




























































































II. FACADE TREATMENT

In the GPO building, the walls on each facade
have openings in the form of ribbon windows to
acquire maximum air and natural light. In order
to control large number of windows a unique
design  element
incorporated. The south and west facade are
extremely important with reference to facade
treatment. Here in GPO building the south

double

facade is

facade is protected by another skin of wall. This

wall consists of vertical louvers which help to
reduce the effect of direct sunlight from
southern side, fig (34). The wind coming from
this side are also cooled down within the 3 feet
cavity space (Fig35) between the two skins of

facade.
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Fig (35) Cavity wall
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West side of building is highly important in

Karachi, with reference to wind direction, fig o F\
(36 & 36.1). Moreover, this side of building ; g 4 e s
bears harsh evening sun rays. In GPO building i !
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Fig (36) Fagade treatment — East Elevation
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Fig (36.1) Fagade treatment
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South Elevation
North Elevation

The eastern side of the building is exposed to morning sun. A similar skin of cavity wall as west facade is

attached to the east facade. The cavity between the two walls helps in cooling the wind and diffusing
direct sun rays.

III.  COOLING STRATEGIES

=  Ventilation: |l |

In GPO building, the overall profile of the building is ”l ”mrm
square which is fenestrated with continuous ribbon
windows that allows possible cross ventilation from
windward to leeward side, fig (37).
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South and west fagcade of the building is screened with trees.
West side is fenced with low heighted trees to allow more wind
to enter in building, fig (38). Overall, this vegetation creates a
thermal break from unnecessary solar radiations.

it

Fig (38) Vegetation

NED UNIVERSITY OF ENGINEERING AND TECHNOLOGY



Courtyard is strategically located at the north side, which is
attached with Postal Life Insurance building. This
allows diffuse light and air in the relatively less
fenestrated area, fig (39).

Courtyard:

COURTYARD

Fig (39) Courtyard

Open Plan:

This building is designed on the
principle of open planning. See Figure
(40)

The main hall under the well-lit dome,
houses the working spaces, which have
low heighted glass and metallic
perforated partition

walls, fig (42) to allow maximum flow
of natural wind and light. See Fig (41)
The wide-open flexible plan promotes
public interaction.

||| SEPARATION OF SPACES THROUG
LOW HEIGHTED WALL WITH GLAS
; IT.
| ON GROUND FLOOR GRILLS ARE
USED FOR SEGRREGATION.

' OPEN PLANS

Fig (40) Section showing open planning
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ici

GRILLS Fig (41) Building internal spaces segregated via low

l - - height partition wall to allow access to light & wind.
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Fig (42) Low height partition walls

NED UNIVERSITY OF ENGINEERING AND TECHNOLOGY



OPP RTI (ORANGI PILOT PROJECT, RESEARCH & TRAINING
INSTITUTE)

BACKGROUND:

Orangi Pilot Project (OPP) is a NGO, which begin to work in Orangi town in 1980. It is situated
at the periphery of Karachi. On the success of its five basic programs of low cost sanitation,
housing, health, education and credit for micro enterprise, in 1988 OPP was upgraded into three
autonomous institutions. OPP-RTI, OPP-OCT, OPP-KHASDA.

I.  ORIENTATION:

The form of the building expands along both NORTH- SOUTH & EAST WEST direction fig
(43). The building is oriented such that it allows maximum breeze to enter the building. Trees
located on the south and west blocks the harsh sun rays to directly enter building.

Ll |

Fig (44) Wind pattern throughout the

Fig (43) Orientation of the building building

II. FORM

The cluster formation of this low rise building houses two courtyards. The larger courtyard of
OPP RTI is centrally located, with an area of 576 sq. ft. The smaller courtyard, which acquires
144 Sq.ft. is placed on the northern side of building (See Fig 45). This organization of form

around courtyard helps in creating conducive microclimate within the indoor spaces (See Fig

Fig (45) Placement of courtyards Fig (46) courtyard
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I1I.

OPENINGS

COOLING STRATEGIES

Fenestration plays a significant role in lighting and ventilating any

building. Here in OPP adjustable louvers are integrated in all opening to

control daylight and wind(See Fig 47). These adjustable louvers allow or

restrict direct sun rays and wind whenever needed.

COURTYARD

Courtyard helps to enter fresh air inside the building premises.

HOT AIR GOING OUT

Fig (47) Adjustable Louvers
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Fig (48) courtyard

WIND CATCHER

Wind-catcher is a traditional cooling duct, which catches prevailing wind and allows indirect sun

light within the building. OPP houses four wind-catchers(See Fig 51). These wind-catchers also

work as light wells because of its perforated envelope.

Fig (49) External View of Wind-catcher

Fig (50) Internal View of Wind-Catcher

Fig (51) Placement of Wind-Catchers
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VEGETATION

OPP is densely vegetated on its southern side with Neem, Palm, conocarpus trees.

Fig (52) Vegetation

WASTE WATER RECYCLE:

The OPP-RTI recycles waste water generated by its users and general
public sewers for urban farming. This recycling process is carried out

using the following steps.

e Sedimentation
e Bio filtration

¢ Disinfection (Addition of effective micro-organisms)

PROCESS OF WASTE WATER MANAGEMENT AT OPP - RTI “

PUMP

=
-
=

SEWERAGE - | —
PIPE LINE
SETTLEMENT FILTER TANK ADDITION OF EM

TANK
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STEP 1: SEDIMENTATION OF BLACK AND GREY WATER

In the OPP-RTI the black water from the general public sewers and building
is collected in a huge tank, where it is subjected to the process of
sedimentation. In the process of sedimentation black water is kept for 6-8
days. In this process all the undesirable suspended organic and inorganic
material settles to the bottom of the tank due to gravity, which is further

utilize as manure.
STEP 2: BIO-FILTRATION

After the sedimentation process the cleared water is transferred to another
tank where it undergoes the process of bio filtration. In this unit it passes
through various layers of bio filters that helps in removing contaminants and

micro particles.

Fig (54) Bio- Filter Tank

STEP 3: DISINFECTION (EM PROCESS)

At the OPP_RTI the filtered water is collected in another tank, where EM (effective micro-organisms) are
added in it. EM used in this process is composed of rotten fruit pulp, jaggery paste and water in the ratio
of 1:3:10. 1cup of this mixture is enough for the disinfection of 1 barrel of water. EM’s kill the harmful

bacteria and reduces the foul smell from water and makes it fit for use in plantation.

STEP 4: CLEAN WATER USAGE IN PLANTATION

Once the dirty water has passed through the processes of
sedimentation, filtration and disinfection it becomes fit for

cultivation.

Fig (55) Urban Farming outputs
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Key Features of OPP-RTI

The OPP-RTI is working for betterment of the underprivileged communities. key features of its

architecture and community service are as follows:

e The building is made as a low-cost institution with the help of precast construction.

e The building finishing is carried out with fair face concrete which requires less
maintenance.

e students at OPP-RTI are taught ways of making their living conditions better with
reference to sustainability and environment

® Another worth noting initiative is usage of the recycled water in urban farming.

e Efficient consumption of vegetable/fruit peels and sludge as manure and fertilizers in the
farms.

Overall OPP-RTI acts as a role model for sustainability in architecture through education and
practice.
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KMC MARKET

Introduction:

KMC market building is located in the heart of Soldier Bazar. Primarily, it is meat market with
some basic plastic accessories, Vegetable and Fruit shops. It caters to large number of customers
from Soldier bazar, Doli khata cantt and Garden area.

I. FORM

The form of the building is simple rectangle circumambulating
around a huge court yard. See fig (56)

II. DAYLIGHTING

The building is naturally lit all day long because of the large openings = |
throughout the workstations, See fig (57). This day lighting facility
helps workers to be more productive and helps in reducing electricity
consumption.

Fig (57) Day Lighting

III. COOLING STRATEGIES

Courtyard:

As mentioned above the form of KMC Market is courtyard type, the
presence of courtyard improves the quality of air and helps in
evacuating warm air. Moreover, presence of three huge trees inside
the courtyard brings down the temperature and filters the air. It
works as suction well to bring the cool air inside the building.

Fig (58) Court yard
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Fenestration:

The KMC building has sizable number of openings, in the form of
windows, doors, ventilators (Rohan dans) and screen
(Mashrabiyas) which help in keeping the internal spaces well lit
and cooler. See fig (60)

The high heighted circular Rohan dans are helping in creating
stack effect thus maintaining thermal comfort of the users.

Mashrabiyas are sun screens with lattice work. It helps in allowing
controlled sunlight and wind. This traditional screening system
enhances the building fagade and user comfort. See fig (61)

Fig (60) Various Types of Opening

]
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Fig (59) External Openings

Fig (61) Mashrabiyas
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MEGA TOWER G4:

Mega tower G4 is commissioned by Habib Bank Limited to serve as its
head quarter. This high rise building is 27 stories above ground along
with three stories basement floors. It is the first LEED (Leadership in
Energy & Environmental Design) certified building in Pakistan.

I. FORM

The form of the Mega Tower building is compact with vertical linear
growth. See fig (62)

II. COOLING STRATEGIES

Recessed Windows:

The building fenestration design is carried out with recessed
windows. This window type is self-shading, which helps in
preventing direct sun ray to enter the building. See fig (63)

Fig (63) Recessed Window

Raised Floor:

In the Mega tower, the air conditioning load has been reduced
with help of raised floor at about one feet height. Basically, this
system helps in curtailing excessive room area to cool. It focuses

on the habitable area for building users. This building is also .
equipped with an under-floor air distribution (UFAD), which i 7 3 |
push the warmer air upwards and quickly provides thermal

comfort. Fig (64) Raised Floor and UFAD

Insulated Building Envelope:

An efficient building envelope can help in controlling heat transfer through conduction, radiation
and convection. Here in Mega tower the designers opt for minimum fenestration on the southern
side. This building utilizes 24mm thick insulated glass unit, which is composed of :

» Outside 6mm thick Crystal Grey and Euro Grey fully tempered glass.
» Inside 12mm Airspace and 6mm thick fully tempered clear glass.

Furthermore this building utilizes low U-value and low voc (voltaic organic compounds)
materials cladding material. Matrix (1)
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ENVELOPE COMPONENT

ENVELOPE COMPONENT U — VALUE(BTU/FT*/HR | SHADING COEFFICIENT
F)

WALLS 0.448

ROOF 0.0915

FLOOR 0.298

WALL PARTITION 0.362

WINDOWS/GLAZING 1 0.297 0.301

WINDOWS/ GLAZING 2 1.022 0.706

WINDOWS/ GLAZING 2 1.022 0.706

Matrix 1: Envelope component of Mega Tower Source: Engr. Farhan Adil Mehboob

Co, Sensors:

Mega tower is equipped with CO, sensors to provide fresh air, when CQO level rises due to
presence of users the system start to work and pumps fresh air. . It is also known as occupancy

sensor. When the people leave, the CO, level drops then fresh air dampers once again get close.

On the contrary, the conventional system air conditioning gulps large amount of energy due to
excessive provision of conditioned air while space is un-occupied.

HVAC Load of the Building

The cooling load of the building is 3900 tons, which is being fulfilled by 3 chillers. Usually for
one ton, it takes 1.6Kilo Watts but the Mega tower utilizes 0.6 KW/Ton, because of its energy
efficient design in terms of mechanical and architectural reforms. Moreover, it utilizes 18 less
energy as compare to conventional high rise building.

III. WATER EFFICIENCY:

The building has an water efficient plumbing system, which utilizes all chillers distilled water for
washing purpose.
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SECTION 3
USER FEEDBACK ANALYSIS

As this research is based on case study approach, 20 users from each building between the age
group of 20-50 have been randomnly selected for the questionaire survey in order to analyze
their personal experience of comfort (thermal, visual, air quality and acoustics in respective case
studies.

OCCUPANT COMFORT

Spaces and buildings are designed for people who are designated to fulfill some task, whether
it’s manufacturing a product, managing an office or raising a family. The building should be
comfortable, healthy and sustainable when one set for a task. (Ashrae, 2016)

The sustainable design approach helps to achieve a solution with minimum negative
environmental impacts. Apart from thermal comfort there are parameters like visual, air and
acoustic comfort which are discussed below:

a. Thermal Comfort

Thermal comfort refers to the temperature that is neither too warm nor too cool. This has to be
in human comfort zone. Thermal comfort is important for health as well as productivity. Lack
of thermal comfort causes stress among the users of the building therefore a comfortable
environment which is thermally balanced should be provided and designed. Thermal comfort
depends upon air temperature, humidity and the movement of the air.

b. Visual Comfort

Maintaining visual comfort means ensuring that people have enough light for their activities, the
light has the right quality and balance, and people have good views. Good light promotes a
healthy and productive environment. A proper sight-lines and good views gives user a control on
its environment and task and natural light do this in much better way than and electric resource.
(McGraw-Hill, 2012)

c. Air Comfort

In addition to air that’s the right temperature and humidity for thermal comfort, it’s important
that air is clean, fresh, and circulated effectively in the space. If the air quality is too polluted and
stale then people would be unhealthy, unproductive, unsafe and sick.

Air quality is kept fresh by proper ventilation, either using natural ventilation such as windows
and skylights or active systems like HVAC and ducts. Clean air can be achiev d within building
premises by filtrating air, pushing fresh air from outside within building spaces and not
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contaminating air with impurities produce by buildings paint and material such as volatile
organic compounds, lead and CO emission.

d. Acoustic Comfort

Acoustic comfort means having the right level and quality of noise to use the space as intended.
People are more productive and comfortable when they are not disturbed or distracted from
noises outside and noises within the parameters of a building, this comfort is really important in
school; and office buildings. McGraw-Hill, 2012).

SURVEY FINDINGS

Through survey it is found that all the selected buildings come under comfortable zone. They are
thermally comfortable because of efficient use of materials and ventilation. The selected case
studies are well lit with controlled diffused light during day time with the use of appropriate
shading devices thus visually comfortable, more productive and energy efficient. The air quality
of majority of selected buildings are well managed through passive means i-e having proper inlet
and outlet of fresh air which leads to more healthy and productive indoor environment. Most of
the selected buildings are sound acoustically in terms of creating buffer spaces in between
exterior and interior. These buffer spaces serve dual purpose i-e act as sun barrier as well as
noise barrier.

GRAPHICAL ANALYSIS OF USER FEEDBACK

B Temperature
B Humidity

Air Movement

Thermal Comfort
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SECTION 4
EXPERT OPINION

An interview with Architect and Planner Arif Hassan

According to Arif Hassan, Karachi has witnessed 47 degree Centigrade in 1939 and 46 degree
Centigrade in 1981 but no causality was recorded at that time. But, in May 2011, 46 degree
Centigrade temperature has caused death and heat wave related illnesses in Karachi. Moreover,
the case of 2015 heat wave is an open herald for everybody that temperature doesn’t kill
people; it is the building design, road construction and greenhouse gas emissions, which kill
people.

He suggested to extract, best out of climatic conditions like orientation of buildings along with
proper fenestration and insulation. According to Arif Hassan, Karachi’s climate require smaller
wind inlets and large outlets to acquire fresh air and evacuate hot internal air during summer
season. Furthermore, this fenestration design can work more efficiently, if inlet windows face
vegetation. He recommended local tropical plant species to avoid excessive water consumption.
He shared case example of his project, SRSO building located in Sukkur. In which he
incorporated locally available construction materials with the idea of cavity walls and courtyard
with native plants.

He fostered importance of locally available materials with engineering innovation on the
principle of miniaturising the technology and passing it on decentralization approach to the
grass root level. This can be carried out by building a liaison between the local manufacturers
(Thallay Wallas) and professional i.e. architects and engineers. He identified the potential of
research on light weight aggregate and low cost insulating materials including paints. He
pinpointed role of electrical engineer in minimizing electricity consumption with the help of
energy efficient tools and gadgets like LED Lights, inverters, air conditioner out door unit
insulating covers.

Arif Hassan suggested efficient use of grey water especially for vegetation. He emphasized on
installation of individual house meter or at least bulk metering and solar powered underground
water pumping.

According to Arif Hassan, climate responsive architecture is the fundamental tool to carve the
real style of Pakistani architecture. Which is unfortunately, fogged behind the blind following of
international architectural styles.
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An interview with Architect Afzal Ebrahim, Green and Sustainable Buildings Expert

According to Architect Afzal Ebrahim, the sustainability and climate responsiveness was an
integral part of Pakistani Architecture, especially in pre-partition phase and then early phase of
post partition. He acknowledges the old architecture of Hyderabad, Sindh, where the city
skyline geometry was defined by the passive cooling wind catchers (Mangh), to provide cool air
in the buildings during summers. It is also evident in Karachi that building design during that
time, took the cue from prevailing wind and high ceiling with vent to maximize on natural
ventilation to cool the building occupants.

Likewise, thick mud walls in rural architecture were adequate to prevent cold and hot outside
conditions to enter the buildings due to its thermal lag properties. He also spread light on the
dramatic change in human thermal comfort level, which is tilting the pivot towards energy
intensive air conditioning.

In this domain he suggested to devise architectural design in 3-tier method: The first tier is the
passive methods to prevent heat entering a building in a warm/hot climate or to promote heat
entering the building in a cold climate. The second in the tier is to use passive methods, such as
ventilation cooling in summers and solar heating in winters, to provide human thermal comfort
in buildings. If the two preceding tiers do not provide human thermal comfort in buildings to a
certain required minimum, then active cooling such as using evaporative cooling or air
conditioners could be used in summers and natural gas or electric heating could be used in
winters. This three tier strategy can be help in reducing electricity consumption, hence curtails
the environmental degradation.

According to Ar. Afzal lbrahim, energy-efficient architecture directly relates to building
orientation, building surface area to volume ratio, insulated envelope, natural lighting,
responses to the natural weather elements, geo-exchange, use of solar energy for heating,
natural ventilation, terra-tecture, radiative and evaporative cooling, roof ponds and green roofs.
He finds huge potential in retrofitting of building in order to reduce energy crises in Pakistan.
For retro fitting, he suggested insulation as the first and foremost important element. This
element is not only highly successful in passive energy efficient building but also helps in
controlling temperature variations in active energy dependent buildings. He further suggested
to improve ventilation cooling, solar energy based heating, photovoltaic cells on rooftops for
power generation, switching to energy efficient appliances and air-conditioning units.

Lastly, He spread some light on the role of government in promoting energy efficient material
and gadget via patronage and subsidy on it.
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SECTION 5
RECOMMENDATION

5.1. Design Recommendations

Overall, the current situation demands a close connectivity of built environment with climate so
that buildings do not serve as an individual unit.

One of the famous design principles associated with 20" century is form follows function, which
prescribes the form of building according to its proposed purpose or function. The current
situation of environmental degradation due to increasing energy demand to maintain comfort
level in build structures is paving a path towards a new strategy, form follows climate and
energy. So that construction industry can minimize its carbon footprint via less consumption of
energy and resources. This can also help in minimizing the adverse effects on social, ecological
and economic balances.

Following is a checklist of efficient climate responsive design elements, workable in the context
of Karachi city.

Energy efficient / . / / / '

envelope

Courtyard / / /

Windcatchers ‘V/ 4

Overhangs

RN RN ARNEIRN

Verandah \/ |
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Ceiling height

\
\

Insulation

Sun breaker \/

Skylight

Waterbody

Vegetation

v
v
v
Louvers / /
v
v

Insulation via wall /
thickness

Water efficiency

v | v Y v | v

Material efficiency

The aforementioned climate responsive design elements along with proper sized energy
efficient equipment for heating and cooling can bring a positive change in user comfort and
energy consumption. This can be further improved with the help of maximum use of
renewable energy resources as a building component.

NED UNIVERSITY OF ENGINEERING AND TECHNOLOGY




5.2. Policy Recommendation
v" Phase wise improvement plan

The urban sprawl of Karachi demands extensive mitigation and future strategies to encounter
issues related with build environment. One of the primary tools to mitigate this issue is
retrofitting. It can be undertaken in both active and passive energy efficiency features. For
examples, alteration in fenestration design according to wind direction or installation of a
more efficient HVAC system, or investment in building automation system can bring about
huge differences in particular domains.

v" Integrating environmental considerations in building byelaws

A complete set of building byelaws based on energy efficiency, water efficiency and
environment regenerating measures should be integral part of building design byelaws.

v' Strengthening capacity

It can be achieved with help of phase wise demonstration and outreach plan to advocate the
importance of climate responsive aptitude and attitude in larger masses. This can be a
thematic campaign on print and electronic media. On the later phase, outreach can expand to
training and awareness campaign in various strata of society.

v" Regular review by competent authority

A strict system of compliance must be formulated in order to keep a check on the quality of
build environment. An encouraging system of appreciation and awards to high achievers can
be good yard stick to analysis the overall improvement.
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SECTION 6:
CONCLUSION AND FUTURE DIRECTIONS

The in-built ecosystem of planet earth must go hand in hand with the build environment
to avoid radical and irreversible changes in environment. Climate responsive architecture
is the key to achieve sustainability and environmental protection. Climate friendly
buildings are not just helping in derailing adverse environmental degradation, but they
are equally beneficial to the people residing in terms of comfort and reduced overhead
cost.

In a nutshell, proper land use planning, efficient design interventions along with
appropriate material selection and use of renewable energy resources can bring
exponential positive change in built environment.

Further extension of this study along with action programme can be devised to cater
following domains:

v To serve low income settlements
v Expanding scope of study to other climatic zones in Pakistan
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APPENDIX

SURVEY FORM:

User Comfort and Energy Efficiency in Public Buildings of Karachi

Building Name

Building Type

Gender Age

Location Within Building

Q.1. On which floor is your workspace located?
First Floor
Second Floor

Third Floor

Q.2. In which area of the building is your workspace located?
North
East
South

West

Q.3. Are you within 15 feet of an exterior wall?

Yes
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No

Q.4. Are you within 15 feet of a window?

Yes

No

(Thermal Comfort)

Q.5. Temperature (High, Low)

-3 -2 -1 0 3
Very Dissatisfied Very Satisfied
Q.6. Relative Humidity (Humid, Dry)
-3 -2 -1 0 3
Too Cold Comfortable Too Hot
Q.7. Air Movement (High, Low)
-3 -2 -1 0 3
Too Cold Comfortable Too Hot

Q.8. If you experience thermal discomfort (temperature and humidity), which of the following best

describes it?

Too much/ too little air movement

Incoming sunlight heats up space
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Heat from office equipment

Drafty windows

Vented air is too hot

Vented air is too cold

My workspace is hotter than other areas

My workspace is colder than other areas

Hot floors and walls

Cold floors and walls

Thermostat is inaccessible/ controlled by others

Other (Please explain below)

Q.9. Please describe any other issues related to your thermal comfort in your workspace:

Air Quality

Q.10. How satisfied are you with the air quality in the building?

-3 -2 -1 0 1 2 3

Very Dissatisfied Very Satisfied

Q.11. Overall, does the air quality enhance or interfere with your productivity?
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-3 -2 -1 3
Interferes Enhances
Q.12. If you are dissatisfied with the air quality in the building, is it:
Stuffy/Stale
Odorous
Q.13. If the air is odorous, is it due to:
Tobacco Smoke
Photocopiers/Printers
Food
Carpet/Furniture Systems
Other (Please explain below)
Acoustic Level
Q.14. How satisfied are you with the acoustic level in the building?
-3 -2 -1 3

Very Dissatisfied

Very Satisfied
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