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Abstract

This research aims to create a waste monitoring system that offers an affordable
digital solution with limited technological infrastructure, namely Microsoft Access
with the rapid application development (RAD) method. The system created makes it
easy to record waste data in a structured manner, allows real-time reporting, is easy
to access, and is cost effective. System testing involved five simulated users, the
results showed an average input duration of 2 minutes 57 seconds, a minimum error
rate of 0.4 per session, and a user satisfaction level of 4.7 out of 5. This system can
be used by institutions with limited technological infrastructure, such as educational
institutions, small and medium businesses. For further research, additional research
is needed to increase adoption by incorporating IoT sensors through the creation of
online or mobile applications.
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1. Introduction

The development of a waste monitoring information system is currently becoming
increasingly important. One reason is the increasing volume of waste; it is estimated
that by 2050 global waste production will reach 3.4 billion tons per year [1]. However,
the current state of waste management involves significant reliance upon manual
record-keeping [2, 3]. This can result in inefficiencies in the process and will
potentially lead to the issues of increased waste, delays in the handling process,
suboptimal resource consumption, and environmental pollution [4-6].

Although waste management is a critical component of sustainable engineering, it
moreover covers areas such as green materials synthesis and environmental policy for
green technologies [7, 8]. In implementation, institutions with limited resources,
including small and medium enterprises (SMEs) and educational institutions in
developing countries, face significant barriers in adopting modern systems due to the
substantial infrastructure costs associated with the internet of things (IoT) and cloud-
based technologies [5, 6].

Previous research shows various advanced technological approaches to waste
management. For example, the application of artificial intelligence and chatbot
systems has been explored, a cloud-based IoT monitoring framework, predictive
analytics combining loT edge computing and blockchain technology for smart city
applications is recommended [9-11]. Then, smart battery storage was integrated into
an loT-enabled solar waste management system, as well as a web-based reporting
platform [12, 13].

Most previous studies tend to take a technologically advanced approach,
concentrate on urban environments or smart cities, and prioritize operational efficiency
over usability and user satisfaction. These things pose challenges in themselves
regarding infrastructure planning and achieving universal access targets in Indonesia
[14]. In addition, the literature does not provide desktop solutions that are lightweight
and can be accessed offline which are specifically designed to accommodate the needs
of smaller institutions.

This study introduces a practical, low-cost management information system (MIS)
developed using Microsoft Access for offline operations. To fill any gaps that have
been identified, the system employs the rapid application development (RAD)
approach to facilitate sustainable engineering decisions through the organized data of
waste and creation of visualization reports. The application of the RAD approach
makes it easier to rapidly iterate and test [15].

2. Literature Review

2.1. Management information system (MIS) concept

This study refers to management information systems as a computer-based system that
provides accurate, timely and relevant data. The MIS is needed to make informed
organizational decisions, while at the same time strengthening the main managerial
functions in planning, monitoring and control [16, 17]. In this integrated era between
sustainability and competitiveness, SIM application is increasingly needed to be able
to support operational and environmentally responsible functions [18]. In addition,
MIS capability could also provide advanced analytical features, including trend

Journal of Engineering Science and Technology Special Issue 2/2026



A Lightweight Waste Monitoring Information System using Microsoft . . .. 3

analysis and dynamic visualization [19]. This is important for developing solid and
sustainable strategies for managing waste.

2.2. Waste monitoring

Its use in the sustainable engineering era, one of which can be identified in waste
monitoring system [20]. The technology can detect the type, quantity, and location of
waste in different organizational settings [21, 22]. In the process, identification takes
into consideration waste type, quantity collected, collection procedure, and procedure
of recycling or treatment. An appropriate waste management system helps in
preventing environmental pollution, improves the utilization of resources, and raises
environmental awareness [23]. In addition, the technology allows all stakeholders to
behave responsibly when dealing with wastewater and allows them to assess the
efficiency of environmental policy [24].

2.3. Microsoft access technology

Microsoft Access serves as a technology platform for system development because it
offers connectivity in a LAN network, security of data, as well as the ability to generate
reports in excel [25]. Microsoft Access further allows for the aspects of automation,
encryption, and validation through the employment of VBA and macros [26].
Therefore, in the capacity of the relational database management system, Microsoft
Access-based systems support the creation and management of databases using the
graphical interface [27]. In fact, the simplicity in its utilization without programming
makes it suitable in cases where the institutional or organizational capacity lacks
significant technical know-how and infrastructural make-up.

2.4.Rapid application development (RAD) approach

The system developed in our research gives importance to speed and flexibility [9]. It
therefore follows the RAD model of development (see Fig. 1) because it is a model of
development which can speed up the process of development through user feed-back
[28].

erototype

Fig. 1. Rapid application development (RAD) model.

Unlike traditional linear models, RAD is used with consideration of rapid
prototyping and collaborative refinement to ensure that the final system meets user
needs [29]. RAD is well suited for projects with iterative requirements and that require
rapid system delivery [8]. Similar to the waste monitoring system, RAD supports the
rapid capture of data, simple reporting, and ease of use for non-technical users. Thus,
this approach is in line with the principles underlying sustainable engineering, in which
the social and environmental impacts of a system are considered throughout its life
cycle [7].
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3. Method

In order to identify the requirements, observations and semi-structured interviews were
initially conducted with two operational officers from the department of waste
management. Afterwards, the prototype of the system was identified through short
iterative cycles and direct user feedback, in which the four stages of the RAD process
are: identification of requirements, system design, prototyping, and functional
evaluation.

4. Results and Discussion
4.1. User needs identification

Analysis of the interviews showed that the current practice for waste data
documentation was manual, involving the use of disparate tools such as excel
spreadsheets and physical notebooks in the absence of any standardized mechanism
for reporting. Thus, based on these, the significant user requirements identified for a
new system included the ability to record type, volume, and location of wastes;
produce automated graphical reports; be functional in a local setting without internet
access; and be easy to use by non-technical personnel (see Fig. 2).

Waste Monitoring
Information System

Enter Waste
Data

¥ —

Generate

g

e

Fig. 2. Use case diagram of the waste monitoring information system.

4.2. System design

System design was performed in the Microsoft Access environment and included the
design of database entities, data input forms, reporting queries, and visual dashboards.
A use case diagram was utilized to model the system actors and their interactions (see
Fig. 2). The resultant system was designed with a user-friendly, form-based interface
that included input validation, drop-down menu options, and report export
functionality to excel.

4.3. Prototyping

The prototype was tested by five simulated users from non-technical backgrounds.
Evaluation was conducted through: measuring data input time; the number of input
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errors per session; and a user satisfaction questionnaire (scale 1-5). A system prototype
was successfully developed using Microsoft Access with four main components: a
waste data input form, a disposal form, a transportation schedule, and a reporting
dashboard. All functions run locally without an internet connection and do not require
an external server. The system interface was developed to be user-friendly by
including automatic validation of dates, a drop-down list for the selection of types of
wastes, and a report form exportable into Microsoft Excel (see Fig. 3). Figure 4 shows
the main input form.

1. User Input 2. System Processing 3. Data Output
(Mobile/Tablet App (Microsoft Access Backend) & Reporting
=
R
MW WASTE INTRY = I Wenle Varwgener? [ advboerd
Microsoft !
Access [ I

Data Ingestion |
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Storage
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Printable & Sharle
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Fig. 3. Waste data input and system flow.

Waste Input Form

Waste Type: Organic v
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Save

Fig. 4. Waste data input form display.

4.4. Functional evaluation

Table 1 shows the results of the system test measurements based on five simulated
users running the test scenario in a LAN-based work environment. On average, it took
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2 minutes and 57 seconds to record a single entry. The number of errors was very low,
0.4 errors per session.

Table 1. System test measurement results.

Evaluation Aspect Mean Standard Deviation
Input Time 2 minutes 57 seconds  0.35 minutes

Input Error 0.4 per session 0.2

User Satisfaction Score 4.7 out of 5 0.3

Results from the implementation show that a Microsoft access-based system is
ideal for small organizations with limited technical and financial resources. The
system was also found to be effective in solving the core needs of waste
management, namely recording, reporting, and scheduling, without relying on cloud
or loT infrastructures.

This study adopted a methodology that prioritizes ease of access, affordability, and
ease of replication at capacity-constrained sites. In contrast, other research [10-13] is
more dependent upon advanced technologies such as the use of [oT sensors and online
waste reporting. In fact, this showcases how the presented research contributes to the
topic of sustainable engineering solutions [27].

The success in the application of the RAD approach, where emphasis is placed on
the direct involvement of the users, has likewise attracted attention through the high
level of satisfaction expressed by the users [30]. The positive reaction towards the
application from the users can thus be considered as evidence of how the design of the
system fully takes into consideration human-centred design tenets. In turn, the basic
interface form applied ensures success in projecting an appealing user interface.

5. Conclusion

For this study, a waste monitoring management information system was developed
using Microsoft Access and the rapid application development model. It was proven
to be able to help manage data in an organized and satisfactory manner, with few
errors, and an average time of less than three minutes per data entry. The high level of
satisfaction confirms the effectiveness of the interface in monitoring without using
complicated technology. These findings indicate that the developed low-cost system
can function effectively as a pragmatic alternative in rapidly changing but financially
constrained corporate environments, such as in local governments, SMEs, or
educational organizations. For future research, it can add the use of internet of things
(IoT) technology, online or mobile versions of the existing system to make it
applicable in all fields.
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