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Abstract: This research aims to increase the reach of waste management
system services in Pariaman City by utilizing geographic information systems.
This research is descriptive. The data collection technique used observation.
The sampling technique used was total sampling. The data analysis technique
used Interpretative Structural Modeling and Geographic Information
Systems. The planning results include the proposal of 9 new temporary waste
storage locations and the optimization of waste transportation services. This
proposed system significantly increases the coverage of waste management
services in Pariaman City: from 51.41 % (640.66 hectares) of the total residential
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Introduction

The purpose of waste management regulations as
stipulated in Law Number 18 of 2008 states that waste
management is an effort to maintain environmental
sustainability and quality, and improve public health.
Waste management is an essential part of public health.
Waste that is not managed properly can create
conditions that can negatively impact public health and
the environment (Towansiba et al., 2024). Waste is the
residue of daily human activities and or natural
processes. Waste is material or objects that are no longer
functional or unusable, whether originating from
households or from industrial waste (Aulia & Mahmud,
2025). All waste produced by human and animal
activities, whether in solid, sludge, liquid, or gaseous
form, is discarded as unnecessary or unwanted.
Although considered useless and unwanted, these
materials can sometimes be recycled and used as raw
materials.

Management encompasses a wide range of issues,
from ineffective recycling systems and infrastructure to
unregulated waste disposal that pollutes air, water, and
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area of 1,245.47 hectares, to 81.67% (1,017 hectares) served.
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soil (Sharma et al., 2021). Waste management includes
activities such as storage, collection, transportation,
processing, and disposal. Waste management activities
are tailored to regional conditions and the
environmental carrying capacity of the area. Good
operational waste management techniques address
waste from source to final disposal. The main
components of sustainable waste management are
production, collection, transportation, and disposal.
Waste generation is a crucial step in implementing waste
reduction strategies at source. However, for effective
management, there is growing interest in minimizing
waste through reuse and recycling, which requires the
integration of waste sorting into the waste management
process (Kihila et al, 2021). Management Waste
management encompasses the activities of storage,
collection, transportation, processing, and disposal.
Waste management activities are tailored to regional
conditions and the environmental carrying capacity of
the area. Waste management is expected to serve all
residential areas.

Waste management is crucial, especially for
temporary waste storage and the waste collection
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process. Temporary waste storage has several
environmental advantages, as its use reduces the
number of waste collection vehicles, resulting in
reduced traffic and air pollution. Waste management
can begin with household waste. Household waste can
be managed independently or disposed of directly at
temporary waste storage locations (Pangesti et al., 2024).
Furthermore, temporary waste storage reduces illegal
dumping and facilitates the designation of waste
disposal sites in remote locations, thus avoiding the
environmental impacts of waste disposal. The primary
function of temporary waste storage is to temporarily
collect waste before it is transported to a processing
facility or final disposal site (Aulia & Mahmud, 2025).
Therefore, temporary waste storage facilities play a
crucial role in the waste management system. The
purpose of temporary storage facilities is to serve
residential areas in disposing of waste.

The increasing population growth has caused the
Pariaman city government to face a waste problem.
Rapid population growth and increasing living
standards have led to an increase in the production of
municipal waste (Sharma et al.,, 2021). The annual
increase in population directly increases daily
consumption, resulting in solid waste generation (Afkar
et al., 2025). This waste problem is reflected in the
estimated daily waste generation data for Pariaman City
in 2021, which reached 61.95 m3 (Central Statistics
Agency of West Sumatra Province, 2021). The mounting
piles of waste undoubtedly negatively impact
environmental sustainability. Furthermore, the waste
problem also has implications for public health. Waste
pollution can occur through air, water, soil, or contact
with other organisms, causing diseases that harm public
health (Sumampouw & Pi, 2021). Waste collection also
affects waste services, with low frequency of solid waste
collection leading to public dissatisfaction, which leads
to increased demand for more frequent services. In
addition, the main reasons for household dissatisfaction
and demands for more frequent waste collection include
waste accumulation, poor collection schedules, and
increased risk of disease outbreaks (Roman et al., 2025).

Based on the results of the initial research
conducted, it can be seen that of the total residential land
area of 1245.48 Ha, only 640.66 Ha of settlements are
served by the Pariaman City waste service system. This
means that only 51.41 % of Pariaman City settlements
are served by the waste management system. This is
caused by the uneven location of the temporary shelters
in reaching settlements, the inadequate number of
temporary shelters causes the capacity of the temporary
shelters to be small. In terms of waste transportation, it
does not reach settlements and its transportation
capacity is small. In addition, there is 1 temporary
shelter located in the river body area which does not
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comply with applicable regulations. The service area for
pedicab drivers in collecting waste is divided in each
area, but all pedicabs collect their waste only at 1
temporary shelter with varying distances between
pedicabs. This also causes queues for loading and
unloading waste and delays in work time due to the
queues for loading and unloading and the distance
between the service area and the temporary shelter. At
the final disposal site (TPA), waste disposal is carried
out openly without any waste processing, which would
be beneficial for waste management and waste volume
reduction. This is due to the fact that the waste
processing facilities already available at the final
disposal site (TPA) are not yet operational.

The increase in waste volume is inversely
proportional to the availability of Temporary Shelters.
The increasing volume of waste causes the capacity of
Temporary Shelters to exceed capacity. Efforts to
manage the waste generated by entering Temporary
Shelters can be done through a waste management
approach that is oriented towards waste management
from the source.

Interpretive structural modeling GIS in waste
management can provide spatial and non-spatial
information regarding the distribution of TPS points,
TPS capacity, TPS service radius, TPS technical
feasibility, and TPS facility requirements (Ramadhan et
al., 2025). Geographic Information Systems (GIS) enable
visual mapping and depiction of geographic data related
to waste disposal locations. Data regarding names,
addresses, coordinates, and waste collection schedules
can be collected through this system. The application of
geographic information systems in surveys of the
distribution and condition of waste disposal sites
provides benefits for many parties, such as the
government, in monitoring the distribution and
condition of waste disposal sites, scheduling waste
collection, and planning accurate and safe waste
disposal sites (Novriansyah et al., 2023).

A Geographic Information System (GIS) is software
used to input, process, and analyze data, resulting in
complex data in the form of a map. A Geographic
Information System (GIS) is a system designed to
capture, store, manipulate, analyze, organize, and
display all types of geographic data. Geographic
Information Systems (GIS) enable the visual mapping
and depiction of geographic data related to waste
disposal sites. Data on names, addresses, coordinates,
and waste collection schedules can be collected through
these systems. With accurate and up-to-date information
on waste disposal sites, local governments can better
evaluate and plan for future waste management. GIS
also enables public participation in waste disposal site
monitoring.
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Meanwhile, Structural Interpretation modeling is a
way of analyzing system elements and solving them in
graphical form based on direct relationships between
elements and  hierarchical levels.  Structural
Interpretation Modeling analyzes system elements and
solves them in graphical form from direct relationships
between elements and hierarchical levels. Elements can
be policy objectives, organizational targets, assessment
factors, and others. Direct relationships can be in various
contexts. This ISM technique can be used to conduct
program analysis in accordance with the vision and
mission. ISM transforms unstructured relationships
between variables into a structured and hierarchical
model, which allows decision-makers to prioritize key
factors (Minz et al., 2025). Broadly speaking, the ISM
technique is divided into two parts: element
classification and hierarchical arrangement. These
elements can be policy objectives, organizational targets,
assessment factors, and others.

Therefore, based on the above problems, it is
appropriate to develop a research project entitled
"Planning a Waste Management System Using a
Geographic Information System." This research aims to
improve the reach of waste management services in
Priaman City.

Method

This research is a descriptive research. Method
descriptive is a search for facts with appropriate
interpretation (Syahrizal & Jailani, 2023). The objects of
this study were all temporary waste storage sites and
waste transportation facilities. Sample In this study, all
temporary waste storage sites and waste transportation
facilities were used. The data collection technique in this
study used the observation To obtain data on the
number, capacity, and coverage of services , as well as
the coordinates of temporary waste storage locations
using GPS. Once the data is obtained, it will be used as a
consideration regarding the number of temporary waste
storage locations needed and will be strengthened by
decision analysis using ISM analysis, which aims to
determine the direction of planning in the waste
management system in Pariaman City, where the ISM
results suggest that Increasing the need for optimal TPS.
The results of the existing conditions can be used to
calculate the need for waste facilities and determine the
number of additional TPS that can serve the community.
(Firdausy & DPrayoga, 2024). Several technical
parameters such as container volume, compaction factor
(Fp), and collection tool circulation (Rk) were also
considered in this analysis. (Ramadhan et al., 2025).
How to measure the need for temporary waste storage
with the following equation:
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CPp - Persentase layanan X Jumlah Ts 1)
- Kapasitas TPS x Fp x Rk

After determining the required storage and
transportation needs, a geographic information system
(GIS) plays a role in distributing new temporary waste
storage locations based on location criteria. After
obtaining the distribution of storage locations
Meanwhile, a search for new waste transportation routes
was conducted using a geographic information system .
Using the proposed GIS model for the location of
temporary waste storage sites, the model includes
planning the location of waste disposal sites, vehicles,
and optimal routes. Collection routes were planned
using GIS, with network analysis tools from ArcGIS
software, in this way the shortest or minimum path
through the infrastructure network was calculated (Neto
etal.,, 2024). For more details, see the following diagram.

‘ Waste Generation ‘

|

Existing System

Waste temporary
Transportation waste
System storage area

needs analysis

Interpretative Structural
Modelling

Utilization of Geographic
Information Systems

Increased Service

Coverage

Figure 1. Research diagram

Result and Discussion

One crucial step in waste management is having
adequate infrastructure for waste collection, sorting, and
processing. This system involves organized waste
disposal,  effective  recycling  facilities, and
environmentally friendly waste management methods.
(Aqilla et al., 2023). Therefore, planning must consider
sustainability. =~ Planning a  sustainable  waste
management system is a crucial part of achieving the
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Sustainable Development Goals. (Harahap et al., 2024).
Planning also ensures ecosystem preservation by
integrating ecosystem values into land-use planning,
thereby promoting environmental sustainability (Al-
Thani, 2025).

This study begins with the use of ISM analysis
which aims to plan by determining the direction of
planning in the waste management system in Pariaman
City. ISM transforms unstructured relationships
between variables into a structured and hierarchical
model, which allows decision makers to prioritize key
factors (Minz et al., 2025). Planning means considering

Table 1. ISM Problem Identification
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environmental, social, and economic aspects in order to
achieve order in planning the development of the entire
region and achieving the right scale that allows the
process to be permanent. Environmental planning
includes  sustainable resource use in land,
transportation, and development, and aims to reduce
adverse impacts on the environment and promote
biodiversity conservation (Al-Thani, 2025).

This method begins by identifying waste
management problems in Pariaman City, which are
described in the following table.

Problem Code
There is no waste processing because there are no officers El
The waste processing plant is not functioning, causing waste to pile up in the landfill. E2
The location of polling stations (TPS) that do not reach residential areas results in less than optimal service distribution. E3
The lack of temporary waste storage places causes waste to pile up in several temporary waste storage places. E4
The small capacity of the temporary waste storage area creates additional complications in emptying. E5
The small number of vehicles causes additional irritation. E6
Garbage truck routes are not optimal in transporting garbage in commercial areas. E7
Small transport capacity results in the need for additional trips. ES8

Source: Department of Housing, Settlements and Environment, Pariaman City, 2024

After identifying the problems to be analyzed to
obtain decision direction, a comparison is made between
each problem element to obtain the driver power value
and dependency value as described in the following
table.
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Figure 2. ISM matrix

After obtaining the ISM matrix, it is known that of
the 8 problem elements in the waste management
system in Pariaman City, there are 4 quadrants with each
class, which from the diagram can be interpreted as a

level in the decision direction which is explained as in
the following level image.

Table 2. Hierarchical Structure

Levels Hierarchical Structure
Levels 1 E3
Levels 2 E4 E5
Levels 3 E6
Levels 4 E2
Levels 5 E7 E8
Levels 6 El

Based on the hierarchy table above, it can be seen
that there are 6 levels of decision hierarchy from the
results of ISM data processing. Level 1 is the priority that
must be resolved first, where at level 1 there is a problem
element, namely the distribution location (E3) of
temporary waste storage that does not reach all
settlements. At level 2 there is an element (E4) the
number of temporary waste storage places is insufficient
causing waste to accumulate in several temporary waste
storage places and (E5) the small capacity of temporary
waste storage places causes additional iterations in
emptying. At level 3 there is an element (E6) the small
number of arm rolls causes additional iterations.

Based on the results of the decision analysis, it was
found that the distribution of TPS has not been able to
provide maximum service and there is still a shortage of
adequate numbers and capacities of TPS to
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accommodate waste generation in Pariaman City.
Therefore, this study continued with an analysis of TPS
needs so that distribution is even and can reach
residential areas. In preparing waste management plans,
data is needed regarding the amount of waste
generation (Anjani, 2024). The amount of waste
generated based on data from the City Cleaning and
Parks Service of PerkimLH is 65 m3. While the storage
container capacity is 6m3. Capacity evaluation is
calculated by comparing waste generation with the
volume of existing temporary waste storage sites and
then calculating the optimal need for temporary waste
storage according to SNI 3242-2008 (BSN, 2008) with the
following equation:

CP _ Percentage of service X Number of Ts 1)
TPS Capacity X Fp x Rk
1X 65
“ex12x1
=9.07

=9

Based on the results of the analysis above, it can be
seen that the number of waste collection devices needed
in Pariaman City is 9 units with a capacity of 6m?3 each.
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The total volume of waste is 6m3. After obtaining the
required amount of temporary waste storage, the
analysis is continued to determine the location of the
temporary waste storage with the help of a geographic
information system. This process uses Boolean logic,
meaning that Boolean logic only has two decision
directions, namely good by giving a value of 1 and bad
by giving a value of 0 to the land according to the
criteria. The Boolean Algebra method is a method of
simplifying logic circuits that is carried out by applying
Boolean rules or theorems. This method is faster and
easier than using truth tables to simplify a long series of
logic functions (Zulsfi et al., 2021). Scoring is the
assignment of scores based on the logic of the level of
influence of the classes on each important aspect for
determining the suitability of a location (Hidayat et al.,
2025).

The initial step taken in determining the location is
to create a 50 m long road buffer zone so as not to disturb
the aesthetics and road users (Lontoc et al., 2023), a 100
m long river body so as not to cause pollution in surface
water (Trajkovi¢ et al, 2024), and a 100 m long
residential buffer zone which will have a significant
impact on services and not disturb the local spatial
planning (Muliarta et al., 2023), which will be done
using ArcGIS Pro.

Table 3. Spatial Assessment Criteria (Nahlisa & Artiyani, 2023)

Location Criteria Information Category Code
Land Conditions Safe from flooding Good 1
Flood Prone Not good 0

Road Conditions The road can be passed by trucks Good 1
The road is impassable by trucks Not good 0

Distance of settlement 100 m Good 1
<100 m Not good 0

Distance from Road 50 m Good 1
<50 m Not good 0

River distance 100 m Good 1
<100 m Not good 0

Protected Area No Protected Areas Good 1
Protected Area Not good 0

Based on RTRW Does not interfere with the RTRW Good 1
Disturbing the RTRW Not good 0

More accurate mapping of urban areas with poorly
managed waste can support the provision of targeted
waste services and inform environmental modeling of
waste (Umar et al.,, 2023). This procedure follows a GIS
framework that eliminates unacceptable locations by
considering environmental factors, in addition to
political and economic issues, contained in layers of
additional information to select potential landfill sites
through an overlay process by GIS software.

(Rassarandi, 2023). This approach provides a
comprehensive overview for selecting suitable and safe
land for TPS development, supporting more effective
and efficient waste management. (Alfianto et al., 2024).
Based on data verification using imagery, it was
discovered that several locations are productive
community land. Planned temporary waste storage sites
on productive land will be removed, leaving only nine
locations, as needed, as depicted in the map below.
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Figure 3. Map of the temporary waste storage location plan (Geographic Information System Analysis, 2025)

Based on the map above, it can be seen that there
are 9 temporary waste storage locations which are
divided into each sub-district with the following types
of bushes and area.

Table 4. Temporary Waste Storage Location Plan Data

Number Land Use Area (Ha)
1 Shrubs 3049.355
2 Open Land 4530.865
3 Shrubs 5289.458
4 Shrubs 5876.799
5 Shrubs 5907.219
6 Shrubs 6119.388
7 Shrubs 10082.87
8 Shrubs 21393.44
9 Shrubs 180106.3

Source: Geographic Information System, 2025

The table above shows that the proposed temporary
waste storage sites consist of open land and scrubland .
Temporary waste storage sites should be built on vacant
land because they will not negatively impact land use
changes and will not disrupt local community activities.
Accessibility Land is like a condition or availability of a
connection from one location to another, so that it
provides convenience or conditions for moving from

one location to another and is safe, comfortable and at
normal speed (Novita & Antomi, 2020). During waste
collection, temporary waste storage services will be
assisted by garbage pedicab services at each waste
storage location, as shown in the following table.

Table 5. Pedicab Distribution Plan by Subdistrict

Number Subdistrict Number of Number of polling

Pedicabs stations
1 South Pariaman 2 2
2 East Pariaman 4 3
3 Central Pariaman 3 2
4 North Pariaman 2 2
Total 11 9

Source: Geographic Information System, 2025

The data in the garbage rickshaw service table
above shows that there are 11 rickshaws operating to
transport waste and store it in temporary waste
collection sites. These 11 rickshaws are divided into
several sub-districts according to their respective needs.
The garbage rickshaw service coverage map below
shows that the maximum service area provided by the
communal system is 1 km from the temporary waste
collection site. The number of rickshaws is adjusted
according to the number of available rickshaws.
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After obtaining the location data for temporary
waste storage sites, the next step is to plan dump truck
routes to provide waste transportation services in
Pariaman City using a geographic information system
using network analysis techniques. This analysis uses a
geographic information system (GIS) that is adjusted to
the location of main roads and waste volumes exceeding
0.3 m3, which are generally found in commercial and
service areas. In carrying out network analysis, a
software that can be used to support it is ArcGIS. ArcGIS
provides various tools related to network analysis, such
as tools for identifying routes, determining service areas,
finding the nearest facilities, cost matrices, solving
vehicle routing problems, and determining optimal
locations (Alfianto et al., 2024). Existing transportation
routes can be optimized by shortening distance and
transportation time. Alternative routes are analyzed
using Network Analysis, where this application can find
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the fastest or shortest route, the nearest facility, and
determine the service area (Putri et al., 2023). One of the
main aspects of a distribution system is determining the
best delivery route (Putra & Munita, 2025). Process
Creating a transportation route would be better if it was
done with GIS, namely by using ArcGIS as a waste
transportation route map (Putri et al., 2023). Optimizing
collection routes by implementing strategies such as
optimizing collection routes is one of the keys to
increasing waste management efficiency. This
optimization reduces time, operational costs, and
resources, in addition to improving the management of
human talent involved (Haro Avalos et al., 2024). The
process of collecting and transporting waste on site must
be carried out effectively and efficiently by considering
several things, such as logical route planning (Khairil et
al.,, 2024).
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Figure 4. Dump truck route plan map (Geographic Information System Analysis, 2025)

Based on the map image above, it can be seen that
there are routes traveled by garbage trucks where these
routes will provide direct individual services consisting
of 5 fleets that are analyzed using network analysis

which produces distance and travel time data which will
be described as follows.
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Table 6. Garbage Truck Routes

Number Name Distance Time
1 BA 8004 W 8413.951 13 minutes
2 BA 8015 WP 9431.588 15 minutes
3 BA 8028 W 5383.958 9 minutes
4 BA 8036 W 19753.66 30 minutes
5 BA 8814 W 12655.24 19 minutes

Source: Geographic Information System, 2025

August 2025, Volume 11, Issue 8, 867-878

Optimizing collection routes through strategies
such as optimizing collection routes is key to improving
waste management efficiency. This optimization
reduces time, operational costs, and resources, while
also enhancing human participation (Haro Avalos et al.,
2024).

After completing the planning of the location of the
temporary waste storage area and obtaining the route
for the garbage dump truck, you can see the planned
area on the following map.
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Figure 5. System plan service coverage (Geographic Information System, 2025)

Based on the map above, it is known that the waste
management system plan has had a very positive impact
on waste services in Pariaman City. Initially, of the total
residential area of 1,245.47 Ha, only 640.66 Ha were
served by the Pariaman City waste service system,
which means 51.4% of the settlements in Pariaman City
have been served. Then, with the waste management
system plan covering 1,017 Ha of the total residential
area of 1,245.47 Ha, only 228.47 Ha of settlements cannot
be served by this system plan. This means that 81.6% of
settlements can be served by this system plan.

The planning of this waste management system
also takes into account the existing system, especially the
procurement of equipment and the number of
personnel, where in the planned system there is only an
addition of equipment in the form of the number of

containers. The communal container which was initially
3 became 9, which means that there are 6 communal
container units that must be added to improve services
to the community and increase environmental
awareness. It should be emphasized that environmental
awareness encompasses not only an understanding of
the importance of maintaining a clean environment but
also an awareness of the negative impacts of
unsustainable waste management (Fariani et al., 2025).
The presence of temporary waste disposal sites will
facilitate waste management for the community and
government. This process will also improve services and
reduce environmental pollution (Figra & Antomi, 2023).

In terms of garbage dump truck services, the
existing system and the planned system are not much
different, only that the planned system optimizes the
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route according to the criteria provisions adjusted to the
location of the main road and the volume of garbage
exceeding 0.3 m?3 which is generally found in
commercial and service areas.

In terms of waste collection services using
communal containers, this presents a significant
difference. The initial system only had three temporary
waste storage sites accessible to the public. The planned
system, however, has nine locations that can be
optimized. Geographic Information System (GIS)
determines the location of waste generation, knowledge
of the distance to the TPS, knowing the collaboration of
service facilities with settlements, then the effective
route for transporting waste will be known validly so
that it can reduce waste generation and save operational
costs (Yunus et al., 2022). Spatial data processing or
manipulation is one of the capabilities of GIS in
producing new information more quickly and efficiently
(Hidayat et al., 2025). By selecting the most efficient
combination, it is hoped that the total distance traveled
by each fleet can be minimized, thereby reducing the
time and operational costs required for waste
transportation (Chandrahadinata et al., 2025). The
strategy that will be developed to reduce food waste at
the household level is a defensive strategy, also known
as minimizing weaknesses in order to survive threats
(Gerda et al., 2023).

Planning the location and route of TPS must also
consider the existing land use in Pariaman City, where
the obtained location is adjusted to the land use through
validation using imagery. In achieving sustainable
development from an environmental perspective, an
environmentally sound waste management system can
contribute to the realization of a sustainable city, because
environmentally sound waste management will create a
good environment (Widiyanti et al., 2024).

A Temporary Disposal Site (TPS) is a building or
area designed to move waste from collection equipment,
such as cart or transport vehicle, to in larger containers.
The main function of a TPS is as a location for
temporarily collecting waste before it is transported
further to a processing facility or final disposal site.
(Aulia & Mahmud, 2025). Provision of adequate
temporary waste storage facilities (TPS) is very
necessary for storing waste (Efendi & Littaqwa , 2023).
Temporary waste storage is also needed to build a
mindset among residents to dispose of waste properly
(Iskandar, et al., 2025). Managing solid waste effectively
requires a comprehensive strategy that involves all
members of the community (Rahmawati & Sapii, 2024).
This will reduce the risk of environmental damage and
other conflicts, one of which is the emergence of illegal
temporary waste disposal sites. The emergence of illegal
TPS is due to the lack of legal temporary waste disposal
sites accessible to local communities and the lack of
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special attention from relevant institutions to provide
adequate waste disposal facilities (Efendi & Littaqwa,
2023). The impact of the lack of adequate TPS is
environmental pollution and disrupts the aesthetics of
an area (Fikriyah et al., 2022).

In Pariaman City's waste management system,
collected waste is transported to a final disposal site. The
landfill serves as a disposal site for waste that cannot be
managed (Rahmadani et al., 2025). Landfills remain the
best option for solid waste management in Indonesia, as
other waste disposal or management options tend to be
more expensive (Septianingrum et al., 2023).

Conclusion

Based on the research results, it can be concluded
that the waste management system plan has had a very
positive impact on waste services in Pariaman City.
Initially, of the total residential area of 1,245.47 Ha, only
640.66 Ha were served by the Pariaman City waste
service system, which means 51.4% of the settlements in
Pariaman City have been served. Then, with the waste
management system plan covering 1,017 Ha of the total
residential area of 1,245.47 Ha, only 228.47 Ha per
settlement cannot be served by this system plan. This
means that 81.6% per settlement can be served by this
system plan.
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