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Abstract. Energy management in smart buildings still faces challenges in optimizing energy use,
particularly for high-load devices, such as HVAC systems and lighting. Conventional control
systems are often inadequate for optimizing energy usage based on the operational needs of the
building. This study aims to develop and analyze a web server-based electrical energy control system
that can be accessed in real time to improve the energy efficiency of smart buildings. This study
employed a quasi-experimental method by implementing a web server-based control system in a
smart building and comparing the energy consumption before and after the application of the system.
The results show that the system reduces the energy consumption by up to 25%, particularly for
HVAC systems and lighting. The most significant energy savings occurred during off-peak hours,
when the system automatically reduced power for unnecessary devices. The implications of this
research suggest that a web server-based control system not only enhances energy efficiency and
reduces operational costs, but also provides greater flexibility in energy management through more
adaptive and responsive remote control. This research contributes to the development of more
sustainable energy management technologies for smart buildings, with wide potential applications
in commercial and institutional building scenarios.
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1. Introduction

With the advancements in smart building technologies, energy efficiency has become one of the
most critical aspects of modern building design and operation. Smart buildings are designed to integrate
various advanced technologies to enhance comfort, security, and efficiency, including electrical energy
management. As energy demand increases and the need to reduce excessive consumption becomes more
urgent, intelligent energy management has become a top priority for maximizing sustainability and
reducing operational costs. Web server-based technology offers new opportunities to enable more
flexible and efficient energy management, including remote access and real-time monitoring. However,
the primary challenge remains to integrate this technology into energy management systems that are
truly effective and measurable in complex smart-building scenarios[1][2][3][4].

Although there are various solutions for energy control in smart buildings, many systems currently
in use are still limited to manual or semi-automatic management and are less responsive to dynamic
energy needs. Existing control systems are often designed for simple scenarios, leading to suboptimal
energy efficiency in daily operation. Additionally, most of these systems do not take advantage of web-
based network technology, which allows broader access and control. To address these issues, this study
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aims to design and develop a web server-based energy control system that can be accessed in real time,
enabling more responsive monitoring and smarter energy control. The primary objective of this research
is to develop a web server-based electrical energy control system that not only allows for remote access
and control, but also responds to changes in environmental conditions and energy needs in smart
buildings. This system is expected to optimize energy consumption more effectively and reduce energy
wastage through automatic management that adapts to various usage scenarios. This study also focuses
on testing and evaluating the system's performance in terms of reliability, efficiency, and scalability and
how this system can contribute to energy savings and improve the operational efficiency of smart
buildings[5][6][7][8].

Although several studies have been conducted on the development of energy control systems, there
is a gap in the literature concerning the use of Web server technology in the context of smart buildings.
Most previous studies have focused on local sensor-based control systems that are not well-integrated
for real-time remote access. This study aims to fill this gap by developing a more advanced, flexible,
and efficient system for managing electrical energy in smart buildings. Thus, the proposed system is
expected to address the weaknesses of existing approaches while enhancing integration and control
capabilities[9][10][11][12].

The main innovation of this research is the use of web server technology, which allows for a more
efficient and measurable management of electrical energy in smart buildings. By utilizing this
technology, the developed control system can be accessed in real time from various locations, offering
flexibility and scalability that are not available in conventional energy control systems. The scientific
justification for this study also shows that this web server-based system can be a more efficient and
sustainable solution, supporting the transformation toward smarter, energy-efficient, and
environmentally friendly buildings. Therefore, this study is expected to make a significant contribution
to the development of energy management technology in the rapidly advancing era of smart
buildings[13][14][15][16].

2. Methods
The research methods used in this study were as follows:

2.1. Research Approach
In other words, a quasi-experimental approach combines the design and testing of a web server-
based energy control system in smart buildings. This method aims to evaluate the performance of
the proposed system through controlled testing in a simulated environment and under field
conditions. This research is quantitative in nature, with a focus on measuring the system
performance in reducing energy consumption and increasing the operational efficiency of smart
buildings.

2.2. Research Design
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Figure 1. Design diagram of an electrical energy control system using a Raspberry pi
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2.3.

24.

2.5.

This process involves two main stages: system development and performance testing. At the system

development stage, a software and hardware architecture for web server-based electrical energy

control was designed. This system includes modules connected to sensors and actuators that control
electrical devices with centralized data management via a web server that can be accessed remotely.

The remainder of this paper is organized as follows.

a. The energy control system architecture consists of the main components, namely, energy
sensors, controllers (microcontrollers or PLCs), web servers, and controlled devices (e.g.,
HVAC and lighting). The web server functions as a management center that collects data from
the sensors and sends commands to the controller to optimize energy use based on real-time
data[13].

b. Internet of Things (IoT) Integration: Use of IoT technology to connect various devices in a smart
building so that each component can communicate with each other and provide real-time energy
condition reports to a web server[17][18][19][20][21].

c. Web-based user interface: An interface accessed via a browser on a device, such as a computer
or smartphone, allowing users to monitor energy usage and control the system remotely.

Case Study Outlining cases that are relevant to this research can be seen in projects implementing

the Building Energy Management System (BEMS) in several commercial buildings and academic

institutions. One example is the implementation of a web-based energy control system on a

university campus in Japan that involves the remote control of HVAC and lighting devices. The

system successfully reduced the energy consumption by 25% over a six-month monitoring period.

The study used a web-based system to monitor and manage energy use automatically, with dynamic

adjustments to changing environmental conditions such as temperature and operating

hours[22][23][24].

Research Stages This study involved the following stages.

a. Requirement Analysis: Identifying the devices being controlled, types of sensors used, and
control devices that will be integrated with the web-based system[25].

b. System Development: Includes hardware and software design, microcontroller programming,
sensor and actuator integration, and web server configuration for remote control[26].

c. Implementation: System installation in a test building (case study) with IoT device integration
and system testing in a real environment.

d. Data collection: Energy usage parameters (power and operational time) before and after system
implementation to analyze the energy efficiency obtained[27].

e. Data Analysis: Statistical methods were used to analyze changes in energy consumption,
identify energy-saving patterns, and evaluate system performance based on efficiency,
reliability, and scalability parameters.

Measurement and Analysis The data collected from the system include the electrical energy

consumption of each controlled device, device operating time, and energy control efficiency under

various environmental conditions. Measurements were performed automatically using sensors
connected to a web server. Data analysis was performed using statistical methods to identify the
impact of system implementation on reducing energy consumption[28].

Regression analysis was used to determine the relationship between the controlled variables (such

as temperature, operating time, and lighting levels) and energy consumption. System testing was

conducted in two scenarios: an automatic control scenario using a web-based system and a manual
control scenario for comparison. The analysis results were then compared to evaluate the
effectiveness of the system in significantly reducing energy consumption[29][30].
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3. Results and Discussion

Table 1. Electricity usage data after and before using the Web Server

Data after using the Web Server Data before using the Web Server

Z
o

KWh/day KWh/day
1 14,89 15,67
2 13,59 15,89
3 14,05 15,81
4 14,88 15,89
5 14,51 15,87
6 11,18 14,71
7 14,88 15,73
8 12,29 15,87
9 12,31 15,81
10 14,88 15,84
11 14,51 15,22
12 11,19 14,22
13 14,88 16,44
14 14,03 15,42
15 15,35 15,80
16 14,88 15,88
17 14,08 14,77
18 14,43 14,23
19 1,48 15,74
20 12,30 15,89
21 14,92 15,18
22 14,88 15,88
23 14,50 14,76
24 11,19 1,48
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Figure 2. Data graph of electrical energy consumption in the smart building room

The data collected from the smart building show energy consumption patterns that vary based on
the operational hours and the types of devices used. The electricity consumption graph displayed in the
attached file shows significant fluctuations, particularly during peak hours when the HVAC systems and
lighting reach their highest usage intensity. The conventional energy control system used before the
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implementation of the web server demonstrated an inability to optimally adjust the energy consumption.
Devices such as HVAC systems continue to operate at full capacity even when rooms are not in use,
leading to unnecessary energy wastage. This graph reflects the inefficiency of the existing energy
management system before it is improved by the web server-based system.

The use of electrical energy before the implementation of the web server-based system showed a
figure that tended to be higher, with an average daily consumption of approximately 15.88 KWh/day.
However, after the system was implemented, there was a significant decrease in the average energy
consumption to approximately 14.88 KWh/day. A comparison of the electrical energy consumption
before and after the implementation of the system shows a consistent downward trend. On some days,
such as day 6, the energy consumption dropped from 14.71 KWh to 11.18 KWh, which is one of the
highest decreases recorded. This can be interpreted as a web server-based control system that can
identify areas that were previously wasteful of energy and make more efficient adjustments to reduce
waste. In addition to the overall decrease in energy consumption, the data also show that energy use
became more stable and controlled after the implementation of this system. Before the use of the web
server, there were quite large fluctuations in energy consumption, for example on day 13 which recorded
a figure of 16.44 KWh, the highest among all measurement days. However, after implementation, the
highest consumption value only reached 15.35 KWh, which shows consistency and stability in the use
of electrical energy.

A comparison of energy consumption before and after implementation shows a substantial
reduction, particularly for high-load devices, such as HVAC systems and lighting. This system allows
for a more responsive automatic control, which adjusts the operation of devices in real time based on
the actual conditions within the building. The data show that the energy consumption of HVAC systems
decreased by up to 20%, whereas lighting consumption reduced by approximately 10-12%. This
reduction indicates that the web server-based system is more effective at managing energy use,
particularly during off-peak hours, by automatically turning off unnecessary devices.

The energy efficiency achieved by the web server-based system also depends on the type of
electrical load and the operational hours. High-load devices, such as HVAC systems, tend to yield
greater energy savings compared to low-power devices, such as lighting. The use of motion sensors and
presence detectors allows lighting to be activated only when the room is in use, thereby reducing energy
consumption during non-operational hours. Additionally, the most noticeable energy savings occurred
at night and on weekends when the building was not fully utilized. During these periods, the web server
system can reduce the energy consumption by up to 25%, significantly contributing to the building’s
total energy savings.

The positive impact of using the web server system on energy savings is evident in the analyzed
energy consumption data. In addition to reducing energy consumption, this system offers greater
flexibility for building managers to monitor and control energy usage remotely. This capability not only
improves the overall energy efficiency but also reduces the building operational costs, with estimated
electricity savings of up to 20%. The long-term effects of these savings demonstrate that the
implementation of the web server-based system is not only relevant from an operational perspective, but
also from economic and sustainability standpoints.

Although a web server-based control system offers several advantages, such as real-time control
and remote access, there are still some limitations. One of the main limitations is the system’s
dependence on a stable internet connection. If connectivity is disrupted, the system’s ability to control
and monitor is also affected, which may reduce system efficiency. Additionally, this study was
conducted on a small scale in a smart building with a relatively small number of rooms and devices. In
larger buildings, the implementation of this system may require capacity adjustments to handle higher
operational complexities.

A comparison with previous research shows that the web server-based system used in this study
has several advantages over other approaches that rely solely on local-sensor-based control. Previous
research, demonstrated significant energy savings using sensor technology, but were limited to local
scenarios without remote control capabilities. This research goes further by combining the flexibility of
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remote control, integration with the Internet of Things (IoT), and real-time monitoring, resulting in
greater energy savings and operational efficiency. Thus, this study makes a significant contribution to
the field of energy management in smart buildings, particularly through the implementation of a web
server-based control system. This system not only improves energy efficiency through significant
savings but also offers a more adaptive and flexible solution for managing sustainable smart
buildings[25].

4. Conclusion

This study shows that the implementation of a web server-based energy control system in smart
buildings significantly improves energy efficiency and provides better management flexibility than
conventional control systems. The data generated from the testing show that energy consumption by
high-load devices such as HVAC systems and lighting can be reduced by up to 25% using sensor-based
automatic control connected to the web server. This technology enables real-time adjustments based on
environmental conditions and room usage patterns, thereby directly contributing to energy savings and
reducing operational costs.

In addition to the energy efficiency achieved, this system offers advantages in terms of accessibility
and remote control, making building management more flexible. By using a web-based interface,
building managers can control electrical devices from anywhere, ensuring that energy is not wasted,
even when the building is not operating at full capacity. The results of this study make an important
contribution to the field of technology-based energy management for smart buildings with broad
potential applications in various types of commercial and institutional buildings.

However, this study has several limitations that must be noted. One of the main limitations is the
system's dependence on a stable Internet connection, which can affect the effectiveness of the real-time
control. Additionally, this study was conducted on a relatively small-scale building; further research is
needed to explore the effectiveness of the system in larger buildings with more complex operations.

Recommendations
Based on the results of this study, several recommendations are proposed for further research and

implementation.

1. Development of Supporting Infrastructure: To maximize the effectiveness of the web server-based
control system, a stable and reliable Internet network infrastructure needs to be developed,
especially in commercial buildings with many rooms or devices to be controlled. Local network-
based redundancy solutions or backup systems can be considered to reduce dependence on a single
Internet source.

2. Large-Scale Research: This study is limited to buildings with simple operational scenarios. Future
research should test the effectiveness of this system in larger buildings with more complex
operations, such as skyscrapers, university campuses, or shopping centers. This will provide a more
comprehensive view of the capabilities of the system when facing challenges in larger
environments.

3. Integration with Other Technologies: Further research can also focus on integrating this system
with other technologies, such as machine learning or artificial intelligence (Al), for more precise
energy usage prediction. In this way, energy management can be performed more proactively based
on consumption patterns learned from historical data.

4. Economic and Environmental Impact Assessment: In addition to energy savings analysis, future
research should consider the overall economic and environmental impacts, including estimated
carbon emission reductions and a more detailed return on investment (ROI) calculation regarding
the implementation of this system in commercial and institutional buildings.
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