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Abstract

The research was conducted to study and develop a Green University using Cloud based Internet of Things model
for energy saving. The aims of this study were 1) to study and design 2) to evaluate a model of Green University
using Cloud based Internet of Things for energy saving. There are two phases of the research method. The first
phase included the model design: 1) to study, analyze, and synthesize the contents, 2) to develop a process model
of Green University using Cloud based Internet of Things, 3) to present the constructed model, and 4) to conclude
the results. The second phase is referred to an evaluation of the model. Nine experts from Green University’s
Electrical, Information Technology, and university management team were included in the research as sample
group. Then, the data were analyzed by standard deviations and means. The model development process has 3
components that include 10 procedures. This model helps to energy saving. As the overall model was shown at a
very good level, the experts agreed.
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1. Introduction

Energy is an important basic factor for the industry, agriculture, and education developments because energy is key
to proceed with all kinds of works in order to comply with the convenient routines of human. Thus, world energy
consumption has increased by approximately 7% each year (Ministry of Energy, n.d.), and the rate expected to rise
continuously in the future. However, some types of existing energy are limited such as energy from natural fuel.
That is why it is necessary for everyone to conserve, and use energy sufficiently, especially the higher education
level which is mandatory to launch the campaign to educate and encourage people to realize how valuable energy
and environment are. The previously mentioned campaign then creates a policy and practices that are crucial for
life and the academy’s fellowship that are altogether called ‘Green University’ (Green-Campus Office, 2016).

Green University is posited to be a university that encourages, develops, restores, conserves, and integrates
knowledge and activities that are related to natural resources, energy and environment conservation, self-reliance
improvement on the basis of ecology and people’s health balance, research and learning systems development, and
different activities that use the Internet of Things: IoT in order to comply with the energy saving (Pibul Songkram
Rajabhat University, 2013)

Internet of Things: 10T is the 21 century technology that can communicate, command, and control the operation
of electronic devices (Prapaporn, 2016) via an internet network system. Furthermore, IoT is a tool for data
processing via radio frequency, sensor technology, smart technology and other kinds of technologies (Hua et al.,
2014). After IoT is used, it is common that most processed data will be stored and analyzed on ‘Cloud’ (Pramanik
et al., 2018).

Cloud Computing or so called ‘Cloud’ is a type of internet-based computing that uses a variety of existing
resources on internet networks such as processing and storage. Computer users may use cloud computing via
‘Internet Service Provider (ISP)’ that supplies different services (Office of the National Economic and Social
Development Board, 2011). The service provider provides resources for users who need that service, and pay the
service fees according to their actual usage. Moreover, cloud computing specializes in the flexible expansion
which is referred to the ability to adjust the size to meet the requirement of users, and the ability to allocate the
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resources. Cloud computing focuses on the ease of long distance usage on internet network as its basis. This means
cloud users are not required to have technical knowledge for basic usage. Most of the cloud computing services are
displayed as the application of a website that allows users to use it via the website’s browser and store all the input
data on servers (Akarim & Noppadon, 2015).

According to the stated information, the researcher decided to develop a model of Green University using Cloud
based Internet of Things model of energy saving to guide people to pursue ‘Green University’ efficiently. In
addition, the proposed model framework was evaluated by experts to study whether the variables are appropriate
for the model.

1.1 Research Objectives

The aims of this study were:

1) To study and design a model of Green University using Cloud based Internet of Things for energy saving, and
2) To evaluate a model of Green University using Cloud based Internet of Things for energy saving.

1.2 Conceptual Framework

This research’s framework consists of two components. The mentioned components are: Green University, Cloud
Computing and Internet of Things as shown in Figure 1.

Cloud based

Internet of Things

Green Univ ersity using
pr— Cloud based Internet pr—— Energy Saving
of Things Model

Green Univ ersity

Figure 1. Concept framework

1.3 Population

The population of this study consisted of Green University’s Electrical, Information Technology and university
management team experts.

1.4 Samples

These experts were chosen by the method of purposive sampling of individuals who have at least five years’
experience in relevant fields.

1.5 Variables of this research

1) The Green University using Cloud based Internet of Things model for energy saving model was independent
variable.

2) The assessment of the model’s suitability was the dependent variable.
2. Research Methodology

This research has 2 parts.

2.1 The First Part

The first part is the development of a model of Green University using Cloud based Internet of Things for energy
saving. The processes are as follow:

1) To study, scrutinize, and combine previous research and documents related to the elements of the Green
University (Big C Supermarket, 2019; PTT Public Company Limited, 2019; Hamzah et al., 2018;
International alliance of research universities, 2016; Dave et al., 2013) Cloud Computing (Alsamhi, 2018,
Ning et al., 2018, Dave et al., 2013) and Internet of Things (Moore & lyer, 2019; Alsamhi, 2018; Hamzah et
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al., 2018; Mu et al., 2015; Wang, 2014; Dave et al., 2013).

2) To develop a model of the Green University using Cloud based Internet of Things for energy saving by using
collected data from relevant research and documents.

3) To present a model of the Green University using Cloud based Internet of Things for energy saving via
in-depth interviews to experts and advisors for their consideration.

4)  To create evaluating tools for the model suitable.
2.2 The Second Part

The second part of this study focuses on an evaluation of a model of Green University using Cloud based Internet
of Things for energy saving, with methods as follows:

1) Presenting the developed model of Green University using Cloud based Internet of Things for energy saving
to nine experts in the fields of Green University, Electrical, Information Technology and university
management team.

2) Improving the design of the model base on the experts’ suggestions.
3) Presenting the diagram with reports of this model.

4)  Analyzing the model’s results evaluation by using mean (X) and standard deviation (S.D.). A 5-point rating
scale based on the Likert scale was used to design the evaluation form.

3. Results

There are 2 phases of this research’s results.

3.1 The First Phase

This model is illustrated in Figure 2. The constructed model has 3 components with 10 procedures as follows:

Component 1. ‘Input’ which has 3 parts: 1) Energy saving policy for higher education level. 2) Stakeholders
such as manager, university crew and student and 3) The standard of Green University towards energy saving.

Component 2. ‘Process’ which consists of 10 different considerate parts:

1) Appointing Green University’s policy committee: The committee from individuals who have knowledge
about ‘Green University’. The policy committee included Managing Director (Chancellor or Deputy
Chancellor), Dean of different departments, building’s superintendent, technician, staff, and stakeholders

who understand Green University.

2) Digging into the history of energy consumption in the past: The committee studied and searched for the
university data about energy consumption statistics, location, basic construction, and budget in order to plan the
policy.

3) Valuating the basic preparation of energy saving: The committee analyzed the potential of university’s readiness
towards basic energy saving.

4) Setting a policy and publicizing this campaign: The committee planned the execution policy that was divided
into 3 range sections: short term, middle term, and long term. The committee also provided essential information
and raises the awareness of university staff.

5) Appointing committee of the campaign: The committee made an action plan, and appointed a team to proceed
and manage the campaign according to the instructed plan.

6) Targeting and planning for energy saving: The committee and staff jointly set goals, and planned for the
objective plan and action plan of each energy saving project.

7) Carrying out the energy saving planned campaign: The committee and staff encouraged other people in the
institution to work together on the plan of different projects or campaigns to promote the cause of saving energy.

8) Evaluating the process: The committee evaluated and followed up every step of the process according to the
action plan.

9) Analyzing and continuous modifying: The committee reviewed and analyzed the step of action plan that could
not be done according to the plan. They also had to renew self-assessment annually.

10) Executing the prototype: The committee appointed the institution staffs and team staffs to work on the
successful campaign or project in order to build up the model and method to conserve other different types of
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energy.

These 2 mentioned components used technology suach as: sensor, embedded system, cloud computing3, and
communication to operate in the process.

Component 3. Output is referred to 2 main elements as follows: 1. ‘efficiency’ that can be obtained from energy
saving such as reducing the cost of electricity fees, and 2. ‘effectiveness’ that can be increased and created by
energy saving methods and activities.
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Figure 2. Green university using cloud based internet of things model for energy saving

3.2 The Second Phase

The model’s appropriateness evaluation was done by nine experts as presented in Table 1. And, they agreed with
the value of overall suitable on the list that had great results (X =4.58, S.D. =0.03). The appropriateness of a Green
University using Cloud based Internet of Things could be utilized in the practical system was ranked as ‘very good’
(X =4.78,S.D.=0.44). As the overall, value of the components of a model of Green University using Cloud based
Internet of Things could satisfy the needs, was completed. And, the function of the model was accurate to the aims
of this research ranked as very good (X = 4.67, S.D. = 0.50). The relations between value of each component
towards one another was ranked as very good (X = 4.56, S.D. = 0.53), the sequence arrangement of components in
a model of Green University using Cloud based Internet of Things was easy to understand and appropriate was
ranked as very good (X = 4.53, S.D. = 0.53), and the system principles that were used as the basis to construct a
Green University using Cloud based Internet of Things Model was also ranked as very good (X = 4.53, S.D. =
0.53).
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Table 1. Results of appropriateness evaluation of a model of green university using cloud based internet of things
model for energy saving

Results Appropriat
Evaluation Lists _ eness
X S.D.
Level

1. The system principles that were used as the basis to construct a Green University using Cloud based Internet
456  0.53 Very Good

of Things Model.

2. The model’s components were related to a Green University using Cloud based Internet of Things Model. 446 050 Good

3. The model’s component sequences are clear and unceasing. 444 050 Good

4. Each component’s relations towards one another. 456 053 Very Good

5. The sequence arrangement of components in a model of Green University using Cloud based Internet of

. X 4.56 0.53 Very Good
Things was easy to understand and appropriate.
6. As the overall value of the components in a model of Green University using Cloud based Internet of Things
could satisfy the needs, it was completed. And, the function of the model was accurate to the aims of this  4.67  0.50  Very Good
research.
7. A model of Green University using Cloud based Internet of Things could develop suitable energy saving

456  0.53 Very Good

methods.
8. A model of Green University using Cloud based Internet of Things could be utilized in the practical system.  4.78  0.44  Very Good

Summary 458  0.03 Very Good

4. Discussion

The Model of Green University has developed using cloud-based and Internet of Things for Energy Conservation.
The model evaluated by the value of overall suitable on the list that had great results (X = 4.55, SD = 0.49). Wang’s
(2013) study, which implied that Green University was effective and beneficial for energy saving, had complied
with the design development. Moreover, the Internet of Things is technology in the 21% century that can support
life, communicate, command, and control the operation of electronic devices (Prapaporn, 2016) via an internet
network system that was relevant to Sharma and Suryakanthi (2016). In addition, the Internet of Things can be
shared with cloud computing which a system for storing data sent from sensors through network Internet and
process data by processing data and displayed as the application of a website that allows users to use it via the
website’s browser and store all the input data on servers (Akarim & Noppadon, 2015; Sathaporn & Namon, 2015)
to control the energy consumption.
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