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Abstract- Increasing world energy demand is resulting in degradation of environment causing global warming, ozone layer
depletion, climate change and exhaustion of our nonrenewable energy resources. This paper reviews different studies about
energy consumption in residential buildings and different variables influencing the energy consumption. This paper also
reviews the potential and challenges uprooting in the usage of renewable energy sources. The payback period in a residential
building varied from 213 days to 502 days for 3BHK dwelling and 213 days to 556 days for 2BHK Dwelling if various
appliances are replaced with energy efficient ones. Replacing the lighting appliances came out to be most economical in
respect of the consumer, while if TV, Fan and Light are replaced, the initial cost increases but reduction in energy
consumption is considerable. This study shows retrofitting of old buildings, energy conservative behavior of occupants,
motivating and educating people for the use of renewable energy sources and use of energy efficient appliances are found to
be the most efficient steps to reduce overall energy consumption by residential building sector.
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1. Introduction STATEWISE ENERGY PRODUCTION FROM
NONRENEWABLE ENERGY SOURCES x§
According to the statistical review made by British A
Petroleum primary energy consumption in India have o

elevated by 5.2% in 2015[1]. Presently the highest end use
of energy is in the form of electricity and the larger part of
its production comes from the non- renewable sources of
energy i.e. thermal and nuclear. The increasing demand
obligates either to efficient use of nonrenewable reserves or
to divert the sources of energy production. Various Policies
are acknowledged worldwide to emphasize Green
technology with coordinated planning and strategies at
regional and national level. [2,3,4]. Furthermore, the state
incentives enhance the deployment of renewable energy[5].
Based on the reports by Central Electricity Authority, India
[6] figure 1 shows the percentage of production of electricity a . . E
from non-renewable energy sources of the total electricity Figl. State-wise electric energy production from non-
produced in each state of India renewable energy sources
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2. Alternate Sources of Energy:

There is numerous alternate renewable energy sources
namely solar, wind, hydro biomass power, cogeneration
bagasse, waste to energy and geothermal. India, due to its
favorable location, has a vast wealth of Solar Energy [7].
Based on the report of Ministry of Statistics and Program of
Implementation [8] fig 2 shows the potential for the
production of energy from renewable energy sources in each
state of India. These resources are most beneficial for rural
areas. For instance, In Pani Para village of Bangladesh
electricity demand can be met by using membrane
distillation poly-generation along with additional cooking
fuel [9]. However these sources entail many challenges and
issues, for example wind and small hydro power projects
have significant effects on the local ecosystem. The setting
up of the transmission lines, hauling of the construction
cranes for setting up wind masts as well as hauling the wind
masts themselves require construction of roads, the large
scale destruction of forests, habitats and soils, leading to
landslides and massive soil erosion in high rainfall areas .
Another important issue associated with the development of
renewable energy is with respect to land. Renewable energy
projects are set up in the forest owned by
revenue/government or private land. Availability of land for
setting up renewable energy projects is a vexed issue. For
example, in Karnataka many of the high wind potential sites
fall in the forest lands and the non-availability of non-forest
land co-extensive to forest land for compensatory
afforestation has been spelled out as one of the major
problems in the state as reported by Ministry of New and
Renewable Energy [10]. Skill gaps such as design and
fabrication of biomass gasifires, erection and commissioning
of large-scale biomass plants, feedstock planning and
management of biomass plants, design skills to match wind
speeds and capacity of turbines, etc. also emanates in the
sector.

Lastly with the increasing pace of renewable capacity
addition in the country and the potential of the sector,
massive investments are required from government and
private sources. However, it is seen that the budgetary
investments in renewable energy in India have not been
coeval with the sector’s growth as reported by The Energy
and Research Institute in 2014 [11].

STATEWISE POTENTIAL OF RENEWABLE POWER
IN INDIA
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Fig 2. State-wise potential of renewable energy in India

The electricity produced by the non-renewable
resources is 216,455 MW while from renewable it is 85,632
MW [6]. Although the potential from renewable was
estimated to be 896603 MW [8] but this potential was
calculated without considering the challenges associated
with them. Therefore, another alternative is to reduce the
demand which can be achieved by improving the energy
management and efficiency in different buildings [12].

3. Elements of Efficient Energy Consumption in
Residential Buildings

The previous studies have shown various factors that
affect the electricity consumption in residential buildings.
These factors can be classified as occupant behavior,
dwelling, appliances and climate. The factors are explained
in the following sub-section.

3.1. Occupant behavior

Behavioral change of the occupant has energy saving
potential comparable, and in most cases it may amount to
higher savings than that of the technological solutions. The
most salient feature of the behavioral change is that it is
largely at no cost, does not need any hi-tech knowledge,
readily applicable to both the new and existing buildings,
largely appreciated by many but it has been observed that
the occupant does not realize as a measure for energy
savings. The number of occupants, their age, behavior
towards light usage, heating ventilation air conditional
(HVAC) usage, and income etc. affect the behavior towards
saving of the energy. These factors have been studied
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extensively by various authors and have explained the
positive as well as negative effect on consumption of the
electricity.

(3.1.1) Number of occupants

Most of the research showed a positive effect on the
consumption of electricity with the increase of the members
in a family. Tiwari [13] recognized that five member
families in India have incurred 23% more electricity
expenditure compared to a two-member family. Leahy and
Lyons [14] concluded that one member Irish households
consumed 19% less electricity per week than a two member
household. Genjo et al. [15] actualized that electricity
consumption for lighting and appliances increased by
230kW per person with the growth of the household in
Japan.

(3.1.2.) Age of the occupants

In a study of The Netherland households, Brounen et al.
[16] concluded that one-fifth of the total electricity was
consumed more with children and this trend effect increased
with the increase in the children’s age. Flippini and Pachauri
[17] found that Indian households with younger household
responsible person (HRP) with age less than 45 years
consumed less electricity than the households with older
HRP.

(3.1.3) Light usage

The failure of the human component can defeat the
whole mission of the energy savings in spite of having
technology advancement. This makes occupancy behavior
as one of the weakest links in the energy conservation.
Masoso and Grobler reported that the biggest consumers of
electricity were found to be air conditioning systems,
followed by equipment that were left ON unnecessarily at
the end of day (mostly computers), then lighting and the
maximum wastage is during the working hours when no one
is [18]. Lindelof and Morel [19] studied light switching
patterns of occupants during working hours and observed
that due to the location of the light switch at the door (out of
arm’s reach from working desk), lights are left on all day
even when they are not needed. This is waste of electricity
during the working hours.

(3.1.4) HVAC usage

The energy consumption of air conditioning is the
largest among other appliances. Langevin et al [20]
demonstrated that the use of personal heating/cooling
devices could allow for an increase in the thermostat set
point enhancing thermal comfort, while reducing the total
energy use. Larsen and Nesbakken [21] estimated that
Norwegian households with portable electric heaters or
central heaters consumed 3700 kWh per annum extra energy
than the households without them. Tso and Yau [22]
concluded an average of 59% more energy consumed by air-
conditioned households than the ones without them.

(3.1.5) Income of household

Literature showed a positive effect of income over
energy consumption. According to Yohanis et al.[23] in
Northern Ireland the households with income over 30,000
Euros per annum consumed 2.5 times more energy than the
households with the income less than 10,000 Euro per
annum. In Japan, Genjo et al. [15] concluded that the energy
consumption increased linearly with the increase in income
increase.

3.2. Dwelling attributes

The various component falls under this category namely
type, age, number of rooms, floor area urban density and
building orientation etc play a significant role in the energy
efficiency of the buildings. Tiwari [13] concluded that the
detached Indian houses consumed significantly higher
amount of energy than other house types. He also reported
that with every additional room 11% more energy is
consumed. A positive effect of the number of rooms was
also established by Leahy and Lyons [14] and Bedir et al.
[24] in Irish and Dutch dwellings, respectively. Literature
also showed a constructive effect of floor area with the
energy consumption. Neilsen [25] reported that in Denmark
with 1% addition in floor area, the energy consumption
increases by 0.6%. As stated by Filippini and Pachauri [17]
with extension of 1% floor area there was 0.2% more energy
consumed in Indian urban dwellings. Delmastro et al. [26]
determined that an efficient urban planning can enhance the
energy savings. They also concluded that orientation of the
buildings should be fixed from the beginning with the
preference of an east-west orientation to avoid urban canyon
and shadowing effects.

3.3 Appliances

Appliances like computers, ovens, washing machines,
dishwashers, HVAC and televisions etc play a compelling
role in the consumption of electricity. In China, Zhou and
Teng [27] determined that households with computers
consumed 10% more electricity than the households without
them and 22% higher energy consumption in the households
with refrigerators. In addition to computers and
refrigerators, McLoughlin et al. [28] observed that the
households with television consumed more energy than
without them. Larsen and Nesbakken [21] established that in
Norway households with dishwasher consumed 2015kWh of
more energy per year as compared to the households without
them. Other appliances like vacuum cleaner, swimming pool
pumps, spas, washing machines dryers add up in the energy
consumption of a household.

3.4 Climate

Papakostas et al. [29] stipulated that the significant
warming climate of the whole world due to the global
climate change is considered to have strong effects on a
building’s energy requirement or usage as their heating and

1952



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
Ajay et al, Vol.7, No.4, 2017

cooling needs are related to the temperature conditions and
weather variations. Under the conditions of changing
climate, especially in summer, the buildings will consume
more energy. Increase in temperature and extreme weather
events, temperature swings, changes in relative humidity
and solar radiation should be taken into account to ensure
that current and future buildings are able to adapt to these
changes and thus minimize the potentially destructive
impacts such as energy use and carbon emissions. This will
lead to significant increase or large inter-annual fluctuations
of extreme cooling energy consumption as well as
increasing average energy consumption.

consumed in residential building situated in Mouje Dhayari,
Pune district, Maharashtra, India were used [30]. For
calculating the cost of appliances and energy savings, the
following points were considered:

e The energy star rated fans with 1200mm sweep was
taken as replacement for ordinary fan having 1200mm
sweep with maximum Power consumption 75W.

e Lighting appliances were replaced on the basis of light
output of conventional tubes with LED tubes.

e Fans, TV and Tube lights were replaced with energy
efficient appliances.

e The cost recovery time (CRT) was calculated as:

4. Case Study of Energy Efficient Appliances and Their CRT (days) =

Cost: cost of energy ef ficient appliance—cost of conventional appliance

In this study the primary data related to appliances &
their numbers, usage and price per unit of electricity (kwh)

(energy consumed(%) conventional appliances—energy ef ficient appliances);

Table 1. Comparative energy and cost analysis of the use of appliances for 3BHK apartment

Cost of Total COSt Watts/ Appliance
. conventional / . . .
- . conventional appliance: Usage Whr/day:
Sr. | Electricity | Applianc - Energy . )
. /Energy efficient | No. = Conventional (hours/ conventional
No Point es - efficient
appl_lance per appliance / Engrgy day) /er!ergy
unit (INR) (INR) efficient efficient
1 Ce':)'gi% tFa” Fan 1929/ 2380 4 7716/ 9520 75/50 45 1350/ 900
Other
2 5A Switch | Appliance 60/60 5 300/300 40/40 3 600/600
s
g | OSAhalf 84/84 3 252/252 20/20 1 60/60
plug point
Kitchen
4 | 15A switch | Appliance 86/86 2 172/172 1000/1000 0.5 1000/1000
s
5 Exhaust Fan 1300/1300 3 3900/3900 60/60 0.5 90/90
6 TV point TV 9500/15900 2 19000/31800 120/35 6 1440/420
o Tube
7 Lighting light/LED 147/800 9 1323/7200 40/20 17 6120/3060
Total 32663/ 53144 10660/6130

The total energy savings (KWh) by energy efficient

appliances i.e. LED, TV and fan was observed to be
42.49%. The savings in the electricity comes out to be 4.53
kWh per day and in terms of monetary value, it was found to
be INR 40.77 per day for single unit of 3BHK. The
contribution of TV in the increased cost was found to be
highest (62.49%) among the appliances replaced by energy
efficient appliances followed by lighting appliances
(28.69%) and fan

(8.81%), respectively. Similarly the contribution of lighting
appliances is maximal (67.54%) in energy savings/day
followed by TV (22.52%) and fan (9.93%), respectively.
The cost recovery time for the different combinations is
given below:

e Lighting appliances: 213 days

e Lighting appliances and fan: 243.1 days

e Lighting appliances, fan and TV: 502 days
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Table 2 Comparative energy and cost analysis of the use of appliances for 2BHK apartment

Cost 0 f Total Cost .
conventional conventional/ Appliances
- [Energy Watts/appliance Usage Whr/day:
Sr. | Electricity . . Energy . . -
N . Appliances efficient No. - : Conventional/ (hours/ Conventional/
0. point . efficient .
appliance . Energy efficient day) Energy
- appliance .
per unit (INR) efficient
(INR)
1. Ce'F','O”i?]tfa” Fan 1920/2380 | 3 5787/7140 75/50 45 1012.5/675
2. | 5Aswitch Other 60/60 4 240/240 40/40 3 480/480
Appliances
3 | OSAhalf 84/84 2 168/168 20/20 1 40/40
plug point
. Kitchen
4. | 15A switch ; 86/86 2 172/172 1000/1000 0.5 1000/1000
Appliances
5. Exhaust Fan 1300/1300 2 2600/2600 60/60 0.5 60/60
6. TV point TV 9500/15900 2 19000/31800 120/35 6 1440/420
7. | Lighting | T2 MO 1477800 7 | 102075600 40/20 17 4760/2380
Total 28996/47720 8792.5/5055

The total energy savings (kKWh) by energy efficient
appliances i.e. LED, TV and fan is 42.50%.The savings in
electricity was computed to be 3.74 kWh per day and in terms of
monetary value, it was found to be INR 33.66 per day for single
unit of 2BHK. The contribution of TV in the increased cost was
found to be highest (68.36%) among the conventional appliances
replaced by energy efficient appliances followed by lighting
appliances (24.41%) and Fan (7.23%), respectively. Similarly
contribution of lighting appliances is maximal (63.64%) in
energy savings/day followed by TV (27.27%) and fan (9.09%),
respectively.

The cost recovery time for different combinations is given
below:

e Lighting appliances: 213 days

e Lighting appliances and Fan: 242.2 days

e Lighting appliances, Fan and TV: 556.64 days

5. Conclusion

In this paper a review on energy efficiency of residential
building is carried out. It includes the installed capacity of
electricity generation source-wise and state-wise was discussed
along with the renewable potential with their constraints.

Following are the salient points of the study:

e Energy audit of buildings is very helpful tool for
assessing the energy usage of the building and should
be promoted by the govt. organizations.

e The study showed that the reduction in energy
consumption due to energy efficient appliances was
found out to be substantial leading to lesser

[1]
[2]

[3]

[4]

consumption of non-renewable resources for energy
demand for a given population.

e The recovery time of additional cost is same for 3BHK
and 2BHK dwellings when only conventional lighting
appliances are replaced i.e. 213 days and 243 days
when conventional lighting appliances in combination
with fan were replaced with energy efficient appliances.

e As the price per unit of electricity decreases, the cost
recovery time increases which can influence the
behavior of occupants towards energy savings.

e Energy efficient appliances with star ratings were found
to be effective.
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