A Summary of

Passive Cooling Techniques
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ENVIRONMENTAL DESIGN SOLUTIONS PVT LTD [EDS]

EDS is a sustainability advisory firm focusing on the
built environment. Since its inception in 2002, EDS
has worked on over 350 green building and
energy efficiency projects worldwide. The diverse
milieu of its feam of experts converges on climate
change mitigation policies, energy efficient
building design, building code development,
energy efficiency policy development, energy
simulation and green building certification.

EDS is committed to sustainability by continuously
providing capacity building and fraining
programs on various topics for diverse group of
professionals, government officials, students and
faculty. Through the Global Sustainability
Education program, EDS is reaching out globally

with  high quality courses for professional
development that are also qualified for GBCI CE
credits.



http://edsglobal.com/
https://www.usgbc.org/organizations/environmental-design-solutions-eds?view=courses
https://www.usgbc.org/organizations/environmental-design-solutions-eds?view=courses

WHAT IS PASSIVE COOLING

Passive cooling involves improving indoor thermal
comfort in a building with litfle fo no dependence on
‘man-made’ energy. Passive cooling fechniques help
achieve both, reduced demand for cooling as well as
lower energy consumption for cooling.

Passive cooling strategies revolve around two primary
principles. The first is conftrolling heat ingress in a
building. The second is by dissipating heat gained by a
building.

As a concept, these techniques date back to
thousands of years before the advent of mechanical
cooling systems. In fact, passive cooling was integral to
the vernacular architecture of many regions, typically
in hot climates. For example, traditional Moroccan
homes were planned in clusters so that they provided
mutually shading. Similarly, traditional houses in
Malaysia incorporated large windows to provide
adequate ventilation. Modern buildings too can
incorporate passive cooling through efficient and
conscious architectural design,

To understand how various passive cooling
techniques work, it is important to look closely at their
underlying principles.
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Passive cooling techniques respond to
conduction by either resisting or delaying
the heat flow.
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PASSIVE COOLING PRINCIPLES

As we know heat flows from hotter bodies to colder
ones. This applies to the heat exchange between
buildings and their surroundings as well. The heat
exchange between buildings and their surrounding
occur through three mechanisms, which are
conduction, convection and radiation. Passive design
strategies must respond to each of these mechanisms.
Further, heat gained must be dissipated to heat sinks.

RESPONSE TO HEAT TRANSFER
MECHANISMS

Different elements of a building gain heat by different
mechanisms. Therefore, passive cooling strategies
must respond differently to address specific heat
transfer mechanisms.

Conduction

Conduction is the heat transfer between solids having
different temperatures when they are in direct contact
with each other.

Passive cooling fechniques respond to conduction by
either resisting or delaying the heat flow. For example,
adding insulation to the building envelope impedes
the heat flow. This could be in the form of glass wool,
fibre wool or even air cavities. Another method, which
is more obvious, could be to reducing the area of
facade exposed to the sun. An appropriate building
orientation, that takes into consideration the sun path
at its location, and helps achieve this. Further, altering
the microclimate to reduce the difference between
internal and external temperatures could help reduce
heat gain through conduction. This could be planning
buildings in clusters, so that they mutually shade one
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Passive cooling techniques respond to
convection by effectively removing the

hot air that enters the interior space.
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Passive cooling techniques respond to
radiation by reducing or protecting the
openings that allow in hot air.
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another. Vegetation can also help reduce the
temperatures of a building's surroundings.

Convection

Convection is the heat transfer through a fluid medium
such as air or water. Air within the building interior as
well as within air gaps in the building envelope, rises as
it heats and settles down as it cools. Passive cooling
techniques respond to convection by effectively
removing the hot air that enters the interior space.

Preventing heat gain through convection involves
removing the hot air within building interiors. For
example, in hot and dry climates, closing windows
during daytime and opening them in the evenings can
help flush out hot air and introduce cooler night air.
Higher ceilings coupled with openings near or in the
roof would allow hot air entering the building interiors
to rise and exit through the vents. Kinetic elements like
louvers in facade can be used to stop the air flow from
outside to inside whenever required

Radiation

Radiation is the heat transfer from the emission of
electromagnetic emissions by an object due fo its
temperature. These emissions don't require any
medium to travel. Solar radiation is the largest
contributor to thermal gain in buildings. Openings in
the building envelope allow in solar radiation. So do
glazed areas in the facade, which are typically

... fransparent to short-wave radiation.

Strategies for reducing heat gain from radiatfion
involve reducing the glazed or open portions in the
building envelope. Lower the glazed areq, lower the
heat gain. Thus, glazing should be planned to optimize
daylight while reducing heat gain. Adding shading
devices to openings or glazed portions of the facade
also helps cut off the solar radiation directly incident
onto the building.
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Passive cooling techniques use the site’'s natural
resources to dissipate heat gain from buildings. These
cooling systems use natural energy sinks, such as the
air, water, earth or outer space. Implementation of
these systems in buildings reduces energy needed for
cooling.

The heat sinks offer an opportunity to balance energy
inputs from the sun. They are thermal dumps, not only
of passive systems, but also of all mechanical systems.
Different passive cooling systems take advantage of
different sinks.

PASSIVE COOLING TECHNIQUES

Some of the popular passive cooling techniques suited
to warm climates, are discussed below.

Comfort Cooling

This technique involves ‘cooling the human body’ to
attain comfort. Human body metabolizes energy and
releases it in form of heat and sweat. Higher air speeds
hels increasing the efficiency of sweat evaporation,
which leads to thermal comfort.

Comfort ventilation is ideal for climate zones that have
high levels of relative humidity through the year
ranging between 50-90%, like tropical rainforests.

Comfort ventilation is applicable when still air
temperatures seem to be too warm due to low speed
and its inability to carry out excess moisture which
causes discomfort. It essentially helps remove excess
moisture through proper ventilation.
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Figure 5 — Tube House by Charles Correa

As a general thumb rule to aid comfort ventilation,
habitable rooms should face North-South directions.
Adjacent built structures should have wide spacings in
between to allow for air movement. Narrow depth of
built structures also ensures good aqir movement.
Further, overhangs in North and South directions
protect the building from solar heat gain. Trees in the
East and West directions would provide shading
without blocking air movement.

One of the best examples for comfort cooling is
Charles Correa’s prototype for low income housing -
the Tube house (Figure 5)2. A prototype forlow-income
housing, this building was shaped such that cool air
was naturally drawn throughit, leaving via a vent close
to the roof. The design enabled the modulation of
temperatures through convection currents. As the
heated air rose, it moved along the sloping surface of
the ceiling and slipped out through the vent, thus
drawing in new air from the lower level to replace it.
Inside the units, there were almost no doors; privacy
was created by the various levels themselves, and
security was provided by the pergola-grid over the
internal courtyard.

2 Image credit — Somvanshi, Avikal. 2015. ‘Remembering Charles Correa,
one of the pioneers of sustainable architecture’
https://www.downtoearth.org.in/news/remembering-charles-correa-one-
of-the-pioneers-of-sustainable-architecture-50250
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Figure 6 — Thick and light coloured masonry, pools and
courtyards used in the Hebrew Union College,
Jerusalem

Nocturnal ventilation cooling

Nocturnal ventilation cooling is based on night time
cooling of the thermal mass of the building with help of
convection.

Nocturnal ventilation cooling is applicable mainly in
regions with a diurnal temperature swing of more than
15 C, especially arid regions.

During the day the thickness of the building envelope
acts as a heat sink, absorbing solar radiation and
delaying heat gain. It is important to keep doors and
windows closed during the day time to reduce heat
gains.

Further, using insulation in the building envelope
improves the overall performance and can also help
reduce the thickness of the envelope. Light-colored
envelopes can reflect heat and assist in reducing solar
heat gains.

At night, when the outdoor temperature is lower than
indoors, the building envelop starts to release heat. At
that time, the doors and windows are opened to let in
the cool breeze, which in turn accelerates the heat loss
of the thermal mass.

The Hebrew Union College in Jerusalem, Israel by
Moshe Safdie (Figure 6) uses nocturnal ventilation
cooling. During peak summers, the differences in
daytime and nighttime temperatures in Jerusalem can
be as high as 12°.

Thick and light-colored masonry used in the envelope
acts as thermal storage. Further, the campus is
designed as an open plan, with courtyards and pools,
which facilitate air movement and improve the
microclimate.
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Figure 9 — Great Wall of WA, Australia

Earth sheltering

Earth sheltering means to build under the ground. The
earth remains a constant under a few meters below
the surface (about 24°-26°). The sun’s rays dissipate
through the different layers of the earth before
reaching the built structure, thereby preventing
overheating.

This can be achieved by using thermally effective
elements placed only over the roof (earth-covered) or
using Thermally effective element covers all sides
except one, which could be the roof or one of the
elevations (subterranean)

The Joan Maragall Library in Spain by BCQ
Arquitectura (Figure 8)5 is an example for earth-
covered buildings. The library is placed below an
existing garden and uses the landscape to protect the
interior spaces from heat. The green roof acts an
effective passive cooling element preventing the
need for any mechanical cooling.

The Great Wall of WA (Figure 9)¢ is a subterranean
cluster of 12 homes situated in north-west Australia and
designed by Luigi Rosselli. The homes are buried along
the earth surface with one elevation exposed. All the
homes share this elevation which is a rammed earth
facade that also prevent heat from entering the
habitable space. This strategy of using shared walls
and keeping most of the structure buried helps to
regulate the temperature inside the homes.

°> Image credit — Ronnen, Michal. ‘Moshe Safdie exhibit to launch BSA
series of Boston-rooted design next month’
http://bustler.net/news/4691/moshe-safdie-exhibit-to-launch-bsa-series-
of-boston-rooted-design-next-month

®Image credit — Birch, Edward. “Great Wall of WA' Pilbara accommodation
wins UNESCO acclaim’
http://www.abc.net.au/news/2016-02-12/unusual-pilbara-
accommodation-gets-unesco-recognition/7164894
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Earth Coupling

In this technique, a heat exchanger is used to cool air
before introducing it into the building, by passing it
through different layers of the earth. At depths of 4-5
meters, the earth’s temperature stays constant and it
acts as a natural heat sink.

Earth coupling can be done using horizontal or vertical
pipe loops or tunnel, depending on the project size.

A tunnel or pipe is dug about 4-5 meftres
(approximately 13-16.5 ft). below the earth’s surface
and the external air is made to pass through it. In the
summers, this cools the air while in winters, it helps in
heating the air. Then the air is circulated through the
building interiors. Sometimes a fan is used to draw the
air into the interior space.
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Figure 10 — TERI Retreat, Gurgaon, India

An example for this type of passive cooling technique
is the TERI retreat in Gurgaon (Figure 11)7, India, by Shift
Architects.

7 Image credit — Shift Architects.
http://www.sanjayprakash.co.in/teriretreat.html
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The residential block in this Institute campus uses
‘earth-air tunnel system’, where an underground
network of tunnels is utilized to bring in cooled air into
the habitable spaces. These tunnels terminate in the
habitable spaces. It takes advantage of the relative
constancy of earth temperature to provide the rooms
with airflow to keep them at comfortable
temperatures throughout the year. Additionally, solar
chimneys are used to help in ventilation and there are
chillers to supplement the earth cooling when needed.
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Evaporative Cooling

Broadly speaking, ‘Evaporative cooling’ applies to all
processes in which the sensible heat in an air stream is
exchanged for the latent heat of water droplets or
wetted surfaces.

As you would know already, sensible heat is related to
changes in temperature of air with no change in its
phase; but latent heat is related to changes in phase
between liquids, gases, and solids. This means that
when water meets hot air, it changes its phase from
liquid to gaseous/vaporous form; thereby lowering the
air temperature.

Evaporative cooling techniques can be incorporated
into buildings either directly or indirectly in our
buildings. This technique is well suited to hot and humid
climates

Direct evaporative cooling systems involve passing air
over water, which could be in the form of a water body
or even drip channels. The air, cooled and humidified
by the evaporation of water, is then introduced into
the building.
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The Pearl Academy of Fashion in Jaipur (Figure 13)8,
designed by Morphogenesis, employs the direct
evaporative cooling technique. The main spaces of
the project are raised above the ground, scooping out
an underground space that holds courtyards and
water bodies. Additionally, the building skin is
equipped with drip channels which allow for passive
downdraft evaporative cooling.

Figure 12 — Sectional Perspective of Pearl Academy of Fashion, Jaipur, India

8 Image credit — ArchDaily. 2009. ‘Pear| Academy of Fashion /
Morphogenesis’
https://www.archdaily.com/40716/pearl-academy-of-fashion-
morphogenesis
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When evaporative processes are used to cool an
element of the building, which then acts as a heat sink,
this is known as indirect evaporative cooling.

Figure 14 — Assembly Building, Chandigarh, India

One of the best examples for indirect evaporative
cooling technique is the Assembly Building in
Chandigarh (Figure 14)'9, India, designed by Le
Corbusier. There is a huge frough-shaped overhang at
the enfrance. This trough collects water during the
monsoon season when the weather conditions are hot
and humid. The water in the frough reflects out the
heat during the day and collects it at night. This helps
to generate cold air draft at the enfrance of the
building that would then cool down the entire facility
through the openings present at the entrance.

0 |mage credit — Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Palace_of Assembly_Chandigar
h_2006.jpg
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Figure 16 - Carnegie Institution of Washington's Global
Ecology Centre, Sustainable Strategies

Figure 15 - Carnegie Institution of Washington's Globall
Ecology Centre, Night sky cooling

Radiant Cooling

Radiant cooling systems use cooled surfaces that
absorb heat radiated inside a space and remove it by
radiation and convection. Radiant cooling systems are
usually hydronic, using circulated water to cool
building interiors.

Radiant cooling systems use the sky as a heat sink. All
bodies absorb and radiate heat energy at different
wavelengths and rates to the sky. Any surface facing
the sky and loosing heat by radiating it to the sky is
called as a heat radiator. The heat loss here is mainly
by emitting longer wavelengths. The main advantage
here is that there is no energy required to promote this
heat loss.

The Carnegie Institution of Washington's Global
Ecology Centre by EHDD Architects demonstrates
radiant cooling through its design. The design employs
proper orientation, exceptional day-lighting, sun-
shading and natural ventilation to further conserve
energy (Figure 16)'. The whole structure employs a
simple and innovative hydronic system that takes care
of the heating and cooling systems. The chilled water
for cooling is produced using the night sky system
(Figure 15Figure 16)'2. The water cooled at night is
stored in a chilled water tank and supplied to all the
spaces in the building during the day using pumps and
pipes. Water is also sprayed over the roof at night
whichremoves the heat gained by the roof. This system
negates the use of air-conditioners and limits the use of
fans for ventilation alone.

! Image credit — EHDD Architecture. ‘Building Catalog: Case Studies of
High Performance Buildings’
https://buildingdata.energy.gov/project/carnegie-institution-washington-
global-ecology-center

2 Images credit — EHDD Architecture. ‘Building Catalog: Case Studies of
High Performance Buildings’
https://buildingdata.energy.gov/project/carnegie-institution-washington-
global-ecology-center
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CONCLUSION

Passive cooling techniques were an integral part of
vernacular architecture but somehow got sidelined
with the advent of modern mechanical systems. Going
ahead the passive way would not only result in
beautiful and thermally comfortable buildings, but also
contribute to bringing down a building’'s ecological
footprint.
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