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Foreword

This book is timely; but I can't help wishing we had had it when Hong Kong was recovering from the Pacific war
and post-war reconstruction was about to begin.

Before the war much of the built-up area of the city was guided by the straight length of a China fir pole, which
served as a roof beam for the many shop houses that lined our narrow streets and, most importantly, to which their
owners had title. Indeed, you can still see some of these strange pencil buildings, which this gave rise to, wedged in
between high rises in parts of the city. In the decades after the war it was the lack of familiarity and expense of
elevators that limited our buildings to what would be the tolerable height to climb a staircase — nine storeys was
about the limit.

At the time, the new runway at Kai Tak Airport in the city centre set a height limit at 60m above principal
datum for any future building in Kowloon. This gave rise to a not unpleasing flat-roofed city without ugly
competition in height or sight. The closing of the city airport in 1997 and the consequent removal of the height
limit without restriction, except that of plot ratio, and without a great deal of thought as to what real estate
developers would make of this literally golden opportunity, resulted in environmental destruction on a grand scale.
It permitted monster buildings to be built, almost hiding the lovely mountains that encircle our city and are such
a scenic feature of Hong Kong, further shutting out views of the harbour.

In addition to these depredations, no one thought about the effect that the growth of traffic or the helter-skelter
industrialization of the Pearl River Delta would have on the air we breathe. Pragmatism and profit have influenced
policies and good planning. Given that land is in short supply, we could really have done better. Surely we have
some fine high-rise buildings; but we have lost so much. Now we have buildings that are packed close together in
a wall, flats which never have a ray of sunshine to enjoy, and streets described as ‘airless canyons’.

This book brings together expert opinions from many disciplines and many nations to give their experience
and advice on these matters together under one cover; it will be a valuable guide, a vade-mecum to all of those
involved and employed in the work of building our towns and cities not just here, but anywhere in the world. I
should like to express my most sincere thanks to them.

A last word: we have not finished building Hong Kong. I pray we make some changes from now on.

Sir David Akers-Jones
Former Chief Secretary (1985—1987) and Acting Governor (1986—1987) of Hong Kong
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@ City with at least 1,000,000 inhabitants in 2006

Source: Data from Thomas Brinkhoff — The Principal Agglomerations of the World, www.citypopulation.de

Figure P.1 Cities with more than 1 million inhabitants

The year 2006 was a memorable year. From then on, more than 50 per cent of the world’s population would live
in cities (see Figure P1). The number of cities and megacities has continued to be on the rise. There are now more
than 20 so-called megacities (cities with a population of more than 10 million), and more are being added to the
list every day. More than 400 cities worldwide now have populations in excess of 1 million. Urbanization and
higher-density living is an irreversible path of human development.

The world’s population is not spread evenly across the Earth’s land mass. On a per country land area basis,
Europe, China and the Asian subcontinent have the higher population density, in the order of 300 to more than
1000 people per square kilometre. However, a low number like this may be misleading. A more telling picture is
density in urban areas, sometimes known as urban population density (see Table .1). New York, for example, has
an urban population density of only 1750 individuals per square kilometre; London has 5100; whereas Asian cities
such as Delhi and Tehran have higher densities of 10,700 and 12,300 individuals per spare kilometre, respectively.
Some cities such as Hong Kong and Mumbai have very high urban densities in excess of 20,000 people per square
kilometre.

More affluent Asian cities in Japan and cities in Europe have urban densities in the order of 2000 to 5000
people per square kilometre. City sprawl in the US means that urban densities are low, at around 1000 per square
kilometre or less. Except Hong Kong, generally speaking, high-density cities mean poor cities. Of the 20 highest-
density urban cities in the world, 16 are in India, with the rest in China, Bangladesh and North Korea. Finding
ways of designing high-density cities must therefore be one of our humanitarian goals (Jenson, 1966).

There is another way of looking at urban density, and that is to note the density of urban development (see
Tables P1 and P2). The most interesting observation is that most cities are now moving towards high-density
development. In Canada, for example, newer developments house around 5000 to 7000 people per square
kilometre. Higher-density living will continue to be developed and will soon be the norm.

There are commercial and sometimes even political reasons for high-density living (Walker, 2003). Higher and
more compact city design conserves valuable land resources, reduces transport distance and, thus, the energy
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Table P.1 Urban density Table P2 Urban density — new development
City Urban area Urban density City Urban density
(km?) (person per (person per km?)
km?) .

Hong Kong, China 54,305
Hong Kong, China 220 29,400 Los Angeles, USA 7744
Macau, China 23 23,350 Singapore 18,622
Beijing, China 4300 4300 Manila, Philippines 55,686
Shanghai, China 2396 5700 Tokyo-Yokohama 16,640
Singapore 479 8350 Sydney, Australia 2960
Manila, Philippines 1425 13,450 Sacramento, USA 5700
Mumbai, India 777 21,900 San Francisco—San Jose 6721
Delhi, India 1425 10,700 Vancouver, Canada 5054
Tokyo-Yokohama 7835 4350 Paris 4516
Sydney, Australia 1788 2050 Source: www.demographia.com
Tehran, Iran 635 12,300 ’ ’ '
Cairo, Egypt 1269 12,800
S0 Paulo, Brazil 2590 7200
Paris 3043 3400
London 1623 5100
Berlin 984 3750
New York 11,264 1750
San Francisco—San Jose 2497 2150
Toronto, Canada 2500 2500
Mombasa, Kenya 57 14,050

Source: www.demographia.com

needed, and the density makes public transport more viable (Smith, 1984; Betanzo, 2007). Advocates argue that
high-density cities are more efficient economically (see Figure P.2). There are, of course, downsides. ‘Experts warn
against high-density housing’ was a headline of the Guardian newspaper on 18 November 2003; it named noise and
privacy two of the main drawbacks. There are other concerns (Phoon, 1975). The stress of crowded living is one of
them (Freedman, 1975; Travers, 1977); ‘high density and low diversity’ is another. Doubtless, concerns are mostly
based on the past and unhappy episodes of squatters, high-rise council flats and slums. Nonetheless, the message is
clear. Can we continue using our traditional wisdom in designing high-density cities and homes? The answer is
obviously no.

This book focuses on the socio-environmental dimension of the subject. It attempts to bring together scholars,
experts and practitioners of high-density city design to share current experience and knowledge on the subject. One
must, however, see this offering as only representing a start. One is only getting there, and there is a long way to go.

It can be difficult to define exactly what high-density living is. In the UK, it probably means a rise from 10 homes
to 20 homes per acre. In Australia, it probably means an increase from 1000 to 3000 people per square kilometre. In
Hong Kong, it may mean an increase from 40-storey to 60-storey high-rise residential buildings. As such, when we
talk about high-density living, there is a good possibility that we are talking about different things. Hence, it is very
important to bear this diversity in mind. There is a need to expand understanding of the term ‘high density’. In
Part I, Vicky Cheng delineates various ways of looking at density in Chapter 1. She argues for a diverse way of looking
at perceived density. After all, density is not noticeable unless it is seen. In Chapter 2, Brenda and Robert Vale cast
the discourse on high-density living on a wider and perhaps more holistic basis. A high-density city still need its
hinterland to supply it with the required resources. As a result, the equation for efficiency may not be as
straightforward as at first perceived. High density may not be the only option. Susan Roaf believes that high density
(not high rise) is the inevitable future (see Chapter 3). One only needs to find ways to cope with it. Roaf looked at
high-density living from health, vulnerability, security and equality points of view. She reckons that there is a limit
to high density, and one must be prudent in trying to assess the limit contextually and appropriately. Heng and
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« living closer together encourages more community interaction, and reduces isolation
for vulnerable social groups, such as young families;
« compact settlements require less transport and reduce car use, with health and
environmental benefits;
« higher-density development is environmentally beneficial, resulting in lower carbon
emissions;
« in rural areas, more compact villages could help to stem the decline in rural services,

such as shops, post offices and bus services.

Source: Willis (2008)

Figure P.2 Reasons for high-density living

Malone-Lee also caution how the notion of density should be debated and understood. They reckon it is related to
building and urban form, and how uses are mixed. The authors discuss diversity and flexibility, complexity and size,
and problems with over-determination as ways to dissect the discourse. Roaf, Heng and Malone-Lee highlight the
challenges of the quest towards high density. One must not be too simplistic about the potential complexity and
unknowns facing researchers, designers and planners. Together, they have set the scene for authors of Part II.

In Part I, the climatic considerations of high-density living are the main thesis of Chiu-Ying Lam’s and Wing-
Mo Leung and Tsz-Cheung Lee’s chapters (Chapters 5 and 6). Urban climate and liveability can be important
factors in designing high-density cities. After all, it is people for whom we build our cities, and when failing to
provide for inhabitants climatically, high-density cities have no value and little meaning. High-density living,
furthermore, has its environmental problems. Heat islands and hot nights are problematic issues. Lam, in particular,
vividly argues that the poor and the weak are most in need of our attention when designing high-density cities. The
environmental dimensions of high-density cities, especially in tropical and subtropical climatic zones, are important
to get right. In Chapter 7, Lutz Katzschner reckons that urban climate is an important consideration. The use of
urban climate maps may allow planners and policy-makers a better and strategic view of urban design.

Part IIT of this book is about various environmental considerations of high-density design. Cities are designed
for people. In Chapter 8, Baruch Givoni argues that, environmentally, the thermal comfort of inhabitants should
be a key focus. Givoni stresses the importance of research leading to a better understanding of thermal comfort in
high-density cites. It is only with better information about what is needed that designers can design appropriately.
Koen Steemers and Marylis Ramos further the thesis in Chapter 9, but stress the need to ensure diversity in city
design. We are all different. Cities with many people need to provide various kinds of space to address this need for
difference. The concept of ‘choice’ is useful.

Edward Ng’s chapters on ventilation and daylight (Chapters 10 and 13) highlight important aspects of high-
density designs. Light and air are basic human needs. In high-density cities, the provision of light and air can be
difficult. Ng argues that there is a need for a complete rethink when designing high-density cities. A paradigm shift
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of methodology is required. The topic of environmental degradation is echoed by Francis Allard, Christian Ghiaus
and Agota Szucs in Chapter 11. Ventilation for comfort and the cooling potential of ventilation, both indoor and
outdoor, in high-density cities are explained.

Apart from air and light, opponents to high-density living have raised the issue of noise. Close proximity of
apartment units exaggerates the problem. In Chapter 12, Jian Kang explains a method of looking at noise based on
urban morphology. The concept of ‘soundscape’ may help us to see problems as opportunities. Another
environmental issue of high-density living is waste. In Chapter 14, Chi-Sun Poon and Lara Jaillon suggest a few
ways of minimizing waste production due to development. Low-waste building technology may be a way out. There
is also a need for corresponding policy by the government. The risk of fire that comes from living too close together
is the focus of Wan-Ki Chow’s chapter (Chapter 15). Performance-based fire engineering is preferable, and Chow
elaborates upon the concept of total fire safety.

Urban greenery to alleviate the adverse effects of high-density cities and urban heat islands is discussed in
Chapter 16 by Nyuk-Hien Wong and Yu Chen. Greenery and green open spaces not only address the thermal
comfort problem; they also offer an alternative to city dwellers seeking an outside oasis.

The energy issue of high-density living is addressed by Adrian Pitts in Chapter 17, such as how renewable
energy can be of meaning in high-density city design. A holistic view based on environmental assessment is further
offered by Raymond J. Cole in Chapter 18. The need to look beyond a simple building is very important when we
are dealing with high-density living. Perhaps it is not the space within building envelopes that matters. It is the
spaces in between buildings that test the design of high-density cities.

Apart from environmental considerations, the social aspects of high-density living are dealt with in Part IV by
Bryan Lawson (Chapter 19), Sung Woo Shin (Chapter 20), John C. Y. Ng (Chapter 21) and Kam-Sing Wong
(Chapter 22). Lawson theorizes that the perception and identity of open spaces in high-density cities are particularly
important in providing inhabitants with a sense of belonging.

Can high-density cities also be eco-cities? Shin reckons that much further research is needed. Is sustainable high
rise a solution? Shin has raised more questions than one can easily find answers to. Ng, on the other hand, is much
more optimistic. He can afford to be so as he has demonstrated with his high-rise high-density residential housing
in Hong Kong that the holy grail of high-density living is a definite possibility. It should, however, be noted that
this is not an easy path. Ng argues that social acceptability through participation may offer a way out. Lawson has
suggested an evidence-based approach with creativity. Last, but not least, Wong’s chapter recaps some of the key
views expressed. Quality city living in a high-density context means that there is a need for balance. High density
is not a one-way path, and there is definitely a limit to it. Using the example of wall buildings in Hong Kong, Wong
speculates on the idea of eco-density. There is a need for innovation.

There are many more socio-economic issues regarding high-density cities and high-density living than a single
volume can hope to embrace. Nonetheless, the 22 chapters have painted a diverse and yet cohesive picture. The fact
is that designing for high-density living is not a straightforward extrapolation of our known wisdom and knowledge
base. The adventure needs care and sometimes a paradigm shift of thoughts and operations. As such, this book on
high-density living and city density only opens a can of worms that requires further efforts to put it back into order.
One thing is sure: the subject will continue to haunt us. There’s no easy way out and the discourse has just started.

Edward Ng, November 2009
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Understanding Density and High Density

Vicky Cheng

The word density, although familiar at first glance, is a complex concept upon closer examination.

The complexity mainly stems from the multitude of definitions of the term in different disciplines and
under different contexts. This chapter attempts to untangle the intricate concepts of density according
to two perspectives — namely, physical density and perceived density. A thorough comprehension of
these two distinct concepts of density will serve as a basis for understanding the meaning of high
density. Hopefully, this chapter will establish the ground for the discussions in later chapters on the
design of high-density cities with respect to the timeliest social and environmental issues.

Physical density

Physical density is a numerical measure of the
concentration of individuals or physical structures
within a given geographical unit. It is an objective,
quantitative and neutral spatial indicator. However, in
practice, physical density takes on a real meaning only
if it is related to a specified scale of reference.

For instance, density expressed as ratio of
population to land area can vary significantly with
reference to different scales of geographical unit. Take
Hong Kong as an example: if the land area of the whole
territory is taken into account, the overall population
density in Hong Kong is about 6300 persons per square
kilometre. However, only about 24 per cent of the total
area in Hong Kong is built up. Therefore, if the
geographical reference is confined to built-up land,
then the population density will be about 25,900
individuals per square kilometre, which is four times
the overall density of the territory. Hence, it is
important that the scales of geographical references be
explicitly defined in density calculation, otherwise
comparison of density measures will be difficult.

Nevertheless, there is no standard measure of density;
there are only measures that are more widely used than

Source: Vicky Cheng

Figure 1.1 People density

others. In town planning, measurement of physical
density can be broadly divided into two categories: people
density and building density. People density is expressed
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Source: Vicky Cheng

Figure 1.2 Building density

as the number of people or household per given area,
while building density is defined as the ratio of building
structures to an area unit. Common measures of people
and building densities are outlined as follows.

Measures of people density

Regional density

Regional density is the ratio of a population to the land
area of a region. The reference area is usually defined by
a municipal boundary and includes both developed
and undeveloped land. Regional density is often used as
an indicator of population distribution in national

planning policy.

Residential density

Residential density is the ratio of a population to
residential land area. This measure can be further
classified in terms of net and gross residential densities
based on the definition of the reference area. However,
there is no consensus on the definition of net and gross
areas; it varies across cities and countries. In the UK,
net residential area refers only to land covered by
residential development, along with gardens and other
spaces that are physically included in it; this usually also
takes into account half the width of adjacent roads
(TCPA, 2003). In Hong Kong and some states in the
US, net residential area only consists of the parcels
allocated for residence where internal road, parks and
other public lands are excluded (Churchman, 1999;
Hong Kong Planning Department, 2003).

Source: lllustration redrawn by Vicky Cheng, adapted from Greater
London Authority (2003, p11)

Figure 1.3 Net residential area

Source: lllustration redrawn by Vicky Cheng, adapted from Greater
London Authority (2003, p11)

Figure 1.4 Gross residential area

The measure of gross residential density considers the
residential area in its integrity. In addition to the area
allocated for residence, it also takes into account non-
residential spaces such as internal roads, parks, schools,
community centres and so on which are meant to serve
the local community. Nevertheless, in practice, it is
difficult to clearly define the extent of these
residentially related areas. Some developments may
take into account lands for purposes of serving a wider
neighbourhood and others may include non-
developable land such as slopes. This
inconsistency of inclusion leads to great ambiguity in

steep

gross density measurement and, in turn, makes
comparison difficult.

Occupancy density

Occupancy density refers to the ratio of the number of
occupants to the floor area of an individual habitable
unit. The reference habitable unit can be any kind of
private or public space, such as a dwelling, office,
theatre and so on. However, the reference area usually



refers only to an enclosed area. Occupancy density is an
important measure in building services design as it
provides an indicator for estimating the services
required. For instance, the electricity demand, space
cooling and heating load, provision of fire safety
facilities, and so forth are estimated based on the
occupancy density.

Occupancy rate, which is the inverse measure of
occupancy density (i.e. ratio of floor area of individual
unit to number of occupants), is commonly used as an
indicator of space available for individual occupants.
Higher occupancy rate means larger habitable area for
individual occupants. Regulation of minimum
occupancy rate is often used in building design to
safeguard the health and sanitary condition of habitable
spaces.

Measures of building density

Plot ratio (floor area ratio)

Plot ratio is the ratio of total gross floor area of a
development to its site area. The gross floor area
usually takes into account the entire area within the
perimeter of the exterior walls of the building, which
includes the thickness of internal and external walls,
stairs, service ducts, lift shafts, all circulation spaces,
and so on.

Site area refers to the total lot area of the
development, which, in most cases, is precisely defined
in the planning document. Since the definitions of
both floor and site areas are relatively clear in the
measurement, plot ratio is considered as one of the
most unambiguous density measures.

In planning practice, plot ratio is extensively
adopted as a standard indicator for the regulation of
land-use zoning and development control. Different
plot ratios for different types of land uses are often
specified in urban master plans as a provision of
mixed land use. Furthermore, maximum plot ratio is
often controlled in the master plan in order to
govern the extent of build-up and to prevent over-
development.

In building design, plot ratio is widely used in
design briefing and development budgeting as it
reflects the amount of floor area to be built and,
hence, can be used to estimate the quantity of
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resources required for construction; consequently, it
can forecast the financial balance of investment and
returns.

Source: Vicky Cheng

Figure 1.5 Plot ratio = 1

Source: Vicky Cheng

Figure 1.6 Plot ratio = 1.5
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Source: Vicky Cheng

Figure 1.7 Plot ratio = 2

Site coverage

Site coverage represents the ratio of the building
footprint area to its site area. Therefore, site coverage is
a measure of the proportion of the site area covered by
the building. Similar to plot ratio, site coverage of
individual developments is often controlled in urban
master planning in order to prevent over-build and to
preserve areas for greenery and landscaping.

The open space ratio, which is the inverse measure
of site coverage, indicates the amount of open space
available on the development site. However, the term is

Source: Vicky Cheng

Figure 1.8 Site coverage = 25 per cent

Source: Vicky Cheng

Figure 1.9 Site coverage = 50 per cent

sometimes also expressed as area of open space per
person and this measure is used by the planning
authority to safeguard a reasonable provision of
outdoor space for the population.

Apart from plot ratio and site coverage, other
density measures, such as regional and residential
densities, can also be expressed in terms of building
density. Measurement of residential density with respect
to number of dwellings per land area is an important
indicator in the making of planning policy. In the UK,
for instance, the government has set a residential density
of 30 dwellings per hectare as the national indicative
minimum for new housing development (UK Office of

the Deputy Prime Minister, 2006).

Density gradient and density profile

The density measures discussed so far are based on
averages over a land area. These measures can properly
reflect reality if people or buildings are fairly evenly
distributed over the entire area. However, in many
cases, especially when the reference geographical unit is
large in scale, the distribution pattern of people or
buildings can vary significantly.

Take Hong Kong as an example: the average
population density over the entire territory is about
6300 persons per square kilometre. Nevertheless, the
distribution of the population is very uneven across
districts, ranging from 780 people per square kilometre
in the outlying islands to 52,000 people per square
kilometre in the urban area (Hong Kong Census and
Statistics Department, 2006).



Source: Vicky Cheng

Figure 1.10 Hong Kong population density map
(magnitude represented in height): high density in the
central urban area and low density in outlying islands

In order to address the spatial variation of density, other
means of density measurements, such as density
gradient and density profiles, have been introduced.

Density gradient

Density gradient is defined as the rate at which density
falls (according to distance) from the location of

7000
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reference; therefore, a positive density gradient denotes
a decline of density away from the reference location.
The density gradient is usually derived from densities
measured in a series of concentric rings at a 10m or
20m width, radiating out from the location of the
reference (Longley and Mesev, 2002).

Density gradient is a composite measure of density.
Comparing the changing pattern of density gradients
over time can review the process of spatial evolution.
Figure 1.12 shows two changing patterns of density
gradient. Figure 1.12 (a) represents a process of
progressive decentralization with decreasing population
density in the urban centre and increasing density and
boarders towards the outskirts. In contrast, Figure 1.12
(b) depicts a process of centralization with growing
population density in both the urban centre and outskirts
and, at the same time, enlarging borders towards the
periphery. Between 1800 and 1945, the North American
exhibited the
decentralization, while European counterparts resembled
the latter process of centralization (Muller, 2004).

metropolis former process of

Density profile

Density profile refers to a series of density
measurements based on a reference location but
calculated in different spatial scales. Similar to density
gradient, it is a measure of the rate at which density

6000
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10203040 m
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Source: lllustration redrawn by Vicky Cheng and adapted from Longley and Mesev (2002, p20)

Figure 1.11 Population density gradient from the town centre towards rural outskirts
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(a)

Population Density Gradient: Decentralization

i

Population density

Period: Stage 1 Stage 2 Stage 3

Distance from town centre

(b)

Population Density Gradient: Centralization

Population density

Period: Stage 1 Stage 2 Stage 3

Distance from town centre

Source: lllustration redrawn by Vicky Cheng and adapted from Muller (2004, p62)

Figure 1.12 Density gradients over time: progress from stage I to stage 3 — (a) progressive decentralization with
decreasing population density in the urban centre and increasing density towards the outskirts; (b) centralization with
growing population density in the urban centre and outskirts, as well as enlarging borders towards the periphery

changes away from the reference location and is used as
an indicator of settlement structure.

Density profile has been adopted in the UK as the
basis for rural definition. In the UK rural classification
system, density profile is calculated based on land area
enclosed by a series of concentric circles of 200m,
400m, 800m and 1600m radii. The variation of density
at these successive scales is then used to characterize the
spatial structure of different settlements. For example, a
village as defined in the classification system has the
following properties:

* a density of greater than 0.18 residences per
hectare at the 800m scale;

* adensity at least double of that at the 400m scale;
and

*  a density at the 200m scale at least 1.5 times the
density at the 400m scale (Bibby and Shepherd,
2004).

Through comparing the measured density profile with
the predefined profiles, settlements of different spatial
structures can be classified.

Household density

Unit hectare

024 8 16x100m

Source: Vicky Cheng

Figure 1.13 Density profile calculated over
concentric circles of radii of 200m, 400m,
800m and 1600m



Building density and
urban morphology

Building density has an intricate relationship with urban
morphology; it plays an important role in the shaping of
urban form. For instance, different combinations of plot
ratio and site coverage will manifest into a variety of
different built forms. As illustrated in Figure 1.14, the
building transforms from a single-storey building to a
multi-storey tower as the proportion of site coverage
decreases.

In a similar vein, urban developments of the same
density can exhibit very different urban forms.
Figure 1.15 shows three settlements with the same
residential density of 76 dwellings per hectare, but in
different urban forms: multi-storey towers, medium-rise
buildings in central courtyard form, and parallel rows of
single-storey houses. Intrinsically, the three layouts are
different in many aspects; nevertheless, in terms of
urban land use, the proportion and organization of
ground open space is of particular interest.

The high-rise layout creates large areas of open land
that are suitable for expansive communal facilities, such
as libraries, sports grounds and community centres.
Nevertheless, without efficient land-use planning, these
spaces can run the risk of being left over, not properly
managed and end up producing problems.

The proportion of open area resulted in the
medium-rise courtyard form, although it is less than
that of the high-rise layout. However, unlike the
former, the courtyard space is enclosed and clearly
defined. It can be shaped as the central stage of the
community and, thus, encourages full use of space.
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The single-storey houses layout, on the other hand,
divides open space into tiny parcels for individual uses.
In this arrangement, the area for communal facilities is
limited; nevertheless, residents can enjoy their own
private open space.

In the face of rapid urbanization, the relationship
between building density and urban form has attracted
wide interest. Growing pressure of land scarcity as a
consequence of increasing urban population has
initiated extensive investigation on the spatial benefit of
multi-storey buildings. Mathematical and geometrical
analyses have been conducted to address the issue,
particularly concerning the relationships between
building height, plot ratio, site coverage and solar
obstruction (Gropius, 1935; Beckett, 1942; Segal,
1964; Martin and March, 1972; Evans, 1973;
Davidovich, 1968).

For an array of continuous courtyard form at a
given plot ratio, increased building height will always
lead to reduced solar obstruction, as shown in Figure
1.17. Or, to put it another way, provided that the
solar obstruction angle is kept unchanged, increased
building height will heighten the plot ratio.
Moreover, the site coverage will decrease
concurrently, which will lead to more ground open
space.

For urban form with an infinite array of parallel
tenement blocks, although geometrically different from
the courtyard form, the mathematical relationships
between building height, plot ratio, site coverage and
solar obstruction remain the same. Therefore, the
observations obtained from the courtyard form apply
to the parallel block form as well.

Plot ratio = 1, Site coverage = 100 per cent

Source: Vicky Cheng

Plot ratio = 1, Site coverage = 25 per cent

Figure 1.14 Two built forms with the same plot ratio bur different proportions of site coverage
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Source: lllustration redrawn by Vicky Cheng and adapted from Rogers
(1999, p62)

Figure 1.15 Same density in different layouss: (a) multi-
storey towers; (b) medium-rise buildings in central
courtyard form; (c) parallel rows of single-storey houses

For urban form with an infinite array of towers at a low
solar obstruction angle (below approximately 45°),
increased building height will always lead to a reduced
plot ratio. At high solar obstruction angles (above
approximately 55°), increased building height may
increase the plot ratio inidally, but further increment
will result in a reduced plot ratio.

Source: lllustration redrawn by Vicky Cheng and adapted from Martin
and March (1972, p36)

Figure 1.16 Three different urban forms: (a) courtyard;
(b) parallel block; (c) tower

Nevertheless, increased building height will decrease the
site coverage in both cases. Finally, compared to the
courtyard and the parallel block forms, at a given solar
obstruction angle and building height, the tower form
will always lead to a lower plot ratio and lower site
coverage.

In reality, site area is usually limited and urban form
is very often determined by the predefined development
density. Figure 1.18 shows the residential densities of
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Source: Vicky Cheng

Figure 1.17 Relationships between building height, plot ratio, site coverage and solar obstruction

Single family houses Multi-storey townhouses
25-40 units/net hectare 50-100 units/net hectare

High-rise apartment blocks
Multi-storey apartment blocks 1000 units/net hectare

120-250 units/net hectare

Source: Vicky Cheng

Figure 1.18 Residential densities of four different urban forms
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several existing urban forms (Alexander, 1993; Ellis,

2004; Campoli and MacLean, 2007).

Perceived density

Perceived density is defined as an individuals
perception and estimate of the number of people
present in a given area, the space available and its
organization (Rapoport, 1975). Spatial characteristic
per se is important in the perception of density; but in
addition, the interaction between the individual and
the environment as a whole counts even more.
Individual cognitive attributes and socio-cultural
norms are also factors that contribute to this
interaction (Alexander, 1993).

Furthermore, perceived density not only addresses
the relative relationships between individual and space,
but also between individuals in the space. For example,
suppose there are two spaces with the same occupancy
rate of 3 square metres per person; in one case, there is
a group of friends in a clubroom, while in another there
are several unacquainted people in a small lobby.
Clearly, these two situations are very different in social
and perceptual terms, even though they show the same
physical density (Chan, 1999). In order to distinguish
between these two different aspects of perceived
density, the concept of spatial density and social density
were introduced.

Spatial density refers to the perception of density
with respect to the relationship among spatial elements
such as height, spacing and juxtaposition. High spatial
density is related to environmental qualities, such as

Source: Vicky Cheng

Figure 1.19 Perceived density is about the interaction
between the individual and the space, and between
individuals in the space

high degree of enclosure, intricacy of spaces and high
activity levels, in which all of these qualities tend to
result in higher rates of information from the
environment itself.

Social density describes the interaction between
people. It involves the various sensory modalities, the
mechanisms for controlling interaction levels such as
spacing, physical elements, territorial boundaries,
hierarchy, the size and nature of the group involved, its
homogeneity and rules for behaviour, in which all of
these qualities affect the rates of social interaction
(Chan, 1999). In general, for high spatial density, the
primary problem is too little space, while for high social
density the primary problem is too many people with
whom one must interact.

Perceived density, therefore, is subjective as it relies
on individual apprehension; nevertheless, it is also
neutral as it does not involve any personal evaluation or
judgement. Crowding, on the other hand, refers to the
state of psychological stress that is associated with a
negative appraisal of density (Churchman, 1999).
Density, although a necessary antecedent of crowding,
is not a sufficient condition for causing the experience
of crowding (Stokols, 1972). Apart from physical
conditions, crowding also involves the evaluation of
situational variables, personal characteristics and
coping assets (Baum and Paulus, 1987). Research
suggests that as far as crowding is concerned, the
influence of social density is more significant than
spatial density (McClelland and Auslander, 1978).
However, the experience of crowding would be
intensified as a consequence of limited space since the
freedom of adjusting one’s physical proximity to others

is reduced (Mackintosh et al, 1975; Saegert, 1979).

Perceived density and
architectural features

DPerceived density emphasizes the interaction between
the individual and the environment; therefore, it is not
the actual physical density, but the perception of density
through this man-environment interaction that
matters. Prior studies concerning the indoor
environment have shown that alteration of density and
crowding perception is feasible through architectural
features such as colour, brightness, room shape, window
size, ceiling height, amount of daylight, use of screen
and partition, and arrangement of furniture (Desor,
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Figure 1.20 Architectural features that influence the perception of density

1972; Baum and Davis, 1976; Schiffenbauer et al,
1977; Bell et al, 2001).

In the urban environment, the perception of
density has been found to be associated with the built
form and certain urban features. Rapoport (1975)
outlined the importance of a list of environmental cues,
which are thought to have effects on perceived density;
these hypothesized factors include building height-to-
space ratio, building height, space openness, space
complexity, the number of people, the number of street
signs, traffic, light level, naturalness of the
environment, and the rhythm of activity.

In a guidebook for housing development authored
by Cooper-Marcus and Sarkissian (1988), design
attributes such as the overall size of buildings, space
between buildings, variety in building facade, and
visual access to open and green space are acknowledged
as contributing factors to the perception of density. On
the other hand, Bonnes et al (1991) pointed out that
spatial features such as street width, building height,
building size, and balance between built-up and vacant
spaces can affect people’s perception of density.

Flachsbart (1979) conducted an empirical study to
examine the effects of several built-form features upon
perceived density. According to his findings, shorter
building block lengths and more street intersections
could lower perceived density. However, surprisingly,
the influence of street width was found insignificant;
and other features such as street shape, slope and

building block diversity did not show noticeable effects.

Zacharias and Stamps (2004) proposed that
perceived density is a function of building layout.
Based on the findings of their simulation experiments,
building height, number of buildings, spacing and the
extent of building coverage have significant effects
upon perceived density. Nevertheless, architectural
details and landscaping did not show significant
influences.

By and large, research to date indicates that the
perception of density is related to certain
environmental cues; however, it is important to keep in
mind that besides physical characteristics, individual-
cognitive and socio-cultural factors are also prominent,
especially with respect to the notion of high density.
There is not an explicit definition of high density; it
varies from culture to culture and from person to
person. The next section furthers the discussion of

density with regard to the phenomenon of high density.

High density

Rapid urbanization since 1950 has exerted tremendous
pressure on urban development in many cities and has
been confronted with the scarce supply of land in
urban areas; densification has also become an
important agenda in planning policies around the
world. High-density development has consequently
been a topic of increasing interest worldwide; it
represents different notions in different countries,

across different cultures and to different people.
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Source: Vicky Cheng

Figure 1.21 High density in Hong Kong

The meaning of high density is a matter of perception;
it is subjective and depends upon the society or
individual’s judgement against specific norms. Hence,
societies or individuals of different backgrounds and
under different contexts come up with different
definitions of high density. For example, in the UK,
residential development with less than 20 dwellings per
net hectare is considered low density; between 30 to 40
dwellings per net hectare is considered medium
density; and higher than 60 dwellings per net hectare is
considered high density (TCPA, 2003). In the US, low
density refers to 25 to 40 dwellings per net hectare;
medium density refers to 40 to 60 dwellings per net
hectare; and high density refers to development with
higher than approximately 110 dwellings per net
hectare (Ellis, 2004). In Israel, on the other hand, 20 to
40 dwellings per net hectare is considered low density,
and 290 dwellings per net hectare is considered high
density (Churchman, 1999).

The term ‘high density’ is always associated with
overcrowding; however, the notion of high density
expressed in terms of building density has little to do
with overcrowding. High building density measured in
terms of plot ratio, for instance, refers to a high
proportion of built-up floor area. In the case of larger
dwelling size and smaller household size, higher plot
ratio may lead to lower occupancy density and,
therefore, more habitable area for individuals, in turn
mitigating the crowding condition. For instance, the
plot ratio of government housing development in
Hong Kong rose from about 3 during the 1970s to
about 5 in the 1980s; accompanied with this growth in
building density, the living space for occupants

increased from about 3.2 to 5 square metres per person
(Sullivan and Chen, 1997; Ng and Wong, 2004). Thus,
higher building density, in this case, actually helped to
ease the problem of overcrowding in dwellings.

The phenomenon of overcrowding has resulted
from the lack of space for individuals; thus, it is more
about high people density. However, as illustrated in
the example above, the relationship between building
density and people density is not straightforward and
depends to a great extent upon how people density is
measured. Again, Hong Kong may be taken as an
example. The average residential density of government
housing projects completed during the 1970s was
approximately 2300 individuals per hectare; during the
1980s, it was 2500 persons per hectare (Lai, 1993).
Hence, although higher building density reduced
occupancy density within the dwelling, it also increased
the overall people density on the site.

All in all, the phenomena of high building density
and high people density represent very different issues;
complicating the matter even further, an increase in
building density can have opposite effects on people
density depending upon how the latter is measured.
Nevertheless, this vital concept is vaguely addressed in
the debate concerning high-density development.

Debate on high density

Attitudes towards high-density development are
diverse. Some people acknowledge the merits of high
density and advocate urban compaction, whereas
others criticize the drawbacks and argue strongly
against it. The following sections outline the major
debate regarding the pros and cons of high-density
urban development (Pun, 1994, 1996; Churchman,
1999; Breheny, 2001) and attempts to review them
based on the understanding established in the
foregoing discussion, particularly on the distinction
between building and people densities.

Urban land use and infrastructure

Land is always a scarce resource in urban development;
high building density, by providing more built-up
space on individual sites, can maximize the utilization
of the scarce urban land. High building density,
therefore, helps to reduce the pressure to develop open
spaces and releases more land for communal facilities



and services to improve the quality of urban living.
However, some people argue that the opposite is also
true. In order to achieve high building density, massive
high-rise buildings are inevitable, and these massive
structures, crammed into small sites, can conversely
result in very little open space and a congested
cityscape. This may happen when high-density
development is carried out without planning.
Therefore, in order to avoid the negative impacts of
high density, thorough planning and appropriate
density control are essential.

Infrastructure such as roads, drainage and sewerage,
electricity, telecommunication networks and so on are
substantial in supporting urban development. These
infrastructural services, however, are very costly to
provide and maintain; and in many cases, a minimum
utilization threshold is required in order to operate
these systems cost effectively. High people density, by
concentrating a population in a smaller area, can make
greater use of these infrastructural services and help the
systems to run more economically. However, if the
population exceeds the system capacity, high people
density can contrarily lead to overload of the systems
and deteriorate services. Again, in order to achieve the
former outcome, it is important that the planning of
high density and the provision of infrastructure go

hand in hand.

Transportation system

The public transport system is very costly to build and
operate; like most infrastructural services, public
transport needs a minimum utilization rate in order to
be profitable and efficient. High people density, by
providing a greater number of users, would sustain the
use of the mass transit system and thus improve its
efficiency and viability. Furthermore, high building and
people density means that both places and people are
concentrated and close to each other. This offers more
opportunities for walking and cycling, and therefore
would reduce the number of car trips, as well as the
travel distance per trip. The increase in proximity
together with the increased use of public transit would
help to reduce traffic congestion in urban centres.
However, these benefits will only be realized if
transportation systems are well planned. Otherwise,
high density can lead to traffic congestion and
overcrowding in mass transit facilities if the provision
of public transport is deficient.
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Environment and preservation

Source: Vicky Cheng

Figure 1.22 High density helps to protect the countryside

High building density can help to protect the
countryside and agricultural land from urbanization.
For instance, as mentioned earlier, only 24 per cent of
the land area in Hong Kong is built up; the rest of the
land area remains largely rural in character and provides
a pleasant recreational outlet for urban dwellers.

High people density can enhance the opportunity
for using public transit and thus help to reduce the use
of private cars. The reduction of private vehicles can
lead to lower gasoline consumption and decreased
pollution from traffic. High people density can also
facilitate the use of centralized energy systems, such as
the combined heat and power plant, which would
result in more efficient energy use and decreased
emission of pollutants from power generation.

On the other hand, high building density, which is
usually in the form of high-rise clusters, may impede
the potential of building integrated renewable energy
systems. Furthermore, high building density may
reduce space for trees and shrubs that purify the air and
cool inner urban areas. The high proportion of built-up
mass and the loss of greenery are causes of the urban
heat island effect.

Personal and social elements

The proximity of people and places brought about by
both high building and people density offers a high

degree of convenience for work, service and
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entertainment. However, this proximity, especially
between people, may force individuals to undergo some
unwanted social contact and cause psychological stress.
High people density may also lead to competition for
the use of facilities and space and, in turn, create social
conflicts. Moreover, high people density may result in
reduced privacy and invoke the feeling of loss of control
and anxiety. Nevertheless, with proper organization
and management, the proximity that arises from high
people density can conversely facilitate social
interaction and promote good neighbourhood
relations.

The wunpleasant experience as a result of
overcrowding is more related to high people density
and not necessarily associated with high building
density. As previously illustrated, increased building
density as a means of lowering occupancy rate can, in
fact, help to mitigate the problem of overcrowding.
Furthermore, high building density, which can allow
more open space for recreation and communal uses,
may also help to establish social interaction and
consolidate the sense of community.

Conclusions

This chapter has sought to explain the diverse
dimensions of ‘density’, from the elemental numerical
measures to the complex notion of human perception.
In terms of physical measurement, density embraces a
broad range of definitions; therefore, whenever the
term is to be used, an explicit definition of the measure
has to be clearly specified in order to avoid unnecessary
confusion. In terms of human perception, it is not the
physical density per se but the interaction between
individuals and the physical environment that is
important. Nevertheless, individual cogpnitive attributes
and socio-cultural factors are also contributing to the
notion of perceived density.

Concerning high density, this concept is a matter of
perception, is very subjective and represents different
notions in different countries, across different cultures
and to different people. It is, therefore, essential to
understand the context before the potential of high-
density development can be evaluated. In considering
the advantages and disadvantages of high density, the
distinction between building and people density has to
be observed. For the arguments reviewed, not all but
most of the propositions are matters of planning. In

order to maximize the benefits of high density,
thorough and comprehensive planning strategy is
essential; otherwise, high-density development can lead
to severe social and environmental problems.

Good planning is important; but as to what makes
good planning of high-density cities is another
question. The rest of this book will address various
social and environmental issues concerning high-
density development, accompanied by design strategies
corresponding to these issues. Hopefully this chapter
has set out the ground for further discussion of high-
density issues in later chapters and, altogether, this
book can provoke deeper reflection upon the potential

of high-density development.
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Is the High-Density City the Only Option?

Brenda Vale and Robert Vale

Commoners fourth law of ecology (Commoner, 1971) should be uppermost in the minds of those
trying to decide whether high density, defined as a large number of people living on a small area of
land, is a good and potentially sustainable thing. The idea ‘there is no such thing as a free lunch’
suggests that there are ecological consequences to all human decisions regarding the built environment.
This chapter will begin an examination of what these are for both high-density and low-density urban
development in an attempt to see whether one has a significant environmental benefit over the other.

The post-oil scenario

Many sources suggest that peak oil is happening
(Association for the study of Peak Oil and Gas,
undated), and in the future development reliant on
fossil fuels will cause increasing competition for these
increasingly scarce resources. Expansion of human
numbers on Earth also means that more people are in
competition for a fixed quantity of land, while
development generally signifies that people expect to
occupy more land, not just for larger apartments or
houses, but for the entire infrastructure that comes
with development, such as access to transportation,
health facilities, education, leisure activities, etc.
Bringing together these two ideas of increased demand
for conventional fuels and increased demand for land
reveals a very serious problem that is often neglected in
debates about density and the compact city. Land is a
key resource available to support human development.
Land can be used for growing food, for growing fuels,
and for to built settlements and
infrastructure. In the past, all human settlements that

conversion

were sustained over a long period of time kept these
three aspects of land use in some type of balance. Access
to a suitable water supply is also essential for sustained

settlement, and this can be thought of as another land
use, especially when land has to be given up to storage
of water in purpose-built reservoirs for dry seasons.
Most recent planning theory has ignored the vital
relationships between food, energy, water and land
because of access to cheap and plentiful fossil fuels.
This has meant that food can be grown at a long
distance from settlements and transported to them and
that wastes generated by urban dwellers can also be
shipped long distances for disposal. This is all possible
because consideration of the ecological consequences of
all this movement, now at last being recognized as
measurable through measuring carbon dioxide
emissions, has never formed part of any economic
calculation of whether this is a sensible thing to do.
One way of looking at these
consequences is to turn the problem on its head and ask

ecological

what sort of settlements will be able to be sustained in
a post-oil society. Sustainability means nothing but the
ability of something to adapt to inevitable changing
circumstances over time. The European city could be
seen as a good example of this. Medieval cities and
towns were based on pedestrian movement and the
need for
withstanding a siege. This meant having water and

defensive capability, such as when
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food supplies nearby; it meant having the ability to
store food in appropriate buildings against siege; it
meant having places to grow food within the city. The
city was low rise but its use was intensive. Thus, the
streets were places for trade, places for movement,
places for recreation and celebration. The home place
was a workshop as well as a place for family life. The
gardens behind the houses were for growing food and
for recreation through the presence of greenery within
the urban fabric. They were also places for absorbing
organic waste and wastewater through composting and
growing. The form of the terraced buildings onto the
street meant that the home could also become part of a
defensive wall in times of war, and the gardens behind
formed a movement path for troops defending the city,
tactics that were still being promoted during World
War II (Levy, 1941). Multiple use of the built form for
different purposes meant maximizing the use of the
physical resources. This is a very long way from the
simplistic separation of functions as found in the
modernist cities of Garnier (Wiebenson, no date,
Figures 2-3) and Le Corbusier (1929, p179). In a
world where resources are in short supply, it will not
be the efficient use of resources — the modernist
approach — that will be sustainable, but rather one
resource supporting many functions, as in the
vernacular settlement. This is more to do with intensity
of activities within the same place in the city, not just
density of people on the ground, and the medieval city
is a good illustration of this.

The low-rise pedestrian-focused European city may
have had medieval origins, but it has also absorbed
industrialized society. The streets have accommodated
motorized transport, although often public transport
has had to be used for inner-city locations, as the very
narrowness of the streets works against the idea of
everyone driving about in their own cars. The simple
form of terraced buildings, normally of load-bearing
masonry, onto the street is also flexible, its required
cellular form being put to many uses for dwellings,
offices, school, storage, etc. This means the resources
that go into the dwellings are useable over centuries,
not just decades, making the issue of the energy
embodied in them much less significant. For European
cities Banham (1969, p22) suggests that they would
tenable without the
construction as this mass was a climate moderator.

not have been masonry

Sufficient mass, like the caves that human ancestors

used as dwellings, will stabilize the internal temperature
at either the yearly average, or — with less mass — the
monthly average temperature. At the same time,
massive buildings offered stable shelter against natural
disasters such as storm and flood. They also had
acoustic properties that meant they could contain
numerous people doing different things while ensuring
some acoustic privacy. Again, the same piece of built
environment has multiple functions, which can be seen
as adding to its sustainability. Resource use is intense
although density is relatively low.

Just as the European city adapted to change in the
past, so it could be changed in a post-oil future. More
food could be grown within the city and walking and
cycling would be the chief means of getting around.
Two other urban forms are also worth considering in a
post-oil future: the suburban sprawl that characterizes
many North American settlements and the very high-
density city that is the subject of this book. The first has
available land that could be used for food growing. The
roads could be used to support solar collectors or could
be dug up to support the growing of trees for fuel,
much as the Street Farmers group in London envisaged
during the 1970s (Boyle and Harper, 1976). Water could
be collected from the roofs of houses and some form of
community ethos would be created because people
would not be commuting but staying at home, trying
to extract the basis of an existence from their
surroundings. If there is catastrophic collapse, the high-
density city is not going to be as tenable, certainly in
the short term, and the most likely scenario is that
many people will leave for the surrounding areas in an
effort to supply themselves with the basics of life. Any
so-called ‘sprawl’ surrounding the city centre will mean
that some land is available to support these urban
refugees. In a post-oil world, everything still needs to be
brought in and out of the high-density city and the
energy to do this may not be there and will definitely
be more expensive.

The food equation

Many people would argue that there will not be
catastrophic collapse and humanity will find a way of
coping with future oil shortages and increases in prices,
as well as global warming and other environmental
issues. However, since buildings last a long time, what
is built now will have to work for changed



circumstances in any future time of resource shortages.
This raises the question of whether very high-density
cities can be made to work. To explore this, one of the
essentials of supply for any settlement — food — will be
examined in more detail.

Feeding Hong Kong

In 1998, less than 3 per cent of the land in Hong Kong
was used for agricultural production (Environmental
Protection Department, 2006). The same source also
stated that 13.9 per cent of fresh vegetables, the easiest
produce to grow locally at a small scale, were produced
in Hong Kong. Given the age of this data and the pace
of development, the amount of locally grown food has
probably decreased. In order to work out the
approximate area of land needed to feed a high-density
city such as Hong Kong, a more general approach has
therefore been taken.

The area of land needed to provide the food for a
city’s population can be estimated by using ecological
footprint data. The ecological footprint figure for food
production allows for the growing of the food on a
sustainable basis, and is therefore the most appropriate
figure to use for ‘post-oil’ calculations. Estimates of the
ecological footprint of a typical Western diet vary from
1.3ha per person according to the Task Force on
Planning Healthy and Sustainable Communities at the
University of British Columbia in Canada (Wackernagel,
1997) to a more detailed calculation of 1.63ha for a
resident of south-west England (SWEET, 2005). This is
very close to the often quoted ‘fair Earth share’ of 1.8ha
per person (Wackernagel and Rees, 1996), leaving
almost nothing over for shelter, transportation, clothing
or items such as leisure activities. In 1997, Friends of the
Earth calculated the food footprint of Hong Kong to be
1.6 hectares per person, although the footprint was
unusual in having a lower land use per person than the
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fair Earth share value, but a much higher sea food
footprint exceeding a fair share by nearly 200 per cent
(Friends of the Earth, undated). Although the diets may
be different, the footprints are similar. Based on these
values, and taking an average food footprint of 1.5ha per
person, it is possible to calculate the approximate area of
land needed to support cities. The results are shown in
Table 2.1.

This means that a city of 10 million needs to be at
the centre of a circle of productive land 440km in
diameter. The city of 1 million needs an area of land with
a diameter of 140km, and even the city of only 100,000
people has to be at the centre of a 44km diameter circle.

Hong Kong, with a population of 7 million,
currently occupies an area of 1076 square kilometres, of
which 75 per cent is open space, so the built area of the
city is about 270 square kilometres (Wikipedia, 2007).
The area needed for providing the citys food is
105,000 square kilometres, nearly 400 times the built
area of the city or 100 times its total area. This would
be a circle with a diameter of roughly 360km.

A sustainable city also needs a sustainable source of
energy. Hong Kong’s energy consumption in 1999 was
17,866 thousand tonnes of oil equivalent, which is
around 750 petajoules (PJ) (WRI, 2007). A 1 megawatt
(MW) wind turbine will produce 3.9 gigawatt hours
(GWh) per year, which is 0.014P] (New Zealand Wind
Energy Association, 2005, p3), so powering Hong
Kong from renewable energy will require 54,000 wind
turbines, each of IMW (or 18,000 3MW turbines),
assuming the wind regime is suitable. It may not be
possible to power a city or country completely by wind
power because there are times when there is too little
wind and machines must also be turned off when winds
are too high. This means that wind is best used with a
supply system such as hydropower, which has built-in
energy storage. However, for this simple exercise it
is assumed that all energy comes from the wind. The

Table 2.1 Land area required to feed cities of various sizes

City population Hectares occupied

at density of 300

Hectares of land
required to supply

Square kilometres
of land for growing

persons/ha food food
100,000 333 150,000 1500
1,000,000 3333 1,500,000 15,000
10,000,000 33,333 15,000,000 150,000

Source: Authors
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New York State Energy Research and Development
Authority estimates that the total land use for a wind
farm is from 17.8 acres to 39 acres (7.2ha to 15.8ha)
per megawatt (Wind Power Project Site Identification
and Land Requirements, 2005, pp5-6). At 15ha per
megawatt, the turbines to power Hong Kong will
occupy only 810,000ha (8100 square kilometres).

This energy calculation, based on electricity, also
ignores the fact that most of the transport energy
currently used in cities comes from oil. In Hong Kong,
with its small land area and dense population,
electrically powered transport already provides much
of the personal transport through trains and trams,
and in the future buses and even cars could also be
electric. However, if the land surrounding the city is to
be used to grow its food, there is the need to transport
the food from where it is grown to where it is
consumed. This is likely to require a fuel that can act
as a substitute for oil.

The two probable alternative fuels at present are
ethanol, to replace petrol, and vegetable oil, to replace
diesel. Both these fuels can be used in an ordinary
engine, but the engine needs to be converted. For
example, to burn ethanol instead of petrol means,
among other things, changing the size of the
carburettor jets, and using vegetable oil means fitting a
means of warming it because it is thicker than oil-based
diesel. However, assuming that the engine can be
converted, what are the implications of these fuels and
what land area would be needed to grow enough fuel to
transport food to the city?

According to Journey to Forever, an organization
promoting sustainability, there is a very wide range of
possible plant crops that yield oils, so that oil-bearing
plants could be grown in many different climates.
Yields range widely; nuts can supply 176 litres oil per
hectare from cashews up to Brazil nuts at 2392 litres oil
per hectare, while seeds range from cotton at 325 litres
oil per hectare to rapeseed at 1190 litres oil per hectare
(Journey to Forever, undated). Fruits also yield oils —
for example, avocados give 2638 litres oil per hectare.
The highest yielding plant is the oil palm, at 5950 litres
oil per hectare.

Assuming an average oil yield of 1000 litres per
hectare to allow for different climates, it is possible to
calculate the land area needed to get the food to the
city. Hong Kong (or any city of 7 million) needs an
area of 105,000 square kilometres to provide its food.

Assuming that the average travel distance is that over
which half the total of all food must be moved, the
radius of the hypothetical circle that provides half the
food can be calculated and used as the average travel
distance. The area of half the total circle is 52,500
square kilometres, so the radius of this half area is
129km. According to the south-west UK study cited
above, the average weight of food eaten by one person
in a year is 700kg, so the 7 million people in Hong
Kong will eat 4.9 million tonnes of food a year. Road
freight in 1999 in Europe used 0.067kg oil equivalent
per tonne kilometre (EEA, 2002). 1kg oil equivalent is
41.868 megajoules (M]),"' so road freight uses 2.8M]
per tonne kilometre. This means that transporting
Hong Kong’s food from the surrounding food-
producing area would use 1.77P] per year. This figure
needs to be doubled to allow for the return trip empty,
making 3.5P] per year.

The energy content of 1 litre of diesel fuel is
approximately 30M] (Clean Energy Educational Trust)
and if, for the sake of the calculation, the same value is
assumed for vegetable oils, the oil yield will be
30,000M]J per hectare. To grow the fuel to transport
the food will need 117,000ha (1170 square kilometres)
of land in addition to the land needed for food
growing. This area is small in comparison to 105,000
square kilometres for growing the food.

Given that most high-density cities such as Hong
Kong do not come with large areas of unused
hinterland where food could be grown, it would be
useful to look at the situation where all food is
imported to the high-density city. New Zealand is a
country of few people and a good climate for
agriculture so could be used for supplying food to cities
which cannot feed themselves. The World’s Ports
Distances website shows that it is 5053 nautical miles
(9357km) from Auckland to Hong Kong.? Sea freight
is far more efficient than shipping by road, and a
container ship uses 0.12M] per tonne kilometre (IMO,
2005); so if all Hong Kong’s food were to be imported
from New Zealand by sea, the total energy
consumption would be only 5.6P].

From all of this it appears that the big issue is the
land, or the sea equivalent, to grow the food for those
living in cities who cannot feed themselves, rather than
the energy needed to bring the food to the city, or the
land required for renewable energy supply. These values
are summarized in Figure 2.1. However, what these
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Figure 2.1 Areas of land required to support Hong Kong
with local food production

rough calculations do illustrate is the need to consider
what will happen to cities that rely on foreign imports
in a post-oil world, or a world where access to cheap oil
is no longer possible.

Wastes and fertility

It seems clear that the energy needed to transport food
to consumers might not be a problem for the high-
density city. A greater problem, however, in the post-oil
world may be obtaining fertility for growing the food.
Nitrogen fertilizer is generally now made from the
hydrogen in natural gas, although initially it was fixed
from the air by electric arc, using hydroelectric power.?
It would be possible to move towards making nitrogen
fertilizer from renewable energy; but the other two key
components of all fertilizers, phosphorus (P) and
potassium (K), are derived from naturally occurring
minerals, and supplies of these will become depleted.
The Fertilizer Institute, an industry group based in
Washington, DC, states the following:
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The source of phosphorus in fertilizer is fossilized remains
of ancient marine life found in rock deposits in North
America and North Africa, and volcanic activity in
China... Fertilizer producers mine potassium, or potash,
from naturally occurring ore deposits that were formed
when seas and oceans evaporated, many of which are
covered with several thousands of feet of earth. (Fertilizer
Institute, undated)

Roberts and Stewart (2002) suggest that phosphorus
ores in North America will last 25 years, or 100 years if
higher cost ores are used, meaning that phosphorus will
also become more expensive in the future, increasing
the costs of fertilizer and, hence, food. In contrast, they
state that there is sufficient potassium for centuries.
These assumptions are based on current rates of
consumption, which are likely to rise as population and
living standards increase. What this means it that
current agriculture based on artificial fertilizers cannot
be considered sustainable.

Cities in the past used the sewage of their citizens
as the source of fertilizer to grow the food to feed the
city. However, a point was reached when the physical
size of the city precluded the movement of sewage out
to the fields. This happened in London during the first
half of the 19th century when the population grew
from 1 million to 2.5 million (Cadbury, 2004).
Mayhew in London Labour and the London Poor (1851)
states that before the city outgrew night soil collection
from the cesspits when the distance to be travelled
made such collection too expensive, the collected waste
was mixed in yards with other organic waste, such as
hops from brewing, to make a more balanced manure,
75 per cent of which was shipped in barges down the
Thames to more distant farms, while some was even
shipped overseas in barrels to fertilize sugar growing in
distant plantations. The remaining 25 per cent was
taken some 5 or 6 miles by cart to fertilize local food
production. Although by no means a pleasant practice,
it was an attempt to make sure that natural cycles were
closed rather than open ended so that essential
nutrients were not lost.

The industrialized cities of the past that grew
beyond this simple balance, based on the renewable
transport of the sailing ship and horse and cart, and the
modern high-density city have thrown this fertility
away and instead have relied on modern agricultural
systems with their artificial fertilizers. In fact, this
throwing away of fertility has resulted in the problems



24 AN UNDERSTANDING OF HIGH DENSITY

and costs associated with sewage disposal. It may be
difficult to use the sewage from a modern high-density
city as fertilizer for its food production, even if the food
were to be grown in an area of land immediately
adjacent. However, in a smaller high-density settlement
or a decentralized low-density city this practice would
be relatively easy. This echoes the argument by Yong
Xue (2005) who, in his examination of late imperial
Jiangnan, sees the richer urban population increasing
the wealth of the surrounding rural population through
their night soil and the nutrients contained in it
because of their better diet. At the same time, the
health of those in the cities was guaranteed because the
sewage disposal problem was solved. This could only
happen because of the relatively small scale of the dense
city settlement.

Low density or high density?

When Howard proposed the garden city as a place that
could provide an adequate standard of living, his
approach to planning included the land to grow the
food for the people living at higher density in the
central part of the garden city. He also acknowledged
the need for some people to live in agricultural areas at
much lower density in order to grow food. In this way
he arrived at the ideal figure of 32,000 people: 30,000
in the garden city at a density of 30 persons per acre
and 2000 in the agricultural hinterland at a density of
2 persons per 5 acres (Osborn, 1946, p28). This was
robust planning as the basic resources of food, as well
as water supply, were considered; but it was also
looking at the world in a non-capitalist way. Making
money was not Howard’s objective, even though he
did discuss how development and increasing the price
of land through development could finance the
building of garden cities. His view was to see this
money put back into the local communities, who
would thus be in charge of their own affairs (Howard,
1965, p127). In a capitalist world, however, it is the
price of everything that matters, not the robustness of
the system. A capitalist society would operate best with
everyone living at high densities so that the maximum
number of people would need to buy everything they
required, having little opportunity to provide basic
services, such as growing food, themselves. A high-
density city is necessarily a consumer city; but, as
Commoner said, there is no such thing as a free lunch,

and all these goods will be taking up land somewhere
and also using labour somewhere. Unlike the garden
city model, this supply is not necessarily under the
control of those living in the city.

The garden city model would work well in a post-oil
society. The garden areas next to the houses could be used
for growing food very close to home, as happened in
World War II in the UK when Britain grew 10 per cent
of its food in private gardens and allotment gardens
(London Borough of Sutton, 2006). In addition, the
distances into the agricultural hinterland could be
walked, so a complete food supply could be
maintained. There would also be sufficient land to
grow crops for fuel and lower densities such as the 12
houses to the acre of the garden city, making it easy for
each individual house to collect solar energy, whether as
hot water or as electricity through the use of
photovoltaics for direct home consumption. Very high
densities mean that most energy supply will have to be
centralized even if generated from renewable sources.
Low densities also give the chance for sewage to be
collected and returned to the soil to support organic
agricultural production; ultimately, only organic
production is sustainable.

The current rush towards densification in countries
with suburban sprawl, such as the US and Australia,
seems to be linked primarily to more efficient use of
public transport in an effort to reduce the use of the
private car. However, this is still based on the use of the
capitalist city model and the idea that people will buy
all they need, with limited production of goods and
food at home. No densification scheme seems to
consider food supply and where the land to grow the
food is to be located, or the problem of organic food
production and the need to return sewage nutrients to
the soil. In a post-oil world it may well be the lower-
density suburban sprawl developments that can more
easily adjust to life either without energy or with
expensive energy because they have the land at hand to
use. Walking and bicycling are good transport options
at low density once the private car that makes them
unsafe is priced out of existence.

Conclusions

There is no magic answer to city design. There is,
however, a real need for regional planning for a future
when cheap oil is no longer available. The worry at



present is that high density is perceived as good without
ever seeing how it fits into a pattern of resource flows so
that the people living in these settlements have secure
access to the basic necessities of life, including food. The
very high-density city appears to be very efficient in land
use and in the use of some resources, such as transport;
but the low-density city also has advantages, these being
the ability to collect enough energy for home use and to
grow food. Historical patterns show that planning for a
stable supply of basic resources was always considered,
something that seems to have been forgotten in a
capitalist globalized society. Who owns resources is
already beginning to be a difficult political problem, as
the world is seeing with oil. Rather than rushing to ever
higher densities, perhaps those who govern cities should
consider how such cities can be future-proofed in terms
of guaranteeing a secure supply of resources. If Edward I
could do this during the 13th century when he was
establishing the planned settlements of the bastides in
France and towns such as Berwick-on-Tweed in the
north of England (Osborn, 1946, p70), maybe 20th-
century city councillors and planners could be equally
resourceful.

Notes

1 Calculated from data of 1 million tonnes oil equivalent =
41.868P] given in http://astro.berkeley.edu/-wright/
fuel_energy.html, accessed 2 January 2008.

2 World Ports Distances Calculator, www.distances.com/,
accessed 3 January 2008.

3 Leigh, G. H. (2004) The World’s Greatest Fix: a history
of nitrogen and agriculture, Oxford University Press,
New York, p136.
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The Sustainability of High Density

Susan Roaf

Cities have come and gone across the world for nearly 10,000 years since people first began to live in

villages. The first known settlement of actual buildings was at Gange Dareh (Roaf et al, 2009),

dating to around 7000BC, high in the Zagros Mountains looking across the plains of Mesopotamia

(Iraq) to where Ur, Babylon and Nineveh grew in the Cradle of Civilization — huge dense cities, of
which ‘Nothing beside remains’ (Shelley, ‘Ozymandeus) and all had disappeared by the time that
Mohammad, Buddha or Christ were born. If you have ever explored the Kasbah of Algiers, the
twisting wynds of 18th-century Edinburgh, the alleys of Jerusalem or any other of the great medieval
cities, you will know that density in cities is sustainable until, of course, that city falls.

But we live in a high-risk age in which cities face three gargantuan challenges:

1 population and the people problem;

2 resource depletion;

3 pollution and its environmental impacts, including climate change.

Population and the
people problem

Urbanization

Two strong forces are shaping our cities today:
population growth and escalating rates of urbanization.
Over 56 per cent of people in developing countries will
live in cities by 2030, whereas in developed countries it
may well exceed 84 per cent by then; this process is
occurring at a time when vast numbers of city dwellers
are already living in substandard conditions. A United
Nations Educational, Scientific and Cultural
Organization (UNESCO) report on access to water
and sanitation based on a sample of 116 cities shows
that for Africa, Asia, Latin America and Oceania, a
house or yard water connection exists in only 40 to

80 per cent of households, whereas levels of access to a
sanitation infrastructure is far worse, at only 18 to 41
per cent (UNDESA, 2004). These numbers imply that
the simple vernacular approaches to development may
not be capable of achieving the required densification
of dwellings, services and infrastructure to house
populations in workable, rapidly growing cities (Meir
and Roaf, 2005).

Building durability

Conversely, in Europe and North America, with far
lower birth rates, the bulk of the increasing population
can typically be accommodated by new housing built at
significantly lower densities. However, in many of these
countries most of the existing housing stock is what will
eventually be expected to cover the bulk of housing
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needs for the next half century or so. A recent report to
the Scottish government on housing demonstrated the
need to often spend very large sums on the external
cladding and other refurbishment measures for the
refurbishment of Scottish homes to stop the current
level of 20 per cent of the population in fuel poverty
(households spending more than 10 per cent of their
income on fuel bills) from rising steeply towards the 50
per cent mark. Tower blocks, in particular, are the most
expensive to refurbish. In Scotland, these were
traditionally social housing blocks (where costs had to
be met by local councils and, in turn, the tax payer),
usually 10 to 18 storeys in height, costing around UK£2
to £2.5 million each to over-clad and provide efficient
heating. These blocks were typically less than 40 years
old and many were already in very poor condition (Roaf
and Baker, 2008). In order to create cities that are
socially and physically sustainable, city authorities must
ensure that the buildings in their cities can be repaired,
refurbished and replaced at an affordable price. The
only way to do this is via a firm regulation system, an
essential ingredient of the sustainable city.

People, en masse, are coming off the land where they
grow their own food and can build their own homes into
cities where they cannot. Nowhere is this trend clearer
than in the emerging mega-economies of China, Latin
America and India; but the contrast between how each
of these cultures deals with urban migration is very
telling and will, in the long term, dictate the long-term
health of the culture. India has the disadvantage of never
having successfully controlled its exponential population
growth rate, while China has put successful controls in
place and is committed to providing housing, food and
transport for the many in a far more egalitarian, though
ostensibly less democratic, society.

Density and health

The need for high-density living in the 21st century is
inevitable and has many consequences. The first is that
simply putting so many people together increases
health risks, just as it does in fish or poultry farms
where disease spreads rapidly through densely packed
populations. The severe acute respiratory syndrome
(SARS) outbreaks of 2003 showed that the infection
was rapidly spread between people via the building
infrastructure, including lift buttons, but also between
buildings in the Amoy complex in Hong Kong in the
air (Li et al, 2007).

In a 2007 review paper by Li et al looking at related
published evidence of disease spread in the built
environment, 15 international authors concluded that
there is strong and sufficient evidence to demonstrate the
association between ventilation and the control of airflow
directions in buildings, and the transmission and spread
of infectious diseases such as measles, tuberculosis,
chickenpox, anthrax, influenza, smallpox and SARS.

The infection intensity and rates of spread of
disease are predicted to significantly increase as climate
change affects the habitats of birds, animals, insects,
fish, pathogens and plants, exacerbated by terrestrial
and atmospheric pollution and extreme weather events
such as floods and storms that provide enhanced
potentials for the transmission of air- and water-borne
diseases (Kovats, 2008, p124). The more people there
are in the places where such diseases are brewing, the
more individuals will get sick and die; so from this
point of view, higher-density cities present a higher risk
for the spread of anything from infection. This was
always a strong factor in the move of the rich to the
suburbs of large cities from the time of the great
plagues onwards.

Size and vulnerability

The larger a building and the more centralized its
services, the more vulnerable it is to large-scale failure —
for instance, to terrorism. We all understand the
implications of the attacks on the twin towers on 11
September 2001; but the failures can be much more
subtle than that. In buildings with fixed windows and
extensive air circulation systems there is an increased
hazard from biological agents. Ventilation ducts have
proved to be a route of infection; at the US Pentagon, 31
anthrax spores were found in the air-conditioning ducts
of the building (Staff and Agencies, 2001). The problem
here is that the bigger the building, the bigger the risk.
Many tall buildings have centralized circulation,
servicing and air-handling units that make them very
vulnerable to attack from many different sources.

In many regions of the world, the preference for
room-level air-conditioning units will reduce the risk of
systemic infection of buildings that is the risk in
buildings with centralized air-handling plants. It is not
only the density but the resilience of the building form,
design and servicing that will drive rates of infection.

The Hilton Hawaiian Village in Honolulu
reopened in September 2003, 14 months after it closed,



at a cost of US$55 million dollars in repairs because a
single tower block became infected with mould. The
mould Eurotium aspergillus in the centralized air-
conditioning system, the same kind of mould seen on
bread or cheese, was the cause. It has no effect on most
people; some people experience a minor irritation of
the nose, while a very few people have severe symptoms
that in rare cases can be life threatening. The problem
is not confined to the tropics, and, indeed, a problem
similar to what Hilton experienced was found in
hospitals across Canada in recent years.

Hilton has sued virtually every contractor who had
anything to do with the construction of the Kalia
Tower, including the architect, all the consulting
engineers and other specialists on the project, and even
the company that provided the lanai glass doors. It has
argued that both the design and the construction of the
building made it a ‘greenhouse’ for growing mould.
The entire heating, ventilating and air-conditioning
(HVAC) system was rebuilt, mostly to ensure a more
frequent turnover of drier air. The insurance industry
has subsequently withdrawn ‘mould coverage’ from
many policies and it is claimed that mould will be the
‘new asbestos” in terms of payouts. The severity of the
problem is reflected in the size of the payout to one
family in a mould case, when a Texas jury awarded a
family US$4 million in a single toxic mould lawsuit
against Farmers Insurance Group in June 2001 (Scott,
2003; Cooper, 2004). Such outbreaks may become
more prevalent with climate change and warming,
wetter climates, which will make buildings more
susceptible to systemic infestations of naturally
occurring toxins within large-scale air-handling
systems. The need for building resilience is obvious. In
Hawaii, with the perfect climate, they could, for
instance, just have opened the windows for adequate
and often delightful ventilation. The benefits of
reducing use of or eliminating air conditioning here are
obvious, a lesson that should be widely learned.

Density and security

High-density cities can exacerbate security risks.
During the 19th century, town planning became
fashionable as people cut wider streets though the
dense, crowded and filthy alleyways of the European
industrial cities. Not only did the boulevards bring
fresh air into the heart of the town, but they also made
it more secure. During 1809 to 1891, Georges-Eugene
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Haussmann, under the patronage of Napoleon,
destroyed the heart of the old city of Paris and rebuilt
it with broad roads and parks. He designed the streets
‘to ensure the public peace by the creation of large
boulevards which will permit the circulation not only
of air and light but also of troops’. As more people
crowd into cities, they also raise issues of security
(Gideon, 1976, p7406).

Just as in the Bon Lieu of Paris, with their tower
block estates, where in 2003 and 2004 extensive
rioting took place, so too is Latin America’s densest
city well known for its high levels of crime. A recent
study by Clark and McGrath (2007) using spatial-
temporal analyses of data showed that the structural
determinants of violent crime in the Sio Paulo
Metropolitan Area during the last two decades of
the 20th century were uncorrelated to structural
explanations of crime, such as social disorganization,
deprivation and threat models. Rates of violent crime
were also uncorrelated with economic levels and
conditions or to property crime rates. Instead, they
found that rates of violence were concentrated to the
urban peripheral areas where policing appears to be
overwhelmed.

Conditions in the city are extremely difficult to
police, not least because many parts of the city are
impassable at various times of day. In response to this
problem, and to avoid crime, pollution and delay,
many of the rich have developed a new highway and
have taken to the skies for their daily commute. The
numbers of helicopters rose from 374 to 469 between
1999 and 2008, making Sio Paulo the helicopter
capital of the world ahead of New York or Hong Kong
(Gideon, 1976, p746). The city has around 6 million
cars, 820 helicopter pilots earning up to US$100,000 a
year each and 420 helipads, 75 per cent of all Brazil and
50 per cent more than in the whole of the UK. Below
in the streets it is often gridlocked, creating two worlds
of the rich and the poor.

Inequality

The last couple of decades have seen the gap between
the rich and poor grow in many parts of the world,
from India to China, and Europe to the US, and herein
lies a problem that relates to density in cities at a time
of rapid change.

Richard G. Wilkinson (2005) in his excellent book
on The Impact of Inequality points out that however
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rich a country is, it will still be more dysfunctional,
violent, sick and sad if the gap between social classes
grows too wide. Poorer countries with fairer wealth
distribution are healthier and happier than richer, more
unequal nations. Homicide rates, and other crimes,
including terrorism, track a country’s level of
inequality, not its overall wealth. The fairest countries
have the highest levels of trust and social capital.

Wilkinson’s message is that the social environment
can be more toxic than any pollutant. Low status and
lack of control over one’s life is a destroyer of human
health and happiness. The wealth gap causes few to
vote or participate in anything in a world of fear,
conflict and hostility. Poverty in rich nations is not a
number or the absence of a particular necessity. A poor
man may bring up children well on lentils and respect.
But for most people respect is measured in money.

He also argues that one way to cope with a
challenge to society is to explicitly reduce the level of
social inequality. Therefore, during the war years, in the
UK the government explicitly created and imposed a
greater degree of social equality, which made society
better able and more willing to cope with the challenges
that they were faced with.

Similar examples can be found in Europe.
During World War II, income differences narrowed
dramatically in Britain. This was, of course, partly due
to the effect of war on the economy, which led to a
decline in unemployment and a diminution of earning
differentials among employed people, but also as a
result of a deliberate policy pursued by the government
to gain the ‘cooperation of the masses in the war effort.
Richard Titmuss, in his 1955 essay on war and social
policy, points out that ‘inequalities had to be reduced
and the pyramid of social stratification had to be
flattened’ (Titmuss, 1976, p86). In order to ensure that
the burden of war was seen as fairly shared, taxes on the
rich were sharply increased and necessities were
subsidized. Luxuries were also taxed, and a wide range
of food and other goods was rationed to ensure a fair
distribution.

The 1941 Beveridge Report in Britain, which set
out plans for the post-war development of the welfare
state, including the establishment of the National
Health Service, had the same purpose: ‘to present a
picture of a fairer future and so gain people’s support
for the war effort’. If people felt the burden of war had
fallen disproportionately on the mass of the working
population, leaving the rich unaffected, the sense of

camaraderie and cooperation would surely turn to
resentment and, in turn, civil unrest.

Density: What will people pay for?

By early 2008 property market conditions had become
very difficult in the US and Europe, not least in offices,
as anticipated in a UK Gensler Report on the very
vulnerable property markets of 2005/2006. Faulty
Towers was published in July 2006 (Johnson et al,
2006) and its authors issued a stark warning to
commercial property investors that 75 per cent of
property developers believe that impending legislation
to grade the energy efficiency of buildings will have a
negative impact upon the value and transferability of
inefficient buildings when certification under the
European Buildings Directive (European Commission,
2008) was imposed from 2007. They claimed that:

Property fund managers are effectively sitting on an
investment time bomb. The introduction of energy
performance certificates will shorten the lifespan of
commercial buildings constructed before the new
regulations, and we expect the capital value of inefficient
buildings to fall as a result. We expect to see a shakeup in
the market, with investors disposing of inefficient stock,
upgrading those buildings which can be adapted and
demanding much higher energy efficiency from new

buildings.

The report also reveals that 72 per cent of company
property directors believe that business is picking up
the bill for badly designed inefficient buildings and 26
per cent state that bad office stock is actually damaging
UK productivity. However, there is a perception
amongst developers that there is no demand for
sustainable buildings.

It might be argued that short-sighted and greedy
developers have written their own obituary in not
understanding the drivers for higher performance in
buildings and putting short-term profit before the
long-term sustainability of businesses. The value of
property portfolios in the UK has fallen by over 50 per
cent almost across the board since the publication of
Faulty Towers; but is the reasoning in it actually
explaining the whole picture?

Since around 2000 I have been noticing the
growing phenomenon of ‘dead building syndrome’. As
you pass by the railway stations in cities around the



world, you will see from the carriage windows the
growing numbers of ‘dead buildings’. They are usually
a minimum of ten floors and were typically built in the
UK during the 1960s and 1970s when the hub of
commercial life still revolved around the old centres in
towns and cities everywhere. They are empty and often
in poor condition. Another type of dead building
syndrome has sprouted in the UK over the last year or
two, and these are the empty tower blocks of urban
flats, usually cheaply built with steel frames and fairly
low-cost cladding systems, often with high levels of
glazing in the external envelope. You can see them in
Manchester, Leeds and a number of other cities. Many
are lying empty due to a glut in the market during
2006 to 2007, and the fact that the people for whom
the flats were designed cannot get a mortgage any
more. They often could not afford them before, but
could get easy credit to buy them with cheap
mortgages.

The developers’ bonanza is magnified where whole
new cities of such buildings are being built in the fossil-
fuel economies of the world. Astana is the new capital
of the oil-rich country of Kazakhstan. Its old Soviet-era
city blocks are in poor condition, with four- to six-
storey buildings of shops, offices and apartments lining
the grid pattern of streets and backing onto the local
squares with their children’s
playground and small parks. Here people meet to enjoy

neighbourhood

the fresh air and sunshine in these sheltered,
communally owned spaces protected from the cruel
Siberian winds. An apartment here may commonly cost
between US$45,000 and $150,000.

Beyond the old town is the new Astana, dream child
of the current president. Huge tracts of the flat Siberian
steppes have been criss-crossed by well-laid roads and
building plots into the centre of which have been built
stand-alone sculptural towers, the land around them
blasted by the relentless winter gales and littered by
kilometres of car parks. An apartment in these new
fancy tower blocks starts at around US$250,000 to $1
million. The average Kazakh family may bring home
US$15,000 to $30,000 a year. Thousands of these
apartments have been built and many of them sold to
investors in the Gulf. But who will live here? 98 per cent
of Kazakhs cannot afford to live in them. This is a
society breeding inequality.

How much more so in Dubai, where the sea of glass
towers rise over the limitless arid desert in some fantasy
of a super-rich international community jetting in and
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out to spend time in their US$250,000 apartments.
Will people buy them? Who will service them? Where
will the poor live and in what conditions? Is this the
greatest level of inequality of any city in the world?

People and businesses alike in the ‘worst recession
since the Depression’ at the end of the ‘nice decade’ in so
many countries today can no longer afford the ‘prestige’
rents and the very high running costs of keeping
commercial or residential premises warm or cool over the
year. 20 per cent of the Scottish population is in fuel
poverty (spending over 10 per cent of their income on
heating or cooling). Many glass box offices lie empty in
business parks on the outskirts of towns, while people are
moving back into more modest offices in the town
centres where public transport is readily available and
cheaper than commuting out of town.

You can see the impact of decades of economic
recession in the Rust Belt of North America, where the
industries that spawned prosperity such as iron and
steel, cars, railways, canal-building, typewriters,
washing machines and agricultural machinery have
died themselves or moved to Taiwan or China. Here,
even beautiful, fine tall buildings of stone and brick lie
empty in the lifeless hearts of once great cities. Of the
18 towers in Cleveland, Ohio, 8 are completely empty
and others only partially occupied; some of these could
be counted amongst the world’s great buildings built by
Rockefeller and Kodak. They have simply lost their
economic raison d étre.

But in other modern, vibrant, high-density, high-
rise cities, what makes one flat or building more viable
than another? A recent study of the Hong Kong
property market by Kwok and Tse (2006) looked at the
Hong Kong market during a seven-month period in
2005 to 2006, during which time the mean monthly
growth rate of the economy was 1.5 per cent. The
authors looked at the impacts of trading volume upon
the price of flats and their turnover rates and found
that people are influenced in their purchases by the
size of the flats (the bigger the better for the price),
their newness, and also quite strongly by how much
open space they are associated with. Purchasers also
liked the fact that a block had more amenities, like a
club house. The study found that contrary to
conventional wisdom, people were less attracted by big
which
characteristically had more liquidity (sold faster and

developments, preferring smaller ones

better). A mix of buildings and less monolithic
developments appeared to be preferred. What the data
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did suggest is that the market was determined by the
quality of the housing units, and it was the quality that
drove price premiums. As one would expect, the age of
the block was important, with older blocks being more
difficult to sell, although the quality factor obviously
counts in spite of this.

The higher up a building a flat is, the higher the
premium that can be charged. Kwok and Tse (2006)
showed that price and floor are positively correlated and
that there is around a 6 per cent premium on floor
height over 30 floors in Hong Kong.

Of course, there are a number of factors that will
add value to blocks, including location, history and, of
course, view. A study by Yu et al (2007) showed that in
Singapore, along the east coast area of the island, buyers
would pay an average selling price premium of around
15 per cent. The study raised another issue, which is
that in the event of new developments being built that
could obstruct existing views, buyers need to ensure
that they will not end up losing the premium that they
paid for (Yu et al, 2007).

However, William C. Wharton, professor at the
of Technology (MIT)

Department of Economics, US, and one of the world

Massachusetts Institute
experts on property valuation, warned in 2002 that a
view does not necessarily command an attractive
premium. Even before 11 September 2001, rents in
Lower Manhattan were only 60 per cent of those
commanded by comparable midtown properties.
Wharton estimated that much of this lost rent is due to
the poorer transportation access of Lower Manhattan
versus midtown. Rents in Manhattan decline by 30 per
cent for each mile to the nearest subway stop, and by an
additional 9 per cent for each mile from Grand Central
Station. Finally, rents downtown increase only 30 per
cent between comparable buildings of 60 storeys in
height versus those only 10 storeys tall. This ‘view
premium’ probably, in his words, does not match the
required additional construction costs — casting doubt
on the economic wisdom of building ever higher
(Wharton, 2002).

Who decides how high a building
will be?

In governing the height of buildings, the most powerful
regulations, apart from specific planning directives, are
fire regulations. In the UK, a generally low-rise country,
there are strong drivers that keep buildings moderately

low. Above six storeys, significant extra costs are
incurred in sprinkler systems, and after ten storeys, the
need for enhanced fire escape provision means that the
extra costs can only be recouped if storey heights push
up above 15 storeys. At around 18 storeys the need for
upgrading passenger lift systems in the building makes
higher buildings (even in expensive areas of London)
less than fully economically viable. In London, former
Mayor Ken Livingston actually forced developers to
push up their planned buildings above this level
because he wanted to promote London as a tall city,
despite the fact that this seriously reduced their profit
levels from the build. The cost efficiency of a high
building will vary according to the cost and quality of
the build; so, of course, developers will make more
profit the higher they go if they build to lower
standards.

In Hong Kong, where space is at a premium,
building codes for thermal performance are less
stringent, resulting in more fire-proof buildings. In the
UK, thermal regulations require that cold bridging of
the external structure is eliminated by floating the
external envelope of the building outside the structure
thereby destroying the fire compartmentalization that
prevents rapid fire spreading up the outside of towers.
In Hong Kong, this is not required, lowering the
thermal performance of structures by allowing floor-
to-floor construction, but eliminating the potential for
fire spread along the inside of the building skin. In
Hong Kong, where fatal residential fires do occur,
there is a fairly onerous requirement for fire-fighting
equipment to be stored at the top of the building
(Cheung, 1992, pp47-60) (see Table 3.1).

Again, the high cost implications of upgrading
water storage capacity will mean that developers will
tend to go up to the maximum floor height achievable
for the minimum water storage capacity.

In a developer-driven city, it is interesting that a
main fire-fighting regulation relates to the provision,
size and location of fire hydrants. If fighting a fire from

Table 3.1 Fire safety requirements in Hong Kong

Gross floor area Required water storage

Not exceeding 230m? 9000 litres

Over 230m?and below 460m? 18,000 litres
Over 460m?and below 920m? 27,000 litres
Over 920m? 36,000 litres

Source: Cheung (1992)



the street, the maximum height of a tall fire ladder is
around 30m, or around ten floors. A fully kitted out
fire-fighter can climb to a maximum of around ten
floors and remain operational, but not above this level.
In Hong Kong, the main way to fight fires in towers is
either through internal sprinkler systems (ideally at
least one per flat) or for firemen to climb with
extendable hydrant-fixed fire hoses and portable fire
pumps to pump the water to the level of the fire from
the street.

In America, where the height of buildings is related
to the perceived success of cities and/or organizations
and limitations on personal freedoms are not
encouraged, fire regulations have evolved with
developers’ interests at heart. Before 11 September
2001, fire regulations in tall buildings were predicated
on the idea that buildings would be evacuated in an
orderly phased fashion floor by floor. After 9/11, this
was understood not to be the case as it was realized that
people would potentially not survive above a
catastrophic fire. After a three-year review by the US
National Institute of Standards and Technology
(NIST), it was recommended, very much against
developers” wishes, that an additional stairway exit for
buildings over 140m (420feet, or circa 40 floors) and a
minimum of one fire service access elevator be required
in all new buildings over 40m high (120 feet, or 12
floors), as well as luminous markings to show the exit
path in buildings more than 25m high (75 feet, or circa
six to eight floors) (NIST, 2007). Developers did not
object to the luminous markings. These regulations will
result in lower towers in the US.

Costs associated with fire-fighting, lifts provision,
crane heights during construction, water-pumping
regulations and the cost and quality of construction,
etc. influence the economics of building height and,
thus, the height to which buildings are built. These
limits are a reflection on the culture of the local society.
Hubris drives individuals and cash-rich corporations
and states to go above these sensible heights.

Resource depletion

Issues around resources depletion are increasingly
posing enormous limits on the way in which we design,
build and live today and in the future. There are three
immediate imperatives on buildings resulting from the
growing demand for, scarcity and cost of the Earths
resources:
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1 Lower the build cost per square metre of a building.

2 Lower the cost per square metre of running a
building.

3 Change lifestyle patterns to lower costs while
maintaining quality of life.

The following sections deal with the basic resources of
building materials, water and fossil fuels.

Building materials

In 2001, Treloar and colleagues published a classic
study of the energy embodied in substructure,
superstructure and finish elements for five Melbourne
office buildings of the following heights: 3, 7, 15, 42
and 52 storeys. The two high-rise buildings were found
to have approximately 60 per cent more energy
embodied per unit gross floor area (GFA) in their
materials than the low-rise buildings. Increases were
evident in building elements such as upper floors,
columns, internal walls, external walls and staircases, as
well as the direct energy of the construction process and
other items not included in the bill of quantities, such
as ancillary items, consultants’ activities and financial
and government services.

Variations in other elements, such as substructure,
roof, windows and finishes, did not appear to be
influenced by building height. The case study analysis
suggested that high-rise buildings require more energy-
intensive materials to meet structural requirements and
wind load compared to 212 low-rise office buildings
also recorded. A combination of two effects occurs:

1 The materials are more energy intensive.
2 More materials are required for high-rise buildings.

The findings of Treloar et al (2001) are reproduced in
Table 3.2, and the disparity in the results is striking.
The additional 60 per cent costs of the materials and
energy embodied energy in them in relation to the
potential to charge a 30 per cent view premium backs
up Professor Wharton’s assumption that the cost of the
view does not cover its building costs.

The importance of the embodied energy costs of
buildings is more significant in today’s markets, where
the cost of building materials such as steel and concrete
is soaring, bolstered by market shortages driven by the
boom economies of China and India and the rising
price of oil. Material costs are beginning to reduce the
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Table 3.2 Case study buildings’ embodied energy results (GJ/m? gross floor
area) by element group

Height in storeys 3 7 15 42 52
Structure group 5 7 9.9 11.7 11.6
Finishes group 0.6 0.4 0.5 0.4 0.7
Substructure 0.9 0.4 1.2 0.5 0.7
Roof 1 0.8 0.1 0.2 0.4
windows 0.3 0.2 0 0.2 0.1
Non-material group 2.9 3.2 4.4 4.9 5
TOTAL 10.7 11.9 16.1 18 18.4
Source: adapted from Treloar et al (2001)
viability of many building projects, and the 12-month Water

rise in steel costs in the US to August 2008 of 60 to 70
per cent (Scott, 2008) has meant that many projects
have been value engineered out of existence. In Las
Vegas alone, since 2005, 30 major tower building
developments, already given planning permission, were
cancelled because they simply would never make a
return on investment.!

Perhaps the highest profile of these, in all ways, was
the super-tall Crown Las Vegas, with a height of 1888
(575m) feet, given planning permission in June 2007
and cancelled in July 2008; it would have been the
tallest building in the Western Hemisphere and a solid
focal point for the north strip of this entertainment city.
Austin-based developer Christopher Milam proposed
the US$4.8 billion, 5000 unit, 450,000 gross square
metre, 142-storey condo-hotel resort and casino for the
land south of the Sahara resort, in a project that was
conceived of by Skidmore, Owings and Merrill, and
Steelman Design Group. It is a tripod, which is the most
efficient structural shape for a super-tall building, and
this allows for the maximization of height with
minimum penalty for structural weight. It was designed
to be of composite steel and concrete for reasons of both
speed and cost, whereas the Burj Dubai is all concrete.
The apparently cost-efficient design contrasted with
Burj Dubai that is very inefficient in its top 80 floors
and was never considered commercial as a stand-alone
project; but the owners have the financial resources and
the ‘greater regional objective’ to have the tallest
building in the world (Milham, 2006). None of the
super-tall towers are commercially viable, and
developers in the UK typically will not look at a
structure over 18 floors if they want to make money.

Las Vegas is a city in trouble because, despite the fact
that many of its planned towers have been cancelled,
some ten new towers will be completed by 2013 with
potentially catastrophic consequences for the viability
of the city itself. It is one of those ‘cities on the edge of
cliffs’ that because the settlement has grown in such a
way as to exceed the capacity of its hinterland to
support it, may simply die itself.

Las Vegas is one of the most energy-hungry cities in
the world and nearly all of its electricity is generated by
hydropower. Not only is it located in a dry desert which
is too hot and dry to support non-acclimatized Western
populations without air conditioning, but the types of
buildings on ‘The Strip’ are some of the most energy
profligate in the world, with their ‘full-view’ windows.
At a time of growing energy and water shortages in the
drought-ridden south-west of America, the city now
has over US$30 billion of new developments on its
books to be completed, with the first one being the new
city centre development, to be completed in late 2010.
It is located on the imploded site of the old MGM lot,
and the new seven-tower block development will cost
approximately US$8 billion, cover 1.8 million square
metres and include hotels, casinos and residences. It
will eventually house 8000 new visitors and need an
additional 12,000 staff to service it. This was planned
in a city with high levels of employment, soaring house
prices, no free school places, and an electricity and
water supply system in crisis.

Each new resident will need around 20,000
kilowatt hours (kWh) of electricity a year. So this single
development may need an extra 400,000 megawatts



hours (MWh) per annum generation capacity at a cost
of US$1 million a year producing 160 million tonnes
of carbon dioxide (CO,) per annum, all generated by
turbines at the Hoover, Parker and David dams that
serve Nevada, and have a maximum generation
capacity of only 200,000MW. The state utilities are
building two more coal-powered stations and have
commissioned the Solar One plant, a 64MW solar
generator in the Nevada Desert. But even this does not
cover the energy requirements from the new
developments on The Strip.

The real problem is water. Not only is the electricity
generated by the water turbines at the dam, but the new
demand may create an additional demand for over 1
billion gallons of water per year. This is taking a very
conservative assumption of 10,000 people in the
development multiplied by the average Las Vegas per
capita consumption of around 115,000 gallons of water
per year. The warming climate has caused a rapid decrease
in the snow pack on the Rockies that feeds the Colorado
rivers and its dams. Researchers Barnett and Pierce at
Scripps Institution of Oceanography at the University of
California, San Diego, calculate that there is a 10 per cent
chance that Lake Mead (Hoover Dam) will dry up in six
years and a 50 per cent chance that it will be gone by
2021 (Barnett and Pierce, 2008). Professor Hal Rothman
of the University of Nevada, Las Vegas, probably spoke
for many Americans who find it difficult to deal with
issues of climate change when he said: “Water is unlikely
to ever be a major problem for Las Vegas as long as the
city’s success continues. Water flows uphill to money in
the American West' (Krieger, 2000).

Nevada, Las Vegas's home state, is already triggering
a water war with neighbouring Utah as it tries to
purloin its underground water reserves by drilling in
areas in the north of the state, such as Snake Valley.
Despite the lack of resolution on future water
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resources, Las Vegas just gets more and more water- and
energy-greedy as it begins to plunder the adjacent
landscapes to feed its ever-rising needs (D], 2008).

Qil

The cost of energy changes everything. In April 2005
there was a global price spike for oil that went through
the US$60 a barrel level; in April 2006 the price spike
hit US$80 dollars a barrel in the wake of the
devastation wrought by Hurricane Katrina in the Gulf
of Mexico, and in July 2008 its price spiked to US$147
a barrel. No one actually knows where this price is
heading and how fast, but it changes the way in which
we build and live in our cities.

Middle-class people in warm countries around the
world are beginning not to be able to afford to run their
cooling systems as much as they would like, because
they can no longer afford the steeply rising electricity
prices for them. In higher buildings in many cities,
including Hong Kong or Sao Paulo, not only are the
prices rising for basic food commodities, petrol and
services, but there is the additional energy burden of
paying for lifts. Lifts also use a large amount of energy
to run. For buildings that are largely served by lifts, you
can add a rough figure of 5 to 15 per cent onto building
energy running costs. Nipkow and Schalcher (2006)
showed that liftss can account for a significant
proportion of energy consumption in buildings with
surprisingly high standby consumption, accounting for
between 25 and 83 per cent of total consumption (see
Table 3.3).

So, a twelve-storey residential block with two lifts
might use up to 40,000kWh just to get to the flats. In
addition, there are higher operation and maintenance
costs in taller buildings and, as has been found in Scottish
social housing blocks, a significant ‘concierge cost’ to

Table 3.3 Energy consumption of typical traction lifts

Type of Building/ Capacity Speed Wh per No. of No. of kWh pa. % in

Purpose kg m/s cycle stops Travel including mode
p.a. standby standby

Small apartment building ~ 630kg 1 m/s 6 4 40,000 950 83%

Office block/med 1000kg 1.5 m/s 8 13 200,000 4350 40%

sized apart. block

Hospital, large office block  2000kg 2 m/s 12 19 700,000 17,700 25%

Source: Nipkow and Schalcher (2006)
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provide security to the higher, more densely populated
blocks (Meir and Roaf, 2005).

There are also significant costs in raising water in a
block where water is used for fire sprinkler systems, for
hot and cold water supplies and for cooling systems.
Perhaps this is best illustrated with figures for the
highest building in the world, the Burj Dubai Tower.
The 160-storey tower of 344,000 square metres will
include 45.7MW of cooling alone with a chilled water
system and a subsidiary ice storage system to reduce
installed chiller capacity to lower the capital costs
(Twickline, 2008). This tower uses the outputs of two
major power stations just to keep the lights on.

The energy subsidy problem

Kuwait, has only been a state since 1913 and is now
one of the richest countries per capita in the world. It
is also one of the most vulnerable for the very reason of
the inequality between the rich and the poor, or, in this
case, the very very rich and the rich. Kuwait has for
decades subsidized the price of electricity, which is sold
now for the unbelievably low price of around US$0.06
a unit (kWh) to the citizens of Kuwait. This may have
been an affordable gesture as little as ten years ago when
oil was around US$10 dollars a barrel; but in 2008
with oil at US$147 a barrel it was beginning to look
seriously untenable. In 1995 the population of Kuwait
was 1.8 million; in 2005 had it reached 2.4 million;
and it is predicted by the Kuwaiti government to rise to
4.2 million by 2025 and to 6.4 million by 2050.

The Kuwaiti nationals, encouraged by cheap
energy, typically live in large air-conditioned houses. If
they paid the UK going rate for energy, it would now
cost them approximately UK£15,000 to run a
medium-sized house a year just to pay the electricity
bills at 2005 prices. The average income for a teacher
there is around UK£40,000 to £50,000 a year, and
house costs are high. One consequence of subsidies is
the lack of investment in generation capacity. Today,
the largest per capita power users are increasingly found
in the Middle East where there are subsidies. Per capita
power use in Kuwait now surpasses the US, while in
Dubai, one of the region’s key economic engines, the
level is now nearly twice what it is in the US. Even in
countries which still lag behind the US, demand is fast
catching up. Saudi power consumption, for example,
has grown at an average 7 per cent annual rate during

the last half decade, four times as fast as in the US, and
its huge expansion plans for water desalination plants
are about to raise power consumption and costs (Reddy
and Ghaffour, 2007). The energy needed to desalinate
1000 cubic metres of sea water varies with the system:
for the multi-stage flash systems it is 3MWh to 6MWh;
by vapour compression, around 8MWh to 12MWh;
and by reverse osmosis, SMWh to 10MWh.

The Kuwaitis who look so secure in their oil wealth
are perhaps some of the most vulnerable people in the
world to the impact of the peak oil problem and
soaring energy prices; but the possibility of removing
the subsidies for electricity is not discussed because of
fears that it may lead to a revolution. In the summer,
every year now blackouts are experienced in cities along
the Gulf because electricity generation capacity is
exceeded by demand as summer temperatures rise to
over 54°C. Yet, despite this, they are building more
glass towers, announcing in April 2008 that in Subiya,
in Madinat al-Hareer in Kuwait, they are planning to
erect the world’s tallest tower, stealing the crown from
Dubai, in addition to planning on creating a hugely
ambitious rail network that would link the Middle East
with China.

But there is a considerable reality gap in the Gulf,
where power consumption is expected to rise 50 per cent
over the next five years in the region, while power
generation will only increase by 30 per cent over the
same period. Already industrial projects are being
scrapped, hospital wards are blacking out, and otherwise
completed residential units are lying empty without the
means to power lifts or even light bulbs.

Pollution

Against this backdrop we hear the words of dedicated
scientists such as James Hansen of the US National
Aeronautics and Space Administration (NASA)/
Goddard Institute of Space Studies in New York who
tell us that if humanity wishes to preserve a planet
similar to that on which civilization developed and to
which life on Earth is adapted, palacoclimatic evidence
and ongoing climate change suggest that CO, will need
to be reduced from its current 385 parts per million
(ppm) to at most 350ppm. The largest uncertainty in
the target arises from possible changes of non-CO,
forcings. An initial 350ppm CO, target may be
achievable by phasing out coal use except where CO, is
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captured and by adopting agricultural and forestry
practices that sequester carbon. If the present overshoot
of this target CO, is not brief, there is a possibility of
seeding irreversible catastrophic effects (Hansen et al,
2007; Hansen et al, 2008). High-density living need
not be high-energy living, as the dense cities of the past
demonstrate; but in today’s machine age they inevitably
are. We are currently on track to reach over 700ppm
by 2100.

To prevent the planet from passing catastrophic
trigger points that will accelerate climate change, and if
we are to avoid the untenable increases in global
temperatures outlined in the Fourth Report of the
Intergovernmental Panel on Climate Change (IPCC,
2007), then we are going to have to reduce our carbon
emissions by over 90 per cent of today’s emissions
levels. Climate change will exacerbate many of the
factors outlined above (Oil Depletion Analysis and the
Post Carbon Institute, 2008), and the severity of their
impacts will become insurmountable for many, not
least those in dense and (particularly) high-rise cities, as
we can no longer buy our way out of problems with

cheap oil (IPCC, 2007).

Conclusions: Avoid the
Ozymandias syndrome

With global populations exponentially increasing and
urbanizing, we can see that traditional vernacular
solutions for building and city form are not capable of
achieving the required densification of dwellings,
services and infrastructure needed to support workable
and rapidly growing cities.

Quite simply put, if we are to survive with a decent
standard of living, we will all have to get an effective plan
for the density at which we build our emerging cities.
The question is not ‘are high-density settlements
sustainable’; rather, for any place and people on this
Earth, ‘what is the optimal density for this city’. The
answer depends upon the capacity of, and the constraints
in, the supporting social, economic and ecosystems
of that city. Welcome to the new age of the capacity
calculators.

For each city we need careful calculations of the
population level that it is capable of supporting in
relation to available water, energy and food; sewage
and waste disposal systems; transport and social
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infrastructure; and work opportunities for current and
future conditions.

Underlying every calculation must be an
assumption of what constitutes either a minimum for,
or adequate supply of, a necessary resource or service.
This assumption will vary for each location and
culture; in addition, the rate of change for rapidly
changing global drivers, such as politics and the need to
produce shareholder profit, climate change and fossil-
fuel depletion, must also be taken into account. The
prime imperative of the 21st century is the need to
reduce energy use for reasons of its associated costs and
emissions impacts.

This imperative favours both walkable cities and
walkable buildings. It favours energy efficiency and
renewable energy. It makes energy profligate buildings
into ‘time bomb’ investments, waiting to go off. Cities
and regions with effective public transport and service
infrastructures and amenities will find it easier to
maintain secure, healthy and civilized operational
conditions within their boundaries. The quality of the
environment we can provide today will be reflected in
its social, economic and environmental durability in
the future.

The most important questions of all are: can you
build a sustainable society here? And how do you make
that society happen