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Preface

Civic Exchange has a longstanding interest in devising the right energy policy for
Hong Kong to be competitive in an energy-constrained world and the opportunity to
share experiences with colleagues in Macau who are working on similar issues has
been very valuable. We believe it can only be good for the economy, the environment
and public health for Hong Kong, Macau and the wider Pearl River Delta to develop
strategies to become much more energy efficient in the way we generate, store,
transmit and consume energy. A key area to squeeze efficiency and meet the lowcarbon challenge is with buildings. We are keen to continue to do research in this
area and we hope this report will help to generate greater public awareness and
interest. We also hope this report will start to show the opportunities available on
the Mainland, as there is so much construction across the border. We are grateful to
the many people who have helped with this report. Thanks to Mirror Productions for
layout and design.
Christine Loh
Chief Executive Officer, Civic Exchange
April 2008

The views expressed in this report are those of the authors and do not necessarily
represent the opinions of Civic Exchange or the reviewers.
© Civic Exchange, April 2008
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Executive Summary

Good buildings are vital for quality of life

Energy efficiency is crucial, however
you look at it

Efficiency gains need the right
regulatory and incentive framework

Buildings play a crucial role in determining the quality
of life for residents of Hong Kong and Macau, and
climate change poses risks to that quality of life
by creating a hotter, wetter climate throughout this
century, with heavier rainfall, interspersed by longer dry
periods. Sea levels are also expected to rise. The role of
buildings in the climate change discussion is complex
as they are both a defence against the impacts of
climate change and a contributor to greenhouse gas
emissions.

Energy efficiency in buildings encompasses the most
diverse, largest and most cost-effective opportunities
to tackle climate change. Energy is the biggest
component of greenhouse gas emissions and, in
Hong Kong and Macau, the building sector is the
biggest user of energy. Most of the energy consumed
by buildings is used after construction is completed.
Electricity is the major source of greenhouse gas
emissions for both territories and air conditioning is
a hefty user of electricity. Attention should focus on
the operational phase of commercial and residential
buildings, particularly in the use of electricity.

There are existing technologies that can result in
much greater energy efficiency in buildings at no or
a limited cost, which would have substantial benefits
to society as a whole in lowering long term energy
requirements, improving local air quality, and reducing
emissions of greenhouse gases. However, for the
most part, the costs and benefits of these issues are
external to the important players in the building sector
(e.g., developers, builders, property owners, renters
and governments looking to maximise near term
government revenues).



Government must lead

Four vital policy components

The Macau and Hong Kong Governments must
establish a firm foundation of well-developed policies
that provide an appropriate mix of regulations to
provide attractive financial incentives to energy
suppliers and users to become much more energy
efficient, including the building sector. With the
right regulatory environment and incentives, the
power utilities, building management, and individual
consumers of electricity will be motivated to explore
efficiency and conservation gains, as well as use
available products, services and technologies.

There are four necessary policy components: a
climate change adaptation and mitigation strategy; an
integrated energy policy; optimal building standards;
and integrated urban design and planning. Though this
paper makes a case for energy efficiency as a priority,
it is not the only concern that will confront both Special
Administrative Regions as they respond to climate
change. The built environment of Hong Kong and
Macau needs to both ‘mitigate’ climate change (i.e.,
buildings should be low emitters of greenhouse gases)
and adapt to climate change (i.e., buildings should
help people to cope with the anticipated changes to the
climate) using low carbon means.
By combining strong leadership from government
with technical and financial expertise, Hong Kong and
Macau have an opportunity to be among Asia’s leading
centres for energy efficient buildings with a low carbon
footprint that provide a buffer against climate change.



Glossary of Abbreviations

APEC		
ASD		
CEM		
CFD		
CO2e		
DSMG		
EMSD		
EPD		
GHG		
HK-BEAM
IEA		
IPCC		
LCA		
LCC		
LEED		
OECD		
PRD		
SAR		
UNEP		
USGBC		
WBCSD		



Asia-Pacific Economic Cooperation
Architectural Services Department, Hong Kong SAR Government
Companhia de Eléctricidade de Macau (Electric Company of Macau)
Computational fluid dynamics
Carbon dioxide equivalent (a means of standardising the effect of different greenhouse gases)
Direcção dos Serviços Meteorológicos e Geofisicos (Meteorological and Geophysical Services), Macau SAR Government
Electrical & Mechanical Services Department, Hong Kong SAR Government
Environmental Protection Department, Hong Kong SAR Government
Greenhouse gas
Hong Kong Building Environment Assessment Method
International Energy Agency
Intergovernmental Panel on Climate Change, United Nations
Life Cycle Assessment
Life Cycle Cost
Leadership in Energy & Environmental Design (a US-based environmental assessment method for buildings)
Organisation for Economic Co-operation & Development
Pearl River Delta Region
Special Administrative Region of Hong Kong and/or Macau
United Nations Environmental Programme
United States Green Building Council
World Business Council for Sustainable Development

1 Climate change: the case for energy efficiency

1.1 Overview
Some of the world’s highest urban development
densities are in Hong Kong and Macau. The
significance of this fact is magnified when one realises
that the average person in these communities spends
upwards of 70% of their time inside buildings. In the
future, climate change will make it more problematic
to create and maintain the healthy, fulfilling and safe
indoor conditions that people need and want.

The Energy-Climate-Air Quality ‘treadmill’ – People
in Hong Kong and Macau are more aware of the
problems with air quality than they are of the problems
associated with energy consumption in buildings and
the role energy consumption plays in determining
air quality and emissions. Figure 1.1 illustrates

the connections between air pollution, energy
consumption, and climate change. This leads to the
conclusion that something must be done to reduce
the burning of fossil fuels that generate electricity, in
order for Hong Kong to break the Air Pollution-Climate
Change cycle.

The evidence indicates that we have already embarked
upon an era of global climate change and that human
activities are fuelling this change through the emissions
of greenhouse gases (GHGs).1 In Hong Kong and
Macau, electricity use associated with buildings is the
major source of GHG emissions.
One dimension of the problem is that a changing
climate will bring new and possibly adverse weather
conditions to the Pearl River Delta (PRD), in the form
of heavier rains, prolonged periods of drought, and
rising sea levels. Another dimension is that the pattern
of urban development, once confined to the cities of
Hong Kong and Macau, is now being repeated in many
other cities throughout the PRD.
Readers wishing to follow up on global issues
related to climate change now have a vast array of
resources to turn to, including the United Nations’
Intergovernmental Panel on Climate Change (IPCC)
Assessment Reports (2007).2

Figure 1.1: The Energy-Climate-Air Quality Treadmill



1.2 Energy efficiency
Arguments favouring an energy efficient future – Both
Hong Kong and Macau are completely dependent on
imported energy to fuel their economies.3 Even the
relative wealth of our communities cannot hide the
fact that the vulnerabilities associated with a total
dependence on world energy markets are heightened
in an era of rising commodity prices, regional conflict
and terrorism. Embedded within the energy security
topic is the question of energy reliability – energy
efficiency can help reliability. At the September 2007
APEC Leaders’ Conference in Sydney, Hong Kong’s
Chief Executive recognised that efforts are needed to
build a more sustainable future and agreed to try to
reduce energy intensity by at least 25% by the year
2030 (with 2005 as the base year).4 However, much
more could be done. Firstly, the target is not binding.
Secondly, since energy intensity is a measurement of
energy per unit of GDP, this target can be achieved
even if overall energy use continues to grow.
Air pollution is another major motivating factor for
achieving energy efficiency in Hong Kong, Macau
and other cities of China. The discussion continues
between those who advocate the need for unrestrained
economic development, and those who recognise
that the community is no longer able to bear the
costs associated with deteriorating public health and
environmental degradation.
An energy efficient future does not necessarily mean a
reduction in energy consumption – in some cases there
are opportunities for clean development, particularly
in regards to activities that result in reduced or even
zero carbon emissions. To help achieve this aim, the
APEC Leaders resolved to establish the Asia-Pacific
Network for Energy Technology (APNet) to strengthen



collaboration on energy research, particularly in areas
such as clean fossil fuel energy and renewable energy.
Role of buildings – About half of all energy consumed
in Hong Kong is in the form of electricity and buildings
account for over 80% of that demand.5 Energy usage
in Macau follows a similar pattern.6 Fossil fuels used
to generate energy for buildings in Hong Kong, Macau
and the PRD emit large amounts of CO2 and other
GHGs, as well as chemicals and particulates that
cause smog.7 A policy that improves energy efficiency
in buildings in Hong Kong and Macau could make
a substantial contribution towards reducing both
communities’ overall greenhouse gas emissions.
Energy efficiency know-how is available – There are
many ways to improve energy efficiency in buildings.8
Higher thermal performance of the building envelope
is feasible for new construction and a lot can be done
to improve the energy efficiency of air-conditioning,
lighting, and vertical transportation systems in both
new and existing buildings.9
There is also a growing inventory of energy efficient
consumer electronics, office equipment, and household
appliances on the market, together with independent
labelling schemes to guide buyers on their product
selections.10 Building energy management systems,
including continuous monitoring technologies, are also
widely available and can both ensure energy efficiency
over time and provide an early warning of a system
malfunction. Hong Kong designers can also consider
renewable technologies that rely on solar, geothermal,
and wind energy. Box 1.1 illustrates a government
sector building in Hong Kong where passive building
design utilises daylight and natural ventilation.

The Asia Business Council’s 2007 publication “Building
Energy Efficiency – Why Green Buildings are Key to
Asia’s Future”, points out that four out of the five most
cost-effective measures that can be taken to reduce
greenhouse gas emissions involve building efficiency,
namely: improving building insulation quality, lighting,
air-conditioning, and water heating systems. 11
Building case studies provide a valuable resource for
demonstrating the technical feasibility of installing
energy efficient technologies. In Hong Kong, the
primary private sector resource for case studies
is the HK-BEAM web site.12 As well, EMSD has a
benchmarking tool that can assist practitioners to
further understand what is possible and how planned
designs measure up.13

1.3 Why isn’t more being done?
“Where’s the return on investment?” – The most
common argument against improved building
energy efficiency is based around the question of
implementation cost and returns on investment. More
specifically, the contention is that since energy efficient
buildings do not command a premium in sales or
rental prices, there is no financial incentive for uplifting
current construction standards.15 It is true that some
developers see advantages in green marketing, but
most improvements they offer tend to be superficial,
which do not obviously translate into improved energy
efficient building performance or reduce environmental
impacts.16

Box 1.1: Fire Station with
Ambulance Depot & Police
Post at Penny’s Bay, Lantau
Some of the passive design features incorporated
in the complex:
•

•
•
•
•

Functional orientation suits the use of
photovoltaic panels on the roofs to provide
renewable energy;
Use of pergolas in key areas to shade walls;
Maximise the use of daylight and natural
ventilation;
Extensive roof overhangs and sun shading
devices to minimise solar heat gain; and
Use of long life and low maintenance
prefabricated materials.

(Source: ASD).14

Not a factor in buying or renting a place –
The apparent lack of concern among the bulk of
commercial and residential end-users about energy
efficiency in buildings is another reason for slow
adoption. Although changed circumstances or policies
could alter this perception quickly, it is likely that
end-users have not voiced their desire for improved
energy performance for two reasons: they feel that
other location-related priorities trump a building’s
energy-savings potential; or they are indifferent so long
as their electricity and gas bills only represent a small
proportion of their total expenditures.17 Despite the
efforts of the HK-BEAM Society (Hong Kong Building
Environment Assessment Method)18 and others, there
is still little tangible evidence that Hong Kong and
Macau property markets recognise a link between the
development’s green characteristics and increased
asset value.
Governmental indifference – The lack of government
leadership in championing energy efficiency in
buildings is probably the strongest barrier against

making buildings more energy efficient. Political
leaders have the responsibility to ensure a sustainable
economy for their citizens, yet some have been
aggravatingly slow to recognise that factors such as
global energy prices and the threats associated with
climate change mean that the inefficient use of energy
in buildings is no longer a viable option.19
The professionals aren’t pushing it – Major
opportunities for energy efficiency are lost during a
project’s design phase. Few planners, architects and
engineers have been trained specifically to address
energy and environmental design matters, and thus
there is a widespread lack of understanding about
issues such as the building assemblies, products,
and technologies that can achieve the best results in
environmental terms. This perception is supported by
a 2006/7 international building industry survey that
found that professionals commonly overestimated the
costs (sometimes by three times) and underestimated
the benefits of green building designs.20
Perception that “green always costs more” – The
conventional wisdom that “green buildings cost
more” is difficult to overcome. The discussion above
about developers highlights the cost-to-construct
versus benefits-in-use dilemma, but it is also true that
few have any idea whether in the long term a green
component really costs more than a conventional
equivalent when all life cycle cost criteria are factored
in. An increasing number of researchers have shown
that greener building does not necessarily cost more.21
Of particular interest to anyone pursuing a green
building assessment, a respected cost consultancy in
the USA found that that the capital costs associated
with university projects earning a LEED certification
(Leadership in Energy & Environmental Design) had
much more to do with programmatic requirements
than with their green features.22


1.4 The next steps
Role of government – Where markets fail to take into
account important costs to society, governments
have a responsibility to take a leadership role, acting
in the interests of the public at large, to clarify the
standards by which all players in a market must abide.
Government stimulation can take a variety of forms
but a mix of regulations (enforced by law) for urban
planning and building standards, incentive schemes,
research and education all need to be considered when
determining the best approach for the building sector
to improve energy efficiency, reduce environmental
impacts, and combat climate change.
Currently, government leadership on this issue is
not as strong in Hong Kong and Macau as it could
be, although the Hong Kong Government is currently
undertaking at least four promising initiatives:
commissioning a consultancy study on climate change
as it relates to Hong Kong;23 conducting a consultation
process on making building energy codes mandatory;24
reviewing Hong Kong’s air quality objectives;25 and
joining of the C40 Climate Change Leadership Group.26
However, more needs to be done with a greater sense
of urgency.
Hong Kong and Macau have tended to skirt their
obligations on climate change by citing their low
total greenhouse gas emissions compared with world
emissions and by hiding behind the fact that China, as
a ‘developing nation’ for the purposes of international
climate change agreements, was not obliged to meet
strict targets. However, environmental issues were
specifically targeted at the recent 17th National
Congress of the Communist Party of China.
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Furthermore, it is noteworthy that the consultancy
study on climate change will help the Hong Kong
Government prepare its submission to the Central
People’s Government for meeting the obligations under
the international conventions on climate change.27 In
other words, China is moving on these issues and will
expect the SARs to do likewise.
Building a vision of the ideal city – Part 5 of
this paper aims to stimulate a discussion of the
components necessary to combat the failure of the
market to deal with climate change. The starting point
must be well-developed government policies and, in
the context of climate change, there are at least four
components of such a policy framework that are
necessary:
i)
ii)
iii)
iv)

A climate change adaptation and mitigation
strategy;
An integrated energy policy;
Optimal building standards; and
Integrated urban design and planning.

The last three components above relate to concerns
that are not unique to the climate change debate
and should occur as a matter of course. The first
component, a climate change strategy, would focus on
the particular challenges and risks of climate change,
as a filtering tool to determine whether policies and
programmes initiated without specific reference to
climate change match current knowledge and the
best estimates of trends. For example, an adaptation
strategy might identify whether buildings proposed to
be built in coastal areas should comply with revised
sea-level standards based on the best available
projections.

Finally, responsibility for achieving sustainable
communities must be appropriately shared. Part 5
sketches a picture of how the various segments of the
building sector might interact to achieve widespread
adoption of energy efficiency measures, once the basic
policy foundation is laid.

2 Energy & emissions in Hong Kong

2.1 Greenhouse gas emissions
Energy sector is the major emitter of greenhouse
gases – Globally, energy supply is the biggest
component of global greenhouse gas emissions,
accounting for about a quarter of all emissions (Figure
2.1).
In Hong Kong, with minimal agriculture and forestry,
declining heavy industry, and much of the transport
electrified, energy industries account for over 60% of
the territory’s anthropogenic greenhouse gas emissions
(Figure 2.2).
Buildings – In Hong Kong, buildings account for over
80% of electricity use (Figure 2.3), and electricity use
in buildings comprises at least a third of greenhouse
gas emissions (Table 2.1).
Hong Kong’s total energy use for the year 200531
from all fuels and sectors was 79,515 million kWh.32
According to the EPD, Hong Kong’s total greenhouse
gas emissions in the same year from all sources and
sectors were about 45 million tonnes CO2e.33 It is
possible to estimate the carbon intensity of energy
produced by the electricity and gas utilities and by
applying these carbon intensities to EMSD’s energy
end-use data, it is also possible to estimate the
greenhouse gas emissions of various building-related
activities (e.g., air conditioning, lighting etc). Table
2.1 shows the results, with the electricity used for
air conditioning emitting about the same amount of
greenhouse gases as the electricity used in lighting,
cooking, hot water, refrigeration and office equipment
combined.

Figure 2.1: Worldwide emissions of greenhouse gases by
sector in 2004 (Source: IPCC 2007).28

Energy Usage
(million kWh)34
Air conditioning

Figure 2.2: Sources by sector of Hong Kong’s greenhouse
gases (Source: EPD 2006).29

% of Hong
Kong’s Total
Energy Use35

GHG
Emissions
(million tonnes
CO2e)36

% of Hong Kong’s Total GHG
Emissions37
Electricity

Gas

11,806

14%

7.4

17%

Lighting

6,404

8%

4.1

9%

Cooking

7,028

9%

2.2

2%

3%

Hot Water

3,599

5%

1.2

1%

2%

Refrigeration

1,866

2%

1.2

3%

Office Equiment

1,569

2%

1.0

2%

Table 2.1: Approximate greenhouse gas (GHG) emissions of various building related activities in Hong Kong in 2005
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Figure 2.3: Electricity consumption by Sector in Hong Kong
in 2005 (Source: EMSD 2007).30

Figure 2.4: Hong Kong’s commercial and residential sector energy use in 2005 (Source: EMSD 2007).

2.2 Energy use in buildings – Where does it occur?
The commercial sector’s functional diversity obscures
statistical analysis of how energy is consumed,
but Figure 2.4 illustrates that the consumption
of energy for space conditioning and lighting are
major considerations in the design of offices and
retail spaces. In the residential sector, too, there are
differences between public and private housing, and
between tower blocks and luxury housing. The general
picture makes an interesting contrast to that of the
commercial sector (Figure 2.4).
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Life Cycle Costs and Assessments – Although it
is possible for an engineer to calculate system
consumption and estimate life expectancy, designers
are not accustomed to making evaluations using Life
Cycle Costing (LCC) and Life Cycle Assessment (LCA)
techniques. Such exercises will gain in importance as
greater emphasis is placed on mitigating recurring
costs.

A 2004 Hong Kong University study into a Housing
Authority block and a similarly sized private sector
residential building provides a rare example of the
application of LCC and LCA techniques in Hong Kong
(see Appendix I).38 While it is dangerous to draw
general conclusions from this one example, it is hoped
that by applying these techniques to other projects,
decision-makers will be better placed to choose
between alternative design solutions and identify
opportunities for improvement.

2.3 How does Hong Kong compare with others?
Figure 2.5 compares energy consumption per square
metre in a typical Hong Kong office building against
other APEC countries, and provides an opportunity
to consider what measures might be needed to bring
Hong Kong office energy consumption into line with
Thailand or Japan.
The United Nations Environment Programme (UNEP)
has compiled a series of simulations comparing
conventional practices with low energy alternatives in
other parts of Asia that provide indications of what
might be worth exploring further in Hong Kong.40 For
instance, a Malaysian example compared simulated
energy consumption of a new ‘low-energy’ building
against a hypothetical building constructed in
accordance with the minimum standards set in the
Malaysian codes of practice. The new building achieved
64% savings in energy (see Appendix I). In this case,
the upfront extra cost of energy efficiency measures
was 10% above conventional costs, with a payback
period of ten years.

Figure 2.5: Office building energy consumption in some APEC countries in 2000
(Source: Cheung & Kam 2007).39
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3 Consequences of climate change for Hong Kong

This paper focuses on the building sector in Hong
Kong and Macau and does not aim to explore all of
the consequences of climate change affecting the
PRD.41Three issues that have direct consequences for
buildings in Hong Kong are:
•
•
•

Hotter weather;
Extreme climate; and
Sea level rise.

Urban heat island effect – The temperatures in Hong Kong’s densely populated urban areas are often several
degrees higher than in the surrounding countryside. This phenomenon is known as the ‘urban heat island’ effect
(see Box 3.2). Tackling the urban heat island effect by introducing design features such as green roofs has
positive effects both by keeping the urban environment cooler and by reducing greenhouse gas emissions.

Box 3.2: The Urban Heat Island Effect
Densely populated urban districts in Hong Kong can be several degrees hotter than nearby undeveloped areas.

3.1 Hotter weather

Why?

Mitigation:

The Hong Kong Observatory estimates that by the end
of this century, annual mean temperatures will rise on
average by 4.8ºC above the 1990 average of 23.0ºC.42

•
•

•

•
The number of very hot days (33ºC or above) and hot
nights (28ºC or above) will more than double. Cold
winter days will disappear. This warming trend will
make Hong Kong more dependent on air-conditioning.

•

Concrete and asphalt absorb and retain heat.
Tall buildings trap heat by blocking natural
airflow.
Removal of vegetation - plants help to cool the
environment by transpiration.
Urban activities generate heat (e.g., air
conditioning, industry and transport).

•
•

‘High albedo’ finishes (e.g., light-coloured or
reflective building surfaces).
Increase areas of vegetated open space.
‘Green’ roofs (i.e., roofs covered with vegetation).

Box 3.1: Quick Fact
HK average temperature in 1990: 23ºC.
Estimated increase with Climate Change:
Annual mean temperature: 27.8ºC*
Number of very hot days – double
Number of hot nights – double
* Even greater for the most densely populated
districts of HK due to urban heat island effect
Source: Hong Kong Observatory
Figure 3.1: Satellite thermal imagery showing the urban heat island effect
(Source: Dr Janet Nichol 2007).43
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Effects on human health - The relationship between
rising temperatures and human health is complex, and
the subject merits continued monitoring and research.
The latest IPCC report indicates that climate change
will contribute to an increased incidence of diseases
and premature deaths globally through its effects
on weather patterns and negative effects on food
production, air, and water quality.44

Heavier rain - The Hong Kong Observatory’s projections
indicate that the number of days with heavy rain will
increase by about one day per year.47 This is significant
because even highly developed economies can suffer
heavy losses from a single heavy rainfall event. Heavy
rains have been considered as a major threat to Hong
Kong’s buildings for many years, through flooding,
landslides or subsidence.

Heatwaves can pose a major health threat and people
expect their homes to shelter them from extreme
heat. The dense urban areas of Hong Kong already
experience temperatures that are higher than average
by about 4 or 5ºC on a regular basis, and climate
change could add another 3 or 4ºC. It is estimated that
at least 35,000 people died as a result of the European
heatwaves of August 2003.45 Over 14,000 died in
France alone, which shows that extreme weather events
can overwhelm the health systems of even highly
developed societies.

Hong Kong has taken measures to mitigate the impacts
of heavy rain by paving over hillsides with concrete or
stone. However, this shows the danger of dealing with
issues in isolation, rather than in an integrated fashion.
Concrete and stone paving exacerbate the urban
heat island effect. Hong Kong needs to adopt slope
stabilisation techniques that avoid local heat build-ups,
and the development of different methods that utilise
vegetative finishes is encouraging.48

3.2

A more extreme climate

The predictions about climate change do not point
merely to an increase in rainfall – they point to an
increase in variability: the wet times will intensify and
the oscillations between wet and dry periods will be
more pronounced.
More rain - The annual rainfall in Hong Kong is forecast
to increase by about 1% per decade throughout this
century.46

Tropical storms - Tropical storms are a frequent risk to
Hong Kong. Some of these risks are mitigated by the
elaborate system of storm water drains and the fact
that most buildings are well above sea level.49 However,
powerful tropical storms can still cause economic
hardship through damage to buildings and disruption
of power, communications, and water supplies.
Uncertainties continue regarding whether climate
change will increase the intensity or frequency of
tropical storms and whether climate change will alter
their pathways.50 If storm intensity and frequency
increase due to climate change, then this would
exacerbate the potential for damage that tropical
storms already inflict on Hong Kong.

Box 3.3: Quick Facts

52

Annual rainfall since 1885:
• Lowest: 901mm (in 1963)
• Highest: 3,343mm (in 1997)

Figure 3.2: Even highly developed coastal cities of Asia are vulnerable to single climatic episodes
(Source: Agence France-Presse).
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Water scarcity - Historical records show that Hong
Kong’s rainfall has varied enormously from year to year
(see Box 3.3). Although climate change may produce
an overall increase in rainfall, the pattern of rainfall
may become more extreme with both very high rainfall
events and longer periods of low rainfall. This could
have serious consequences for Hong Kong’s water
supply.51
						
Potential for drought - Currently, Dongjiang in
Guangdong province supplies about 66% of Hong
Kong’s fresh water.53 However, increasing demand and
inefficient usage in Guangdong are already causing
water shortages.54 An increased risk of droughts points
to a need to adopt a more sustainable approach to the
management of water resources.55

the value of assets at risk of damage from a major
coastal flooding event over the next 60 to 70 years,
both Guangzhou and Hong Kong were ranked in the top
ten.60
Sea-level rise is a potential threat to coastal
wetlands such as at Mai Po.61 Listed under the
Ramsar Convention (an international treaty for the
conservation of the world’s most important wetlands),
the wetlands at Mai Po host over 120,000 migratory
birds comprising more than 100 species, including 14
globally endangered species. Its extensive mangrove
eco-systems are both a habitat for internationally
significant biodiversity and a buffer against the effects
of flooding.

3.4 Responding to the impacts
As the realities of climate change become clearer,
Hong Kong people will expect their homes and
workplaces to be cool if the weather gets hotter, dry
if the weather gets wetter, to have adequate water
on tap during droughts, and to be safe if there are
greater risks of flooding. The challenge is to ensure
that buildings provide adequate buffering against these
effects without contributing to the underlying causes of
climate change.

3.3 Sea level rise
While they may seem a long way from Hong Kong,
melting ice sheets and glaciers have global impacts.56
Rising sea levels will have serious consequences
for Hong Kong and the surrounding Pearl River
Delta, because much of the region is low-lying and
unprotected by seawalls or other barriers.57
Storm surge – A relatively small rise in sea level in
combination with a tropical storm could result in a
storm surge and extensive flooding.58 It is predicted
that by 2030 the sea level at the mouth of the Pearl
River will rise by 30cm, and this is expected to change
the timing of major floods from relatively rare events
(one-in-a-hundred-years) to much more common events
(one-in-twenty-years), or even less.59
Current & future risks of flooding – Guangzhou has
been ranked in the top ten most-at-risk cities in the
world, in terms of the number of people exposed to
the risk of a major coastal flooding event. In terms of
16

Figure 4.1: Greenhouse gas emissions in Macau
(Source: Environment Council 2005).62

4 A Perspective on Macau

As neighbours and influential members of the wider
Pearl River Delta community, Macau and Hong Kong
are well placed to share expertise and provide mutual
encouragement for sustainable building practices.
Macau faces particular challenges in relation to
the role of buildings in combating climate change
and other environmental issues. Firstly, Macau is a
small territory with a land area of only 29 km2. This
confinement means that the creation of new lands
by reclamation has been the preferred option for new
developments. Secondly, Macau is the second most

densely populated administrative unit on earth (the
first being Monaco). Thirdly, Macau has no fossil fuel
resources and imports all of the fuel needed to meet
its energy requirements. Lastly, the casino and tourism
boom of recent years has wrought enormous changes
for Macau, resulting in tremendous opportunities for
employment and development, with hotels, resorts,
places of entertainment, jobs, more inhabitants, more
apartments, more commerce and industry, more
construction works, and more vehicles. At the same
time, these factors put unprecedented strain on the
environment.

Figure 4.2: Sources of greenhouse gas emissions in Macau (Source: Environment Council 2005).63

4.1 Greenhouse gas emissions and energy
usage in Macau
The phenomenal development in Macau has seen the
territory’s greenhouse gas emissions increase by 76%
in less than 20 years (Figure 4.1). In 2005, almost half
of emissions come from local electricity generation
(Figure 4.2). Figure 4.3 shows energy consumption
by the different sectors; the most relevant sectors in
relation to buildings are the domestic and commercial
sectors, which accounted for about 43% of final
consumption in 2004.

Figure 4.3: Final energy consumption by sector in Macau in
2004 (Source: Environment Council 2005).64
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4.2

Role of hotels

Electricity usage in Macau - Macau’s per capita
electricity use grew by about 20% from 2004 to 2006
(Figure 4.4). The commercial sector dominates,
accounting for more than half of Macau’s electricity
consumption, followed by the residential sector, which
accounts for over a quarter of consumption (see Figure
4.5).

Tourism and leisure are integral to the economy
of Macau, with its historic centre listed as a World
Heritage site and its extensive promotion as the
entertainment and leisure hotspot of China. Therefore,
it is appropriate to focus on hotels in the discussion on
energy efficiency in buildings. According to the Macau
Government, electricity accounts for 60 to 70% of
the utility costs of a typical hotel. As with Hong Kong,
air conditioning accounts for a large proportion of all

electricity consumed, potentially over 50% of total
electricity used in a typical Macau hotel. Lighting is the
next biggest item, typically accounting for 25 to 35%
of total electricity.66 In a survey of Macau’s hotels in
2003, respondents revealed that many establishments
have instituted some energy conservation measures
cost effectively without sacrificing guest comfort.67
Figure 4.6 shows that energy efficient lighting was the
most commonly adopted measure.

Figure 4.4: Electricity consumption per capita in Macau
2004-2006 (Source: CEM 2006).65

Figure 4.5: Electricity consumption by sector in Macau in
2006 (Source: CEM 2006).

Figure 4.6: Use of energy conservation measures in hotels
in Macau (Source: Macau Hotel Environmental Survey
2003).68
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4.3 Implications of climate change for Macau

4.3.3 Hotter weather

As yet, there are no studies of long-term trends
or expectations for the climate in Macau. Given
its proximity to Hong Kong, there are likely to be
similarities between the two territories and, based on
the predictions for Hong Kong, some implications for
Macau are discussed below.69

Vegetated open space in the city is a buffer against the
warming effects of urban heat islands (which could be
exacerbated by climate change). Macau needs to give
more thought to the protection and conservation of
green spaces and street trees in the SAR.
4.3.4 Drought

4.3.1 Increased rainfall and heavier rainfall
The construction quality of many old buildings on
the peninsula of Macau is poor, as is their state
of conservation. Consequently, a wetter climate
with heavy rainfall is likely to accelerate the state
of dilapidation, possibly causing interior flooding,
damage to property, building collapse, and loss of
heritage. Flooding in Macau’s narrow streets could
cause major traffic inconvenience, clogged sewer lines,
and disruptions of power, communications and water
supplies.
4.3.2 Landslides
Landslides have not been common in Macau but
a pattern of heavier rainfall coupled with hurried
developments on hill slopes increases the potential for
slippage. Penha Hill and the slope of Guia Hill have
been subjected to major excavations to permit the
construction of luxury apartments and houses, and
parts of these hills were paved to prevent landslides.
Similar developments are occurring at the top of the
Cotai Strip and on the slope of Taipa Hill. Historically,
paving of slopes with concrete has been the common
way of dealing with landslides but it is far from being
the best solution, as has been discussed previously in
relation to Hong Kong.

In common with Hong Kong, Macau’s rainfall shows a
large degree of variability when one looks at historical
data (see Box 4.1).70 If climate change brings a more
extreme pattern of rainfall with longer dry periods,
then buildings in Macau will be forced to use more
effective water conservation measures to recycle water
and reduce consumption. Hong Kong’s approach of
using a separate pipe network for seawater used for
flushing toilets could be applied in Macau.

Figure 4.7: New casino and hotels in Macau result in both
opportunities for employment and development, as well as
significant increases in greenhouse gas emissions
(Source: Architects Association of Macau).

4.3.5 Rising sea levels
Many of Macau’s waterfront areas including the inner
harbor and the Cotai Strip could be at risk, as well as
main roads, the port and the airport.71

4.4 Responding to the impacts

Box 4.1: Macau Quick Facts

As with Hong Kong, an effective response to climate
change requires strong leadership from government
to create and support an underlying framework of
policies and laws by which all players in the building
industry must abide. As some of the most well
developed economies of China and as communities
that share a large degree of goodwill, Macau and
Hong Kong have an opportunity to work together on
sustainable building policy and technology, and provide
a positive example for the rest of the Pearl River Delta.

Annual rainfall since 1885:
• Lowest: 981mm (in 1963)
• Highest: 3,041mm (in 1982)
Number of rainy days:
• Lowest: 89 (in 1906)
• Highest: 212 (in 1998)
(Source: DSMG)70
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5 Building the vision

5.1 Tie-in to the global challenge
Many have begun only lately to realise that global
climate change is underway and that the causes are
largely anthropogenic. Some are beginning to develop
an understanding of the implications for nations,
populations, and customary ways of life.
Hong Kong and Macau are fortunate in having the
financial means to build a vision for a way of life
that can mitigate environmental impacts,72 adapt to
new climate conditions,73 and begin the regenerative
processes that will lead towards a more viable future.

Box 5.1: Water conservation
at Council House 2 (CH2)
Melbourne, Australia
CH2 is an office complex for the Melbourne City
Council. CH2 takes about 100,000 litres of toilet
water every day from a nearby sewer. This sewage
is then processed, along with sewage from the
building, through a multi-water treatment plant on
site. The system filters out the water and sends
the solids back to the sewer. The extracted water is
treated using a micro-filtration system that creates
A-grade clean water suitable for non-drinking uses.
Some of the recovered water is used for watercooling, plant watering, and toilet flushing; the rest
is used in other council buildings and city fountains.
(Source: Dianna Snape (photo) & C40 Large Cities
Climate Summit 2007).79
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As a C40 Climate Change Leadership Group member,
Hong Kong has expressed a willingness to begin
addressing climate change,74 which was reiterated
through the Hong Kong Government’s support of the
climate change declaration of the 2007 APEC leaders’
meeting.75
Within the context of the built environment, many
different groups need to become involved in the
discussion, including government, real estate
stakeholders, planning and design professionals,
and the people who ultimately live in, work in, and
otherwise use the buildings of Hong Kong and Macau.

5.2 Leadership from the front
Role for government - Almost all branches of
government have some influence on the creation
of energy efficient and low carbon communities
in Hong Kong and Macau, and inter-departmental
collaboration is vital for the development of policy.76

In contemplating the future of the two SARs’ building
stock, it is hoped that both Governments will be able to
address multiple concerns, including:
i)

Adaptation of revenue policies related to land
leases;
ii)
Tax policies that encourage environmental
responsibility, including the introduction of a
carbon tax;
iii) Instigating public works programmes that both
mitigate climate change and adapt to new
realities (such as rising sea levels) using low
carbon methods;
iv) Promoting ‘passive survivability’ policies for new
and existing buildings;77
v)
Adopting better energy policies;78
vi) Reducing carbon intensity through land use
policies that include re-evaluating the carbon
costs associated with land reclamation;
vii) Mitigating the climate impacts related to
transportation and building access; and
viii) Strengthening fresh water conservation and other
natural resource policies (see Box 5.1).
The SAR Governments can carry out a wide range of
measures to improve the environmental performance
of its own properties, as well as those under the
control of public organisations such as hospitals
authorities, public housing authorities, Hong Kong’s
Urban Renewal Authority, schools and universities.
Additionally, the two Governments can take advantage
of the intellectual resources of their territories’
universities by funding research into specific topics
related to the city environment, its buildings, and
climate change.

5.3 Real estate stakeholders’ buy-in
Developers - As primary decision-makers, private
sector developers have a particular responsibility
to create new building stock in ways that
minimise environmental impacts and that provide
accommodation that is well suited to a low energy, low
carbon future.
It is essential that developers make use of a growing
range of available green building ‘roadmaps’ to guide
development decisions, whether or not they seek
recognition from organisations such as HK-BEAM,
GreenGlobes, USGBC or others.80
Making development decisions earlier in the project
planning, design, and construction processes will make
it easier to achieve the desired result with the least
amount of practical and financial effort. There is every
incentive for developers to test the technical feasibility
and life cycle cost implications of low-energy, long-life,
low-carbon options as early in the process as possible.
As climate change impacts start to hit home, real
estate stakeholders will seek compensation from their
insurance brokers. Thus, it is not too early for Hong
Kong and Macau developers to commence a dialogue
with lenders and insurance companies both to see
mitigation measures reflected in insurance premiums,
and increase the likelihood of equitable compensation
in the event of weather-induced damage.

Building managers - Building managers are
tasked with ensuring that facilities actually achieve
performance targets. This is a daunting task, as
virtually none of the existing building stock of Macau
or Hong Kong has been adapted to provide healthy,
comfortable indoor environments and function at
reduced energy levels.
Matters that management companies may consider to
ensure that the two SARs’ buildings will be in the best
position possible to address climate change challenges
include:
i)
ii)

iii)
iv)

v)
vi)

Supporting whole building commissioning
principles for new and existing buildings;81
Increasing staff awareness of energy
management and housekeeping best practice
standards through education programs;82
Understanding the pros and cons of performance
contracting agreements;
Understanding the benefits of energy auditing,
and taking advantage of monitoring and
verification protocol principles and building
automation systems;83
Integrating ‘passive survivability’ into emergency
action plans;84 and
Creating effective feedback loops with developers
and design consultants to ensure that future
projects will benefit from the ‘lessons learnt’
based on operational experience.

5.4 Professionals thinking out of the box
Architects and Engineers – As developers’ primary
professional advisors, architectural and engineering
consultants will be expected to propose best practice
solutions that enable buildings to answer climate
change challenges, in terms of both adaptability and
minimising impacts.
Such a responsibility is enormous, and all design
professionals would be well advised to keep abreast of
the latest information about green building practices
by taking advantage of continuing professional
education opportunities, and by actively supporting
their professional institutions.85
Geotechnical and Civil Engineers – Civil engineers
have a major role to play in building site formation, as
well as the design of roadways and drainage systems,
and there are several topics that immediately stand
out in terms of how these professionals can help Hong
Kong and Macau address climate change. These are:
i)
ii)
iii)
iv)

Reducing the environmental impacts associated
with land reclamation;
Providing technical advice on appropriate
strategies to adapt to rising sea levels;
Developing slope stabilisation solutions that also
reduce the urban heat island effect; and
Replacing impervious surfaces that add to storm
erosion with porous alternatives.
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Planners and Landscape Architects – There is a
growing realisation internationally that urban planners
and landscape architects can contribute a great deal in
advancing cities’ climate change plans.
Since developers in Hong Kong and Macau rarely
engage landscape architects except to decorate
planting areas, it is likely that there is little general
knowledge about how landscape architects can help
to reduce impacts, promote biodiversity, as well as
restore and regenerate ecosystems.86 Landscape
architects are crucial in areas such as:
i)

Figure 5.1: Typical mixed use building in Kowloon
(Source: Leng Woo, CUHK).

ii)

iii)
iv)

Reducing CO2 levels and improving microclimates
by planting shade trees and other vegetation that
reduce the urban heat island effect;
Advising on bioremediation techniques using
plants to remove contaminants from surface and
groundwater systems;
Promoting biodiversity by providing wildlife
habitat and food; and
Restoring coastlines to minimise potential
damage to populated areas.87

Research to support professional knowledge – Several
universities in Hong Kong have already done a
great deal of applied research that can help further
professionals’ knowledge of buildings and the
environment.88

Figure 5.2: Typical streetscape of old Macau
(Source: Architects Association of Macau).
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Additionally, the Hong Kong Housing Authority and
others have commissioned consultancy studies
that advance understanding on topics such as the
microclimate effects of ‘street canyons’ and ‘urban
walls’ using computational fluid dynamics techniques
(see Box 5.2).

The vision must be to complete all new buildings
in Hong Kong and Macau to much higher energy
efficiency and emissions standards, and ongoing
research will be needed for some time to advance best
practice principles.90 Additionally, just focusing on new
buildings will not be enough and attention is urgently
needed to improve the environmental performance
of existing building stock.91 Both research studies
into retrofitting existing buildings and demonstration
models of Hong Kong/Macau typologies are
immensely important if the energy intensity of
existing buildings is going to be improved significantly.
Improving the environmental performance of existing
buildings is challenging but immensely important given
that most of the two SARs’ current stock is going to be
in operation for decades to come.

5.5 People who use buildings must be on board
Any vision for a real, sustainable policy aimed at
reversing anthropogenic climate change must secure
the active support of the full spectrum of society.
A well-designed building can operate sub-optimally
if people are unaware of how to make best use
of its features. Similarly, even in poorly designed
premises, the behaviour of occupants can alleviate
some of the inherent shortcomings of the building.
Whether at home or in the workplace, there are many
opportunities to turn off lights and equipment when
no longer needed, and replace inefficient light bulbs,
plug-in appliances, and air-conditioning systems with
energy efficient alternatives.93 Simple actions like
unplugging devices that have a stand-by mode (such
as televisions),94 and regularly cleaning air conditioner
filters can further help reduce energy wastage.

Box 5.2: Street Canyon Effect
What is a ‘street canyon’?
•
•

A

B

C

D

Formed between rows of tall buildings.
Can impede airflow and trap pollutants generated
at street level from traffic.

What does the effect depend on?
•
•
•
•

Direction of prevailing winds.
Ratio of building height to width.
Nature of neighbouring buildings (e.g., tall
buildings in front of short buildings).
Size and number of gaps between buildings.

Researchers at the Hong Kong University of Science
and Technology are trying to quantify the effect of
street canyons on air ventilation.
The figure opposite is a computer simulation of
ventilation processes that disperse pollutants in four
different building configurations, with the prevailing
winds flowing from left to right. The dispersion of
heat would follow a similar pattern. ‘A’ represents a
streetscape with tall buildings in front of short; ‘B’
shows buildings of intermediate height in front of
short; ‘C’ shows buildings of roughly equal height;
and ‘D’ shows short buildings in front of tall. The blue
feature represents pollutants generated from street
level traffic. The simulation predicts that pollutants
linger in A and B, but are dispersed in C and D. The
research shows the importance of urban planning to
ensure adequate ventilation between buildings. Such
ventilation is not only an issue for air pollution but will
be important for cooling the city as a result of climate
change and urban heat islands.

Figure 5.3: Impact of building configurations on air ventilation (blue feature represents undispersed pollutants)
(Source: Fung 2007).89
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Box 5.3: Berlin retrofit policy
The City of Berlin in partnership with Berlin Energy
Agency (BEA) has pioneered a model for improving
energy efficiency in buildings. They project
manage the retrofit of public and private buildings,
preparing tenders for work that will guarantee
reductions in emissions. CO2 reductions averaging
26% are written into the public retrofit tenders
so that winning Energy Services Companies must
deliver sustainable energy solutions. These retrofits
cost the building owners nothing, and the buildings
make immediate savings.
(Source: C40 Large Cities Climate Summit 2007).92
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In creating the vision of how to address climate
change, it is important for experts and decision-makers
to recognise that people will still continue to want to
have control over their lives. Experts should make every
effort to understand human psychology, and present
initiatives in the most palatable, least painful way
possible. With public education and support, initiatives
that otherwise might be extremely costly or doomed to
failure, can be implemented easily and cheaply.

5.6 Fitting it all together
Though this paper argues for a stronger lead from
government in setting the groundwork for a better
response to climate change generally and energy
efficiency specifically, government policy is only a
first step in rallying the various players in the building
sector to build a vision of sustainable communities for
Hong Kong and Macau. When the government provides
strong leadership by implementing effective policy,
then the people of Hong Kong and Macau can expect
to see the various segments of the building sector
working more like the cogs in a well-oiled machine.

6 Conclusion

By combining strong leadership from government with
formidable technical expertise and financial capacity,
Hong Kong and Macau have an opportunity to be
among Asia’s leading cities when it comes to energy
efficient buildings with a low carbon footprint that are
adapted to the effects of climate change. There are
existing technologies that can result in much greater
energy efficiency in buildings, which would have
substantial benefits to society as a whole in lowering
long-term energy requirements, improving local air
quality and reducing emissions of greenhouse gases.
However, for the most part, the costs and benefits of
these issues are external to the various players in the
building sector (e.g., developers, builders, property
owners, renters, and governments looking to maximise
near term government revenues).

In this case, responsibility ultimately falls on the
Governments of Hong Kong and Macau to structure
regulations and other incentives in such a way as to
internalise the major external costs and benefits into
the decision making process, and ensure that buildings
are performing to optimal environmental standards.
Until the Governments recognise their responsibility,
the opportunities of energy saving technologies will
continue to be wasted.

As the planet heats up, the people of Hong Kong and
Macau will be justified in expecting their Governments
to take timely action to mitigate the impacts of
climate change and reduce the two regions’ carbon
footprint. Whether as regulator or as manager of its
own real estate, government must demonstrate that it
is implementing effective policies that maximise the
long-term asset value of the building stock for the sake
of future prosperity.

Responsibility ultimately falls on the
Governments of Hong Kong and Macau to
… ensure that buildings are performing to
optimal environmental standards.
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Appendix

Costs

Housing Authority
Block

Private Sector
Block

HK$/m2
Capital Cost

5,354

8,084

Repair & maintenance cost

4,185

4,859

Operational costs (Management)

2,835

5,177

Operational costs (Utilities)

6,545

4,525

47

90

18,965

22,736

End of life costs (Demolition)
Total for whole life

Table i: Whole-of-life costs for a public and a private residential block in Hong Kong95
(Source: based on Humphrey et al. 2004).

Energy Use Phase

Housing Authority
Block

Figure iii: Energy consumption in a low energy office (LEO) building in Malaysia
compared with conventional standards (Source: UNEP 2007).97

Private Sector
Block

MJ/m2
Initial energy use

6,058

8,708

Repair & maintenance energy use

8,052

12,128

17,733

12,836

56

83

31,899

33,755

Operational energy use
End of life energy use
Total for whole life

Table ii: Whole-of-life energy profile for a public and a private residential block in Hong
Kong96 (Source: based on Humphrey et al. 2004).
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a proposal to make mandatory the provisions of the Building Energy Codes. The proposal
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of the Building Energy Codes, Ref. http://www.enb.gov.hk/en/resources_publications/policy_
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19 The Hong Kong Government’s proposal on the mandatory implementation of the Building
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for washing, cooking and drinking, and seawater for use in toilets. The investment in these
dual-pipe systems has helped immensely to conserve fresh water reserves. Thus, Hong Kong
has an existing infrastructure that can be further developed to manage water resources in the
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56 IPCC (2007) Synthesis Report (cited above): worldwide mean sea levels are expected to rise
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62 Conselho do Ambient (Environment Council) (2005) (cited above), from data produced by
the Institute for the Environment of Portugal (IA).
63 Environment Council (2005) (cited above), using IA data.

52 Hong Kong Observatory, http://www.hko.gov.hk/climate_change/future_climate_
e.htm#rainfall

64 Environment Council (2005) (cited above), using data from the Department of Statistics &
Census (DSEC), Macau.

53 Water Supplies Department (2006) web page on Information & Publications
– Miscellaneous Data - Water Resources, http://www.wsd.gov.hk/en/html/info_publ/stat/
consump.htm

65 CEM (2006) Annual Report (CEM is Macau’s electricity supply company).
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www.china.org.cn/english/environment/189658.htm; and He, H (2007) “Another year of water
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necessitated water rationing and the public was supplied with water only once every four days.
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69 For the sake of discussion, it has been assumed that Macau would face similar climate
changes as Hong Kong, although this should be tested by research.

81 For further information, refer to the Hong Kong Association of Energy Engineers http://
www.hkaee.org or the Building Commissioning Association http://www.bcxa.org/

70 Direcção dos Serviços Meteorológicos e Geofisicos (Meteorological & Geophysical
Services), Macau SAR Government, http://www.smg.gov.mo/smg/centenary2/index_four.htm

82 For example, refer to the Certified Facility Manager education program available through
the International Facility Management Association, Hong Kong (IFMA): http://www.ifma.org/
learning/fm_credentials/cfm_index.cfm

71 See “Caught in a rising tide”, article in Macau Closer, July 2007 (an interview with
Professor Mok Kai Meng, Associate Dean of the Civil & Environmental Engineering Department
of Macau University).
72 ‘Mitigation’ is defined by the International Panel on Climate Change as “Technological
change and substitution that reduce resource inputs and emissions …mitigation means
implementing policies to reduce [greenhouse gas] emissions and enhance [carbon] sinks”:
Glossary of Terms used in the IPCC Fourth Assessment Report (2007), http://www.ipcc.ch/pdf/
glossary/ar4-wg3.pdf
73 ‘Adaptation’ is defined by the International Panel on Climate Change as “Initiatives and
measures to reduce the vulnerability of natural and human systems against actual or expected
climate change effects. Various types of adaptation exist, e.g. anticipatory and reactive, private
and public, and autonomous and planned”: Glossary of Terms used in the IPCC Fourth Assessment
Report (2007), http://www.ipcc.ch/pdf/glossary/ar4-wg3.pdf
74 See http://www.c40cities.org/. Hong Kong and Macau may also wish to take note of other
city-based aims including Singapore’s National Climate Change Strategy http://www.mewr.gov.
sg/climate_change/index.html, the U.S. Conference of Mayors Climate Protection Agreement.
http://www.usmayors.org/climateprotection/documents/mcpAgreement.pdf, “PLANYC 2030 –
A Greener, Greater New York” http://www.nyc.gov/html/planyc2030/html/challenge/challenge.
shtml, and “Adapting to Change: A Checklist for development – Guidance on designing
developments in a changing climate” by the British South East Climate Change Partnership
http://www.london.gov.uk/climatechangepartnership/docs/adapting_to_climate_change.pdf
75 APEC (2007) (cited above).
76 The success of the Environment Bureau’s proposals on the mandatory implementation
of the Building Energy Codes will test how easy it is for government to implement effective
climate change mitigation policies.
77 ‘Passive survivability’ means the ability of inhabitants to continue living in a building
in the event that the power is cut off. It requires that buildings maintain water supplies and
connectivity to the rest of the city indefinitely. Government could further develop the ‘passive
survivability’ concept by enabling large private developments and public housing estates to
reduce their reliance on centralised power station-generated electricity. More specifically,
government could enable property owners to take advantage of high urban densities to
promote ‘distributed’ energy, whereby large developments and estates get some or all of their
electricity from energy efficient, on-site fuel cell, micro-turbine or cogeneration technologies.
78 The Government may even find it necessary to renegotiate the Scheme of Control
Agreements recently entered into with CLP and HEC: http://www.enb.gov.hk/en/resources_
publications/agreement/index.html
79 Case study based on materials from the C40 Large Cities Climate Summit, New York 2007,
http://www.nycclimatesummit.com/casestudies/building/ecoBldg_melbourne1.html
80 See http://www.hk-beam.org.hk/general/home.php, http://www.greenglobes.com/design/
homeca.asp, and http://www.usgbc.org/DisplayPage.aspx?CMSPageID=222
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83 For example, refer to the American Society of Heating, Refrigerating & Air-conditioning
Engineers’ (ASHRAE) Building Automation & Controls Network (BACnet) protocol (Standard
135): http://www.ashrae.org.
84 Few of Hong Kong’s high-rise buildings are well adapted to respond to the threats
associated with prolonged power outages. Even if a building is equipped with a diesel
generator, the power output is limited both in terms of power distribution within the building,
and in the length of time the generator can remain operational. Furthermore, diesel fuel is
noxious and contributes to global warming.
85 In addition to the Hong Kong Institute of Architects (HKIA), the Hong Kong Chapter of the
American Institute of Architects (AIAHK), the Hong Kong Institute of Engineers (HKIE), design
professionals can also participate in the activities of the local ASHRAE Chapter, and the Hong
Kong based Professional Green Building Council: http://www.hkpgbc.org/.
86 For further information about how landscape architects can contribute towards
strengthening the climate change vision of Hong Kong and Macau, refer to the International
Federation of Landscape Architects: http://www.iflaonline.org/
87 For example, mangrove swamps have proven to be highly effective in reducing the
damaging effects of storm wave action.
88 This list is extensive and includes the Hong Kong University’s Department of Mechanical
Engineering and Department of Medicine, School of Public Health; the Hong Kong Polytechnic
University’s Department of Building Services Engineering; the Hong Kong University of Science
& Technology’s Institute for the Environment; and the Chinese University of Hong Kong’s
Department of Architecture.
89 Fung, J. C. H. (2007) Roadside Air Pollution and Street Canyon Effects, International
Conference on Environment & Health 2007: Air Quality & Health, Hong Kong.
90 For what can be done, see “Getting to Zero – The Frontier of Low-Energy Buildings”,
Environmental Building News, Vol. 14, No.10, 2005, http://www.buildinggreen.com/
91 On the face of it, the task of retrofitting old buildings is daunting. A look at the typical highrise, multi-unit, mixed-use building in Wan Chai or Mong Kok reveals the challenge that Hong
Kong faces (see Figure 5.1). Concrete walls and roofs have little or no thermal insulation, and
most of the metal-framed windows have only single-pane glazing. Façades are devoid of sun
shading, and the climate control is achieved via window air conditioners. Also see common
typologies on the Hong Kong Urban Renewal Authority’s Rehabilitation Project web site: http://
www.ura.org.hk/html/c518000e1e.html
92 Case study based on materials from the C40 Large Cities Climate Summit, New York 2007,
http://www.nycclimatesummit.com/casestudies/energy/energy_berlin.html
93 EMSD Energy Efficiency Labelling Scheme: http://www.gov.hk/en/residents/environment/
energy/efficiencylabel.htm. Also see the US Department of Energy’s EnergyStar programme,
which rates the energy efficiency of products: http://www.energystar.gov

94 The proliferation of appliances in Chinese households with standby mode is expected to
be enormous. A 2006 report from the IEA predicted that without the implementation of an
appropriate energy efficiency policy on standby power, China will need a further eight large
nuclear power stations by 2020 just to feed the demand for standby power: Bradley, R. &
Yang, M. (2006) Raising the Profile of Energy Efficiency in China - Case Study of Standby Power
Efficiency, joint publication of OECD and IAE, Paris, France, p.18, http://www.iea.org/textbase/
papers/2006/StandbyPowerChina19Sep06.pdf.
95 Based on a 50-year life.
96 Based on a 50-year life.
97 UNEP (2007) (cited above), pp. 45 & 70, quoting Kumar Roy, A., Mahmood Rahim, A.,
Baslev-Olesen, O., Lojuntin, S., Tang, O. & Kannan, K. (2005) “Low Energy Office Building in
Putrajaya, Malaysia. Case Studies and Innovations”, in: Conference on Sustainable Building South
East Asia, 11-13 April 2005, Malaysia.
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