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Abstract 

This study explores the use of digital mapping technology to 
optimize waste transportation routes in Malang City, Indonesia. By 
utilizing GIS (Geographic Information System) applications, this 
study aims to improve operational efficiency and reduce waste 
transportation costs. Through field observation and statistical 
analysis methods, it was found that this technology can reduce 
travel distance by up to 15% and travel time by up to 25%. These 
results show significant potential in reducing operational costs and 
carbon emissions, as well as supporting environmental 
sustainability goals. However, challenges such as workforce 
resistance to new technologies and limited costs and data access 
still need to be addressed through training and supportive policies. 
This study provides important implications for waste managers 
and local governments to design more efficient and 
environmentally friendly waste management strategies, and 
encourage wider adoption of digital technologies. These findings 
offer evidence-based recommendations for policy makers to 
improve the quality of urban waste management through 
technological innovation. 
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1. Introduction 
Rapid urbanization and population growth in large cities have created various challenges for 

urban waste management, especially in the context of waste transportation from Temporary Storage 
Sites (TPS) to Final Processing Sites (TPA). This challenge arises because the volume of waste 
continues to increase along with the increasing population, as well as the limitations of existing 
infrastructure in dealing with the amount of waste produced. In Malang City, Indonesia, this challenge 
has become increasingly apparent given the high rate of urbanization that has occurred in recent 
decades (M. Ali et al., 2023; Liu et al., 2022). 

Traditional waste management systems are often unable to address this problem efficiently. This 
is due to various factors, such as limited infrastructure, inadequate budgets, and limited availability 
of labor. In addition, conventional methods of waste transportation tend to be time-consuming and 
costly, making them less efficient on a growing urban scale (Jiang et al., 2023). To overcome this 
problem, an innovative approach is needed that can utilize digital technology to optimize urban waste 
management. One solution that is considered potential is the use of digital mapping technology, 
especially Geographic Information System (GIS)-based applications, which have proven effective in 
various urban contexts. 

GIS technology allows for more efficient transportation route planning, taking into account 
various factors such as distance, travel time, and traffic conditions. The application of this technology 
in waste management has shown several significant benefits, including reduced operational costs, 
increased efficiency of transportation time, and reduced carbon emissions from waste transport 
vehicles (Singh et al., 2022; Wang et al., 2024). In various large cities, digital mapping applications are 
used to determine the shortest and fastest routes between TPS and TPA, thereby reducing the distance 
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and time required for the waste transportation process. This not only helps in saving costs but also 
contributes to reducing environmental impacts, especially related to greenhouse gas emissions 
produced by waste transport vehicles (Eb et al., 2021). 

 

 
Figure 1. Growth in the Number of Polling Stations in Malang City (2022-2024) 

Source: Researcher Processed Data 
 

Malang City, as one of the cities experiencing rapid urbanization in Indonesia, faces similar 
challenges. With the volume of waste continuing to increase each year, waste management has 
become an urgent issue that must be addressed immediately. According to data collected, there has 
been a rise in the number of TPS (Temporary Disposal Sites) in various areas of Malang City from 
2022 to 2024, reflecting the growing need for more efficient waste management. For example, in 
Blimbing District, the number of TPS increased from 19 in 2022 to 22 in 2024, while in Sukun District, 
there was an increase from 15 to 16 TPS during the same period. These data indicate that the growth 
in the number of TPS in Malang City aligns with the increasing volume of waste generated by the 
community (Anisykurlillah et al., 2024; Safitri et al., 2024). 

Indeks Kualitas Lingkungan Hidup (IKLH) is a crucial environmental quality index used to 
measure the overall condition of the environment in a specific area. It encompasses multiple 
indicators such as air, water, and soil quality, as well as ecosystem sustainability, all of which play a 
significant role in determining the livability of urban spaces. Given the rapid pace of urbanization in 
cities such as Malang, the IKLH serves as an essential metric for assessing how human activities 
influence environmental degradation. For instance, the conversion of green spaces to urban 
infrastructure can reduce air and soil quality, while the increase in industrial activities contributes to 
water contamination (Habibah et al., 2023; Jati et al., 2023). The IKLH helps policymakers and 
environmental managers identify critical areas requiring intervention to prevent further ecological 
damage (HARIS et al., 2023). 

In recent years, various governmental and non-governmental initiatives have aimed to improve 
Indonesia's IKLH by focusing on pollution control, sustainable urban planning, and waste 
management. Waste management, in particular, is integral to improving IKLH scores, as improper 
waste handling can lead to widespread environmental degradation. Technologies such as Geographic 
Information Systems (GIS) have proven instrumental in optimizing waste transportation, thereby 
minimizing carbon emissions and supporting broader environmental goals (Rahardi et al., 2024). The 
Malang City government, as part of its efforts to improve urban sustainability, has also utilized IKLH 
metrics to guide policies aimed at reducing pollution and enhancing waste management efficiency 
(Arifin et al., 2024). 

By integrating IKLH into urban planning, cities like Malang can better balance development needs 
with environmental preservation. This approach not only helps in meeting sustainability goals but 
also improves the quality of life for residents. For example, the Malang City government has been 
working on developing green open spaces through collaborative governance, involving the 
community and private sector, which enhances urban ecology and improves residents' quality of life 
(Rahmawati et al., 2024). Legal frameworks, such as strict zoning regulations that prevent land 
degradation and mitigate natural disasters, are also critical in this regard (Afuw et al., 2024). 
Additionally, the Kampung Terapi Hijau initiative demonstrates how community involvement can 
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promote social sustainability and environmental awareness, further contributing to urban 
sustainability (Audri et al., 2024). Enhancing the IKLH of an area through optimized waste 
management and pollution reduction is essential for achieving long-term ecological and economic 
sustainability in Indonesia. For instance, Malang has employed the Analytic Network Process (ANP) 
to improve traditional market solid waste management, which emphasizes community participation 
and integrated strategies (Hardianto et al., 2024). 

In this context, the use of digital mapping technology is becoming increasingly relevant. This 
technology can help local authorities manage waste transportation more effectively and efficiently, 
especially in terms of transportation route planning. A study by (Tirkolaee et al., 2024) showed that 
optimal route planning can reduce operational costs by up to 30%, as well as reduce carbon emissions 
produced by waste collection vehicles. In addition, route optimization through digital mapping 
applications can increase transportation time efficiency by up to 40% (Wang et al., 2024). In the 
context of Malang City, this optimization is expected to help overcome the challenges faced in waste 
management, particularly related to high transportation costs and time. However, despite the various 
advantages offered by digital mapping technology, its application in waste management is not without 
challenges. One of the main obstacles identified is the high cost of implementation, especially for cities 
with limited budgets (Dimitrov et al., 2024). The integration of digital mapping systems with existing 
waste transportation infrastructure often encounters difficulties due to implementation costs and the 
need for technical expertise (Alanazi et al., 2024). Malang City, as a developing city, may face similar 
issues, particularly in terms of funding and technological readiness (Tirkolaee et al., 2024). 
Furthermore, resistance to change from the workforce is another significant challenge in the adoption 
of this new technology, as workers used to traditional waste management systems may struggle to 
adapt to more complex digital solutions (Alanazi et al., 2024). 

This study aims to address this gap by evaluating the effectiveness of digital mapping applications 
in optimizing waste transportation routes in Malang City. Through this approach, this study seeks to 
understand the extent to which digital mapping technology can help reduce travel distance, travel 
time, and operational costs in urban waste management. As part of the evaluation, this study will also 
identify factors that influence the success of implementing this technology, including existing 
constraints and opportunities. 

In addition to implementation costs, this study will also highlight the importance of community 
involvement and government policy support in supporting the adoption of digital mapping 
technology. Research by Kim et al. (2023) shows that the use of GIS-based applications in waste 
transportation management can provide significant benefits in terms of cost and time, especially if 
supported by the right policies. A study by Yamada et al. (2023) also emphasized that government 
policy support is essential to accelerate the adoption of this technology, especially in areas with less 
developed infrastructure. In the context of Malang City, local government support can play an 
important role in encouraging the adoption of digital mapping technology for more efficient waste 
management. 

In addition, this study will explore the potential for integrating digital mapping technology with 
Internet of Things (IoT) sensors to create a more responsive and efficient waste management system. 
A study by (Bonala et al., 2024) shows that integrating digital mapping technology with IoT sensors 
can help detect waste volumes at landfills in real time, enabling more efficient and responsive route 
planning according to current conditions. For instance, if a landfill is full, the system can automatically 
adjust the transportation route to avoid landfills that do not require transportation, reducing both 
travel distance and time. Furthermore, integrating IoT with digital mapping can reduce operational 
costs by up to 20% and increase waste collection efficiency by up to 35 (Bonala et al., 2024; Kashef et 
al., 2024). However, as identified by (Hasanah et al., 2024), the adoption of digital mapping technology 
in developing countries often encounters challenges related to data access and infrastructure 
limitations. The data required to optimize waste transportation routes may be unavailable or difficult 
to access, particularly in areas with limited infrastructure. In addition, training and education for 
stakeholders are essential to ensure the technology is utilized optimally (Sankar et al., 2024). In this 
context, this study will explore how the Malang City government can collaborate with various 
stakeholders to address these challenges and promote the adoption of digital technology in waste 
management. 

Overall, this research is expected to provide significant contributions to the development of more 
efficient and sustainable waste management strategies in Malang City. By combining empirical data 
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analysis from Malang City and a comprehensive literature review, this study aims to provide practical 
and evidence-based recommendations for policy makers and waste managers. In addition, this 
research is also expected to encourage the adoption of digital technology in waste management in 
Indonesia more widely, as part of efforts to address the challenges of urbanization and increasing 
population growth. 
 

2. Methods 
Research methods 

Based on the results of the literature review that shows the effectiveness and challenges of 
implementing digital mapping technology in waste management, this study uses a quantitative 
descriptive method to evaluate the implementation of this technology in Malang City. This method 
involves collecting data through field observations and targeted interviews with related parties such 
as waste collectors and managers of Temporary Shelters (TPS). The data obtained are then analyzed 
using statistical techniques to evaluate the efficiency of the routes used. 
Research Design 

This research design is a case study conducted in Malang City with a focus on analyzing waste 
transportation routes from Temporary Shelters (TPS) to Final Processing Sites (TPA). This study was 
designed to identify the most efficient route based on travel distance and travel time, as well as other 
factors such as road conditions and waste volume. This study uses a digital mapping application as 
the main tool to determine the optimal transportation route. 
Population and Sample 

The population in this study were all TPS and TPA in Malang City. The research samples were 
taken from several TPS spread across five sub-districts in Malang City, namely Kedungkandang, 
Sukun, Klojen, Blimbing, and Lowokwaru. The sample selection was carried out by purposive 
sampling, namely selecting TPS that have variations in characteristics such as waste volume, distance 
to TPA, and road conditions. Respondents in this study were garbage truck drivers and TPS managers. 
Data collection technique 

Data in this study were collected through field observations, focused interviews, and the use of 
digital mapping applications. Field observations were conducted to record transportation patterns, 
travel times, and road conditions around TPS and TPA. Focused interviews were conducted with 
garbage truck drivers to obtain information about their obstacles and experiences in the waste 
transportation process. Digital mapping applications were used to determine the shortest and fastest 
routes between TPS and TPA based on current traffic conditions. 
 

3. Results and Discussion 
Results 
Optimization of Waste Transportation Routes 

The use of digital mapping technology such as GIS applications has proven effective in optimizing 
waste transportation routes, reducing travel distance, travel time, operational costs, and carbon 
emissions. The results of this study support previous findings that show that the application of this 
technology in Malang City can reduce travel distance by up to 15% and travel time by up to 25%, in 
line with research (Samin, 2024). Several studies show that the application of digital mapping 
technology can reduce operational costs by up to 30% and reduce carbon emissions produced by 
waste collection vehicles (Samin, 2024). 

In the context of this study, the use of digital mapping applications in Malang City shows 
significant potential in increasing the operational efficiency of waste transportation. The results of 
route analysis with digital mapping applications show that optimal transportation routes can reduce 
travel distances by up to 15% and travel time by up to 25%, in line with the research findings of 
Rodriguez & Sharma (2023) (Das & Chilukuri, 2024). 

  



242  

Table 1. Table of Distance and Travel Time Survey Results 
TPS Landfill Distance (km) Time (minutes) 

Borobudur Supit Urang 14.2 46 
Mojolangu language Supit Urang 12.3 39 
Polowijen Supit Urang 15.0 51 
Tlogomas Supit Urang 13.1 44 
Breadfruit Supit Urang 6.6 26 
The Greatest Supit Urang 13.2 44 

Source: Processed Data by Researchers 
 

Based on Table 1, there is a significant variation in distance and travel time for waste 
transportation from several TPS to the Supit Urang landfill. For example, Polowijen TPS has the 
longest distance of 15 km with the longest travel time of 51 minutes, while Breadfruit TPS has the 
shortest distance of 6.6 km with a travel time of 26 minutes. Although the distances are relatively 
close, such as Tlogomas TPS (13.1 km) and The Greatest TPS (13.2 km), the travel times remain quite 
high at 44 minutes. This indicates that, besides distance, external factors like traffic conditions or road 
infrastructure greatly influence the travel time. With these varying travel times, more efficient routes 
and the use of digital mapping technology could help reduce travel time, fuel consumption, and the 
environmental impact of waste transportation operations. 
 

Table 2. Transportation Route Results Table with Digital Mapping Application 
TPS Landfill Distance (km) Time (minutes) 

Borobudur Supit Urang 12.4 23 
Mojolangu language Supit Urang 12.2 27 
Polowijen Supit Urang 14.2 32 
Tlogomas Supit Urang 12.1 27 
Breadfruit Supit Urang 6.1 16 
The Greatest Supit Urang 13.1 32 

Source: Processed Data by Researchers 
 

Based on Table 2, the implementation of digital mapping applications has resulted in significant 
improvements in waste transportation efficiency. The distances and travel times from several TPS 
locations to the Supit Urang landfill have been reduced compared to manual survey results. For 
instance, the distance from Borobudur TPS decreased from 14.2 km to 12.4 km, and the travel time 
was reduced from 46 minutes to 23 minutes. Similarly, Mojolangu language TPS saw a decrease in 
distance from 12.3 km to 12.2 km, with travel time dropping from 39 minutes to 27 minutes. These 
reductions indicate that the digital mapping application was able to identify more direct and efficient 
routes, leading to substantial time and fuel savings. 

Furthermore, the application optimized routes like Polowijen TPS, where the distance was 
reduced to 14.2 km, and travel time dropped significantly from 51 minutes to 32 minutes. Even 
Breadfruit TPS, which had the shortest initial distance, benefited from the technology, reducing its 
travel time from 26 minutes to just 16 minutes. The overall improvements in travel time across all 
routes contribute to a reduction in operational costs and environmental impact, as shorter travel 
times imply lower fuel consumption and fewer emissions. In summary, the use of digital mapping 
technology for waste transportation has successfully optimized route efficiency, shortened travel 
distances, and significantly reduced travel times across all TPS locations, making the system more 
environmentally sustainable and cost-effective. 
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Figure 2. Comparison Table of Distance Traveled Based on Survey Results and Digital Mapping Applications 

Source: Processed Data by Researchers 
 

The data in Figure 2 clearly demonstrate the substantial improvements achieved by using digital 
mapping applications in optimizing waste transportation routes. One of the most notable 
observations is the reduction in distance traveled for most routes. For instance, the distance between 
Borobudur TPS and Supit Urang landfill decreased from 14.2 km to 12.4 km, representing a significant 
decrease. This shorter route not only cuts down the distance but also leads to operational benefits like 
reduced fuel consumption and lower wear on vehicles. Similarly, other routes such as the one from 
Tlogomas TPS to Supit Urang also show a distance reduction from 13.1 km to 12.1 km. Even though 
the reduction might appear minimal in some cases, when multiplied over numerous trips and days, it 
accumulates into significant savings. 

The improvements in travel time are even more significant. The time reduction from Borobudur 
TPS to Supit Urang landfill, from 46 minutes to 23 minutes, illustrates how digital mapping helps find 
faster routes. This reduction in travel time allows the waste management system to function more 
efficiently, potentially allowing for more trips in a day or enabling waste to be collected faster, 
preventing delays or overflow at collection points. A similar pattern can be seen in other routes, such 
as the Polowijen TPS to Supit Urang, where the travel time was reduced from 51 minutes to 27 
minutes. These time reductions contribute directly to the efficiency of the waste management system, 
cutting down the waiting period for waste to be transported and processed. 

Another observation from the data is that even smaller routes see significant time savings, such 
as the Breadfruit TPS to Supit Urang route, which decreased in distance from 6.6 km to 6.1 km and 
time from 26 minutes to 16 minutes. While the distance change is relatively small, the 10-minute 
reduction in time is a clear example of how digital mapping not only shortens routes but also finds 
less congested paths, allowing vehicles to travel more smoothly and avoid bottlenecks. This further 
ensures that operations are not delayed by traffic, which is a common issue in urban waste collection. 

Furthermore, the travel time improvements from routes like The Greatest TPS to Supit Urang 
landfill, reduced from 44 minutes to 32 minutes, showcase how digital mapping applications enhance 
overall operational efficiency. In waste management, time is a crucial factor because any delay can 
lead to an accumulation of waste at collection points, resulting in sanitation issues. By significantly 
cutting down on travel time, waste management teams can operate more effectively, clearing waste 
before it causes environmental or health risks in the city. 

In summary, the reduction in both distance and time across the routes analyzed in the tables 
highlights the efficiency gains brought about by digital mapping technology. Waste management 
operations become faster, less resource-intensive, and more environmentally friendly by reducing 
fuel use and emissions. The findings in these tables illustrate how crucial digital tools are in 
overcoming logistical challenges in urban waste management systems. 

Although the distance reduction varies from significant to minimal, the overall trend shows 
positive benefits in reducing travel distance, fuel consumption, and carbon emissions. Thus, the 
adoption of this digital mapping technology has proven effective in supporting more efficient and 
sustainable waste management in Malang City. 
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Figure 3. Chart Pie of Travel Time for Survey Results and Digital Mapping Applications 

Source: Processed Data by Researchers 

 
The pie chart clearly illustrates the substantial impact that digital mapping applications have on 

reducing travel time in waste transportation operations across Malang City. As shown, the 
application-based routes account for 37.8% of the total time, significantly less than the 62.2% 
recorded from manual survey-based routes. This indicates that the digital mapping technology 
identifies more efficient routes, drastically cutting down the time spent on waste collection journeys. 
Reduced travel time directly translates into several operational benefits, such as decreased fuel 
consumption and lower wear and tear on vehicles. These factors not only optimize the logistics but 
also contribute to the financial sustainability of waste management systems in Malang. 

The most striking example of time reduction is observed in routes like TPS Borobudur, where the 
application dramatically cuts down travel time compared to traditional survey methods. This sharp 
reduction highlights how digital mapping can pinpoint more direct and less congested routes, 
allowing waste transportation vehicles to complete their trips more quickly. By minimizing delays and 
optimizing pathways, this technology significantly enhances the speed and efficiency of the waste 
collection process. In turn, faster collection times mean that waste can be processed sooner, reducing 
the risk of overflow at collection points and minimizing health hazards in the city. The improvement 
in operational speed ultimately helps to maintain a cleaner urban environment. 

In addition to improving efficiency, the use of digital mapping also provides substantial 
environmental benefits. Shorter travel times lead to a reduction in fuel consumption, which 
consequently lowers the emission of pollutants such as carbon dioxide (CO2). Given the rapid 
urbanization of Malang City, reducing emissions is a critical factor in mitigating the city's overall 
carbon footprint. The shift to more efficient routes reduces the number of vehicles on the road for 
extended periods, decreasing traffic congestion and air pollution. Therefore, the environmental 
advantages offered by this technology contribute to more sustainable urban development by aligning 
waste management practices with broader environmental conservation goals. 

Another important aspect of the time reduction is the economic benefit it brings to the city. 
Shorter and more efficient routes lead to a direct decrease in operational costs for waste management 
services. Fuel is a significant operational expense for any transportation-based service, and the ability 
to cut fuel consumption through optimized routes provides immediate cost savings. Furthermore, 
with vehicles spending less time on the road, maintenance costs also decrease, as there is less wear 
and tear on the fleet. This creates a positive cycle where the reduced time and cost lead to increased 
operational efficiency, allowing the local government or waste management companies to reallocate 
resources toward other necessary improvements, such as upgrading infrastructure or expanding 
services. 

Finally, the consistent reduction in time across all routes suggests that the application has wide-
ranging implications for the future of waste management in Malang City. This technology ensures that 
all parts of the city, including more remote or congested areas, receive timely waste collection 
services. By leveraging digital mapping, cities can address service gaps, ensuring that underserved 
areas receive the same level of attention as central urban zones. This ensures a more equitable 
distribution of waste management services across the city, which is crucial for maintaining public 
health and sanitation standards. In conclusion, the use of digital mapping applications not only 
increases operational efficiency but also supports the city's environmental and economic goals, 
making it an invaluable tool for modern waste management. 
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Challenges in Implementing Digital Technology 
There are several challenges in implementing new technologies, namely limited implementation 

costs, lack of training, and resistance from the workforce to change. In Malang City, similar challenges 
were also found, including limited implementation costs and resistance from the workforce. For 
example, several garbage truck drivers reported lack of training as a barrier to adopting this new 
technology. This is in line with research showing that resistance to change among the workforce, such 
as garbage truck drivers, is often caused by a lack of training and understanding of new technologies 
(Sugangga et al., 2024) . In addition, limited resources, including financial constraints and inadequate 
infrastructure, are also major barriers to implementing an integrated system in Malang City (Purnama 
et al., 2024) . 

Some garbage truck drivers are still reluctant to use new technologies due to lack of training and 
understanding of the benefits offered by digital mapping applications. To overcome these challenges, 
a comprehensive training strategy and increased awareness of the benefits of using technology in 
waste management are needed. 
Operational Efficiency and Environmental Impact 

This study identified that optimizing waste transportation routes not only has an impact on 
reducing operational costs, but also has a significant contribution to reducing environmental impacts. 
By designing more efficient routes, fuel consumption by waste transportation vehicles can be 
minimized, thereby reducing greenhouse gas emissions such as carbon dioxide (CO2) and other air 
pollutants. In addition, optimizing routes can reduce vehicle trip frequency and travel time, which 
contributes to reducing noise and congestion on urban roads. Other positive environmental impacts 
include reducing energy and resource consumption and improving air quality in urban areas. 
Therefore, optimizing waste transportation routes is not only economically beneficial, but also 
supports environmental sustainability and community quality of life. 

The results of this study have important policy implications for waste management in Malang 
City and other areas facing similar challenges. One strategic step that needs to be taken by the Malang 
City Government is to formulate a policy to provide incentives for waste management companies that 
adopt digital mapping technology. These incentives can be in the form of tax breaks, subsidies, or 
direct assistance that encourages companies to invest in new technologies that can improve 
operational efficiency and reduce environmental impacts. In addition, the government must also 
provide financial support for training and purchasing equipment needed by the workforce, including 
garbage truck drivers, so that they are better prepared and skilled in using the technology. 

In addition to incentives and financial support, policies should also include efforts to raise public 
awareness of the benefits of using technology in waste management. Educational campaigns involving 
various parties, such as schools, communities, and the media, can be an effective step to increase 
public understanding of the importance of implementing digital technology in waste management and 
how this can reduce environmental impacts. The government can also facilitate public discussions and 
invite the public to be more actively involved in the process of sustainable waste management. Thus, 
this comprehensive policy not only encourages the adoption of new technologies by waste 
management companies, but also builds awareness and active participation from the community in 
efforts to maintain a clean and healthy environment. 

Discussion 
The findings of this study demonstrate the significant potential of digital mapping technology in 

optimizing urban waste management processes, particularly in Malang City. By integrating 
Geographic Information System (GIS) applications, the efficiency of waste transportation routes has 
improved considerably. A reduction in travel distance by up to 15% and travel time by up to 25% is 
clear evidence of the improvements generated by this technology (Rahardi et al., 2024). In urban areas 
that frequently face challenges like traffic congestion, varying road conditions, and fluctuating waste 
volumes, this technology offers practical solutions to reduce fuel consumption and carbon emissions. 
This technology enables dynamic route adjustments based on real-time conditions, which indirectly 
minimizes resource waste and environmental impact (Herwanto et al., 2024). 

The application of digital mapping technology in waste management not only enhances 
operations but also has significant environmental implications. The reduction in fuel consumption 
due to more efficient routes directly contributes to lower carbon dioxide (CO2) emissions, a major 
factor in climate change (Kurniawan et al., 2024). As waste collection vehicles travel shorter distances 
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and spend less time on the road, their contribution to urban air pollution decreases, ultimately 
improving air quality in densely populated areas (Hasanah et al., 2024). This is crucial as increased 
urbanization in Malang City has also contributed to higher vehicle emissions. Therefore, 
implementing this technology becomes a key step in supporting sustainable and environmentally 
friendly urban development. Moreover, the decrease in fuel consumption and travel time contributes 
to reduced operational costs, making the waste management system more economically sustainable 
(Vijayalakshmi et al., 2024). 

Despite its many benefits, the implementation of digital mapping technology faces several 
challenges, particularly in cities with limited infrastructure or technical expertise. One of the main 
barriers is workforce resistance to the adoption of new technologies. Many waste management 
workers, such as garbage truck drivers, are unfamiliar with digital tools and may feel threatened by 
the shift toward automation (Mahboub et al., 2024). This resistance is often exacerbated by a lack of 
comprehensive training programs, leaving workers without sufficient understanding of the benefits 
of the technology or how to use it effectively (Oudbier et al., 2024). Therefore, it is crucial for local 
governments and waste management companies to invest in workforce training and change 
management strategies to ensure a smoother transition to digital systems (Gunawan et al., 2024; 
Maione, 2024). 

Another challenge is the high cost associated with implementing advanced digital mapping and 
IoT technologies in waste management. The initial investment required for software, hardware, and 
training can be prohibitive for many municipalities, especially in developing areas (Bonala et al., 2024; 
Nwokediegwu et al., 2024). Although the long-term benefits of reduced operational costs and 
environmental impacts are clear, obtaining the necessary funding for the initial stages of 
implementation can be difficult (Patil et al., 2024). This highlights the need for government policies 
that provide financial incentives, subsidies, or grants to help alleviate these costs (Bonala et al., 2024; 
Nwokediegwu et al., 2024). Collaboration between the public and private sectors could also be a 
solution, with private companies providing technical expertise and investment while the government 
focuses on creating a regulatory framework that promotes innovation and sustainability (Bonala et 
al., 2024; Cicala et al., 2024). 

In terms of infrastructure, the availability of reliable digital networks and accurate mapping 
systems is essential for the successful deployment of GIS-based solutions in waste management. In 
many urban areas, including Malang, network accessibility and data reliability can be significant 
obstacles. Without consistent access to real-time data, the effectiveness of digital mapping 
applications in optimizing routes and improving operational efficiency becomes limited (Rahardi et 
al., 2024; Utomo et al., 2023). Therefore, local governments must invest in upgrading their digital 
infrastructure to fully support the adoption of these technologies. Regular maintenance and updates 
to the system are also necessary to ensure the technology continues to function effectively and adapt 
to the dynamic urban environment (Haryanti et al., 2024). 

The broader social implications of implementing digital technologies in waste management are 
also worth noting. By streamlining waste collection processes, these technologies can help ensure a 
more equitable distribution of waste management services across urban areas. In many cities, 
underserved areas often experience irregular waste collection, leading to sanitation issues and 
increased health risks for residents. The use of digital mapping can address this by ensuring that waste 
collection is evenly distributed, reducing social disparities in service provision (Azeez et al., 2024; 
Nwokediegwu et al., 2024). Additionally, real-time data on waste collection schedules can increase 
public awareness and participation in waste management initiatives (Bonala et al., 2024). 
Communities can become more engaged in recycling efforts and more compliant with waste disposal 
regulations when they have access to accurate and timely information (Periyasamy et al., 2024). 

From a policy perspective, the adoption of digital mapping technologies for waste management 
presents an opportunity for governments to promote environmental sustainability while improving 
urban infrastructure. Policymakers should focus on creating a regulatory environment that 
encourages innovation and the use of digital technologies in public services. Incentive-based policies, 
such as tax breaks or subsidies for companies that adopt sustainable waste management technologies, 
can drive the broader adoption of these solutions (H. Li et al., 2024; P. Li, 2024). Moreover, integrating 
technology adoption into urban planning and sustainability goals ensures that these efforts align with 
larger environmental objectives (Bhattacharya, 2024). By incorporating digital mapping technology 
into urban waste management strategies, local governments can position themselves as leaders in 
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smart city initiatives, promoting both economic and environmental sustainability (A. Ali et al., 2024). 
The discussion surrounding the implementation of digital mapping technologies in waste 

management also underscores the need for a systems-based approach to urban planning. Waste 
management cannot be viewed in isolation; it intersects with issues such as transportation, public 
health, and environmental protection. As cities continue to grow and urbanize, the demand for more 
efficient, scalable, and environmentally friendly waste management systems will only increase. A 
systems-based approach that integrates digital technologies, stakeholder collaboration, and 
community engagement is essential for creating resilient urban waste management systems capable 
of withstanding the pressures of population growth and environmental change(Nwokediegwu & 
Ugwuanyi, 2024; Vardhan & Vijaya, 2024). Digital technologies such as IoT and AI play a critical role 
by optimizing waste collection and improving operational efficiency, contributing to cleaner urban 
environments and better public health outcomes (Addas et al., 2024; Vardhan et al., 2024). 

In conclusion, while the implementation of digital mapping technology in urban waste 
management faces several challenges, the benefits in terms of operational efficiency, environmental 
impact, and social equity are substantial. By addressing barriers such as workforce resistance, 
financial constraints, and infrastructure limitations, local governments and waste management 
companies can fully realize the potential of these technologies. IoT-enabled systems can optimize 
waste collection routes, improving route efficiency by 32% and reducing fuel consumption by 29% 
(Addas et al., 2024). The use of AI and real-time data also reduces operational costs and environmental 
footprints, promoting sustainability (Azeez et al., 2024; Bonala et al., 2024). Engaging communities 
through smart technologies fosters civic responsibility and participation, enhancing social equity in 
waste management (Azeez et al., 2024). The role of supportive government policies in facilitating the 
adoption of these technologies cannot be overstated, as they provide the necessary framework for 
innovation and sustainability. As urban areas continue to expand, the need for efficient, technology-
driven waste management systems will become increasingly critical in ensuring both the 
environmental health of cities and the well-being of their inhabitants. 
 

4. Research Implications 
Practical Implications 

This study provides several important practical implications for waste managers and local 
governments, especially in an urban context such as Malang City. By adopting digital mapping 
technology, such as GIS applications, waste managers can design more efficient transportation routes, 
which have a direct impact on reducing operational costs. This efficiency is achieved by reducing 
travel distance and travel time, which ultimately reduces spending on fuel, vehicle maintenance, and 
labor costs. The use of shorter and more efficient routes not only saves costs, but also extends the life 
of waste transport vehicles, reduces the frequency of maintenance, and reduces the resulting carbon 
footprint. 

Furthermore, the implementation of digital mapping applications allows for more responsive 
transportation route management to changing traffic conditions. This technology can help waste 
managers avoid congestion or closed roads, thereby speeding up travel times and optimizing resource 
use. The ability to dynamically adjust transportation schedules and routes according to actual 
conditions in the field also increases operational flexibility. In addition, the implementation of this 
technology also provides significant environmental benefits, as the reduction of greenhouse gas 
emissions from waste transport vehicles is in line with global sustainability goals. 

The use of digital applications integrated with real-time data also has the potential to increase 
community participation and involvement in waste management. Communities can gain access to 
relevant information about transportation schedules, temporary storage locations (TPS), and the 
cleanliness status of their area. Thus, communities can more easily follow established waste disposal 
rules and actively participate in recycling initiatives. This technology can also be used to report 
problems directly to authorities, thereby encouraging faster and more responsive improvements to 
community needs. 
Theoretical Implications 

Theoretically, this study strengthens the relevance of route optimization theory in the context of 
urban waste management. The results of this study indicate that the application of digital technologies 
such as GIS can significantly reduce operational costs and environmental impacts by planning more 
efficient transportation routes. This study provides empirical evidence that digital mapping 
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applications are effective in improving the efficiency of waste management systems, supporting the 
hypothesis that this technology can play a key role in route optimization efforts. 

In addition, this study broadens the understanding of the integration of new technologies, such 
as IoT sensors and digital mapping applications, into the broader waste management system. By 
combining these technologies, a systems approach to waste management can be realized, which 
includes coordination between infrastructure, policy, technology, and society. This systems approach 
shows that the effectiveness of waste management does not depend on just one aspect, but on the 
synergy between various interconnected elements. 

The study also provides new insights into the barriers faced in the adoption of new technologies, 
such as cost issues, workforce resistance, and training needs. By highlighting these challenges, the 
study offers a more comprehensive view of how these barriers can be overcome through appropriate 
policies and adequate training strategies. This contribution helps enrich the literature on technology 
adoption in the public sector, particularly in the context of waste management. 

The study also has significant social implications. By improving the efficiency of waste 
management, governments can ensure a more equitable distribution of services across urban areas, 
including in areas that may have previously been underserved. This can reduce social disparities in 
the distribution of public services and improve overall quality of life, especially in densely populated 
areas that often face problems with suboptimal waste collection. 

The application of digital mapping technology can also be an effective means of public education, 
increasing environmental awareness among the community. When people have access to up-to-date 
information about waste management in their area, they are more likely to understand the 
environmental impacts of their waste disposal habits and are encouraged to change their behavior to 
be more environmentally friendly. This awareness can be strengthened through public campaigns 
that use data from the application to demonstrate the positive impacts of reduced emissions and 
better waste management. 

On the other hand, digital applications used in waste management can also function as a forum 
for interaction between the community and the government. This creates a space for residents to 
convey complaints, provide suggestions, or report violations related to waste disposal. By improving 
two-way communication between the community and waste managers, this technology can help build 
stronger trust and collaboration between the government and residents, which is critical to the long-
term success of any waste management initiative. 

This study emphasizes the importance of policies that support the application of digital mapping 
technology in waste management. Local governments need to develop policies that not only 
encourage but also facilitate the use of this technology at all levels of waste management. These 
policies can include financial incentives for companies or organizations that implement digital 
mapping technology, such as subsidies for software purchases or training programs for workers. 

In addition, policies that encourage technological innovation need to be accompanied by 
regulations that govern the use of these technologies. For example, the government could consider 
creating regulations that require the use of digital mapping applications in all municipal waste 
management contracts. This could be combined with tax incentives or results-based financing for 
companies that demonstrate cost reductions and efficiency improvements through the use of these 
technologies. 

Furthermore, governments and waste managers must invest sufficient resources to train the 
workforce in the use of these technologies. Without adequate training, the adoption of these new 
technologies may face resistance from less skilled workers or those who feel threatened by the 
change. Therefore, a well-designed ongoing training program is essential to ensure that these 
technologies are implemented effectively and efficiently. 

The importance of collaboration between the public and private sectors cannot be overstated. 
Governments can partner with technology companies to develop solutions that are more tailored to 
local needs, while the private sector can provide the investment and technical expertise needed to 
support the implementation of these technologies. This collaboration not only accelerates the 
adoption of technology, but also ensures that the solutions developed are the most effective and 
efficient. 

The study also highlights the need for better infrastructure planning to support the adoption of 
these technologies. This includes investing in digital infrastructure, such as reliable data networks and 
mapping systems that are accessible to all stakeholders. Strong infrastructure will ensure that the 
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technology can be optimally adopted and used across the city, without facing technical hurdles that 
often hinder the implementation process. 

To ensure the effectiveness of the implemented policies, ongoing monitoring and evaluation 
mechanisms are also needed. Annual audits or periodic evaluations of the city’s waste management, 
technology use, and impact on operational efficiency and the environment will help identify areas 
where policy improvements or adjustments are needed. This data-driven approach will ensure that 
the implemented policies remain relevant and effective in addressing the evolving challenges of waste 
management. 
 

5. Conclusion 
This study proves that the use of digital mapping technology such as GIS applications is very 

effective in optimizing waste transportation routes in urban areas, especially in Malang City. The 
results of the study show that the application of this technology can significantly reduce travel 
distance and travel time, which has an impact on reducing operational costs and carbon emissions. 
The use of digital mapping applications allows waste managers to determine the most efficient 
transportation routes, reduce fuel consumption, and extend vehicle life. This provides significant 
economic benefits, especially in reducing costs associated with fuel, vehicle maintenance, and labor. 

In addition to economic benefits, the study also emphasizes the importance of digital technology 
in supporting environmental sustainability goals. Reducing travel distance and travel time has a direct 
impact on reducing greenhouse gas emissions produced by waste collection vehicles. Thus, digital 
mapping technology not only helps improve operational efficiency but also supports global efforts to 
reduce carbon footprint and maintain urban air quality. 

From a social perspective, this study suggests that the adoption of digital mapping technology 
can increase community involvement in waste management. Digital applications that are easily 
accessible to the public allow people to view waste collection schedules and cleanliness status in their 
area, encourage compliance with waste disposal regulations, and participation in recycling programs. 
This has the potential to increase public awareness of the importance of good waste management and 
encourage more environmentally friendly behavior. 

However, the study also identified several challenges that must be overcome to fully benefit from 
the implementation of this technology. One of the main challenges is workforce resistance to change 
and adoption of new technologies. Some workers may feel unprepared or under-skilled in using digital 
mapping technology. Therefore, efforts are needed to improve the skills and knowledge of the 
workforce through comprehensive and ongoing training programs. In addition, the issue of cost and 
limited access to data are also barriers that need to be addressed with supportive policies and 
adequate investment in digital infrastructure. 

The policy implications of this study are clear. Local governments need to develop policies that 
support the adoption of digital technologies in waste management, including providing financial 
incentives and technical assistance to companies or organizations that adopt these technologies. 
Policies should also include regulations that encourage innovation and use of technology, as well as 
building the necessary infrastructure to support optimal technology implementation. In addition, 
collaboration between the public and private sectors is essential to ensure that the technological 
solutions developed are tailored to local needs and can be implemented effectively. 

Overall, this study provides valuable insights for policymakers, waste managers, and 
communities in designing more efficient, sustainable, and environmentally friendly waste 
management strategies. By addressing existing challenges and making optimal use of digital 
technologies, cities can improve operational efficiency, reduce costs, and achieve greater 
sustainability goals. The study also emphasizes the importance of a systems approach to waste 
management that involves synergies between technology, policy, and community participation to 
create cleaner, healthier, and more sustainable cities. 
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