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DISTRICT COOLING – A KEY SOLUTION FOR HOT CLIMATE CITIES
Chris Butters, Warwick University, UK
1. Introduction
Cooling, in the rapidly growing cities of hot climates, is a major source of energy use and greenhouse gas
emissions. In addition these cities are experiencing growing heat island effects, urban living resulting in
deteriorating environments and indeed rising heat-related mortality. This chapter addresses sustainable
energy solutions at neighbourhood and urban scale, principally but not uniquely for cooling in hot climate
cities. This has implications for energy policy in many contexts.
An almost universal trend in developing country cities is towards air conditioning (AC) in individual
buildings and rooms. Each one exhausts heat to the outdoors, hence simply heating up the urban
environment even more. This urban heat island effect (UHIE) is expected to lead to increasing discomfort,
and ill health as well as rising energy needs – due both to urbanisation itself and to warming climates.
Thus, ironically, cooling is itself (in addition to heat from vehicles) one of the major causes of heat in the
city. Typically, heat from vehicles accounts for between 20-30% of the anthropogenic sources of heat in
large cities but energy use in buildings accounts for 60-75 (1a). In all but the poorest hot climate cities
(where people cannot afford air conditioning), cooling alone makes up around half of this. In addition to
exacerbating UHI, individual air conditioning units are inefficient, not always healthy, and expensive to
run, usually requiring high quality electrical energy. Urban energy solutions can be far better solved at a
larger scale than by addressing individual buildings. Technical efficiencies can be considerably higher; and
they offer other advantages related to energy sources, delivery and management. Importantly, district
energy solutions also offer one of the only ways to counteract the heat island effect.
Whilst district heating systems (DHS) have been spreading for some years, district cooling (DC) is less well
known. There is now a major effort to spread awareness of these solutions, not least in Asia. Large scale
systems of this kind have existed for some years in cities in both hot-dry and in hot-humid climates. Our
selected focus country, Malaysia, is a leading example. We briefly present principles, examples and
challenges, adding (?nb?) a special note on low-income contexts. We also highlight a little discussed
conflict between the level of individual buildings versus that of urban energy planning.
Although the building sector accounts for 30-40% of global energy use and climate emissions, much policy
focus today is still directed towards individual buildings. Individual buildings may have a lifespan of well
under 100 years and can often be modified to higher energy efficiency (EE) standards during their
lifetime; but the overall urban layouts, and energy systems, are on the contrary extremely onerous to
modify and likely to be fixed for centuries. This underlines the importance of addressing the urban level.
Further, our goals of mitigating energy use and climate emissions must go hand in hand with providing
comfortable living environments, not least for the large low-income populations of developing countries.
Although individual technologies will improve, the only long-term, systemic solution to UHI is to address
energy solutions at the urban scale. Essentially, this means removing the sources of heat from the city.
This is what DC systems do. They offer the unique feature of reducing the urban heat island effect, thus
impacting positively on environment as well as on comfort and public health.
In this book we underline the importance of a holistic approach and the interrelationship between the
three levels of micro, meso and macro environments. But which level should be prioritised, and under
what conditions? This is discussed below since it poses questions for sustainable urban planning and
energy policy.

2. District Energy Systems
The term district energy systems is applied quite broadly to solutions at a scale ranging from that of a
housing neighbourhood, large office complex or tourist resort to that of entire city districts. Some provide
electricity as well, in combined heat and power (CHP) systems. These solutions may be developed and run
by the public or private sector, and can provide winter heating, summer cooling or both; even in quite
cold climates, many cities now have a summer cooling need too. District heating systems are becoming
widespread in temperate climates such as Europe and North America; even though they often imply
expensive re-engineering of existing streets and supply networks. DC on the other hand is not
widespread. Our focus is on hot climates and in particular space cooling, which is the largest single energy
need in buildings with modern comfort levels, and is also (along with traffic) the fastest growing source of
emissions and UHI in many hot climate cities.
These systems apply standard technologies including pumps, piping and heat exchangers. Challenges are
therefore not primarily technical but ones of overall energy policy, urban planning and financing.
Conventional chiller technologies use electricity to extract heat from a fluid, usually air or water, to
provide cold air or water. In large systems some form of ice storage is often added, partly to reduce peak
load demands and sometimes to exploit cheaper night time energy tariffs. A key advantage is that the
energy supplied to within the city is not electricity for AC but in the end-use form required, namely low
temperature hot or cold water. Electricity as we know is a high quality energy carrier which unless
generated by renewables, implies high greenhouse gas emissions. In contrast to electricity supply
systems, district energy systems supply low temperature energy – in cool air or water – for space heating
and/or cooling, which normally constitutes a larger fraction of end-use needs than the needs for
electricity such as for lighting and appliances.

Typical DC system layout. Source: Makai (1)

The energy production itself and concomitant emissions of large quantities of waste heat are moved
outside the city limits, thus removing both pollution and heat from the urban environment. By addressing
a larger scale one also obtains much higher efficiencies. Further, district energy solutions can save space
and cost for the individual buildings since they eliminate much of the need for plant rooms and
equipment. Whilst many of today’s DC systems operate with gas as the energy source, the source can be
switched over time from present-day fossil fuels to renewables. Whilst mitigating UHI and offering
efficiency gains, DC produced from conventional fossil fuel power plants is not an ideal future solution but
does also reduce climate emissions.
The first DHS dates back as far as 1877 in New York. The first DCS was built in Colorado in 1930; in Europe
the first were built in Paris and Hamburg in the 1960s. An initial wave of interest in seawater cooling
systems (SWAC) occurred in the 1970s following the OPEC oil price shocks (2). The focus then was energy
efficiency, before the concern for anthropogenic emissions from fossil fuels. Interest waned as oil prices
eased, although some interest continued in locations such as California and Hawaii (3,4). DHS have been
quite widely applied, particularly in northern Europe, for over 30 years. DC systems have only become
somewhat better known during the past decade, not least through large projects in the Gulf States.

Overall these systems are still few and far between. Sweden, where district energy networks have long
been widespread, is an exception with around 25% of cooling already being supplied by DC solutions (5).
In Europe as a whole however the market share of district cooling is under 2% (6). In the hot climate
developing country cities – the major challenge - DC is even less applied.

3. Natural energy sources for District Cooling
Most conventional AC takes air at ambient outdoor temperature and cools it. The economics and
efficiency of cooling are more favourable if a natural source is available that has lower than the ambient
air temperatures. Even a few degrees less temperature differential between source and delivered cooling
will improve efficiencies considerably. District energy systems can draw on a variety of such sources,
principal ones being rivers, deep water bodies and the underground; as well as waste heat in some cases.
Rivers for example are generally some degrees cooler in summer and warmer in winter than the ambient
air, and are therefore often used since many cities are situated on rivers. In Paris, the DC system has been
gradually expanded to include more city areas, using the Seine river for summer cooling and combined
with other sources for winter heating. This system now provides over 400 GWH of cooling; with average
GHG emissions of only 35 KgCO2eq/MWh of cooling (7, 8).

The Paris District Cooling network. Source:ClimEspace (7)
Seawater based air conditioning (SWAC) fetches cold ocean water at depths of several hundred metres,
using large diameter pipes with lengths up to several kilometres. Temperatures of around 6C can be
obtained at 600-700 metres depth. Cool fresh water in a secondary circuit is then distributed in
conventional piping networks (1). Many coasts have shallow continental shelves that render SWAC
unfeasible; pipelines to reach beyond these would not be economical. But there are a considerable
number of cities and populated coasts with deep ocean water in proximity. This is also the case for many
oceanic islands. In northern latitudes, the seas are cold at much shallower depths, and large combined
DH/DC systems exist in major Baltic cities such as Stockholm, Helsinki and Tallinn (9, 10). These seawater
systems can be extremely cost effective.

Typical ocean temperature profile. Source: Makai (1)
Deep lakes are a good source for cold water; several lake-sourced district energy projects exist in the
Great Lakes region of North America. This includes the Cornell project, discussed below, and a large DC
system in Toronto (11). Lakes being fresh water, there is the added advantage that the pumped water can
provide city drinking water. The warmer return water on the downstream side can have useful
applications for preheating, desalination, aquaculture or industry. Lakes also have stratification profiles
that may offer cold water at shallower depths.

Toronto, Canada DC system, capacity 58,000 tons. Source: Par Dalin (44) Enwave? OR Makai (1).
Aquifers and the underground are also used. The underground offers a smaller but still useful
temperature differential than deep water, and can be used as a source of cold or heat. The underground
can be artificially cooled as for central Berlin (12). This is done with seasonal storage where cold water is
pumped down to cool a large area underground during winter in order to provide a source for summer
cooling, and similarly, heat is pumped down in summer to another part of the underground to form a heat
store for the following winter.

The River Spree combined DH and DC system, Berlin, with
pumped underground storage of heat for winter and cold for summer (12)
On the downstream side, various heat sinks – the air, rivers or the sea – can be used to dissipate the
waste heat produced; normally with small and very manageable environmental impacts.

4. Advantages, requirements and barriers
Interest in urban energy systems is spreading in temperate regions like Europe where not only winter
heating is needed but often some summer cooling as well. One may add that the need for cooling in such
climates is partly a result of poor urban planning and building design, including excessively glazed
buildings. In very hot climates, especially the hot-humid ones, cooling needs can be reduced by better
architecture, in other words on the micro scale, as well as through measures on the meso scale such as
urban layouts and vegetation, described elsewhere in this book. But in the hot-humid tropics, these
“passive” measures will often be insufficient to achieve comfort temperatures for parts of the year. Some
form of mechanical cooling cannot be avoided entirely.
Besides the availability of an energy source, economic feasibility of DCS depends on energy prices and
specific urban context as well as considerations of energy security, robustness and environment. DC
compares favourably to many of the options both on the supply and demand sides. Notably, the widely
known McKinsey curve for abatement of climate emissions (13) does not include urban level solutions
such as DHS and DCS. “A district cooling system can reach an efficiency rate typically 5 or even 10 times
higher than traditional local electricity-driven equipments” (14). Given this factor alone, the application
potential is very wide. Some systems supply relatively small customers such as a university campus or a
seaside tourist complex; this suggests that economies of scale whilst a key factor do not necessarily
exclude projects of a modest size. Large systems can also offer a longer life than small AC units, perhaps
80 years as opposed to 20 for many components. Typically, these large systems offer 20-50% lower
overall energy use (and hence climate emissions) than conventional AC solutions. Where available, SWAC
systems in particular offer huge advantages with primary energy use reduced by up to 90%.

The McKinsey curve, McKinsey Global Institute 2009 (13)
Introducing DHS or DCS in existing cities involves closing off and digging up streets and reconfiguring the
energy systems of all connected buildings. This is very expensive. Yet it is becoming quite widespread,
which suggests that even at high cost, such solutions are becoming favourable. This is the case in the
developed economies, where most cities are now not expanding much. DC solutions have far greater
interest for developing countries where cities are expanding rapidly. In such cases urban energy
infrastructure can be integrated from the start. Unfortunately, urban planning and energy planning are
seldom seen in conjunction; this represents very large missed opportunities.

DCS for tourist facilities, Curacao Island, Makai Ocean Engineering (1)
DC systems are by nature capital intensive. Even though their payback may be very advantageous this is
often a major barrier, especially in developing countries, where cities simply cannot provide the financing
for long-term solutions. However, there is also scope for large scale international private sector
investments where a DC system may be profitably financed and run by Energy Service Companies (ESCOs).
For example in a large city development in Norway, the construction company found that building the
energy supply, based on underground heat, and then running it as an ESCO offered a new business
opportunity (15). Many DH and DC projects have been executed on market conditions with no special
energy incentives. Although initial capital costs are higher, operational costs are far lower and payback
times can be short. The feasibility of all forms of DC will increase with rising energy prices and climate
emission restrictions, thus enlarging the scope of application.

Nydalen, Oslo: combined DH/DC underground based, winter
heating and summer cooling, private investor Avantor AS (15).

Whilst a good natural source of heat or cold is a prime advantage for district energy systems, there are
other key factors. The end-use energy density is a basic physical parameter; the denser the urban
environment and higher the end use, the more advantageous such systems will be. They are obviously
less economical in low density suburbs since they would require large piping distances distributing
relatively little energy per kilometre. Proximity to end use is a factor since it implies lower system losses.
The geophysical context and layout of the urban area in question are also keys to feasibility; clearly best

being simple street layouts in geologically easy terrain. Due to high capital costs it is normally mandatory
for all buildings within a DHS/DCS area to connect to the system. This implies a conflict between urban
planning and building planning, discussed further below.

O&M

Example, levelised cost of conventional AC versus SWAC. O&M is operation and maintenance. Source:
Makai (1)
Amongst common barriers are lack of knowhow, limited institutional structures for planning and energy
supply, behavioural issues and, naturally, barriers of cost. Urban scale solutions imply large urban
developments and hence the financing and governance which are needed for these. Countries such as
China have the advantage of strong central planning; but in many low income developing countries, city
development tends to be small-scale and piecemeal, and there is little or no legislation, planning skills or
governance to implement large scale projects.
In Europe there is now a drive for district energy systems, supported by the EU (6, 16), IEA (17), UNEP (18)
and organisations including the International District Energy Association (19). DC includes both hot-humid
climates, such as in Asia, and hot-dry climates such as projects in Abu Dhabi and Dubai dating back around
15 years (20), many of them using cheap natural gas. Some recent ones are very large with capacities of
well over 100 MW. A few residential schemes also exist although these are fairly high-cost if not luxury
projects, such as Jumeirah Beach Residence in the UAE (21).

DC in the Middle East: favourable although temperature difference to sea is fairly small

There has been considerable research on DC in China (22). A study for a seawater combined heating and
cooling system of about 70MW for the coastal city of Dalian (23) concluded with high profitability for such
contexts. Studies encompass both water-based and underground cooling (24, 25). In the hot-humid
tropics, there are major projects in Hong Kong and Singapore (26, 27) as well as Malaysia, reviewed
below. Singapore has one of the most ambitious DC systems covering to date around 3 million m2 of
buildings with several hundred MW capacity (28, 29).

The Singapore Marina Bay District Cooling area (kilde:…)

5. A Case: Cornell University DC System
A particularly interesting class of projects are those that use deep water sources for cooling. Where such
sources – lake or ocean – are available, these can be very profitable, as well as greatly reducing primary
energy and climate emissions. Essentially, any large body of deep water provides a nearly free cooling
source; the energy required for pumping and distribution is relatively small; the total energy can be less
than one-fifth of that needed for conventional cooling.

Cornell University campus, USA: the Cayuga lake based DCS. Source: IDEA
The DC system of Cornell University in the USA supplies cooling to the campus (1, 30, 31). Engineered with
Hawaii-based company Makai Ocean Engineering, it has operated since 2000. Cold water at around 4C is
pumped from a depth of 76 metres from Lake Cayuga in HDPE pipes that are 1,6m in diameter. This is
then distributed in a secondary circuit throughout the 300 buildings of the campus. With a capacity of
around 75MW, efficiency is as high as 0.1kW per ton of cooling delivered. Compared to conventional
cooling the project reduced electricity requirements by no less than 87%, over 20 million kWh. It provides
reductions of some 56,000 tons of CO2 emissions annually as well as over 400 tons less sulphur oxides, 55
tons less NOx, and eliminates the need for about 40 tons of CFCs.

The Cornell system illustrates the key considerations for good feasibility of DC: proximity of a large natural
cold source; economies of scale giving high efficiency; supply to many buildings thus evening out the load
demand. In addition, these solutions offer the bonus of few environmental impacts. to lake or marine
ecology. Given a heat sink such as a large lake or the ocean these are normally minor. They are reduced in
particular by isothermal return – releasing the warmer return water to a layer of corresponding
temperature in the lake. On the other hand if a very large number of users extract energy from a
relatively small river or lake, local ecosystems may be significantly affected.

( from (24) T.Peer ASHRAE paper on Cornell pdf)

6. DC in Malaysia
Section to be added
The Asia Development Bank reported that Malaysia has the potential to triple its DC industry. (24b) Many
of the DC plants in Malaysia employ thermal storage, (TES) in ice or cold water (24c). This helps to even
out the energy loads, and is a particular advantage if, as in Malaysia, there are off peak tariffs for
electricity at night. The Petronas complex in Malaysia has had district cooling technology for some 17
years, but there are still relatively few urban developments applying DC.
The Petronas Technological University system is a cogeneration system that utilises waste heat from the
gas turbine. The process involves the conversion of waste heat released by a gas turbine generating
electricity to steam and then from steam to chilled water in a steam absorption chiller This process
enhances the efficiency of the cogeneration system as well as reducing emission of waste heat to the
environment thus reducing greenhouse gas emissions by 28% (24d). The chilled water is distributed to
cool the buildings at 6C and returns at around 13C.
Nusadaya Tech Park in Iskandar is an industrial and mixed use development larger in size than Singapore
The Iskandar development is modelled after the HK Pearl River Delta Economic Zone and to capitalise on
synergies with Singapore which lies immediately to the south. During the 15th Conference of the Parties
to the UN Framework Convention on Climate Change (COP 15), the Malaysian government pledged 40%
voluntary reduction of per-GDP CO2 emission by 2020 relative to baseline year2005. A Low Carbon
Society Blueprint was formulated in 2013 by Iskandar Regional Development Authority with the assistance
of the Japanese government. It aims to reduce per capita emission intensities by 40%. Power demand is
expected to grow to around 800 MW demand by 2025.
In Malaysian factories, typically 40% of total electric power consumption is consumed for cooling which is
essential all year round. Many factories use old, inefficient AC equipment (24e). Coefficients of
performance (COP), indicator of turbo chiller efficiency, vcn be doubled to six or greater.

Jap. Studt Iskandar:_ According to our calculation and interview surveys to the companies which have
enjoyed the district
cooling services in Malaysia, the district cooling system reduces electricity cost 15% less than the individual
air conditioning system. The district cooling services which we interviewed focuses on production and sales
of cool air with using nighttime electric power and thermal storage tank. If production and sales of cool air
with using CHP with gas has been started, energy efficiency will increase more. We calculated and
estimated that the companies which exploit the cool air service may reduce the electricity cost 20%
reasonable than the individual cooling system. (See Table 3-3)
Etc.

Peimary Energy, Malaysia (get update) Source IEA

Current and Projected Greenhouse Gas Emissions in Iskandar Malaysia
Source: Low Carbon Society Blueprint for Iskandar Malaysia 2025 Second Editio

7. A design study in China
Within our former ELITH research program on sustainable housing (xx), a concept plan was developed for
a large and fairly low cost residential area in the hot climate city of Ningbo, China (32). It includes a DC
system. The context is a large city superblock of a type now common in Asian and other cities, mostly
residential with some mixed use, services and shops around the perimeter. The block of 15 hectares has
been designed for 4,800 apartments giving a total floor area ratio (FAR) of 2.6 – quite a high urban
density. The study illustrates a climate-adapted urban layout, with some high-rise but a large amount of
low-dense type housing, since this typology whilst enabling quite high population densities offers
excellent energetic and climatic characteristics and low costs as well as social qualities.
The study illustrates integration of all three levels: individual building – urban layout – district energy. A
particular focus is on simplified technical solutions. Buildings are projected to maximise passive cooling by
optimised solar protection, cross ventilation, reflective surfaces, etc., so that the cooling load is much less
than normal. Energy efficiency construction standards are included. On the demand side, assumptions are

made for modest comfort standards, due in part to limited ability of residents to pay for “full comfort” air
conditioning. Comfort temperatures in hot climates are typically around 27-29C. Simple ceiling fans can
provide a reduction in perceived temperature of 2-3C. There are two possible scenarios for the cooling
source: the adjacent river or the underground. On the other hand, lower than normal end-use energy
density will reduce DC profitability somewhat. As noted however, alongside energy and emission
reductions, a high priority is to mitigate the urban heat island effect in hot climate cities such as in the
southern regions of China and other countries.

Ningbo residential block study – source: Butters and Cheshmehzangi, ELITH (32)
An avenue of technical simplification involves the distribution side in particular, by integrating waterborne cooling into building envelopes of relatively high thermal mass, avoiding radiators and individual
heat exchangers. Piping density can vary according to cooling loads in different building zones. In hot
climates there are potential secondary uses for the still quite cool return water. Typically, around 13C, this
is still low enough to provide a measure of cooling to ancillary spaces such as corridors, stores, covered
walkways or atriums. Even distribution losses, or letting the return water circulate freely under streets or
parks would provide some useful added urban cooling.
DC has seldom been applied for residential contexts. Despite the relatively low energy demand of a low
income context, the study suggests potential energy savings and emission reductions of 40-60% given
such solutions, combining the three constituents of climate-adapted urban layout, energy efficient
building design and a centralised district cooling system: thus addressing all three levels noted above.

8. The low income context
Many of the large hot climate cities are in developing countries. The urban living environment is often
unfavourable and cooling unavailable to millions in the lower income groups.. How relevant is DC to such
cases? In low income contexts such as informal settlements and urban slums, district scale energy
systems are clearly not applicable due both to low building density and minimal energy consumption.
However, many developing countries are experiencing very rapid urbanisation with large low- to middleincome populations. It is in this sector too that energy amenities and ecological footprint are increasing
most rapidly. Millions are moving to dense, high-rise residential developments, often of mediocre quality
and with few or any energy efficiency measures. This sector demands great attention in order to mitigate
energy use and climate emissions. District energy solutions represent a huge opportunity.
As with other technologies, such as solar collectors, there are two development paths that may be of
interest: on the one hand relatively complicated “high tech” solutions with high efficiency and costs; on
the other, lower efficiency systems that are simple and cheap. Most DH and DC systems to date are “high
end” developments, situated in proximity to large end users with high comfort requirements. They fulfil
demanding specification requirements as regards peak capacity, 24/7/365 reliability and other costly
factors. They have mainly been applied in high cost contexts, in industrialised countries, the Gulf states

and similar. Conventional distribution systems with chillers, heat exchangers and ducting in all buildings is
expensive. Simplified distribution could provide the major part of demands – as “base load” engineering with options of small supplementary systems for peak loads. This builds on the well-known principle that
even slight reductions in specification requirements can result in large economies.
An added argument for attention to the lower income context is that conventional energy supply in such
contexts is often beset by difficulties of delivery, ownership and management. There may be a potential
for simple, lower cost systems that facilitate implementation and management. However, perhaps the
most important argument for district energy solutions for low-income urban areas is that of the heat
island effect and consequent uncomfortable and unhealthy living conditions. Temperatures are typically
2-4 degrees hotter in inner city areas; a recent study of Paris found that temperatures could increase by a
further 2C if the present amount of AC is doubled (33) – as is projected.
Users in high-income or business districts can afford air conditioning, as well as enjoying urban conditions
with generally superior green spaces and outdoor environments. Low-income groups often spend more
time in the outdoor urban spaces, not least because of uncomfortable indoor conditions – and seldom
have access to air-conditioned travel whilst commuting or shopping. What cooling amenities they do
possess are also likely to be of low efficiency.

The Urban Heat Island Effect (UHIE)

9. The urban level versus individual building solutions
At the start of this chapter we noted potential conflicts between solutions at the level of individual
buildings versus solutions at the level of the urban planning. Which level should be prioritised, and under
what conditions? Solutions at micro, meso or macro level involve differing interests, decision makers and
stakeholders. There is a relatively little focused trade-off between efficient buildings and efficient large
scale supply systems such as district heating and cooling. These deliver a certain amount of energy per
metre of expensive distribution networks. Profitability is thus best not only at high urban densities, but
where the buildings themselves are not energy efficient and have high energy demands. If buildings
Where there are very low energy or even zero energy buildings, the profitability of any DH or DC solution
decreases drastically.
This signals an important energy policy issue, the need for a holistic view which integrates energy
planning and urban planning. A very general guiding principle is that district scale solutions should be
prioritised in high density areas; whereas in suburbs or rural areas the policy priority should be individual
and even self-sufficient off-grid energy solutions. But consequently, where district energy is favourable,
there is less point in insisting on very high energy efficiency standards for the buildings. One should avoid
applying both approaches in the same district since the one defavourises the other. This demands a new
focus on the connections across these two levels in order to achieve a sensible balance.

Therefore, a little discussed consequence is that district energy systems may have the subsidiary effect of
disincentivising low energy buildings, if they are obliged to connect to the district energy system despite
having little need for it. This was illustrated whilst consulting on a waterfront development in Bergen,
Norway (34). The district energy company was intending to extend its network to this part of the city; at
the same time, we were advising the developers to go for very low energy buildings. In discussions with
the energy company, the developers’ message was: you can build your piping infrastructure right past our
area, because we won’t need you! With the reply: why add expensive triple glazing and thick layers of
insulation when we are bringing you cheap district heat?
In essence this is a question of demand side versus supply side policies. Beyond the above, simplified
general principle, there are naturally more complex considerations in the energy planning picture in
specific contexts. Local geological conditions as well as city configuration will influence feasibility; as will
the presence or not of effective energy efficiency codes and practice. Local planning and property
development may favour or hinder either or both alternatives. In the case of existing cities, a specific
consideration is the type, age and technical nature of the building stock. Some building types such as
post-war housing and European terrace housing are easy to retrofit to high energy efficiency levels; in
such areas it would be preferable to prioritise efficiency at the level of the individual buildings. By contrast
it is often far more difficult to retrofit old buildings to a high efficiency standard – as well as ruining the
historical architecture – and in such areas the supply side option of district energy would appear
preferable. In historical conservationareas, especially, buildings are often subject to restrictions that rule
out many energy efficiency measures, in particular changes to their fabric and appearance. Simply put:
leave the historical buildings alone, and supply them with renewable energy from outside. This illustrates
a case where demand side energy efficiency may be less feasible and hence supply side solutions would
be the priority.
The potential conflict, or trade-offs, between individual versus urban scale can also be illustrated by the
Western Harbour “sustainable district” in Malmo, Sweden (35, 36). This new waterfront area of some
30,000 inhabitants, developed mainly between 1998 and 2008, was acclaimed as the first in Europe to
have 100% renewable energy. Individual buildings were required to be low energy. In practice what one
sees is a variety of small energy solutions, chiefly various solar technologies on individual buildings; but
they do not produce very much. Some 90% of the renewable energy is supplied by large scale wind power
outside the district itself. Whilst this makes good sense, it illustrates cost and design consequences. The
solar technologies pose some constraints on the architecture – sometimes resulting in exciting designs,
sometimes not – and are in many cases rather expensive. Hence the question: are such constraints on
building design worth it, in order to supply only a few per cent of the energy? This example is far from
unique; some cities and national building regulations are now requiring individual buildings to produce a
percentage of their energy with on-site or building-integrated renewable energy. Most commonly this
results in solar solutions, in particular solar PV roof systems. Whilst this seems positive seen in isolation,
the “missing policy link” still seems to be the question of whether energy would be supplied more
efficiently and cheaply by urban scale rather than individual solutions.
However, it is important to note that the above does not apply to the same degree in very hot, especially
hot-humid, climates. There are various design options using natural or “passive” means to create a
comfortable indoor climate, but as illustrated below there are fewer in hot-humid climates (37); passive
strategies both in city layout and individual building design can reduce but not fully eliminate space
cooling needs. Hence the supply side will remain important, not least due to the secondary function of
mitigating UHI. Solar PVs can supply enough energy in the case of energy efficient and quite small, lowrise tropical buildings; but not in high-rise urban buildings. Whereas in temperate climates it is arguable
that extremely efficient demand side solutions, including zero net energy (or zero emission) buildings, can
in future eliminate the supply side almost entirely.

Space cooling options in hot-dry and hot-humid zones. Source: Butters (37)

10. Implications for urban planning and energy policy
A critical issue is thus the widespread lack of coordination or integration between the three levels of
individual building policy, urban planning, and energy planning. Architects and building engineers have
one focus, urban planners another; and few of either have knowhow in the field of energy systems
planning. Energy planners for their part have little or no influence on urban planning. Hence, the urban
planning and energy policy implications of DCS pertain on three levels. Firstly, policies for integration of
urban planning and energy planning; secondly, coordinated policies that extend across the scales of
individual buildings and of urban planning. Thirdly, implications for building EE requirements in different
contexts.

SWAC - pipes being laid - From Makai

The first of these involves measures for integration of two disciplines that traditionally have had little
contact; the urban planners and the energy planners. City layouts will have a large influence on energy
requirements, both for transports and for buildings. In addition, specific layout options will be more or
less favourable for district energy distribution networks. This relates to overall densities, to configurations
and not least to location of new urban developments in proximity to useful sources and sinks for heating
and/or cooling. There are also “industrial ecology” options whereby developments can be sited close to
sources of industrial waste heat. Examples are Scandinavian towns such as Levanger in Norway or
Karlstad in Sweden where local timber industries provide both bioenergy and waste process heat to the
towns. Most commonly however an urban plan is made first and the energy sector is then asked to
provide the “supply”. The energy plan must, instead, be developed at the same time as and influence the
urban plan.
Secondly, the shaping of cities and urban areas, in particular new ones, needs to include energy
considerations in the spatial layouts and infrastructures in order to facilitate energy efficient design of the
individual buildings. A recognised if seldom implemented example of this is “solar access”, the earliest
application of which was probably in Davis, California in the 1970s. It involves planning the orientation
and heights of buildings so that all have access to sun, both for daylight and living quality and so that all
buildings can use solar technologies, now or in the future, on roofs and facades. Similarly, in hot climates
it is important that streets be oriented so that the buildings receive minimum sun, and can utilise
prevailing local wind directions for effective passive cooling. Conversely in cold climates, the urban plan
can provide an overall layout wherein individual buildings can be designed to act as windbreaks to reduce
unwanted wind in winter. These considerations are only starting to appear in recent “ecocity” design. The
requirement here is for better integration of the two levels of urban and buildings design; it is necessary
in order to enable the subsequent phase of detailed building design to be energy efficient.
Thirdly, policies for individual buildings – including codes, guidelines, incentives – might, rather than
applying throughout a climatic zone, be based on zonally differentiated requirements – analogous to
regionally differentiated climatic zones. Where district energy solutions are to be implemented, energy
efficiency requirements for the buildings might be lower since the supply side is particularly favourable.
This is not to remove efficiency requirements; in almost all cases there are advantages in low energy
buildings and the broad priority of demand side reductions still applies. However, the extreme energy
efficiency required for passivhaus and similar standards bears a cost penalty that may not always be
justifiable in contexts where the supply side – given clean, renewable energy sources – is cheaper. This
applies to contexts where one has the policy choice between either enforcing very expensive retrofitting,
or implementing district energy.
In hot climate cities the urban heat island effect will be a major factor in such energy policy decisions.
Whatever the potential for more efficient air conditioning in individual buildings, there will always be a
strong argument in favour of district energy solutions as the only way to remove the sources of waste
heat from the city environment altogether.

11. Conclusions
District cooling systems, in common with district heating and combined DC/DH systems, offer a range of
advantages including reduced primary energy use and climate emissions. They may be applied in a wide
variety of contexts. They offer excellent (though long term) economic feasibility in many cases. However,
the as yet little focused relationship between urban versus individual energy solutions needs to be
addressed.
Energy policy in the field of buildings should be directed more than at present towards solutions at the
district or urban scale. This applies particularly to developing countries where urban growth is very rapid
and where urban scale solutions can provide sustainable energy whilst reducing UHI. Large opportunities
for sustainable development, in particular lower energy use and climate emissions, are being missed
through energy planning not being integrated into the planning of new city areas. Later retrofitting will be

much more onerous. Better integration of these sectors – as well as updating related higher education –
should be a high priority.
District cooling solutions can apply at all income levels and to business districts as well as residential ones.
However, they are important not least in order to ameliorate urban living qualities for low income groups,
who often live in poor conditions and cannot afford energy amenities such as AC. Given that a majority of
the world’s population is living in dense urban environments, this should be given more attention in
energy policy and urban planning.
Cities, especially in the hot climate developing countries, are rapidly growing sources of energy use and
climate emissions. As opposed to technological energy efficiency measures, which can only slow the
growth of emissions, district cooling offers almost the only path towards reducing the urban heat island
effect.
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