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ABSTRACT

The purposes of this research were 1) to develop the electric energy saving
model in households through the environmental education process, and 2) to evaluate
the effectiveness of the electric energy saving model in households through the
environmental education process. The research instruments included the use of an
electric energy questionnaire, the electric energy saving control equipment evaluation
form, the electrical energy saving understanding test, the behavior and quantity of
electric energy use interview, and the satisfaction about the training evaluation form.
There were two sample groups: 1) 351 people who were the leaders of their
households in Amata Nakorn Industrial Estate area who gave information about the
use of electric energy in households and 2) 14 households for evaluating the
effectiveness of the electric energy saving model.

The results of this research found that 1) most of the residents in
households did not know how to save electric energy, never get information about
energy conservation, and have never been trained about energy saving. The electric
energy used on average was 287.7 units/household; 2) The development of the electric
energy saving model through the environmental education process should consists of
two main parts: the construction of knowledge and understanding about the use of
electric appliances and the management of electric energy use, and the development of
electric energy saving equipment. It is indicated that the electric energy saving
equipment could reduce the use of electricity about 13.14 percent. The knowledge
about electric energy saving of the control group after training was significantly higher
than before, at the 0.05 level, and also significantly higher than the control group at the
0.05 level; and 3) the behaviors in the use of electric energy of the control group had
improved and could save electric energy.

The related organizations or communities should apply the electric energy
saving model to give the knowledge to community members for sustainable electric
energy saving. In addition, the process of educating community members should begin
from a leader of each household because he/she could transfer knowledge to other
members, which is a proactive problem solving process that involves community
participation.
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CHAPTER1
INTRODUCTION

1.1 Background and significance of the study

Nowadays world population is increasing rapidly prompting demands in
many areas such as food, energy, habitat and facility. Today economic system has
changed to be free enterprise system or capitalism. Whoever possessing production
capacity can equally make products to compete in world market, thus there have been
many countries throughout the world laying down policy emphasizing mainly on
industry as it is understood to be able to generate more income than agriculture.
Subsequently there have been many new entrepreneurs who take advantage of human
demands as main mean to gain money and assets by manufacture of products for
distribution sufficiently according to the human need. Development of country needs
money and huge amount of resources. To conduct business nowadays people reply
mainly on electric energy so electric energy is extremely necessary for human.

Electric energy is basic utility that is very important for the development
of country both economically and socially because power takes part in supporting and
pushing development in every aspect to be able to expand extensively, rapidly and
continuously. An average electric energy usage index of people is directly related to
economic growth of the country (Faculty of Engineering, Chulalongkorn University,
1999), thus electric energy usage of the economically advanced countries is quite high.
Presently electricity can be generated by 2 ways, first by non-fuel such as dam water,
solar power, wind, underground heat and by fuel such as natural gas, lignite, bunker
oil, diesel oil, waste and nuclear (Electricity Generating Authority of Thailand, 2008).
Now ratio of fuel for electricity generation of Thailand relies on natural gas 66.2%,
lignite 12.6%, imported coal 8.4%, hydropower 5.5%, bunker oil 2.7% and other
alternative power 1.6% from Laos 1.5%, Malaysia 1.5% and diesel oil 0.03%
(Electricity Generating Authority of Thailand, 2008).
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Thailand started to have electricity for the first time on 20 September B.E.
2472 (1929) during the reign of King Rama 5 (Office of Energy Policy and Plan
2007:7) and in 2008 Thailand had electricity generation capacity totaling 29,140.16
megawatt generating from many sources being 59.72% from government power plant
1.e. Electricity Generating Authority of Thailand (EGAT), power of Department of
Alternative Power & Power Conservation and power plant of Provincial Electricity
Authority with total capacity of 15,793.56 megawatt and the balance 10,931 megawatt
or 40.286% buying from private sector and neighboring countries. Rapid expansion of
business and industry sector plus continuous increase of population causes domestic
electric energy to rise. It was found that the statistic of electric energy requirement in
Thailand between 1999-2006 increased for 61.84%. In 2006, the total rate of electric
use was 141,947.58 megawatt and it is estimated that in 2021 the total power use will
be 325,697 megawatt.

From the above-mentioned power use, in order to meet consumers’
demand the government has to build more power plant and to build each power plant
the government not only that the country has to pay a lot of money but the country has
to face many significant problems such as pollution, loss and unworthy in generating
and distribution process plus protesting from environmental conservationist and from
those affected by the construction of power plant and the power generation from
depleting natural resources no matter they are the generation from natural gas, coal
and bunker oil that are very much used now. These resources are natural resources
that will disappear after use and cannot be brought back for re-use (Yodyiam
Theptaranon 1996:42-46). Besides the fuel source shortage problem there are other
problems as well which is environmental impact problem because the utilization of
fuels normally can cause subsequent good and bad effects. The environmental impact
from use of fossil fuel is global warming which results from the accumulation of green
house effect that consists of carbon dioxide and nitrous oxide from fossil burning,
ozone from the combination of carbon monoxide and oxygen from fossil burning.
There are too much of these gases in stratosphere. These gases normally allow short-
wave radiation from the sun to pass through the surface of the earth and will absorb
and intercept heat radiation originating from the earth surface causing earth

temperature to rise as if the earth is covered by many layers of glasshouses, thus huge
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amount of heat accumulation has taken place over the earth surface causing climate
change, severe revolving storms, rising sea level from polar ice dissolution and
ecosystem change especially plants that respond positively to carbon dioxide will
increase in size and volume while some other plants and animals will die out or reduce
in number. Blossoming and fruit-bearing behavior of plants will change and affect
living creatures especially human (Department of Environmental Quality, Ministry of
Environment and Natural Resources, 2009:24).

In view of above problems, the government has accelerated to reduce the
use of electric energy seriously by using power conservation measure in order to
reduce expense on fuel and to promote power saving and reduce the increase of power
from abroad. The government has determined the policy and guideline for power
conservation for the first time in the national economic and social development plan
no. 5 (B.E. 2525-2529) continuously till the national economic and social development
plan no. 10 (B.E. 2550-2554) (Office of The National Economical and Social
Development Board, 2008) and in order for the supervision and power conservation to
proceed systematically, the National Energy Commission has drawn up to improve the
Energy Conservation Promotion Act (No.2) B.E. 2550 to be in effect from 1 June
2008 (Office of Policy and Plan for Energy, Ministry of Energy 2008).

Main target within the scope of power conservation of machineries,
equipments and the promotion of use of tools and materials according to the Energy
Conservation Promotion Act (No.2) B.E. 2550 are the manufacturers and distributors
of machinery or equipment or tool and material for high efficiency in power
conservation. The materials and equipments for power conservation are classified into
categories. Quality and standard must show power use efficiency value because
nowadays the government is trying to find various methods, be it the provision of
knowledge about electricity or the right way of using electrical appliances, the
electricity saving method and the manufacturing of power-saving electrical appliances.
It is considered that if electric appliances are designed to save power then the use will
be worthwhile such as electric appliance with power-saving label No. 5. From past to
present there have been old model of electric appliances with no power-saving label
sold in the market for long time (Office of Policy and Plan for Energy, Ministry of
Energy 2008). However, the way of solving problem for the time being is purely the
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way of solving problem at its end result so substantial power saving result could not be
achieved. Therefore, the best way to solve power use problem is to change the
behavior of the power users because human is the cause of using huge amount of
electric energy due to no right knowledge on how to use power such as the use of air
conditioner is concentrated only on the purpose of cooling but no idea how cool can be
suitable for him or herself. Mostly we can see that people are under thick blanket
while air condition is turned on. Regarding the use of electric energy for lighting
purpose, people do not know what kinds of bulb is the most suitable and power-
saving. Environmental study will be used help solve and improve power use behavior
of human in order to suit the demand.

Environmental study is a learning process emphasizing general knowledge
about natural and social environment. Factors being both abstract and concrete that
cause environmental change and impact to human to create attitude, behavior and
goodwill that will maintain and develop environmental and life quality of the whole
(Vinai Veeravattananon 2003:77-87) by emphasizing on providing knowledge and
understanding about the power problem situation and power use method on how to
have the optimal efficiency and to instill awareness in worthwhile use of power and to
avoid to take advance of the generation to be born later to have electric energy to use
in future until there is a positive attitude in saving or reducing the use of power and
consequently can develop skill in solving problem relating to the use of electric energy
and ability to conduct evaluation from the arisen situation and data as well as to
participate in taking responsibility to urgently solve problems that will happen and at
the same time make use of technology to control the domestic use of electric energy as
deemed fit for each household user. People can adjust and control the use of electric
appliance by themselves. The equipment is used to control unnecessary use of electric
energy such as for case if a person has to go out to do something and leaves the air
conditioner working which is the use of power for nothing. This equipment for
controlling unnecessary use of power consists of various electronic circuits such as
sensor, control circuit and electricity distributing unit packed in control box in order to
function to regulate electric appliances. This equipment is widely used having

microcontroller as an essential part in controlling the entire system.
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Microcontroller is a semi-conductor combining many functions in it with
the structure similar to computer i.e. data and program receiving unit, processing unit,
memory unit and output unit. These components are complete in itself thus the size is
small so able to write program to control the functioning of various accessories
attached to it. It is convenient to be applied for use (Faculty of Engineering, Kasetsart
University 2008). Nowadays microcontroller has been used to regulate electric
appliances such as TV, air conditioner, washing machine, telephone, printer and etc.
However, it has not been used to control household power saving. Most of the power-
saving equipments in use for the time being are merely equipments to filter
interference signals that cause equipment to function at low efficient rate when
comparing to the electric energy used. Household electric energy use is mainly for lighting
and air conditioning purpose which is the main demand of power use of Thai people.

From the research work relating to the behavior and knowledge of electric
energy saving, it is obvious that knowledgeable persons can save power more than the
non-knowledgeable ones. However, most research works provide abstract knowledge
plus training media in form of book given to trainees cannot be fully utilized.
Therefore, the researcher has an idea to bring media in form of equipment to combine
for the development of method of household power saving through environmental
study process in order to be used to change behavior and reduce household power use.
The trainees will learn electric energy and power saving as well as equipment for
controlling power saving by microcontroller as regulator of electric appliance. Users
can program to control time and functioning of household electrical appliance by
themselves. From the survey of regular use and connection to censor circuit for the
case of no user in the area and able to set the right and suitable period of time as per
the use of electric appliance and after the trainees have taken part in the trial use of
power saving method through environmental study process, the trainees will change
their behaviors in saving power and reduce using electric energy from the knowledge
received. The need to set suitable period of time for using household electrical
appliance in order to gain optimal benefit and from the theory of creating the body of
knowledge resulted from the process of absorbing experience is the process to happen
when person reacts to environment. When persons take notes of the stimulus into the

brain, learning will take place when person takes action (Brain) to link the stimulus to
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old information being present in mental structure (Schema) that person has
accumulated since the start of the process that mental structure absorbing new stimulus
or the process of old and new knowledge linking perfectly and meaningful to that
person, thus that person will be in equilibrium condition understanding himself as he
himself is a person who thinks and creates the meaning of such thing. Therefore, it
should be the household to set period of time to control the functioning of electrical
appliance from old and new knowledge received. In future while users have to be in
the place where there is no equipment for controlling power saving and from the
knowledge received will create awareness in power saving.

From this research the researcher has chosen the sample group from
household in Tamlueng Municipality in industrial community in Amata Nakorn
Industrial Estate, Chonburi Province by aiming that households in this area are very
close to the community really living in the area and devoting time with the use of
similar electric appliances in each house knowing best the power use information, thus
able to disseminate knowledge into village better than other people living outside the
said village as per recent sample regarding the provision of knowledge about bird flu,
dengue fever and etc. From the comparison of information of power use of the
Ministry of Energy between household in urban and rural areas, households in urban
area use power 16% of the total households while households in rural area use 84% of
the total households. (Department of Development of Alternative Energy, Ministry of
Energy 2009:7). As for the volume of electric energy use in provincial area is 65% of
the total electric energy while metropolitan area uses 38% of the total electric energy
and the trend of power use in provincial are will increase continuously as a result of
distributing industry to rural area. (Office of Policy and Plan for Energy, Ministry of
Energy: 2007).

From the above, researcher realizes the importance of the study of various
bodies of knowledge that influence electric energy saving. The inspection, analysis,
synthesis and design of equipment for controlling the use of household electrical
appliances will lead to the development of method of household power saving through
environmental study process. The afore-said development of method has never been
studied before. If such method is developed successfully, it is expected to change

human behavior in household power saving and control power expense which will
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help people to save expense on public utilities and will be beneficial to electric energy
conservation at the same time considered as conservation of natural resources and

environment to last for future use.

1.2 Objective of the study

1.2.1 To develop the electric energy saving model in household through
the environmental education process
1.2.2 To evaluate the effectiveness of electric energy saving model in
household through environmental education process
1.2.2.1 To study the knowledge level of energy saving and
behaviors of electric energy saving in household before and after getting the developed
model.
1.2.2.2 To study the relationship between knowledge of

electric energy saving and the electric cost quantity after using the developed model.

1.3 Research questions

1.3.1 What kind of Electric energy saving model in household through
environmental education process which is developed to apply in the household of
Nong Tam Leung Sub-district municipality in the Amata Nakorn Industrial Estate,
Chonburi province? And how is it effective?

1.3.2 Is the knowledge level about energy saving and behaviors on electric
energy saving in household of Nong Tam Leung Sub-district municipality in Amata
Nakorn Industrial Estate, Chonburi province before and after getting the developed
model different from the previous time?

1.3.3 How is mutual relationship between knowledge of electric energy

saving and electric value quantity after getting the developed model?
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1.4 Research hypothesis

1.4.1 Electric energy saving model in household through the environmental
education process which is developed to apply in the household of Nong Tam Leung
Sub-district municipality in the Amata Nakorn Industrial Estate, Chonburi province
has effectiveness to reduce the electric value quantity.

1.4.2 The knowledge level of energy saving and behaviors on electric
energy saving in household of Nong Tam Leung Sub-district municipality for Amata
Nakorn Industrial Estate, Chonburi province before and after getting the developed
model are different from the previous time by statistic significance.

1.4.3 Knowledge between electric energy saving and electric value

quantity after getting the developed model has mutual relationship.

1.5 Research conceptual framework

According to this research, the researcher studied and collected the data of
various researches related to the electric energy saving, it was found that there were
several electric energy saving researches. Thus, the researcher surveyed those
researches by collecting the various kinds of uses and applied them with the
environmental education and created the concept framework in various aspects to be
used for developing the electric energy saving model in household through

environmental education process. The concept framework got was as follows:
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Environmental Education Process

Effectiveness of electric

Community Education Development of electric energy energy saving model within
saving model within households households through the
1. Electrical equi t i
eetrieal equipmen through the: environmental environmental education
using in the household education process process

2. Behaviors of electric —p| 1. Perception about electric energy (| 1. Reduction of electric value
energy using 2. Electric energy saving quantity
3. Electric value quantity 3. Deélgn of contrql equipment of 2. Knowledge of electric energy
L electric energy saving saving
within household 3. Behaviors of electric energy
saving

Figure 1.1 Concept Framework of Research

According to the above framework, the environmental education process
was covered all in the research. It included the education of household data in Nong
Tam Leung Sub-district municipality of Amata Nakorn Industrial Estate, Chonburi
province. The data from community consisted of electric equipment used in the
household, behaviors of electricity use and the electric value quantity of each
household. These data were synthesized to be the electric energy saving model in
household through the environmental education process which consisted of contents
about perceptions of electric energy, electric energy saving and design of control
equipment for electric energy saving until it led to the evaluation of effectiveness of
developed model for reducing the electric value quantity. This helped the households
have knowledges in terms of electric energy saving increasingly and have the

behaviors of electric energy saving correctly and appropriately.

1.6 Scope of the study

According to the research of electric energy saving model in household
through environmental education process, the researcher determined the scope of

project research as follows:
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1.6.1 The scopes of contents included:

- The electric equipment used in the household

- Perception about electric energy

- Electric energy saving

- Electric value quantity of each household

- Design of control equipment for electric energy saving
- Behaviors of electricity use

1.6.2 Scope of population included:

Population used in this research was the households in the Amata Nakorn
Industrial Estate of Nong Tam Leung Sub-district municipality, Pantong District,
Chonburi province for 3,782 households.(Nongtamleung Subdistrict Municipality
Office, 2010)

Table 1.1 Population Numbers of Nong Tam Leung Sub-district municipality

Space All populations All populations
(person) (household)
Nong Tam Leung 8,224 3,782

Sub-district municipality

Total 8,224 3,782

Sample group used in this research included

1. The sample group used in the data collection about electric energy use
by households of Nong Tam Leung Sub-district municipality in the Amata Nakorn
Industrial Estate, Pantong district, Chonburi province for 351 samples. The interview
was done with the household leaders for 351 persons. These were from the
determination of sample group size by using the instant table of Robert V. Krejcie and
W. Morgan (Raweewan Chinatrakul, 1999: 111) and did a systematic random
sampling. The calculation method was as follows (Sin Panpinij, 2008:121-137).

2. The calculation of time for example selection from the ratio of

population and the sample size needed was as follows:
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N

n
8,224 <26

315

When [  substitutes the interval between population (26)
N substitutes all populations (8,224 persons)
n substitutes the number of sample (315 persons)

2. Random sampling; the initial numbers by simple random sampling got
from lot (got No. 14)

3. Selection of the next number; by adding the initial number which could
be caught and each interval from census data of Nong Tam Leung Sub-district
municipality (14,28,42,56, ....... ,8164,8190)

4. Searching the number of households from the data base which have
been ordered already from Nong Tam Leung Sub-district municipality and the interval
calculated to get the sample group according to the determination used in the study of

problem situations in terms of electricity use as overall image of the households

Table 1.2 Number of Sample group in the study of problem situations in terms of

electricity use as overall image of the households

Space All populations Sample Group
(household) (Sample)
Nong Tam Leung Sub-district 3,782 351
municipality
Total 3,782 351

2. The sample group used in the experiment was 14 households of Nong
Tam Leung Sub-district municipality which had the members in each household for 5
persons up, 70 persons in total from all 351 sample groups. The selection was carried
out by purposive sampling. The sample group was divided into 2 groups, 7 households
per group. The first group was the control group, the second group was the
experimental group using the electric energy saving model in household through the

environmental education process and the control equipment of electric energy saving
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within household. The sample group had to be passed the consideration of
qualifications as follows:

2.1 To be the person who was interested in the electric energy
saving

2.2 To be the house ready for installing the control equipment
of electric energy

2.3 To have the household members for 5 persons up

2.4 To have the electric value quantity used for 450 unit up per
month or 1,200 baht up because the equipment to control the electric energy saving
was very expensive, so if the quantity of electricity was high, Its cost could be worthy

within 2 years.

Table 1.3 Number of sample group in the used experiment of electric energy saving

model in household through environmental education process

Space All Populations Sample Group
(household) (household)
Nong Tam Leung Sub-district 3,782 14
municipality
Total 3,782 14

1.6.3 Scope of studied place included:
- The area in the Nong Tam Leung Sub-district municipality, Amata

Nakorn Industrial Estate, Chonburi province

1.7 Definitions

1.7.1 Electric energy saving model in household through environmental
education process means the application of environmental education process in order
to get knowledge about the behaviors of electric energy use and reduce the electric
value quantity of households in Nong Tam Leung Sub-district municipality, Amata

Industrial Estate, Chonburi province. The knowledge contents were about electric
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energy, electric energy saving within households and the design of control equipment
of electric energy saving. According to the study of real data from the areas and
literature reviews, they were applied to develop the electric energy saving model in
household through environmental education process.

1.7.2 Environmental education means the educational process
emphasizing general data about natural environments and social environments, the
factors both subjectivity and objectivity which caused the change of environments and
effects happened to the human being. Moreover, it was to create the attitudes,
behaviors, and value for preserving or developing the quality of environments, quality
of life of both individuals and human as a whole. This research emphasized the
electric energy saving to reduce the electric energy and reduce the environmental
problems from using the electric energy in the future.

1.7.3 The control equipment of electric energy saving means the electronic
equipments which the researcher developed and used to control the electricity system
within household. This included the learning set of Microcontroller, power supply,
circuit for controlling the work of electric equipment, and the circuit to investigate the
movement for work controlling of appliances to be appropriate to the time period used
for electric energy of household in working. The circuit of movement investigation
performed the duty as investigating the movement in household while there are some
electrical equipment is being used, therefore the signal would be sent to be processed
at the Microcontroller learning set and this Microcontroller would send the signal of
electricity use to the working control circuit of electric equipment to control the work
of various electric equipment which is being used. In case of electric use in bedroom
which consisted of air conditioner, fan, TV, electric bulb, when they are all used, it
would have the circuit to investigate the movement to catch and check whether there
was a user in the room, therefore the Microcontroller learning set would send the
signal to the circuit of work control of electric equipment that it couldn’t close the
electric equipment. At the same time, if the user went out of the room for a long time,
then the circuit would investigate the movement to perform the duty to indicate that no
one was in the room and would let the Microcontroller learning set process by being
designed to delay the time as long as the program users did it. If the time was over

according to the determined program and no one was in the room, all of the electricity
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would be turned off their operations. It there was the users came back to the room
before the time of electric equipment was set, the electric equipment would be
operated or work continuously. In case the users slept in the room, the circuit for
investigating the movement would check and found that there was a user but no
movement within the room, it would command the Microcontroller learning set to the
circuit of working control of electric equipment which performed the duty as turning
on-off the air conditioner and TV together with turning on the fan instead to help the
weather in the room have wind blowing. This could help reduce the electric value
quantity. Therefore, it could help each household get knowledge in electric energy
saving and change the behaviors in electric energy saving of household.

1.7.4 Electric energy means the quantity of electronic power use within a
time. The unit used is kilowatt hour (kWh).

1.7.5 Air conditioning system means the electric energy use from cooling
equipment around the used space which includes air conditioner in separate form, air
conditioner in set, air conditioner in window adjustment. The unit used is kilowatt
hour (kWh).

1.7.6 Light electric system means electric energy use from the equipment
which gives the light around the used space which includes electric bulb, and electric
lamp. The unit used is kilowatt hour (kWh).

1.7.7 Electric energy accounting means the investigation of use condition
of electric energy and order the use rate of electric energy separated systematically.
This includes air conditioner system, electricity and light system, and others to design the
period time of electricity use appropriate and reduce the quantity of electric energy use.

1.7.8 The electric equipment within the household means the electric
equipment used in the household in common. These includes computer, air
conditioner, electric bulb, vacuum bottle, TV, fridge, fan, sawing machine, iron, rice
cooker, water heater and water pump, etc.

1.7.9 Knowledge about the electric energy means the fact, truth, rules and
regulation, and details about energy saving no matter what general knowledges about
electric equipment and energy rate use of electric equipment on each kind. This

indicated to be the score result from the achievement measurement both before and
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after the experiment by using the electric energy saving model in household through
the environmental education process.

1.7.10 Behaviors electric energy saving means actions or operation for
using the electric energy and light in daily life effectively, this indicated from the
interview both before and after the experiment by using the electric energy saving
model in household through environmental education process.

1.7.11 Electric energy saving in household means the energy reduction by
planning and managing the energy use appropriately to get the highest benefits from
the design of time period in electric equipment use which would be used appropriated
to the time period of use.

1.7.12 Community education means searching information which will be
the ways to develop the electric energy saving model in household through the
environmental education process. This consists of the data on electric equipment used

in the household, behavior of electric use and electric value quantity in each

household.

1.8 Expected outcome and uses

1.8.1 To know about the state of electric energy use within household in
Nong Tam Leung Sub-district municipality.

1.8.2 To get the electric energy saving model in household through
environmental education process.

1.8.3 To be able to apply the electric energy saving model in household
through environmental education process for electronic saving and reduce the electric
value quantity in household.

1.8.4 To be the way for improvement and enhancement of electric energy

saving use for changing the users’ behaviors.
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CHAPTER 11
LITERATURE REVIEW

For this study of electrical energy saving model in the household through
the environmental education process, the researcher studied and reviewed the literature
and the related researches as follows:

2.1 Concepts of environmental education

2.1.1 Meaning of the environmental education

2.1.2 Recommendations of environmental management

2.1.3 Elements of management on environmental education

2.1.4 Development of training curriculum for environmental
education

2.2 Instructional media

2.2.1 The meaning of instructional media
2.2.2 Type of instructional media
2.2.3 Value of instructional media
2.2.4 Principles of instructional media selection
2.3 Concepts about related theories
2.3.1 Instruction based on theory of constructivism
2.3.2 Theories about behavior of human being
2.4 Electrical energy
2.4.1 Background of electrical energy
2.4.2 Electrictity and electric situation in Thailand
2.4.3 Resources and situations of fuel and energy problems
2.4.4 Requirement of electrical energy
2.4.5 Ways to solve the problems
2.5 Energy preservation
2.5.1 The Energy Conservation Promotion Act (2ndissue)
B.E. 2550
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2.5.2 The target group of the Energy Conservation Promotion
Act B.E. 2550

2.5.3 Benefits of energy reservation according to the Energy
Conservation Promotion Act B.E. 2550

2.6 Energy saving

2.6.1 The definition of energy saving

2.6.2 Electrical energy saving in the system

2.6.3 Electrical energy saving from the electric equipment
within household

2.6.4 Quantity electricity use in the household

2.7 General information of microcontroller learning

2.7.1 The learning set of microcontroller

2.7.2 Internal and external construction in the learning set of
microcontroller

2.7.3 Usage of learning set of microcontroller

2.7.4 Qualification of microcontroller in each number of
MCS51 (51,52,1051,2051)

2.7.5 The equipment to control the electrical energy saving

2.7.5.1 The internal structure of the control
equipment of electrical energy saving
2.7.5.2 Work structure of control equipment for

electrical energy saving

2.8 Literature review

2.1 Concepts of environmental education

2.1.1 Meaning of the environmental education

Environmental education is a process to give knowledges to people. In the
past, people just talked about ‘environment’. General people gives the meaning of the
environment that is the natural environment both living things and non-living things

and man-made environment both physical construction, i.e., the household, building,
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work of art, ancient remains, or abstract environment, such as culture, customs, life,
social environments, technological environments, etc.

Winai Weerawattananont (2003: 17-18)Environmental education; there is
mentioned in the conference of the United Nations Organization in terms of
environment of human being at Stockholm, Sweden, one of the conclusions was that
the environmental education would be the crucial instruments to solve the quality of
environments. Later, in 1975, the Unesco Organization set the practical conference of
environmental education at Belgrade, Ukoslavia to request various countries to
cooperate. For organizing the environmental education to people in their own
countries, so it has the mutual announcement called The Belgrade Charter by having
the Environmental Education Goal which is “to develop the quality of world
population to have the realization, connection about the environment and involved
problems and let the knowledge, attitudes, motivation, and participation for working
both in personal and in public to lead to problem solving and prevention not to make a
result of new environments”

Moreover, the Belgrade Charter determined the environmental education
objectives that it aimed to let persons and society achieve through things as follows:

1) Awareness: to have the realization and active or awake about environment
by the public and the related problems.

2) Knowledge: to have the basic understanding about environment by
public both the problems related with the roles and the responsibility of human being
in those problems.

3) Attitude: to have the social values which has the relationship or
connection with the environment and motivation which would be participated in
preventing and imporving the environment.

4) SKkills: to be skillful in solving the environmental problems.

5) Evaluation ability: to know to evaluate the measure in terms of
environment, education, project of various factors in terms of ecology, politics,
economics, society, morality, and education.

6) Participation: to have the development feeling to have the
responsibility and it is seen that the environmental problems are urgent issues and

should strict to the practical which is appropriate to solve those problems.
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Moreover, there are several academic persons who gave various meanings
as follows:

Kasem Chankaew(1982 : 5-9) said that the environmental education was
the process of giving knowledge systematically and typically in development
knowledge, attitudes, awareness, sensitivity and skills in order to get the idea of know
how to think and do it and solve the problems. For reserving and protecting as well as
managing the natural resources and environment and for being giving knowledge in
every level of ages, race, as well as economic and social status, also people process in
giving environmental knowledges must be acceptable process according to the customs
and traditionsas well as cultures, therefore the instructors have to perceive both
instructional methods and courses contents to be harmonious with the daily life very well.

Winai Weerawattananont and Bancheun Sripanpong (1994: 46-52) gave
the meaning of environmental education that was the educational process about natural
environments and human being created and as well as the concrete and abstract factors
which caused the change of environment conditions and effects happened towards the
human being to create the behavior or value and society to preserve and improve the
quality of environments.

Waraporn Srisupan gave the meaning of environmental education as the
process of education which made people know the nature and roles of people relating
to other elements with the objective that wanting the individual to live in the society

happily all at the local, country, and the world level.

2.1.2 Recommendations of environmental management

According to the conference of United Nation in the Tbilis, Winai
Weerawattananont (1996: 28-29), there were the ways of environmental management

as follows:

1. To consider the overall image of environments both from nature and
artificial things from technology as well as from economy, politics, technology,
culture, history, moral, as well as arts and beauty;

2. To consider as the long life learning;
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3. To consider as the interdisciplinary approach by starting from the
specific contents in terms of that couse and other related courses.

4. To use the contents the issues for locality, country, region, and
international in order to see the environments in different regions;

5. To focus on the crucial environmental events which just havppens and
then link them through the past;

6. To encourage the value and importance of mutual cooperation in the
locality, country and universal for preventing and solving the problems environment

7. To be sure that the environments are the basis of development and
progress of the nation, society and humankind

8. To encourage the learners to have the roles of seeking experiences and
environmental learning in order that the society would accept other problems will
happen consequently.

9. To create the links of feeling, knowledge, solving problem skills, and
clearing the value through the learners of every age and emphasize to give feeling of
concern about the environments of locality.

10. To help the learners discovers the real causes of environments;

11. To emphasize the complexity and variety of environmental problems,
therefore it should develop in terms of consideration and skills to solve the problems;

12. To use the learning states from various environments and learning
methods according to the contents of learning by contents of courses by the real

practice and direct experiences

2.1.3 Elements of management on environmental education

Temduang Rattanatassanee (1996: 131-180) said that environmental
education management depended on 2 parts of element as follows:

1. Knowledge of environments; the acquisition of knowledges has to rely
on learning, remembering, criticizing, judge, detection of the environmental issues,
experience, theory, and the principle which depend on the relationship between the
various subject courses and science until they become the environmental concepts.

For giving knowledge of environmental education, the concept of

environmental education is very crucial whch should let the learners acknowledge to
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cause the understanding and realize how the problems of environment happened affect
orther matters.

Concept is the either conclusion or principle of crucial issues on
environments got from the single experience on that issue but several times and then
use the characteristics of that issue to classify the conclusive ideas and understandings
of that point.

Crucial concept of environment, i.e. concept of ecological basis, concept
of energy, concept of poplation, concept of human being, concept of ethic on
environment, concept of pollution.

2. Instructional process of environmental education is the strategy of
applying the curriculum effectively and the achievement of purposes set. Hence, the
process of environment focuses on the educational process which gives perception
about the concept of environments until the person realizes to create the consciousness
and attitudes to be responsible of cooperation and prevention about the environmental

problems.

2.1.4 Development of training curriculum for environmental education
2.1.4.1 Meaning of training

The scholars in varius fields gave meaning of training such as:

Beach (1980: 3) said training meant “process organized to let
the person learn and be skillful for one of the purposes by focusing on one of the
specific issues and to change the behaviors of the person according to the required
direction”.

Surapol Chantrapat (1986: 1) suggested that “the training is the
process to develop people which combining the learning activities together
systematically and coduct them continuously in order to let the trainees change
themselves in a better ways in terms of their knowledges, skills, and attitudes in one of
the items or all items mentioned altogether”.

Pleaung Kumut (1977: 28) said that “the training is the
program which the education comprises of the learaning and teaching activities too
help the trainees have the educational experiences which make the trainees realize the

learning, skills, and attitudes which are the goals of training”.
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According to the meaning of training mentioned above, the
researcher can conclude the meaning of the training as the typical process which lets
the person get learing and develop their ideas, skills, attitudes and change their
behavior according to the purposes of training by organizing under the appropriate

conditions and time.
2.1.4.2 Elements of training curriculum

The element of traning curriculum comprises of 4 parts
(Temduang Rattanatassanee: 2008: 184-185)

1. Purposes

Purposes of training might be determined from the organization
or department about the destination of desired behaviors. The determination of traning
purposes should be the in the form of measurable and observable behavior purposes.

2. Courses content

Courses determination for the training should be in accordance
with the purposes of training, the concepts should be substantial, reliable, modern and
correct in accordance with the requirement, interest, maturity, experiences of the
trainees as well as the real situations and problems in the present time and possible
trends in the future which be balance both width and depth dimension.

3. Curriculum application

The applying of urriculum includes the method of instructional
organizing of the lecturer, learning experiences organizing, training techniques,
materials and visual aids which support the convey of of knowledges, skills, and
attitudes effectively.

Methods and techniques in the training such as lecture,
discussion leading, team discussion, workshop, sub-group discussion, roles play,
demonstraional education, interview, seminar, administration game, practice, outdoor
education, relationship group activity, teaching on investigation.

4. The evaluation is about the consideration of behavioral
change of the trainees whether it is changeable according to the conditions and criteria
indicated in the behavioral purposes. The evaluation of traning practice may be

conducted through 3 stages as follows: evaluation before training, evaluation during
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traingin, and evaluation after training. The evaluation includes the readiness of place
and facilities, lecturers, trainees, contents, methods, equipment, training documents,
and materials/tools. In terms of evaluating the curriculum, it will consider the details
of contents such as the ease and difficulty, appropriateness, coverness, application,

time period, and time set which how much it is appropriate.
2.1.4.3 Stage of training project

Temduang Rattanatassanee (2008 : 184-197) proposed the steps
of training project as follows:

1. Principle and Rationale; analyze the necessity of training
and indicate its necessity and importance of training

2. For the purpose determination of curriculum is to let the
trainees realize to change the behavior in all of knowledge, understanding, theory,
principle, attitude, skills which will make a result of change and improvement of
problems essential for the training.

3. The determinination of curriculum and the topic of courses
to become a curriculum for training to change the trainees’ behavior in various terms
in order to have the behaviors concordant with the purposes of curriculum.

4. It has to determine the techniques and methods and
materials for the training to let the learning process run effectively.

5. To determine the details and and topics of training is to
determine purposes, ways of training, methods of training in order to let everyone
understand the methods which will be beneficial and ways for all lecturers, trainees,

and the involved.
2.1.4.4 Process of training management

Temduang Rattanatassanee (2008: 184-197) said that the process
of training management included as follows:

1. Survey, investigate, and analyze the problems condition.
Find the necessity of training.
Determine the purposes of training.

Determine the purposes of courses.

A

Determine the training ways.
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6. Determine the training procedures.
7. Determine the place for training.
8. Determine the trainees and lecturers.

9. Determine the ways and evaluation methods.

According to the meaning mentioned, it can be concluded that
the environmental education is the process of giving perception in terms of
environments in order to let people realize the knowledges, attitudes, skills,
participation and ability to evealuate the environmental situations to act through the
environments and change the behaviors of living in the environments correctly. In
addition, to use the training to be the process which makes the trainees understand and

get how to cooperate for sovling the problems happened mutually.

2.2 Instructional media

2.2.1 The meaning of instructional media

The word of "media" is from Latin languate of "medium" which is
transalted as "between" which means anything used for containing the information in
order to let the receiver be able to commumicate direct to the set purposes. When the
media are used for learning process, it is called "Instructional media" which means
any media which contain the contents of learning matters both the instructors and
learners use for being the learning instruments of contents or matters. The instruction
of the past time is usually viewed as the same image which was about conveying the
knowledges from the instructors to the learners by using the instructional media to be
the medium to convey knowledges, ideas, skills, and experiences to the learners to get
the ideas of learning. Today, it is accepted that learning is not limited just in the
classroom or in school. The instructors and learners can learn from various media and
even learn every time and every place. The media used for learning according to the
primary curriculum of education, therefore it is called "instructional media" which
means everything around no matter what it is the media, real thing, person, place,
event, or idea, there are regarded as instructional media depending on whether we

learn from that thing or if we apply that thing to our learning.
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Instructional media means any media such as record player, slide, radio,
television, video, chart, etc. This contains the contents of instruction to use for being
the instrument or channel for the instructors to the learners which help the learners get
the instruction according to the purposes or objectives the instructors very well set or

organized.

2.2.2 Type of instructional media

The instructional media can categorized according to the characteristics
into 3 types as follows:

1. Printed media means books, documents, presses which express or
arrange the matters and knowledges by using the written or typed letters to be the
media for expressing meaning. There are several kinds of printing media, i.e.
documents, text books, newspaper, magazine, journal, record, report, etc.

2. Technological media means the instructional media produced for using
together with the instrument of audio visual materials or the instruments about new
technologies, such as magnetic picture-recording tape (video), audio cassette tape,
slide, instructing computer media. Moreover, the technological media also include
various processes involved with applying the technology in the learning process, such
as using internet for distance learning via the sattlelite, etc.

3. Other media: Not only 2 types of media mentioned above, but also
other media which support the learners’ learning regarded as important not less than
print media print media and technological media. The media mentioned include as
follows:

1) Person: person means anyone who has knowledges,
abilities, skills in various fields which can convey his/her knowledges, conceps and
experiences through other persons, such as local personnel, physician, policeman,
businessperson, etc.

2) Nature and environment: this means things exising int the
nature and environments around the learners, such as vegetables and plants, fruit,
phenomenon, laboratory, etc.

3) Activities/process: means the activity or process which the

instructors and learners determine to encourage the learning experiences. It is used for
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practising the skills which have to be practiced. The skills which have to use the
thinking process, practice, situations encountering and knowledge application of the
learners, such as role plays, demonstration, exhibition, project, game, music, etc.

4) Materials, instruments, and equipment: it means the
materials invented for the parts of learning, such as the chart model, map, table,
statistic as well as the media of essential instruments and equipment which have to be
used, such as scientific test equipment, technician instruments, etc.

4. Multimedia: Education technologist divides the multimedia to be 2
meaning, which are, multimedia, the multimedia is used by being intergrated for
instruction, for example, using the video for a lecture to the learners by having print
media integrated in or using the learning or teaching set. For the multimedia, learners
and media will have no any feedback and interaction to each other but in terms of
“multimedia”. According to the vocabulary definition of Royal Institute, the
multimedia in the 2nd meaning is about the multimedia based on computer for
presenting the information or production to present the various kinds of information,
such as slide, motion, alphabets, and sounds in terms of multi media. The user
communicates the media directly. Using computer in this multimedia can bue used in
2 aspects as follows:

- Using computer is a basis for information presentation by controlling the
co-equipment used for work, i.e. presentation in terms of the type of interactive video.
For using in this case, computer is used to be the medium for controlling the
processing of video and CD-Rom to present the slide and motion according to the
lessons contents by alphabets or letters appeared on the computer screen as well as
controlling the typewriter for typing various information of the lessons and the study
results of learners and human as well.

- Using the computer based for producing the multimedia file by various
computer program, such as Toolbook and Authorware. These computer programs can
help producing file, lessons/training or presentation by using several dimensions of
media. Each file has the contents of letters, graphics movement graphics in vedio and
audio together in the same file, thus the user only opens the file to study or propose the

work according to the computer program has done to get complete details.
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For presentation in the form of multimedia, it gives several dimensions of
media which helps the user be able to see the information on the screen with various
aspects, such as letters, images and sound. In addition, if any users want to know
additional information, they only click on that word or symbles done in the form of

link button, they will get images, sounds or description appeared for them.

2.2.3 Value of instructional media

Both of learners and instructors are able to get the benefits from the

instructional media as follows:

1) Media and learners

1.1) To help the learning goes effectively because it helps the
learners understand the sophisticated contents easier in a short time and and gets the
concepts of that issue correctly and quickly.

1.2) To urge and create the interest through learners so that
they will always enjoys leraning.

1.3) To get the direct understanding and mutual experiences
fromt the learners on that studied bject.

1.4) To help learners have a chance to particitate in learning
activities more which will create good human relationship between the learners and
the instructors.

1.5) To help create the good characteristics in searching
knowledges and create ideas for learners from using those media.

1.6) To help solve problems in terms of difference among
individuals by setting the individual media for each individual.

2) Media and instructor

2.1) Using the media and equipment for the study help create a
pleasant and interesting atmosphere in class. The instructiors themselves feel enjoy
teaching more than using only the lecture technique. Moreover, the instructors feel
more confident.

2.2) Media can reduce the burdens of teachers or instructors in
terms of contents preparation because sometimes the students or learners can educate

themselves from several media.
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2.3) The media urge the instructors to be always enthusiastic
for preparing good and new materials for teaching as well as discovering serveal kinds

of techniques for more interesting learning.

Nontheless, the instructional media will be value or worthy when the
instructors apply them in appropriate ways, therefore, before applying each media, the
instructors should study the characteristics and qualification of each instructional
media, observe advantages and disadvantages involved with the media as well as
producing and applying the media appropriate to the instructional situations in order to

achieve the goals and purposes required or organized.

2.2.4 Principles of instructional media selection

The effective instructional media selection for learners is regarded as a
really crucial point. The instructors must set the behavioral purposes of learning
definitely or certainly in order to use those purposes to be the indicator for selecting
the instructional media appropriately. Moreover, there are still other principles to be
considered as follows:

1. Media must be related to the contents of lessons and objectives of the
lessons.

2. The instructor must select correct, modern, and interesting contents.
The most important, the contents selected should well affect the learning the most.

3. The media should be appropriate with the age, educational level,
knowledges and direct experiences of the learners.

4. The media should be convenient for use and not too much complex or
sophisticated.

5. The media should have high quality on production techniques and have
trueness and clearness.

6. The media shouldn’t be too much expensive; on the other hand, it
should be produced worthily for time and investment wasted.

In conclusion, the review of instructional media, the researcher brought the
concepts of invented materials to apply for the various operations which help the
learners learn effectively and urge the learners for their interests. The media should be

modern, clear, and true together with time and investment worthiness.
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2.3 Concepts about relataed theories

2.3.1 Instruction based on theory of constructivism

For creating the knowledge base, the important point which should be
considered is to create the knowledges, instructional principles based on
constructivism, process of constructivism, instructional form based on the constructivism,
co-operation learning techniques, characteristics of instructors teaching based on
constructivism, classroom atmospheres which support the learning based on
constructivism, and students’ characteristics learning based on constructivism in
oreder to be the conceptual framework to be applied for creating curriculum and

organizing the learning and teaching based on constructivism.

2.3.1.1 Theory of constructivism

The theory of constructivism is a theory about knowledge and
learning based on the psychological basis, philos and humanity descriped as what the
knowledge is and how the knowledges comes. However, the concepts about learning
are based on 2 crucially psychological theories including the Piaget's developmental
theory, and Vygotsky's socio-cultural theory.

2.3.1.1.1 Piaget's developmental theory

Tissana Khammanee, et.al., (2005: 65-67) indicated
about the knowledge construction theory or constructivism that it was based on the
Piaget’s concepts. Piaget suggested that the nature of human being (Pannee Chor.
Jenjit, 1995: 32-35) naturally, the human beings had the 2 basic trends since they were
born which included the system organization of knowledge structures and adaptation
of knowledge structures.

1) Organization of knowledge structures; this is
about internal organization by integrating various processes to be the system
continuously and consistently.

2) Adaptation of knowledge structures; this is
about the adaptation through the environments which are the trends since human being
was born. The human beings adapt themselves they have the interaction with
environments. There are 2 processed of adamptation, which are, assimilaton process
and accommodation process, this is about adapting the previously intellectual

structures to be concordant with the new environments.
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- Process of experience assimilation; this is happened
when the person interacts with the environments, when the person acknowledges the
arouse through his/her brain, the learning will be happened when the person acts (by
brain channel) to link the arouse with the previous information existed in the
intellectual structure of him/her (schema) which the person has accumulated since
he/she was born. The process which the previously intellectual structure absorbs and
receives the new arouse or the process which the new knowledge and old knowledge
can be linked harmoniously as well as having the meanings with that person which
will make that person in the equilibrium have his/her own understandings because he
or she is a person who thinks and create the meanings by himself/herself (Tissana
Khammanee, 2005: 72-74) as shown in the figure 2.1 which presents the learning

process by absorbtion.

learning process )
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Figure 2.1 Which presents the learning process by absorption

- Accommodation process; This is happened when
the person interacts with the environments by being able to adapt his/her previous
understandings to meet the new environments or it is about changing the previous
ideas to be concordant with the new things (Pannee Chor. Jenjit, 1995, 38: 20) as
(Tissana Khammanee, 2005: 52) expressed the adaptation of accommodation process.
When the person receives the arouse and tries to absorb and link the new arouse wtith
his/her old knowledges exsiting in the structures of his/her own intellectual structures,

however, it cannot be absorbed and linked meaningly so that it causes “imbalanced
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conditions”. When the person imbalanced conditions, he/she will feel confused and
doubted. The person tries to adapt those conditions by using the his/her own intellectual
process for discovering and finding the ways to create the meanings of new arouses with
the previous exsisting things. In many cases, the social process can be helped in finding
opinions or using the thinking processes until the person can create the meaning of that
thing concordant with the previous things. The created meaning therefore learning results
of the learning process which is regarded as the process of creating meanings of
information, arouse, and experiences. Each person may create those things differently and
may reflect the person to adapt himself/herself about the intellectual structures (Tissana
Khammanee, 2005: 72-74) as shown in the figure 2.2 which expressed the adaptation

process to be balanced in the learning process.
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Figure 2.2 Which expressed the adaptation process to be balanced in the learning process

2.3.1.1.2 Vygotsky's socio-cultural theory

The concepts of Vygotsky is considered to be the
crucially lerning basis based on the constructivism. Vygotsky believed that the crucial
elements influenced the individual’s learning was about cerating the medium and
having social and cultural interaction. Moreover, Vygotsky gave the concepts about
personal interaction and environments around, especially the social and cultural
environments to develop the leaning ability of individuals. The help and suggestions

from the persons more skillful will help tha person be able to solve the problems
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which he/she cannot sort it out by himself/herself. The experiences from problem
solving will let that person learn and be able to solve by his/own ability in a later time
(Renshaw, 1998: 6-8).

According to the learning theory of Piaget and
Vygotsky, it was found that Piaget and Vygotsky had different views on learning.
Piaget viewed that learning will occur in each individual when the person interacts
with the environments. The person’s intellectual development is involved with the
process of experiences absorbtion and the process of accommodation adaptation. This
is called the adaptation of previous accommodations to be concordant with the new
environments until they meet the balance and can create the meanings of that new
thing to the previous thing. Whereas Vygotsky viewed that learning was caused by
having social interaction using cultural medium created by human being. He also
viewed that the help and suggestions from the skillful person will help the person learn

and can solve the problems in a later time.

2.3.1.2 Meaning of instruction based on constructivism

Several educators mentioned the constructivism similarly, such
as, Fosnot (1996 : 8-11) said that “the theory to create the knowledge base is about
knowledge and learning based on the basis of psychology, philos, and humanity which
explained that what the knowledge is and how the knowledge comes. This theory
explained that the knowledge is such a temporary thing, changeable, and has the
development by using the medium of society and culture. While learning is a self-
controllable process but has to fight with the contradiction between previous
knowledge and new knowledge. This is the way to creat the new knowledge instead”.

Glaserfeld (cited inCheek, 1992: 26-27) suggested about the
constructivism that “constructivism depends on 2 principles; 1) knowledge is not
caused by only the acknowledgement but it is created by the learners with their
understanding, 2) the duty of acknowledgement is the adjustment and processing of all
experiences but not for discorvering the real things”.

Wilson (cited in cited in Wantipa Rodrangka, 1998: 46-48)
said about the creating of knowledge base that the “Constructivism is the theory of
knowledge which is used to explain that how we know and what we know. The

constructivism is therefore the thinking method of knowledge and learning”.
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In conclusion, the constructivism is the theory based on the the
basis of psychology, philos, and humanity which explains that the knowledge is not
from only acknowledgement such a single thing but it is created by itself. It is adapted
by the previous knowledge with the new knowledge until it creates the knowledge
base by itself. To cerate the knowledge base thus is about the thinking of knowledge

and learning.

2.3.1.3 Instructional principle basedon constructivism

The concepts bout constructivism, Moscovici studied and
analyzed the instructional and learning process, it was found that in the instructional
process and learning process based on the constructivism consisted of 2 basic
principles, which included the knowledges caused by the learners who took a real
action in the social context by being the creator of knowledge base, which is, it’s
responsible for things which the person will learn and methods of learning.

Fosnot (1996: 12-17) mentioned about the principle of
instruction based on the constructivism that the educators determined the principles as
follows:

1. Set the problems to be involved with the learners
themselves.

2. Determine the learning structures. It should be determined
by learning structures in the form of big ideas or basic concepts.

3. Find and realize the value of students’ views.

4. Adapt the curriculum to be matched with the students’
expectation.

5. Evaluate the students’ learning in the context of teaching.

Watts viewed that the instructional theory based on the
constructivism should be as follows:

1. Cognitive construction; the key of instruction based on the
constructivism is that the perception is the result of conceptual creating proactively.
To create the concept is from the relationship between the previous knowledge and the
new knowledges.

2. Constructive processes; these processes, i.e. to create or not

to create the new knowledge; for the new knowledge construction;l the perception
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must have the structure and collection. Gilbert and Swift explained in the form of main
principles which could be able to lead to the change a little and it was according to the
less criteria. The activity being conduted had the clear structures but not in depth.
Moreover, it emphasized the process no matter how much the in-depth structures are.
The students could adapt it gradually in their daily lives.

3. Oppositionality; while creating and considering to select
various meanings, it should consider and compare other meanings. The theory of
creating the knowledge base should suggest the variety and relationship among the
ideas more than the development. The easy thought and the developmentof concept is
more valuable than tlo create the concepts.

4. Critical realism; the concept about theory of constructivism
is viewed as the knowledge was not permanent. The knowledges in this world were
created based on the influence of natural resources. The context of person, language,
motivation, and others were considered and judged by various criteria, such as
benefits, rationals, and good origination.

5. Self-determination means the students can crate the
responsibility of their own by 2 types which include the type viewed by teachers, this
is viewed that to create own ideas reflects the students’ideas or it is called (reflection),
and for the typed viewed by the students, it is viewed that to create the students’ own
ideas to be the learning.

6. Collegiality; According to the instruction based on
constructivism, there is the meaning including the social context which has the
communication, exchange, test, conversation, and report. IN addition, the teaching
based on the constructivism still has the meaning in terms of concern, such as
conceptual concern, theory about self-personality, development of human being,
career self-esteem.

The instruction based on good constructivism in the classroom
should be different from the general class by focusing on the construction of learners’
thaught or new thought construction of the learners, the learners should have the
responsibility towards several ways of learnings, make a decision by themselves and

discuss or express the opinions with others to lead into the required goals.
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2.3.1.4 Process of constructivism

In the process of constructivism; it should be considered about
the principles of process to create knowledge base by the steps as follows:

1. First step; it is the conceptual construction. While the
students start with the process to select the activities within the area of specific
problems, the teacher can see the students survey the conceptual space of each
problem, then how the students bring the perception which is “how does it work?” by
the students’ theory. The idea linking and relating altogether, interesting thought, and
thins happened for a while to be put into the conceptual dimention, the students will
change all the domain, general knowledge, principle, reason, belief, possibility, and
views of range. In addition, to search the ways to solve the problems will be the drivi
to create, newly crate or adjust the theory of the students better.

For the interesting project sould be complex in terms of
creating the concepts and using the studetns’ theory more than creating the concepts and
using the easy and common theory.

2. Step 2; the process which creates the concept must be clear,
in the problem solving, it is the step which leads the conceptual space to create the
conceptual frameworks by making the concepts clear. Moreover, there is the survey of
conceptual framework in terms of benefits, importance, and and application among the
problem solving. There are several opportunities that the students do not express their
theory clearly. This may be because they have no time suffient or they lack
opportunity or they may have excess information until they cannot categorize the
problems clearly. Nevertheless, there are some points which can be seen clearly during
the time of students’ working when the students express their preference about the
machnism involoved with the situations they have some knowledges on them.

3. Step 3; the co-operation work which emphasizes the
constructivism in terms of society, it is acceptable that to create the new knowledge is
the new relation and linking together among direction, motivation, and purposes of
each person within the direction, motivation, and purposes of the closed group or the

situations in society.
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However, for co-operation with others, it is not about to crate
the knowledge base in individual or groups but in practical, it can be done either
separately or cooperately. It can be seen that in the past, it might be emphasized only
the individual. However, the individual case is also important whereas the co-
operation is acceptable in terms of creating social comstructivism and instructional
management based on constructivism which gives the opportunity for the students to

have the mutual interation between friends and teachers.
2.3.1.5 Instrutional form based on constructivism
2.3.1.5.1 The instruction based on the constructivism

Yager (1991: 52-57) proposed the method for
instruction according to constructivism as follows:

1) Find, use questions and ideas of the students to
suggest all of the lessons and units.

2) Recognize and support the creative ideas of the
students.

3) Support the students in terms of leadership,
coooperative learning, information resources, and practice or taking action from the
learning process.

4) Use the ideas, experiences, and interests of
students for teaching and learning.

5) Support the information resources use varied
from textbooks, documents, and professionals.

6) Support students in terms of giving suggestions
about the causes of events and situations, and support them to be able to predict the
results by using the continuous information.

7) Find the ideas of students before the teachers
express their ideas or before studying any idea from textbooks or other information
resources.

8) Support the students to discuss for constructing

the concepts and listening to others’ opinions.
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9) Give an appropriate time for reflecting and
analyzing the students’ thought as well as recognizing and using all of ideas or
thoughts created by the students.

10) Support the own analysis, collect the real
information to support the ideas and create the new knowledges.

11) Indicate the problems which are interested in
among the students and the results which will be happened to be the initiation of the lessons.

12) Use the information from individual and
meterias to be the initiative information able to apply for the problem solving.

13) Involve with the students for finding the
information which can apply the problem solving in the real life.

14) Extend the learing areas from in the classroom
periods to in the classroom and extend to the school level.

15) Emphasize the scientific effects through each
student.

16) Refrain from considering that only contents
which is existed for students.

17) Focus on consciousness in caree, especially the
career involved with science and technology.

2.3.1.5.2 Strategy in teaching based on constructivism

Yager proposed the strategy of instruction based on
the construtivism as follows:

1) Introduction

- Observe things around and various environments
to set the questions

- Ask the questions

- Consider all of the possible answers from each
question

- Record the unexpected things

- Indicate the situations which the students

acknowledge in different ways
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2) Conduction

- Let the students participate in a crucial events
- Brain storm to find variously possible alternatives
- Find information

- Examine by using any equipment

- Observe the specific phenomena

- Design the experiment

- Collect and organizethe information system

- Use the problem solving streategy

- Choose the data resources appropriate

- Discuss the problem solving together with

friends

- Design and have an experiment

- Evaluate and argue about various alternatives

- Indicate the problems and the consequence
effects

- Give the definition of parameter of detection
and investigation

- Data analysis

3) Explanation and problem solving methods

- Communicate the information and ideas

- Construct and explain the form

- Construct the new explanation

- Review and analyse the answers of problems

- Use the group evaluation

- Integrate the answers of problems by using the
existed experiences

4) Operation

- Make a decision

- Bring knowledges and skills to be applied

- Transform the knowledges and skills

- Exchange the information and ideas
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- New questions

- Develop the happened results and support the
thought

- Use the form and thoughts to urge the discussion
and be accepted by others

2.3.1.5.3 Instruction based on constructivism

When teachers understand and admire the human
beingship of new perception construction, therefore it is possible to set the education
by supporting the constructivism to students broadly. To organize the education which
support the learning of students are as follows (Brooks, 1993: 20-22):

1) Teacher must not let the students uphold only
the curriculum which focuses on boring fact but try to motivate the students to focus
on the big concepts.

2) Teacher must create the enjoyment in the study
to let the students follow the contents with their interest and can link various ideas to
create the new ones and can summarize to be the conclusion.

3) Teacher should exchange crucial information
with students that world is the complex and sophisticated place that there are several
views and they are often interpreted.

4) Teacher should give knowledge to the students
that learning and process of learning evaluation is the complex effort and has to use

flexible thought which is not able to manage by just simple methods.

According to the study of instructioan principle
based on constructivism, this can be concluded that knowledge must be originated by
the learners themselves. The learners have to take action in the real situations and the
learners themselves have to be responsible for constructing knowledges. In addition, it
is found that teachers should have understanding about the learning theory based on
constructivism and apply the knowledges of instruction as well as the research to be

participated in the instruction.



Taradol Tepareenun Literature Review / 40

2.3.1.6 Cooperative learning technique

2.3.1.6.1 Meaning of cooperative learning

Several educators give the meaning of cooperative
learning similarly that the cooperative learning is about organizing or managing the
students who have diffirent abilities to cooperate to one another by small group
learning to achieve mutual goals or the goals of the group. Slavin and Husen suggested
that there should have around 4 members for one group. The members of group have
to be responsible for things they are learning and help friends to get knowledges of
learning as well. There are contributions or help to one another by having the mutual
goals of cooperation. This is in accordance with Johnson who said that the work for
group’s goals is that the members are responsible for themselves and groups; they are
trained and used the skills of mutual work. The contributions depend on the
contributions of each individual in the group and all members will get the success
altogether. Moreover, Husen added that cooperative learning is about sharing ideas of
work and and mutal responsibility among the group.

According to the meanings of cooperative learning
mentioned by the educators, it can be concluded that cooperative learning is about the
organization of learning which the students have different abilities but have to
cooperate by small group around 4 members. All of them have to help to one another
and have the mutual responsibility for mutually successful goals.

2.3.1.6.2 Principles of cooperative learning

For cooperative learning, Kagan indicated that the
cooperative learning had to consist of 4 main principles as follows:

1) Positive interdependence; mutual dependence
and help in order to get successful and understand that each success of individual
means the success of the group as well

2) Individual accountability; the responsibility is in
individual, everybody in the group has the role, duty, and responsibility to search
knowledges for work. Every member of the group must aknowledge the same thing

they have mutual learned. These are considered as the success of the group.
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3) Equal participation; everybody must participate
in searching, reading, and working equally. It is done by determining the roles for each
as well as determining the roles both before and after, such as who speaks, speak to
whom, who records, etc.

4) Simultaneous interaction; all members have to
work, think, read and listen altogether.

2.3.1.6.3 Characteristics of cooperative learning

The characteristics of cooperative learning; Johnson
suggested that it consisted of as follows:

1) Positive relationship; this means members of
group work by having mutual goals and have to mutually work, participate, share
equipment, materials, information. Everyone has the roles and duties and have mutual
success. The members feel that they will be successful when all members are also get
successful. All will get benefits and rewards of contributions equally.

2) Interaction which is supported to one another,
related, and exchanged the opinions. In addition, explaining the knowledges to friends
in the group is a crucial aspect of direct interaction for cooperative learning. Hence, it
should be exchanged the information back and open the opportunity for the members
to propose new ideas to choose things which are the most appropriate.

3) Responsibility; this is the responsibility of
learning on each individual by helping and supporting to one another in order to get
successful according to the group’s goals. All members are confident and ready to get
the test by individual.

4) Interpersonal skills and sub-group skills; the
students should be practiced these skills first because they are considered to be the
crucial skills which cand help groups reach successful and should be practiced for
communicative skills, leadership, trust others, decision making, and problem solving.
The teachers should set the situations which will help the students be able to work or
study effectively.

Moreover, in 1991, Johnson increased the other

one element of cooperative learning as follows:



Taradol Tepareenun Literature Review / 42

5) Group process; this is the process which works
in procedures or it has the methods to help the group work effectively, which is, all
members must make understanding the goals of work, plan of work mutually, operate
according to the plan as well as evealuating the results and improving the work.

The elements of all five cooperative learning have
mutual relationship to help the cooperative learning go well and achieve the goals
determined by the group.

Moreover, Nattaya Pilantananan (2000: 55-58)
mentioned the attributes of cooperative learning that it was different from the study of

normal grop by comparing as appeared in the Table 2.1.

Table 2.1 The comparison between cooperative learning attributes and normal study

Cooperative learning attributes

Normal study learning attributes

1. Creative dependence
2. Each person has to be responsible to
the group

3. Attributes of group is heterogeneous

4. Exchange of group leadership

5. Exchange of responsibility to each
other

6. Focus on work method and maintain the
quality of work

7. The learners learn the skill of mutual
work in group

8. The instructor has the opportunity to
recommend the group work periodically

9. The group process makes the learners

successful

1. No dependence

2. Responsibility to the group is not
focused clearly

3. Attributes of group is heterogeneous
heterogeneous or homogeneous

4. There is only one group leader got by
selection

5. Treat and be responsibie only each
individual’s matters

6. Be interested in only the group
contribution

7. The learners neglect skills practice of
group work

8. The instructor usually lets the learners
work alone

9. The success is considered from
individual work then it is combined

altogether
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It can be concluded that the cooperative learning is a technique which
allows the students who have different abilities to work together by a small group
around 4 members to help to one another and have the mutual responsibility which
means the success of the group and give benefits to students in encouraging the social
skills, thinking skills, speaking, expressing, showing opinions, and doing in action

equally and helping to one another.

2.3.1.7 The instructior teaches according to the knowledge
base construction

For instructional setting to let the knowledge base construction
is originated by itself, the instructor is the person who has the really crucial roles and
must know and understand the attributes of instructor both teaching and acting towards
the students which will create the learning atmosphere by constructing the knowledge
base by itself as well as acting in general. This can be seen from the Brooks’ opinions
(1993: 20:22) which mentioned the attributes of teachers teaching in accordance with
the way of knowledge base construction as follows:

1) Support and accept the freedom of thought and creativity of
the students.

2) Use the raw materials and primary information resources as
well as the materials and equipemtn used by practical, mutually exchange and
interacet. All of the activities run naturally.

3) It should determine the framework to let the students do in
terms of using thought, such as classification, anlayzation, prediction, and creativity.

4) It should let the students respond the teaching and learning
to be the impulse towards the instruction, adapt the instructional strategies as well as
the lesson contents.

5) It should ask the understanding of students’ concepts before
exchanging theirs.

6) It should support the students to have a discussion between
teachers, friends of students.

7) It should support the knowledge seeking of students by
letting the students ask thoughfully. The most important, the questions should be a

kind of open-ended questions and support them to ask to one another.
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8) It should seek the elaboration in internal response of the
students.

9) It should support the students about experiences which may
cause contradiction towards the assumption which the students set at the first time and
support the students to have a discussion and express the opinions.

10) It should give time to the students for let them think
appropriately after asking them the questions.

11) It should give time to the students to create the mutually
good relationship.

12) It should support the natural curiousness of the students by

using the learning cycle model.

Ernest mentioned aobut the roles of teachers in teaching and
learning for the students to create their knowledge base by themselves as follows:

1. To be able to acknowledge and analyze the previous
knowledges of the students quickly.

2. To select the instructional strategies which help sovle the
variant concepts from the students.

3. To get interested in the thinking process and self-
supervision of the students.

4. To encourage the students to apply the concepts they learn
to use in various contexts.

5. To consider the objectives in the study of the students, the
difference between the objectives of the teaching and learning or the instruction.

6. To consider the learning context of the students.

It can be concluded that the characteristics of the teachers teaching
according to the ways of creating the knowledge base must understand the nature and
teaching principles based on the knowledge base construction by encourage and accept
the freedom of thinking and creation of the students, support the practical of the
students and organize the exchange and interaction to one another as well as applying
the concepts which the students have learn to be used in the various contexts and in the

real situations.
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2.3.2 Theories about behavior of human being

Because in the education about behavior of human being, the educators
and the behaviorists as well as various scholars have cerated the concepts and theorist
related to the education of human’s behaviors numerously. The interesting and

relevant behaviours in this research included as follows:

Benjamin S. Bloom’s theory

Bloom (1971: 271) mentioned about the behavior that it was the activity
which the human being act could be observable or unobservable. These behaviors
might be divided into 3 parts as follows:

1. Cognitive Domain behaviors; this item has the states of knowledge
ability, idea using, and the intellectual development which all are about the
acknowledgement and expression of behaviors and knowledges. It can be concluded
that this behavior tell use that how much the person knows or doesn’t know which can
be divided into 6 stages as follows:

1.1 Knowledge and ability; this is to remind the various stories
that the preson ever experiences. The stories can be from any location and place.

1.2 Comprehension; this is the next stage from the knowledge.
When a person knows, then he or she can interpret or predict or extend the contents
according to his or her new ideas or views in order to make them broader than the truth.

1.3 Application; this means the person can take the perception
which he or she already has had to solve the new and strage problems of that issue.

1.4 Analysis; this is about the ability to take the criterias,
regulations, and various kinds of methods of the stories that the person has already
experienced with or knowm to solve the problems of new situations.

1.5 Synthesis; this is the stage which can combine the
sub-contents to become the new-contents through improvement and development.

1.6 Evaluation; this is the stage which the person can make a
decision by using the criterias and standard set.

2. Affective Domain; this behavior item means the feeling of favour, interest
in various values. The adaptation of values is the behavior difficult for the seeing and
understanding because it is happened in the human’s mind which has to use the special

instrument. To organize this behavior, it can be divided into 5 stages as follows:
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2.1 Receiving or Attending.

2.2 Responding is the behavior which develops after
acknowledgement, namely, when the acknowledgement is occurred, the person will
start to have the interaction to respond the stimulus.

2.3 Valuing; this is the stage which the person realize the
value of materials, phenomena, and behaviors by himself/herself. In addition, it
includes the taking social criteria to decide the value of various things which the
person expresses; which means the consistency, the attribute of belief, or attitudes
which control the person’s behavior. On the other hand, the response will be in
accordance with value which the person upholds.

2.4 Organization; this stage is the about the various value the
person has. Therefore, the person has to consider the relationships of those values by
rearranging the significance of value the systematic organization of value and the
system development gradually until it becomes the new values.

2.5 Characterization by Value; this stage is about the
development of the action of persons according to the value system he upholds which
expresses in the consistent and automatical form without any involvement with the
emotions.

3. Psychomotor Domain; this is the behavioral stage which expresse about
the physical ability including the action. On the other hand, this behavior expressed
can be evaluated easily but the process which will cause this behavior will use time

period and decision making in several stages.

2.3.2.1 Nature of behavior

To understand behaviors of human, it’s really necessary to
know about the nature of behaviors or it can be separated that the regulations about the
behaviors of Temduang Rattanatassanee (2008: 162-164) proposed the stages of
organizing the training project as follows:

1. The behavior; it must have various behaviors both internal
and external behaviors, normal or abnormal behaviors. All should have a cause to
drive the person to behave something, such as the peson has a meal may cause from

the hunger or the appetite.



Fac. of Grad. Studies, Mahidol Univ. Ed.D. (Environmental Education) / 47

2. The same causes may not be necessary to lead to the same
behaviors. This can be seen from the nurse injects the vaccine to the students group.
Some may cry due to the pain and some may look at the needle but feel nothing, some
may be smile and some may look at the other side, etc.

3. The different behaviors may be caused by the same causes,
such as the some persons may have the different manners when they feel lazy, such as
some may close their eyes, some may like playing cards, some may like watching
movie, some may like music, and some may like sleeping. These different behaviors
are all from the same casues, which is, the laziness to work.

4. One behavior may be from various casuses; such as the
person has the meal at the expensive restaurant may cause from various reasons, such
as feeling hungry, like listening to the music while eating, like good service, like to be
seen that the person has high taste.

The regulations or the nature of all four behaviors will help the

preson who studies about the behavior perceive the base of behaviors better.

2.3.2.2 Measure of behavior

The personal behavior has both internal and external sides. To
study the behavior, this can be done in several ways. If it is the external behavior
which the person expresses and other persons can see will be able to do by both direct
and indirect observation. However if it is the internal behavior, it cannot be seen by
observation and it must be done by interview, having test by asking questions and
experiment both in the laboratory and community. Therefore the instruments to
measure the behavior can be carried out by creating questionnaire, interview,
observation together with interview or use orhter instruments, such as blood pressure
measure instrument, stethoscope, etc. Somjit Supannatas (1893: 14-18) mentioned
about the two methods of educational behavior as follows:

1) Direct educational behavior; this can be done by;

1.1) Direct Observation; for example, the teacher

observes the behavior of students in the classroom by telling the students that the
teacher will observe what the students are doing in the classrrom. However, with this

observational method, the student may not express their real behaviors.
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1.2) Naturalistic Observation; The person wants to
observe the behaviors but do not distueb the persons who are being observed and they
will not be kbown that they are being observed. With this method, it’s rather real
behaviors and can take the results to explain the behaviors in the place nearby or
similar. The restriction of natural observation is that it takes a long time. Moreover,
the observation has to be done continuously for a lot of time. Some behaviors may
need the observation up to 50 years or 100 years.

In conclusion, the observation of behavior either the person
who is being observed is aware or not, the observer has to be careful and observe
systematically and record when the behavior can be observed. In addition, the observer
must not bias through the person being observed in order to get the study result
accurate and reliable.

2) Indirect education; this can be divided into many ways:

2.1) Interview; this is the method which the person
who studies wants to ask the information from the person or group of persons which
can be carried out by asking face-face directly or there is a mediator to do the duty of
asking questions, such as using the interpretator to interview for the persons who say
in different languages. The interview is done in orde to know the person’s behaviors
which can be divided into 2 main types, which are, direct interview and indirect
interview. For The indirect interview or informal interview, the interviewer can say
anything but insert the contents which the interviewer wants to know when there is an
opportunity. The responder or interviewee will never know things which the
interviewer specifies in order to know the behaviors. The interviewer will get a lot of
information. However, the restriction is there are some issues which the interviewee
doesn’t want to expose.

2.2) Questionnair; It is one of the methods which is
appropriate for studying the behaviors of the numerous people, literate people, or it is
used for questioning the persons who stay away or far from another. Moreover, it can
ask about the past behaviors or the tendency of behaviors in the future as well. In
addition, the advantages of using questionnaire are that the user can use the single
information with the concealed behaviors or various behaviors which expressed to
others by other ways. The persons who are studied are sure that it is the secret. The

other advantage is the questionnaire can be studied at any time.
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2.3) The experiment is the study of behaviors done
by the person who is studied will be controlled according to the observer wants.
Actually, the control can be done in the laboratory. Nontheless, to study behaviors in
community by controlling variables can be little possible. The experiment in the
laboratory would limit the information. Sometimes, it cannot be used in the real
situations. However, this method is really useful in the study of medical behaviors on
individuals.

2.4) Doing the record; this method makes us know
about the personal behaviors by letting each individual do the record of behavior
himself/herself. The record may be about the routine or about the study of each kind of
behaviors, such as eating behaviors, working behaviors, health working behaviors, or

environmental behaviors, etc.

This can be seen that the behaviors are the action or expression
for practice which is the result from the internal environments, i.e. belief, value,
attitudes, personality, and previous experience. These are the impulse for expressing to
be the external behaviors which can be exposed by being able to be seen or being the
behaviors both being disclosed and unobservable except using the tool to measure.
The internal behaviors and external behaviors are related and rational to each other.
For this study, the indirect study was carried out by using the interview to be the

research instrument.

2.4 Electrical energy

Electricity is involved and closed with people the most. The electricity is
processed from energy resources convenient for utilization. Currently, the electrical
energy is a extremely crucial factor for developing economy and society of the country

both in the powerful countries or developing countries as well as Thailand.

2.4.1 Background of electrical energy
Some scientists construct innovation called electrical energy system

existing in nowadays. This is originated around 60 years before the Buddha era till 19"
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century which every human being apply all in the household, school, office, or in the
industrial factory. These mentioned cannot be without electricity (Mohamed, 2009: 1)

Telis of Milatus (cited in The Electricity Generating Authority of
Thailand, 1994: 21), the ancient Greek philosophers and mathimaticians discovered
“static electricity” accidentally. One day, he saw the small piece of wood moving and
attaching the amber which he just picked up to scrub to each other until it causes the
spark but he didn’t realize he could discover the really important things through
human being later time.

In B.E. 2143, it was appeared that the book named ‘De Magnete’ was
published. This was the report of the laboratory of Sir William Gilbert (cited in The
Electricity Generating Authority of Thailand, 1994: 24). This reported that not only
amber but also other materials, such as sulphur, glass and lac. When they are scrubbed
until caused heat, they would attract other small materials as well. Gilbert called this
gravity of static electricity of the electricity from Greek language ‘Elektron’ which
meant ‘amber’.

In B.E. 2363, there were the numerous invention of electric equipment by
several Greek scientists, such as Stephen Gray, Granvil Wheler, Benjimin Franklin
and Alesandro Volta. Especially Volta was the inventor of battery called Voltaic Pile.
Moreover at that same year, Hans Oersted, the Denmark people discovered that the
electric currents had the gravity whereas the Andre Marie Ampere, French also
invented the electromagnetic. This can be counted that it is the beginning of history
which leads the science of electrical conductivity to apply in later time. For Michael
Faraday, he discovered the principle of electromagnetic induction based on the
Dynamo construction in the present era.

In conclusiton, it can be seen that the electricity is developed and applied
more in all production, delivery ststem, as well as the electric equipment installment
by modern technology unlimitedly all the time. The electricity becomes the crucial

factor in the existence of human being in this present time a lot.

2.4.2 Electrictity and Electric situation in Thailand

The terms of “electricity” and “electricity enterprise” is assumed that these

terms were used since B.E. 2427 in the HM King Rama V reign.
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The production of electrical energy at the first stage was conducted by the
government only. Later, the government transferred the enterprise to the Bangkok
Electric Light Syndicate Company. The company had the contract to pay for the
electricity to the roads and various governmental places. However, the company had to
go out of business because of the loss and it was sold to the The Siam Electricity Co.
Ltd. located the power plant and the office around the Wat Ratburana Worawiharn
Temple or Wat Liab because the cost of electricity production was rather high so the
electricity use was only in the city areas. Until the World War II, the power plant was
exploited until it couldn’t continue the enterprise. Therefore, it was the terminated
time of electricity enterprise in Thailand before the World War II.

After the World War II, the government tried to find the way to sort out
the crisis in terms of energy by starting the survey, study, and plan to find other energy
resources to product the electricity futher. Until B.E. 2500, there was the establishment
of Yanhee electricity authority to be responsible to pay for the electricity to other
provinces. Most of the power plant at the first stage is usually the small power plant of
small disel and the electricity manufacturing machine would be run only at the night
time. Therefore, the government established several orginizations to be responsible for
the electrical energy.

The Electricity Generating Authority of Thailand Act (EGAT) determined
the Electricity Generating Authority of Thailand considered to be the only one state
enterprise responsible for manufacturing and delivering the electricity current within
the country as well as being ready for the development of electrical energy production
and being ready to step to the electricity needs growing fast together with the
economic and social development of Thailand.

For the situation of electricity requiremtn, it can be seen that the direct
relationship and economic situations of the country, namely, there is the changes
according to the economic growth, number of population, quality and electricity cost.
For measuring the economic growth, the electricity requirement is one of the indexes
which can tell that how the economic growth at that time is and if this assumption is
true, it can be confirmed that the economy of Thailand has growe really fast, namely,
in B.E. 2512, it was the first year of establishment of The Electricity Generating

Authority of Thailand to produce the electricity currents. However, the electricity
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requiremtn was only 907,000 kilowatts, in B.E. 2538, on March 30 th, 1995, the
electricity requirement was up to 11,639.9 million watts and it still had higher
tendency. The Electricity Generating Authority of Thailand also tried to develop the
resources to produce the electricity to meet the sufficient needs and in time. Moreover,
the additional construction of transmission line to be ble to convey the energy to
various areas in the case of electrical problem which influenced the security and
reliability of electricity use. The areas which used the electricity really highly were
Metropolitan Electricity Authority (Thailand) areas, i.e. Bangkok and suburbs
(Demand-Side Management Office, 1995: 4-5).

2.4.3 Resources and situations of fuel and energy problems
2.4.3.1 Where is electrical energy?

The electricity is originated by several ways, such as

- Natural originate, i.e., lightning, thunderbolt, some kinds of
animals which have their own electricity, such as electric eel, etc.

- Heat energy is changed to be the electrical energy

- The light is changed to be the electrical energy by solar cell

- The chemical interaction can be caused the electricity, such
as battery, dry battery, dried cell.

- For the electricity used according to the household in
nowadays, the electric generator will do the duty to change the energy to become the
electrical energy according the principle of induction of Michael Faraday, namely,
when there is the rolling of coil in the magnetic field, it will cause the electric pressure
in the coil, thus it creates the electric current for us to use as required.

2.4.3.2 The resources of electricity generation in Thailand

The electricity is not the energy resource but only a form of
energy which can work. The electrical energy we use in our daily life was from several
kinds of energy resources to let the electric generator work and causes the electrical
energy, energy resources, i.e.

- Coal; it is originated by plants which accumulated the energy
from sun in the form of biomass dead and collected under the ground. The change of

world surface-layer makes the humus become the coal. The human beings use the coal
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for being the fuel, boiling water to become the steam which has the power to drive the
generator to produce the electricity and deliver through the lines for all households.
26% of the electricity is from the use of Liknite to be the fuel.

- Water power; it is originated by the solar cell which makes
water in the river and ocean vapors to become steam. Then, the steam will be
combined to become clouds and rain falling into the ground and collecting together to
become stream. When the water route is blocked, it can lift the height level of water
and originates a lot of water power to be used for rolling the mill to originate the
electricity production. The 7.4% of electricity is originated by water power.

- Petrolium products; the little plants in the sea collected the
energy in the form of these biomass, sea animals that eat plants. When anmimals and
plants die and they are collected under the sea, the change of world surface-layer for
million years caused the fossils collected to become the pitrolium fuel. When the crude
and natural gas dug and drilled and delivered through refinery to become the fuel and
produced. The electricity current for 66.6% is from using the pitrolium product to be
the fuel.

- Solar Cell: this can change the sunlight energy to be the
electrical energy directly. It is mostly from the half-conductor in a kind of Silicon,
Germanium or other substances which give the phenomena of electricity current
originate from the light. In theory, the solar cell can change the solar cell energy to be
the electrical energy up to 22%.

2.4.3.3 Fuel and energy

To acquire the fuel and energy for electric current generation
to be sufficient for the people’s requirement can be done in 2 aspects, which are

1. Develop the existed or created resources, such as

- Water power; although being the cycle resources, medium
and huge dam construction may be affected seriously towards the environments,
therefore it should be considered carefully. While the small size of water power
electricity project should be supported for people living in the distant localities.

- Garbages of big cities

- The rests from agricultural materials, such as chaff, bagasse

and charcoal
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- Wind energy

- Geothermal energy

- Sunlight power

2. Buy the fuel and energy from foreign countries, such as

- Buy the electrical energy from neighbor countries by linking
the electric wire and cable, such as Lao, Malaysia, and Myanma, etc.

- Coal from Australia, Indonesia, China and other countries

- Natural gas (fluid); its price may be more expensive in the
future but it may be imported by several countries, such as Gatar, Oman, Australia,
Brunai, and Malaysia.

- Petrol; the price is not certain and the price in the future may
be more expensive.

- Nuclear energy for Thailand still has no decision making
seriously.

- Moreover, it should push the development of basin among
the rivers, i.e., Khong river, Salawin river, Saimei river, Kra canal, Nam Mei, and
Mae-Kok, etc.

For the development of procution resources, delivery and
distribution system; the The Electricity Generating Authority of Thailand,
Metropolitan Electricity Authority (Thailand) and Regional Electric Power Plant
already made the long plan. However, such the plan usually has to be adjusted to be in
accordance witht the situations always especially the conditions of social and
environmental problems which make the electricity development run difficultly
because almost all kinds of electric generation resources will affect the environments
like lignite, dam, and reservoir which has to use the widespread areas which will be
the forests area, residence, land. Perhaps, it causes the problem of water and climate
quality, such as Mae-Moh, etc. However, the survery of Thai evergy resources still
continue. If it cannot be surveyed, it still has to buy the fuel and energy from the
foreign countries in order to get the sufficient energy to produce the electricity current

to be sufficient to the country needs further.
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2.4.3.4 Problem situations on fuel and energy resources

The requirement of electricity use of the country is increasing.
However, several projects of dam and power plant construction are restrained. The
limitation of electricity current generation is the energy resources used is the primary
energy of generation. Most of them involve with the environments which casue a lot of
problems from power plant construction. There are 2 main causes included as follows:

(1) Protest from local people

When considering the energy in our country, there are few
alternatives. The primary energy which is appropriate and gives electricity and other
benefits include water power plant. However, for our country, the appropriate water
power resources are limited and the construction affects the environments rather
highly although there are efforts to improve the environments to be appropriate,
however there is the protest currents continuously.

Lignite is another primary energy which the The Electricity
Generating Authority of Thailand developed for producing the electric current but it
causes the pollution sometimes which causes the problems to some people in some
areas and this causes the protest through various kinds of media.

(2) Protest from general people

- Power plant of newclear energy

Although the needs of electricity use are a lot, general people
still has the opinion not to build the nuclear power plant with several reasons as the
following:

- The use has to be careful and keep the regulations strictly.

- The image which people feel towards the nuclear power plant
after the case of chernobyl was not rather good, namely, the result of electricitu
explosion, it caused people dead more than 300 persons. Moreover, it was predicted
that for more than 70 years, there would have around 5,000 - 150,000 people suffering
from cancer disease and have to die before the appropriate time caused by the
radioactive element (Green World Foundation, 1994: 82-83).

- The project of financial problems; because it has to use really
high investment around 65,000 million baht/1,000 makkawats (The Electricity
Generating Authority of Thailand, 1995: 40)



Taradol Tepareenun Literature Review / 56

Nontheless, there is no clear decision making that it will have
the construction of nuclear power plant because it is not sure about the safety,
however, it has the realization about the need of seeking other energies to substitude
mentioned above. The electricity has given convenience through the humen beings for
along time until it is the crucial thing which cannot be lacked of and it is increased its
use. It can be said that any society has no electricity, that society cannot find the
progress. However, the electricity used today cannot be kept in the container; therefore
it has to have the machine operating to produce the electricity for usage all the time.
Moreover, the power plant is not the electrical energy resource. The real electrical
energy resource is the thing which will change to become the “electrical energy”, such
as water, petrol, natural gas; therefore these coals are extrememly crucial. We have to
find it sufficiently, however, therse are the natural resources which the more we use
the more it will be wasted.

In conclusion, the need of electricity use is increased all the
time which causes the problem of finding the electricity and each power plant which
has to use the time to conduct before construction for several years. The most
important, it causes the wastes of natural resources numerously collected for millions
years. Hence, if people in Thailand mutually cooperate to save the electricity, not only
Thailand will have sufficient electricity to use but also help preserve the natural

resources to be used forever.

2.4.4 Requirement of electrical energy

According to the statistic of increase ratio of Thai citizen around 1.5% per
year, it causes the construction of city or new community as well as residences, i.e.,
developed housing, condominium, flat, townhouse, and numerousely huge size of
industrial factory which needs the electrical energy to be the main. The index indicates
the need of electricity which is increasing in each year is from GDP, namely, it the
electricity is much, so does the GDP and if the electricity is little, so does the GDP.
From the past, the rate of electricity use increase is still more than the rate of GDP
increasing (The Electricity Generating Authority of Thailand, 1995: 28)

For the prediction of electricity requirement in the long terms, it is

conducted by the prediction staff of electricity need which consists of National Energy
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Policy Council, Department of Energy Development and Promotion, Provincial
Electric Authority, Metropolitan Electricity Authority (Thailand), The Electricity
Generating Authority of Thailand and The Thailand Development Research Institute.
There are the experts from Canada to participate with, the prediction is observed by
the economic situations which is predicted in advance for analyzing with other factors
by predicting the needs of electric use 15 years in advance (since 1991) to generate the
electricity current to be able to catch up with various situations. In addition the
prediction will be similar to the real situation a lot which expresses the requirement of
electricity use increasing in each range of the National economic and social

development plan of various issues as the Table 2.2 as follows:

th _qth »
-9

Table 2.2 Prediction of electricity requirement in the development plan of 7 issue
volume | during the year of | requirement of electricity average of
use increasing around percentage per
(Mekkawatt) year
7 2535-2539 1,000 10.2
8 2540-2544 1,200 7.8
9 2545-2549 1,300 6.1

According to the prediction report, it indicates that this would seek for the
electricity to be sufficient. The Electricity Generating Authority of Thailand (EGAT)
planned the construction of electricity generation resources by letting it finish with the
requiremet. However, in the real situation, it has to encounter the problems and
obstacles very much as mentioned above especially in terms of construction of
electricity generation resources, construction of electricity delivery system as well as
addition and extension of electric distributing system which is not be able to conduct
or slowly conduct. If this problem is being inceased and people lack of cooperation of
electricity use econmomically and effectively, it may cause Thailand to encounter the

lack of electricity in the future.
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2.4.5 Ways to solve the problems

The electricity has been used increasing so far. The energy used, one part
was in the form of Primary Energy i.e. natural gas, coal, lignite, firewood, etc. by
using in the industrial fields and households mostly. And other parts are in the form of
secondary energy i.e. gasoline and electricity.

Electricity is considered to be the energy used in every field. Therefore,
the electricity generation is considered to be crucial. However, because of the
generation process is complex and takes time as well as the limitation. Hence, it’s
necessary to determine various measures to preserve the energy including the electricity
energy preservation as well. The conduction is done as follows:

Because the fuel used for the generation or production and the productivity
of energy in Thailand is really concerned. Moreover, it is the close issue which affects
the living from the level of family to country. If we still ignore and has no idea to
campaign and cooperate concreately, in the future we have to encountrer with the
crisis certainly.

To let everyone cooperate to one another to save the electricity used
increasingly and sustainly, the most effectiveness is to give education and knowledge
as well as the fundamental information in terms of electrical energy saving. This
likely is the direct duty of the knowledgeable scholars to give knowledges and correct
ways in using the electric equipment which is considered to be the basis of electrical
energy saving through involved people and general people. Therefore, to find the way
of creating the consciousness to the society for supporting the change of behaviors for
using electricity savely more and more, this is the recommendations as follows:
(Yodyiam Teptaranont, 1996: 63-66).

1. The building and household should respond the electrical energy
saving. The building design for construction, materials used, direction of building, all
indicates how the electricity is used more or less or whether it used excessively. The
building and household can be the part to save the electrical energy saving easily and
can be done immediately as follows:

- The design of building; it should give shadow for building; it means that
it should have the weatherboard or have the roof which protrudes out of the house.

This is about trying not to let the sunlight be in the building or the wall directly
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because the wall will keep the heat and then the air-conditioner will have to be use
excessively.

- The construction of well or pond; it should be located appropriately;
otherwise it becomes the huge mirror which reflects both sunlight and heat through the
building.

- The growing plants; this gives the shadows to the building and helps
save the use of air-conditioner.

- Kitchenware; it should be selected by only the equipment which helps

save the electricity, especially the primary equipment which we use regularly as

follows:

1) Change the ne-on or fluorescence from the fat bulb to the
thin bulb.

2) Change the red bulb to be the white and soft bulb with stick
bulb.

3) Choose the household equipment (refridgerator, air-
conditioner) of number 5.

After that, we should turn off the electricity and various
appliances which we don’t use. If it is inconvenient, we have to waste money for
installing the equipment which helps setting the time of turning on-turning off
automatically or the timer, etc.

- Wear the heat-resistant insulation; if we have a chance to
construct a new house or maintain and improve the old house, we shouldn’t feel pity to
waste money for installing the heat-resistant insulation to prevent the heat into our
house. The best space for installing the heat-resistence material is around the every
part of the surface of building, roof, and various walls.

2. We should use the savely equipment increasing starting from the
electric equipment used in the household, such as electric bulb, refridgerator,
air-conditioner, etc. Moreover, it should give knowledges in terms of effectiveness of
various uses of equipment clearly as follows: (Demand Side Management Office,

1995: 19-31).
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2.1 The electricity and light; this should be used by the
fluorescence instead of light bulb which has the filament because it gives the light
more around 4-5 times. Moreover, it has longer useful life and it should turn off the
light every time when finish using, always clean the light bulb, for the color of the
wall or ceiling, it should avoid the dark colors.

2.2 Refridgerator; this should be placed appropriately; the best
is far away from the wall not less than 15 cms to let the air conveniently ventilate. The
refridgerator shouldn’t be turned on too often and should melt the ice always. The
most important, the number 5 should be used to save the electricity cost.

2.3 Television; this shouldn’t be plugged in left but should
install the timer swhitch to help turn off the receiver of television automatically. In
addition, it should be turned on at the time of watching only.

2.4 Air-conditioner should be selected to be appropriate to the
room and install at the appropriate place.

- Only the necessary parts should be turned on.

- Only choose the air-conditioner in a type of number 5.

2.5 Tron; each time of ironing, it shouldn be done in a lot of
quantity and continuity. Should set the heat button appropriately and don’t wet the
cloth. Before finishing the ironing, the plug should be turned off for a while.

2.6 Electric stove; before cooking, it should have planned
what to do before-after. It shouldn’t turn on the door of stove door too often and
should turn off the switch before finishing cooking.

2.7 Washing machine; should wash the clothes in the suitable
quantities and should use the washing machine which wastes electricity cost a little.

2.8 Vaccumn cleaner; when finishing the cleaning, the dust
should be left every time because the more the dust has, the more the block and the
gravity will be decreased.

2.9 Hair dryer; it should be used appropriately and should
clean hair until it dries before hair drying.

2.10 Water pump; the pump which is controlled by the
pressure should be careful about the leaking water around the pipe because the

presuure will be reduced and the machine will work automatically.
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In conclusion, the literature review of electrical energy, the researcher brings
the concept thtat electrical energy is regarded as a crucial tool for the economic and social
development of the country. It is used widespread. The most important, the electricity
current generation must be done by using various energies to generate the electricity
current. Currently, the pitrolium product is being used the most (66.6%). This energy is
called the non - renewable energy. Moreover, the construction of electricity generation
causes a lot environmental problems but at the present time, each year the tendency of
electricity requirement is increasing. The good problems solving is that it should have the
equipment which can save the electricity more. Moreover, it should give knowledges in

terms of use effectiveness for using various electric appliances.

2.5 Energy preservation

In the current situation, the energy consumption behaviors are changing.
There are the uses of facilities in daily life increasingly. These causes the increase of
energy use rates every year. This is considered to be the hard burden to the financial
status and investment of the country for providing the energy to be sufficient, in-time
and appropriate. The government realizes this problem so the conduction is carried out
by preserving the energy to be sufficient and in-time. In the the fifth National
Economic and Social Development Plan, there was an issue of National Energy Policy
Council Act B.E. 2535 (1992) which was announced in the the government gazette
and in force on on 3" April in the same year Energy Policy and Planning Office,
2008:19-24).

Porama Satawetin (1980:1) suggested that the energy reservation could be
done by 2 aspects as follows:

1. Technology; try to find new techniques which save or reduce the energy
instead of old techniques.

2. Human and society; they are the energy users, so it has to create the
attitudes and understanding about the lacking of concept in terms of preservation

which is the energy saving without any technological research.
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Wijit Kongpool (1981: 131-132) mentioned about the energy saving that
this could be done in several ways; from reducing the working hours of entertaining
places, petrol pump day off for some day, stop using the air-conditioner and electric
equipment if unnecessary, reduce the electricity use in the governmental places and
business organizations as well as doing campaign to persuade people to use life savely in
every level. To save and reduce the requirement in routine life has to be done seriously
and always because it can solve several kinds of problem in a permanent method.

Charauy Boonyubol and others (1986: 21) mentioned about the ways to
save the energy. It can be divided into 4 types as follows:

1. Reduce the waste of unnessary energy;

2. Change to use the process depended on the energy less;

3. Reduce the activities whiehc have to use the unnecessary energy which
means the change of life being.

4. Increase the effectiveness of equipment, system, and process which use
the energy which can be done by the appropriate design.

Jirapol Sintunawa (1991: 92) suggested that the most important to help
reserve the nature is that everyone must have the consciousness to reserve the nature;
everyone must have the consciousness to save the energy. The crucial principle of
energy saving includes as follows:

1. Reduce of use and reduce of waste in every point and every step.

2. Increase the effectiveness of use to have more quantities.

3. Increase the every side of resources by circulation and recycle the
resources, such as paper, metal, and plastic.

4. Plant the trees to absorb the carbondioxide.

5. Avoid the use of products and technology dangerous to the
environment.

6. Publize this thought to people around.

Macweck said that there were 3 basic wyas to effectively reduce the
energy use as follows:

1. Improve the effectiveness by cutting off the unnecessary use in the

households and production or increase the effectiveness of equipment.
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2. Reduce the use by issuing the better regulations or use but less. If
possible, it may be applied by the economic system to be the force.

3. Seek for the better energy substitution. The project of life and nature
recovery (1991: 180) indicated that the energy reservation was not the force of using
energy less but it means using the energy effectively, which meant using the energy in
the same quantity but getting more benefits or getting the equal benefits but using the
energy less. Therefore the energy reservation is about the elimination of using energy
which is not beneficial and valuable for the economy and society as well as using the
limited resources to get the most benefits.

Energy reservation can be considered into 2 ways as follows:

1. Increase the effectiveness of the manufacturers and distributors

The effectiveness of the manufacturer means to use the fuel existed in the
same quantity but to produce the electricity current to be more or to produce the
electrical energy in the same quantity but use the fuel less. Whereas the effectiveness
of distributors means to reduce the loss of electrical energy during the time of sending
the electric current between the delivering the electric current from the manufacturer
to the consumer which means the reduction of loss in the delivery line.

2. Increase the effectiveness of the users

The effectiveness of user means to use the electrical energy limitedly
existed to be the most beneficial, i.e. to reduce the quantity of electricity consumption
in the activities wheich are not beneficial and to use the existing energy to be more
beneficial or to utilize from the electrical energy in the same quantity but to use the
electrical energy less, such as to use the highly effective electric bulb can reduce the
electricity use up to 10% by still giving the equal light. Hence, to energy reservation in
terms of the user means it includes the energy saving and to increase the effectiveness
of energy use.

Paul (1992: 99) said that the energy reservation consists of 4 activities
including:

1. Improve the effectiveness of burning the most and leave the waste from
the burning the least which causes the cost reduction for machine maintenance and
energy saving.

2. The waste processing left from the process to be the highest benefits.
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3. The use of benefits to be the most valuable as much as possible.
4. The leaving of wastes to the environment to be the least as much as

possible.

2.5.1 The Energy Conservation Promotion Act (2"%issue) B.E. 2550

The Energy Conservation Promotion Act B.E. 2550 which has been in
force since 1% June, B.E. 2008 by having the intentijon to support the udiscipline for
energy reservation and let to have the investment for energy reservation in the factory
and building by using the measure to force together with the giving of motivation,
namely, to set the fund for financial support to the persons who desire to increasr the
effectiveness of the energy use and have the punishment for the factory and the
controlled building which ignore and not practice according to the law of the
determined department.

The policy to save and reserve the energy; this would support in the parts
involved with the people directly, i.e., the project of doing the conservation promotion
plan of energy in residence, review and study the status of using the energy in the
residence term, study and collect the information of conservation project of energy in
terms of residence, study and estimate the potentials of energy reservation in the 2
groups, electric equipment and appliances for 5 kinds, such as refridgerator, air-
conditioner, fluorescence bulb, ballads and fan , insulator and constructions materials
for 10 kinds, such as brick, block concrete, tinted glass, fiber, fiber glass, foam as well

as studying the problems and obstacles in preserving the energy in the residence.

2.5.2 The target group of the Energy Conservation Promotion Act
B.E. 2550

The main target group which the Energy Conservation Promotion Act B.E.
2550; this supervises and helps, which included:

1) Industrial industry

2) Business building

3) The manufacturer and distributor of highly effective equipment,

materials which help in the energy saving
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The secondary purpose which the the Energy Conservation Promotion Act
B.E. 2550 supervises and helps, i.e. the residence group and small commercial
building (Energy Policy and Planning Office, Ministry of Energy: 2008 ), thus the
owner of controlled building or factory within the scope according to the the Energy
Conservation Promotion Act B.E. 2550 which is the building or factory which use
either energy for benefiting in terms of energy reservation in the machine or
equipment and support the use of materials use to reserve the energy to let the cabinet
by recommendations of National Energy Policy Council which has the authority to
issue the ministerial regulations as follows:

1. Determine the machine or equipment according to the types, size,
quantity, energy use, rate of energy waste and the effectiveness of energy use to be the
machine or the highly effective e quipemnt.

2. Determine the materials according to the type of quality and standart. It
is the material to be used for reserving the energy. The manufacture and the distributor
of machine or highly effective equipment or the material used for reserving the energy
according to the paragraph 1 has the right to receive the support and help according to
the Clause 40.

2.5.3 Benefits of energy reservation according to the Energy

Conservation Promotion Act B.E. 2550

The law of energy conservation promotion according to the Energy
Conservation Promotion Act B.E. 2550 (Energy Policy and Plannig Office, Ministry
of Energy: 2008), this is the law which helps the nations use the energy more
economically and effectively which gets advantages for every part as follows:

1. The nation has the energy reservation systematically and continuously.

2. There is the follow system of operation according to the policy and plan
which will make the energy saving as overall image more effective.

3. The factory owner and building will get the benefits from money
contribution, money support for the investment and energy reservation conduction or
problem solving about the environments caused by the energy reservation from the

Energy Conservtion Promotion Fund.
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4. The factory and building owner will get benefits in the long term in
terms of reducing the expenses of energy per the products.

5. The manufacturer and distributor of machine or highly effective
equipment or the materials to use for reserving energy will get benefits from the
money support and contributions for investment from the fund to support the energy
reservation.

6. The building owner in general will utilize from the measure of energy

reservation by using the highly effective products of energy in the cheaper price.

In conclusion, according to the literature review of electrical energy
reservation, the researcher brings the concept that currently, there are the facilities in
the daily life increasingly which cause the rate of energy use more and more, so the
energy reservation which can be carried out in terms of technological term is about
trying to find the new techniques which help save the electricity by reducing the
wastes of unnecessary energy. For human and society, it has to create the attitudes and
understanding to accept the ideas about energy reservation in the The Energy
Conservation Promotion Act still has to help the manufacturers and distributors of

highly effective equipment which helps save the energy.

2.6 Energy saving

2.6.1 The definition of energy saving

There are the definitions of energy saving as follows:

1) Energy saving means the reduction of energy use by planning and
managing the energy use to be appropriate in order to get the optimum benefits
without making the process or product activities low. Moreover, this has to be under
the determined condition, such as the quality of products which are not changed
(Boonyong Limchupornwikul, 1987: 124)

2) Energy saving means the reduction of energy use to reduce the
production cost under the determined condition. To try to increase or decrease the
index value of energy which is a part of energy saving is a result of the used overall
energy value and the energy price per unit of products has a low value (Jearanai

Lekuthai, 1993: 101)
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3) Energy saving means the management of some energies to get the
optimum benefits without any disadvantage through other activities (Wichai
Tiampracha, 1993: 114)

In conclusion, the energy saving therefore means the effort of reducing the
quantity value of energy used under the condition fo management of using energy without
any effect through the activity of living by trying to control the equipment use to be the
optimum effectiveness, reduce the energy wastes, increase the useful life of equipment to

be appropriate to the time of use and helps save the energy use of the country.

2.6.2 Electrical energy saving in the system
The electrical energy is really crucial and essential in the daliy life,
therefore the electrical energy saving in all system should be considered by the

elementas as follows:

1) Value reduction of electrical energy

The electrical energy value is the fee calculated from the amount of
electrical energy need in each month. The electrical energy got is from using
equipment, instruments, machine, and others. The electricity authority will ask for the
electrical energy fees in the different reates of each kinds of electrical use. The way to
reduce the electrical energy fee can be done by reducing the electrical energy use.

2) Control of the electrical energy peak demand

The peak demand value of electrical energy is the fee calculated by the
electricity authority from the electrical average peak demand in 15 minutes of that
month (Department of Energy Development and Promotion, Ministry of Science,
Technology and Environment, 1993) without charging the fee from the requirement of
peak electrical energy to the non-profit governmental organizations. However, the
peak demand of electrical energy will be the indicator to measure to kbow about the
effectiveness of using the electrical energy as a whole system. If the the demand value
of electrical energy is peak or ooptimum. It means that the effectiveness of electrical
energy use as a whole system has a low value. Hence, the control of demand value of
electrical energy which can be done by setting the time period of the electrical energy
use to be appropriate averagely. The use of electrical energy in each time period to

have the equal quantity, the average of electrical energy use in each time period to
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have the similar quantity can be considered by the value of load factor. For the load
factor, this is the ratio of average electrical energy used within the time period which
determines towards the peak electrical energy at the same period time (Sakol Prom
wong, 1993: 44).

Load Factor (LF) = (average electrical energy in the time period
determined (kW)/peak electrical energy at the same time period (kW)) x 100%.

The advantage of reduction of requirement value of the peak electrical
energy as follows:

1. Let the effectiveness of using the peak electrical energy as follows or it
has the load factor very high. It can be seen that the higher the load factor value, the
average of electrical fee per units is lower.

2. Reduce the waste of electrical energy in the transformer

3. Reduce the loss in the main line and feed line of electric current to

enable the electric equipment to be installed increasingly.

2.6.3 Electrical energy saving from the electric equipment within
household

Home is the place for residing, preventing from sun and rain and the save
place from nature, human, animal which will disturb or harm us. Nowadays, the
technological advancement and adjustment according to the economic conditions and
society, there is different construction through the households. The house which is
constructed by different size and materials, no matter what will construct the house,
buy the house, rent the house, the kind of office building, the things we should
consider are not only about space, location, transportation, price, and environments
which will help the decision making appropriately. Moreover, it will be one thing
which will be looked over is about the various expenses within the household. Not
only the materials, furniture to decorate the house, it also has the needed electric
appliances, such as electricity bulb, television, iron, fan, refridgerator, etc. In addition,
the electrical appliances which facilitates, such as air-conditioner, washing machine,
water heater, etc. These electrical appliances had to use the energy in all cases which
will cause the monthly expenses. The cost will be more or less depends on correct

using. Therefore, if anyone chooses electrical appliances to be appropriate for the
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exsistence, necessity, and the numbers of members, this will get the benefits from
using the electrical appliances really. In addition, if anyone knows the use methods,
treatment, maintenance of the existed electrical appliances to be good conditions
always and investigate or check each electrical appliances which kind of them use the
energy more of less in order to be use correctly. This can help saving energy and
expenses in household. Furthermore, things which will make the energy save is from
concerning and having ther real intention. This will start from you yourself also the
members in family have to cooperate by as follows:

1. To construct the consciousness and give knowledges in terms of energy
saving to the members of family.

2. To use electric equipment as necessary boith amount and time of usage

3. To use electric equipment highly effective

4. To use the electric equipment which its size is appropriate to the useage

5. To reduce the electric appliances which have high watts

6. To maintain the electric equipment regularly

For the ways of practical to originate the eclectrical energy saving from

using the electrical appliances within the house as follows:

2.6.3.1 Computer

Currently, any organization no matter what the governmental
or private section, there is the application of computer to be used in the organizations
numerously which will cause the condution of organization systematically to be able
to develop the work continuously and systematically. In addition, this will help know
the various news and information conveniently and fast. The computer is therefore
crucial equipment in the office. For this recommened method, it can be used to be the

practical at home as well to reduce the expense of electrical energy.

Recommendations for using and taking care of computer

1. It should place the computer in the area which the weather
can be ventilated comfortably.

2. It should set the Screen Saver system to maintain the quality

of computer screen.
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3. It should be checked that the energy saving system of the
machine has already been installed and let the system work. If not, it should be

managed in order to help save the elecricity.

Recommendations in the energy saving from computer use

1. Don’t turn on the computer but leave it without using.
Moreover, it should be instralled by the system of reducing the electrical current go
into the computer during the time of not working to help reduce the electric saving up
to 35 — 40. If the screen is shut down immediately after it is not used anymore for
more than 15 minutes, it will save the electricity for 60%.

2. Switch off the computer and the result printer when it isn’t
used continuously for 1 hour and should turn off the plug when finish using.

3. If in the office, there are a few people using the computer,
so they should use the computer mutually. This will be more appropriate than letting
all staff have each computer but the use is not worthy.

4. If you use most of the time outside the organization, you
should use the notebook instead because it uses the energy only 1 in 10 of the table
computer. However, it depends on how often you use your computer as well.

5. It should select the computer which has the energy saving
by observing from the Energy Star symbol because this system uses the electric power
less around 55% while wating for its work.

6. It should use the computer system which has the screen not
too big size, such as only 14 inches because it will use the less energy than the big size
screen.

7. For selecting the result printer, it should be considered to
buy the printer in ink jet type or dot matrix type although some printers work slowly
and have a loud noise. Moreover, the printer in ink jet type uses the electricity only 70
— 90 of electricity use of lasor printer, however, to select what kind of printer will be
used, it should consider the necessary of work to be the decision making.

8. To produce any document, if there is the amendment of
documents, it should be amended on the computer screen completely and on the
documents printed from the printer several times in order to save all electricity, paper,

ink and prevent from the deterioration of the result printer very much.
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2.6.3.2 Air-conditioner

Air-conditioner is a kind of really famous appliance. It can be
seen that the various buildings or workplaces or even households have the air-
conditioner to use widespread. At the same time, the air-conditioner is recognized as
the electric appliances which have to use the electricity current the most. It is
estimated that more than 60% of electricity used within the office building is from the
air-conditioner use. With this reason, it is hoped that everyone should concern and use
the air-conditioner which has the most effectiveness and help save the energy and it
should select the air-conditioner to be appropriate to the size of the room. Moreover,
having primary knowledge about the way of energy saving is also important in order

to get the cooperation and practical correctly further.

Recommendations for using and taking care of the air-
conditioner

1. Always clean the air filter not to have the dust. This can
help save the energy around 5%-7% per year.

2. Don’t bring things to block the way of wind to be in and out
of the air extractor set installed outside the building as it will let the machine be not
able to extract the heat fully and the machine has to work hard and waste the
electricity.

3. Don’t install the set of extracting the heat near the wall too
much because the machine will use the electricity more and up to 5-20%. The best
way 1is it should be set far away from the wall around 15 c.m. in order to let the

machine be able to extract the heat very well.

Practical Way of energy for the air-conditioner use

1. It should close the door and windows tightly while turning
on the air-conditioner and it should install the curtain or shade or plant the trees
around the buildings to prevent from the sunlight being through in the room. This can
reduce the work burden of air-conditioner. Planting one big tree can give the coolness
equal to one air-conditioner cooljess or giving the coolness around 12,000 BTU.

2. Avoid bringing the kitchenwares or containers which have the
extremely hot surface, such as electri stove, hot pan, or kettle into the air-conditioning room.

The food should be cooked completely before bringing into the room.
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3. Set and adjust the temperature to be appropriate, for example;
3.1 Around the general workplace and central
space, the temperature set should be 25 degree celcius.
3.2 Around the workplace near the glass window,
the temperature set should be 24 degree celcius.
3.3 In the computer room, the temperature set

should be 22 degree celcius.

For the temperature adjustment, every temperature which is
increased for 1 degree celcius from 25 degree celcius can help save the energy of air-
conditioner for 10%. However, it shouldn’t be over 28 degree celcius because the
temperature level within the room will not be cool although the machine still works
continuously.

4. It shouldn’t plant the trees or dry the clothes in the air-
conditioning room because it will increase the humidity within the room and it will
make the air-conditioner works harder.

5. During the time which the room is not used or before
turning on the air-conditioner around 1-2 hours, it should turn on the door and window
left to let the outside air go through the old air within the room to help reduce and
ventilate various smells without turning on the fan to ventilate because turning on the
air-conditioner together with the fan for ventilation will make the air-conditioner work
hard and use the electricity current more consequently.

6. Turn off the air-conditioner every time which anyone thinks
he/she will not be in the room for more than an hour for general air-conditioner, and
30 minutes for the air-conditioner Nmuber 5 energy saving type.

7. For the building which is installed by theh glass wall, the
glass should be in a type of reflecting the heat radiation instead of general clear glass.
In case of old building and general clear glsss has been used, it should be considered
for fixing the film in a type of reflecting the heat radiation.

8. It should stop smoking in the room which has air-conditioner
because it must turn on the fan for ventilation to ventilate the smoke and smell out of the

room. Therefore, the air-conditioner will work harder and use more energy.
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9. It should select to buy the air-conditioner which has the
popular brand name becaue it is the reliable machine and should buy the machine
which has been approved by the energyNumber 5 use which indicates that it has high
effectiveness and save the electrical energy. The approved label is attached at the

machine which can be seen clearly.

2.6.3.3 Electric blub

Electric bulb is the electric equipment which gives light. At the
present time, the electric bulb is really necessary through the existence of human
being. The electric bulb used in nowadays has various kinds. Each electric bulb gives
the light value differently. Therefore, the selection is crucial and it should consider
several elements mutually before using. Not only considering to use the highly
effective electric bulb (electric bulb which gives much light quantity but the watt is
low), the useful life is long, the color of light from the electric bult must be appropriate
with the usage attributes, etc. Moreover, it should consider the energy saving and
expenses which will happened as well. Some usage has to use the electric bulb without
the energy, therefore, to use the electric bulb, it should consider the appropriateness

and purposes of usage further.

Recommendations of usage and treat the electric bulb to
save the energy

1. Should maintain the electric equipment always and
continuously by cleaning the lid of electric lamp and the reflecting sheet the lamp to
make the light equipment clean and bright effectively every 3-6 months.

2. Should select the electric bulb which has the durable and
strong structure approved by the approval symbol of industrial standard quality, Thai
Industrial Standards Institute (TISI) to extend the useful life of the electric bulb to be
longer and more effective. In addition, it should select the electric bulb which has the
lebel expressed the effectiveness by selecting the highly effective generation and has
the lebel of number 5 which is energy saving.

3. Should select the table lamp around the place which the
special light is needed, such as for reading, sawing, etc. This helps save the electricity

better than using the light for a whole space of the room.
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4. Don’t turn on the light when no one in the room. Should
turn off the light every time when it isn’t used because turning off the switch during
the lunch time for 1-1.5 hours, the electric bulb can reduce the energy use and
collected heat very much. Moreover, it helps extend the useful life of light equipment
as well.

5. Reduce the number of electric bulb around the place which
has the light from nature, such as kitchen, corridor, window edge, etc.

6. For the place necessary to turn on the light all day and all
night both in and out of the building or even the place which the heavey light is not
needed, therefore the low watt of electrical bulb should be used in order to save the
electricity.

7. The electrical switch should be used separately to turn on
and off only the place needed instead of using the huge switch to control the turning
on-off of the elcectrical bulb because it will waste the electrical energy due to not
being able to turn off only which is unnecessary but having to turn on-off all with the
one huge switch.

8. If the lighting system of some places has the light higher
than it’s necessary, the electrical bulb in some places should be taken off both ballads
and starters (in the case of fluorescence is used).

9. Always observe the change of work of the electrical bulb,
such as color and light of the electrical bulb whether it is bright as the same or not. If
the electrical bulb is twinkling, it should be changed immediately because the
electrical bulb which is twinkling uses the higher energy than the normal bulb.

10. Avoid using the dark colors for the wall and ceiling as the
light color will help reflect the light and give more light which can reduce the amoung
of using the electrical bulb.

11. When the new electrical bulb is needed, the electricity bulb
should be replaced, such as thin bulb or fluorescence compact bulb used instead of
incandescent light bulb. This will save the energy more than the bulb for 4-5 times and

have the useful lifelonger than the incandescent light bulb up to 8 times.
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2.6.3.4 Heat kettle and electric kettle

Heat kettle and electric kettle Is a electric appliances used for
boiling the water. It is considered as the electric appliances which uses the high
electrical energy. In general, the electric power used is between 500-1300 watts,
therefore if you want to buy the heat kettle or electric kettle, you should choose the
generation which has the effective insulator to prevent the heat. Moreover, the
treatment and work method also important. If it is used correctly, it can be extended

the useful life as well as being able to save the electrical energy.

Recommendations of vacuum bottle and electric kettle
treatment

1. Always take care of the electrical line and plug joint which
is usually always damageds.

2. The water used for boilig should be clean because if the
water isn’t clean, the internal surface of the kettle will change the color and causes the
rust and dregs.

3. Always clean the kettle inside and don’t let it have the dregs
which will become the resistance for conveying the heat from the heat coil through the
water, therefore the time to boil water is longer and waste both energy and expenses.

4. If it’s unnecessary to use the vacuum bottle or electric
kettle, it should pour the water left and clean until the kettle dry before keeping it.

5. The cleansing of kettle can be done by:

Body and Kkettle lid; use the cloth to clean with a little water

carefully.

The internal kettle; use the sponge or soft cloth to clean
thoroughly by water, pour the water left completely, don’t pour water through other
parts of the kettle except the internal kettle. And don’t use the sharp things or
scottbright to scratch or rub the internal kettle because it will make the enameled

substances.
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Recommendations of vacuum bottle and electric kettle use
for energy saving

1. It should put the water to have appropriate quantity for
boiling appropriate for using, don’t put water too much or too less from the
determined quantity as not only it will not help the energy, but also cause damage to
the kettle or boiling kettle.

2. Don’t plug in for boiling water for a long time before the
time of real use.

3. It shouldn’t boil water around the area which has
air-conditioning because it increases the moisture and heat which will make the
air-conditioner work hard and waste the electrical energy.

4. Tt shouldn’t bring the cool water to boil because it wastes
the electrical energy.

5. It should plug off when finish using the hot water to reduce
the energy waste and shouldn’t plug in if the water is not needed. However, if
necessary to use the hot water consistently, such as, in some offices which have to use
the hot water for preparing drink to the quests, so it shouldn’t plug off frequently
because every time the plug is pulled out, the temperature of water will gradually
reduced and cannot keep the heat for so long. When plug in again, the machine will

start boiling the water which will waste more.

2.6.3.5 Television

Television takes the role in the daily life both within the
household and office building because it gives all entertainment, knowledge, and news
and information quickly and can catch up with the events. The television famous in
nowadays has both color and white-color which will have a lot of sizes from small to
big size. In the present time, the manufacturer developed the systems and forms of
television to be modern to respond the users’ need all the time. This can be seen that
there are all common, remote control, flat and curve screen, etc.

For buying the television, the user should consider the
appropriateness of size, electric power use, such as television with big size uses more
electrical energy than a small size or even the same size television, the television with

remote control will use more electrical energy than the television of common system
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because there is the additional circuit, therefore, in using the television, not only
considering about the aspects and components of various systems, it should consider
about the wastes of using the electrical energy which will cause the various expenses

consequently.

Recommendations for using the television to save the
electrical energy

1. Shouldn’t turn on the television left when there is no one
watching it.

2. Don’t plug in since the television in terms of having the
remote control, the machine will be able to support the picture or image immediately
when pressing the turning on button. If the plug is still turned on, it will make the
electrical energy work all the time although the machine is not used. Therefore, it
should switch off every time when no one is watching and should turn off the plug
every time after turning off the switch to save the electrical energy and externd the
useful life of television as well.

3. It shouldn’t adjust the screen to be brighter since it will
reduce the useful life of the cathode ray tube and waste the energy.

4. Shouldn’t turn on several televisions at the same time to
watch the same program.

5. Shouldn’t turn on the television left in advance just to wait
for the favorite program but should turn on when ther real time of that program comes.

6. Shouldn’t turn on the television by extending the line
through video because it wastes the electrical energy for the video unneccessarily.

7. It should select the television which has the automatic
time-off because it will save the electrical energy use for anyone who likes sleeping in

front of the television screen or forgetting to turn off the television.

2.6.3.6 Refridgerator

Refridgerator is an electric appliance which is necessary in the
daily life of each family. The benefits are used for keeping the fresh food, ice
manufacturing or keeping the food which its frozen is needed. The need of

refridgerator tends to be increased continuously. Currently there is the development in
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terms of work system, size, and various shapes to make convenience for the users,
such as door, close-open, both one door and 2 doors up. Hence, for choosing the
refridgerator, each family should consider the appropriateness of use benefits in terms
of size or quantity of things which will be frozen or needed temperature to kep or
reserve the food, etc. Moreover, how to use the refrigerator is also important to help
for the electrical energy saving and possible expenses. This is because the
refridgerator is the electric appliance which uses the energy a lot and continuously
through all useful life. This causes the wastes of energy. With this cause, the
organizations both governmental and private get interested in and campaigns to use the
refridgerator which saves the energy. This can be seen from using the lebel of saving
electricity number 5 which indicates the value level of effectiveness attached at the
front of the refridgerator to express the details to get refridgerator known that how
many electrical energy that machine uses per year and how much it costs each year.
The number expressing the value of effectiveness level of refridgerator can be divided
into 5 levels as follows:

Number 1: the cooling ability of the refridgerator is lowly

effective.

Number 2: the coolig ability of the refridgerator is fairly
effective.

Number 3: the coolig ability of the refridgerator is moderately
effective.

Number 4: the coolig ability of the refridgerator is well
effective.

Number 5: the coolig ability of the refridgerator is very well
effective.

The higher number of effictiveness, it indicates that the
refridgerator is able to be cool much but use the electricity only a little when compared
with other refridgerators in the same capacity.

Not only choosing the refridgerator which saves the energy,
but also treating and maintaining the refridgerator in a correct way which can save the

electricity expense as well as extending the useful life to be longer.
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Recommendations of refridgerator for energy saving

1. Buy the refridgerator which has the ice melting system by
the automatic button of ice melting or No Frost because this uses less energy.

2. Buy the one-door refridgerator instead of several doors
because several refridgerators use huge compressure which has to use lots of
electrictity.

3. Buy the refridgerator which has the thick insulator around
to prevent from the cooling loss and it should be the insulator to prevent from the heat
in an injection foam kind because it would help the food easy to be cool and wastes
the electricity less.

4. Buy the light color refridgerator because it helps better light
reflection within the room which the refridgerator is installed. This helps reduce the
work of compressor which has to work hard from the heat within the room.

5. Buy the durable and strong refridgerator which get the
standard quality mark of industrial products standard.

6. Use the refridgerator number 5 can save the electrical energy

up to 20%.

Methods of refridgerator treatment for energy saving

1. The installment of refridgerator; it should be located far
away from the back wall and side wall for not less than 15 centimeters and far away
from the ceiling for not less than 30 centimeters to let the equipment release the heat
of refridgerator very well and it shouldn’t let the refridgerator be touched with the sun
light or near the stove or any cooking equipment because it will let the refridgerator
release the heat not very well and it wastes the electricity.

2. Set the switch of temperature control to be cooler and more
electricity waste. It should be set at the cooling level at number 3 because the
appropriate temperature and the reservation of food value in the refridgerator should
be at the level of 4-6 degree celcius whereas the freezer should have the temperature
between -15-18 degree celcius. If the temperature level is apart from this
determination, itn should be adjusted at the new temperature because if the
temperature of refridgerator is set cooler than it is determined for one degree celcius,

the electricity use will be increased up to 25%.
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3. Don’t bring things which heat is remained or still warm into
the refridgerator but wait until it is cool first because the refridgerator has to start
accumulating the cooling again. Moreover, it will let the room get hotter because the
compressor will work harder in order to release the heat out through the ventilation
sheet installed at the back of the refridgerator.

4. Needed things or food used very oftern should be kept in
the area at hand within the refridgerator in order to get convenience for picking up
things. In addition, the refridgerator shouldn’t be turned off- on too much often or
turned on for a long time since the compressor will work harder in order to keep the
internal temperature of the refridgerator set to be equal like the previous time.

5. Shouldn’t freeze things in the refridegerator too much
because it will cause the circulation of weather within the refridgerator is not rather
well which some parts are not cool which affect the compressor work longly and it
wasts the electric power.

6. Always melt the ice and don’t let the ice stick at the ice
chnnel too much by pressing the button or pull the plug out until the ice is melt
absolutely.

7. Is should investigate the door rubber edge of the
refridgerator by stapping the paper between the the rubber edge then shut the door. If
the paper can be moved up and down, it is shown that the rubber edge is deteriorated
and should be replaced as it will make the compressor works harder and wastes the
electricity.

8. In case of the brownout, it should unplug the refridgerator
temporarily.

9. Don’t use the hard things or sharp things to pry the ice as it
may cause the cooling pad damaged.

10. In case of the refrigerator will not be used for several days,
it should be unplugged the refridgerator first and then clean it and open its door to

prevent it from the bad smell.

2.6.3.7 Fan
Fan is the electric appliance which gives the cooling by the

wind. It is famous in almost households because the price is cheap. The fan used in
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nowadays has 3 types, namely, table fan, floor fan and wall fan. To buy the fan, it
should consider its operation to compare the competency of the fan in each generation
as well as studying the use method to let it be maintained and cared effectively
including have the long useful life which will get advantage through the user in terms

of electric energy saving and expenses within the house.

Recommendations for buying the fan to save the electrical
energy saving

1. To buy the common fan because it will save the electrical
energy more than using the fan with remote control.

2. The table fan is cheaper than the floor fan and uses the
electrical energy lower because it has the motor size and electric power lower than the
floor fan which will give more wind power.

3. Choose the strong and durable fan which is approved by the
industrial products standard.

4. Buy the fan which has the label shown the effectiveness and
choose the highly effective generation.

5. Choose the fan which has the fan blade and electric power
appropriate to the use space and the number of persons in the family, such as, if it is
used for one person or no more than 2 persons, it should use the table fan because of

the wind power is sufficient and save the electricity more than other kinds of fan.

Recommendations for using the fan to save the electrical
energy

1. It should use the speed or strength of the wind appropriate
to the need and place. If the wind is too strong, it has to use the electricity more.

2. It should palce the fan in the area which has comfortable
weather because the fan uses the principle of sucking air from the area around the back
of the fan than release to the front side, such as if the weather around the fan is damp
and wet, the wind got will be hot and damp and wet as well. Moreover, the mortor still

ventilate the heat better and its condition is not too much deteriorated.
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3. If the temperature observed by the body of fan especially
around the motor, if it’s too hot, it should be stop in order to extend the useful life of
the motor.

4. Don’t turn on the fan and leave it while there is no one. If it
is not required, it should be turned off to let the motor to be relaxed and this can help
reduce the deterioration.

5. Don’t plug in and left without anyone especially the fan
with its remote control because it will have the electricity flow always to fee the

electrical equipment.
2.6.3.8 Washing machine

The washing machine is the famous electriciy today because of
its facilities and helps save the workforce and time of housewife in this era. This can
be called the labour saving device of family wihch has limited time. if this electricity
is used in a correct way, it can help save the energy and expenses. The way to save
the energy when using this washing machine and be able to extend its age included the
following:

1) It should soak the clothes before washing with the machine
to let it easy and be able to choose the program of washing which will save the
electricity.

2) The washing machine which has the dryer within itself will
waste the electricity more than the common type. Moreover, it should dry the clothes
with the sunlight or the place with has the wind blowing.

3) The quantity of clothes whichi will be washed should be in
accordance with the rate of the machine, don’t put the clothes too much more or less.

4) It should use the program which uses the hot water for
washing only because it will waste the electricity very much.

5) It should set the program of washing to be appropriate with
the type of clothes always.

6) It should use the size of washing machine to be appropriate

to the work.
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- The machine with the top lid or cover is appropriate for
clothes which has the clothes not too much.

- The machine with has the lid at the front is appropriate for
high quantity of clothes or for washing the blankets.

7) It should set the quantity of water and put the detergent to
be appropriate with the quantity of clothes which will be washed.

2.6.3.9 Electric iron

Electric iron is the electric appliances which are in the type of
giving heat which is beneficial for the clothes in order to let the clothes clean
beautiful. Nowadays, the electric iron is used in almost all of the houses. The electric
iron is considered to be the electric appliances used the electric power highly. For
choosing the electric iron, some may think that if to buy the electric iron with a little
electric power, it will save the electric energy. However, actually it is not like that.
This is because the heat got from the iron which has a little electric power or the heat
not sufficient for the type of clothes will make the clothes ironed is not smooth and use
time to make it smooth for a longer time. This will make it use the electrical energy
more. Therefore, to buy the iron to be appropriate to the usage, it should know about
how to use which will help save the electrical energy and expenses from using the iron

in each family.

Recommendations of using the electric iron for energy
saving

1. It should keep the clothes which are waited for ironing
neatly and try to make the clothes crumpled the least because it will use time more
than the clothes which is crumpled only a little.

2. Before ironing, the kind of clothes should be separated into
thick clothes and thin clothes in order to be convenient for choosing the first and after.
The clothes should be ironed starting from the thin clothes first or clothes which need
the little heat first, and when the iron starts to be hotter, so the clothes which need the

high heat will be ironed after that.
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3. For ironing in each time, it should wait until there are
clothes much enough and it shouldn’t be ironed only one suit because it will waste the
electrical expenses.

4. Watering: this shouldn’t water too much because it will
waste the heat unnecessarily because watering until it is too much wet will use the
time to iron the clothes longer than ever for 2 times of ironing the clothes which are
watering appropriately. The iron has to use the quantity of heat more than ever and it
will waste the electricy more.

5. At the front of the iron: (the heat sheet attached with the
clothes), if there is the dirty stain, use the sponge to clean it because the dirty stain will
be the heat resistance value which has to use the heat more.

6. It should unplug the iron before finishing ironing around
3-4 minutes because the rest heat in the iron can iron the clothes which don’t need the

heat much, such as handkerchief, etc.

2.6.3.10 Rice cooker

Because Thai people have rice for their main menu, therefore
they have had relationship or connection with the rice for a long time. To get rice
which is ready to eat, it has to bring rice to cook to make it ripe. In the past, cooking
rice took time a lot because we had to find coal or firewood to be the fuel for boiling.
Moreover, the container used for cooking rice called rice cooker has been developed
its style continuously until the present time. We can see the electrical rice cooker
which is convenient and fast for cooking until it is popular in every household.
Because of using the rice cooker has to use the electrical energy to help, therefore to
select the appropriateness with the size of family or use requirement is considered to
use the rice cooker effectively and use the energy only necessary and not to let it waste

in order to save the energy and electricity as well.

Recommendations for using the electrical rice cooker for
energy saving

1. To cook rice by the electrical rice cooker is cooking by not
draining off water from the boiled rice, therefore it has to measure the quantity of
water to be appropriate. If there is too much water, it will make the rice wet and the

cooker still cooks until the water will be finished so it wastes the electrical energy.
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2. While cooking rice with the electric rice cooker, it shouldn’t
turn on the lid of rice cooker to see that whether the rice is ripe or not, or to stir rice
not to let it stick with the bottom of the cooker while cooking because it will lose the
heat wastefully and wastes the electrical energy.

3. It shouldn’t cook rice in the air-conditioning room because
the heat from the rice cooker will let the air-condietion work harder and the steam
happened while cooking will condense and become the water drop unnecessarily.

4. Tt should cook the rice to be appropriate to the quantity of
members so that the rice will not be rested too much. For warming, it will make the
rick dry because the water will vapour out. Always stir rice before warming or water it
a little bit, or add the vinegar to help the rice softer as the same time.

5. It should unplug immediately when stop using it.

2.6.3.11 Electric water heater

Electric Water Heater is an electric appliance popular in this
present time because the user mostly gets benefits from bathing with warm water for
eliminating the fat or dirty things from the body better than using the cooling water.
Moreover, it will make more comfortable than bathing with cool water because the
electric water heater is the equipment which has to use the electrical energy. Nornally,
it uses the electrical energy around 900-4,800 watt depending on the size. Thus, the
user should know about the way to save the energy and to reduce the electricity fees
within the household. These are the recommendations about how to use the electric
water heater to save the energy as follows:

1. It should consider the electric water heater to be appropriate
to the main use, such as to use the electric water heater for bathing only, therefore it
should install the equipment only one place.

2. It should use the shower which can save the water up to
25%-T75%.

3. Take care of the equipment and don’t let it leak from the
shower because it wastes water and the electric water heater will work harder which

causes the electrical energy waste.
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4. 1t should choose the electric water heater which has the
bucket to keep within the body of equipment and has the insulator to cover because it
can save the energy for 10%-20%.

5. It should install the electric water heater in a kind of one
equipment per one bathroom because it helps save the electrical energy much more
than one equipment but feed the warm water for several rooms at one time.

6. It shouldn’t turn on the electric water heater all the time
while using soap, showering, or using shampoo because it will waste both water and
electricity.

7. It shouldn’t adjust the level of water speed at the highest but
should adjust at the moderate level.

8. It should turn off the wate valve and switch immediately
when it is finished using. It, it shouldn’t turn on the switch left as it will waste the
electricity.

2.6.3.12 Water pump

The water pump is an instrument which does the duty as
increase the energy to the water of fluid. The energy which does the duty to drive the
pump may be the electric motor, engine wind, human force, or energy from various
resources. However, the popular one is the electric motor to let the water or fluid move
from one place to another place which is higher or in the farther distance. Therefore,
the water pump is a kind of electric equipment necessary for the industry or
households especially in the condominium building, office, various commercial
buildings, or in some places, it needs to pump the water from underground. Therefore,
using water by the water pump correctly will help use the electricity and water

effectively.

Recommendations in using the water pump for energy
saving

1. To turn on the water tap affects the work of water pump.
Therefore, to savethe water and electricity, it should turn on the water tap as
necessary. If it’s necessary to turn on the water several spots at the same time, such as

to use the shower to take a bath together with washing plates and water the plants, it
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will help the pump work all the time. It should turn on the water tap in each spot by
letting water flow moderately to reduce the water pump from hard work.

2. It shouldn’t turn on the water pump when there is no one at
home or when it has not been used for a long time.

3. It should turn off the water tap tightly. Although only one
drop of water, if it has been droped for a long time, it will let the water pump run.

4. Don’t turn on the water tap to the strongest level because it
will let the pump work harder and it will waste the water and electricity.

5. It shouldn’t use the water pump for watering the plants or
yard. It should use the water from washing or avoid the water use by normal tap
without using the water pump.

6. It shouldn’t wash the clothes or containers or fruit directly
from the water tap piece by piece because it will waste both water and electricity.

7. It should take care of the water pump, head of shower and
all equipment not let them leak because the pump will work harder and use more
electricity.

8. It should choose the water pump which has the bucket of
pressure to be composed successfully in set because it will affect the water pressure
reservation from using and help save the energy.

9. It should choose the water pump which uses the highly

effective motor.

2.6.4 Quantity electricity use in the household

The quantity of electricity use in the household is about finding the total
sum of quantity on the electricity use from electric appliances which are used in the
household within an hour. This is equal to the ratio between the the total value of
electricity power from the electric appliance of each type in one hour and the value of

electricity power used in a unit (1,000). This can be calculated by:

The quantity of electricity use in the household by unit per hour = total

value of electricity power from the electric appliance of each type/1,000
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It can be observed that the electricity power is got from the manual of use
or the label attached with the electric appliances written as electric power which has
the units equal to Watt.

This can be calculated the electricity fee by comparing with the rate of
electricity as follows:

5 units (units 1-5) is 0.00 baht

The next 10 units (units 6-15) is equal to 1.3576 baht per unit

The next 10 units (units16-25) is equal to 1.5445 baht per unit

The next 10 units (units 26-35) is equal to 1.7968 baht per unit

The next 65 units (units 36-100) is equal to 2.1800 baht per unit

The next 50 units (units 101-150) is equal to 2.2734 baht per unit

The next 250 units (units 151-400) is equal to 2.7781 baht per unit

More than 400 units (units 401 henceforth) is equal to 2.9780 baht per unit

In conclustion, according to the review of energy saving, the researcher
brought the concepts which try to reduce the quantity value of electricity under the
conditions of energy management without any effects towards the residence activity
and control the various equipment uses highly effective and appropriate to the time
period of use and the time period of use from doing the energy for investigating the
electrical energy from existed electric appliances in the household, and the analysis of

electrical energy quantity used with the time period.

2.7 General Information of microcontroller learning

2.7.1 The learning set of microcontroller

Microcontroller (Faculty of Engineering, Kasetsart University, 2008) is the
IC: Integrated Circuit or the equipment in a type of half-conductor which collects the
various functions within itself by having the structure nearly the computer, which is,
the internal side consists of the units to accept the information and program,
processing units, memory units, result unit. These components are completed in itself
and it has a small size. Also, it can write the program of controlling the operation of

various equipment attached with it which is easy for application which can program
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the work sophisticatedly which can receive the information in the form of digital sign
entering into the processing, then it sends the results of digital information to be

applied as required.

2.7.2 Internal and external construction in the learning set of
microcontroller

Microcontroller within the chip has the memory units, Port in the one chip
which may be called the single chip computer. The microcontroller is a kind of
microprocessor. It is like the CPU or Central Processing Unit used in the computer but
it is developed by separating later to use in the cycle of control work, which is, it is
substituted in usage which had to add the external cycles the same as microprocessor
which combines the necessary cycles, such as memory units and input/output some
parts into the same IC and add some cycles to let them be able to be appropriate to the
control work, such as timer cycle, communication cycle, sequential communicating

circuit, sign transformer circuit, and analog to be digital, etc.

InputPort
Output Port

Relay Drive
DC Motor, Deive

Intetpratets
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-l Stepver Motor Drive
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Figure 2.3 Internal structure of microcontroller
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Figure 2.4 External structure of microcontroller

2.7.3 Usage of learning set of microcontroller

Microcontroller can be applied widespread by being embeded in orther
equipment system to control some work, such as to use in a car, microwave stove,
air-conditioner, automatic washing machine, etc. This is because the microcontroller
had the advantages appropriate to the controlled work in several items, such as;

- IC chip and the system got is a small size;

- The system got is cheaper than the microprocessors chip

- The cycle got is sophisticated only a little and reduce the potential errors
in the cycle.

- The qualification is added for the specific work especially the work
applicable for the usage.

- Help reduce the time period in the system development.

There are many brands, families, and numbers of microcontrollers. Each
number has the internal structure and be able to work differently so it is appropriate to
each case of use. Nowadays, the electronic electric appliances almost every kind, such
as air-conditioner, washing machine, radio, television, car, etc all have the

microcontroller to be the controller for various equipment or various procedures.
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2.7.4 Qualification of microcontroller in each numberof MCS51
(51,52,1051,2051)

Micorcontrollers used widespread in the present time have various
numbers. Each number is different according to the internal qualification of
microcontroller and it will depend on the need of use by the user. The qualifications
according to each number are as follows:

1. Microcontroller of number AT89C51

- This is the chip which has 40 legs size. Its specific characteristics are as
follows:

- There is the memory program in a type of Flash Memory or the type
which can be written and erased quickly. Its size is 4 kilobites which is durable through
the writing and erasing for 1000 times and still maintain the data value for 10 years.

- It works at the clock frequency of 0-24 Mekka Hurtz.

- It prevents the data reading from the memory units of Memory Lock
Program for 3 levels.

- There are the memory units of or Ram withing the chip for 128 bites.

- There are input/output which can be programmed for 32 legs.

- There are 2 setting/counting programs of 16 bites.

- Be able to get the interrupt or sign to interrupt for working in advance from
S resources.

- There is the channel for delivering and receiving sequential data which
can be programmed.

2. Microcontroller of number AT89C52

- It is a chip size of 40 legs. Its various attributes are as follows:

- The are memory unit of Flash Memory program or the type which can be
written and erased quickly in a size of 8 kilobytes and resistance for writing and
erasing for 1000 time and its value can be kept for 10 years.

- It works at the clock frequency of 0-24 Mekkahurtz.

- It prevents the reading from the Program Memory Lock for 3 levels.

- There is the ram within the chip for 256 bytes.

- There are legs of input/output which can be programmed for 32 legs.

- There is the set/time counting for the size of 16 bytes for 3
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- It can accept the Interrupt for working in advance for 8 resources.

3. Microcontroller of number AT89C1051

- It is the chip of 20 legs size, its attributes various aspects as follows:

- It has the memory unit in a type of memory flash in a size of 1 kilobyte.

- It is available at the clock sign between 0-24 MHz.

- It prevents the information reading from the memory program for 2
levels.

- It has the memory of ram within the chip for 64 bytes size.

- It has the leg of input/output which can be programmed for 15 legs.

- It has on setting/counting of time with the size of 16 bytes.

- It can accept the interrupt for 3 resources.

- The output can lead to drive the LED tube directly.

- It has the comparison of analog comparator in the chip.

4. Microcontroller of number AT89C2051

- It is the chip of 20 legs which its attributes for various aspects as follows:

- It has memory units in a type of memoty flash in a size of 2 kilobytes.

- It works at the clock sign between 0-24 MHz.

- It prevents the information reading of program memory units for 2
levels.

- It has the units of ram memory within the chip with the size of 128 bytes.

- It has the legs of input/outout which can be programmed for 15 legs.

- It has 2 setting/counting of time with the size of 16 bytes.

- It accepts the interrupt for 5 resources.

- The output can be driven the LED tube directly.

- It has the analog comparator in the chip.

- It has the channel of serial UART channel for 1 channel.

2.7.5 The equipment to control the electrical energy saving

It is the equipment which the researcher creates from the interview of
electricity use in the residences of community to control the work of electrical
equipment within each house of the community. Each of household in the community

will be the program designer used for controlling the work of electric equipment being
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used in the household. The electrical energy saving equipment is designed from
bringing the various electronic circuits to be applied to the work control of the electric
equipment. According to the previous researches, there is the creation of equipment to
control the electrical energy saving numerously, such as automatic fan to adjust the
speed according to the environmental conditions and technological use of Why Wire!
to control the wireless electric system within the household etc.

2.7.5.1 The internal structure of the control equipment of
electrical energy saving

The control equipment of electrical energy saving is about the
taking the electronic cycle, i.e. learning set of microcontroller, power supply, work
contro cycle of electric equipment and the cycle to detect the movement to control the
work of electric appliances by having the units of memory for collecting the
information in the learning set of microcontroller to be used for controlling the

operation of various cycles. Its structures are as follows:

the circuit to

detect the
movement
v
Powere the circuit to
supply i »  control the work
Microcontroller of electric
equipment

electric equipment used in
the household, such as the
air-conditioner, fan, electric

bulb, and television, etc.

_________________________

Figure 2.5 The internal structure of the control equipment of electrical energy saving
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2.7.5.2 Work structure of control equipment for electrical
energy saving

The equipment to control the electrical energy saving will get
the electrical current to feed the circuit from the power supply. The work of using the
circuit for catching the movement to do the duty of investigating the movement within
the house while there is the users of electric equipment, so it will be the sign delivery
to be process at the learning set of microcontroller and lerning set of microcontroller
will send the electrical use sign to the circutit which controls the work of electrical
equipment to control the work of electrical equipment which is being used.

In case of the sample which using the bedroom consisted of the
air-conditioner, fan, television, and light bulb, these air-conditioner, light bulb, and
television will be opened to work by having the circuit to detect the movemet to check
that there is a person in the room, then it will order the work to the learning set of
microcontroller to send the signal to the work control circuit of the electric equipment
that it cannot turn off the electric equipment. At the same time, if the user goes out for
a long time, therefore, the circuit detecting the movement will do the duty as no one
uses or has a movement in the room, thus the learning set of microcontroller will
process that it is designed to wait for a time as long as the time which the user sets the
program. If the time is over than determined and there is no one in the room, all of the
electric equipment will be closed whereas there is a user goes back into the rom before
the time determined, the electric equipment will work further. In case of the user
sleeps in the room, the circuit detects the movement but reports that there is the user
but no movement in the room, those will order the learning set of microcontroller to
send the sigh to the circuit of work control of the electric equipment to do the duty of
turning off the air-conditioner and television together with turning on the fan instead
to help the air within the room ventilate instead.

In conclusion, for the review of microcontroller, the researcher
brought concept that microcontroller is the equipment which can be used to control the
various electric appliances and be able to program the work from the need of user. The
size is small and compact by collecting the various circuits within the body so that it is
easy for use. The price is not too much expensive. Therefore, it is brought to develop

to be the equipment to control the electric energy saving within the house.
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2.8 Literature review

2.8.1 Domestic Research

Jearanai Lekuthai (1993: 78-84) researched about energy and electric
saving account within Thammasat University, Rangsit Center, it was found that the
university used the electrical energy at the average of 375,671.51 kilowatts-hour per
month (646,060.82 baht). The maximum value of need of electrical energy was at the
average of 1,335.86. In addition, in terms of educational building, it was found that
there was the overall electrical energy use of the educational building in the air-
conditioning system at the average of 29.41, the lighting system at the average of
31.51, and other equipment at the average of 39.08. This also saved the electrical
energy by improving the transformer by combining the some transformer altogether.
With this way, it would save the energy about 20,464.24 kilowatts-hours per year
(33,766 baht per year). In addition, to use energy saving light bulb could save the
energy about 85,624.32 kilowatts-hours per year (141,280.13 baht per year).

Jearanai Masamarn (1986: 80-83) studied the electrical energy saving in
the hospital and equipment to measure the electricity power, it was found that the
sample hospital used the electrical energy in the air-conditioning system at 54.4%,
lighting system at 28.4, and other equipment system at 17.1%. The index of overall
electric power use per area was 39.4 watt per squaremeter and 37.75 kilowatts-hour
per day per bed, for the electrical energy expense, it was 348,110 baht per month and
power factor was equal to 0.65 which its value was low and had to be improved.

Jullada Chaihuadcharearn (1993: 73) studied the factors influenced
towards the behavior of electrical energy saving in households of housewife in the
Bangkok metropolitan areas, the study found that the housewives who had the
different number of members in the households would have the electrical energy
saving behavior differently by statistical significance at 0.05 whereas the professional
housewives who had different levels of education, family incomes per month,
electricity expenses per month, time for living and areas of living, it had no the
behavior of electric saving in the household differently by statistic significance anymore.

Chart Rithirun (1993: 92-96) studied the electrical energy use of Ital Thai
Building a high building with 16 floors, the air-conditioning area was 6,380
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squaremeters. The electrical energy used was 2,063,000 kilowatts hour per year. The
highest electrical energy was at the average of 640 kilowatts. The load factor was 37%
and the electric expense was 3,840,000 baht per year. The way to offer for improving
the effectiveness of energy of air-conditioning system and light system by analysying
from the measured information could reduce the the energy use in the light system by
setting the lamp set and using the energy saving equipment instead of the former
system and replacing the air-conditioner in a type of new center instead of the machine
currently used. This was expected to reduce the energy about 440,000 kilowatts-hours
per year, the amount which could be saved was 890,000 baht per year, approximately.
The investment reward per light improvement would give only 15% per year.

According to the research about electrical energy management of the
office building, hospital, and educational institute, it was found that they mostly used
the electrical energy more than any other types of energy. The quantity of electrical
energy use could be divided according to the table 2.3 (King Mongkut's University of
Technology Thonburi, 1999: 36)

Table 2.3 Quantity of electrical energy use in the building separated according to

various systems

Building Air-conditioning | Electric lighting Other systems
system (%) system (%) (%)
hotel 60-70 15-20 10-25
office 50-60 20-30 10-20
department store 60-65 20-25 10-20
hospital 50-60 20-30 10-30
educational institute 30-45 30-50 5-40

According to the information mentioned above, the consideration of
electrical energy saving therefore focuses on the air-conditioning system and lightning
system to be the main. This can be concluded that the ways of electrical energy saving

of air-conditioning system and lightning system of the previous study were as follows:
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1. Bringing highly effective equipment in the energy saving to be used,
such as changing ballast, light bulb or electric lamp to be the energy saving set or
changing to use the highly effective air-conditioner. Although this method would be
invested more highly and the time of investment cost would be returned may be used a
long time, around 2-5 years, it can save the energy around 30%.

2. The manintenance of any equipment to be effective and the least loss,
such as the maintenance or cleaning of electrical lamp, light bulb, ventilation sheet,
expansion coil or conndensor of air-conditioner, this is such an easy way, low
investment, and short-time fund return. Moreover, it can be done immediately without
the professionals.

3. Equipment or process improvement in order to reduce the electrical
energy use, such as improving the power factor of transformer, or moving the load of
transformer, as well as the ways to manage in the system which has to rely on the
professionals to help in analysis and measurement. This method uses high investment
but can save the energy up to 40%.

Narong Watcharasatian (2000: 79-81) studied the development of the wind
speed adjustment according to the automatic environment, it was found that the design
of fan which could help in electrical energy saving should be designed to be
appropriate to the body during the time of the most comfort in controlling the wind
speed blowing through the body between 27-36.5 degree celcius, and the relative
humidity at 50-80% by using the microcontroller of MCS-51 in controlling the fan
would have the speed adjustment for 6 levels between 0.5 and 3m/s which could save
the electrical energy around 10-30%, approximately.

Tippawan Kwansrisutti (1997: 68-72) studied the level of acception, the
use of equipment for electric saving within the households of people in Bangkok, the
case study of electric saving equipment, the project of people cooperation of energy
saving, The Electricity Generating Authority of Thailand studied factors affecting the
acceptance of using the electric saving equipment in the household and studied the
problems and obstacles, and and recommendation about the acceptance of using the
electric saving equipment in the household of people in Bangkok, The sample group
was the representatives of each household age 18 years old up living in the Bangkok

and the census was in the Bangkok for 400 persons. It was found that the people in
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Bangkok accepted the use of electric sacing equipment in the household in the
moderate level.

Bansiya Sawangjang (2001: 76-78) studied about the integration of
contents on the environmental education entitled of electrical energy and water
resource in the statistic lessons for the 1% year students of The Armed Forces
Academies Preparatory School. The study was found that the integration of contents
on the environments entitled the electrical energy and water resources in the statistic
lessons affected the learning of the 1% year students of The Armed Forces Academies
Preparatory School which were the experimental groupl; the students had the higher
grade of the statistic lessons after getting studied by integration instruction when
compared with the group learned the statistic lessons by normal instruction.

Patamaporn Chorpkijjakarn (2001: 80-83) studied the behaviors and
requirement of the interests to build an energy saving house, it was found that most of
them had the educational level at Bachelor’s degree up, the income of the family was
more than 30,000 baht/month. This is in accordance with the assumption set in this
research. The secondary data collection was carried out by studying the documents of
literature reviews both plan or drawing of energy saving house and the related
information from the Energy Policy and Plannig Office, Bangkok, Thailand. The
interest group of energy saving house mostly was between 31 and 50 years old. The
marital status was married, the number of members in the family was around 4-5
persons. Most of the interests on energy saving house seeking for or having an idea to
build the residence were mostly civil servants and resided in the up-country. The type
of residence was a single house and the occupation status was the owners of the house.

Pawana Watcharasatian (2002:71-72) studied the energy saving in the
office of the personnel in Thammasart University, it was found that the personnel of
Thammasart Universtity had different knowledge about the how to use electrical
energy savely from the Energy Policy and Plannig Office, Bangkok, Thailand. The
behaviors of electrical energy use in the office were different by statistical significance
at the .05 level. This could be explained that the knowledges in this issue of the
personnel in Thammasart University had the relationship with the behaviors of

electrical energy saving.
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Rawiwan Sinehasarn (1998: 100-104) studied the research of satisfaction
and attitudes towards the media exposure of Thai helps Thai and Mutual Enery Saving
Campaign Project for people in Bangkok, it was found that the easy way to save the
energy through various media and information could invoke or make the sampel feel
interested in saving the energy at a high level. The sample tended to save the electrical
energy higher than the oil energy especially the Car Pool Project. The sample group
for 43.2% viewed that it probably was not successful because it caused the
inconvenience for travel. The frequency of media exposure of the campaign from the
newspaper media and brocheur/poster had the relationship with the tendency of
behavior for saving energy while the television media, radio, and magazine had no
relationship with the tends of behavior for the energy saving.

Wannaporn Limprasertkul (2001: 106-108) studied the factors affecting
the acceptance and selection of electric appliances use energy saving within
households of lecturers in the colleges under the Department of Vocational Education,
Saraburi province. According to the analysis result, the sample group was mostly
male, age between 21 and 30 years old, the educational level was bachelor’s degree,
the operation time period was between 1 and 10 years, the number of members in the
family was between 4 and 6 persons, the electric expense at the average was less than
500 baht, the number of electric appliances which was the best energy saving was
fluorescence bulb, there had the information acknowledgement at the moderate level,
the acknowledgement of information in terms of high level of elctric situation had the
knowledge about electric appliances in a high level, the acknowledgement in a
moderate level, and the attitudes in the moderate level.

Wichchuda Mekanuwong (1993: 88-92) studied the tionbehavior of
ownership and electric appliances use of residences in the Metropolitan Electricity
Authority (Thailand) area, it was found that the electric appliances in a kind of electric
rice cooker had the crucial effects influencing to determine the number of hour of
electric rice cooker use, i.e. the number of members in the household and the number
of electric rice cooker in household. For the electric appliances in a kind of fan all
were the crucial factors affecting to determine the numbers of hour and fan use, i.e. the
number of fans in household. The number of members in the household using the

lectric appliances in a kind of air-conditioner had the only crucial factor affecting the
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number of air-conditioner hours use, i.e. the income of households only. The electric
appliances in a kind of washing machine had the crucial factors affecting to determine
the hour numbers of washing machine use, i.e. the numbers of members in the family
to be only factor. The electric appliances in a kind of the electric iron had the crucial
factors affecting to determine the numbers of hours for using iron, i.e. the members of
members in the household only one factor. The electric appliances in a kind of color
television has the crucial factors affecting to determine the number of hours of
television use, i.e. the number of color television in the household, average electrical
energy of color television and the number of members in the household. The electric
appliances in a kind of fluorescence bulb had the crucial factors affecting to determine
the numbers of hours of fluorescence bulb use, i.e. the number of fluorescence bulb in
the household, the number of room in the household and number of members in the
household. When predicted the number of hours of the electric appliances use and the
demand of electrical energy, it was found that in the future (1993-1999) expected that
the number of hours of the electric appliances use rather be stable all years but the
demand of electrical energy tends to be higher in the future especially the demand of
electrical energy of the air-conditioner which tended to be higher every year or around
(49-58%) of all the electrical energy . This was from the result of the number of air-
conditioner was higer every year. Moreover, the air-conditioner was the electric
appliances which had the electrical energy per machine was the most maximum (watt
per machine) when compared with all seven electric appliances. For the second part of
this study, it was about the peak demand of electrical energy found that the household
had the peak demand at 09.00 p.m. and had the electric power value up to 571 kilowatt
or at the average of 0.99 kilowatt per household. This was the result of demand of
electric appliances use from all 7 types especially the electric appliance in a kind of
air-conditioner, fluorescence bulb and color television.

Weera Teerawongsakul (1997: 104-106) studied the knowledge and
behaviorof eletric energy saving in the households of people in the Lampang
Municipality. The sampel group is the people residing in the Lampang Municipality
for 390 persons; it was found that people in the Lampang Municipality had knowledge
and behavior of electrical energy saving at the moderate level in all 3 aspects which

included the method of electric appliances use and its maintenance. The people who
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had different education and career would have different knowledge about the
telectrical energy saving in the houwsehold by statistic significance at .05 level but the
people who had the average income of the household per month and the expense of
electric bill per month and the difference of acknowledgement on news and
information had no different on knowledge about the electrical energy saving in the
household. Whereas the people who had different educational level would have
different behaviors about the electrical energy saving in the household by statistic
significance at .05 and .01 level, respectively. However the people who had the
average income of the household per month, electric bill expense per month, the
different acknowledgement of information had no difference in the behavior about
electrical energy saving in the household and relationship between the knowledge and
behavior of electrical energy saving in the household had the positive relationship by
statistic significance at .01 levels.

Wantanee Wannarat (2000:71-95) studied the creation and experiment of
using the training curriculum on environmental education in terms of energy
preservation and environments in school, case study of Mahidol Wittayanusorn
School, Puttamonton District, Nakhonpathom province by testing this curriculum with
the 36 samples. The study found that the students had nerver got environmental
training at the average of 88.89%, this was ever be 11.11% and wanted to participate
in the training of environmental education in terms of the energy and environment
reservation in school at the high level for 56.48%, the average was 37.04%, and a little
was 6.48%. Moreover, the achievement evaluation used by questionnaire and
evaluation of the training curriculum used by the questionnaire to ask opinions, the
research result found that the created curriculum was effective and appropriate to be
used in the training. After trying out, the result found that the trainees had the
knowledge higher by statistic significance at 0.05 levels. In addition, the average score
after the training of trainees had the higher value than the average score of the persons
who didn’t participate by statistic significance at 0.05 levels as well. Also, the the
trainees were satisfied with the curriculum and training process.

Sirirat Oopatinnaket (2001: 88-91) studied the behavior of electrical
energy saving of Mattayomsuksa 6 students in the Rachasrima Municipality, it was

found that the students had the behavior of electrical energy saving at the moderate
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level. The simple regression analysis found that the attitudes electrical energy saving,
news and information receiving about the electrical energy saving from the individual
media and receiving the news and information about the electrical energy saving from
the media had a positive influence through the behavior of electric energy saving by
statistic significance at .05 level whereas the multi regression analysis found that the
independent variable group affected the dependent variables by statistic significance at
.05 level. All of the 10 independent variables could explain the variance of the
behavior of electrical energy saving for 12.9% and for the multi regression analysis, it
was found that the attitudes about the electrical energy saving could explain the
variance of behavior of electrical energy saving the best for 9.2%, the second was the
receiving about the electrical energy saving from the individual media which could
explain that it was increasd for 2.5% whereas other independent variables didn’t
increased the power to explain the variance of the behavior of electric energy saving
by statistic significance at .05 level.

Somjit Buates (1998: 113-118) studied the behaviors of energy reservation
of the primary students of schools under the Bangkok Primary Education Service Area
Office. The instrument used was questionnarire. The study was found that the students
of primary 2 who had the knowledge of energy and energy reservation much would
have the positive attitudes. Moreover the interaction of knowledges and attitudes
mutually affected through the behaviors of energy reservation on the primary 4
students who had the parents who had the educational level higher than the bachelor’s
degree had the behavior of energy reservation more correctly than the group which
had mothers who had the educational level lower than Bachelor’s degree.

Sukanya Tantiprasoplap (2001: 116-118) studied the construction and tried
out the training curriculum of environmental education about the electrical energy
preservation for the personnel of Ramatibbodee Hospital. The achievement results of
the training by using the knowledge test and curriculum evaluation of training by
using the opinion questionnaire. The research results found that the training
curriculum created was effective and appropriate to apply to the training. And after
trying out, it appeared that the trainees got knowledge of electrical energy preservation

higher than before getting training.
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Supaporn Songpracha (2009: 113-116) researched about the family
ecological model for health promotion of the family in Nakorn Prathom province. The
model used the questionnaire for collecting data. The research result revealed that
when organizing the stage of problems solving on environments in the village, the
members of household mutually participate in the problems solving about the trash in
their households, the member together analyzed the problems, planned and co-operate.
Moreover, they warned to one another. As a result, they developed the correct
knowledge and therefore their trash management was better.

Sutticha Boonyamanee (2000: 87) studied about the establishment and
experiment of reading the supplemental books on the topic of “electrical energy
savings within the house” for students at the levelo of Prathomsuksa 6. The study
result found that the the study achievement after the experiment (after reading the
supplemental books of “energy savings within households™) in the experimental group
and control group, there was the statistically significant difference at 0.05, that was,
the experimental group got more knowledge and higer than the persons in the control
group who didn’t read books.

Sopida Pattanaporn (1997: 131-133) studied about the establishment and
experiment of traning on the environmental education in terms of seashore natural
resources researvation for the secondary level teachers: case study of Ranong
province, the research result found that the mean of trainee teachers after the training
was higher than before training by statistic significance at 0.05 level.

Seree Worapong (2008: 118-120) did the research about the integration of
environmental education for the teachers in basic educational school. The research
studied the environments in school and community and created the integration model
of environmental education for the teachers in the basic educational school. The
results found that most of the schools didn’t integrate the environmental education
with the learning substances, therefore when the teachers created the learning
substances by integrating with the environmental education, it was found that the
model had the high effectiveness and it led the mean of achievement in terms of
environmental education of the teachers and students before and after organizing the
activities of environmental education had the difference at statistical significance at
0.05 level and found that the learning achievement of the students according to the

substance groups were at a higher rate and it was the very good level.
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Uriwan Poolsin (2002: 101-104 ) studied the energy reservation in and out
of the control building, it was found that the office building and educational institutes
used the electrical energy for 269,316 and 602,608 kilowatt-hour per year, the
expense was about 903,970 and 2,056,300 baht per year, approximately. The
proportion of using the main energy was at the air-conditioner system (69% and 55%),
light system (14% and 15%) of the electrical energy use, respiectively. According to
the evaluation of building energy saving potentials, it revealed that the measuere of
energy saving which was appropriate to both buildings included the control of
maximum electric power requirement, improvement of air-conditioner maintenance,
the use of highly effective lighting equipment, such as using the fluorescence compact
bulb, highly effective reflecting lamp, ballard which has the low loss, the building
frame improvement, etc. Both of the buildings were effective in the energy saving for

13.9% and 27.03% of all the electrical energy used.

2.8.2 International research

Afgan, N.H., et.al., (1998: 235-286) studied about the development of
sustainable energy, it was found that there had to survey and find the available data
proposed until it helped the development of sustainable energy successful. This had to
be understood about the meaning of sustainability and any sustainability presented in
this world. Moreover, it’s necessary to have the engineering method of sustainable
development focusing on the potential revise in the engineering development which
would be the ways to the sustainable development. There were main 7 parts related
which were the problems through the development, i.e. energy resources and
development, potential measurement of technologies on wether treatment effectiveness,
information technology, new and substitute energy resources, effectovemess of
environment and reduction of newclear energy use for environmental preservation.
However, the key factor found was the educational factor which was the keybone
which would lead to the economic development, no matter what the distance learning
system which was the crucial part of the technology of new energies.

Adnan Midilli, et.al., (2006: 3623-3633) studied the strategies of clean
energy for sustainable development, it was found that the problem solving of

environment had to calculate the energy use from various documents which would be
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the value indicating the ratio energy use which could see the waste occurred from the
energy use by considering the ratio of effects crucial for the policy establishment of
clean energy as well as using the useful technology to reduce the effects from energy
use and the support from the governmental organizations for the change of energy of
fossil fuel to become the clean energy in the future.

Cook (1996: 972) studied the behaviors of energy reservation on the
families participated in the energy investigation service within the households, it was
found that the knowledgeable families on energy reservation realized the benefits of
energy reservation of the hosts who were the main person for researving the energy.

Duaine (1981: 325-327) studied and compared the use of simulated
situations and the methods of environmental description on energy to develop the
consciousness of energy, attitudes of persons who had the different brain levels. The
objectives of this study were to compare the ways to develop the consciousness of
energy and good attitudes in using the energy cleverly and energy reservation of each
person which had different brain levels. The independent variable was the brain levels
and instructional methods. The instructional method was about the comparison
between instruction by creating the simulated situations and the description methods.
The samples were the voluntary students from Science field. The samples were
divided into 2 groups. The group using the description method had 20 personns
whereas the group using the stimualated situations had 25 persons. The research
results revealed that the simulated situations affected the development of
consciousness more than the description methods. The persons who had better brain
levels would have the consciousness more than the persons who had the less brain
levels. The ways of description and the simulated situations were not affected the
individual consciousness when they had the similar brain levels. However, the
simulated situations and the ways of description affected the consciousness of the
persons if they had different brain levels.

Jebaraj, S and Iniyan, S (2006: 281-311) studied the review of various
energy models, it was found that the quantity of energy requirement was increased
continuously. The model which helped the appropriateness with the substituted energy
included sunlight, wind, bio-energy and energy from water which was the required

energy in India, so it’s necessary to have a plan in decentralization from the central
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parts. To apply the technology of energy reservation, to recycle, and to plan and
collect the energy to be used substitutely when necessary were applied by the
educational model as follows: the plan model, requirement model, and energy
production model, energy prediction model, substituted energy model, and waste
release model.

Ramachandra, T.V., etal., (1997: 563-599) studied the energy use in
industry to be useful in the Karnataka, India and potentials in the energy saving, it was
found that the energy was important for industrial production and it’s not sufficient in
the energy to be appropriate to the extension of population. This affected the energy
crisis, such as the energy fuel was the main factors towards the electrical energy more
than the nuclear fuel and water. This would be the potential problems, therefore the
methods to reserve the energy were created as follows:

e Improved the effectiveness of equipment and changed the equipment
which saved the energy.

e Used the energy to be the most worthwhile.

e Used the substituted energy to be as much as possible.

e Supported to use the bio-energy resources.

e Stop using the resources which were rest only a little.

According to the followment of this method and after having surveyed for
7 years, it was found that in the Kannataka, India, this could save the industrial energy
for 27.27%, approximately or around 1,541 million kilowatts per year.

Stewart (1982: 228-241) studied the relationship between knowledge,
attitude, and house shape and the results of energy use in the residence by dividing the
samples to be 2 groups including the group of effective energy users and the group of
residents who lived in the energy saving residences. The attitudes survey and energy
saving techniques questionnaire were used designed by the researcher and studied by
the electric bill in the summer seaso of each sample household. The research results
found that if people had positive thinking about energy preservation or had knowledge
of energy more, they tended to use the energy more savely than the people who had
negative attitudes about energy preservation or had the energy knowledge less. In
addition, the attitudes of people residing in the effectively saved energy residence
would have the positive attitudes and had more knowledge than the people residing in

the less saved energy residence.
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Toshihiko NaKata (2004: 417-475) studied the construction of economic
and environmental energy model. This was about the alteration of energy use and
could lead to the national energy construction, energy replaced the system and
environmental problem solving. The model construction was viewed by the top to
bottom and the bottom to the top which emphasized the balance, follow, and
application among various models. However, technology was still regarded as the
crucial part of the need of energy use which was the results leading to the energy
production as the users’ needs. These are the conditions of market organism.
Nowadays, movie takes the role for making understanding of alteration on energy
system. However, the movie did not change ideas of decision making on energy use at
all. Therefore, the economic and environment ener use is the good things to lead to the
energy and environment use appropriately.

Zhenjun Ma, et. al., (2009: 1870-1833) studied the research of enegy
saving on building construction in Hongkong. The study was found that the building
construction in Hongkong mostly focused on coolness requirement for the air-
conditioner system more than the past year. This made the result of the increased
energy use up to 40%, hence, it’s necessary to reduce the energy and improve this
issue to the sustainable environments. This method consisted of the policy of energy
saving measurement, policy of energy, energy accounting, and effectiveness
evaluation of design control which would be proposed through the local governmental
section. All of the mentioned above could lead to the energy effectiveness and
researvation for building construction.

For conclusion of the literature review, it can be seen that the energy
preservation can do in several ways, such as the policy determination, training,
technology use for energy saving, energy saving equipment change, materials for
energy saving. This can be seen that now the electrical energy is the crucial factor for
living. Also, the electric equipment used numerously today is based on the air-
conditioner and light system. Hence, the researcher brought the concept which took
the materials to be the technology for energy saving and the knowledges of energy
saving to be studied because the researcher views that the persons who have
knowledges on energy will be able to save the energy more than the persons who have
less knowledge of using technological materials to be the helpers for more making

understanding on the energy saving.
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CHAPTER III
MATERIALS AND METHODS

For the study of electric energy saving model in household through
environmental education process, the purposes of this research were to develop the
electric energy saving model in household through environmental education process,
study the energy saving and behaviors on electric energy saving in household before
and after getting the developed model, and study the relationship between the
knowledges of electric energy saving and the amount of electricity used bills after
getting the developed model. Therefore, this study used the qualitative method to
evaluate the behavior of electric energy use and evaluate knowledges and amount of
electricity used from trying using the electric energy saving model in household

through environmental education process for this research methodology.

3.1 Area selection for the research

The general states of Nong Tam Leung Sub-district municipality, Pantong
District, Chonburi province could be divided into 9 villages, populations were 8,224
persons in total, 3,782 households, 3 primary schools, 1 high school, 1 technological
school, 1 Eastern College of Technology (E-TECH)), 6 temples, 2 shrines, 2 health
care, 54 medium size and 32 huge size industrial factories. Most of the traditional
occupations were agriculturers, fishery, and animal feeding. Until 1989, the Amata
Nakorn Industrial Estate was established and this made the life style of community in
this area change from agriculture to industry. Most of the people sold their lands to the
Amata Nakorn Industrial Estate while the former environments full of rice fields, fruit
garden, sugarcane field, and cassava field became the industrial factories instead.

For the cause of selecting the area by purposive sampling, this was
because the area was involved with the electricity use and the quantity of electric

energy use was very high due to being the industrial community which had a lot of
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factories. Moreover, the households had the elderly and small children living in the
house while most of people went to work, therefore it caused a lot of quantity use on
electric energy which could be seen the break even point quickly. Furthermore, the
compared data about energy use of Ministry of Energy between the households in city
and rural. The households in city used the energy for 16% whereas the households in
rural used the energy for 84% (Department of Development of Alternative Energy,
Ministry of Energy 2009:7). As for the volume of electric energy use in provincial
area was 65% of the total electric energy while metropolitan area used 38% of the total
electric energy and the trend of power use in provincial would increase continuously
as a result of distributing industry to rural area. (Office of Policy and Plan for Energy,
Ministry of Energy: 2008). Hence, the researcher decided to choose the area around
the community of Nong Tam Leung Sub-district municipality in the Amata Nakorn

Industrial Estate, Chonburi province for this research.

3.2 Determination of target population

For this research, the researcher determined the target population as
follows:

Population: The population was the household in the in Amata Nakorn
Industrial Estate, Nong Tam Leung Sub-district municipality, Pantong District,
Chonburi province for 3,782 households. (Nongtamleung Subdistrict Municipality
Office, 2010)

Table 3.1 Population Numbers of Nong Tam Leung Sub-district municipality

Area All populations (household)

Nong Tam Leung Sub-district 3,782

municipality

Total 3,782
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3.3 Sample group selection

For this research, the researcher determined the sample group to be studied
as follows:

Sample group:

1. The sample group used in the data collection about electric energy use
by households of Nong Tam Leung Sub-district municipality in the Amata Nakorn
Industrial Estate, Pantong district, Chonburi province for 351 samples. The interview
was done with the household leaders for 351 persons. These were from the
determination of sample group size by using the instant table of Robert V. Krejcie and
W. Morgan (Raweewan Chinatrakul, 1999: 111) and did a systematic random
sampling. The calculation method was as follows (Sin Panpinij, 2008:121-137).

1.1 The calculation of time for example selection from the

ratio of population and the sample size needed was as follows:

==
n

3,782 ~11
351

When I substituted the interval between population (11)
N  substituted all populations (3782 households)

n substituted the number of sample (351 samples)

1.2 Random sampling; the initial numbers by simple random
sampling got from lot (got No. 11).

1.3 Selection of the next number; by adding the initial number
which could be caught and each interval from census data of Nong Tam Leung
Sub-district municipality (11,22,33,44,....... ,3454,3780)

1.4 Searching the number of households from the data base
which have been ordered already from Nong Tam Leung Sub-district municipality and
the interval calculated to get the sample group according to the determination used in
the study of problem situations in terms of electricity use as overall image of the

households.
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Table 3.2 Number of Sample group in the study of problem situations in terms of

electricity use as overall image of the households

Area All populations Sample group
(household) (sample)
Nong Tam Leung Sub-district municipality 3,782 351
Total 3,782 351

2. The sample group used in the experiment was 114 households of Nong

Tam Leung Sub-district municipality which had the members in each household for 5
persons up, 70 persons in total from all 351 sample groups. The selection was carried
out by purposive sampling. The sample group was divided into 2 groups, 7 households
per group because we produced 7 devices for saving the electric energy. The first
group was the control group, the second group was the experimental group using the
electric energy saving model in household through the environmental education
process and the control equipment of electric energy saving within household. The
sample group had to be passed the consideration of qualifications as follows:

2.1 To be the person who was interested in the electric energy
saving

2.2 To be the house ready for installing the control equipment
of electric energy

2.3 To have the household members for 5 persons up

2.4 To have the electric value quantity used for 450 unit per
month or 1,200 baht because the equipment to control the electric energy saving was
very expensive, so if the quantity of electricity was high, its cost could be worthy

within 2 years.

3.4 Research methodology

The researcher collected the data both in the primary sources and the
secondary sources and brought the data collected from the reality to be analyzed to find

the conclusion by researching. The methodologies used for this research were as follows:
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1) Documentary study
Because this research aimed to develop the electric energy saving model in
household through environmental education process, therefore the researcher studied
the related documents and literatures to collect the knowledge base from the document
to get the secondary data from books, journals, articles, theories and concepts, research
result, and related documents as follows:
1.1) Learning materials
1.2) Equipment to control the electric energy saving
1.3) Energy conservation
1.4) Electric energy saving
1.5) Research related to the energy saving
1.6) Concepts and theories related to the learning
2) Household study
Because this research aimed to study the knowledge level on energy
saving, behavior of electric energy saving in household before and after getting the
developed model. Moreover, it was the part of development on the electric energy
saving model in household through environmental education process. The data studied
were as follows:
2.1) Electric appliance used in the household
2.2) Behaviors of electric use of household

2.3) Amount of electricity bills in each household



Fac. of Grad. Studies, Mahidol Univ.

Data collection

Ed.D. (Environmental Education) / 113

The researcher collected the data from the created instruments between 1%

July, 2010 and 30" April, 2011 as follows:

Table 3.3 Stages of Data Collection

Target group

Before the
development of
electric energy
saving model in

household through
environmental

education process

The development and
experiment to use
electric energy saving
model in household
through environmental

education process

After using the
electric energy
saving model in
household through
environmental

education process

1. Household
of Nong Tam
Leung sub-
destrict
Municipality
(351 persons)

1. Questionnaire on
data of electric use,
behavior of electric
use, and the amount

of electricity bills

2. Experimental
group of Nong
Tam Leung
households

(7 households)

1. Knowledge test on
electric energy

saving

1. Two days training
about electric energy and
electric energy saving

2. Installing the control
equipment of the electric
energy saving designed to
be appropriate to the real
time use as necessary and
then feeding the data into
the micro controller in the
control equipment of
electric energy saving and

using it for 3 months

1. Knowledge test
on electric energy
saving

2. The
questionnaire of
behaviors and
quantity of electric
use after having
installed the control
equipment of the
electric energy
saving already for

3 months
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Table 3.3 Stages of Data Collection (cont.)

Target group

Before the
development of
electric energy
saving model in

household through
environmental

education process

The development and
experiment to use
electric energy saving
model in household
through
environmental

education process

After using the
electric energy
saving model in
household
through
environmental

education process

2. Experimental
group of Nong

3. Evaluation form

of satisfaction on

Tam Leung training project of

households electric energy

(7 households) saving model in

(cont.) household through
environmental
education process

3.Control 1. Knowledge test on 1. Knowledge test

group of Nong | electric energy saving on electric energy

TamLeung saving

households

(7 households)

In order to make it clear and easy to understand, the research methodology

was divided into 4 stages as follows:
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Table 3.4 Time period of research methodology
The researcher collected the data between 1%, July 2010 and 30™, April 2011

Time Period (Month)

Stage
July | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | April

Stage 1 The study of
household data to analyze
the requirement and

electric energy use

Stage 2 The development
of electric energy saving >
model in household

through environmental

education process

Stage 3 To try out the

A
v

electric energy saving
model in household
through environmental

education process

Stage 4 Conclusion,
Analysis, and Discussion

on Research Data

Stage 1: The study of household data to analyze the requirement and
electric energy use

For the study of household data to analyze the requirement and electric
energy use in the Nong Tamleung household municipality, Amata Nakorn Industrial
Estate, Chonburi Province, the researcher study the basic information about electric
energy saving model in household through environmental education process by
collecting all data got from the 351 samples to synthesize the electric energy saving
model in household through environmental education process for the further stage.
The analysis was divided into 2 stages as follows:

Stage 1: The study of basic data from documents, literatures related to the
energy conservation both in and out of the country in order to study the information of

electric energy saving.
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Stage 2: The researcher study the basic data of Nong Tamleung household
municipality, Amata Nakorn Industrial Estate, Chonburi Province by asking the
involved persons including Nong Tamleung household municipality, Pantong District,
Amata Nakorn Industrial Estate, Chonburi Province. The issues included the
knowledges about electric use in the household, behaviors of electric use in the

household and the amount of electricity bills in each household.

Research instrument

1. The questionnaire about data of electric use in 351 households of Nong
Tamleung municipality which included electric equipment in the air-condition system,
light, and all other systems of each home. The time period of using the electric
equipment in the air condition system, light, and other systems. The methodology of
electric energy saving, amount of electricity bills used in the last 3 months since July -
September 2011, behaviors of electric use, and all problems towards electric energy
use of each households were carried out as follows:

- To study and collect the data of electric use in the households from the
documents and literatures related to the electric use.

- To create the questionnaire from the studied data

- To propose the created questionnaire to the advisor and co-advisor who
supervised the thesis to check the validity and ask for the improvement of
questionnaire.

- To adjust and improve the questionnaire and then propose the advisor
and co-advisor to take into the consideration again.

- To bring the questionnaire to test the validity by finding the Index of
Consistency (IOC) of the statement whether it could measure the electric use in
household, behaviors of electric use in household, and the amount of electricity bills in
each household according to the purposes required to be measured. The questionnaire
would be investigated by 5 experts according to the score given as follows:

Score + 1 for the statement sure about the purposes required to measure.
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Score 0 for the statement unsure whether it was in accordance with the
purposes required to measure.

Score — 1 for the statement sure that it was not in accordance with the
purposes required to measure.

- To record the consideration results done by the experts in each item and
find the Index of Consistency (IOC) according to the purposes required to measure by
using the formula (Raweewan Chinatrakul, 1999: 141-159)

1oc = =*
N

When [0OC substitutes the Index of Consistency between the item and

the purpose required to measure

2R substitutes the total score of opinions in each item of all
experts
N substitutes the number of experts

- To bring the scores in each item evaluated by the experts to find the
IOC value and compare with the criteria of Index of Consistency or IOC between the
contents used in the research about the behaviors of electric energy use and the
experts’ opinions. According to the results of finding IOC between the contents and
the experts’ opinions of the stage 3 with 38 items, it was found that the IOC was
between 0.67-1.00 with 34 items and the IOC value was between 0.32 and 0.48 for 4
items. Therefore, the researcher improved the questions item as follows:

- To improve the questionnaire according to the suggestions of the experts
which recommended about language use which had better more correct and compact
as well as some sides might be added.

- To bring the questionnaire to try out with 30 other samples who were not
the sample group to analyze for the reliability of the instrument by finding the
Cronbach’s alpha coefficient (Raweewan Chinatrakul. 1999:158)

{ K } N
To = 1—
(K—1 s’

When 14 substitutes the coefficient value of reliability of the

questionnaire
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S?  substitutes the variance of questionnaire
282  substitutes the sum of variance of each questionnaire item

S  substitutes the variance of total scores of the questionnaire

K substitutes the amount of items in the questionnaire

Table 3.5 The analysis result of reliability of questionnaire about the behavior of

electric energy use classified by the equipment

Equipment Reliability

1. Electricity and light 0.77
2. Iron 0.86
3. Fridge 0.87
4. Rice cooker 0.85
5. Television 0.74
6. Radio 0.78
7. Fan 0.88
8. air-condition 0.83
9. Kettle 0.86
10. Computer 0.82
11. Water pump 0.76
12. Water heater 0.78
13. Washing machine 0.85

Total 0.84

- To improve and adjust the questionnaire and do the original.

Stage 2: The development of electric energy saving model in household
through environmental education process

The stages of developing the electric energy saving model in household
through environmental education process

The researcher brought the data results of 315 samples from household of
Nong Tamleung municipality and documents related to the electric energy to develop

to be the electric energy saving model in household through environmental education
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process which included the contents about the electric energy and equipment used for
controlling the electric energy saving before using it in the further step. The
components were included as follows:

1. Knowledge and understanding about the electric energy

2. Electric energy saving

3. Design of equipment to control the electric energy saving
Research instrument

The research instruments of this research included as follows:

1. The equipment to control the electric energy saving which the
researcher developed by the questionnaire asking about the electric use data of
households to control the work of electric equipment within the household. The
household designed and controlled the work of electric equipment used in the
household. The methods of work were as followed:

- To study the general data of the learning set of Microcontroller.

- To survey and analyze the energy use from the electric equipment in the
household.

- To study the data of equipment for controlling the work of electric
equipment.

- To design the equipment of controlling the electric energy saving.

- To bring the equipment of controlling electric energy saving together
with the quality evaluation form, equipment of controlling electric energy saving to
propose to the technological and engineering experts to check the appropriateness.

- To improve and adjust the equipment to be appropriate.

- To bring the equipment of controlling the electric energy to try out
through the households which were not the sample group.

- To improve and adjust to be ready for the application or use.

Stage 3: To try out the electric energy saving model in household
through environmental education process
The researcher tried out the electric energy saving model in household

through environmental education process with the industrial households in the Amata
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Nakorn Industrial Estate, Chonburi province. 7 households or 35 samples were
selected from Nong Tamleung Municipality to know about the knowledges level and
behavior of energy saving both before and after using the model. Moreover, this was
to know about the satisfaction level of the samples who tried out this model. The
procedure was carried out as follows:

3.1 To connect with 14 households selected from Nong
Tamleung municipality, Amata Nakorn Industrial Estate, Chonburi province or
selected from 70 samples. The samples were divided into 2 groups, 7 households per
group. The first group was the control group and the second group was the
experimental group. The experimental group was tried out by the electric energy
saving model in household through environmental education process.

3.2 To connect with the location used for training and giving
knowledge.

3.3 To make an appointment of the date of training and giving
knowledges

3.4 To collect the data of 14 households in the Nong
Tamleung municipality, Amata Nakorn Industrial Estate, Chonburi province or around
70 samples who were both the control and experimental group. The test used was the
achievement test of the electric energy saving of the households in Amata Nakorn
Industrial Estate, Chonburi province before using the electric energy saving model in
household through environmental education process.

3.5 To train and give the knowledges about the electric energy
saving, and the design of the control equipment for electric energy saving to 7
households of the experimental group or around 35 samples for 2 days between 5-6,
October, 2011 at Nong Tamleung municipality within the topic as follows:

- Electric energy

- Problems of electric energy

- Requirement of electric energy use

- Electricity production from various fuels

- Effects from the electric energy use

- Problem solving of electric energy use

- Use quantity of electric energy use within household
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- Electric energy saving

- Techniques of energy saving house

- Appliance energy saving

- Basic calculation of electricity bills

- Control equipment of electric energy saving

3.6 All of the 7 households which were the experimental
group would be designed to control the performance of electric equipment within the
house to be appropriate with the real time as necessary and then fed the data or
program into the micro controller in the control equipment of the electric energy
saving and let it start working.

3.7 After training and giving knowledges, the control
equipment of electric energy saving would be installed to 7 households selected for
being the experimental group.

3.8 To record the quantity of electric use in the last 3 months
of the experimental group between August and October, 2011.

3.9 To collect the data in 14 households which were both
control group and experimental group of Nong Tam Leung municipality in the Amata
Nakorn Industrial Estate, Chonburi province. The test was carried out by the
achievement test at the household level about the knowledges of electric energy saving
after using the electric energy saving model in household through environmental
education process.

3.10 To collect the data of 14 households in the Nong Tam
Leung Sub-district municipality in the Amata Nakorn Industrial Estate, Chonburi
province both control and experimental group by using the satisfaction evaluation
form of the training project on the electric energy saving model in 7 households which
were the experimental group through environmental education process after using the
electric energy saving model in household through environmental education process.

3.11 To collect 14 households data of the experimental group
in the Nong Tam Leung Sub-district municipality in the Amata Nakorn Industrial

Estate, Chonburi provinceu by using the interview form of behaviors on the household

level for electric energy use after using the electric energy saving model in household
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through environmental education process and the control equipment of electric energy
saving for at least 3 months.

3.12 After trying out with the control equipment of electric
energy use for 3 months between November and March, 2011 by recording the
quantity of electric use after installing the control equipment of electric energy use of
the experimental group for 7 households.

This research was carried out by using 2 groups of
experimental form by measuring the results both Pretest and Posttest Control Group
Design. The form was as follows: (Sin Panpinij, 2008: 50-54)

3.13 To analyze the data

Table 3.6 The procedure of trying out the electric energy saving model in household

through environmental education process

The examples Result Experiment by Measurement after
used in the measurement using the the post-test
experiment before the doing | developed model

the pre-test

Control group Measurement test - Measurement test
(7 households)
Experimental Measurement test trying out the Measurement test,
group model interview form,
(7 households) satisfaction evaluation
form

Research instrument

The instruments used for this research included:

1. The test for measuring the knowledges of electric energy saving in 14
households of Nong Tamleung municipality, Amata Nakorn Industrial Estate,
Chonburi province both the experimental and control group. The test was created by

the researcher for giving knowledges about the electric energy before and after using
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the electric energy saving model in household through environmental education
process. The process included as follows:

- To study the contents of knowledge about the electric energy, data to
save the electric energy from various electric equipment

- To create the knowledge measurement form of electric use in the
households

- To bring the test created to propose the advisor and co-advisor to check
the validity and ask for the recommendations for improving the test.

- Adjust and improve the test, then propose the advisor and co-advisor to
take into the consideration again.

- To check the validity of the test by finding the IOC of the statement that
whether it can measure the knowledges about the electric energy, data of electric
energy saving from the various electric equipment, and the purposes of measurement.
The test would be investigated the validity by 3 experts.

Score + 1  for the statement sure about the purposes required to measure.

Score 0 for the statement unsure whether it was in accordance with the
purposes required to measure.

Score — 1 for the statement sure that it was not in accordance with the
purposes required to measure.

- To record the consideration results done by the experts in each item and
find the Index of Consistency (IOC) according to the purposes required to measure by
using the formula (Raweewan Chinatrakul, 1999: 141-159)

2R
I0C = —
N

When [IOC substitutes the Index of Consistency between the item and

the purpose required to measure

2R substitutes the total score of opinions in each item of all
experts
N substitutes the number of experts
- To bring the scores in each item evaluated by the experts to find the IOC
value and compare with the criteria of Index of Consistency or IOC between the

contents used in the research about the behaviors of electric energy use and the
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experts’ opinions. According to the results of finding IOC between the contents and
the experts’ opinions of 30 items, it was found that the IOC value was between 0.58
and 1.00 for 25 items and IOC was between 0.42 and 0.50 for 5 items, the researcher
improved these question items.

- To improve the test according to the experts’ recommendations about the
language adjustment to be more and correct. Moreover, some points might have more
questions.

- To try out the test with the samples who were not the experimental group
for 35 persons to analyze the difficulty and ease value of the instruments by using the
technique of 50% (Pannee Leekijwattana, 2007: 87-94)

_ R, + R,

nH—i- n,

P

When P substitutes the ease and difficulty value

Ry substitutes the high number of items that the samples
answer the questions.

R;  substitutes the low number of items that the samples
answer the question.

My substitutes the high number of samples answering the
question.

T;  substitutes the low number of samples answering the

question correctly.
- To improve the test by selecting the questions which have the ease and
question values at the moderate level.
- To try out the test with 30 samples who were not the experimental group
to analyze the Discrimination Power of the instruments to categorize the persons to be

different two groups by using the technique of 50% (Pannee Leekijwattana, 2007: 87-94)
Ry — R,

Ny

T
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When T substitutes the Discrimination Power

Ry substitutes the high number of items that the samples
answer the questions.

R;  substitutes the low number of items that the samples
answer the question.

My substitutes the high number of samples answering the

question correctly.

- The scores got from the question items of electric energy saving within
the households were qualified for 25 items and were not qualified for 5 items.
Therefore, the researcher improved the question items.

- To improve the test by selecting the moderate to high levels of
Discrimination Power questions

- To try out the test with 30 samples who were not the samples of this
research to analyze the reliability of the instrument by finding the Reliability
Coefficient according to the Kuder-Richardson KR-20 method (Raweewan
Chinatrakul, 1999: 141-159)

KR20 or 7, =& {1—21941}

K -1 S?
By r, or kr,,  substitutes reliability of Kuder-Richardson
K substitutes the question items
P substitutes the proportion of the samples who answer

the question correctly in each item.

(R/N when R is the number of samples who answer the question correctly
in that item and N substitutes the number of the samples who answer the question
....................................................................................................... ).

q substitutes the number of samples who answer wrongly in each

item.

S?  substitutes the variance value of all items

- The scores of reliability got from all of the question items equal to 0.70.
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- To improve and adjust the test and make it to be the original series.

2. The interview of behaviors and quantity of electric use in 7 households
experiment group in the Nong Tam Leung Sub-district municipality in the Amata
Nakorn Industrial Estate, Chonburi province. The researcher interviewed the behaviors
of quantity electric use before and after using the electric energy saving model in
household through environmental education process. The procedures were included as
follows:

- To determine the purposes of interview.

- To analyze the behavior of interview in each item.

- To create the interview from the behavioral indicators.

- To propose the interview created by the researcher to the advisor and co-
advisor in order to investigate the validity and ask from the recommendation for
improving the interview.

- To adjust and improve the interview and then propose to the advisor and
co-advisor in order to take into consideration again.

- To check the interview form to investigate the validity by finding the
IOC of the statement that whether it could be used to interview the behavior of electric
use by letting the interview form investigated by 3 experts.

- To record the consideration result of the experts in each item to find the
IOC of the statements according to the purposes required to measure (Raweewan

Chinatrakul, 1999: 141-159)

2R
I10C = —
N

When 10OC substitutes the Index of Consistency between the item and
the purpose required to measure
2R substitutes the total score of opinions in each item of all
experts

N substitutes the number of experts

- To bring the scores evaluated by the experts to find the IOC value and
then compare them with the criteria of IOC between the contents used in this research

about the electric energy saving with the experts’ opinions. According to the I0C
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value between the contents and experts’ opinions for 14 items, it was found that the
I0C value was between 0.69-1.00 for 12 items and the IOC value was between 0.46-
0.50 for 2 items. The researcher improved the question items as follows:

- To improve the interview form according to the experts’
recommendations which included the adjustment of language which it might be more

nsz#u ad correct as well as some issues which might add the additional questions.

3. The evaluation form of satisfaction in the project of electric energy
saving model in 7 households of experimental group through environmental education.
The researcher created the interview by evaluating the satisfaction after getting
training the developed model by the procedures as follows:

- To study the ways of creating the evaluation form of satisfaction from
the related documents.

- To analyze the contents, select the instruments and determine the criteria
for evaluating the satisfaction of the study by using the skills practice of rhyming
words writing

- To create the evaluation form of satisfaction, characteristics of evaluation

form in terms of Rating Scale. The level of satisfaction value was as follows:

Score level 5 means satisfied the most
Score level 4 means satisfied very much
Score level 3 means satisfied moderately
Score level 2 means satisfied a little
Score level 1 means satisfied the least

Then, Mean would be found and translated the meaning of point average

by using the criteria as follows: (Boonchom Srisaard, 1992).

Average score level 4.50 -5.00 means satisfied the most
Average score level 3.50-4.49 means satisfied very much
Average score level 2.50-3.49 means satisfied moderately
Average score level 1.50-2.49 means satisfied a little
Average score level 1.00-1.49 means satisfied the least

- To bring the evaluation form of satisfaction to check the validity by
finding the ICO that whether it could evaluate the satisfaction according to the

purposes required to measure by letting the evaluation form investigated by 3 experts.
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Score + 1 for the statement sure about the purposes required to measure.

Score 0 for the statement unsure whether it was in accordance with the
purposes required to measure.

Score — 1 for the statement sure that it was not in accordance with the
purposes required to measure.

- To record the consideration result of the experts in each item to find the
IOC of the statements according to the purposes required to measure (Raweewan

Chinatrakul, 1999: 141-159)

2R
I10C = —
N

When IOC substitutes the Index of Consistency between the item and
the purpose required to measure
2R substitutes the total score of opinions in each item of all
experts
N substitutes the number of experts
- To bring the scores evaluated by the experts to find the IOC value and
then compare them with the criteria of IOC between the contents used in this research
about the electric energy saving with the experts’ opinions. According to the I0OC
value between the contents and experts’ opinions for 21 items, it was found that the
IOC value was between 0.62-1.00 for 21 items.
- To improve the evaluation form of satisfaction according to the
recommendation of the experts.
- To publish the evaluation form of satisfaction for further educational

usage.

Stage 4: Conclusion, analysis, and discussion on research data

The researcher brought the data got from the survey and measurement of
the sample group to analyze the data. The research results were as follows:

1. Qualitative Analysis: This is the behavioral evaluation of electric use by
analyzing the contents and collecting data from the interview form of behaviors on the

electric energy at household level in the Nong Tam Leung Sub-district municipality,
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Amata Nakorn Industrial Estate, Chonburi province before and after using the electric
energy saving model in household through environmental education process to know
the changed behaviors from the experimental group which used the electric energy
saving model in household through environmental education process and the control
group that how much or how it was changed (conclusion about quantitative data
analysis that if the sample had more knowledges, whether or how they change their
behaviors of electric energy saving).

2. Quantitative Analysis: This is about the knowledge evaluation by
collecting the data got from the questionnaire on electric use data in household, the
knowledge test about electric energy saving of the Nong Tamleung Sub-district
municipality households, Amata Nakorn Industrial Estate, Chonburi province, and the
evaluation form of satisfaction in the training project on electric energy saving model
in household through environmental education process to explain the data on personal
factor in using the electric energy in nowadays. The researcher was the person who
evaluated both before and after the training and evaluated the satisfaction of the
trainees, processed and analyzed the quantitative data by using the statistical program
for the research or the SPSS for windows. The data analysis was carried out as
follows:

- Range

- Percent

- Mean

- Standard Deviation

- To compare the difference of the Mean of knowledge scores between
before and after the experiment by using the analytical statistics of Paired t-test.

- To analyze the relationship between knowledge of electric energy saving
and the amount of electricity bill after getting the developed model by using the

statistics to analyze the Pearson Correlation Coefficient for data analysis.
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CHAPTER 1V
RESULTS

For this research, the researcher created the model of electrical energy
saving in the household through the process of environmental education. The
researcher developed and tried out the mentioned model with the Nong Tam Leung
Sub-district municipality, Pan Tong District, Chonburi Province. The data analysis
was appeared as follows:

4.1 The study of household data in terms of requirement and use of
electrical energy by categorizing the data analysis results respectively was as follows:

4.1.1 General data of the respondents

4.1.2 General data about electrical energy use in households

4.1.3 Behaviors of electrical energy use and conservation
ways of electrical energy

4.1.4 Receiving news and information as well as knowledge
about conservation of electrical energy

4.2 Development of electrical energy saving model in household through
environmental education process

43 The trial of electrical energy saving model in household through
environmental education process categorized by data analysis results respectively as
follows:

4.3.1 Knowledge in electrical energy saving in households of
Amata Nakorn Industrial Estate, Chonburi Province

4.3.2 Behaviors in the electrical energy use at the household level

4.3.3 Satisfaction of training project on the electrical energy
saving model within households through environmental education process

4.3.4 Quantity of electricity use in the households

4.3.5 Relationship between knowledge in the electrical energy

saving and the amount of electricity costs after using the developed model



Fac. of Grad. Studies, Mahidol Univ. Ed.D. (Environmental Education) / 131

4.1 The study of household data for analyzing the electrical energy

use and requirement

The study of household data for analyzing the electrical energy use and
requirement in households of Nong Tam Leung sub-district municipality, Amata
Nakhon Industrial Estate, Chonburi province. The knowledges emphasized the
electricity use in households, behaviors of electricity use in households, and electricity
costs in households. The data collection was carried out from 351 samples. The

analysis results were as follows:

4.1.1 General data of the respondents

Table 4.1 General data of the respondents classified by the number and percentage

Personal traits Number (persons) Percentage
Gender
male 69 19.7
female 282 80.3
Total 351 100.0
Age
<20 years 9 2.6
21-40 years 77 21.9
41-60 years 216 61.5
> 61 years 49 14.0
Total 351 100.0

Family status

leadership 67 19.1
couple 204 58.1
siblings /descendents 60 17.1
residents 20 5.7

Total 351 100.0
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Table 4.1 General data of the respondents classified by the number and percentage

(cont.)

Personal traits Number (persons) Percentage

Educational level

Primary school 147 41.9
High school 135 38.5
Diploma or vocational 30 8.5
certificate, high vocational

certificate

Bachelor or higher 39 11.1
Total 351 100.0
Career

General employed 164 46.7
Trade or private business 148 42.2
Governmental servants or 19 54
state enterprise

Students 20 5.7
Total 351 100.0

How long have you been
in this village?

11-15 years 48 13.7
16-20 years 28 8.0

> 21 years 275 78.3
Total 351 100.0

Have vou ever
participated in the
training course since the

past 2 years?

No 293 83.5
Yes 58 16.5
Total 351 100.0

Table 4.1 showed the study as follows, it was found that Most of the
sample group was female for 80.3%, age between 41-60 years old for 61.5%. The

marital status was mostly married for 58.1% and the educational level was primary



Fac. of Grad. Studies, Mahidol Univ.

school for 41.9%. most of the sample group had lived in this village for 21 years up
for 78.3% and had never participated in the training course since the past 2 years for

83.5%. The family members residing in the household were about 4 persons per

household, averagely.
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4.1.2 General data about electrical energy use in households

Table 4.2 General data about the electrical energy use in households categorized by

the number and percentage

Number (Units) Number (households) Percentage
Light Bulb
8-15 116 33.0
20-25 176 50.1
30-50 175 16.9
Total 351 100.0
Compact fluorescent
Lamp
0 91 25.9
1 95 27.1
2 105 29.9
3 40 11.4
5 20 5.7
Total 351 100.0
Television
1 20 5.7
2 194 55.3
3 117 333
4 20 5.7
Total 351 100.0
Refrigerator
1 233 66.4
2 100 28.5
3 18 5.1
Total 351 100.0
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Table 4.2 General data about the electrical energy use in households categorized by

the number and percentage (cont.)

Number (Units) Number (households) Percentage
Refrigerator Number 5
0 176 50.1
1 125 35.6
2 50 14.2
Total 351 100.0
Fan
1 56 16.0
2 144 41.1
3 40 11.4
4 71 19.1
5 40 11.4
Total 351 100.0
Fan Number 5
0 8 2.3
1 134 38.2
2 147 41.9
3 23 6.5
4 27 7.7
5 12 34
Total 351 100.0
Air Conditioner
0 134 38.2
1 138 39.3
2 60 17.1
3 14 4.0
4 5 1.4
Total 351 100.0
Air Conditioner Number 5
0 180 51.3
1 116 33.0
2 41 11.7
3 11 3.1
4 3 0.9
Total 351 100.0
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Table 4.2 General data about the electrical energy use in households categorized by

the number and percentage (cont.)

Number (Units) Number (households) Percentage
Computer
1 126 35.9
2 205 58.4
3 20 5.7
Total 351 100.0
Rice Cooker
1 255 72.6
2 96 27.4
Total 351 100.0

Boiling Pot

0 58 16.5
1 273 77.8
2 20 5.7
Total 351 100.0
Iron

1 235 67.0
2 116 33.0
Total 351 100.0
Microwave

0 86 24.5
1 265 75.5
Total 351 100.0

VCD and DVD player

1 104 29.6
2 247 70.4
Total 351 100.0
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Table 4.2 General data about the electrical energy use in households categorized by

the number and percentage (cont.)

Number (Units) Number (households) Percentage
Radio
1 19 54
2 332 94.6
Total 351 100.0
Washing Machine
1 304 86.6
2 47 13.4
Total 351 100.0
Water Heater
0 21 6.0
1 132 37.6
2 198 56.4
Total 351 100.0
Water Pump
1 337 96.0
) 14 4.0
Total 351 100.0
Hair Dryer
1 150 42.7
2 201 57.3
Total 351 100.0

Electric Stove

0 271 77.2
1 80 22.8
Total 351 100.0
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The average of retroactive electricity rate

the number of the average of the average of S.D.
months back in electricity costs electricity costs
2011 (unit/351 households) (unit/households)

September 100,415 286.08 142.28
August 103,330 294.38 143.04
July 99,316 282.95 142.01
total average was 101,020.33 287.80
3 months

Table 4.2 showed the study as follows, it was found that the number of
light bulbs used in each household mostly equal to 16-30 light bulbs for 66.1%,
secondly was 0-15 light bulbs for 33.0%. For compact fluorescent lamp to save the
electricity energy, there were mostly 2 bulbs for 29.9%, secondly was 1 bulb for
27.1%. The number of television used in each household was 2 televisions for 55.3%,
the secondly was 3 televisions for 33.3%, the number of refrigerators of each
household was one for 66.4%, secondly was two for 28.5%, there was no use of
refrigerator of number 5 for electricity saving for 50.1%, secondly was 1 refrigerator
for 35.6%, the number of fans was 2 fans for 41.1%, secondly was 4 fans for 19.1%,
there was the use of fan number 5 for electricity saving for no fans or 80.6%, the
second was 1 fan for 17.7%, the number of air-conditioner use was only one or 39.3%,
secondly, the air-conditioner use of number 5 for electricity saving was no have for
51.3%, secondly was 1 air-conditioners for 33.0%, the number of computers in each
household was 1 computers for 61.5%, secondly was 2 computer for 15.7%, the
number of rice cooker was only one for 72.6%, secondly was 2 rice cookers for
27.4%, the number of boiling pot was only one or 77.8%, secondly was none or
16.5%, there was the number of iron only one or 67%, secondly was 2 irons or 33%,
the number of microwave was only one for 75.5, secondly was none for 24.5%, the
number of VCD and DVD was two for 70.4%, secondly was only one for 29.6%, the
number of radio was two for 94.6%, secondly was only one for 5.4%, the number of

washing machine for one per household for 86.6%, secondly was two for 13.4%, the
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number of water heater was none for 67.8%, secondly was one for 27.5%, the number
of water pump was one for 75.8%, secondly was none for 24.2%, the number of hair
dryer was one for 28.9%, secondly was two for 21.1%, the electric stove was none for
77.2%, secondly was one for 22.8%, and the electricity costs which had a large
quantity was in September 2010 for an amount of 282.95 unit/household, secondly
was in August 2010 for 294.38 unit/household , lastly was in July 2010 for 282.95

unit/household.

4.1.3 Behaviors of electrical energy use and conservation ways of

electrical energy

Table 4.3 Perception of electricity costs saving from the electric appliances in the

households categorized by the number and percentage

Do you know how to save Number (persons) Percentage
the electricity costs from

the appliances in the

household?
Know 139 39.6
Don’t know 212 60.4
Total 351 100.0

Table 4.3 showed the study as follows, it was found that most of the
samples didn’t know how to save the electricity costs from the electricity in
households for 60.4% whereas the sample who knew was 39.6%. The samples who
knew usually turned off the electricity when it was unnecessary only in terms of the
light bulb. For the samples who didn’t know how to save the electricity viewed that
they had normally used the equipment according to the necessary of usage and it likely

saves the energy already.
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Table 4.4 The behaviors of electrical energy use categorized by the number and

percentage

frequency used

Behaviors of electrical energy use regularly  somefimes never
Number Number Number
(o) (o) (o)
Electricity and light
1. turn on the light but it is left without 151 157 43
anyone uses it (43.0) (44.7) (12.3)
2. use the compact fluorescent to save 245 15 91
the electricity (69.8) (4.3) (25.9)
3. turn on the electricity only at the 155 166 30
place is used (44.2) (47.3) (8.5)
4. plug in the electricity equipment and 153 168 30
left (43.6) (47.9) (8.5)
5. check and clean the light bulb 159 29 163
(45.3) (8.3) (46.4)
Iron
6. plug in the iron and left it without 162 157 32
using it (46.2) (44.7) 9.1)
7. iron the clothes for several suits per 156 165 30
time (44.4) (47.0) (8.5)
Refrigerator
8. turn on —off the refrigerator 162 152 37
unnecessarily (46.2) (43.3) (10.5)
9. put things in the refrigerator fully 167 168 16
(47.6) (47.9) (4.6)
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Table 4.4 The behaviors of electrical energy use categorized by the number and

percentage (cont.)

frequency used

regularly sometimes never
Behaviors of electrical energy use
Number Number Number
(o) (%) (%)
Rice cooker
10. turn on the rice cooker lid while it’s 172 145 34
cooking (49.0) (41.3) (9.7)
11. cooking the rice in the air- 46 135 170
conditioning room (13.1) (38.5) (48.4)
12. plugged in the rice cooker 205 32 114
(58.4) 9.1) (32.5)
Television
13. Turn on the television while 168 160 23
sleeping or without watching (47.9) (45.6) (6.6)
14. turn off the television from remote 152 163 36
control (43.3) (46.4) (10.3)
15. set the time off for the television 42 151 158
(12.0) (43.0) (45.0)
Radio
16. turn on the radio without listening 147 156 48
(41.9) (44.4) (13.7)
17. turn off the radio from the remote 151 176 24
control (43.0) (50.1) (6.8)
18. set the time off for the radio 24 152 175

(6.8) (43.3) (49.9)
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Table 4.4 The behaviors of electrical energy use categorized by the number and

percentage (cont.)

frequency used

Behaviors of electrical energy use regularly  somefimes never
Number Number Number
(o) (%) (%)
Fan
19. urn on the fan without using 147 159 45
(41.9) (45.3) (12.8)
20. place the fan at the good atmosphere 136 181 34
areas (38.7) (51.6) 9.7)
Air-conditioner
21. turn on the air-conditioner without 10 185 156
anyone in the room (2.8) (52.7) (44.4)
22. turn on the air-conditioner at the 135 54 162
temperature lower than 25 degree (38.6) (15.4) (46.2)
Celsius
23. left the door open while the air- 0 128 223
conditioner is working (0.0) (36.5) (63.5)
24. turned off the air-conditioner before 15 73 263
the usage will be finished in advance (4.3) (20.8) (74.9)
for 15 minutes
The electric kettle
25. lug in the electric kettle for a long 97 69 185
time (28.3) (19.6) (52.7)
26. put water in the kettle for a lot of 177 111 63
quantities (49.5) (31.6) (17.9)
27. use the cool water for boiling 0 71 280
(0.0) (20.2) (79.8)
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Table 4.4 The behaviors of electrical energy use categorized by the number and

percentage (cont.)

frequency used

Behaviors of electrical energy use regularly  somefimes never
Number Number Number
(*%) %) (%)
Computer
28. turn on the computer without using 12 152 187
(3.4) (43.3) (53.3)
29. set the time of screen use 63 85 203
(18.0) (24.2) (57.8)
30. unplug when it is not used 243 41 67
(79.2) (11.7) (19.1)
The water pump
31.turn on the water pump and leave 185 34 132
water (52.7) (9.7) (37.6)
32. turn off the tap but not tight or made 168 88 95
the water dropped (47.8) (25.1) (27.1)
33. use the shower to take a bath 186 22 143
(53.0) (6.3) (40.7)
The water heater
34. turned on the water heater all the 45 45 261
time while taking a bath (12.9) (12.8) (74.3)
35. set the maximum water pressure to 39 69 243
take a bath (11.2) (19.6) (69.2)
The washing machine
36. soak the clothes before washing with 10 173 168
the washing machine (2.8) (49.3) (47.9)
37. set the program to be appropriate 157 172 22
with the kind of clothes (44.7) (49.0) (6.3)
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When categorizing the behaviors of electrical energy use according to the
electric appliances in each type as shown in the table 4.4, it was found that

1. Electricity and light; it was found that in most of the households, the
light was turned on without using sometimes at the average of 44.7%, used the
compact fluorescent bulb for saving electricity always at the average of 69.8%, turned
on the electricity only required sometimes at the average of 47.3%, plugged in the
electric equipment and left it sometimes at the average of 47.9%, the light bulb was
never checked or cleaned at the average of 46.4%.

2. Iron; it was found that in most of the households the iron was plugged
in and left it without using it regularly at the average of 39%, ironed the clothes for
several suits in one time for sometimes at the average of 47%.

3. Refrigerator; it was found that in most of the households, the
refrigerator was turned on-off more unnecessary regularly at the average of 46.2%, put
things in the refrigerator fully sometimes at the average of 47.9%.

4. Rice cooker; it was found that in the most households, the lid of rice
cooker was not turned on while it was cooking at the average of 87.2 %, never cooked
in the air-conditioning room at the average of 100.0%. it was found that most
households plugged in the rice cooker always and left it at the average of 58.4%,

5. Television; it was found that in the most households, the television was
turned on while the members were sleeping or without watching at the average of
47.9%, turned off the television from remote control sometimes at the average of
46.4%, never set the turning off time for the television at the average of 45%.

6. Radio; it was found that in the most households, the radio was turned
out while there was no one listening to it sometimes at the average of 44.4%, turned
off the radio from remote control sometimes at the average of 50.1%, never set the
time of turning off radio at the average of 49.9%.

7. Fan; it was found that in the most households, the fan was turned on
while no one used it sometimes at the average of 45.3%, opened the fan left in the
good atmosphere areas sometimes at the average of 51.6%.

8. Air-conditioner; it was found that most households turned on the air-
conditioner and left it without anyone in the room sometimes at the average of 52.7%,

never turned on the air-conditioner at the temperature lower than 25 degree celcius at
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the average of 46.2%, never opened the door left the door open while the air-
conditioner was working at the average of 63.5 %, never turned off the air-conditioner
before stop using it for 15 minutes at the average of 74.9 %.

9. Electric kettle; it was found that the most households never plugged in
the electric kettle and left it for a long time at the average of 52.7%, regularly put the
water in the electric kettle for several quantities at the average of 49.5%, never used
the cool water to boil water at the average of 79.8%.

10. Computer; it was found that most households never turned on the
computer without using at the average of 53.3%, never set the time to restore the
screen at the average of 57.8%, unplugged when there was no usage always at the
average of 79.2%.

11. Water pump: it was found that most households regularly turned on
the pump without using at the average of 52.7%, turned off the tap but not tight or the
water was dropped regularly at the average of 47.8%, used the shower regularly to take a
bath at the average of 53.0%.

12. Water heater; most households never turned on the water heater all the
time while having a shower at the average of (74.3) and never set the water pressure at
the maximum level for at the average of 69.2%.

13. In terms of washing machine, it was found that most of the households
sometimes soaked clothes before putting them into the machine for 49.3%, and

sometimes set the program of washing to be appropriate to each type of clothes for 49%.

4.1.4 Receiving news and information as well as knowledge about the

electrical energy preservation

Table 4.5 Receiving news and information as well as knowledge about electrical

energy conservation categorized by the number and percentage

You ever received the news and Number Percentage
information about energy

preservation

ever 131 37.8
never 220 62.7
Total 351 100.0
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Table 4.5 showed the study as follows, it was found that most of the
households had never received the news and information about energy conservation at
the average of 62.7%, ever received the news and information about the energy

conservation at the average of 37.8%

Table 4.6 Receiving the news and information as well as knowledge about the

electrical energy conservation categorized by the number and percentage

Media which were received the news and Number Percentage
information as well as knowledges about

the conservation of energy

Television 76 59.3
Radio 23 17.1
Newspaper 14 11.4
magazine/journal 8 6.8
governmental documents 4 3.1
brochure/leaflet 3 1.4
neighbors 2 0.6
relatives/persons in the family 1 0.3
Total 131 100.0

Table 4.6 showed the study as follows, it was found that most of the
households received the news and information as well as knowledge about the energy
conservation from television at 59.3%, secondly was from the radio at 17.1%, and

from newspaper at 11.4%, respectively.

Table 4.7 Requirement of news and information about the electrical energy

conservation categorized by the number and percentage

Requirement of news and information Number Percentage

about the electrical energy preservation

require 308 87.7
didn’t required 43 12.3

Total 351 100.0
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Table 4.7 showed the study as follows, it was found that most of the
households required the news and information about the electrical energy conservation

for 87.7% and they didn’t require for 12.3%

Table 4.8 News and information about the required electrical energy conservation

categorized by the number and percentage

News and information about the Number Percentage

required electrical conservation

1. General data about the electrical energy 108 8.3
2. Ways of electrical energy conservation 190 17.9
3. Electrical energy audit 162 14.5
4. Effectiveness of electric appliances 152 13.1
5. Benefits from electrical saving 144 12.0
equipment

6.The methods how to use each kind of 186 17.5
electrical equipment

7.Advantages and disadvantages of 116 10.0
electrical energy conservation

8.Roles of people for electrical energy 104 6.3
conservation

Total 1,156 100.0
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Table 4.8 showed the study as follows, it was found that most households
needed the news and information about ways to conserve the electrical energy for
17.9%, secondly, the method of using the electrical equipment in each kind for 17.5%
as well as news and information about the audit of electrical energy for 14.5%,

respectively.

4.2 Development of electrical energy saving model in the household

through the environmental education process

According to the study the basic data from documents, literatures related to
the energy conservation both in and out of the country in order to study the
information of electric energy saving and study the basic data of Nong Tamleung
household municipality, Amata Nakorn Industrial Estate, Chonburi Province by asking
the involved persons including Nong Tamleung household municipality, Pantong
District, Amata Nakorn Industrial Estate, Chonburi Province. The issues included the
knowledges about electric use in the household, behaviors of electric use in the
household and the amount of electricity bills in each household that helped the
researcher to got the people needs. The researcher who got that knowledge developed
Home Electric Energy Saving Model Through Environmental Education Process that
consisted the content of Electric Energy, and equipment to control the electric
energy saving before using this model. The components were included as follows:

1. Knowledge and understanding about the electric energy that is the
knowledge of electric energy, the situation of electric in Thailand, the needs of
electric, and the ways to solve electric problem.

2. Electric energy saving that the researcher developed is to be the
handbook of electric energy saving from electric equipment in household for example :
Light System, Air Conditioner, Refrigerator, Computer, Electric Pot, Television,
Electric Fan, Washing Machine, Iron, Rice Cooker, Water Pump, and etc...

3. Design of equipment to control the electric energy saving that can help
to control Electric Equipment in household to be suitable for using and reducing an

electric energy.
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According to the data analysis above, Home Electric Energy Saving Model

Through Environmental Education Process was analyzed and shown in Figure 4.1

Environmental Study

Electrical equipment
using in the household

Behaviors of electric
energy using

Electric value quantity
within household

g

Environmental Education

Source Method
Perception of electric Training
energy problem :> - Electric
I energy saving
in household
Knowledge of electric ouseho
energy saving :>
I Design
: - Equipment to
Equipment to control control the

the electric energy

electric energy
saving

Receiver

-Knowledge for
Electric energy
saving
-Behaviors for
Electric energy
saving

Figure 4.1 Home Electric Energy Saving Model Through Environmental Education

Process

Table 4.9 The evaluation of control equipment on electrical energy saving of experts

categorized by the number and percentage

Evaluation level

. . the most much moderate a little the least average
Evaluation topic appropriate  appropriate appropriate appropriate appropriate  value
Number Number Number Number Number (level)
*%) %) %) *%) %)
1. Control equipment
model of electrical
energy saving
1.1 There is the 1 4 4.2
consistent (20.0) (80.0) (much)
relationship with
the electric
appliances in the
household
1.2 The style is 1 2 2 3.8
appropriate and (20.0) (40.0) (40.0) (much)

beautiful
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Table 4.9 The evaluation of control equipment on electrical energy saving of experts

categorized by the number and percentage (cont.)

Evaluation level

the most

much

moderate a little the least average
Evaluation topic appropriate appropriate appropriate appropriate appropriate  value
Number Number Number Number Number (level)
%) %) %) *%) %)

1.3 The materials 3 2 4.6
used are (60.0) (40.0) (the most)
appropriate and
durable

1.4 The structure is 3 1 4.4
compact and (60.0) (20.0) (the most)
appropriate for
the usage

1.5 There is the 1 4 1 42
system of use (20.0) (80.0) (20.0) (much)
prevention of
the machine in
case of the error
usage

2. Usage of control
equipment of
electrical energy
saving

2.1 There is the 3 2 3.6
interaction of (60.0) (40.0) (much)

program to be
easy and
convenient for
the user

2.2 The user can 4 1 3.8

control the (80.0) (20.0) (much)

work of
equipment very

well
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Table 4.9 The evaluation of control equipment on electrical energy saving of experts

categorized by the number and percentage (cont.)

Evaluation level

. . the most much moderate a little the least average
Evaluation topic appropriate appropriate appropriate appropriate appropriate value
Number Number Number Number Number (level)
%) %) %) *%) %)

2.3 Easy to install 2 3 34
and (40.0) (60.0) (moderate)
convenient
for the usage

2.4 Flexible and 4 1 3.8
could respond (80.0) (20.0) (much)
the interpersonal
difference

2.5 There is the 3 2 3.6
safety for the (60.0) (20.0) (much)

use

Table 4.9 showed the study as follows. In order to make the control
equipment of electrical energy saving created have the most qualitative before using in
the real situation, the researcher developed the created equipment to the technological
and engineering experts to be investigated by categorizing the data analysis results to
be 2 sides, which included the design of control equipment of electrical energy saving
and the work of control equipment of electrical energy saving before having the real
experiment by categorizing the data analysis results as follows:

According to the study of control equipment design of electrical energy
saving, it was found that the continuous relationship on the electric appliances in the
household was at the much appropriate at the average of 4.2, the appropriate and
beautiful model at the much appropriate level at the average of 3.8. The materials
applied were appropriate and durable at the most appropriate level at the average of
4.6, the structure was compact and appropriate for the usage at the most appropriate
level at the average of 4.4, there was the prevention system of machine in case of the

errors occurred at the much appropriate at the average of 4.2.
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According to the usage of control equipment of electrical energy saving, it
was found that there was the interaction of program to be easy and convenient for the
users at the much appropriate level at the average of 3.6, the user could control the
work of equipment good at the much appropriate level at the average of 3.8, easy to
install and convenient for use at the moderate level at the average of 3.4, flexible and
could respond the interpersonal difference at the much appropriate level at the average

of 3.6, safe for usage at the much appropriate level at the average of 3.8.

4.3 The trial of electrical energy saving model in the household
through the environmental education process categorized by the data

analysis results respectively as follows:

This research analyzed the results of knowledge test on electrical energy
saving behaviors of electrical energy use and satisfaction on the training of electrical
energy saving model in the household through environmental education process as

follows:

4.3.1 Knowledge on electrical energy saving in the households of Amata

Nakhon Industrial Estate, Chonburi Province

The comparison of scores on knowledge test of the Amata Nakhon
Industrial Estate households, Chonburi Province, the details were as follows:

1. The knowledge comparison of households in the electrical energy
saving in the control group’s households. The control group had never got additional
knowledges both before and after the test for 35 persons. The results were appeared as

follows:
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Table 4.10 The comparison of average scores of the knowledge test in the electrical

energy saving both before and after the experiment of the control group

Control group n X SD t P - value
before the experiment 35 11.08 3.02 0.22 0.82
after the experiment 35 11.11 2.95
*p <0.05

According to the Table 4.10: it indicated that the average score of
knowledge test on electrical energy saving of the control group who had never got
knowledge at all both before and after the experiment had the similar value, which was
11.08 and 11.11, respectively. When compared the average score of the both group by
using t-test, it was found that the average scores both before and after the experiment
of control group was different by not having statistic significance at the 0.05 level.
This was shown that the knowledge of electricity saving of the control group’s
households had not change during the time of the study.

2. The comparison of knowledge in the households about the electrical
energy saving in the experimental group’s households, the experimental group had
ever got additional knowledge from their old knowledge and after the experiment for

35 persons. The results were appeared as follows:

Table 4.11 Comparison of average scores of knowledge measurement test in the
electrical energy saving both before and after the experiment from the

experimental group

Control group n X SD t P - value
before the experiment 35 11.31 2.80 24.27* 0.01
after the experiment 35 23.80 1.99
*p <0.05

According to the table 4.11, it was shown that the average score,
knowledge measurement test in the electrical energy saving of experimental group

before the experiment (never got knowledge) and after the experiment (got the
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knowledge) had the different value, which was 11.31 and 23.80, respectively. When
compared the average scores of both groups by using t-test, it was found that the
average scores on the households of the experimental group, they had more knowledge
by statistic significance at 0.05 levels. It was shown that the electrical energy saving
model in the household could increase the level of knowledge on the electricity saving
in households significantly.

3. The comparison of knowledge in the households on electrical energy
saving in the household of both experimental group and control group after having the

experiment for 70 persons; the results were appeared as follows:

Table 4.12 The comparison of average scores of knowledge test in the electrical

energy saving after the experiment of both experimental group and control

group
Control group n X SD t P - value
before the experiment 35 11.11 2.95 23.19%* 0.01
after the experiment 35 23.80 1.99

*p <0.05

According to the table 4.12, it indicated that the average scores knowledge
test on electrical energy saving of the control group (didn’t get knowledges) and the
experimental group (got knowledge) after the experiment had the different value
which was 11.11 and 23.80, respectively. When compared the average scores of the
both groups by using t-test, it was found that the average scores of households on
experimental group got more knowledge than the control group by statistic
significance at 0.05 level. This suggested that the knowledge giving design could

significantly increase the knowledges level on electricity use in the households.

4.3.2 Behaviors in electrical energy use at the household level

The study of behaviors in electrical energy use after the experiment the
electrical energy saving model in all 7 households of experimental group, the

researcher used the method of interview about the behaviors on electrical energy use
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of each households both before and after using the model in order to know about the
behavioral change on electricity use in the following topics:

1. The computer use before and after the training

According to the interview, the households which had the behaviors of
computer use found that before the trail, there was the turning on computer left while
doing other activities in the household such as having a shower, washing the car,
watching the television, having conversation with friends, loading various work,
having meals, and turning on the songs from computer but leaving it without listening.
After the experiment, the behaviors were changed, for example, the households turned
to use the notebook instead of desktop computer which could save the electricity for
10 times although its usage would not be so convenient as the desktop computer.
Moreover, the computer was turned off after stopping working or doing other
activities.

2. Air-conditioner use before and after the training

According to the interview of households in terms of the behavioral use of
air-conditioner, it was found that before a trial, the air-conditioner was used all the
time when anyone felt hot and uncomfortable. Most of the samples usually turned on
the air-conditioner after coming back from the office until morning before going to
work again. If it was holiday, the air-conditioner was turned on from morning to noon
since the sample still felt the weather was hot whereas after the experiment the
behaviors were changed, the samples in the households turned off the air-conditioner
after sleeping for 3 hours and used the fan instead of turning on the air-conditioner
until morning. Some of them opened the windows when came back home and turned
on the fan in stead of air-conditioner in some days when the weather is not hot.

3. Electric bulb use before and after the training

According to the interview, in terms of electric bulb behavior, it was found
that before the experiment, there was the usage without considering the electricity
quantity because the sample thought that the electricity was wasted less when
comparing with other equipment whereas after trial when the sample knew about the
data of electrical energy saving, there were the changed behaviors, the samples in
households turned off the light when there had no usage more, some households

turned on the light only one bulb for the sleeping time, some households turned to use
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the compact fluorescent bulb since there had no the spread of heat and helped save the
electricity as well.

4. Vacuum bottle and kettle use before and after the training

According to the interview of the samples in households in terms of
behaviors on using the vacuum bottle and electric kettle, it was found that before the
experiment, there was the usage by putting water fully and plugged in all day because
most of them thought that the vacuum bottle could cut off the electricity automatically

when it is too hot and it would not waste the electricity used for %« the drinks. Some

family members I households unplugged when they remembered the vacuum bottle
was plugged in whereas after the experiment the behaviors of family members were
changed. Some samples put water in with the adequate quantity required and when it
was hot enough, then unplugged it because they realized that when a little water was
put, it would be hot quickly which help save the electricity costs

5. Television use before and after the training

According to the interview, the households in terms of the behavior of
television use, it was found that before the experiment, the households turned off the
television normally but some households turned on the TV while cooking. For some
households which have children live in usually turned on and left for them to watch
the cartoon program. Moreover, at the bedtime, most of the samples turned on the
television and left it until they work up when they felt the program disturbed them
from sleeping. After the experiment, the changed behaviors included the households
turned to turn off the switch by themselves instead of using the remote control or when
they felt drowsy, they would turn it off. Some households would turn off the television
immediately but some turned to learn how to set up the on-off time to be the most
appropriate.

6. Refrigerator use before and after the training

According to the interview, the behaviors of refrigerator use found that
before the experiment, the sample opened the refrigerator regularly and usually put a
lot of stuff in it because they thought that all their stuff would be rotten when they
were left outside the fridge. After the experiment, the changed behaviors included the
households put the stuff less because they already realized that putting too much stuff

would make the fridge give the coolness insufficiently. Some stuff might be rotten and
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couldn’t consume. Moreover, when the ice had to be melt, the coolness would be less
as well.

7. The fan use before and after the training before and after the training

According to the households interview in terms of the behavior of fan use,
it was found that before the experiment the samples turned on the fan together with
turning on the air-conditioner since they thought that the weather would ventilate well
and it could spread the coolness and usually turned on like this all the them while
staying at home. Some households forgot to turn off when they left out. For after the
experiment, the behaviors changed included the households would turn off the fan
after using and cleaned it more frequently when they saw the dust stick the paddle and
the fan guard. Some households opened the window instead. When the sleeping time,
they would turn on the fan after turning the air-conditioner off when they felt that the
coolness was still remained.

8. Washing machine use before and after the training

According to the households interview in terms of the behavior of washing
machine use, it was found that before the experiment the samples usually use the
washing machine without soaking clothes because they thought that it wasted time and
inconvenient. After the experiment, the behaviors changed included the households
turned to soak the clothes to reduce time of washing with the 2 buckets washing
machine type which would help the clothes more quickly clean and reduce time of
washing whereas the automatic washing machine with only one bucket has no the
soaking system therefore when the weight of clothes were much, the machine would
calculate the time of washing more.

9. Iron use before and after the training

According to the households interview in terms of the behavior of iron use,
it was found that before the experiment the iron was used almost every day before the
family members got dressed and went to work out but some members would iron their
cloths in a large quantity only once. Most of them usually iron the clothes without
continuity and did other activities at the same time but not long time much whereas
after the experiment, behaviors changed included most of the households turned to
iron the clothes for a lot of quantities in one time when they knew the rate of

electricity waste. Some of them turned to use the electric steam iron instead because
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they realized that it is convenient and reduced the time which could help save the
electrical energy more.

10. Water heater use before and after the training

According to the households interview in terms of the behavior of water
heater, it was found that before the experiment there was the frequency of usage in the
morning because the family members thought that it was cleaner when they had a
shower with the warm water. However, using water with the maximum rate would
accelerate the temperature a lot and they usually opened the water left until finish
having a shower. For the experiment, the behaviors changed included the samples
turned to reduce the water pressure which would help the boiling pot not have to work
all the time. Moreover, they turn off water while using the soap which made the
machine stop working.

11. Rice cooker use before and after the training

According to the households interview in terms of the behavior of rice
cooker, it was found that before the experiment only a few of households unplugged
all day and for the family members who didn’t work out because rice would be rotten
and not warmed. Moreover, the members realized that cooking in a large quantity
would save time and could eat for several meals. For after the experiment, there were
the behaviors changed include the members of family in the household unplugged
when the rice was already ripe and they usually cooked with microwave instead in
order to reduce time and electrical energy for warming the rice.

12. Water pump use before and after the training

According to the households interview in terms of the behavior of water
pump, it was found that before the experiment the members of family in the
households plugged in all the time because they thought that the machine would not
work when there was no one use it and the machine would work just only a few times.
For after the experiment, the behaviors changed included the households turned to
unplugged and would use when the water pressure was decreased and it would be
decreased and it is usually decreased in the morning. Some households were careful
not to make the water drop wastefully because they realized that the water pump

worked fore several times in one day.
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4.3.3 Satisfaction of training project on electrical energy saving model

in the household through the environmental education process

Table 4.13 Satisfaction evaluation of trainees categorized by the number and

percentage
Personal traits Number Percentage

Gender
male 9 25.7
female 26 74.3
Total 35 100.0
Age
21-40 years 11 314
41-60 years 16 45.7
> 61 years 8 22.9
Total 35 100.0
Educational level
Primary school 13 37.1
High school 10 28.6
Diploma or vocational certificate, high vocational certificate 7 20.0
Bachelor or higher 5 14.3
Total 35 100.0
Career
Agriculture 6 17.1
General employed 14 40.0
Trade or private business 12 343
Governmental servants or state enterprise 2 5.7
Students 1 2.9
Total 35 100.0

According to the table 4.13, it indicated that for the personal information of
the samples, they were mostly female for 74.3%, secondly were male for 25.7%, most of
the samples were between 41-60 years old for 45.7%, secondly were between 21-40
years old for 31.4%, and 61 years old up for 22.9%. For educational background, most
of them graduated at the Prathomsuksa level for 37.1%, secondly was Mattayomsuksa
level for 28.6%, and Diploma level/vocational certificate/high vocational Certificate for
20%, respectively. For career, most of the samples were general employed for 40%,

secondly was trading/private business for 34.3%, respectively.
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Table 4.14 Satisfaction Evaluation of trainees categorized by the number and

percentage

Satisfaction level / Perception /

Knowledge Application
Opinion issues the most much  moderate alittle theleast S.D.  average
5 4 3 2 1 value
Number Number Number Number Number (level)
(%) (%) (%) (%) (%)
Lecturer
1. Conveying 23 12 0.481 4.6
knowledges of the  (65.7) (34.3) the most
lecturer was clear
2. Ability to explain 24 11 0.471 4.6
the contents (68.6) (31.4) the most
3. Linking the 10 20 5 0.648 4.1
contents of (28.6) (57.1) (14.3) much
training
4. the completeness 28 7 0.169 4.2
of contents for (80.0) (20.0) much
training
5. Time period use 9 26 0.443 4.2
is concordant (25.7) (74.3) much
with the time
required
6. Answering the 7 28 0.443 4.2
question of (20.0) (80.0) much
training
Place/Time/Food
1. clean and 7 24 4 0.562 4.0
appropriate places  (20.0) (68.6) (11.4) much
2. readiness of audio 9 22 4 0.601 4.1
visual equipment (22.5) (62.9) (11.4) much
3. time of training is 12 23 0.481 43
appropriate (34.3) (65.7) much
4. foodis 12 22 1 0.553 4.2

appropriate (34.3) (62.9) (3.9 much
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Table 4.14 Satisfaction Evaluation of trainees categorized by the number and

percentage (cont.)

Satisfaction level / Perception /

Knowledge Application
Opinion issues the most much moderate alittle  theleast S.D. average
5 4 3 2 1 value
Number Number  Number  Number Number (level)
) %)% %) (k)
Perception
1. perception of 3 5 7 20 0.507 34
this issue (7.4) (12.3) (16.9) (63.4) moderate
before
training
participation
2. perception in 32 3 0.235 4.8
this issue (91.4) (8.6) the most
after training
participation
3. beable to tell 26 9 0.443 4.2
the benefits (74.3) (25.7) much
4. be able to tell 25 9 1 0.490 4.2
the (71.4) (25.7) (2.9) much
advantages
5. be able to 10 20 5 0.648 4.1
explain the (28.6) (57.1) (14.3) much
details
6. be able to 6 23 6 0.594 4.0
organize the (17.1) (65.8) (17.1) much
concept
system
7. systematical 15 17 3 0.639 43
development  (42.9)  (48.6) (8.6) much

process of the
concept
integration to

the team work

/personnel
adjustment/

work system

evaluation for

operation
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Table 4.14 Satisfaction Evaluation of trainees categorized by the number and

percentage (cont.)

Satisfaction level / Perception /

Knowledge Application
Opinion issues the most much moderate alittle  theleast S.D. average
5 4 3 2 1 value
Number Number  Number  Number Number (level)
(%) (%) (%) (%) (%)
Knowledge Application
1. be able to 21 13 1 0.557 4.5
apply (60.0) (37.1) (2.9) the most
knowledges
got in the
electrical
energy saving
for household
2. be able to 14 17 4 0.667 4.2
publicize (40.0) (48.6) (11.4) much
knowledges/
be able to
convey
knowledges
to the
community
3. beableto 15 12 8 0.445 4.2
give (42.9) (34.3) (22.9) much
consultancy
to the
colleagues
4. feel confident 28 7 0.405 4.2
and be able to  (80.0) (20.0) much

apply the
knowledges

received
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According to the table 4.14, it suggested the satisfaction evaluation of the
trainees in terms of lecturer found that the conveying knowledges of the lecturer was
clear at the most level with the average of 4.6%, the ability to explain the contents was
at the most level with the average of 4.6%, the linking the contents of training was at
the much level with the average of 4.1%, completeness of contents for training was at
the much level with the average of 4.2%, and the time period use is concordant with
the time required was at the much level with the average of 4.2%, and the answering
the question of training was at the much level with the average of 4.2%.

In terms of place/time/food, it was found that clean and appropriate place at
the much level with the average of 4.0%, the readiness of audio visual equipment is at
the much level with the average of 4.1%, the time period of training was appropriate at
the much level with the average of 4.3%, and food was appropriate at the much level
with the average of 4.2%.

In terms of perception, it was found that perception in this issue before
participating in training was at a moderate level with the average of 3.4%, perception
in this issue after participating in training was at the most level with the average of
4.8%, could indicate the benefits at the much level with the average of 4.2%, could
indicate the advantages at the much level with the average of 4.2%, could explain the
details at the much level with the average of 4.1%, could organize the concept
system/could process the concept to the work development systematically at the much
level with the average of 4.0%, and could integrate the concept to team
work/adaptation of personnel/evaluating the work system at the much level with the
average of 4.3%.

In terms of knowledge application, it was found that for the item of being
able to apply knowledges in the electrical energy saving in the household at the most
level with the average of 4.57%, being able to publicize the knowledges/conveying the
knowledges to the community was at the much level with the average of 4.28%, being
able to give consultancy to the colleagues at the much level with the average of 4.20%,
and for having confidence and being able to apply the knowledges was at the much

level with the average of 4.20%.
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4.3.4 Quantity of electricity use of households

According to the test of using electrical energy saving model in the
household through the environmental education process with the experimental group
for 7 households, then did the record of electricity costs before participating in the
training for 3 months since July-September 2010, and after participating in the training
for 3 months since November 2010-January 2011. The total mean or average points

are shown in the table 4.15.

Table 4.15 Quantity of average electricity use of households categorized by test time

period
Quantity of average electricity use quantity of average
retroactive for retroactive for retroactive for electricity use
Test time period 1 month 2 month 3 month 3 months in total
(unit/7 (unit/7 (unit/7 (unit/7 households)
households) households) households)
before the model 518.8 531.1 513.4 521.1
trial
after the model 438.1 457.7 461.8 452.5
trial

According to the table 4.15, it was found that the quantity of average
electricity use before the experiment was at the highest level during retroactive time of
3 moths with the average of 531.1 units/7 households, secondly was during the
retroactive time of 1 month with the average of 518.8 units/7 households, respectively,
and the quantity of average electricity use was 3 months in total with the average of
521.1 units/7 households.

Whereas the quantity of average electricity use after the experiment had
the maximum use during the 3 months retroactive time with the average of with the
average of 461.8 units/7 households, secondly, during the retroactive time of 2 months
with the average of 457.7 units/7 households, respectively, and the quantity of average

electricity use for 3 months with the average of 452.5 units/7 households.
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The quantity of electricity use quantity of electricity use before the
experiment for the average of 3 months with the average of 521.1 units/ 7 households
and after the testing at the average of total 3 months with the average of 452.5 units/ 7
households, this was the reduction of electricity costs at the average of 68.6 units/7

households or at the average of 13.16.

4.3.5 Relationship between knowledges in electrical energy saving and
electricity costs after using the developed model

For the analysis of relationship between the knowledges in the electrical
energy saving and electricity costs after using the electrical energy saving model
through the environmental education process of the households in the Amata Nakorn
Industrial Estate, Chonburi province for 35 households, this used the analysis of

Pearson Correlation Coefficient as the details shown in the table 4.16.

Table 4.16 Relationship between knowledges in the electrical energy saving and
electricity costs after using the electrical energy saving model through the

environmental education process

Variable Knowledges in electrical electricity costs

energy saving

Knowledges in electrical 1.000 -0.415(0.013)*
energy saving

Electricity costs -0.415(0.013)* 1.000

* had the statistic significance at the .05 level

According to the table 4.16, the relationship between knowledges in the
electrical energy saving and the electricity costs after using the developed model, it was
found that the coefficient relation value was equal to -0.415. The Sig value was equal to
0.013 and the sample size was equal to 35. The correlation coefficient of variable itself
was always equal to 1. Here was the two way probability equal to 0.013 less than 0.05.
Therefore, it could be concluded that the knowledge in the electrical energy saving and
the electricity costs after the experiment had the negative relationship. When the

households got more knowledge, the electrical energy use will be reduced.
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According to all information mentioned above, it can be seen that the
electrical energy saving through the environmental education process such as the
training and knowledge giving on electrical energy saving as well as bringing
technologies to help electrical energy saving, the households in Nong Tam Leung

municipality could reduce the expenses on electricity costs.
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CHAPTER V
DISCUSSION

This study was about the electrical energy saving model in the households
through the environmental education process. The purposes of this study were to
1) develop the electrical energy saving model in the households through the
environmental education process 2) evaluate the effectiveness of electrical energy
saving model in the households through the environmental education process. The
study was divided into to study the knowledge level of the energy saving and
behaviors on electrical energy saving in the households both before and after getting
developed the model, and to study the relationship between the knowledge on
electrical energy saving and the electricity costs after having used the developed
model. The qualitative analysis was used to evaluate the behaviors of electricity use
and the quantitative analysis was used to evaluate the knowledge on electrical energy
saving by developing and having trail the mentioned model through the community in
Nong Tam Leung municipality, Amata Nakorn Industrial Estate, Pantong District,
Chonburi Province, then the data was analyzed. The researcher discussed and reported

as the details as follows:

5.1 The study of building the electrical energy saving model in the

household through the environmental education process

For the electrical energy saving model in the household through the
environmental education process in the households of Nong Tam Leung municipality,
Amata Nakorn Industrial Estate, Pantong District, Chonburi Province, the data survey
from households in terms of electrical equipment use for the households behaviors
about the electricity use, electricity costs in each household was found that most of the

households had never participated in the training course in terms of knowledges on
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electrical energy saving before at the average of 83.5 and had the electrical energy use
in a large quantity at the average of 287.7 units per household. Furthermore, the
households had never known about the methods of electrical energy saving from the
electric appliances in the household at the average of 60.4 and they had never received
news and information about how to preserve the energy at the average of 62.7 and they
wanted to access news and information about the electrical energy saving at the
average of 87.7%. This is in accordance with the study of Wantanee Wannarat (2000:
72-74) about the construction and trial of training curriculum of environmental
education entitled the energy and environmental conservation and in school; case
study of Mahidol Wittayanusorn School, Puttamonton District, Nakorn Pathom
Province, the research revealed that there were the students who had never participated
in the environmental training for 88.89%, participated in the environmental training
for 11.11%, and would like to participate in the environmental training at the much
level for 56.48%, moderate level for 37.04% and a little level for 6.48%. This
indicated that the samples mostly realized the importance of conservation on electrical
energy. Therefore, it should organize the training in order to develop this perception to
the households for feeling active and participate in environmental conservation which
helps change the behaviors in terms of electrical energy use and electrical energy

conservation which will be affected through society and nations further.

5.2 Preparation of construction on electrical energy saving model

within households through environmental education process

The researcher studied the theories and concepts about the environmental
education from the experts of environmental education in order to be used for
organizing the environmental education process, such as the study of Winai
Weerawattananont and Bancheun Sripanpong (1994: 46-52), the factors for organizing
the environmental education of Temduang Rattanatassanee (1996: 131-180), the
development of training curriculum on environmental education from the students,
such as Beach (1970: 3), Surapol Jantrapat (1986 : 1), Plaung Kumut (1977: 28), and
Temduang Rattanatassanee (2008: 184-185) as well as the theories which originated



Taradol Tepareenun Discussion / 168

the learning and change of behaviors on electrical energy saving, such as the theory of
knowledge base construction of Tissana Kammanee, et.al., (2005: 65-67), Pannee
(1995: 32-35), theory of social culture of Vygotsky and Renshaw (1998: 6-8),
instructional principles according to the knowledge base construction of Fosnot (1996:
8-11), instructional conduction according to the knowledge base construction of Yager
(1991: 52-57), and the theory about behaviors of human by Bloom (1971: 271), etc to
determine the structural model of training together with the data of electrical energy
use in households, electrical equipment used in households, behaviors of electrical
energy use, and conservation ways of electrical energy as well as creating the learning
media of microcontroller learning set of Faculty of Engineering, Kasetsart University
(2008) in order to create the control equipment media of electrical energy saving
which was considered as a part for controlling the electrical equipment and helped

reduce the quantity of electricity costs.

5.3 Development and experiment of electrical energy saving model in

the household through the environmental education process

In order to let the control equipment of electrical energy saving
constructed was effective before the real use or application, the researcher developed
the constructed equipment to let the experts or professionals in terms of technology
and engineering investigate by categorizing the data analysis results into 2 sides,
which included the design of control equipment of electrical energy saving and use of
control equipment of the electrical energy saving before the real experiment in terms
of the design of control equipment on the electrical energy saving found that it was
appropriate at the much level at the average of 4.2% whereas the use of control
equipment on electrical energy saving found that it was appropriate at the much level
at the average of 3.6%.

In terms of the contents of training, the research studied the requirement of
the households in Nong Tam Leung municipality, Amata Nakhon Industrial Estate,
Chonburi province for 351 samples, it was found that most of the households required

the news and information about the ways to preserve the electrical energy for 17.9%,
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secondly was the ways to use the electrical equipment of each type for 17.5%, as well
as the news and information about the audit of electrical energy for 14.5%, the
effectiveness of electric appliances for 13.1%, the benefits received from the electrical
saving equipment for 12.0%, the advantages and disadvantages of electrical energy
preservation for 10.0%, general data about electrical energy for 8.3%, respectively.
The researcher create the contents appropriate to the context of households before
giving a lecture or training course and proposed the contents to let the experts
investigate therefore the contents were correct and appropriate for the trainees, This is
in accordance with the research of Sukanya Tantiprasoplap (2001: 112) about the
construction and trial of training curriculum of environmental education entitled the
electrical energy preservation for the personnel in Ramathibodi Hospital, the research
was found that it had better to survey the necessity of training in order to get the
comprehensive contents and appropriate with the trainees. Moreover, the research was
in accordance with the research of Seri Worapong (2008: 118-120) about the research
of integration on environmental education for the teachers in schools at the basic
educational level by studying about environments in school and community. The
research revealed that the teachers were the person who made the learning matters
integrated with the environmental education which would make the average scores of
the students achieved the environmental education at the very good level. This
research is in accordance with the research of Adnan Midilli et.al., (2006: 3623-3633)
about the strategies of clean energies for sustainable development, the research was
found that the resolution of environmental problem should be calculated about the
energy use from various documents which would indicate the rate of energy use which
could show the wastefulness happened by the energy use by considering from the ratio
of crucial effects towards the construction of clean energy policy as well as using the
beneficial technologies for reducing the effects from the energy use. This research is in
accordance with Ramachandra’s research, T.V., et.al., (1997: 563-599) which studied
about the energy use in the industrial field to be beneficial in Kanataka, India and
potentials in energy saving, the research was found that energy was crucial for
industrial production. Therefore, it was concluded that the methods about the plan to
preserve the energy by improving the effectiveness of equipment and changing the

equipment which saved the energy and used it with the most worthiness.
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After developing the created model, the researcher trained and gave
knowledge about the electrical energy, electrical energy saving and design of control
equipment of electrical energy saving to the experimental group for 7 households or
around 35 persons for 2 days. For the training course, the researcher also presented the
knowledges about electrical energy saving which were up-to-date and appropriate to
the context of households in the form of training documents in order to let the sample
group be able to publicize through other people. The contents presented for being the
learning media in the form of control equipment of electrical energy saving for the
sample group to design the time of work control of electrical equipment within
households by themselves. For this experiment, the researcher tested knowledges in
terms of electrical energy saving and interviewed the behaviors of electricity use
before starting the experiment as well as collecting data about electrical use quantity
three months back. After finishing the training course, the researcher test the
knowledges on electrical energy saving again in order to perceive the knowledge
change about the electrical energy saving of the sample group as well as the
satisfaction from this training course. Then, the researcher installed the control
equipment of electrical energy saving to 7 households of sample groups. After the
equipment had been installed for 3 months, the researcher recorded the past electricity
use again as well as interviewing the behaviors of electricity use after finishing the test
of using the developed model created by the researcher. This is in accordance with the
study of Supaporn Songpracha (2009: 113-166) about the model of family ecology for
health promotion in households of Nakhon Pathom Province, the research revealed
that there was the stage organizing to solve the environmental problems in the
members’ villages in the households, there was the participation of solving problems
about trash in households, there were the members of family mutually analyzed the
problems, planned, and took action mutually. Moreover, they reminded to one another.
With these mentioned above, they all developed the correct knowledges and made the
trash management was solved in better ways.

According to the evaluation of satisfaction which is a method to
investigate the way of training course in terms of lecturer, it was found that the
lecturers were experts and able to convey the knowledges to the trainees clearly at the

much appropriate. Moreover, the training model which consisted of lecture,
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demonstration and inquiry of trainees made the atmosphere of training looked friendly
and the trainees weren’t bored, giving the opportunity for the trainees to ask the
questions, and places for training arrangement were much appropriate. This was
because the conference room used was just established belonged to the Nong Tam
Leung Municipality; therefore it was convenient in terms of facilities such as air-
conditioner, audio visual equipment, and learning materials. For it was the new room,
however, its smell of paint color still existed and this might cause the obstruction of
learning atmosphere. For the perception of the trainees, it was at the much appropriate
level. The trainee could identify the advantages and benefits of training course. For
applying knowledges, it was at the much appropriate level as well. The trainees could
bring the knowledges got to develop themselves and convey to other people which

would lead to electrical energy saving in the household further.

5.4 The evaluation result of effectiveness of electrical energy saving

model in the household through the environmental education process.

According to the effectiveness evaluation of electrical energy saving

model in the household through the environmental education process, it’s included:

5.4.1 The results got from the knowledge score test and compared with the
score both and after the experiment by using the model to the households as control
group who never got knowledges (without answering the answers of the test both
before and after using the test model), the result found that before the experiment, the
average of knowledge scores were equal to 11.08, the standard deviation was 3.02,
and after the experiment, the average of knowledges score was equal to 11.11, the
standard deviation was 2.95, when brought the average scores of both groups to
compare to each other and analyzed by using the t-test , the result found that the
average scores both before and after the experiment, the control group had the
difference by having no statistical significance at 0.05 level. This suggested that the
knowledges in the electricity saving of the households for control group had no
alteration during the time of the study. This result is in accordance with the research of

Sutticha Boonyamanee (2000: 72) who studied about the construction and trial of
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supplemental reading book entitled “electrical energy saving in the house” for
Mattayomsuksa 6 students, the study result found that both groups of students were
equal in term of basic knowledges about electrical energy saving in household by

statistic significance at 0.05 levels.

5.4.2 The results got from the knowledges score and comparison of the
score before and after the experiment of using the model to the households as the
experimental group who got knowledges (without answering the questions of the test
both before and after the experiment of using the model), the results found that before
the experiment, the average knowledge score was equal to 11.31, the standard
deviation was 2.80 whereas after the experiment the average knowledge score was
equal to 23.80, the standard deviation was equal to 1.99. When comparing the average
score of both groups and analyzing by using t-test, it was found that the average score
before and after the sample group was different by statistical significance at 0.05
levels. This indicated that the electrical energy saving model in the household could
increase the knowledges level of electrical energy saving in households by having
significance. This is in accordance with the study of Sutticha Boonyamanee (2000: 72)
about the construction and trial of supplementary reading book entitled “electrical
energy saving in the house” for Prathomsuksa 6 students, the study found that the
students who tried reading the supplementary reading book of electrical energy saving
in the house increased their knowledges by statistic significance at 0.05 level. This is
in accordance with the research of Sukanya Tantiprasoplarp (2001: 105-106) about the
construction and trial of training curriculum on environmental education entitled the
conservation of electrical energy for the personnel in Ramathibodi Hospital, the
research found that the personnel in the hospital who tried using the training
curriculum of environmental education in terms of conservation on electrical energy

increased their knowledges by statistic significance at 0.05 levels.

5.4.3 The results got from the test of knowledges score and the knowledge
comparison about the electrical energy saving of the control group (didn’t’ get
knowledge) and the experimental group (got knowledge). After the experiment, it was
found that the control group had the average knowledge score equal to 11.11, the

standard deviation was 2.95, and the experimental group had the average knowledge
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equal to 23.80%, the standard deviation was 1.99%. When brought the average scores
of the both groups to compare to each other, analyzed the data by using t-test, it was
found that the average scores after the experiment of control group and experimental
group was different by statistic significance at 0.05 level. This indicated that the
electrical energy saving model in the household could increase the knowledges of
electrical energy saving in households significantly. This is in accordance with the
research of Wantanee Wannarat (2000: 90-91) who studied the construction and
experiment about training curriculum of environmental education entitled the energy
and environmental preservation in school: Case Study of Mahidol Wittayanusorn
Scgool, Phuttamonton District, Nakorn Pathom Province, the research was found that
the average scores after training of the trainees had the value higher than the average
scores of the persons who didn’t participate the training course by statistic significance
at 0.05 level. This is also in accordance with the research of Sopida Pattanaporn (1997:
131-133) about the construction and trial of training curriculum on environmental
education entitled the preservation of coast resources for the teachers at secondary
school levels: Case Study of Ranong Province, the research was found that the average
scores of the trainees after getting the training course had the scores higher than before

getting the training by statistic significance at 0.05 level.

5.4.4 The behaviors in electrical energy use at the household level of
experimental group before and after the trial of model, it was found that the behaviors
of electricity use both before and after the training through the interview, the sample
had the behaviors of using the electrical equipment in the way of reducing the electric
energy more than the past time. The behaviors which were changed after getting the
training were as follows:

1) The sample turned on the electrical equipment when they
had to use only, for example, the computer and electric bulb use; before getting the
training, there was the turned on and left without use or when it had to be used in a
short time, however, after the training, the samples turned off the various equipment
every time when they didn’t use the it.

2) The sample tried to use the substituted equipment which
could reduce the electrical energy use, such as changed the computer use from table

computer to notebook, used fan instead of air-conditioner, chose the stick electric bulb
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instead of normal electric bulb, cooked rice by microwave instead of warmed rice in
the rice cooker, used the steam iron instead of normal iron, etc.

3) The sample used various equipment appropriate and
directed to characteristics of use, for example, kettle; before participating in training,
the sample usually filled the water fully but after participating the training course, they
filled the water according to the real need, or another example; for refrigerator use, the
sample put stuff not too much and melted the ice, and for the washing machine, the
sample soaked clothes before washing them for the washing machine of two buckets
and they would not soak the clothes and leave them in the one bucket of washing
machine. For using the iron, the sample would iron the clothes in a large quantity
continuously instead of ironing only a few pieces or bit by bit. Also the water level set
of the water heater, the sample would set the low level instead of turning on the water
in the strongest level, and unplugged when the rice cooker is ripe, etc.

4) The sample used the various equipment as necessary, such
as air-conditioner, it was found that the samples after participating the training course
had the behaviors of using air-conditioner less both turning on in a shorter time and
opening the window to help ventilate the air instead of using the air-conditioner,
turned on the electric bulb only in the room used, opened the refrigerator only when
the sample had to pick up or put the stuff.

5) The sample unplugged or switched off after use every time
after having participated, such as rice cooker, kettle, water pump, or fan, etc. For
television use, before getting training, the sample usually turned off the electricity
equipment by using the remote control but after the training, the sample changed their

behaviors by turning off the television by switching off instead.

It can be seen that the developed model and the experiment used with the
leaders of households could make the change through the use behaviors of electric
appliances in the better way. This is in accordance with the research of Cook (1996:
972) who studied the behaviors of energy preservation of families participating in the
check service of energy in the households, the research revealed that the family which
had the knowledges about energy preservation realized the benefits of energy
preservation, the house owners were the main persons for preserving the energy. This

is also in accordance with the research of Somyjit Buates (1998: 106) who studied the
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behaviors of energy preservation of primary level students under the Bangkok Primary
Education Service Area Office; it was found that most of the students had the attitudes
of energy preservation at a much level. When considering in details, it was found that
most of the students had the attitudes about the electric appliances use in a kind of
television, refrigerator, electric bulb, light bulb to save the energy the most because
these electric appliances involved with the daily life of the students the most and the
students were embedded about the attitudes in terms of using the electric appliances to
be save the energy from their parents who gave them the suggestions and moral
supports. Moreover, the media such as television which had the campaign to promote
and publicize the energy preservation until it was collected to be the knowledges of
energy preservation very much and it made the result of good attitudes towards the
energy preservation more. This is also in accordance with the research of Jullada
Chaihuadcharearn (2536: 73) studied the factors influencing the behaviors of electrical
energy saving in households of the housewives in Bangkok metropolitan area. The
research result found that the housewives who had different careers, educational level,
family monthly incomes, expenses of monthly electricity costs, time period of
residence living, and residence areas had no the difference on the behaviors of
electricity saving in households by statistical significance. In addition, this was in
accordance with the research of Weera Teerawongsakul (1997: 104-106) about the
study of knowledges and behaviors of energy electricity saving in the households of
people in Muang Lampang Municipality, the research was found that people who had
the different average monthly incomes of households, monthly electricity costs
expenses, perception of news and information had no difference about the behaviors
on the electrical energy saving in households by statistical significance. Moreover, the
relationship between the knowledges and behaviors of electrical energy saving in
households had the positive relationship by statistic significance at .01k level. This is
also in accordance with the research of Sirirat Uppatinket (2001: 88-91) about the
study of behaviors on electrical energy saving of the Mattayomsuksa 6 students in
Nakhonratchasima Municipality, Nakhonratchasima province, the research revealed
that the attitudes about electrical energy saving of news and information about the
electrical energy saving from personal media and the receiving of news and

information about the electrical energy saving from media had the positive results
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towards the behaviors of electrical energy saving by statistic significance at .05 level.
In addition, this is in accordance with the research of Pawana Wacharasatian (2002:
71-72) which was about the study of electrical energy saving in the personnel office of
Thammasat University, the research was found that the personnel of Thammasat
University had the different knowledges about the electrical energy saving of the
National Energy Policy Office differently by having the behaviors of electrical energy
saving in the office differently by statistic significance at the .05 degrees. This is
because when the households knew the ways to save the electrical energy saving

correctly, therefore, they could apply all knowledges in their daily life correctly.

5.4.5 The comparison of electricity costs before and after the experiment
by using the model which the researcher developed; before the experiment, there were
the average of electricity costs equal to 521.1 units per months whereas after the
experiment, the model developed by the researcher had the average of electricity costs
equal to 425.5 units per months, the research revealed that the households reduced the
electricity use at the average of 68.5 units per months for 13.14%, averagely whereas
the relationship between the knowledges about the electrical energy saving and
electricity costs after the experiment of using the developed model , it was found that
the coefficient relation value was equal to -0.415, and the value of Sig was equal to
0.013, the sample size was equal to 35, the correlation coefficient of the variables was
equal to 1 always. Here, the two ways probability which could be calculated was
equal to 0.013 which was less than 0.05. This can be concluded that the knowledges in
the electrical energy saving and the electricity costs after the experiment had the
negative relation, when the households got more knowledge, the electrical energy use
would be decreased.

In conclusion, the electrical energy saving model in the household through
the environmental education process created by the researcher affected the energy
saving of the households in Nong Tam Leung Municipality in Amata Nakorn
Industrial Estate, Pantong District, Chonburi Province. The households could bring the
knowledges and ways of electrical energy saving got to apply in the daily life of their
own, also they could be the medium to spread and convey their knowledges to other
persons who were involved with. Furthermore, this could help the country save the

expenses of electrical production and reduced the environmental destruction as well.
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS

This research was about the study of electrical energy saving model in the
household through the environmental education process. The purposes of this research
were to:

1) Develop the electrical energy saving model in the household through
the environmental education process

2) Evaluate the effectiveness of electrical energy saving model in the
household through the environmental education process. This was considered by:

2.1) The knowledges level of energy saving and behaviors in
the electrical energy saving in the household before and after receiving the developed
model.

2.2) The relationship between the knowledges of electrical

energy saving and electricity costs after using the developed model.

The researcher used the model of qualitative analysis for evaluating the
behaviors of electricity use and used the quantitative analysis for evaluating the
knowledges in electrical energy saving. The conclusions and recommendations could

be concluded as follows:

6.1 Target population and sample group

1) The population for this research was 3,782 households in Amata
Nakorn Industrial Estate, Nong tam Leung Sub-district Municipality, Pantong District,
Chonburi Province.

2) The sample group used for collecting data about the electrical energy
use was the households of Nong Tamleung Sub-district Municipality in Amata Nakorn

Industrial Estate, Pantong District, Chonburi Province for 351 samples. The research
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was carried out by interviewing 351 leaders of households. The sample size was got
from the instant Table of Robert V.Krejcie and W. Morgan (Raweewan Chinatrakul,
1999: 111), then randomized by the method of systematic random sampling.

3) The sample group used for the experiment was 14 households of Nong
Tam Leung Municipality which had the members in each household in total from all
351 samples. The samples selection was used by purposive sampling. The sample
group was divided into 2 groups, 7 households for each group. The control group and
the experimental group used the electrical energy saving model in the household
through the environmental education process and the control equipment electrical

energy saving in the households.

6.2 The instruments used for the research

The instrument used for the research, the researcher divided the data
collection into 2 parts which included the Review Data and Field Data. There were 5
types of data collection by Field Data which included the questionnaire in terms of
electrical energy use in the household, quality evaluation form of the control
equipment of electrical energy saving, test form for knowledge measurement of
electrical energy saving in the household, interview form of behaviors and quantity of

electricity use in households and the evaluation form of satisfaction of the trainees.

6.3 Research Methodology

This research divided the methodology to be 4 stages as follows:

Stage 1: The study of households data for analyzing the requirements and
electrical energy use

Stage 2: The development of electrical energy saving model in the
household through the environmental education process

Stage 3: The using experiments of electrical energy saving model in the

household through the environmental education process
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Stage 4: Conclusion, analysis, and discussion the data got from the

research

6.4 Data analysis

The data of research consisted of both qualitative and quantitative data.
The researcher chose the analysis methods in several ways including the data analysis
by using the document analysis, descriptive analysis by using the explanation of
average amount and percentage of the sample group, t-test Independence used in the
comparison of knowledge both before and after the experiment and the statistical
analysis by Pearson Correlation Coefficient used in the analysis of finding the

relationship between the electricity cost and knowledges of electricity use.

6.5 Research conclusion

6.5.1 Electrical energy use in households

According to the survey results of households in Nong Tam Leung
Municipality in Amata Nakorn Industrial Estate, Pantong District, Chonburi Province,
it was found that most of them were female for 80.3%, age between 41-60 years old
for 61.5%, marital status was married for 58.1%, most of them had the career of being
employed in general work for 39.5%, most of them had been living in this village for
21 years up for 78.3%, they had never been trained sine 2 years past for 83.5%, the
family members living in each household were 4 persons averagely, they used the
electrical equipment in various kinds including the electric bulb in each household,
most of them had 16-30 electric bulbs for 66.1%, 2 television used in each household
for 55.3%, 1 refrigerator in each households for 33.3% 2 fans in each household for
41.1%, 1 air-conditioner in each household for 39.3%, 1 computers in each household
for 61.5%, 1 rice cooker in each household for 72.6%, 1 electric hot pot in each
household for 77.8%, 1 iron in each household for 67%, 1 microwave in each
household for 75.5%, 2 VCD and DVD in each household for 70.4%, 2 radios in each

household for 94.6%, 1 washing machine in each household for 86.6%, no water
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heaters in each household for 67.8.%, 1 water pump in each household for 75.8%,
1 hair dryers in each household for 78.9%, and the electricity costs in average which
had the large quantity of usage in the last 3 months for 287.8 units/households.

6.5.2 Behaviors of electrical energy use and the ways of electrical energy
preservation

According to the survey result of households in the Nong Tam Leung
Municipality in the Amata Nakorn Industrial Estate, Pantong District, Chonburi
Province, the research was found that most of them didn’t know the ways to save the
electricity costs from the electric appliances in households for 60.4%, and they knew
the ways to save the electricity costs for 39.6%, most of them who knew the ways save
the electricity energy by turning off the light when there was unnecessary use but only
in terms of the electric bulb. Whereas the persons who didn’t know because they
thought that they had to use the equipment according to the necessity towards the
usage which it probably has already saved the energy. When classified the behaviors
of electrical energy use according to the electric appliances of each kind, it could be
classified into:

1. Light and electricity use, it was found that most of the households turn
on the light unnecessarily sometimes at the average of 44.7%, used the stick electric
bulb always at the average of 69.8%, turned on the light only when it was required
sometimes at the average of 47.3%, plugged in the electrical equipment and left it
sometimes at the average of 47.9%, never been checked and cleaned the electric bulb
at the average of 46.4%.

2. Iron use, it was found that most of the households regularly plugged in
the iron unnecessarily at the average of 39%, and ironed the clothes for large amount
quantities sometimes at the average of 47%.

3. Refrigerator use; it was found that most of the households regularly
turned on and off the refrigerator unnecessarily at the average of 46.2%, put on too
much stuff in the refrigerator sometimes at the average of 47.9%.

4. Rice cooker use; it was found that none of the households turned on the
rice cooker while cooking regularly at the average of 87.2 %, never cooked rice in the

air-conditioning room at the average of 100.0 %.
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5. Television use, it was found that most of the households, the television
was turned on while they were sleeping or they didn’t watch it regularly at the average
of 47.9%, turned off the television from the remote control sometimes at the average
of 46.4%, never set the off-time for the television at the average of 45%.

6. Radio; it was found that most of the households turned on the radio
while unnecessary use for sometimes at the average of 44.4%, turn off the radio from
the remote control for sometimes at the average of 50.1%, and never set the off-time
of the radio at the average of 49.9%.

7. Fan; it was found that most of the households turned on the fan and left
it without using sometimes at the average of 45.3%, placed the fan in the comfortable
air ventilation sometimes at the average of 51.6%.

8. Air-conditioner use, it was found that most of the households never
turned on the air-conditioner when no one was in the room at the average of 44.4,
never turned off the air-conditioner at the temperature lower than 25 degree celcius at
the average of 46.2 %, never opened the door while the air-conditioner is turned on at
the average of 63.5 %, never turned off the air-conditioner before stopping working
for 15 minutes at the average of 74.9 %.

9. Electric kettle; it was found that most of the households never plugged
in the electric kettle for a long time at the average of 52.7%, put on water in the
electric kettle in the large quantity regularly at the average of 49.5%, never used the
cool water for boiling at the average of 79.8%.

10. Computer; it was found that most of the households never turned on
the computer without using at the average of 53.3%, never set the time of screen saver
at the average of 57.8%, unplugged when there was no using regularly at the average
of 79.2%.

11. Water pump; it was found that most of the households turned on the
water pump regularly at the average of 52.7%, turned off the water pump but not tight
or the water still dropped regularly at the average of 47.8%, used the shower for having
shower regularly at the average of 53.0%.

12. Water heater; it was found that most of the households never turned on
the water heater all the time when having a shower at the average of 74.3%, never set

the maximum water pressure for having a bath at the average of 69.2%.
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13.Washing machine; it was found that most of the households soaked
clothes before washing sometimes at the average of 49.3%, set the program of

washing to be appropriate to the kind of clothes sometimes at the average of 49%

6.5.3 News and information as well as the knowledges about the electrical
energy preservation

According to the survey of households in Nong Tam Leung Municipality
in Amata Nakorn Industrial Estate, Pantong District, Chonburi Province, it was found
that most of the households had never got news and information about the energy
preservation at the average of 62.7% and there was the requirement of news and
information about the preservation and energy saving at the high level by dividing it
into various issues as follows: Ways to preserve the electrical energy for 17.9%, ways
to use the electrical equipment in each kind for 17.5%, news and information about the
audit of electrical energy for 14.5%, effectiveness of electric appliances for 13.1%,
advantages and disadvantages of electrical energy preservation for 10%, general data
about electrical energy for 8.3%, the roles of people for preserving the electrical

energy for 14.5%.

6.5.4 Development of electrical energy saving model in the household
through the environmental education process

According to the survey, the researcher developed the equipment created
for letting the technological and engineering professions investigate by categorizing
the data analysis results which could be divided into 2 aspects which included the
design of control equipment of electrical energy saving and in terms of use of control
equipment electrical energy saving before the real experiment for designing the
control equipment of electrical energy saving, the result found that it was at the much
appropriate level with the average of 4.2%, whereas in terms of usage of the control
equipment of electrical energy saving, it was found it was at the much appropriate

lever with the average of 3.6%.

6.5.5 The comparison of knowledge of households in the electrical energy
saving in the household of the control group who had never got the additional
knowledges from the previous time before the experiment and after the experiment for

35 persons, it was found that the average scores knowledge test in the electrical energy
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saving of control group who had never had the knowledge at all before the experiment
and after the experiment had the nearly value, which was, 11.08 and 11.11,
respectively. When brining the average scores of both groups to compare to each other
by using t-test, it was found that the average scores before an after the control group
was different by no statistical significance at 0.05 level. It indicated that the
knowledges in electricity saving of households control group had no change in the

time period of the study.

6.5.6 The comparison of knowledge of households in the electrical energy
saving of the household for the experimental group who have got the additional
knowledges from them previous time before and after the experiment for 35 persons,
the results found that the average scores knowledge test in the electrical energy saving
of experimental group before the experiment (had never got knowledges) and after the
experiment (got knowledges) had the different value, which was 11.31 and 23.80,
respectively. When brought the average scores of the both groups to compare to each
other by using the t-test, it was found that the average scores of the households
experimental group got more knowledges by statistical significance at 0.05 level. This
suggests that the electrical energy saving model in the household could increase the
level of knowledges in terms of electricity saving in households by statistical

significance.

6.5.7 The comparison of knowledge of households in the electrical energy
saving for the household of experimental group (got knowledge) and control group
(never got knowledges) after the experiment for 70 persons, it was found that the
average scores knowledge test in the electrical energy saving of the control group
(never got knowledges) and the experimental group (got knowledge) after the
experiment had the different value, which was, 11.11 and 23.80, respectively. When
brought the average scores of both groups to compare to each other using the t-test, the
result found that the average scores of the households for the experimental group got
more knowledge than the control group by statistic significance at 0.05 level. This
suggests that the model of giving knowledge could increase the level of knowledge in

terms of electricity use in households by statistical significance.
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6.5.8 The behaviors in the electrical energy use at the household level
which was changed from the test use in terms of saving the electrical energy in the
household through the environmental education process, the result found that the
sample group had the behaviors of electrical equipment use in the way which could
help saving the electricity more by being able to conclude the behaviors which had the
change as follows: turned on the electrical equipment as much as using, selected the
substitute equipment to reduce the electrical energy use, used the various equipment to
be appropriate and direct to the characteristics of using various equipment when only

necessary and unplugged or switched off after using.

6.5.9 The satisfaction of training project of electrical energy saving model
in the household through the environmental education process evaluated various kinds
of aspects which could be evaluated as follows:

Lecturer: the trainees gave the opinion that the conveying knowledges of
the lecturers was clearly, the lecturer could explain and linked the contents completely
and used time in accordance with the time required as well as answering the questions
clearly as overall image at the much level.

Place, time and food: the trainees gave the opinion that the place was clean
and appropriate as well as having the readiness of the audio visual equipment, used the
time of training sufficiently, and the food was appropriate as overall image at the
much level.

Perception: it was found that the trainees had the perception in this points
increasingly after the training and could explain the benefits, advantages or explained
the details, organized the idea system/processed the ideas to the development
systematically, and could integrate the concept to the team work/personnel
adaptation/revolution of work system for the operation as overall image at a much
level.

Knowledge application, it was found that the trainees could apply the
knowledges got to be used in the electrical energy saving in the household, could bring
the knowledge to publicize/convey to the community and could give the consultancy
to the colleagues as well as applying the knowledges as overall images at the much

level.
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6.5.10 Quantity of electricity use in the households, it was found that
during before the experiment, the average of electricity costs was equal to 521.1 units
per months whereas after the experiment, the model which was developed by the
researcher had the electricity costs averagely was equal to 425.5 units per months, it
was found that the households reduced to use the electricity at the average of 68.5
units per months at the average of 13.14%.

6.5.11 Relationship between knowledges in the electrical energy saving and
the electricity costs after using the developed model, it was found that the relationship
between knowledges in the electrical energy saving and the electricity costs after the
developed model, it was found that the coefficient relation value was equal to -0.415, the
Sig was equal to 0.013 and the sample size was equal to 35 by using correlative
coefficient of the variables was equal to 1 always. Here, the probability in the two ways
which could be calculated was equal to 0.013 which was less than 0.05. This could be
concluded that the knowledges in the electrical energy saving and electricity costs after
the experiment had the negative relationship, which was, when the households got more

knowledge, it would reduce the electrical energy use.

6.6 Recommendations

6.6.1 Recommendations from research result

6.6.1.1 According to the research result, it was found that
electrical energy saving model in the household through the environmental education
process could increase knowledge of electricity use through people and could reduce
the electricity use very well. Thus, the related organizations or various communities
can apply these development ways of training model to give knowledges to the
community for the energy saving.

6.6.1.2 Not only building the knowledge of electricity use
correctly, changing the behaviors of electrical energy saving, and reducing the
electricity costs, the research also found that the ways to conserve electricity very well

must bring the technology in electrical energy saving to be used together.
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6.6.1.3 Currently, the problem of high quantity use of
electrical energy is still the chronic problem and it is well recognized that its effects
are severe and will become the serious disaster, such as air pollution, global warming,
consciousness building in the electrical energy saving in the household through the
environmental education process, this will be the important part. According to this
research, the governmental organizations should support the application seriously and
determine it to be the National Agenda because the environmental education is the
sustainable ways more than the technological use of energy saving by starting at the
leader of households first so that it will be the sustainably intrusive problem solving
participated by the community really.

6.6.1.4 The crucially environmental problem all over the world
being interested is the global warming. The sustainable ways to solve the problems are
to create the consciousness towards resource uses savely and valuably, or it should
campaign to have the friendly products with the environments. Therefore, it should
have the organizations do the campaign of electrical energy saving model in the

household through the environmental education process for the activities further.

6.6.2 Recommendations for further research

6.6.2.1 According to the research results, to bring the electrical
energy saving model in the household through the environmental education process
was effective, therefore it should bring this model to have a further research by using
in other regions which have the problems in terms of electrical energy use, such as, in
the central region, it may use technologies which control the work of electrical
equipment in the big building, etc.

6.6.2.2 Not only giving knowledge about the electrical energy
saving in the house through the environmental education process, but also apply the
various energies saving, such as water saving, oil saving, etc.

6.6.2.3 It should bring this model that can apply to be the

Computer Assisted Instruction for increasing knowledge to save the electric energy.
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COA.N0.2010/027.3008
Documentary Proof of The Committee for Research Ethics (Social Sciences)

Title of Project: Home Electric Energy Saning Model Through Environmental Education Process
(Thesis for Ph.D.)

Principal Investigator:  Mr.Taradol Tepareenun

Name of Institution: Social Sciences & Humanties, Mahidol University

Approval includes: 1) MU-SSIRB Submission form version received date 8 July 2010
2
3
4
5
6
7

=

Participant Information sheet for Experiment Group version date 11 August 2010

=

Participant Information sheet for Control Group version 11 August 2010

=

Informed Consent form version date 11 August 2010

<

Questionnaire version received date 8 July 2010

a3

Knowledge Test version received date 8 July 2010

<

Interview Guideline version received date 8 July 2010

The Committee for Research Ethics (Social Sciences) is in full compliance with International Guidelines
of Human Research Protection such as Declaration of Helsinki, The Belmont Report, CIOMS Guidelines and the

International Conference on Harmonization in Good Clinical Practice (ICH-GCP)

Date of Approval: 30 August 2010
Date of Expiration: 29 August 2011

Signature of Chairman: %M

(Emeritus Professor Santhat Sermsri)

Signature of Head of the Institute: M/’/“/M M
/ /@ssoc f’rof. Dr.Wariya Chinwanno)

Dean of Faculty of Social Sciences and Humanities

Office of The Committee for Research Ethics (Social Sciences), Faculty of Social Sciences and Humanities,

Mahidol University, Phuttamonthon 4 Rd., Salaya, Phuttamonthon District, Nakhon Pathom 73170. Tel.(662) 441 9080 Fax(662) 441 9081
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