SOLAR PASSIVE DESIGN FEATURES FOR HOT & DRY

CLIMATE
Solar Passivalesign:

Over view of passive concepts:

Incorporation ofsolar passive techniques in a buildi
designhelpsto minimize load on conventional systen|
such asheating cooling, ventilation & light Passive
strategiesprovide thermal and sual comfort by using
natural energy sources & sinks. Ex: solar radiati
outside air, wet surfaces, vegetation etc meenhot &

drycl i mat e: an architectd
building in such a way that solar gains are maximized
winter and reduce solar gains in summer.

Once the solar passive architectural concepts are ap
to design, the load on conventional systems (HVAC
lighting) is reduced. Architects can achieve a sdg
passive design by studying the macro and micro clin
of the dte, applying bioclimatic architecture desig
features and taking advantage of the existing nat

resources on the site. The solar passive design strg
should vary from one climate to another. Since th
buildings can also function independent of heatcal
systems, in case of power failure they are still well lit
natural daylight and thermally comfortable.

Figure 1 Example site plan of Dr.Reddy'
laboratorylDPO, Hyd showing proper use g
solar passie design features (source:
Mindpspace architects)

The commonly considered low energyements to achieve lower energy consumption in a

building arediscussed below

LANSCAPE

Landscape: Landscaping isan important element in altering the miailimate of a place.
Proper landscaping reduced direct sun from striking and heating up building suitfasdhe
best way to provide a buffer for heat, sun, noise, traffic, and airflow or for diverting amflow

exchanging heat in a solpassive desigrt prevents reflected light carrying heat into a building
from the ground or other surfaceAdditionally, the shade created by trees, reduces air

temperature of the micro climate around the building througdp@transpiration. Properly
designed roof gardens help to reduce heat loads in a building.
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Figure2: Location of landscape to cut direct sunlight and shade buildingse:www.oikoscom)

Deciduous tees provide shade in summers and sunlight in winters; hence, planting such trees on
the west and southwestern side of the building is a natural solar passive strategy. On the other
hand, evergreen trees on the north and naegst of the building providehade round the year.

The use of dense trees and shpldntings on the west and sowist sides of a building will

block the summer setting sun.
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Figure3: Dense trees and shrub plantings blocks the summer settingsaewww.bloomsoon.com
www.landscapelesigradvisor.com

Natural cooling without aiconditioning can be enhanced by locating trees to channel-south
easterly summer breezes in tropictimateslike India Cooling breezes will be able to pass

through the trunks of trees placed for shading. Shade can atsedted by using a combination

of landscape features, such as shrubs and vines on arbours or trétksss. which serve as
windbreaks or form shelterbelts, diminish winGertain climbers aralso useful for shading

exposed walls from direct sunlighfrees also provide visual relief and a psychological barrier

from traffic and thus reduce pollution on the sRéace trees appraxiately half the width of the
treeds canopy from t h"o 18Uthel canbpy widta Mhis psameatere d  a't
should also be considered for good daylight integration inside the built spaces.


http://www.thegreenliving.com/
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http://www.landscape-design-advisor.com/
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Figure4: Location of trees to protect from vda(source:the dailygreen.cor

BUILDING FORM

Building form : Building form can affect solar access and wind exposure as well as the rate of
heat loss or heat gain through the external envelope. The volume of space inside a building that
needs to be heated or cabland its relationship with the area of the envelope enclosing the
volume affect the thermal performance of the buildBgilding form can affect solar access and
wind exposure as well as the rate of heat loss or heat gain through the exteehape.
The general design objectives are

V Contain the exposure of external elements by means of compact building envelope and

carefulconsideration of the treatment of different elevations
V Use sheltering and buffering

Compactness:

The building formalsodetermineghe air flow pattern around the building directly affecting its
ventilation.The compactness of the building is measured using the ratio of surface area to volume
(S/V). The depth of a building also determines the requirement for artificial lighting. FElaéeg

the depth, higheis the need for artificial lighting. The circular geometry has the lowaétr&io

thus the conduction gains from the building envelope as well as solar gains from windows are
least, in circular geometry in comparison to otherding geometries which is most energy
efficient inhot & dry climate.

Sheltering or selishading

Built form, which is designed such that it is seffaded through massing or articulation results in
sheltered builforms, and cuts off a large amowftdirect solar radiation. lhot & dry climate,

the envelope should be designedtisat it remains shaded for the greater part of the day; the
external walls should be so planned that they shadeotiaeh



WATER BODIES

Location of water bodies:Water is a goodnodifier of micraclimate. It takes up large amount

of heat in evaporation and causes significant cooling. Water has a moderating effect on the air
temperature of the micro climate. It possesses very high thermal storage capacity much higher
than the buding materials like Brick, concrete, stoherge bodies of water in the form of lake,

river, and fountain generally hasemoderating effect on the temperature of the surrounding area
due to thehigher thermal storage capacity of water compared to laddcanse variations in
airflow. During the day the air iBotter over the land and rises, drawing cooler air in from the
water mass resulting in land breezes. During the raglthe land mass cools quicker, the airflow

will be reversedWater evaporationds a cooling effect in the surroundings.

ORIENTATION

In solar passiveesign featuresrientation is a major design consideration, mainly with regard to
solar radiation, daylight and wind.
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In tropical climate like India long facades ofildings oriented towarsl Nortt® South are
preferred. East and West receive maximum solar radiation during summer. In predominantly cold
regions,also North South long facades are advisable, as South orientation receives maximum
intensity of solar radiation in winter months.

Orientationin hot & dry climate:

Orient the buildings with the long axes in the emsst direction so that the longest walls face
north and south, and only the short wall face east and west.



Figures Orientation with longer facades on 8l

The below figureshows the solaradiation received on each &ate of the building orientation
which weremodelledin Ecotect software. South orientation receives maximum solar radiation
during winters which is preferableEast and West receive maximum solar radiatioming
summer Westis a crucial orientation because high intensity of solar radiation is received during
summers when the internal gains are also at its peak. Thus, designers need to be very careful
while designingNVest fa@de and spaces behiiest fa@ade. Orientation also plays an important

role with respect to wind direction. At building level, orientation affects the heat gain through
building envelope and thus the cooling demand, orientation may affect the daylight factor
depending upon the surroundi built forms, and finally the depending upon the windward and
leeward orientation fenestration could be designed to integrate natural ventilation.

An example ofaverage Solar Radiationreceived on various facades inhot & dry climate
zoneof Ahmedabad City

Tablel: Average solar radiation intensity on various facades of a buildirgpin& dry climate

Average Solar radiation Intensity on various facades of a buildingn hot & dry climate (
Ahmedabadcity)
Facade Orientation Solar Radiation Intensity | Month of maximum solar
(W/m?) intensity
North Facing 80 May (in morning hrs) June ( in
evening hours)

South Facing 600 DecemberJanuarywinters)
East Facing 600 March

West Facing 500 March
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Figure 6: Average daily solar radiation received on Nodhentation inAhmedabad

INCIDENT SOLAR RADIATION - Average Dail Ahmedabad (Dirsct Only)
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Figure 7: Average daily solar radiation received @wouthorientation inAhmedabad
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Figure 8: Average daily solar radiation received &astorientation inAhmedabad

INCIDENT S0LAR RADIATION - Average Dail &hmedabad (Direct Only)
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Figure 9: Average daily solar radiation received dWestorientation inAhmedabad

SHADED ENVELOPE

All the elements of a building are vulnerable to heat gai
Proper shading is therefore a very important aspect in s
passive building design. It is observed using softwa
simulations that,shading of roof, walls and windws hae
considerable potential in dacing the cooling energy

FigurelQ Shaded building
envelope



consumption. This section explains the technical details and advantages of shaded envelope
(Roof, Walls and Windows)

Shading of roof:

Shading of roof through design features like pergolaslar photovoltaic panels helps in

reducing the incident direct solar radiation on the roof surface. This in turn helps to reduce the air
temperature of the roof and conduction gains in the space below. It is observed using software
simulations that shadingf roof has equal potential in reducing the cooling energy consumption

to that of an insulated roof. For ex: the below figure 1 shows the fully shaded roof of Centre for
Environment, IIT Kanpur through Pergolas and Solar PV panels.

Figure 11 Fully shadedoof of Research lab in IIT, Kanpur through pergolas & Solar PV panels

Impact of shaded roof

It is observed in air conditioned buildings, adopting ECBC envelope in building has high energy
saving potentialHowever, shaded roof has similar energy saviotemial as that of ECBC
compliant roof.Shading of roofcould can be dondy designing pergolas, trellis on roof or by
installation of solar panels.

Why the shading of roof is required?

Roof receives a significant amount of solar radiation round the Asallustrated in Fig below,
the intensity of solaradiationreceiveds maximum on the horizontal plane which is the roof.
Conductance of heat from the roof can be very high if not insulated well. This can result in
increased cooling load if the spamelow is air conditioned or high discomfort hours if the space
below is naturally ventilated.
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Figure 12: Average Solar radiation received on a roof
Cool Roof:

Along with shading of roof, solar passive design also recommends cool roof. Cool rooisfare r

covered with a reflective coating that has high emissivity property which is very effective in
reflecting the sunés energy away from the roof
cooling load that needs to be met by the HVAC system.i@imation of insulated roof with cool

roof has high saving energy potential

Impact of Orientation and Shaded Envelope

Impact of passive design strategies/ low energy design strategies have been studied in this climate
for the combined impact of orientatiamd shaded envelope. It is observed that witV N

orientation (longer facades) aslddaded envelope results in%dXeduction in the EPI. The

following graph shows the impact of these strategies on the building coil load and electrical load

in hot dry climae.

‘N



Impact of Low energy design strategies (Orientation and
Shaded envelope)
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Shading of windows:

Heat gain through window is determined by the overall heat lossficient U-value (W/nf-k)

and solar energy gain factor, and is much higher as compared to that through opaque wall. Direct
sunlight can cause glare. Incorpooatiof shading elements with windows help in: keeping out
the sunds heat, bl ock wuncomfortable direct
devices are thefore necessary to allogtare free natural light. Shading devices are also critical

for visual and thermal comfort and for minimizing mechanical cooling loads. Shading devices for
windows and walls moderate heat gains into the building.

External shading is the most effectiweys of shadingas it cuts off direct sunlight during
summer and &ws winter sunlight to enter inside the space. However, in cloudy weather or if not
designed properly, these can reduce daylight availability inside the space. For such cases, external
moving shading devices are preferred.

External shading devices shoudd designed according to the orientation of fagade. For instance
on North orientation minimum or no shading is required. On South orientation external shades
should be designed after studying the sun path. Shading devices on South orientation could be
permanent in nature, as most part of the day, Sun remains in South oriertasggreferable to

design movable external shading devicefast andVestfacades so that the shades could be
removed after sun faces opposite orientation.
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Figure 13External shading for windows as an effective means of shading

Figure 14 Details of F5A & VSA

angles.

Horizontal Sun Angle (HSA)

For Non-conditioned buildings,
penetration of direct solar radiation
needs to be regulated.

The glazing system for windows in non
conditioned spaces is usually single
glazed units with clear glass as the
windows will be opened to allow ventilatioHowever to
avoidheat entering from direct solar radiation through the
openings, external shading devices play an important role.

In the nonconditioned buildings tiis shading device plays
a crucial role in the thermal performance of a window.
Windows on facades, facingfidirent cardinal directions,
should be provided by the shading devices which can cut
the direct incident solar radiation for the critical solar

This is the horizontal angle between the normal of the window and the iBwttaangle at a

given time as shown in the figuté.

The horizontal sun angle at critical hours can be cut by the vertical fins provided as external

shading device.



Vertical Solar Angle (VSA)

It is the angle that a plane containing the bottom two pahthe window and the centre of the

Sun makes with the ground when measured normal to the shaded surface as shown in the figure
15.

The vertical solar angle at critical hours can be cut by the horizontal fins provided as external
shading device.

Figure 15 Horizontal fins as an external shadin
device

The aitical Horizontal Solar Angle (HSA) and Vertical Solar AnGiSA) for fenestrations
located on the cardinal directions (as shown in the figure) given below in the table should be cut
down by designing appropriate shading devinghehot & dry climatel

Table 2 Example of Solar angles to be cut on various cardinal directidnshot & dry climate building(
case of ity of Ahmedabaji

Solar Angles to be cut on various cardinal directions
Cardinal Directions !—|SA (Horizontal Solar Angle) | VSA (V_ertical Solar
in Degrees Angle) in Degree

North -- -
East -- 40.0
West -- 56.0
South -56.0 70.0
North-East (NE) 38.0 46.0
North-West (NW) - 49.0
South-East (SE) - 53.0
South-West (SW) 39.0 44.0

NoteT
1  Angles have been measured from the normal to tfesfeation

1  Angles measured antiockwise from the normal to the fenestration have been shown with negative sign for HSA
(horizontal solar angle)
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T '\ 4=vertical position of the shade
R measured from the bottom of the window
% « = lowest undesireable sun angle
¢ = length of the bottom of the shading plane

Figure 16: Window Shading Design

Figure 17 Horizontal & vertical fins as an external shading device

Example to design a shading device for a window:

For a window oheight 1.5 m and width 3m, design shading device to cut the HSA cirth
VSA of 60.

Design of shading device to cut the VSA

The vertical solar angle of B6an be cut by providing a single —
horizontal overhang of length 841mm or it can be cut byiging
two horizontal projections each of length 408mm placed at a V771784
distance of 750mm as shown in the figure.

The length and spacing can be calculated either by the drafting :~ B
softwares like autaad, sketchup etc. by graphical method or it ce S
be manually alculated by the mathematical formula given beiow f
i
¥

Depth of shading device = Spacing between the shading device — g"ég{’\’}'sa;'\‘:‘"s
{tan (90-VSA)}

Figure 18 Design of a shading

For a given VSA either of the values for Depth or Spacing betwe device to cut VSA

shading overhangs can be selected to get the value ofoothe



Design of shading device to cut the HSA

The horizontal solar angle of 4&an be cut by providing a
single vertical fin of length 2907mm or it can be cut by
providing four vertical fins each of length 657mm placed at a
distance of 657mm as shownthe figure.

The length and spacing can be calculated either by the drafting
softwares like autead, sketchup etc. by graphical method or

it can be manually calculated by the mathematical formula
given belowi

,,,,,,,,,,,,,,

| Vertical Fins to cut HSA

Depth of vertical fins = Spacing betwettre vertical fins x

{tan (90-HSA)} Figure 19 Design of a shading

device to cuHSA

For a given HSA either of the values for Depth or
Spacing between vertical fins can be selected to g

the value of other one.
louvers

It is always desirable to break single overhang witt

larger depth into multiple overhangEsmaller %%L
length. It enhances the amount of daylight
penetration in the space. The figure in right shows
the comparison between amount of daylight
penetration for two shading devices, one with sing Figure 20 Comparison otlaylight penetratia

deep overhang and the other with multiple smaller Petween multiple overhangs and single overhe
(source:www.whygreenbuildings.com
ovelangs.

Shading devices for windows are of various types (Bansal, Hauser, and Minke, 1994) like:

A Moveable opaque (roller blind, curtains etc) can be highly effective in reducing solar gains
but eliminate view & impede air movement

A Louvres (Adjustable or fixd) affect the view and air movement to some degree

A Fixed overhangs

Fixed louvers:

They can be designed as fixed and can be cost effective and can become an integral part of the
building aesthetic but does not cope with changing altitude of sun.

Summers ca be exceedingly hot inot & dry climate; consequently from an early daipenings

in buildings were partially closed by means of openk coverings made from stone, stucco,
ceramic or woodThese coverings redudhe heat gain to the building and alzdd aesthetic
value to the building


http://www.whygreenbuildings.com/

i od

Figure21: Fixed types of louversMnyw.wbdg.ory

Movable louvers:

They can cope well with the sunbds changing al ti
sunds alcanibe verg estly amdiaiso requires high operation and maintenance.

Exrervior
roll blind

' Gambrel
aienring (for

casement windows)
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Figure 22: Adjustable and Movable types of louvers\v. fsec.ucf.edu

Shading of walls:

Shading walls from direct sun can be one of the simplest and most effective ways of reducing the
heat load on a buildingClever use of shade can dramaticaihprove the comfort conditions

inside and reduceeliance on expensive air conditioning systeAssin thehot & dry climate, the

East and West facades receive maximum solar intensity espégialimmers, shading the East

and West facades is a challenge. As eastern and western walls heat significantly in summers,


http://www.wbdg.org/

overhangs may not be enough. The entire east and west walls have to be shaded to protect from
the strong summer solar intensity.

Figure 23: Shading of East & West wall through green wall feature

Impact of shaded wall:

In day time use buildings shaded east and west walls have higher energy saving potential than
insulating the external walls.

The different kinds of shadindsr wall are explained below:

Deep porches anderandas

These are excellent at reducing the solar heat gain in a building because they completely shade
the walls. They also cut the solar intensity creating cool spaces even without plants or shrubs.

e

Figure 24: Shading othrough deep porcheend verandah$§Sourcewww.lugradegardenbuildings.co.uk

Sunproof fabric covers:

For porches, or sailthesecan be attached to the building its@lfidare a god seasonal solution.

It is possible to get fabrics and shade cloth that cut out more than 95% of sunlight, and have
guarantees of 20 years minimum lifespan. These are put up at the start of the shading season,
taken down at the end. In addition to thaindtion of blocking sunlight, fabric sails can be
visually exciting. A row of triangular sails, for example, tilted so they overlap each other, and
provides excellent shade and visual interest.



http://www.lugrade-gardenbuildings.co.uk/
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Figure‘S.: Shading throgh sun proof fabric and verandéhsircewww.infolink.com)

Vertical shading:

Vertical shading is the most advisable form of shading to cut the intensive solar heat gains for
east and west walls especially in sumniteis some form of verticdlght blocker that is placed at
the external edge of the overhang or porch roof, extending all the way to the ground.

It can be movable louvers, jglipanels ofrellis, lath or shade clothrat can be climbing plants
trained to grow up supports, eith@eciduous or rapidly growing annual vines. Plants have an
additional cooling advantage: as well asdiing light, they evaporateool air passing through

their leavesJalis act as cost effective treatments for shading both for windows and walls. They
bring coolness due to the breezes blowing through the jalis that fill walls. Gaps between the jalis
let air and sunlight through a wall, while diffusing the glare of sunlight and cutting the intense
heat. They also act as elements for enhancing and beagitifygnarchitecture of the building.

The modern form of shading is solar PV shading. In this, the solar energy can be used
simultaneously shading the buildingertical shading has the advantage that is can be placed
close to a wall, so is especially usefiliere deep porches are not wanted and/or not possible due
to lack of space.

Figure 27: Solar PV panels as Figure 28: Series of louvers as a
shading modules for the walls wall shading device
) (Source:www.sunenergysite.qu (Sourcewww.fsec.ucf.edj
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Figure 29: Brick jails as shading devices and aesthetic Figure 30: Panel of trellis as shadindevicegSource: www.archdigm.coin
architectural element&Source www.aharerert.com

Figure 31 Fixed types of jalis for shadin@gvww.wikipedia.org

DAYLIGHT INTEGRATION

Day lighting has a major effect on the appeaearof space and can have considerable
implications on energy efficiency, if usé properly. Its variabilityis subtly pleasing to the
occupant in contrast to the relatively monotonous environment produced by artificial light. It
helps to create optimum warlg conditions by bringing out the natural contrast and colour of
objects. The presence of natural light can bring a sense of well being and awareness of the wider
environment. Day lighting is important particularly in commercial and otherdoamestic
buildings that function during the day. Integratigfirday lighting with artificial light brings about
considerable savings in energy consumption. A good day lighting system, has number of


http://www.gharexpert.com/
http://www.metalmag.com/
http://www.wikipedia.org/

elements most of which must be incorporated into the building desiym early stage. This can
be achieved by considering the following relation to the incidence of day light on the building.

A Orientation, space organization and geometry of the space to be lit

A Location, form & dimension of the fenestrations through whighlidgat will enter

A Location & surface properties of internal partitions that affect the day light distribution by
reflection

A Location, form and dimensions of shading devices that provides protection from excessive light
and glare

A Light and thermal charadistics of the glazing materials

Tangible benefits of Natural day lighting integration:

Live case study;

The below mentioned example is a library building of a resehtebk in IIT, kanpur. These
simulation results shown below figure show lux levelsluring daytime from windows with all
artificial lights switched off. This meets the laboratory requirement of lux levels. Daylight
integration in the library block of the research centre in the campus proves that daylight
integration saves both energy aslixas economy.

Figure 32: Daylighting inside the library building of IIT, kanpur

Example: (library block of a research centre in IIT, kanpur)

Total connected load = 864W

Annual Savings in Library by switching off artificial lights during daye = 1825kWh
Annual savingsn the library = Rs. 9124 (@Rs.-®er unit charge)

Relation between WWR and VLT to achieve recommended daylight levels:

Table 3: Recommended daylight factors for interiors as per Bureau oianndtandards
SP:41(S&T). DF %=80 lux. Design sky illuminance 8000Iux.

Sl. No. Location Daylight Factor %
1 Dwellings Kitchen 2.5
Living Room 0.625







