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ABSTRACT:

The well known countries are facing adverse
energy catastrophe that directly affects their
economic condition. Day by day there is also boost in
carbon emission which needs to reduce as early as
possible. Retrofitting is one of the solutions to
overcome this problem. Retrofitting of already
constructed building aids to lessen the energy
consumption as it uses energy efficient materials
and techniques. This paper involves the study and
analysis of energy consumption of existing base
building and retrofitted building.
illustrate that yearly huge amount of eng
saved by doing slight amendment in_base

saving practices.
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INTRODUCTION:

by conside
introducing

threat to environmé€nt for greater extent. To reduce
carbon emission there is a need to look forward towards
new advanced construction technique which benefits in
all aspect. There are various techniques such as green
building, low carbon building, zero carbon building etc.
for reducing carbon emission. All these techniques aim
to reduce carbon which is emitted from residential
building. But these techniques are suitable for newly

proposed building. What about the carbon emission from

existing building
solution for this
concept.

energy
fort ns by minimum energy.

ENERGY RETROFITTING:
The various ways of energy retrofitting are as

Improving the thermal insulating material

properties of building envelope.

Improving performance using natural cooling

and heating sources.

3. Improving the lighting system (using energy-
saving lamps and natural lighting)

4. Using renewable resources

5. Raise awareness of energy conservation and

encourage energy conserving behaviors.

IMPROVING THE THERMAL INSULATING MATERIAL
PROPERTIES OF BUILDING ENVELOPE:
1. SMART MATERIALS:

Retrofitting includes use of smart materials in
large amount. According the Encyclopedia of Chemical
Technology smart materials and structures are “those
objects that has capability to sense the environmental
events, process that sensory information, and then
operate on the environment”. These smart materials
have designed with active property changing and
energy-exchanging features that respond to external
stimuli and materials. [v]
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2. EFFECTS OF THE SMART GLASSES IN

INTERIORS:

Using the smart glasses in the interiors of
building is a part of sustainable building as well as
retrofitting. These smart glasses are used for blocking
ultra violet lights entering on the ceiling windows. When
common window is used it allows sunlight to enter in
directly which causes glare and results in use of curtains
to block the direct light entry. These electro chromic
glasses provide light and heat control as well as prevent
from glare. They also lead to cancel use of curtains as
normal glass does.

When normal or ordinary glasses are used,
during summer season direct heat enter inside the room
and increase heat inside the interiors which causes the
use of cooling machines for longer period. But smart
glasses decrease transmissions of light and cools down
the interiors by saving 80% of energy. 95% of ultra
violet light is also reduced in entering the interiors. As a
result of this interior wall, fabric and flooring fading is
reduced. The opacity can be controlled depending upon
the materials used in the structure of the glass. Hence,
the amount of light entering inside the interiors can be
controlled. Smart glass can be preferred for ae
The different interior space
qualities can be observed when the smart gla

concerns.

USING NATURAL

ly shaded in order to
receive maxi wother shading devices which
e south-facing elevation from the
elevation overhangs should be

horizontal while east and west elevations usually require

sufficiently sha
summer sun;

both horizontal and vertical overhangs. [viii]

2. COOL ROOF:

A Cool roof is a roof that has an ability of high
solar reflectance and high thermal emittance. Solar
reflectance is the ability to reflect the visible, infrared
and ultraviolet rays coming from the sun which reduces

heat transfer to the building. Thermal emittance is the
ability to release a large proportion of absorbed, non-
reflected solar energy. Cool roof is used to handle global
warming which is based on solar radiation management
principle where materials that are used reflect solar
energy as well as emit solar radiations for cooling planet.
Over 90% of the roof in the world consists of dark color
which leads to increase temperature around 90 degrees
F in summer season.

roof provides lots of
advantages over ordinary rg

3. WIND TOWERS:
The basic

cooling in hot an
higher elevations

placed at
it to living

stems are used mainly to
and cooling. [x]

uoyancy effect is generated due to the warmer air
present in the surrounding. Because warmer air is
aving lower density than surrounding air(cooler air).
Varmer air tries to go up as cooler air enters through
the bottom. The stack consists of opening at top and
bottom. As cooler air enters in through lower opening,
the warmer air tries to displace through top opening.
This leads to cooling of surface area. [x]

5. EVAPORATIVE COOLING:

To maintain or lower inside temperature of
building, Evaporative Cooling method is used. When
there is contact between air and water, rate of
evaporation increases. When water bodies such as
fountains, ponds etc are located inside or nearby
building then they help in reduction of air temperature.

6. EARTH AIR TUNNEL SYSTEM:

Earth air tunnel system is the most practical
system which reduces temperature of building with
greater extent. This system is more viable when soil
contains adequate water. Earth air tunnel system
approximately reduces 60% of energy consumption as

air conditioning systems that are used in building. [x]
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7. TREES OR VEGETATION:

Planting trees and vegetation in the surrounding
areas proves to be good option in cooling the building
temperature. Mostly deciduous trees are good to plant.
They provide natural breeze in summer and sunlight in
winter as their leaves fall in winter. These trees should
be plant on west and south west orientation of the
building. When trees are plant in such a way that cool
breeze enters inside the building through a channel or
windows then natural air conditioning can be achieved.

IMPROVING THE LIGHTING SYSTEM:
Nearly 15% of Indian total energy consumption
is done by lighting system. If huge amount of natural
light enters inside the building then less amount of
lighting system is required and hence energy
consumption reduces.
1. INTERNAL FINISHES FOR DAY LIGHTING:

If reflectance of the internal surface is higher
then there is better daylight distribution. Moreover full
height partitions should be minimized so that access
amount of natural light and ventilation can be observed.
Shading must be provided to windows to get maximum
comfort.

2. ENERGY AUDITS:
Energy audits must be carrie

bulb etc. The energy saving
equipments with greater
output, electronic balla
must be used.

help in converting
r cells. They can
These devices are used
s calculators, buildings,

The most economic and attractive application of
solar energy is solar water heater which is used by most
of the populations. The solar water heater uses solar
energy and utilizes it for heating water. This hot water is
useful for bathing, washing, cleaning etc at homes. The
solar water heater having capacity of 100 lit per day is
enough for 4 to 5 members which can save up to 1500
units of electricity per year. This pays back the cost of

water heater in 3 to 4 years depending upon the
utilization of hot water and electricity tariff. Rest of the
lifespan, the hot water will be available free of cost of
use.

CASE STUDY:

Retrofitting of already existing building is done
by using energy efficient material in order to reduce
energy consumption. This
energy consumption patteg
building in Kolhapur and

dy involves analysis of
an existing residential
s Retrofitting. The results

by making slight
energy efficient

a i n reduction strategies or no any low
}b on construction technology or any low
carb

on emission construction materials.
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Fig. No.1. Plan for Baseline building (Ground Floor)
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N ’—D SOUTH SIDE:
Base building does not contain window opening

on south side. Due to this, there is lack of lighting and

I
W ventilation in the rooms. Hence, more lighting and
BATHROOM
N 1ETM | asxaom cooling devices are required. The notification numbers
BEDROOM . . . .y
Ataton ,’: A0c5M in diagram are 6,7,12,13. The applicable retrofitting

techniques are shading system, stack effect & provision
of window openings.

At the site location, thesdirection of wind during
d during night is towards
e size windows

day time is towards North
south. There is need to

HALL KIT +DIN BEDROOM
45x40M 45x40M 45x35M

Fig. No.2. Plan for Baseline building (First Floor)

mbers in diagram are
niques that are applicable are
t, provision of window.

The plan of residential building including retrofitting
activity is as follows:

N ==

— —= = ,E Again there is requirement of cooling

devices. The notification numbers in the diagram are

—@ 3,4,5,10,11. The validation of technique helps to improve
ting as well as early morning refreshment of

\ kitchens. But the low sun angle on East is difficult to

BATHROOM
1Bx17M 45x40M
BEDROOM STORE ROOM
45515M — [—— 10x35M

shade in summer. Hence vertical shading system is more
effective and the size of windows should not be large.

KIT « DI OFFICE
45x40M 30x40M

L WEST SIDE:
_Sb Base building does not contain shading to
. window opening on West side. Due to this, intense
Fig. No .P or Retro bulldlnand Floor) . . .
sunrays directly enter into room at an evening. The

notification numbers in the diagram are 1,8. The
Retrofitting technique used here is shading system. West

side provides intense exposure to sunrays during
- evening hours. Hence there is a need to provide shading
BATHROOM
18x17M 45x40M .
I e J | sconoou H 9 to the window to get the comfort.
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Fig. No.4. Plan for Retrofitted building (First Floor)
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Side Existing Base condition | Problems created by base | Retrofitting Retrofittin | Validation of Retrofitting
building technique g technique
technique
notificatio
n nos. in
diagram
South Base building does not Lack of lighting and shading system, 6,7,12,13 Direction of wind during
side contain window ventilation in the rooms. stack effect & time is towards North
opening & shading Hence, more lighting and provision of and during night s
system on south side cooling devices are window openings th, large size
required. ds south

achieve

North Base building does not lack of lighting and | shadings inimum radiation on

side contain window ventilation in the rooms. | stack eff de so provide the

opening & shading Hence, more lighting and | provision e window than the

system on North side. cooling devices are previous (existing)
required. window, for the excellent
day lighting
East Base building does not Lack of lighting and provision ,4,5,10,1 | helps to improve lighting
side contain window ventilation | 1. as well as early morning

opening in East side refreshment of kitchens

shading system

West Base building does provision of | 1,8. West side provides intense
side contain  shadi shading system exposure to  sunrays
window

West sid

evening during evening hours.
Hence there is a need to
provide shading to the

window to get the comfort.

E & PROPOSED RETROFITTED BUILDING:
ith respect to orientation, shading, cooling and day lighting and is given below in tables:

Site/Orientation Check List

Sr. Category Sub-Category Base Building Retrofitted Building Modification/Remark
No.
01 Orientation
Natural Breezes Not sufficient, | Use of passive cooling | Natural cooling can be
require cooling | methods achieved, reduction in
devices. AC and Fan is possible
Existing Trees or Planting trees on west
Vegetation No availability of and south west | Natural cooling can be
Considered in Design | trees on existing orientation of building | achieved Reduction in
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building provides natural shade | AC and Fan is possible
and wind control
02 Exterior Located or Shaded Building comes in | Glazed south-facing wall, | Natural cooling can be
Spaces from Direct Sun contact with intense | Planting trees on west | achieved Reduction in
sun rays and south west. AC and Fan is possible
SHADING:
Shading Check List
Sr. Category Sub-Category | Base Building Retrofitted Building lification/Remark
No.
01 | Adequate a) South South side directly come | Provide shading
Shading of in contact with Sunrays | using chajjas,
Facades/Glaz planting trees
ing b) West At evening West side | Planting
directly come in contact | west sj
with Sunrays
COOLING:
Cooling C
Sr. Category Sub-Category Base Building Modification/Remark
No
01 | Orientation | Openings ion of some of | Natural cooling can be
penings will be | achieved Reduction in
changed. AC and Fan is possible
Insulation Insulating material like | Cooling and Day lighting
smart glass causes reduction in fan
and Bulb
02 | Ventilation Provide Stack effect, | Natural cooling can be
change the position of | achieved Reduction in
windows AC and Fan is possible
Provision of cooling | Natural cooling can be
tower achieved Reduction in
AC and Fan is possible
Day lighting Check List
Base Building Retrofitted Building Modification/Remark

Direct Sun

Directly sunrays enter | Shading of roofs-It

Cooling and Day lighting

Shaded but into rooms helps to reduce indirect | causes reduction in fan and
Daylight solar radiation Bulb
02 | Windows Windows on Provide windows Provide at proper Cooling and Day lighting
Multiple were at improper Orientation causes reduction in fan and
Walls Orientation Bulb
03 | Reflected/Filte | Light Shelf opening for light was Provide opening for Cooling and Day lighting
red Lighting not sufficient light causes reduction in fan and

Bulb
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COMPARATIVE STUDY:

The energy consumption of base building and
retrofitted building is computed with respect to cooling,
lighting and heating. The base building energy
consumption is 3988 KW/year for cooling, 1084
KW /year for lighting and 2190 KW /year for heating. The
energy consumption for retrofitted building is 571
KW/year for cooling, 501 KW/year for lighting and
nearly 0 KW/year for heating. This is zero because
instead of electric energy we are using solar energy
devices such as solar water heater. For Lightning, instead
of electric energy we are using solar lamps for particular
condition such as outdoor lightning, fluorescent and CFL
bulbs are replaced by led light which is having low
energy consumption than CFL. The day lightning is
improved by providing smart glass window system.
Cooling natural ventilation is provided by stack effect,
cooling tower, or tunnel system and proper orientation
of windows. Due to this the utilization of cooling devices
such as AC, FAN etc. is reduced and hence leads to
reduction in energy consumption. From the above study
it is observe that energy consumption can be reduced by
using advanced retrofitting techniques and which helps
to reduce carbon emission.

Electric Energy Consumption Comparision

M Base Building

M Retrofitted Building

3988
2190
571 1084, 0
Cooling  Lighting Heating
KW/Year KW/Year HW/Year

Fig. No.5. ElectricYnergy Consumption Comparison

CONCLUSION:

Considering the need and importance of higher
destiny of our country, study of Retrofitting building to
guard our “mother Earth” has end up an importance in
present situation. The appropriate selection of site and
building orientation performs a vital position in deriving
maximum blessings from assets like solar, wind and so

ix.

<

Vi.

vil.
viii.

on. The advanced energy retrofitting construction
techniques, strategies and eco-friendly smart material
enable construction to become more strengthen & eco
pleasant additionally to lessen carbon emission related
to construction. In energy retrofitting, right choice of
construction materials plays a significant function to
discount the energy consumption and additionally
carbon emission also. Energy efficient systems like LED,
renewable energy systems@ike wind turbines, sun PV
systems, sun water heatingdsystems allows to reduce
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