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waste collection coming the household, institutional, industrial,
commercial and agricultural sources and the barangay are
required to submit a report from the LGU (Municipality/City)
manually. In an unpublished paper of Bustamante (2013)
entitled San Carlos City’s Materials Recovery Facility: Its
Impact and Efficiency, [1] the indispensable role of the MRF on
proper solid waste management was noted. It was also noted
that the MRFs’ recording are manually made using log sheets. It
takes time to gather all the records and the worst scenario is the
misplacing the records.
Driven by the idea of providing a system that has the
capability of gathering and organizing solid waste management
data as well as generation of reports with ease and efficiency
and with the technology today the Material Recovery Facility
(MRF) Monitoring and Evaluation System (MES) was develop.
The system will record and monitor all the information related
to the classification of the solid waste and to produce timely and
accurate results in terms of: (1.1) waste classifications [4]:
biodegradable;
non-biodegradables/recyclables;
residual
wastes; special waste or hazardous; and electronics waste. (1.2)
waste sources: institutional; commercial; industrial; and
household (1.3) amount/volume of waste generated by the
municipal and LGU’s. (1.4) periodic reports [5] needed by the
Provincial Environment Management Office (PEMO) for
monitoring and evaluation of the segregated waste data; and (2)
the level of acceptance of the system by the use of the evaluation
tools based on ISO/IEC 25022 Systems and Software
Engineering – Systems and Software Quality Requirements and
Evaluation (SQuaRE) – Measurement of Quality in Use [2] in
terms of: functionality; reliability; usability; efficiency;
maintainability; and portability.

Abstract— The Material Recovery Facility (MRF) Monitoring and
Evaluation System (MES) is a web based application that aims to
automate the manual process of recording and monitoring of the
different solid waste in the local government units (LGUs) in Negros
Occidental, Philippines. It was designed for the Solid Waste
Management Office to enhance the monitoring and recording of the
segregated solid waste. The methods used in conducting this research
was descriptive method and developmental research for the software
development and design of the system. The ISO/IEC 25022 (SQuaRE)
– Measurement of Quality in Use was utilized to evaluate the
performance efficiency and functionality of the system. The system
was evaluated by selected Information Technology specialists and
Environmental experts through purposive sampling. The results of the
evaluation of the system was very good. This means that the system
was applicable and ready for implement to the MRF of the different
LGU in Negros Occidental to monitor their solid waste.
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I. INTRODUCTION
In the Philippines, the primary law on proper waste
management is the Ecological Solid Waste Management Act of
2000 or RA 9003. RA 9003 requires the mandatory segregation
of waste. Segregation must be conducted at the source to include
household, institutional, industrial, commercial and agricultural
sources. Moreover, Republic Act No. 9003, otherwise known as
the Ecological Solid Waste Management Act of 2000, materials
recovery facility (MRF) receives biodegradable waste for
composting and mixed non-biodegradable wastes for final
segregation, re-use and recycling. The process involves several
stages, that each type of mixed waste is collected from the
source and transported to the MRF in separate containers.
MRFs must be established in every barangay or cluster of
barangays all over the country. Barangays shall be responsible
for the collection, segregation, recycling of biodegradable,
recyclable, compostable and reusable wastes. The Barangay
MRF office are required to record all the data of the segregated

II. CONCEPTUAL FRAMEWORK
The Input – Process – Output Research Model shown in
Figure 1, was formulated in the development of MRF MES.
The input includes solid waste management concepts, Graphic
User Interface and Waste Information and Classification
inside the MRF. The proponents interviewed some SWM
personnel to get the specific requirements needed in
monitoring the waste collection. The process includes
development of the MRF MES prototype based on the
requirements needed by each LGU’s and the evaluation was
evaluated by the different IT expert and officials in the Solid

Manuscript received December. 4, 2017. (Write the date on which you
submitted your paper for review.) This work was supported in part by the
Carlos Hilado Memorial Sate College research department. The study was
utilized by three Local Government Unit. Engr. Josephine Q. Salillas , Jayrelle
B. Sy , Engr. Rene Salmingo, Christine D. Bustamante, and Charwin Padilla,
MIT are with Carlos Hilado Memorial Sate College as an IT Instructor.

https://doi.org/10.17758/URUAE.AE12171013

119

6th International Conference on Advances in Science, Engineering and Technology (ICASET-17) Dec. 17-18, 2017 Manila (Philippines)

Waste Management Office. After the prototyping and
evaluation the proponents presented the MRF MRES to the
different officials in LGUs in Negros occidental. The output
is the MRF MES that was tailored in the requirements of the
LGUs.

The mean scores were interpreted using the following ranges:
4.21 – 5.00 points for very good, 3.41 – 4.20 points for good,
2.61 – 3.40 points for average, 1.81 – 2.60 points for fair, 1.00 –
1.80 points for poor. The mean was utilized and standard
deviation (SD) was also used to determine the dispersion of data
from mean scores which is important in software development
and implementation to achieve a quality product that meets
user’s specified requirements.
Statistical tools for Data Analysis: Mean (
Deviation (

) and Standard

)

Fig1. Input – Process – Output
where:
III. METHODOLOGY

= score of each item

= –1
= individual values of
The Three – Tier Web based Architecture for the MRF MES
shown below at Figure 2. The developmental tools that were
used in development of the system are the following: (1)PHP, a
Server-side HTML embedded scripting language which was
used in developing the system; (2) MySQL, an open source
database; (3)Apache web server, an open source and a popular
webserver; and (4) JQuery, a client side scripting langue

The researchers used developmental research for the software
development and design of the system. Descriptive method of
research was used in the evaluation of MRF MES utilizing
ISO/IEC 25022 (SQuaRE) – Measurement of Quality in Use.
The researchers’ also uses the Incremental Model for Systems
Development Methodology.
The researchers met with the focal person to discuss the
current flow of the MRF operations and services in the barangay
and LGU. The researchers benchmarked Municipality of
Valladolid for WACS and Bago City Eco Waste Center for
MRF processes with the approval of Head in Provincial
Environment Management Office (PEMO). Gathered all the
information such as log sheet, forms and different documents
for the classification of the solid waste, sample reports that
needed by the different barangay and LGU office to determine
the amount of the waste collected.
The subjects/respondents of the study was taken from
purposive sampling. It is a sample selected by a researcher
which in his\her judgment is a representative sample”, this
statement was cited by Adanza (2009). Ten (10) Information
Technology (IT) experts were selected to evaluate the
monitoring and evaluation system software. The panel of
experts were composed of: four (5) IT specialists, three (2)
Environmental specialists, two (2) multimedia specialists and
one (1) MRF Coordinator were tasked to evaluate MRF MES.
The researcher utilized the standardized questionnaire from
Systems and Software Engineering - Systems and Software
Quality Requirements and Evaluation (SQuaRE) –
Measurement of quality in use (ISO/IEC 25022).
The
Questionnaire for MRF MES consists of two parts. Part I
solicits the respondent’s profile and Part II consist of the
questionnaire proper.
The respondents were asked to respond to quality in use
related to the management system. They were asked to indicate
the level of functionality, reliability, usability, efficiency,
maintainability; and portability, by responding to a five-point
scale with the following values: 5 points for very good, 4 points
for good, 3 points for average, 2 points for fair and 1 points for
poor. The highest possible mean score is 5 and the lowest is 1.
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Fig 2. Three Tier Web based Architecture
IV. RESULT AND DISCUSSION
Figure 3 shows the interface of the system, the profile of the
LGU and the menu of the system. The LGU information page
have a different attribute such as LGU name, type, dialect, total
barangay, population and land area. The menu at the left portion
of the interface have four (4) main menu the LGU profile, Waste
management, Report and Miscellaneous.

Fig3. The profile of LGU
In Figure 4 shows the waste collection data such as collection
date, waste source, waste classification, truck capacity,
collection type and the volume of the waste in a particular truck.
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V. CONCLUSION
The findings of the study revealed that the functionality
and efficiency of the MRF MES have met the requirements of
the Solid Waste Management office in Negros Occidental. In
addition, the consistency of the responses made by the system
development and testing of the MRF MES evident to achieve a
quality product that meets user’s specified requirements. The
MRF MES is the first automated system which can monitor and
evaluate the waste collection in the province of Negros
Occidental. This system is a useful tool to LGUs in recording,
archiving and retrieving waste collection data. Furthermore, it
will help the LGUs find solution to their waste management
problems.

Fig 4. Waste Collection Information
In figure 5 the system can provide periodic reports needed by
the Provincial Environment Management Office (PEMO) for
monitoring and evaluation of the segregated waste data based
on: weekly; monthly; quarterly; and annually. It also have
summary of the waste collection of the LGU and the graphical
presentation of the category of the waste collection.
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Fig 5. Waste Collection Report
TABLE 1. OVERALL RESULTS OF THE MRF MANAGEMENT SYSTEM
EVALUATION

ISO/IEC 25022
Functionality
Reliability
Usability
Efficiency
Maintainability
Portability
Average Mean
Standard Deviation
(SD)

Numerical
Result
4.24
3.87
4.67
4.45
4.40
4.63
4.37
0.62

Descriptive
Interpretation
Very Good
Good
Very Good
Very Good
Very Good
Very Good
Very Good

In general, the system evaluation obtained an over-all mean
rating of 4.37 interpreted as very good with SD of 0.62
indicating homogeneity in the responses of the respondents. The
functionality was rated very good which imply that the function
satisfied or implied the needs of LGU. The system is capable to
maintain its level of performance under the stated conditions for
a specific period of time. The system was acceptable /
applicable and ready implement to the MRF of the different
LGU in Negros Occidental to monitor their solid waste.
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