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ABSTRACT

Dense high-rise cities offer some advantages in terms of sustainability but have con-
siderable downsides. Low-dense and medium-rise typologies have been shown to
offer good social qualities; their potential energy and carbon advantages have received
less attention. As the energy consumption, emissions of cities and heat island effects
increase; we question whether dense, high-rise cities offer optimal sustainability. We
discuss seven areas where medium density and lower rise typologies offer advantages
in terms of energy and climate including: land use/density; microclimate/green space;
energy supply; transports; operational energy/carbon; embodied energy/carbon;
and resilience.

The aim is to discuss the cumulative importance of these areas in the context
of sustainable energy use and climate emissions. These areas are subject to ongoing
research and are only discussed briefly, since the overarching synthesis perspective
for urban planning is our focus. The picture that emerges when these points are
seen together, suggests that medium density and lower rise options—Tlike traditional
European typologies—may offer, in addition to social qualities, very significant
advantages in terms of energy, carbon and climate emissions.
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HIGHLIGHTS

* Low-carbon typologies for sustainable cities are discussed

o Cities with moderate densities and heights offer advantages in terms of energy and
climate emissions

* Problematic environmental aspects of dense and high-rise urban development are discussed

o Compact high-rise cities are especially problematic in hot climate developing countries

* Energy and carbon considerations require us to rethink sustainable urban form
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1. INTRODUCTION

According to the IPCC the urban population is expected to reach 67% of the global popula-
tion by 2050; cities will then be accounting for around 75% of global primary energy use and
50—60% of climate emissions (Revi et al., 2014; UN Habitat, 2012). What kinds of cities can
be most sustainable? There are always trade-offs between environment, economy and com-
munity; the

ultimate goal is a good balance between the three. Whilst acknowledging the many social
and economic aspects, this paper highlights the environmental consequences of different urban
forms. We focus on seven areas where urban form has implications for energy use and climate
emissions. Some may appear minor, when seen individually, accounting for only a few per
cent of the energy or climate impacts, and their relative importance will vary, but when seen
cumulatively, they are of considerable weight in the quest for low carbon or low emission cities.

Alongside the global implications of urban energy and carbon, public health impacts can
be of serious concern and are now receiving much attention. Cities are experiencing increasing
heat events, including in temperate climates, with nearly 70,000 excess deaths in the European
heat wave of 2003 alone (Robine et al., 2008)—in what are far from the hottest or least well-
prepared countries. The urban heat island (UHI) effect may render hot climate cities virtually
unliveable periodically (Lauwaet et al., 2005) and air pollution aggravates this further (Kovats
and Hajat, 2018).

Our focus is on which city typologies are most conducive to low climate emissions and low
energy solutions. With rapid urbanization, especially in developing countries, a worldwide tradi-
tion of low-rise settlements is giving way to life in urban apartments, with huge socio-cultural
changes. Both the design of new cities and the adaptation of existing ones influence transporrt,
energy needs, emissions, and many environmental qualities. Paradigms of urban form include
European city typologies, modernist zoning, dense high-rise, garden cities, and suburban sprawl,
with widely differing economic, social and ecological characteristics. Whilst movements such as
New Urbanism champion the human and community qualities of traditional, dense but fairly
low-rise cities, others argue for small, “human scale” towns; others praise the dynamic qualities
of megacities. Do some typologies render it inherently easier to achieve low carbon, low emis-
sion solutions? (noting that the terms low energy and low carbon are largely interchangeable as
long as energy systems are largely fossil fuel based).

The “compact city” concept, often cited as the “sustainable” answer, offers concentrated
public transport networks and hence low carbon mobility, but it is seldom pointed out that
“compact” also means a concentration of negatives: congestion, heat island effect, air pollu-
tion, noise—and very high land prices. Problematic social aspects can include insecurity, loss
of identity and lack of green leisure spaces. Developing country cities should consider the
“compact city” model with a particularly critical eye. Overcrowding and lack of energy ameni-
ties may, in a warming world, lead to very poor living conditions, as the following quite early
study illustrated: “Hong Kong’s first large-scale sustainability research initiative (Barron and
Steinbrecher, 1999) has revealed the astonishing deterioration of the environment. The main
environmental problems are associated with over-concentration due to high-rise and high-
density development, and include poor air quality, water depletion, noise, and excessive waste
production” (Zhang, 2000: 247).

There is also considerable research which queries the environmental “efficiency” of dense
city centres (Vringer and Blok, 1995, Bjelle et al., 2018). Living in cities implies, and indeed
partly compels, a certain lifestyle and consumption. A study of Helsinki found that “carbon
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dioxide equivalent (CO2e) emissions are substantially higher in the dense downtown area than
in the surrounding suburbs” (Heinonen et al., 2011:1). Sustainable building and urban design
alone can facilitate, but not ensure, sustainable lifestyles. City living is situational and often
implies high consumption patterns, including city dwellers’ higher use of holiday homes and
leisure flights, which may outweigh the apparent advantages of compact cities such as transport
efhiciency. These are sociocultural factors, not addressed here but important to mention since
they must be included to achieve a holistic perspective on the impacts of urban form.

The trend towards dense, high-rise urban environments is problematic not least in devel-
oping countries where solutions may be of poor quality both socially and technically. Large
high-rise developments are now a common model in emerging economies; not only for business
districts but also for residential areas. Common features are high density, increasing heights,
extensive underground parking and a general lack of focus on energy efficiency or climate
impacts. By contrast, traditional European type cities consist largely of dense but low- to
medium-rise urban fabric. At the other extreme lies the very low-density suburban “sprawl”
model, widespread not only in North America, and still an ideal for many people.

Whilst existing cities face the huge task of restructuring for sustainability, new cities have
the opportunity to “get it right” the first time. However, rapid growth combined with a lack of
resources often leads to poor solutions. The fast pace of development in countries such as China
can be illustrated by an example: “almost 80% of the residential construction projects in Xiamen
Island were built after 1990, whereas only 6.7% of the construction was built before 1980 . . .”
(Ye etal., 2011: 149). Such rapid growth is problematic, frequently occurring at the expense of

FIGURE 1. Medium-rise dense typology of historic European cities—here in south Germany
(Photo: Butters).
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local environment and of living quality. For instance, even in countries such as Thailand and
China where adequate skills and planning systems exist, it has been seen as too early to impose
strict requirements for energy efficiency, as this might hamper economic growth. To do so in
poorer regions is even less realistic. Another “missed opportunity” is that favourable solutions
such as district heating or cooling are not implemented. Many cities are thus locking themselves
into huge future energy costs and climate emissions.

Research in specialised areas provides the pieces that must be fitted into an overall puzzle.
This paper therefore offers a synthesis perspective combining established knowledge within
urban studies and newer research related specifically to the energy/carbon and climate emissions
of cities. When social and economic considerations are also taken into account, it is posited that
a “middle ground” of compact and medium-rise urban solutions may be optimal.

2. SUSTAINABLE URBAN FORM
Principles for sustainable building and city planning are broadly recognised, but seldom applied
due to reasons such as a rush for economic development, uncritical adoption of high-rise con-
cepts, and the outdated zoning paradigm of the modernist era. Furthermore, the private car still
dominates, with its impacts on the environmental and social characteristics of cities.

Whilst social, economic and environmental sustainability are equally important in urban
design, the environmental parameters might be very briefly summarised as follows:

* Location: urban development ideally to be sited in compact and climatically favourable
areas, minimising both building-related and transport energy needs and pollution;

* Zoning: mixed use, as opposed to modernist segregated zoning, co-locating housing,
services and workplaces to reduce transport needs and ensure varied activity;

* Green-blue infrastructures: climatically favourable parks, water bodies and open spaces;

* Urban plan: street layouts, orientation, heights and setbacks enabling all buildings to
avoid solar radiation and maximise urban ventilation (in hot climates), or to maximise
solar gain and protect from wind (in cold climates);

* Building design: the individual buildings to be climate-responsive and energy efficient
(plus efficient water use, waste management, noise and pollutant control, etc.);

* Energy supply: renewable energy sources, plus location and zoning optimising available
local sources of energy and waste heat;

* Integration: coordinated design of the three levels of buildings, urban plan and energy
system, to achieve optimal efficiency, including district-scale energy systems;

e User orientation: consumer-friendly technology, management and information to facili-
tate sustainable mobility and efficient resource consumption.

The environmental design goal is cities with minimal resource needs and impacts includ-
ing carbon emissions, urban heat, pollution and wastes. It is broadly accepted that extremes of
suburban sprawl and excessive high density are both unfavourable for sustainability. In between
lie a range of medium-rise and medium-density options which can be favourable in terms of
energy efficiency and climate emissions (LSECities/EIFER, 2014)—whilst enabling quite high
population densities. This study addresses two key variables of urban form, density and height,
and their implications on energy use and carbon emissions. The trend of high-density high-rise
cities is questioned.
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FIGURE 2. Medium-rise typologies with high energy efficiency: Distrikt Vauban, Freiburg (Photo:
Butters).

The many other considerations in urban planning include biodiversity, human health, and
social aspects. Whilst bearing them in mind, the “newer” issues of energy, climate emissions
and urban heat island demand a rethinking of urban planning. Discussion of the seven points
below is based on studies from both developed and developing countries. Each point merits an
entire paper, but the aim here is to shed light on connections that are less often perceived, and
on an important cumulative picture. We invite readers with in-depth knowledge in these areas
to accept the broad-brush approach below, our express focus being how these pieces, when seen
together, influence energy/climate considerations for sustainable cities.

3. SEVEN REASONS TO REVISIT MEDIUM-DENSITY AND MEDIUM-RISE
OPTIONS

3.1 Land Use

Development density can be measured in Floor Area Ratio (FAR), which describes the amount
of building on a given site; for example, a FAR of 1.0 indicates 100 m? of floor space on a site of
100 m% FAR 3.0 meaning a building of three floors totalling 300 m* on the same site. Surface
Coverage (SC) describes what proportion of the land is built on; for example, SC 1.0 indicates a
building covering an entire site of 100 m? even if many floors high; SC 0.5 indicating a building
of 50 m? floor area, hence occupying only half the site, however tall. In addition to FAR and
SC, other measures include dwellings or persons per hectare (dph, pph). None of these alone
reflect space use per person or built conditions, and the measures may apply to single sites (net
density) or to larger urban areas including streets and open spaces (gross density). Typical FAR
figures range from well below 1.0 in suburbs to above 4.0 in some European city areas. The
FAR in quite dense medium-rise districts seldom exceeds 2.0.
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A key reasoning behind dense high-rise development is said to be the need to house many
people in a compact area. That argument is not really valid; high population densities are achiev-
able with moderate heights (Cheng, 2010). Table 1 provides density comparisons showing
typical figures of FAR and SC as well as building heights in number of floors. It is notable that
some traditional European city districts, such as in Paris or Istanbul, have a FAR reaching up
to 4.0—actually a higher FAR than the high-rise “superblocks” in Chinese and similar new
cities. Whilst the FAR itself does not guarantee high population density, given very unequal
space use per person, it does describe how much living (or other) space is available within a
given built typology.

Both measures and perceptions of building height and densities vary widely. The study
“Superdensity” (Derbyshire ez 2/ 2015) classifies low-rise as up to four storeys and medium-rise
from five to around eight floors. Briefly stated, low- and medium-rise corresponds to typical
traditional European and similar cities, and to quite a few recent eco-type urban developments.
For the purposes of this paper we posit a FAR of above 3.0 as a simplified benchmark of /igh-
density; the term high-rise will be used here for heights from around nine floors to very high-rise
of 20 and more floors, now not uncommon in the world’s megacities; and we apply the term
medium-rise to include broadly between four and eight storey buildings.

Another common argument in favour of “compact cities” is economies of scale. But this has
been questioned. O Toole (1996) noted that empirical studies consistently found that lower
operating costs in the suburbs more than offset the higher initial capital costs of infrastructure.
Similarly, “The cost increase from the low to the medium-density scenario is nearly 100%), while
the cost increase from the medium- to the high-density scenario is just over 50%” (Biermann,
2000: 304). This applies especially in low-income contexts: “High demographic growth, low

TABLE 1. Urban Density Comparisons.

SC—Surface FAR—Floor

Urban Typology Coverage Area Ratio Average height

1. Europe, detached housing 0.10-0.30 0.2-0.7 1.5-2.5

2. Europe, row/terrace housing 0.15-0.35 0.5-1.0 2.0-3.0

3. Ningbo low-rise traditional 0.50 1.4 2.4

4. Ningbo 6 storey block 1990s 0.23 1.2 5.0

5. Jinan medium blocks 1980s 0.34 1.8 5.3

6. Europe modernist high-rise 0.10-0.25 1.0-2.5 8.0-14.0

7. Jinan superblock 1990s 0.22 2.0 10.1

8. Ningbo high-rise block 0.17 2.6 15.5

9. Europe compact city block 0.35-0.55 2.0-4.0 4.0-6.0
Notes:

1. Average height (number of floors) is less than the high-rises themselves due to some low-rise commercial and
other buildings on most sites. For example, the high-rises themselves in example 8 are around 30 floors.

2. Sources: Ningbo the authors (Cheshmehzangi and Butters, 2015), Jinan cases (Yang, 2010), Europe cases
(LSECities/EIFER, 2014).
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levels of economic development, high income inequalities, small urban budgets and shortages
of environmental infrastructure, shelter and basic services have a critical effect on densifica-
tion policies and the effectiveness of policy instruments. The merits of densification at a high
level of development may disappear at a lower level and be counterproductive without signifi-
cant improvement to this level” (Burgess, 2000:15). Hence, high-density solutions (whether
medium- or high-rise) do not necessarily provide economies of scale.

Traditional settlements in many cultures are low-rise but quite dense, from Mediterranean
towns to North African medinas or Chinese hutong. They were often located and laid out in
climatically favourable ways. By contrast, highly pressured megacities often have to expand
into suboptimal areas such as flood plains, north facing slopes or poorly ventilated valleys—
necessitating added costs and energy—or into agricultural land and green areas. By contrast,
small-scale regional cities can better adapt to local landscape and environmental conditions.
Regardless of the quality of the developments, what Table 1 illustrates is that to achieve quite
high population density, the high-rise solutions offer no inherent advantage.

3.2 Microclimate and Blue-Green Space

Achieving a good urban microclimate is a significant factor for reducing energy needs and
climate emissions. Green spaces and water bodies have many functions including microclimatic
amelioration, urban ventilation, socialising and recreation. As is widely discussed today in the
biodiversity hypothesis in medical research, access to nature is also a key to robust immune
systems, health and wellbeing (Hahtela et al., 2013; Hanski et al., 2012).

Energy savings attributable to blue-green spaces can be very significant. An empirical study
of Beijing’s green spaces concluded that the cooling effect ranged from 0.65-0.85kWh/m? of
green space which “amounts to a 60% reduction in net cooling energy usage in Beijing” (Zhang
et al., 2014: 247). The cooling effect of trees, vegetation and water bodies is also very widely
documented: “An increase in the green area of 10% decreases the average surface temperatures
by 1.3C” (Klok et al., 2012:27). UHI adds several degrees to city temperatures, and each degree
corresponds to around 5% increased energy demand for cooling (Santamouris, 2007).

A key difference between typical modern high-rise areas and traditional European cities
is that where the former may have considerable green space between the high-rises, European
type cities often have only small green spaces locally, but large urban parks nearby. In addition
to being truly public and accessible to all, these are larger, giving more microclimatic effect,
higher biodiversity, and more activities or socialising than the often privatised or gated spaces
between high-rise blocks—which often have very limited functionality.

High-rise developments can have considerable green space that offers a cooling effect of air
movement; but high-rise buildings cannot be shaded by trees, and they often cause problematic
turbulence effects. Traditional low- and medium-dense towns in both hot and cold regions
provided good microclimates through favourable layouts, trees, design and location (Shanthi
Priya et al., 2012; Givoni, 2011; Santamouris, 2006). Furthermore, the denser the city is, the
greater the urban heat island problem. Overall city population densities in European type cities
are not dissimilar to those in modern Chinese high-rise cities. Both can offer considerable green
space although as noted, of significantly different character. Large urban parks in the European
medium-rise typology are climatically more effective than scattered green areas between high-
rises. Increasingly, high-rise and high-density solutions imply a progressive loss of blue-green
space, negative both socially and for urban microclimate and resulting in increased energy needs
and emissions.
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3.3 Sustainable Energy Supply

Next, we consider the consequences of city form for energy supply options. The almost uni-
versal solution of small-scale air conditioning in hot cities adds huge amounts of waste heat to
the urban environment, is far less efficient than large-scale cooling systems, and can be both
noisy and unhealthy. An advantage of high-density is that it is favourable for district energy
systems. District heating (DH) systems are well known; district cooling (DC) is little known
but is receiving increasing attention (Butters, 2018). Much of the world’s population will be
in hot climate cities and district cooling has the unique advantage of removing heat from
the city; it is as good as the only way to reduce UHI in the hot climate megacities. There are
limitations however. District energy systems are very costly to install in existing cities; and as
individual buildings become much more energy efficient, the economic feasibility of district
energy systems decreases.

In addition, an important goal is for sustainable energy generation to be provided by
on-site renewable energy technology. Of the main renewables—solar, wind, hydro, wave and
bioenergy—only solar can be significantly located within cities. Building-integrated solar energy
seems likely to become a standard feature in all climates; but solar systems integrated into roofs
and facades can only cover a significant amount of the energy demand of low- to medium-rise
buildings (Lee et al, 2016; Byrd et al, 2013; Rodriguez et al, 2017). A photovoltaic (PV) roof
on a skyscraper might be enough to power the lifts and little more.

A Netherlands study showed that the potential electricity generation from photovoltaic
cells in a typical two-storey neighbourhood with a FAR of 0.3 would exceed the electricity
demand by 18%. Between 35-55% of the heating requirement could also be provided through
solar collectors on roofs and integrated in the road, and higher coverage would be expected in

FIGURE 3. Plus-energy area in Freiburg, Germany, by Rolf Disch. Only in fairly low-rise can solar
energy provide all the energy required. (Photo: Butters)
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new low-energy developments (Agudelo-Vera et al, 2012). The Solarsiedlung area in Freiburg
completed in 2004 (Figure 2) with a FAR of around 1.0 also produces more electricity than it
consumes (Disch, n.d.). Hence, increasing density does facilitate district energy solutions regard-
less of heights but less so given future low energy buildings; and medium-rise options, whilst still
enabling fairly high population densities, offer definite advantages in terms of renewable energy.

3.4 Urban Transports

Mobility is a key issue for energy, economy and society. Megacities require extensive and
extremely costly multi-level transport solutions (underground, surface and elevated). Despite
these, vehicle speed is often little above walking speed; congestion entails large productivity
losses and multiplies emissions and pollution (Baker and Steemers, 2000). Furthermore, gaso-
line efficiency in city driving is much lower, thus partly negating the “compact city” advantage
(Heinonen etal., 2013). Car parking in inner cities becomes extremely onerous requiring under-
ground or multi-level parking—which as noted in section 3.6 is also extremely carbon intensive.

This point is relevant for urban density and not heights. That urban density impacts
heavily on energy use for transport was shown by Newman and Kenworthy (1989) 30 years ago
and this has been refined since by including other variables such as socio-economic mix, road
design, destination and transit distance (Ewing and Cervero, 2010; Cervero 2002; Ewing at al
2017). According to Steemers (2003) the lack of public transport can counteract the benefits
of dense cities: “historic European cities, such as Paris, lie at a national ‘optimum’—achieving
moderate energy use for modest densities—whilst sustaining a rich urban life. It is not evident
that moving towards increasing urban density will lead to reduced car traffic—in fact, in the
short-term the opposite is likely to be the case. In the absence of extra capacity in the form
of effective integrated public transport, increasing the density will inevitably increase traffic”.

A car-oriented city may have somewhat lower overall population density due to broad
streets and high vehicle density—at a high cost of land, pollution, noise, congestion, lost time
and fuel use. A more “car-free” city can achieve higher population densities. This also offers an
economic benefit: in a car-free district a higher proportion of the extremely valuable urban land
can be capitalised instead of devoted to vehicles. But there are stringent conditions to achieve
lower vehicle use: cities must have mixed use zoning (homes, work, services and leisure not
separated by long distances), they must be fairly small (walkable distances) and have excep-
tionally good public transport. The challenge is to render private car use largely unnecessary;
notably, in cities such as Freiburg or Oslo, most people possess cars, but do not need them for
most activities (Nielsen, 2007).

Hence, the perception that high city density offers sustainable mobility since it enables
efficient and public transport systems, is largely invalid, unless private car use is radically reduced,
Vehicle use accounts for around one-third of total climate emissions (and waste heat produc-
tion) in cities—over 45% in Los Angeles (Gurney et al., 2018). But even with emission free
vehicles, high traffic density still implies congestion, huge costs of road infrastructures, and a
large proportion of the urban land occupied by vehicles. In the absence of radical changes in
“car culture,” however, high density will not, as is often suggested, be favourable for transport-
related energy use and emissions.

3.5 Operational Energy

The largest energy requirement in buildings is normally operational energy (OE), mainly for
space heating or cooling in cold and hot climates respectively. In hot climates, high overall
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density aggravates UHI, thus increasing the need for cooling, particularly in high-rise buildings.
As shown in Table 1, high-rise areas do not necessarily house more people than quite low-rise
ones; High-rises are often deep buildings, leading to apartments with one-sided ventilation
and poor daylighting, hence poor comfort as well as increased energy use for lighting and
mechanical ventilation. If given more glazing for daylighting, the result is summer overheating
and/or excessive heat loss in winter. Many high-rise apartments or offices are also unfavourably
oriented, facing only towards troublesome east or west sun. Mechanical ventilation is expensive,
cumbersome and resource consuming, whereas in lower density areas there is often sufficient
natural ventilation.

Further, high-rise typologies hinder the implementation of many well-recognised passive
solutions to reducing operational energy:

* one can often not choose climatically favourable sites, building orientation or solar access,

* onecannotuse courtyards and similar vernacular solutions to create improved microclimate,

* solar protection, a key to energy efficient design in hot climates, is difficult since much
more of high-rise facades are exposed (Niu, 2004),

* high-rise buildings cannot be shaded by trees, as low- and medium-rise buildings can.

Many factors thus make it challenging or costly to design low energy buildings of high-
rise type. It is notable that many recent eco-efficient districts in Europe such as in Freiburg
and Malme are low- to medium-rise (Butters et al., 2011). Studies such as LSECities/EIFER

FIGURE 4. High-rise, one-sided and heavily glazed apartments, Ningbo, China: climatically
inappropriate and energy demanding design (Photo: Butters).
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(2014) and Jabareen (2006) show that high-rise urban areas are, in terms of thermal energy
performance, not optimal; and many high-rise buildings have extreme energy needs. This point,
operational energy, relates mainly to individual buildings not to the density of urban fabric;
operational energy efficiency can be better in low- and medium-rise than in high-rise buildings.
But as noted above, increasing urban density does increase urban heat island effects; hence, in
hot climates high density also increases operational energy demand.

3.6 Embodied Energy/Carbon (EE/EC)

This point merits somewhat longer discussion since it is still less widely recognised. Embodied
energy (EE) comprises the sum of all energy (and/or carbon) inputs through a building’s life
cycle: extraction of raw materials, processing into construction materials, on-site energy use,
recurrent energy for maintenance and replacement, and finally post-use recycling or disposal.
We discuss each of these below. Of these, the materials production is normally the major item.
But as the building operational energy is reduced in today’s low energy solutions, the part played
by the EE, in particular the materials, increases dramatically—as has been show for some years
now (Ibn-Mohammed et al., 2013; Sartori and Hestnes, 2007) and can be as large as the OE,
such as in a recent sustainable office building in Norway where EE and OE are 69 and 75 tons
CO,/year respectively (Future Built Program, 2014).

Firstly, materials: EE will almost inevitably be greater in high-rise building solutions, due
to extra materials required for services, shafts, lifts and stairs and especially due to the energy-
intensive materials such as concrete, steel, glass, etc. Cement products and steel often contribute
the majority of EE. (Table 2). In medium-rise buildings, simpler materials with lower EE can
be used.

Low carbon concretes reduce the embodied energy/carbon, but it still remains high. One
can also argue that steel as main structural material is recyclable. Tall buildings have also been
constructed in materials such as timber. though this seems likely to remain an exception. Even
so, the embodied energy/carbon of tall buildings remains high due to their technical complexity
as well as fire and safety requirements. Fireproofing coatings,on steel in particular,are environ-
mentally problematic.

But it is not only the buildings that must be accounted. The infrastructures and site works
in dense inner-city contexts are very carbon-intensive, involving mainly concrete and steel. These
include roads, drainage, culverts, retaining works, water supply and other services, many of them
underground. “Green” areas between tall buildings often consist of no more than a thin green
layer over extensive engineering works such as underground parking and services. In a study of
one Chinese high-rise area, the embodied carbon of these infrastructures was found to comprise

TABLE 2. Embodied carbon of typical modern buildings.

EMBODIED CARBON IN MATERIALS

Concrete and steel often comprise by far the major part of the total carbon footprint:

Sweden, 4-storey offices 81% source: (Wallhagen et al., 2011)
Italy, 6-storey apartment block 76% source: authors’ analysis, from (Blenghini, 2009)
China, high-rise office building >70% | source: (Zhang and Wang, 2015)
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around 20% of the total carbon footprint of the development (Butters et al., 2016). This mainly
residential block (Figure 5) has tower blocks of 23-30 floors set around landscaped areas—but
an overall density no higher than that in traditional European city blocks of four to eight floors.
Given future low carbon buildings above ground, these hidden infrastructures could come to
comprise well over one-third of the total carbon footprint. The site works and infrastructures
required for less dense and low- to medium-rise urban areas offer very significant advantages in
terms of embodied carbon. This perspective—the carbon impact of urban infrastructures and
site works—is we suggest new, and needs research.

Secondly, the shares of EE attributable to transport of materials, and on-site energy use
during construction, are typically in the range of 2% to 6% each (Chang et al., 2012; Dixit et
al., 2010) and will also generally be greater in complex high-rise buildings as well as city centres.
Albeit “minor” today, it can be noted that the part played by these items will increase in future
as OE and EE are reduced.

Thirdly, building /ifetime plays an important role in such calculations. Current practice
often sets this at just 50 or 60 years (Eurocodes, 1990), in our view too short for “sustain-
able” buildings. Building components with high EE are only justifiable if they have a long and
maintenance-free lifetime. In reality, in situations of rapid urban change, many structures are
demolished within well under 50 years; a much shorter time than their technical lifespan.

Fourthly, buildings and urban infrastructures require ongoing maintenance, repair and
replacement of parts: These recurrent inputs add a large fraction to the whole life embodied
energy/carbon. Roof and fagade claddings, climatization systems and interiors are often changed
several times during a building lifetime. The technical complexity of typical inner-city areas and
high-rise buildings that require harnessed access or scaffolding for all cleaning and maintenance
of the exterior, of lifts, etc., (Au-Yong, 2018; Chua, 2018; Pomponi, 2018) renders this more
energy-demanding than in low-rise areas. Hence as regards recurrent energy and carbon, high
urban density as well as high-rise buildings in particular have definite disadvantages.

Finally, the post-use energy to dismantle and dispose of or recycle both urban infrastructures
and buildings is often considered to be minor, although that view is questionable. Recycling
steel saves over 50% of the energy needed for producing virgin steel; but recycling concrete can
require 5% more energy than new concrete, and recycling plasterboard has been estimated as
using over 40% more energy than producing virgin material (Gao et al., 2001). Hence, even
recycling is not always a carbon-positive or sustainable policy. Post-use impacts are often little
considered, perhaps because demolition materials have little or no economic value—and little
or no disposal penalty either. This phase requires more research. Life cycle analysis (LCA) often
covers only up to the stage of building completion (“cradle to gate”). But a large steel build-
ing for example represents a valuable “stock” of future savings of energy or carbon that is not
accounted in the “cradle to gate” LCA perspective. This methodological issue is important for
correct carbon accounting but beyond the scope of this discussion. The post-use or demolition
phase of urban buildings and infrastructures may lie far in the future; but our choices of urban
form today will have significant energy and carbon consequences. Modern high-rise construc-
tions are often very complex. It is notable that traditional cities have buildings comprised of very
few materials, allowing for easy modification, disassembly and recycling. The post-use impacts
of dense cities and high-rise buildings are almost inevitably greater than for medium-rise ones,
due to complicated demolition and recycling or disposal of more complex and polluting con-
struction materials and technical components.
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FIGURE 5. High-rise urban block, Ningbo. far = 2.6. apparent “green space,” but almost the
entire site is in fact covering underground parking in reinforced concrete; extreme embodied
carbon. (photo: Butters).

This point—the embodied energy/carbon—is a major component, and multifaceted. It
concerns both individual building typology and the urban planning dimension. High-rise is
definitely problematic as a building typology, and high density as a city typology implies very
complex infrastructures with higher embodied requirements than lower density typologies.

3.7 Resilience
Resilience, adaptability for change and modification over time, is a key to ecological, eco-
nomic and social sustainability. Energy self-sufficiency in cities is one key aspect of resilience
as discussed in 3.3. Complex large-scale urban infrastructures and buildings are generally dif-
ficult to modify, adapt or replace. Although not explored in detail here, it can be posited that
medium-rise, smaller scale solutions tend to be more adaptable and resilient, accommodating
change more easily. Transport networks and arteries are often the most demanding to change
substantially—as many cities are experiencing—since that involves major structural changes.
It is, similarly, much easier to upgrade or replace an energy-inefficient building than to alter a
whole street layout that channels cold winds.

Amongst examples of urban resilience is the Vauban district in Freiburg, Germany, one
of the leading examples of medium-rise urban sustainability in Europe (Butters et al., 2011).
Now some 20 years old, it provides an example of economic and social as well as ecological
resilience. The typology is mainly three to five storey structures with a population density of
135 people per hectare, high compared to Freiburg city as a whole with 50 people per hectare
(Sommer and Wiechert, 2014). Vauban was transformed from a military area into a mixed use
urban district, with new workplaces, excellent public transport and a vibrant community. Many
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buildings were converted to new uses. Building types typical of our older cities have shown
themselves to be easily transformed to low, even zero energy standards (Figure 6) and are being
successfully “greened” whereas more recent buildings are being demolished.

One may query to what extent large modern urban buildings will be amenable over time
to adaptation and change—as debated in the classic study “How Buildings Learn” by Stewart
Brand (1994). As recent “passivhaus” discussions have shown, there are many arguments in
favour of simplicity in design and construction—what has been termed Ecominimalism (Liddell,
2013). Risks relate to technical vulnerability, everyday operation and behaviour as well as health
(Harrysson, 2015). Simpler solutions such as traditional cities and modern eco-neighbourhood
types, both of moderate height and density offer, not the only but certainly favourable options.

FIGURE 6. Resilience: typical old urban buildings in Zurich renovated to extremely low energy
use. Karl Viriden Architects. (Photo: Butters).
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4. DEVELOPING COUNTRY CITIES
Much of the world’s population will soon be in hot climate megacities. These are where pollution
and heat-related mortality, as well as climate emissions, are increasing rapidly. But the waste heat
produced by urban energy use, especially by vehicles and air-conditioning, mostly impacts the
poor. Whilst business districts can at least afford to pay for cooling, UHI is most harmful for
low-income contexts with overcrowding and no air-conditioning. It is the poor who most often
must work and move around outdoors, or else in poorly climatised buildings. In low-income
contexts, construction quality is frequently poor too, which also argues against dense high-
rise typologies as an appropriate model. For, whereas high quality compact cities may provide
satisfactory conditions, Jow cost high-rise can often lead to little better than “vertical slums.”
The choice of urban form is thus also a question of equity (Thomas and Butters, 2018) and
especially relevant to urban policy in developing countries. When discussing the energy use and
carbon emissions of various urban solutions, we must note that negative impacts are most often
borne by the poor. This in itself may argue for avoiding high-density and high-rise type cities.

5. CONCLUSION
Considerations of energy, carbon and climate are relatively new and require a rethinking of our
paradigms of urban form. We have focused on the energy and climate impacts of cities related
in particular to density and height. On the one hand, whilst extreme urban density is clearly
problematic for many reasons, quite high density can be achieved in several ways, including well
tried medium-rise solutions—also offering a minimal energy/climate footprint. On the other
hand, high-rise buildings do not easily offer good solutions for sustainability.

To summarise: medium-density and medium-rise developments can offer advantages in
comparison to dense high-rise developments in relation to:

* Microclimate and Blue-Green Space;
* Renewable Energy

* Operational Energy

* Embodied Energy

¢ Resilience.

We note that the above apply, with room for exceptions, to both density and height.
Further, when compared to medium-density and medium-rise options, typical high-rise urban
areas do not bring advantages in relation to:

* Population Density—unless extremely dense
* Transport/Mobility—unless genuinely car-free

The appropriateness of both density and height will naturally depend on context, and on
avoiding extremes. Scale and density are questions of degree; but high population densities can
be achieved without high-rise, and environmental disadvantages increase as urban development
becomes extremely high and dense.

Whilst the above seven areas are all recognised, embodied carbon, post-use and resilience
are aspects that have been less explored in particular as they impact on low carbon city planning.
Further research is required to quantify the impact of the seven points and perhaps provide new
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metrics that accounts for the interrelated nature of the points as well as their socio-economic
impacts. Naturally, some of the above points are not applicable in all contexts. Some may appear
to be minor, seen individually, but their cumulative significance appears to be very considerable.
Many will be of increasing significance.

Choice both of building typology and of urban typology has a large influence on the energy
and climate footprint of cities. With a strong word of caution as to simplifications inherent in
this necessarily brief discussion, the above seven points offer a new synthesis perspective, and
indicate that quite compact, medium-density and medium-rise city typologies appear particu-
larly favourable in terms of energy and climate.
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