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Abstract- All the existing energy sources have environmental, social and economic impacts. The greenhouse effect results
global warming, air pollution and energy security have led to increasing interest and more development in energy conservation.
Electrical energy conservation is one of them. In this paper, critical electrical energy situation in one of the developing
countries in the world, Bangladesh was considered in general. It is possible to serve maximum number of electrical energy
consumers by maintaining proper use of the electrical energy. During hot summer the electrical power shortage is about 1000
MW to 1500 MW each year. If energy conservation is achieved through human behavior change, around 390 GWh of
electrical energy per month and 4,683 GWh per year can be saved in Bangladesh. A related case study is conducted for this
study and a bottom up method is used to conduct this study. The case study and many other literature shows that it is possible
to save the electrical energy through behavior change from 3% to 20%.
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1. Introduction Other Cooking

. . (4.00 kwh) (0.25 kwh)
Adequate amount of energy, especially -electricity Entertainment

consumption boosts up any country’s development activities. (9.34 KWh)
Not only in the developed countries in the world but also in

developing countries such as-Bangladesh, the application of

electric power both in household appliances and industrial

equipment are growing rapidly. The per capita electricity

consumption Bangladesh is increased to 348 kWh [1].

However, almost 70% of total rural population in the country

has no electricity access yet because of the high consumption

rates in urban regions. Therefore, Bangladesh is suffering Cooling
from acute shortage of electricity supply especially during (4950 kwh)
the summer season. Annually, 143.83kWh electrical energy

is consumed per household of which 56.14% is consumed in

lighting purpose only as shown in Fig. 1[2].

Lighting
(80.74 kWh)

Domestic energy consumption is closely interrelated to  Fig.1. Sector wise electricity consumption per household [2]
the consumer’s energy saving awareness which also related

to the selection of new energy efficiency appliances. _ I_n recent years, the re_searchers have given em_phasis on
Efficient consumption of electricity contributes in security of  efficient energy consumption and energy conservation. Some
sufficient supply, saving of energy and reduction in studies in different countries have evaluated the energy
consumption cost as well as greenhouse gas emission. conservation measures of building energy consumption in
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hot and humid climate for saving energy and improving the
building performance [3-7]. Another study on commercial
hotel building in Qatar has found an energy saving ranges
between 10% and 24.12% of its energy through the
development of envelope design and customer behavior
change [8].

In addition, research continues on energy efficiency and
conservation in various industries in different countries.
Several researchers have studied the various energy saving
methods and techniques and have recommended some policy
suggestions on energy efficiency and conservation [9-13]. It
has been found that cogeneration coupling with thermal
energy storage can conserve about 21% of energy
consumption [14]. Besides, other study has focused on
energy efficiency and conservation through demand-side
management (DSM) programs in United States of America
[15]. Moreover, extensive studies have been carried out on
energy conservation technologies and barriers and policy of
energy efficiency in households [16-18]. Researchers have
also developed some mathematical model, design method
and multi-criteria approach for energy conservation [19-21].

A huge amount of electricity is misused everyday all
over the world by unconscious behavior of consumer.
Numerous studies have shown the effect of human behavior
change on energy conservation and environmental
sustainability [22-27]. Although there are various obstacles
for upgrading the energy efficiency [28], some studies have
shown different strategies to boost energy saving behaviors
[23, 29, 30]. Energy saving or energy conservation through
the change of human behavior only, without any capital cost
can be a great option to meet demand instead of increasing
generation. However, because of unpredictable nature of
human behavior change long term individuals and
organizational involvement is essential for energy efficiency
achievement.

There are no sufficient literature on energy efficiency
and conservation in Bangladesh context. Only one study has
shown the theoretical framework of essential of energy
efficiency and conservation [31]. However, it is good news
that the government has realized the importance of energy
efficiency and conservation and has taken some steps to
solve this problem. A huge amount of electricity loss is
incurred everyday due to the lack of awareness. This causes
load shedding as well as inadequate supply in rural areas.
Therefore, the use of energy efficient appliances and energy
conservation is the other alternative way to mitigate this
severe energy crisis in Bangladesh. This paper represents a
novel attempt to save household electric power consumption
through human behavior change that would open a pathway
towards an energy-efficient future in Bangladesh as well as
in any developing countries in the world. In the next section,
the power scenario in Bangladesh will be explained to get the
idea about the power situation in a developing country in the
world. Then, the human behavior and energy conservation
through human behavior change will be explored.
Furthermore, the case study was conducted using bottom-up

approach and presented in the section 6. Initially, ten
households were agreed to be the volunteer for this study in
three districts- Jessore, Sirajganj and Khulna in Bangladesh.
Four households were in Jessore, four in Sirajganj and two in
Khulna district. Unfortunately, not all but two households in
Jessore completed the total volunteering task that were
instructed them to do. So, the analysis was conducted only
for the two households in Jessore. Finally energy saving
prospect in Bangladesh using this human behavior change
and some possible strategies that can be considered for
Bangladesh are discussed.

2. Power scenario in Bangladesh

Bangladesh is one of the power deficient countries in the
world where almost 41.1 million people live the poverty line
and have no capability to access modern energy. Therefore,
power sector is a major challenge for the past few years in
the country. Total primary energy consumption in
Bangladesh in 2013 has reached 26.7 million ton oil
equivalent (Mtoe) corresponding to an increase of 2.69% in
relation to the 0.21% increase of world’s total consumption
[32]. Electric power generation is greatly dependent on fossil
fuel and only natural gas accounts almost 62.39% (6681MW)
of the total installed generation capacity of 10709 MW at the
end of the year 2014 in Bangladesh [33]. The petroleum
reserve in the country is only 8% of the total demand on the
other hand only 6% of total population has natural gas
connection and expected to complete depletion within next
10-12 years [34]. Fig. 2 demonstrates the scenario of
installed electricity generation capacity from various fuels
[33]. In Bangladesh, Rural Electrification Board (REB),
Dhaka Power Distribution Company Limited (DPDC),
Dhaka Electric Supply Company Limited (DESCO), Power
Development Board (PDB), West Zone Power Distribution
Company Limited (WZPDCL) and Independent Power
Producer (IPP) are contributing in electricity generation
sector. Among them Bangladesh power development board
is the leading contributor and shares about 4126 MW
(35.83%) of total recent installed capacity.
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Fig.2. Installed electricity generation capacity as on
December, 2014 by fuel type [33]
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Country’s demand for electricity is increasing sharply
due to the latest proliferation of new electrical and electronic
home appliances. In the year 2011, electricity consumption in
household and industrial sector in Bangladesh has increased
to 6154 GWh and 3205 GWh from 4654 GWh and 2661
GWh respectively in 2009 [35]. Sector wise electricity
consumption in 2012 illustrated in Fig. 3 indicates that
residential sector is the main consumer and consumes about
53% of total electricity generation [36]. In addition, it is
expected that the total electricity demand in 2035 will
increase to about 192.70 TWh comprising 101.50 TWh for
industry, 64.46 TWh for residential areas, agriculture 10.67
TWh, commerce 12.96 TWh and other 3.09 TWh [35].

Irrigation
7%

Commercial
10%

Residential
53%

I ndustry/

28%

Fig.3. Electricity consumption by consumer type in 2012
[36]

The installed generation capacity has increased by
25.62% in year 2014 over the year 2013 and maximum
electricity generation has increased to 7418 MW. However, it
is still unable to meet country’s electricity demand especially
in rural and isolated areas. Recently, rural people are
enjoying electricity facility from renewable sources like solar
home system, biogas plant etc. that accounts only 1.0% of
country’s total electricity generation. To overcome this
shortage government of Bangladesh has given emphasis to
quick rental power plant and has taken plan to establish two
coal fired power plants of capacity 1320 MW each [37].

3. Human Behavior Change

In general, behavior is an observable activity in a
human. It can be defined as the range of actions made by
individuals in conjunction with themselves or their
environment. It is necessary to follow the step by step
procedure to change the human behavior. It cannot be done
instantly. Behavior change is commonly defined as a
research oriented and consultative process for addressing any
specific knowledge, attitudes, behavior and practices that are
intrinsically linked to any certain program goals [38].

Triandis model in psychology identifies some key
factors that influence the behavior of an individual. The
factors are intention, habits and facilitating conditions. The
'intention’ is related to the decision making process and this
process is concerned with attitude, social factors and
emotion. Frequently repeated behaviors that are automatic

and often ingrained are known as the habit. Actual ability to
act and relate to barriers that could be social, infrastructural
or economic and people are perceived to facilitating
conditions. Thus, the Triandis model presents behavior as a
consequence of intention, habits and facilitating conditions
[39].

Behavior change does not come easily; there are a
number of ways or steps that need to be followed to achieve
the behavior change. One of these ways is the Knowledge,
Attitude, Behavior and Practices (KABP) model (Fig. 4).

Behaviors/

Knowledge Belief

%

¢ Mass Education
¢ Campaign
¢ Feedback

Practices

Fig.4. KABP Model

To change human behavior, it is necessary to follow the
model mentioned above. The first step is the related
education to the concerned matter. Then a lot of different
types of campaigns are required regarding that matter. Next,
it is necessary to receive the feedback from the participants.
Through this step knowledge will be acquired by the
participants and they will settle a way of thinking or feeling
about that concerned matter. As a result, their belief or
behavior will change accordingly. So, the outcome of these
step by step processes is that they will be practicing these
behaviors.

4. Energy Demand and Energy Conservation

To ensure sustainable national economic growth of
Bangladesh it is important to meet the essential energy
needs. Demand for electrical power is increasing day by day.
To achieve the electrical energy sustainability, it is required
to develop different ways of energy supply. At the same
time, it is necessary to find out the way of proper utilization
of this energy. So, the pre-conditions for sustainable energy
are energy efficiency or conservation and renewable energy
solutions. Energy efficiency is concerned with the
improvement of energy security and efficient environmental
management.

Nowadays Bangladesh is generating electricity using
different sources as mentioned earlier. But due to the
inefficient use of this generated electricity, load-shedding or
electricity cutout during summer as well as all around the
year is frequently experienced.
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It is observed from Fig. 5 that there is always high
demand of electricity but the generation is not sufficient to
meet the demand. Whereas the installed capacity is enough to
meet the demand but in actual case it is not possible due to
some factors such as transmission loss, poor condition of the
power plants, lack of maintenance and sufficient raw
materials to generate the electricity. As an example, consider
the case of fiscal year 2014, the installed generation capacity
was 10709 MW and the demand was 9268 but it was
possible to generate only 7356 MW. So there was lack of
1912 MW electrical power in that year which subsequently
resulted in load shedding

12000 7.

10000 -.

8000 em oo

6000 f-----

Power (M'W)

4000 -]

2000 1+

2010 2011 2012 2013 2014

m Average Generation  ®Average Demand ™ Generation Capacity

Fig.5. Average demand, average generation and generation
capacity of electricity during summer from fiscal year 2010
to 2014 [2, 33, 37, 40, 41]

Considering the demand and distribution scenario of
electrical power in the fiscal year of 2013, it is obvious that
Bangladesh faced load shedding during summer. In
Bangladesh there are 5 companies (public & private), who
are involved in distributing the electrical power directly to
the consumers.
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Fig.6. Load-shedding scenario during summer in 2013 [40]

They are- Rural Electrification Board (REB), Dhaka
Power Distribution Company Limited (DPDC), Dhaka
Electric Supply Company Limited (DESCO), Power

Development Board (PDB) and West Zone Power
Distribution Company Limited (WZPDCL). The demand and
distribution scenario is depicted in the Fig. 6. It is observed
that in 2013 the load shedding or lack of power was 1150
MW. But this situation can be improved without any
investment. To improve the situation, efficient use of
existing power in an appropriate way must be secured. It is
possible to make the system more efficient by changing the
human behavior regarding their use of electricity.

5. Energy Conservation and Change of Behavior

Efficiency can be defined as the proper way of using
something by which the cost and time will be saved and the
utilization will be optimum. Electrical energy must be
efficiently utilized with minimum losses, expenses and
efforts. The consumption of electrical energy is increasing
day by day and it is clear from the energy consumption
scenario of last decade in Bangladesh (Fig.7). Consider
Fig.7, the electrical energy consumption was 14979 GWh in
fiscal year 2001 and it increased to 39533 GWh in 2011 [42].
It is increasing steadily with time.

This huge amount of energy consumption all over the
world forces the environment towards a critical situation. An
instant initiative is therefore necessary in order for more
people to be able to enjoy the benefits and comforts electrical
energy can offer. One of these solutions of efficient energy
use is the human behavior change towards residential
electrical energy consumption.
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Fig.7. Electrical energy consumption in Bangladesh for a
decade from fiscal year 2001 to 2011[40]

When concentration goes on the energy efficiencies the
amount of energy consumed by equipment is only a part of
the energy efficiency equation. The behavior of consumer
plays a big part as they have direct control to their home
appliances and the consumer may not know how to operate
or control those appliances efficiently. To implement the
human behavior change there are some barriers to overcome
[39].

As the energy is invisible and saving energy is not
getting priority, efficiency measures can be relatively
expensive, lack of energy efficient technology, lack of
knowledge and understanding of energy saving behavior and
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efficiency measures available, hassle factor of installing
efficiency measures, aesthetics, social norms influence
people’s behavior and can prevent them from adopting a new
efficiency measure, energy efficient new policy acceptability.

Considering the above barriers there are many ways to
overcome these problems. Among them there are three major
broad categories of programs that can be implemented for
residential consumers’ behavior change- real time feedback
generating in home devices and displays, customized-regular
feedback delivered to consumers and dynamic pricing and
rate design programs [43]. Real time feedback is found from
the smart meter that needs to be installed in home, which
shows the live energy consumption of each appliance in
home. On the other hand customized regular feedback can be
found from a monthly customized electricity bill. Dynamic
pricing can be done using time of use method. It is a scheme
that defines the peak and off-peak hour energy price and
consumers have the choice which appliances they want to
use at that time to save energy or save money.

6. Case Study and analysis

To achieve the electrical energy conservation for
residential consumers, two case studies were conducted. The
studies were conducted in two buildings. One of them was a
student hostel and the other was a family house. The student
hostel has the meter, No-155074 and the family has the
meter, N0-095782. There are six rooms in the student hostel
and each room can host up to three students. So in total there
were 18 students in the hostel when the study was conducted.
On the other hand, there are five rooms in the building where
the family was living, with total family members of 7
persons. The monthly energy meter reading was considered
with and without energy conservation measures. The loads
utilized in the students’ hostel are typical lighting,
computers, fans, electric kettle and immersion heaters. The
loads utilized by the family are lights, fans, refrigerators, air
conditioning systems, televisions, microwave oven, electric
kettle, immersion heaters, and electric water pump. The
study was conducted at the end of summer (July-August) and
in the beginning of winter (November-December). The study
was not conducted during summer due to the load shedding
instances which might affect the results. Here the electrical
energy conservation was achieved by motivating the students
and the family members not to waste electrical energy by
changing their common behavior towards the electricity use.
They were advised not to leave the lights and fans on in
empty rooms and not to let appliances such as televisions and
computer monitors in standby mode and to avoid the use of
air conditions unless it’s too hot. In order to perform
effective statistical analysis, the previous year meter readings
were also collected and compared with the current result.

For the family it is clear from Fig. 8 that in 2013 the
consumption was 880 kWh and 790 kwh for the month of
July and August respectively. Consecutively, during
November and December the consumption were 360 kWh
and 303 kWh respectively. But after the application of
consumer behavior change towards electrical energy
conservation for the same months in the following year the
energy savings were 30 kWh (120 kWh-90kWh) and 23 kWh

(80kWh-57kWh) for July-August and November-December
period (Fig. 9) comparing with the consumption for the year
of 2013 respectively.
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Fig.8. Energy consumption of the family in the year 2013
(before the behavior change)
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Fig.9. Energy consumption of the family in the year 2014
(after the behavior change for the duration Jul-Aug & Nov-
Dec only)

Similarly in case of the student hostel the amount of
saved energy was 49 kWh and 80 kWh for the duration of
July-August and  November-December  respectively,
comparing with the previous year as depicted in Fig.10 and
Fig. 11. It is to be noted that in the year 2014, the number of
household appliances and consumers in the case studies were
almost the same that of in year 2013. On the other hand, the
average temperature of the study periods in year 2013 and
2014 in Jessore was nearly the same. Copies of electric bills
for the month of July and August, 2014 are shown in Fig. 12.
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Fig.10. Energy consumption of the student hostel in the year
2013 (before the behavior
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Fig.11. Energy consumption of the student hostel in the year
of 2014 (after the behavior change for the duration Jul-Aug
& Nov-Dec only)

NB. For privacy issue the name and address of the house
owners are hidden

Fig.12. Snap shot of the electric bills for the month of July &
August, 2014: meter number & consumed unit are indicated
in black circle

7. Perspective in Bangladesh

According to the population and housing census 2011 of
Bangladesh, the total number of households of all divisions
(there are seven divisions in Bangladesh) is 23760645 [44].
There are 18807220 households in rural area and 4953425
households in urban area. Details are shown in Fig.13.
Overall 56.60% households only have electricity access.
Division wise electricity access is shown in Table 1.

mTotal HH (Rural & Urban) mTotal Rural HH ~ mTotal Urban HH
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Fig.13: Division wise number of households in Bangladesh
[44]

Table 1: Electricity access in Bangladesh [44]

Division Rural (%) Urban (%)
Barisal 28.4 80.7
Chittagong 58.0 90.4
Dhaka 56.3 94.7
Khulna 51.2 85.1
Rajshahi 49.3 79.9
Rangpur 29.4 69.8
Sylhet 43.2 88.8

According to international energy agency (IEA) the
electrification rate is around 41% in Bangladesh [45]. Total
electrification scenario of Bangladesh is shown in Fig.14.
Only 46.2% rural households are electrified. Contrarily,
87.23% urban households of Bangladesh are electrified.

m Total Rural HH mElectrified Rural HH mTotal Urban HH m Electrified Urban HH

5000000 -
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4000000 +
3500000 +
3000000
2500000 A
2000000
1500000 +-
1000000 +-

No. of Household (HH)
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Fig.14. Division wise household (HH) electrification
scenario of Bangladesh [45]
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It is clearly exposed from the case study, that if the
energy conservation through behavior change has been taken
into account, it is possible to save 49 kWh per month (for
student hostel; duration: Jul-Aug, Fig.10 and Fig.11). If we
consider the average energy saving from a general household
is around 30 kWh per month rather than 49 kwh, the amount
of electrical energy that can be saved in Bangladesh is
figured out in Table 2. Here, on an average 30 kWh energy
saving per month was considered by taking into account the
temperature of the six different seasons in Bangladesh and
the obvious unavoidable summer load shedding effect.

From Table 2 it is clearly visualized that total electrical
energy that can be saved is around 390 GWh per month and
4683 GWh per year only for the households in Bangladesh
(excluding industrial, institutional & hospital buildings).
According to IEA [46] in 2012 total consumption of
electricity in Bangladesh was around 43239 GWh. Different
types of energy efficiency measures are performed in
different research.

% of Energy Saved

FB DFB IFB

FB&TS EA CBI CI

Different Interventions

EMinimum Range  mMaximum Range

FB: Feedback, DFB: Direct Feedback, IFB: Indirect
Feedback, FB&TS: Feedback and Target Setting, EA:
Energy Audits, CBIl: Community based Initiatives, ClI:
Combination Intervention

Fig.15. Different interventions used to save energy [47]

Table 2: Total household electrical energy that can be saved in Bangladesh

Division Electrified rural HH" Energy saved in rural  Electrified urban HH™  Energy saved in urban area
area (kWh/Month) (kWh/Month)

Barisal 457251 13717530 193127 5793810

Chittagong 2531635 75949050 1073392 32201760

Dhaka 604180 18125400 1477668 44330040

Khulna 1594591 47837730 504311 15129330

Rajshahi 1850586 55517580 565189 16955670

Rangpur 984982 29549460 310140 9304200

Sylhet 665584 19967520 197182 5915460

Total 8688809 260664270 4321009 129630270

*HH: Household

Research shows that it is possible to save the energy
through behavior change from 3% to 20% by using different
feedback method and interventions. Such as the direct
feedback method through smart metering, indirect feedback
method through monthly bill, feedback method with monthly
energy reduction target setting, frequent energy audit by
energy auditor and so on as described in [47]. It is also could
be a good initiative to provide incentives to the consumers
who will achieve the energy saving goal and it will be
working as an inspiration for others. Again this 30 kWh
energy per month is clearly savings of electrical energy of
around 9% which is in the range of 3% to 20% energy saving
due to the consumer behavior change as depicted in Fig.15. It
is clearly. It has been also estimated that human behavior
change can conserve energy between a range 2.74% and
15.80% [8]. So, if it is possible to implement the human
behavior change towards energy conservation then it is
obvious that there will be no lack of power during summer in
Bangladesh. It will be feasible to serve the electrical energy
consumers of Bangladesh with the existing power generation
facilities. If the approach towards correct use of electrical
energy is passed on to people there can be possible huge
improvements and savings.

8. Strategy Deployment

Energy use behavior is directly affected by the attitudes
and cultural tendencies of human beings. Energy
conservation through behavior change is an effective energy
policy specifically for the domestic sector because of rising
energy demand and energy price. It is really shocking that
people are yet to realize the benefits of energy efficiency and
energy conservation and not aware about energy use
behavior as the simple measures suggested in the case study
above. Recently government of Bangladesh has taken the
following remarkable initiatives for the improvement of
energy efficiency and conservation [37].

v" Preparation of energy efficiency and energy saving
master plan

v" Replacement of inefficient cooking stoves by clean
cooking stove

v Introduction of energy audit system in the large
industries

v" Replacement of inefficient brick kilns and rice per-
boiling to efficient brick kilns and improved rice per-
boiling respectively
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v Installation of PV system in government, semi

government and autonomous organization’s rooftop

v Inspiration for using CFL/LED bulb and solar lights
instead of using conventional bulb

v Discouragement to use neon sign in the markets and
shopping malls at night

v Shut down markets and shopping malls within 8 p.m.

However, most of the initiatives are not successful due
to improper management and implementation. The success of
energy efficiency is dependent on energy behavior practice.
Therefore, awareness rising and motivation are the key
parameters for energy efficiency rather than the formal
written initiatives. Energy conservation and efficiency can be
achieved by implementing KABP model through some
motivation and awareness activities as indicated in Fig.16.

Energy Conservation

\ 4 , A 4

“/Public Awarenes Motivation )
o J

e e

5) (
5) ‘

o Advertisement o Competition

¢ Public meeting/Campaigns ¢ Reward/Incentive

o Poster/Billboard o Benign peer pressure
o Website/Email o Feedback

Fig.16. Effective factors for energy conservation

Government of Bangladesh should include this strategy
in energy policy to force government and nongovernment
organizations to come forward for increasing public
awareness through various initiatives like advertisement,
billboard, seminar, fairs, campaigns for the benefit of the
consumers and the country. The messages that need to be
conveyed to the energy consumers’ are- a little effort through
awareness can save the energy and your money. Moreover,
motivation through award at national level, discount on green
products like energy saving bulb, are incentives that will
generate a better result.

9. Conclusion

One of the best ways to be electrical energy efficient is
being aware of how energy is used. As a consequence,
making conscious decisions, energy efficiency will come
through energy conservation. Energy efficiency can save
money, can reduce energy use and can help the environment
by changing our way of thinking and a few of our habits. It is
up to all of us to use energy efficiently to make sure people
have plenty of energy in the future. The case studies clearly
reflects that it is possible to save around 9% of electrical

energy per month for a common household just by changing
the consumer behavior change towards electricity use in
Bangladesh as well as in the south Asia region. So, consumer
behavior change is one of the vital keys of success towards
energy conservation. This clearly matches with the other
related research findings. As people do not have any other
choices to use fossil fuels and nuclear energy until new as
well as environment friendly technologies can replace them.
It is our duty to conserve energy and use it efficiently. There
may be no significant improvement on our energy bill right
away after making energy changes. The point of changing
consumer behavior or habits towards energy use now is to
improve our energy efficiency over time. An easily
achievable initialization will definitely add up to savings in
future towards energy and environment. There are some
limitations in this studies which require further research. One
of the limitations was the sample size (number of
households) for the case studies. It is necessary to conduct
the similar case studies in different district/regions of
Bangladesh with large number of households. Here the
behavior change was considered for a month only. So,
further exploration is required by applying the behavior
change for longer period of time. The average energy saving
per household was considered as 30 kWh per month, which
needs to be investigated further by using more survey data
analysis.
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