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Abstract

Passive cooling strategies have important energy, financial, environmental, operational and
qualitative advantages over air-conditioning. For the successful application of different passive
cooling strategies into buildings, it is necessary to have knowledge of the basic concepts of passive
cooling and different factors (climate, building type, occupancy patterns and activities in the
building) on which the choice of passive cooling depends. There is a lot of potential for passively
cooled buildings in the climate of Pakistan. As an example, in this article passive cooling strategies
have been discussed for Peshawar; the Northern city of Pakistan. Climatic data has been gathered
from different meteorological information sources. This publication will be helpful while
developing an energy efficient building design. We have tried to show with the help of a bio-
climatic chart that in the climate of Pakistan the passive cooling strategies could be an attractive
alternative to the active cooling strategies. Mechanical cooling in buildings can be eradicated or at
least the cost and size of the cooling equipment can be decreased by the use of passive cooling
methods into modern buildings.

Keywords: Passive cooling strategies, Peshawar climate, Energy efficient building design,
Bioclimatic chart.

Introduction

The energy, consumed in a building, can be
reduced by adopting simple methods through the use
of suitable building design and energy efficient
strategies, such as, passive cooling strategies.
Passive cooling eliminates the use of mechanical
equipment and provides cooling through the use of
passive processes. To improve the efficiency of the
building envelope, passive cooling strategy reduces
heat gains from the external sources and helps heat
loss to the natural sources of cooling, such as, cool
air, earth coupling and evaporation. Passive cooling
is based on the principle of preventing heat from
getting into a building during a hot day and bringing
in external cool air into the building when the
external temperature falls.

There are various parameters that affect the
thermal behaviour of buildings, such as the
climatological ones, which are environmental
variables and which are not subject to human
control. The other type of parameters is the design
variables, which are under control at the design
stage. Inadequate attention to the aspect of a
building’s thermal behaviour at the initial stages of
its design can lead to an unwelcoming internal
environment. During summer, buildings located in
hotter regions often face overheating conditions due
to exposure to intense amount of solar radiation and

high temperature. When these overheating
conditions inside the buildings surpass the threshold
of thermal comfort; cooling them become extremely
significant.

Energy consumption of buildings both in the
developed countries as well as in the developing
countries for cooling the building has increased
tremendously over the past few decades (Perez-
Lombard et al., 2008). The reason for this is the
extensive use of mechanical air conditioning for
cooling the buildings. One reason for heavy reliance
on mechanical cooling is due to affordable cost and
easy availability of electricity as well as cooling
equipment.

Now, the world realises that eventually there
would be running out of fossil fuel; the main source
of energy in buildings at present thereby creating
problems in fulfilling the energy demands.
Extensive use of fossil fuel is also causing an
irreparable damage to the environment. One of the
solutions to address the above issues is to build
energy efficient buildings using passive heating and
cooling strategies. Passive cooling techniques not
only offer energy and environmental benefits but
they are also very economical.

Materials and Methods

Methods of passive cooling: Passive cooling can
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utilise several heat sinks and a variety of climatic
influences to create thermal comfort in warm
regions, unlike the passive heating, which is driven
by sun only. Traditionally, passive cooling has been
in use in indigenous buildings (Santamouris and
Asimakopoulos, 1996).

The first step towards achieving thermal
comfort conditions is to take preventive measures
against the radiation from the sun, by shading and
reflective barriers and also by heat transfer through
the envelope (by insulation and infiltration and
infiltration sealing).

Minimising the need for mechanical cooling and
extending the range of passive cooling is dependent
on good control over thermal gains. The thermal
gains can be due to multiple sources such as
infiltration of outside warm air, heat conduction
through building structure, solar heat gains through
windows, heat gains from the occupants and
equipment inside the building (Blondeau et al.,
1997). Evidently, the more these gains are, the
higher will be the cooling load to achieve a desired
thermal condition in the building. It is, therefore,
important to control these gains in summer months
in order to reduce the energy requirements for
cooling.

Besides the preventive measures to attain
passive cooling other methods include the
evacuation of heat from the building to the heat
sinks. The natural heat sinks of the planet are the
atmosphere, the sky and the earth. The main
techniques of natural cooling according to the mode
of heat transfer and fluid flow can be classified
(Santamouris and Asimakopoulos, 1996) as follows:

 Cooling with natural ventilation

 Radiative cooling

 Cooling by evaporation

 Earth cooling

Some of the techniques provide a direct
instantaneous cooling effect, in others the coolness
is collected during night time and is released the
next day, thus smoothing the effect to the
accumulated heat inside the building.

Natural ventilation is the movement of outside
air into a space without mechanical support. One of
the oldest cooling methods in buildings is
ventilation. Purpose made openings in buildings,
such as, doors, windows and non-powered
ventilators can be used to control natural ventilation,
that provide a certain degree of ventilation besides
infiltration.

Other methods may include, wind towers, solar
chimneys and atrium (Khan et al., 2008). In each
case, the system is designed to take advantage of
prevailing driving forces. An air movement is also
important aspect of ventilation cooling since it
offsets increase in temperature while maintaining

comfort ventilation cooling.

When heat transfers from a hotter surface to a
colder surface or external space, it is known as
radiative cooling and the basic principle for
radiative cooling is that a hot body emits heat
energy in the form of electromagnetic radiations to
the cold body that faces it. Similarly, the envelope
of the building absorbs heat during the day and
becomes warm. During the night when the
temperature drops, the building emits this heat to the
atmosphere due to which the building gets cooled
down. The radiative potential of a roof/horizontal
surface is greater than a vertical surface. The
radiative potential of a building is reduced during
hot summer nights because the hot air adds heat to
the building by convection.

When the sensible heat in air exchanges with
latent heat of water droplets on moistened surface, it
is called evaporation. In evaporation, the state
changes into vapour from liquid. This is
accompanied by release of huge quantities of heat
(sensible) from the air that comes in contact with the
wet surface where evaporation takes place. When
comparatively dry air is passed over a moistened
surface then direct evaporative cooling occurs. For
example, when a draft or wind blows through a
fountain or over a pool of irrigated field, it is cooled
by direct evaporation. These landscape features have
aesthetic benefits in addition to a relatively
automatic control of the process.

Passive cooling strategies: The bioclimatic chart
tells us that conditions are comfortable in the shade
and in still air; if the plotted point lies within the
comfort zone. If the points lie outside the comfort
zone, we need to take corrective measures to get the
conditions into the comfort area. A brief description
of different passive strategies shown on the chart for
bringing conditions into comfort zone is elaborated
in the subsequent paragraphs.

Natural ventilation is the movement of fresh air
into a space without mechanical assistance.
Deliberate openings in buildings, such as, doors,
windows, etc., can be used to control natural
ventilation. In natural ventilation the movement of
outdoor air across the building is caused by pressure
difference. Buoyancy effect or the wind can be used
to create pressure difference, which is created by
humidity difference or difference in temperature.
Ventilation based on the buoyancy effect utilises
stacks, which are tall spaces inside the buildings.
The cooler outside air moves into the building from
openings near the ground, whereas the hot air leaves
the building through openings close to the top of the
stack. In ventilation, in order to allow to airflow
through buildings, we need to keep the building
open during the day.

Ventilation in buildings is needed not only to
provide cooling in summer but also provides fresh
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air for occupants to dilute and exhaust pollutants. A

good ventilation design not only caters the residents
comfort by making the spaces inside the building
‘airy’ (not draughty) and ‘fresh’ (not stuffy) but also
ensures good air quality that has low levels of
pollutants. We need to have optimum ventilation,
because excessive and unnecessary ventilation
during the heating season incurs an energy penalty
while too small ventilation can adversely affect the
health and comfort of the residents.

Ground cooling, evaporating cooling, radiative
cooling and convective cooling utilises the heat
dissipation techniques for cooling the buildings.
Dissipation of the additional heat mainly relies on
two conditions: presence of a suitable environmental
heat sink; and creation of a suitable thermal
coupling between the sink and the building, besides
adequate temperature difference required for the
heat transfer.

For the above referred techniques the following
heat sinks are used:

 Sky is used as the heat sink in radiative
cooling

 Air and water are utilised as the heat sink in
evaporative and convective cooling

 Soil and the ground are used as the heat sink
in ground cooling

Thermal mass is the capacity of a body to store
heat and is also called as heat capacity or thermal
capacitance. The greater the ability of the materials
used in the buildings to absorb heat during the day
the higher will be the thermal mass. In order to
achieve modulation of heat gains, we use those
materials in the structure of a building that have
high thermal storage. The materials, like, brick and
concrete, have high thermal mass because of their
capacity to store both cold and heat. Materials
having high specific heat capacities and high
densities are ideal for thermal mass.

Any matter that has mass whether solid, liquid
or gas will have some thermal mass. Not only soil,
earth or concrete has thermal mass but the air has a
thermal mass as well, though it is substantially low.
Various materials are used for thermal mass, but the
most common ones are mud brick or adobe brick,
mud, earth, natural rocks and stone concrete, clay
bricks, water, etc.

In these commonly used materials, the
volumetric heat capacity of water is the highest.
Normally, large containers are used for keeping
water. The heat capacity of other materials, such as,
earth, dirt and mud, depends on a number of factors,
such as, its density, particle shape, moisture content,
composition and temperature.

The type of thermal mass in buildings varies
from climate to climate. The prevalent climatic
conditions in a region decide the right use and

application of thermal mass. The internal
temperature peaks inside a building can be reduced
by the use of the correct thermal mass which, in
turn, minimises the requirements for mechanical
ventilation. The use of thermal mass to decrease
temperature peaks during daytime normally needs
ventilation cooling during night time to decrease the
mass temperature. High thermal mass together with
ventilation at night, depends on the daily heat
storage of thermal mass along with night time
ventilation which lowers down the temperature of
the mass. During the daytime the buildings need to
be closed, whereas during night time they need to be
opened to remove the heat.

Advantages of passive cooling: Passive cooling
decreases the need for conditioned cooling by
minimising or eliminating the periods in which
cooling is required.

The energy requirement for heating and cooling
of buildings is around 6.7% of the total world
energy consumption (Agrawal, 1988). Out of this,
we may save around 2.35% of the world energy
output, just by making appropriate environmental
design. The cooling energy requirements are
normally two to three times higher than the heating
energy requirements on an annual basis in hot
climates. Utilisation of the basic principles of heat
transfer coupled with the local climate and
exploitation of the physical properties of the
construction materials could make possible the
control of the comfort conditions in the interior of
buildings.

A proper building design may be used to
achieve thermal comfort inside the buildings, even
in regions, that have average maximum ambient
temperature around 31.7 °C and helps to eliminate
the use of air conditioning in buildings. For
example, suitable orientation with respect to the sun
and the use of adequate insulation material in the
construction of dwellings will not only reduce the
summer and winter discomforts but also decrease
the noise complaints.

Passive cooling helps in protecting the
environment because air conditioning is associated
with various environmental problems, such as,
ozone depletion etc.

People working in air conditioned buildings
have been reported to suffer from sick building
syndrome and show increased illness symptoms,
such as, tiredness, headache, congested or runny
nose, dehydrated or sore eyes sore throat and
sometimes dry skin and asthma (Hedge et al., 1986;
Burge, 1991; Goudelas et al., 1991).

Studies carried out for various cities in
Queensland, Australia, such as, Rockhampton,
Brisbane, and Mount Isa show that the passive
cooling strategies are very suitable for these hot and
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humid subtropical climatic conditions (Ahmed et al.,
2014).

Results and Discussions

Climate: The climate has clear effects on human
thermal environment. A strong understanding of the
environmental features that affects a building site is
extremely important for designing an energy
conscious building. While designing an energy
efficient building, we must incorporate the useful
factors that the environment and the climate have to
offer and guard against those that are unfavourable
to comfort.

Passive cooling utilises the processes
fundamentally related to climate, air temperature,
relevant humidity, velocity and direction of wind
(Santamouris and Asimakopoulos, 1996). Different
climatic variables, such as,  atmosphere, sky and the
earth,  act as a  heat sink  when  we are  rejecting
heat  from the building  to the atmosphere. The
applicability of passive cooling strategies could be
limited by insufficient information to designers and
building users on the potential of passive cooling.
Hence, it is important to have knowledge about
climate and different climatic variables while
designing energy efficient buildings.

The average daily temperature of Peshawar
greatly varies in winter and summer, for example in
January the average temperature is around 4°C
whereas it rises up to 42°C in June. The majority of
the rainfall happens in the months of July to August
and March to April (Fig. 1) while it is quite low in
other months of the year. Rainfall in other months of
the year is very low. The humidity level is not very
high and hailstorms are common in the spring
(http://www.pakmet.com.pk).

Fig. 1. Climatic data for Peshawar.
[http://www.pakmet.com.pk]

Suitability of the weather of Peshawar for passive
cooling strategies

The traditional architecture of Pakistan was very
much environment friendly. In the hot areas of

Pakistan, the buildings were of massive
construction. Fountains, pools and vegetation could
still be seen around some of the old buildings. They
would help in passive cooling apart from giving
aesthetic beauty to the surrounding area of the
building. But during the past few decades, due to
fast and speedy advancement in science and
technology, the use of active air conditioning
systems in buildings has increased tremendously. As
a result, the cooling load of buildings has increased
by a high percentage.

To check which weather conditions are
appropriate for a certain design strategy, we can use
bioclimatic charts for an early examination. When
we mark areas on a psychometric chart to help
matching the design solutions to climatic conditions,
it is known as a Bioclimatic chart (Sennott, 2004;
Yang et al., 2005; Saberi et al., 2006).

Hence this method is quite helpful in
anticipating early low design approaches on the
basis of existing climatic conditions. This is
achieved in two ways; first by using the sun, wind
and night time cooling and secondly only when
these are insufficient, by selecting appropriate
mechanical equipment.

To check which passive strategy is suitable for a
specific area, G.Z. Brown in 1985 used bioclimatic
chart. On the basis of temperature and relative
humidity the bioclimatic chart offers four passive
cooling strategies (Brown, 1985). The bioclimatic
chart is normally used for residential and light
commercial buildings that have low rates of inside
heat gains from lighting, equipment and people, etc.

We had applied the same approach to the
climate of Peshawar region (Fig. 2) and found that
high thermal mass and natural ventilation could
provide suitable cooling during summer season.
Although the chart does not suggest complete
elimination of air-conditioning but it reduces the air-
conditioning load by a high amount, while some sort
of active cooling will be needed for some weeks
during July and August. The same chart can be used
for other localities of Pakistan, using local weather
data.

In Peshawar, the cooling season starts in the last
week of April or beginning of May (average high
temperature > 28C) and it continues till the end of
September and reaches its peak during June to
August. The month of June experiences the highest
temperature while the month of August is the most
humid of all due to heavy rain brought by the
monsoon.

On the bioclimatic chart for each month a
separate coloured-line (blue for May, green for June,
red for July, orange for August and purple for
September) has been used. Each line characterises
the change in temperature and relative humidity
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over an average day in a specific month. On this
version of bioclimatic chart, the passive cooling
strategies have been shown as overlapping zones.
When the line for a particular month crosses a
particular zone then this strategy will work for that
particular month.

It can be seen from the bioclimatic chart that in
the months of May and September, a high thermal
mass of the building and natural ventilation will
eliminate the need for mechanical cooling. In the
month of June, high thermal mass with night
ventilation will provide adequate cooling.

However, there will be a need for mechanical
cooling during the months of July and August. Even
during these hot and humid months, a combination
of mechanical and passive cooling techniques can
reduce the time in which the mechanical cooling is
needed. Although in the hot dry climate of Pakistan,
the mechanical cooling can not be wholly
eliminated, however, the peak air temperatures can
be certainly reduced.

Fig. 2. Bioclimatic chart showing passive cooling strategies for Peshawar – Brown’s Bioclimatic Chart (Brown,
1985).

Conclusions

The climate of Pakistan has a lot of potential for
passive cooling. There is a need for creating more
awareness amongst the people for adopting passive
cooling strategies. Bioclimatic chart can be used for
preliminary investigation of the weather
appropriateness of weather conditions for a building
design strategy. Adopting passive cooling strategies
for Pakistan would not only help to reduce the
building cooling loads by a significant amount but
also help to build a green Pakistan.

Although the climate of Pakistan has a lot of
potential for passive cooling but there is a need to
remove this misconception from the minds of the
people that passive cooling strategies cannot be

adopted in modern building. More awareness
programmes need to be created amongst the people
for adopting passive cooling strategies in building
design.
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