early in your
smart city planning
process

READINESS OF A CITY TO BE “SMART”

CITY RESPONSIBILITY

AAAAA AR

Universal Built Energy Telecomm- Transport Water and Health and Public Financial
aspects environment unication -ation wastewater human safety aspects

services

Information and Control
Connectivity
Interoperability
Security and privacy
Data management
Computing resources
Analytics

Source: Smart City Council
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M
MOTT M
MACDONALD

Strategies to Develop
Smart Cities

Strategies to Develop Smart Cities

« Urbanisation Initiative
» Go Digital Initiative
» Carbon Portal
« Examples of Smart Projects
» Jaipur, India - Smart city concept plan
» Masdar City, Carbon Neutral City
» Sino-Singapore Tianjin Eco-city
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Mott MacDonald Urbanisation Initiative

A multidisciplinary Group-wide
taskforce bringing together
global know-how and nurturing
innovation to meet the needs of
a growing population.

Urbanisation Initiative

Tackling new challenges, creating new
opportunities

» Harnessing our expertise to deliver
workable, efficient, resilient and
affordable solutions

+ Aligning skills to assist in developing
new city expansion projects

* Providing customers with an
integrated total urban development
service
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Mott MacDonald Go
Digital Initiative

Innovating through technology
and data to shape better insights,
solutions and outcomes;
simplifying and connecting what
we do, delivering excellence to
our clients today and opening
opportunities for tomorrow.

GoDigital framework

Digital Business
Digital Office
Digital Ideas

Digital Projects

EXTERMAL

Digital Projects

Digital

= Digital ldeas
Business ~

-
=1
=
4
w
=
xz

LESS INNOVATIVE MORE INNCWATIVE
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Smart Toolkit Our in-house tools

combine ingenious thinking
with powerful digital
capability to develop big
data project solutions for
smart cities that are more
effective, more sustainable
and provide better value
for money

H2knOw-how - Cloud based
water management system
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How H2knOw-how works?

’%m\/@
HyknOw-how

DATA

ANALYTICS/ VISUALISATION/
MODELLING REPORTING

ASSET MANAGER OTHER
» STAKEHOLDERS

DECISION

CITV RESFONSIBILITY
e P MAKING
oy 5 i 522
‘ il °
Universal Built Energy Telecnmmu Transpor Waler and Health and Public Financial
aspects ‘environment nication tation wastewater human safety aspects

services
Information and Control
Connectivity
Interoperability
Security and privacy
Data management

Computing resources
Analytics

TECHNOLOGY ENABLERS

Merlin - Technology support for
tactical and strategic command

|

!

Rl InET \

|

CITY RESPONSIBILITY

OS9G T

Universal Built Energy  Telecommu Transpor ~ Waterand  Healthand  Public Financial
aspects  environment nication tation wastewater safety aspects

Information and Control
Connectivity
Interoperability
Security and privacy

Data management

@
2
l
a
<
2
&
>
]
<
o
=
z
S
2
=

Computing resources
Analytics
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Mott MacDonald’s in-house
Carbon Optioneering Tool

)R)

* Draws on a comprehensive carbon
data set for urban developments
* Provides Carbon Emission Value

Developing Specific
HK emissions
discussing with
industry and
research partners

CITY RESPONSIBILITY
-\ = ‘ -"\I Z=z
@O em
\ 3
\, o
Universal Built Energy Telecommu T p W and Health and Pul b| Fi i
aspects  environment t nication \ ater human safety ispects

services
Information and Control

Connectivity

Interoperability

Security and privacy

Data management
Computing resources
Analytics
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Portal calculates carbon
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Analyse results

% Qll folders in design & By scope £ By material

Tokd 6,367 W3 0 oy Totet 6,301 M2 0 ngcan TR AT MY T
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MOTT
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Examples of Smart City Projects

FN\NEBBERITGERRNAAE




REISREHRXE
Full Papers of Speakers

x}ffg

i
111

AT
L)

Jaipur, India - Smart city concept plan

Smart signage

Intelligent parking system
Intelligent Transit system and signal sync
Smart Auto and Taxi Stands

~ Sustainable
~ mobility

Built Street features including intelligent street LED lights, audio
# Environment/ information, CCTV, Wifi Zone, Cool Corridors
W Public safety Air Quality Monitoring Stations
Mobile apps to report street problems

Water body rejuvenation
Replacement of conventional water meters with Smart Meters
Rain Water Harvesting

MASDAR CITY, UAE-
Carbon Neutral City

T, ST

Innovative and integrated passenger rapid transport system
Central tram and metro services
Pedestrian friendly streets

Utilization of 100% renewable energy sources
40% more energy efficient

Energy self-sufficiency using photovoltaic cells
Solar thermal

Geothermal energy

Water saving and re-use

Y W
p‘ \ ) Wastewater Clean and grey water, wastewater collection services

Built Advanced design and technology integration of building and
Environment infrastructure systems

—F—H TXEETGERRBEMAKRK
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Sino-Singapore Tianjin Eco-city @ @ @

Key Features

An efficient and easily accessible public transport system
Promote the use of public transport, cycling and walking
Target of 90% of internal trips to be green

Use of Clean, Renewable Energy

Waste heat from a major nearby power plant to provide district
heating

Explore on the use of solar energy and geothermal energy

Water recycling and more efficient use of water resources
Significant part of the water supply from non-traditional sources of
desalinated water and recycled domestic and industrial wastewater
Potable tap water in line with PRC and international standards

Green Buildings standards to ensure efficient energy usage
Promote concepts of energy and materials conservation among
residents

Thank Youl!

FN\ERBRATHERRWNE




EI2RERXE

Full Papers of Speakers

[ —m—I5 | SR TS EE IR RS B iR RO hk

BKRRE
EERSEERCEBRYITRE

BE

Bl —F— B SBSE T - PEEER SRR
Ml B EFSAE - SRS RBEIR R ML E T
Koo BHE  EF - PRI —F K IAREDTE
#5158 -~ HEEEIS28ME - [—F— i IRMEREA
BHEB51MEER @ 818 & %E300{83E T o MR
EEEREREINSEEET  SBEETFTEME
YA RS R - B AT S E SR & B
MARREERE - TBEHARKI10F - ARMEYRERIE
g =R K o

—H R NERER IR REE - A NER
B Z=RNSEE  AARNENERER
B HERUREAZEIMBAEHRS - BEUEER
ETEAK - EREEACEEAERES KA
BEAEM - B - EMEAT OEA - £ TEEE
HFEmE s - £ R LHERET &
BEBREISENRTT &R - FEEE -

EREEBRESERIRE = RBEREFEKS LD
FRETNEERS - (FREATPERE S ERM
P R THSERBERS NINEE —F— 5 |80 B
TR BERBRMESRRERKGEAZATEERS
EE

Bt BRBRRSERBEZKA=ZBE R -
BNRARERNMZERT K - SFHN8A1E - &
RSN = WE RS TIEIEAME  BHEE
TA2HER )\ » FBFH020245F 52hK » Ti2R/AE
MBI HI6S0NH - WEDFEERTEA - INMEHETTE
RO EETRE - PIIISEHNE  BITERR LR
B57AFRAN = ETEARE - RIRERE - =
BB R LE B B ERRENRHAIEZRIZT AR
- VEERAEBEEFERERNTE - =1
BEFRRYERGT  BINEETH  8KRAZ
RRENAFEERER BZ_BNERRTAR
HE —{5TiR8 - MRESZIETRE  RREIHE
RAWSS 2R —EHES -

“HWERRRERE  EEM=ERSHRAEIE

R -BRESFLH¥TF  BEEBREENRESE LR
MR E L EFRED B EF5.1%52.6% * ##3 520

—F—HTXEENGRRRERE AR

B AR K204 75088 K - B R Rt - BEBIEEISH
RISEIERNEESFIANE ERMA - A5G
BERETS—EZEMNERE  E=WERHKTK
Z RN IS EIEROPHMERBERK -

SEAN - BEBEBRHISERREBHR I =AM 2F
B Z A BERA - 72015/16F 8 » EHLIG kAL
M RIEIREEE K A BB AR H ABENBERE
E2108 AR - RIS IHESH 5K L 456081 - M
A 7 5 R R E B F K49/ 55081 - /8K
FIEGBIRE AR E SRR IS ETR = A KR O
ERIRMIRE  FABBEMNRESE FAE818 A
Ko RREFABKBABHNEREDRGEETE
IR M A RIS B ARETERK - 2 — IR E S
BB #IZ MBI = AMNBE - Atk B SRS
thEBRRE A BN HER LR RS R RGE
%ﬁ o

MFEEHMERERDRE - APRAM - EHEIGIA
W hERENTISERE KRS ENTESE
K - HEBBRBEEER — ERRMERANFE
TR PERENEZUEITRE - PEKERM
ZRANEZFR - £HF HBARNSK - e
AR AR S T B R R - HERLBE RN <B M
ZEHMS - HINBAKIST S - MIERANIKE
FERIERTLAEE - At - FEERKSSE
ER M E R P EIRE R RIERET ©

SERAFEERNRA - BEBREMSRRTE
REBRBEBHF T —RIBLREFENT

i BIEREE(, IR - SRR - RIRERE R
TE ZREXR - EVEE  BKRENMDAMA &

REEYZHGE BRELRREEERG - BR &
BRSO ML RNERER - #HI5HRK
BRAIKAES A EERXMAIF TR 2
AR BAMENM TIEERHEREBEMSUCHF
E-o#ETEERARKE  RUESAERE - R
t o WS LEERELRAKRIEMNFE - LEEIH
LEEBERBN  KEMR  BRtE -

BMRETEERBSAROBE - RA—
— B BB IOE G - LRI -




isIERERXE

Full Papers of Speakers

&8 0IHR R ENEBIRAEREREER

BR oKk B TA2RM
HZENTES

BEMRBRERE

1. EBIEEDISERERNERES

EBNETREMAK=-ALE  BEENAE
1,100 A RE - EFANKIHEILE - BR=
SRERNTH - EEANBETERE e K
Has6e N BRI RARGER  BIETARANEZNXR
REGBHELHTHE  ZHEUMIBERRESRS
BAELYENEYE R - BEBFNRAFE X
LBEEREEE 558 HEHABYHRE
+FZ AR 2 RERRA—EADBR
7008 AMBIBRAH 2 - BENAOZEIEE -
EBBIT1973F R A — Ry FmEEETE
NEFEMEAOBEMNME ARZEER
HEUARAEERRE  BiEKE SERENK
TR RRE - A KESRERAEED
ERAESAME - BREASERENER T
WHERAE  SIRAEHE  BRERTE
Y BHERRETREAEFE - BR KL
BB FRFFT T EIREEFINCGRIE R 2575
EHIERERRITIE AR LEATE
FIRRERBN » MEZFEHINHFZEA LR
T BRE IR - (ERBE A ERDERE
BERAME FFEE o

2. BiBOIISRSEREMEIESAZASER
2.1 OISR AR BT BE Xl =

BABR1939F HFTCH TR ENED) - /ARFH
THAEEEDEEBRIAMEERRE - HEH
EEBBLTABALD  21256.9% MRS
BREE  RET732% Lt REAREREE
Fsge - By LE T R 1 38 fE P B S8 1 o
REE A D RIE - BB B19765F AR Bl k8 3
& AR mE s SR SR IEER - 237
[#E MY REEABEREN]7 RERERE
MRS LREBEER  FEE7S WAL R
84% M TEERFNBH —REBEN - X
BENIMERBK QLR - AR —EETEH
BEmiE - ARRBERBRARIEFTEN
AR R B RS AN BEJROB R 802 - JRUE AR
BE R URERE - ERERERENRER D
HIRBNBEEFE - MABBTR1998FEE

2.2

(REFEFEERD) - TR EREER FET
EEMRFIEF  BTTEBER - S SR
BIFRAIBARRIER -

EREBIREFEXIREAA

B B1996F BT BB RERREE]
R EE-EBETHRREENGTE - K&
REBECEEZGN2010F H B AR EIRET
R ERR0NFRBES - #RIARNE
BIA2IRAT IRE - HmeRERNMTE AR
T JE L AR A T A5 R e B E R — TR TR AR o
RAHAHER &S ERREEEEE K -
REEMBEE RAZENBFTINARRITE -
RSB ESUTERREEN —EEEFRAC -
AN - BEREEB F S RAE RN T I ARR
RIS MR RBE R =RmEHE 0 AR
RIAB AR I ] - B BREEURRIE
HRHAPTERRBOTE - NAINRERRZ
ERRARERRANESEEDHLEYR - B
ERADBERBRE

BB EREZEN2010F B FEEA 3R
BRI AEBXERIRHARRBENGRL
BRI EEAL  BRITORAEMMZE
BMATIRES  £25EHFHE30000FEFATE
B[4 A |RA] BB REB A 33
RIEHRERRAIENEEER -

S0 RERREENZEIRREE
BfSER

3.1 BB RIE

HEEREERVFE SRR ERPERTE
MR [ BRI ELREBRRER BB ES
FRBERRMB KRN BALEL LB @
R 01NFRIMEEEIRE|EE2HBR
¥ERARBINEBREBEER - BEARIZAIF
MAJREN T ARG FRAER - BAORKBIEE
MRS AMEE? - MEBNEE R KEEEH
METRMNEKERLEGEEE @ HlTE&R
BRI R EEZRR -

FN\EBERTGERRNAE



ERBRAKTEEANMYNME RARRENT
2 NERMROINEZERKELETRFFDED
BR 20075 F M E B LKETEFIMNEE X
RRERBIESEREENERZN - BEEU
EERSSNMERET A FHME - 2V
HEERMRBRE N AFERERER

R RS R R EE R AR A K
TREY) © 20095 FI IR FZH) B IOR ARG - HAB -
5 BE-RBNRHEHARER FRENE
BARE - MEREREFERREXRIKNERE -
BB ERA TR E A 8RB @ REKS
Bt R R ZFIBEE T EEFRRER - B H
I HY T2 o FR2016F R ) BB BB 1415
IS EERIER T2 E(E 28 # (Building
Information Modelling) |  #E@BEETEFT VI =
e B A SRR RS o

ERIRARNARLLBIBAREZOER -
IEHBIRERELSHMERERRT - EERS
RABRELEANREREERG 2 — UK
ARIEBRENF > WERE P EENRIIER
BEMLEL - RIS (E A A RS AR S R -
RASE=RERA R - A BB A RERL -

3.2 [=iRIEERE

BB Z F R & R IR LR - BiE
ERmAFEHRER o R2012F 5K Tk
R | R BB EHETREE - ERANRIREHE
RMB KA EMBEERR  FREMEHS
BE28 BPARKENH LI AKLEHENK
HEEBRENEEMBAFFERNERT - b
—MREREEEREENTEEREE — 2 o Mit
FERTF2008F IR R B A VEEFE[ £ 84T
& §8Zk(Technosphere) | - FIA KRG « B
M BB TR - RRASKEERER
RS KERRESPREI AR 0 BRBERS
A B FIRIREZEMIEE -

B TR RIRBRERHLIMARR
TENMEHEERNAHERRNEE R U
REBEBFNEBRNEARBHT LTRERHE

—F—HTXEENGRRRERE AR

EI2RERXE

Full Papers of Speakers

AT AREBRREBERN  BREKRERSTIEE
BB FimE SRR - IRHMEE &
EBLANEEABRASTY SAEEFRELMEEN
RIREKHA -

3.328EXKIRE

AFEN T ERIREERRFHAIHERIR
BB FR1994F EH A& 18 ER AGr &%
B ERANMEERABEHEZEY - RES
BERFES  HZ2MRRAERNEHRREE
Ferp BRSEHA - WRmISZ AR RIRY - /iE
1B SR TRA 1 P 3 B TR AT 55 B 3 FR MR SR S = R
FHE(ERARAEERIRY - AR EHIEZ2EE
K5 BEIRB2 - MG H A B AR R M
K& o MNEEANEERBEETIIEERS
TIRXEMITERE? KTERLHERI
IR AR T i SRS M 08 OB BEIR © BIRI57K
BRIENE - BB TMEINE S| ATFRKEE [l -
R SE IR 2 B BT 8 55 K K m] R /K YEFE 8RR
}Eﬁﬁy o

. BBRAEENDISRERESIXINE

AR ERRERRANBME - £l —%— 5 5t
FRAGEERCLERR  BHBEKAE
HPREERER ReBERLEAERE
B REAI—F K BERKEREGER
WREFAMEAR - BEEEMUTHE > MA
BRERETHNZERTTE BHEEED LER

EfERE - BEEEEEREREIS %
Frm M ERREE B TR LEHE MR
PREEIR - BEERRRERE > FERYY
[HREMEGEBHREN ] BAAOERES
FOBRTH 38R - SRR OR & [ B3 T Mo bt [ 3 /R
AELWRME - N EBEEEBREFOERA
BEEREHREEMER(C  REREKE
HR-MELZFREBERK S — BB
M BREDMEEFWA FRRIRRIAR -
Bt BEREOmEER - FEEE
RAAKRERRETRET M DEBREERA
A BBEBIMNRIIRERMN - EBEATEER




isIERERXE

Full Papers of Speakers

ERTHHERG  EEAIRSHREHRR
REETRAS -

BERAFERRTERENERESS M ER
KRB E — S —BITHEHER - RER
BHEBREEBAEEENRREE  BBE
WEAE  BERAFKENGELERR - K2

EE8H :

1.

TARITIEHEZE(2016) - BERIRALE © £
E#RHH:2016F8H24H o # 1k : httpy//
hkss.cedd.gov.hk/hkss/chi/natural_terrain.aspx

IR 35 R & & (2007) © F B8 KK E B 20
Foff L= HHE 2016558 H241 © 484

http://www.epd.gov.hk/epd/misc/marine_
quality/1986-2005/textonly/chi/introduction.htm

HEHEE(1989) c BFFIMEk(H22) o BF
FEEZREB)ERAT)

TARIEBEREQ015) o T3 RERER - &
¥ ZE B H 201688248 o A4 httpy//
www.cedd.gov.hk/sc/publications/fact_sheet/
doc/plin.pdf

RIBIREZE(2009) ° IRRIEN - & FERH
HY : 2016F8 H24H © # 1t : http://www.cedd.
gov.hk/sc/publications/fact_sheet/doc/plin.pdf

&I E(2015) - A L 52014 £ LR
= H Hi:20165F8H5H  #3 Ht : http://www.
pland.gov.hk/pland_tc/info_serv/statistic/landu.
html

B (2013) - FEIM T EEZ B HELRE
RTIREIEAE - PR ITRERE - 15(11) - 80-
86 °

10.

11.

12.

13.

14.

15.

16.

Salat, S. (2016). Integrated Sustainable Urban
Planning-A First Approach. Paper presented at
the Global Platform for Sustainable Cities First
Meeting, Singapore.

ERHFBREZS(2015)  c FEEREEMBEER
%o F R BB 201658H5H @ik :
https://www.hkgbc.org.hk/chi/news/20150206.
aspx?type=p

FEP X ARE(2006) - AL KB H AR
B & iR A 2016F8H3H © 4
#E ¢ http://www.cuhk.edu.hk/cpr/pressrelease/
060914c2.htm

ERGEEREHZS(2016) - HEEA B - R
F#®ZERHB 8 2016F8H5H o 49 4k : https://
www.hkgbc.org.hk/eng/allbpdirectory.aspx

EBEEARDQA(2015)  PE A K EH
BREB BEGFAFAEZRRE
143-163 ° #F £ & &= A 1 : 201658 A10H °
49 4f : http://www.mtr.com.hk/ch/corporate/
sustainability/2015rpt/pdf/mtr2015_s11.pdf

EABEKE AR RF2014) ° B REBR
R EZEHEE: 2016F8 H108 © A84E : httpy/
www.mtr.com.hk/ch/corporate/consultancy/
consultancy.html

18 158(2016F6 4308 ) - BB ABHH R
ZE o BAEMMAN - B LMEBE : 20165F
8H1H o #1t : http://www.hkcd.com/content/
2016-06/30/content_1006257.html

SPIREAR A F](2014) o #1515 X8 FR
B EEEMNEEIER - 1,17-20 °

BAMEEERAGE(2011) - KB E LG
MEEEESMAHERSNEGLH - RERERA
Hi - 201658 H 1 H © 444t : http//www.hk jec.
com//tc/news-details.aspx?newsld=140

FN\NEBBERITGERRNAAE



17.

18.

19.

20.

21.

22.

23.

24.

TR ARM(2012) - AT B AR R EMERE
HA : 20168 H1H ° 494 : http://zcb.hkcic.org/
Chi/Features/renewenergy.aspx

#m H#®(2014) - BEZEMERETR -
Rz BE  20165F8H5H 1k : http:/
www.metrohk.com.hk/pda/pda_detail.php?
section=daily&id=249268

BT SRR ET(2016) © IRIRERET(EEBE AR -
) o R EHRZ= B H : 20165F8 H20H 44
http://www.rlphk.com/ch2/projects/sustainable-
design/selected-projects/18/15/73/china-
resources-building-hong-kong.html

BEIJING REVIEW (2011) . China's Dayawan Power
Plant Wins Safety Competition. Cited on 5 Aug
2016. Website:http://www.bjreview.com.cn/
special/2011-04/08/content_349965.htm

ERPERRARLAI(2016) ° AIRAEE R
52015 # Fim R H I - 20165F8 H20H - 4
ik © http://www.towngas.com/sustainabilityRpt/
2015/tc/index.html#40/z

REEHERAA(2016) - FEEH XILEHE
AI5EEIER - R L= B H - 201658 208 ©

48 Hk : https://www.clp.com.hk/zh/Current%20
Releases/20160620_tc.pdf

REF HERAFI(2015) c FERMBEEZ2E
KISEERINIER - R R EH - 201698520
B o #34F : https://www.clp.com.hk/zh/Current%20
Releases/CLP_Media%20Release_CLP%20First%20
Wholly-owned%20Solar%20Project%20in%20
the%20Mainland_tc_20150629.pdf

ERRRREE(2016) ° SFAAK— Al HE
K] e & EMZRBE 20165584208 4841
http://wqrc.epd.gov.hk/tc/water-conservation/
reclaimed-water.aspx

—F—HTXEENGRRRERE AR

25.

26.

EI2RERXE

Full Papers of Speakers

EABREEHEAR A R(2016) ° IRRITIE
BIRKAE - &R Fi = B HA - 20165F8 24 © 48
it : https://www.hit.com.hk/cn/Corporate-Social-
Responsibility/Sustainability/Major-Achievements-
Environmental-Protection.html

T HI5 E 12 H(2015) © 2014/15°] B &
HE KR AW 2016F8H24F - 4
it : https://www.hongkongairport.com/chi/
business/about-the-airport/publication/
sustainability-report/SD-reports-2014_15.html




isIERERXE

Full Papers of Speakers

triLEime—Re{LRiREESie TISHRN T TEiMR

FEH RiEE

— HIS

HEAFELLIAK - BB R BT R R B
O SREDENEEANRT L — - Y TEEY

FIEEERAE - BR T B REAB —EMNE1EEE
ZA G RBRHEBREERMNFR  RBE - B

++

2Bk AE R - MY THHEME @ &
KEBWEZX > ANTKAS IR EE -
BEE 5B AN IR SR B T B AL i T RO HE
# - MEWEC TNEREMEEZRNFT K
R ARBRER - AWM THERBEE
TEARETBEER VEARIELREN
%o e A RIEHUBRHELNA -

WERRTATREBESERMNBMRN
ERANEBRTRZERE B2 EEF R
R ZEURTRECEENRE  RREEERE
MEBRTR - TFER - BAFZAKERLE
XoHAnERREARAINE ABHIFAE
[REANES  MADRK TRERE - — At
FEREMEAESERMAED - BABHEE
RKABRRAKERIBRAESER  XAE
HRMEBERER  BBEKXERNRAE
| EREER RAMEICORBNIRFTE KM EE
fErp - EITRRRR LT - BRI EE
BEAHERE B EANRSEINMUR
BESERE - AMEKERLIHTAFEER
3B TEEMERAEIERE - M ERKER L RER
REVEEE NI Pog - EEEHINZELE PR -

AEMARR L EBOR  EERXER - X
AR RIERER - P EEAMGER NEE
T BEEEIREEDER  RERS B
MRS - PIE - PFIEROREBR XA
RRTBHGEHDE  ISMNAESEEAR
RERBLREAHAENEERRL - Wil
BREARBEEARDELY - HRE - SEN
HNHEERLETARRED  SERE
M LEE - BIREEERE AR E - FEE
o~ IR BAETAIE  mERFLIE 8
b REATHENERENIEE  BRTHR
EEE R EER TAKELZ 8

EREE

BREX

(L - ZEMEREAHTRER  RATL
BEHT - RERRR  BARKEZEY 4o
HREEMUARNHBETA -

- RiziEGicn TISRRIXiliTSE

S5 80 B R R 38 S L T A M S A 2R
TEMES  REGOREEREL - KR
CEREFLIVRSS E

(MNEEew - KREERIZTE —RE
600~1400kg/m*& B A - RIF R E B
KA ERTIRGEBFHEBEDE . 28
BAE AHABREZE (EEEVHE
BER IARNBEEEMHNBEE M
RAREEYNEBEEAREBR  LBERRE
FE ERNEENRAEAHFTZBNS
€ - B B E800kg/m A Rt £ 1R
3% [Z #T8MPa © % J£1200kg/m*8, K SR & +
TR E @ 14MPa o

QB THEER - BEFKHEEMBE
b BMERBRIAERRE BEER
600~1400 kg/m*Z [ 88 AR+ - EEL
ZBTE 0.08~0.30W/m « K Z [ * {R)E R E
MR -

(3) RIFMP AR Z1E6E - HEERLEZ A
e Atter—EAR —EREE
BRI RE - RS MR LB KA =5-10 & ©
WERR T RIFMIMEEEN - ERESE
R BERIE - WM REEMBITT
RNRHZE  Ema M ATEEREER
% - 120mm FEEE R L IE 8 6 I ARR
MET3h - BmAEE RFRIH AR - &
oAl - BREEMEREIT B AR

(4) BERIINBEERL - ERTEE - 2FRAFH
g EIRIBEERY - TRERS  RHE

FEEAMRENT £3mm > EHFRIK -
AEERMEHEE AT AKBHEALE
A BRI REEER - ZRIEBTE

FN\EBERTGERRNAE



B ERMBEELILR - FIE - —8B1(t
T - eFUREFE

(5) Z& RIR - BEF - E)5R - ZBEMH
MR T2 RERME - Z2@FE R
RES -

(6) M LiE T @ M L{EHE - RAERLEH
UETRHEE RSN A EBCERKER
BEARBR A ENEERREL - WEE
RERBHEEERDELY - HRE - 58
MENELERTZIERRES L8
R MILERE RABIMERE A EE
B mER T ERERSE o

= RiziESic TS T TE
SERATRBEERMNE - B R
FRER  EIEERRET NS RR T RE
BIFREHD TIFER - BERALREEE
T TEMENFTR -

B WERRTIREREET T 2E

3.1 EESjrM TISRIIESZIE
SR R E R TR RS B R G - MEN A
WARBFERIE - BIRLEKA] - 2HFE
ROEMEETIE - TEFRD  REHREK
FRERRT BN ESRRF - £17H.0
BRUEMRA  BEslBRENTEHMAE - WA
S EhAR SRR - B BRI - RARDURR
RIE M T B L RRERIMNBAEMPLEE - A
BTRRMRERR - B ESRETE - B
KEREZEMKIESREERERNE

—F—HTXEENGRRRERE AR

EI2RERXE

Full Papers of Speakers

Ko BESDARIERZEME - BIRELERT
Eint 2 ERAOTRILBILALEL - BINEHE
el ZRTREEETER MK FEESHH
B W2 o REABEREMIBE TSR
SRR FERARREZERMN - F1FEM
a1 - DEEBREEREES A MKEERM
S ANEIS o IBRZEE B RS R R T IR R IR L
~E BAE4FTR ©

i oH 8

W m

A

B3 E R EE

B2 faiE iR 2 K [E

ST e L, YERAEEEE
e ] e = e LY

EEH

SN Lo B

El4E B RE T BRI LK R EE



isIERERXE

Full Papers of Speakers

7E SR R 55 O O TRAR ISR - TR R 5 T e
O RSN ERERERRTERTEE -
FEHIEiREE - mE

RO S RS T
“aEMERLE AR

o
e =i
B3FAEEN B4 REONREER

BRHAERANERAERE - HIRER
TEAERERR  BRTFEE ZEEENTA
MEEKR - TMENM - EFEBRENERE T
EERDRR - BB K48 x3.08E B0
RAINE - RIREZERIEMBE T @ B A
iy FERARERUERG LR K- &
ERLARME RS IR BEFERAN
BRI REMBERRERRT -

3.2 IRAISWPIB R TI@iSTEE AR

(1) BZ RAOEE/NF1.2mbEF - £/ O TE S8
REMIR 012 (ZRMA) &VAEH - S0
AOR O A AN F400mm 0 B R 0 KT
1.2mis - FERANTEERE =R 012 (=4
) B A - AR AR AR AT~ T
400mm : LA EiBRum I SEAE SRR - 9%
B A (R A A5 1B RS R /E >400mm ©

WEle L MR, B E TR SF e

X 5% :
- 2 R - =
— F - . D

IlII e e L i L L]

ooyt

| S BES miDiR TR
&5 EEE R E

(2) BEEBREKR FsmA LR E AR Z sk A
IEEER  AEABRBNKREETHE
£ - JEEBBR A LB R RE=200mm @ [KIE
AEBREARE>150mm @ LES -

+‘,‘_-_-"|'II L

Ble 1M bm B W E N AEH) B

B)EBREEETRES BB ILRN HE
2063 5 5 0 [ BB500mm - H H K E
300mm(=$H[EKE43d) @ WE6 °

3.3 ISl T 2IETDRE

RZBRELA - FERERAIANBRKLEER
o EFRBEMBREEN B R - ARAR
AINAEER T ECS LR AR AR - BB
EERAIAFRRERRLT » BRIRIERETH
RATHEFEME S L BKiE T - BAREH S
TAEERELRIORE - BRE W A
FEk - BABIMNEI S E R T E AR
RE -

AR AR EBH IR - BRI T
FaREM - TRSEMENEERRL
HERE BHELTEAHTZENEE R
T WEBRERBHEEERDET  HR
X BREMANEERRIEIERRES
ARG RN B EETT - RRKETRESE
BN BHEES TARKED ERE
HERRLIBEER  ARMtESE  WEFTAR
RIS -

3.4 IRBRIBIRIZ R IR S

HERERTEIRIRAASRE - HEHERT
REIRELSFR  ETRERRTEERW
W REBERE - BT RRIR MEERRE T

FN\ERBRATHERRWNE



EI2RERXE

Full Papers of Speakers

ERE  SHROEEESLENERT - 28 [ - BTETIE
i K2 TE iy B 3 8 4548 A 2 B WY A2 R B K A R BRESKSERSE TR fI58m2  Ee
BEZTUMEIAT - HMENERERESED BEET - mT(FhE - 25 TEESLE A
BT - MR RA RS Y/KEY A ST WEELT - RHK - SETEE - BHEE
¥ FRANBEREEMEIRERRE mala wm . s R S A
MREARE BEERLIREERT2T  sremesfs ® - 2ARABHRE
7d © —RIFIE21dIE T B EE A o A B B 4 B o
3.5 TizS=2IX

iR  RITABZETVIFRIK - LREE
of - EffE - BZER  ERE AREH - F
. EHEEHE2~3mmIAR ; EFRFE R
At REBRA28IN B EMBE(BE—
4 FEHEHE) © 3] 5 EN100mmx100mmx100mm
Soon = S AN 0 B AR R 1 Re ARl o

Bl7 EREITEEIEETE
1 IR ERE )RR L HEREM RH(800 kg/m?) i RI 45 R

Frot | #5218 B EEFMEK mEpLS
1 [ INBRERTRE ZEFEEATRE * mm +10 +3
WU EE » mm/m? | FHE <400 105

S H <350 90

ZBE  mm <1 0

EEATRE % +5 +1

w5 B - RERR TRET i

2 |BEE - kg/m? <800 791
3 |HUEESRE - MPa FH51E 2750 7.80
&/ME © >6.375 7.21

4 |ROKE % <5 3
5 |BEVRZ - W/m-K <0.21 0.18
6 | MRIEEMERE - A1

—F—HTXEENGRRRERE AR




isIERERXE

Full Papers of Speakers

2 IRERE R R IBEEM B (1200kg/ m?®) g BI 45 R

Fr 5% | 518 B BERMEK mEpaE R
1 [NBER T RE FAFEEALTRE * mm +10 +3
WUNEE  mm/m2 | FH <400 85
AVAET] <350 90
2ME o mm <1 0
EEATFRZ % +5 +1
HYT [B2 - REGE T}an: i
2 | BEE - kg/m’ <1200 1187
3 |[#UESRE - MPa FHIE : >15.00 16.1
=/ME  212.76 15.5
4 |BRIKE - % <5 2
5 |BHEVEE - W/m-K - 0.26
6 |WREIERE - A1

h - RBE

ZEMIRERE R T IEEE - A TREERING
TR BAMEIRER REVFEEH 2
wR o —REREBER &8 BEILR -
FRO - mENR - BRI  BEAEHA B
- BRARAFERMEE - B TEHZE
ML TTEREHR  BIREWETL  HFERE
@ﬁ¥$¥r5_+3mm mEWE OBIEZRE
W EIREER  KRIEIRAITEE EED
5 - TEE@A%@ MﬂWETHW@
EYEE - RRFBFEREBES ZEESRE
RO T IEIE BRI - AIhERR T RIR R R
TEEZEZEQRBENDBRMEBIIE - BN
DEAHINEE  EEEEI~RKHIEET
EIR—RMEE E“MIL&fWﬁI%%
E\ﬁ ¥ BUFEEIREERRA  BREEE
W - (FEERE T RIFALE RS Mt

&m

MECRERE T BB EREEFLBEE
BRONAE > BERERT AR BIRDE -
KELE TBEERELGESERES AN
RELCHE TIHERNMEERENE  BLES
REFWHEBER M as - HETRE - IR
R HERRSRETIRESESZEAHTEHA
BTHBELENMTEESR o

FN\ERBRATHERRWNE




EI2RERXE

Full Papers of Speakers

D515 RE S | IRIRIXIEXRIRE{UHSTIRE
Sustainable Substation: Green and Climate Resiliency for
Sustainable and Reliable Supply to Hong Kong
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1. INTRODUCTION

The Hong Kong Special Administrative Region
(HKSAR) is one of the most densely populated
regions in the world. Highly reliable, efficient
and environmental friendly power supply is
essential to the development of this modern and
dynamic city. CLP Power Hong Kong Limited (CLP
Power) operates a vertically integrated power
supply business, covering electricity generation,
transmission and distribution, and marketing
and customer services, and providing a safe
and reliable electricity supply to about 80%
of the population in HKSAR. In order to meet
the flourishing needs of this city, the company
is committed to providing and maintaining a
secure and reliable supply through adoption of
new technologies, systematic and innovative
approaches in the development of Smart Grid
for the transmission and distribution of electrical
power supply. One of the key features of the CLP
Power’s Smart Grid is the sustainable substation
where environmental friendly design of the
substation building and green construction
practices are employed. The case for adapting the
substation to climate change is also compelling.
Features have been provided in our substations
that enable resilience to climate change.

| Conuaivaton 1= Suilanatis Developmen
073 - Pressnt

Figure 1: Recent Sustainable Substation
Developments
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This article describes the experience in the
development of the sustainable and smart
substations, with the optimum design guided
by the CLP Power’s Sustainability Development
Framework.

DESIGN

Systematic Approach — Environmental
Design Guideline

‘Care for people’, ‘Care for the community’ and
‘Care for the environment’ are core values of the
company. These core values guide the mission
in the efficient use of resources, manage key
environmental impacts responsibly and monitor
the environmental performance for continuous
improvement. The mission is translated into
the practical tools that are applied in the daily
operations such as "Environmental Design
Guideline!

Table 1: Key Objectives of Environmental Design
Guideline:

A performance framework to promote
environmental considerations

— stimulate environmental innovations in
design and construction processes

- raise expectations on environmental
performance among various participants

enhance the corporate image

Sustainability is an important consideration
in designing the new substation. CLP Power
commits to the responsible employment of
resources and environmental stewardship.
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Figure 2: Four Design Guidelines Directions of
Environmental Design Guideline

The Environmental Design Guideline (EDG) is
tailor made for the design and maintenance of
substations. This guideline which consolidated
most of the state-of-art design techniques
provides a streamlined and user-friendly guide to
the process of planning and design of substations
and other structures, identifying key issues of
each stage for substation project and serving as
a reference for the administrative and managerial
duties of the company. The EDG aims to help each
participant better understand their roles in the
design of improved and more efficient substation
buildings with minimal environmental impact,
through full compliance with all applicable
environmental regulations and permitted limits,
corresponding to the corporate goal (Table 1).

According to the special functions of the
substation, four Design Guideline directions
are adopted in EDG; namely “site selection/,
“substation layout; “architectural, structural and
building services’and “other considerations.

With the commitment of CLP Power to the
responsible employment in resources, enhancing
productivity is one of the main considerations

in the environmental design of the substations.
Similar to the suggested environmentally
friendly practices mentioned in BEAM Plus for
New Building published by Hong Kong Green
Building Council, six modules of Environmental
Design in sustainable substation development,
including “site aspects’, "material aspects’,
‘energy and water’, “indoor environmental
quality, “innovations’ and “enhance productivity’
are outlined in EDG. Through the crossing of
four design directions and the six modules
of environmental design, a number of
environmental design provisions have been
developed for the substation developments. The
followings are some examples:

Figure 3: Directions and Modules of
Environmental Design Guideline

Site Aspects

«  substations will be located away from the
existing sensitive buildings

« context design approach is adopted for
blending in with the environment

Material Aspects

+ durable external wall tile

«  reusable metal formwork

«  low-eglass

«  reduces waste by means of reduction, reuse
and recycle

FN\NEBBERITGERRNAAE



Energy & Water

« natural ventilation approach is applied
to dissipate heat generated from the
transformer if possible

- energy efficient lighting such as light-
emitting diode (LED)

«  reduce artificial lights

Indoor Environment Quality

« oil interceptor for all oil type transformers
«  flue pipe from the diesel fire pump is directed
away from the public

Innovations

«  Adoption of BIM

- display of heritage items that are excavated
from the site

« vertical banner in front of the transformer
bay that can also enhance the natural
ventilation process

Enhancing Productivity

« simple structure and spatial flexibility for
future expansion work

« dual fan ventilation system for the battery
and charger room

This Guideline also provides a thorough review
of the environmental issues arising from the
substation development including the operation
phase. Through proper planning and design,
the potential environmental impacts can be
minimised not only to satisfy requirements of the
relevant environmental legislations but also to
attain the corporate goal on the environmental
protection.

Increasingly, green initiatives are making
their way into the mainstream practice
through corporate leadership, leading to high
performance of the sustainable substation. The
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Guideline sets out targets for substation building
environmental standards, means to achieve those
targets, and necessary tools and references. It also
provides examples of practical and cost-effective
substation design. These examples encourage
best practices while striving to overcome many of
the conventional approach to substation building
design. This Guideline is reviewed regularly
among CLP’s management staff, designers,
contractors, operators, external authorities and
the public in order to address the changing
concerns and expectations.

11%
Oparation Stage, Energy 81%
far Building Services &
Construction Stage
8%

Operation and
Maintenance Stage

Figure 4: LCA Model facilitates Development of
Sustainable Substation Building

Life Cycle Analysis and Energy
Utilisation

CLP Power is the first power utility company in
Hong Kong to adopt Life Cycle Analysis (LCA) in
the substation design in order to measure the
cradle-to-grave operating and maintenance
costs, and merits in terms of global and local
environmental issues for all building members.

Figure 4 indicates the environmental impacts
during various major phases of the life cycle
of a substation development - construction,
operation and demolition. According to the
LCA model, the building materials / installation
constitute the major environmental impact
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(about 81%) during the total life cycle of the
substation. Since the substation is unmanned,
together with an energy efficient design, the
combined life cycle impacts for ‘maintenance’
and ‘energy consumption’ phases of a typical
substation is about 19% only.

Figure 5: Lighting Design addresses Safe
Operational Requirement inside Switchgear
Room

CLP Power has joined the Hong Kong Energy
Efficiency Scheme for Buildings for the substation
buildings since 2003. Although mandatory
Building Energy Code does not apply to the
substation building, all the building services
installations in the newly developed substations
of CLP Power are complied with the Codes of
Practice for Energy Efficiency. The illumination
level inside the substation is designed according
to standards and meets the safety operational
requirements (Figure 5). Lighting installation of
different illumination levels (100 — 400 lux) are
provided for different areas inside the substation.
Large areas are divided into different lighting
control zones where individual lighting switches
are provided to control lights in each zone. Only
rooms with special electronic equipment are
required to maintain the air temperature and
humidity. Dehumidifiers are provided in addition

to the air-conditioning system because the
dehumidifier consumes less energy than that of
the air-conditioning unit.

Compact Substation Design

The compact building design reduces the
amount of construction work and the associated
carbon footprint of the substation building. The
size of the substation can be reduced without
sacrifice of space for operation and maintenance
of the plant equipment. The following strategies
have been implemented to reduce the size of the
substation (higher site coverage %):

site coverage area [site area %
L
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Figure 6: Increase in % of Site Coverage for
Substations in the last 10 years

+  no Emergency Vehicular Access inside the
substation

- effective cable route layout

« Ring Main Unit (RMU) deck above access
route

One example is the ‘'stack up’ of the electrical
plant above the passage area. In a traditional
substation, the heavy plant equipment is located
on ground floor with adequate space for access
and transportation of the plant equipment. With
this “stack up of electrical plant space; the size of
the substation and the associated civil work are
reduced.

FN\NEBBERITGERRNAAE



Figure 7: Stack up of Plant Equipment Space
inside the Substation

Other Design Considerations

There are other challenges in the design of the
substation such as small land lot, difficulties
associated with the wayleave and entry of high
voltage cables, opposition from neighbours,
high priority of projects and short schedule
for substation energisation. Early stakeholder
engagement, value engineering study, planning
for supply reliability and security issues have to
be taken into consideration.

Usually the substation building is a low-rise
structure design in order to blend-in with the
environment (Figure 8). Native vegetation are
planted on the ground level, roof and external
walls with ‘drip-pipe’ irrigation system. Humid
sensor with logic circuit is installed to control the
operation of the irrigation system.

d

Figure 8: Substation Blends-in with Environment
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Various features will be provided to mitigate the
environmental impacts to neighbours. Lights
will be provided in the open yard area of the
substation for security reason. Lighting pollution
will be avoided by providing outdoor lights at a
lower level and with cut-off angles. Low-noise type
transformers will be installed. Green ‘telfon’ screens
will be provided in front of the transformer bays in
order to mitigate the visual impact to the public.
All paintings, sealants and adhesives will be of
low-VOC types. Non-CFC based refrigerant will be
employed in the air-conditioning system.

CONSTRUCTION
Green Procurement

CLP Power adopts “Green Purchasing” and is one
of the founding members of the Hong Kong
Green Purchasing Charter, pledging to take
environmental impacts into account during the
procurement process. With a risk-based approach,
the company considers ‘environmental impact’
during all stages of the project, including product
design, selection of raw materials, manufacturing
method, packaging and distribution, through to
the end of the product life.

Authonties

Figure 9: Participation Model allows Synergistic
Teamwork
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Under the Participation Model (Figure 9), the
company takes the lead to organise a special task
group with members from different disciplines
of the construction industry. This task group
is formed to explore new opportunities and
develop innovations to enhance the safety
and environmental performance of the site
work. With the synergy effect, more safety and
environmental initiatives are developed in a
continuous manner. Construction companies
with adequate competency and environmental
awareness are recruited as strategic business
partners of the company. Sharing sessions of
knowledge among the strategic partners are
conducted frequently.

The ‘55 housekeeping’ system is implemented
during the construction of the substation. A
committee consisting of key personnel from the
main contractor and subcontractors is established
to implement the housekeeping system. Regular
meetings and audits are conducted. Through
daily morning briefing, good housekeeping
practices are conveyed to the frontline workers.
Weekly inspections with subcontractors are
conducted to monitor their housekeeping
performance. During the work, the performance
of the contractor is monitored systematically.
Feedback to the contractor regarding their
performance is conducted periodically.

In order to further enhance the safety and
environmental performance, the ‘Construction
Management Plan’is implemented at the
construction site of the substation. Staffs from the
senior management level to the frontline workers
from the project management team, designers,
consultants, main contractor and subcontractors
are involved in the implementation of this ‘Plan’
Prior to the commencement of the site work, all

major safety and environmental risks have been
identified and risk mitigation measures have
been developed. The site work risk mitigation
measures are presented in pictures, simple word
descriptions, cartoons and animations that can
be easily understood by the frontline workers.
These pictures and descriptions are displayed at
prominent positions of the site. Communication
sessions about the ‘Plan’ and work improvement
measures with animations are conducted for the
site workers regularly.

CLP Power aims to move towards the goal of
‘zero waste’ in the construction site by exploring
opportunities in reducing the surplus materials,
as well as reusing and recycling waste materials
on site. The following standard procedure for
waste reduction at construction site has been
established:

. identify key construction wastes to be
managed

. develop action plan and programme by
means of avoiding, minimising, reusing,
recycling and finally waste disposal with the
desirability decreasing in this order

. monitor implementation of the action plan

« audit the result and identify the opportunity
for continuous improvement

| Y4od Material RecycledReuied 4 of Waste
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Figure 10: Result of Zero Waste Plan
Implementation in a Recent Substation Project

Prior to delivery of concrete from the mixing
plant, wastage reduction is achieved by careful
planning of the ordering batches and close



monitoring throughout concreting so as to avoid
ordering surplus amount, especially for the last
batch of ordering.

The surplus amount of concrete and grouting
is reused for making pre-cast concrete blocks
and ground paving blocks (Figure 10). The pre-
cast concrete blocks are used to protect cables
during CLP Power’s cable trenching works in the
public area. Ground paving blocks are used to
cover bare ground of access routes and works
areas on site. Steel members and concrete
masses for excavation and lateral support (ELS)
work and hoarding installation are reused in
other construction sites. The surplus volume of
excavated soil is used as backfilling materials for
cable trenches.

Steel re-bars are collected and forwarded to other
environmental services company for recycling
purpose. Construction water is collected and
recycled for dust suppression on site. Wooden
materials from the formwork are chopped into
chips. Wood chips are collected and donated
to the government or other organisations for
mulching. A grinding machine on site serves
to handle the plastic wastes such as the plastic
bottles for recycling.

Sorting facilities are provided in the building site
to separate and accommodate inert construction
materials including bricks and concrete, scraps
of metals, and excavated soils. Pieces of brick
and concrete fragments can be used for ground
paving, and metal scraps have their scavenge
value.

. INNOVATIONS

The followings are some examples of innovations
that have been implemented.
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Building Information Modelling

Building information modelling (BIM) is adopted
during new substation developments. Digital
3D model for the substation building, electrical
plant facilities and major cables yields benefit
ranging from harmonious design, through
construction and equipment installation, to
facility management of the substation.

Figure 11: BIM Image of a Substation including
Dispatch of Underground Cables from Substation
to Customers

Design quality and the optimisation process
of the substation are enhanced with the BIM
process. The model helps reduce clashes,
enabling mitigation of changes to works during
the design stage which minimises abortive work
during the construction stage.

l

Figure 12: BIM Image of the Underground
Installations at a Substation
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With BIM, the complicated underground §_. FEATURES FOR CLIMATE

installations of the substation such as cable
trenches, structure provisions, drainage pipes
and manholes pipes are shown on the 3D
model (Figures 11 and 12), which can easily be
understood by people of different disciplines
such as the builder, drain pipe worker, cable
engineer, etc. Any conflict among installations
can be identified and resolved prior to the site
construction work.

Computational Fluid Dynamics and
Enhanced Natural Ventilation

Computational fluid dynamics (CDF) (Figure
13) modelling technique is deployed during
the design stage in order to optimise the
building configuration for adequate natural
ventilation process such as minimisation of the
transformer bay. Natural ventilation for heavy
plant equipment can avoid the requirement of
large fan and the associated noise abatement
work. Adequate natural ventilation to remove
excessive heat from the plant equipment space
can provide a better working environment for our
operational staff and extend the life span of the
plant equipment.

Figure 13: CFD Model Reduces Economical Cost
and Environmental Cost of Substation

RESILIENCE

CLP Power has introduced additional measures -
apart from those incorporated during the design
stage - to sharpen its emergency preparedness
in light of the rapid changing climate condition.
Among all important tasks, one of the focuses has
been put in safeguarding the power equipment,
which are installed inside the substations,
against storm surges and rising sea water level.
Further to a comprehensive risk assessment
process, a series of upgrades for prevention,
mitigation and damage control measures have
been implemented to protect flood-prone
transmission (132kV or above) and distribution
(11kV) substations in the face of growing threats
posed by climate change.

Figure 15: Installation of Flood Gate

FN\NEBBERITGERRNAAE



Figure 16: 2-stage Flooding Alarm

To counteract the potential impact of a storm
surge on Hong Kong's power supply, CLP Power
has upgraded mitigation measures which include
installing flood gates, sealing the cable inlets,
equipping the substations with sump pumps
and 2-stage flooding alarms at 11 flood-prone
transmission substations and approximately 500
distribution substations in accordance with their
level of flood risk.

Figure 17: Flood Calculator

CLP Power has also developed a computerised
flood alert tool (flood calculator), which evaluates
the flood risk at substations during typhoons
based on forecast storm surge and sea level data,
and real time sea level data provided by the Hong
Kong Observatory. Its functions are to serve:

a) for planning purpose to assess the worst case
scenario of flood risk to substations resulting
from storm surge brought by typhoons and
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b) for operation purpose to identify substations
at flood risk due to anticipated storm surge
during typhoon attack and issue 24 hours
ahead flooding pre-warning for these
substations through alert emails and SMS.

The flood calculator allows for meticulous
monitoring and timely coordination of the
CLP Power System Control Centre to avoid any
damage to power supply equipment.

Contingency plan for load transfer and shut
down of those high risk flood prone transmission
substations is ready for emergency preparedness.

6. CONCLUSION

As a leading and responsible power company,
CLPP has continuously pursuing the goal of
intelligent and sustainable developments to
fulfil the social commitment. Innovations are
developed continuously over the traditional
practices and customs. Features for the resilience
of climate change are provided in the substation
developments. The company takes a proactive
approach to adapt to the rapid changing
environment of the 21st century.

Plan for s

Graen
Substation
Project

Montor
Erwironmental

Dasign and
Performance

: Construction
of Building

Figure 18: Green Development Approach
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Working along with our partnering contractors, sustainable development programs and
there has been a consistent trend observed from measures to make substations ‘intelligent” and
the construction projects that our contractors more acceptable by the community.

were carrying out pollution control with better
systematic approach. A noticeable saving of ACKNOWLEDGEMENT
materials and energy were achieved through  The authors wish to thank the Management of CLP

innovative design and construction methods.  Power for the support and permission to publish this
CLP Power as the property owner regarded the  paper.

importance of sustainable design, construction
and operation in our infrastructure development
projects.

Community development issues are becoming
more important. It has been an increasing
challenge for CLP Power to communicate with
members of local community who perceive the
site for the power transmission plant facilities
to be hazardous to them, and do not want the
corresponding development being adjacent to
their homes even though they understand the
need for an evolving supply network. It becomes
longer, more expensive, bureaucratic and difficult
for building substations.

It is necessary to address concerns of the local
community/residents in the long-term planning
of the substation development. Building
trust with the public and a positive corporate
image through a sustainable approach to the
project development is critical for the company
in resolving challenges and gaining public
acceptance.

CLP adopted a ‘green’ development approach
(Figure 18) to gain the public acceptance of
the site and reduce objections from the local
community for the substation developments,
aligning with the government and considering
potential ‘community related’ issues during the
planning stage. More works such as‘less depletion
of natural resources’ and ‘green construction
method’ will be needed in developing applicable
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DA TA ATAL Engineering Ltd
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A subsicliary of ATAL Engineenng Group

Driving the Environment Industry

Forward with a World of Engineering Solutions

Excellence Through Engineering

Specialised in Environmental Engineering Provision of Full Spectrum

and Infrastructure Related Business: of Services:

= ‘Water Treatment + Design & Supply

« Sewage Treatment + Installation, Testing and Commissioning
« Solid Waste Handling * Operation & Maintenance

= Gas Treatment
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RIDING HIGH TOGETHER
FOR A BETTER FUTURE
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The Hong Kong Jockey Club is a world-class horse racing operator and Hong Kong’s largest community benefactor.
Operating as a not-for-profit organisation, the Club allocates its surplus to sustain charitable and community projects,
supporting the different needs of society. Committed to global excellence and giving back to society,
the Club has always been “Riding High Together for a Better Future” with the people of Hong Kong.

www.hkjc.com

3 | HONG KONG
INTERNATIONAL
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- Propelling Hong Kong’s

airport in the world. Growing with Hong Kong, it is an
economic engine for the city and a source of pride-" 5

its people. HKIA is expanding into a three-run

system which will propel the economié growth

Hong Kong and strengthen its status as an international

aviation hub.

Zormig oo | ARUP

Smart, green and resilient

As the world focuses on the well-being of the planet,
cities need a new set of principles for its continual
evolution. ‘Smart, green and resilient’ is the
overarching direction that Arup proposes,
particularly relevant to Asian

urban setting.

We shape a better world | www.arup.com
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Energy that grows with you,
generation to generation.
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Consulting Engineers . Planners . Managers

A Leading
Global Provider
for the Ultimate
Sustainable
Development
Solution

Meinhardt has led the way in delivering innovation and excellence
to the international construction industry for 60 years.

We provide multi-disciplinary and integrated consulting capabilities in Infrastructure
and Environment; Civil and Structures; Mechanical, Electrical and Plumbing (MEP);
Project Management and Urban Development.

inardat=cnina

Imeinhardt.com.hk
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Your Trusted Partner in Construction CHONG

Founded in 1939, Hsin Chong is one of Asia’s longest-standing construction and property groups, providing comprehensive construction, property and related services.

Over its rich history of experience, Hsin Chong has taken part in a wide range of major and high profile construction and infrastructure projects in Hong Kong, Macau,
the Mainland of China and overseas.
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Hsin Chong Group Holdings Limited
Hsin Chong Center, 107-109 Wai Yip Street, Kwun Tong, Kowloon, Hong Kong

T+8522579 8238 | F+8522516 6596 | www.hsinchong.com | info@hcg.com.hk
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Green Initiatives for
HKIE 8" Guangdong Hong Kong Macau
Sustainable Development Conference 2016

Selection of Venue

1) Preference is given to a venue that has adopted green initiatives in their operation including but
not limited to the following:
a) Energy efficient facilities;
b) Recycling programme;

2) The venue is easily accessible by public transportation to promote the use of mass transportation
by the attendees.

Event Promotion
1)  Communication and promotion of the event are by emails and e-channels;

Printing of Materials
1) Handouts are minimised and optimized;
2) E-version is available

Food and Beverage Selection and Arrangement

1) Communication is made with attendees ahead of time about tea breaks and with helpers and
speakers about lunch to ensure proper portions are served;

2) Non-disposable glasses/cups instead of bottled drinks are served — drinks are refillable by pitchers;

3) The caterer provides Chinaware for coffee breaks. Table cloth is not used;

4) The size and type of food provision is carefully planned to avoid food surplus. Low carbon menu is
provided.

Reuse and Recycle

1) Name badge holders are reused.

2) Recycling boxes (for attendees), in particular paper, are provided throughout the venue;

3) Edible food from leftovers, if any, are either taken away or donated to Food Angel, towards zero
food waste disposal to the maximum extent possible.

Event Execution

1) Indoor air temperature is maintained rom 23 to 260C, as arranged with property management;

2) Lights are switched off at appropriate places to minimise energy consumption, as arranged with
property management;

3) Computer presentation only (flipcharts are not used);

4)  Announcement of green initiatives is made by the Master of Ceremony;

5) Volunteers are recruited to monitor green activities on the date of the event;

Carbon Reporting and Audit

1) A Report on carbon emission of the event is referenced to Guidelines to Account for and Report
on Greenhouse Gas Emissions and Removal for Buildings (Commercial, Residential or Institutional
Purposes) in Hong Kong — 2010 Edition by EPD and EMSD;

2) The Report is reviewed and audited by a Certified Carbon Auditor;

3) The results of carbon auditing is to be published online.
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Disclaimer:
“All information and views expressed by speakers and in their conference materials do not reflect the official opinion and position of the HKIE. No responsibility is accepted by the HKIE or their publisher for such

information and views including their accuracy, correctness and veracity.”
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