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ABSTRACT

lllegal temporary waste disposal (TWD) sites represent a critical challenge in Indonesian

cities, driven by inadequate waste management infrastructure. This study develops an (Preblem
integrated GIS-based methodology for identifying illegal TWD sites and formulating evidence- | * 19'”2?{5"“ w/ %ﬁ@ﬁﬁ@g@
based solutions in Sukarame Sub-district, Bandar Lampung City. Comprehensive field

surveys across the 1,771-hectare area documented GPS coordinates and volumes of illegal
TWD sites, followed by spatial analysis using overlay and buffer techniques to identify
service gaps and evaluate optimal facility locations. Results identified 19 illegal TWD sites
containing approximately 129 m® of waste, with only one legal facility serving the entire
sub-district (ratio 1:19). Spatial clustering analysis revealed highest concentrations in Korpri
Raya, Sukarame, and Way Dadi Baru villages (5 sites each), while Korpri Jaya village with
private collection services had zero illegal sites. Key influencing factors include land use

lllegal TWD management in Bandar Lampung:
a GIS-based solution framework
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Sukarame Sub-district, 1771 ha — evidence-based, replicable for Indonesian cities

patterns, population density, inadequate government services, and accessibility. The research proposes a dual-strategy solution framework: (1)
service enhancement through 20 additional motorized carts to improve collection coverage, and (2) strategic infrastructure expansion with 9
new TWD facilities positioned using 500 m service radius optimization to ensure comprehensive sub-district coverage. This integrated approach
advances beyond conventional problem-identification studies by providing actionable, spatially-justified recommendations that address both service
delivery and facility placement. The methodology offers a replicable framework for evidence-based waste management planning applicable to
other Indonesian cities facing similar urban waste challenges.
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1. INTRODUCTION

Waste management represents one of the most pressing en-
vironmental challenges in urban areas, particularly in de-
veloping countries like Indonesia [1]. The Ministry of En-
vironment and Forestry of Indonesia reported that waste
generation in the country reached 68 million tons in 2019,
with projections indicating continued growth. Most solid
waste management systems in Indonesia employ a collection-
transportation-disposal approach, where waste is collected
from households and transported to transfer stations before
final disposal at landfills. However, urban waste manage-
ment practices in developing countries face numerous chal-
lenges, including inadequate infrastructure, limited financial
resources, and poor enforcement mechanisms [1, 2], lead-
ing to problems such as open burning, illegal disposal, and
improper waste burial [2].

Illegal waste disposal, particularly illegal TWD, refers
to unauthorized waste storage practices that occur outside
designated facilities, commonly on vacant or unused land [3].
These illegal sites pose significant environmental and public
health risks through the release of toxic materials, leachate
contamination of soil and groundwater, and aesthetic degra-
dation of urban landscapes [4, 5]. The emergence of illegal
TWD is often attributed to inadequate waste management
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infrastructure, including insufficient collection services, lim-
ited transportation facilities, and poor accessibility to legal
disposal sites [2, 3].

Bandar Lampung, located at the southern tip of Sumatra
Island, exemplifies the waste management challenges fac-
ing rapidly growing Indonesian cities. With a population
exceeding 1.1 million inhabitants [6], the city generates ap-
proximately 780-850 tons of waste per day [7, 8]. Current
waste management issues in Bandar Lampung include land-
fills operating beyond capacity, inadequate waste transporta-
tion and processing facilities, and insufficient waste collection
coverage [8]. The city’s waste management system relies on
TWD facilities that serve as intermediate collection points
where waste from various sources is temporarily stored be-
fore transportation to final disposal sites or further process-
ing facilities. Over time, illegal TWD sites have proliferated
throughout Bandar Lampung City, creating environmental
hazards and aesthetic problems. Sukarame Sub-district, one
of the residential-dominated areas in Bandar Lampung, il-
lustrates this problem starkly. Despite covering a substantial
area, the sub-district is currently served by only one legal
TWD facility, creating conditions that encourage the develop-
ment of illegal waste disposal sites. This inadequate service
provision has led to the emergence of multiple illegal TWD
locations throughout the sub-district, posing risks to environ-
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mental quality and public health.

Various approaches have been employed to address il-
legal waste disposal problems in urban areas. Traditional
methods typically involve reactive enforcement measures,
where authorities respond to reported illegal sites through
cleanup operations and legal actions against violators [9, 10].
While these enforcement-based approaches can be effective
in the short term, they often fail to address the root causes
of illegal disposal and may lead to displacement of the prob-
lem to other locations rather than elimination [9]. More sys-
tematic approaches have incorporated spatial analysis and
planning tools. Geographic Information Systems (GIS) have
been widely applied in waste management contexts, demon-
strating effectiveness in optimizing waste collection routes
[11, 12], identifying suitable landfill locations through multi-
criteria evaluation [13, 14], and analyzing spatial patterns
of waste generation [15]. Several studies have utilized GIS
for mapping waste disposal sites and analyzing their spatial
distribution [16-18]. However, these studies have primar-
ily focused on identification and characterization of illegal
sites, with limited emphasis on developing comprehensive,
evidence-based solutions. Some researchers have proposed
infrastructure-based solutions, such as increasing the number
of legal waste collection facilities or improving waste collec-
tion services [3]. These approaches recognize that inadequate
infrastructure is a key driver of illegal disposal [2, 15]. How-
ever, existing studies often lack spatial analysis to determine
optimal facility locations or to quantify infrastructure needs
based on actual service gaps. Other approaches have em-
phasized community engagement and awareness programs,
which are important but may be insufficient without address-
ing underlying infrastructure deficiencies [5].

Despite the contributions of existing research, several
limitations and gaps remain. First, most GIS-based studies
on illegal waste disposal have focused on identification and
mapping but have not integrated solution formulation into
their methodology. The spatial analysis typically ends with
characterization of the problem rather than providing action-
able recommendations for infrastructure development and
service improvement. Second, existing infrastructure-based
solutions often lack spatial justification. Decisions regard-
ing facility locations and service area coverage are frequently
made without comprehensive spatial analysis of existing ille-
gal sites, population distribution, and service gaps. This can
lead to suboptimal resource allocation and continued emer-
gence of illegal disposal sites in underserved areas. Third,
there is a lack of integrated approaches that combine spatial
analysis with multiple solution strategies. Most studies fo-
cus on either enforcement, infrastructure development, or
community engagement, but few integrate these elements
within a spatial framework. Additionally, the evaluation of
different service area configurations (e.g., different buffer
radii) for waste collection facilities has received limited atten-
tion, despite its importance for optimizing service coverage
and resource utilization. Finally, research on illegal waste
disposal in Indonesian cities, particularly at the sub-district
level, remains limited [19, 20]. Most existing studies focus on
larger urban scales or different geographic contexts, limiting
their direct applicability to the specific challenges faced by
Indonesian municipalities.

To address these limitations, this study proposes a com-
prehensive GIS-based methodology that integrates spatial
analysis with evidence-based solution formulation. Unlike
previous approaches that primarily focus on identification,
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this research develops a systematic framework that: (1) con-
ducts comprehensive spatial mapping and analysis of illegal
TWD sites, (2) identifies spatial patterns and contributing fac-
tors, (3) formulates dual solution strategies (service improve-
ment and infrastructure expansion) based on spatial analysis,
and (4) evaluates different service area configurations to op-
timize facility placement and coverage. The novelty of this
approach lies in its integration of multiple solution strategies
within a spatial analysis framework, moving beyond prob-
lem identification to actionable, evidence-based recommen-
dations. Specifically, the research addresses illegal TWD sites
through two complementary approaches: improving existing
waste collection services by quantifying required additional
infrastructure (motorized carts), and recommending optimal
locations for new legal TWD facilities based on technical crite-
ria, spatial analysis, and service area optimization. This dual-
strategy approach recognizes that addressing illegal disposal
requires both improving service delivery to existing facilities
and strategically expanding infrastructure to underserved
areas. Furthermore, this study applies a 500 m service radius
configuration based on optimization of coverage and infras-
tructure efficiency, providing empirical evidence for service
area planning decisions in densely populated urban contexts.
The methodology is applied to Sukarame Sub-district, Bandar
Lampung, generating comprehensive data and recommenda-
tions that can inform municipal waste management planning
while demonstrating a replicable approach for other urban
areas.

2. MATERIALS AND METHODS

2.1 Study Area

This research was conducted in Sukarame Sub-district, lo-
cated in Bandar Lampung City, Lampung Province, Indone-
sia. Sukarame Sub-district covers an area of 1771 hectares and
consists of six villages: Korpri Jaya, Korpri Raya, Sukarame,
Sukarame Baru, Way Dadi, and Way Dadi Baru. The sub-
district is characterized by residential-dominated land use
patterns and faces significant challenges in waste manage-
ment infrastructure, with only one legal TWD facility serving
the entire area at the time of the study.

2.2 Tools and Data Collection

Data were from primary and secondary sources. Primary data
were collected through field surveys across all six villages
in Sukarame Sub-district. Secondary data were sub-district
administrative boundaries from the Geospatial Information
Agency (Badan Informasi Geospasial, BIG), Indonesia, used
to delineate the study area.

Field surveys were conducted to identify and inventory
legal and illegal TWD sites. For each site, the following were
collected: (1) geographic coordinates (Avenza Maps mobile
GPS), (2) waste volume from length, width, and height of
waste piles, and (3) site characteristics (location type, accessi-
bility, and surrounding land use).

A site was classified as an illegal TWD if it met all three
criteria: (a) waste volume exceeding 1 m?, (b) no government
waste transportation service, and (c) in use for more than
one month. These criteria restrict the analysis to persistent,
significant illegal disposal sites.

Volume was measured manually from pile dimensions.
Waste shapes were classified as block, pyramid, or square;
volume was calculated as V = L x W x H for block, V =
(L x W x H)/3 for pyramid, and by the appropriate formula
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Table 1. Data and tools used in this research

Data/Tools Source

Sub-district Geospatial Information Agency

Administrative (BIG, Indonesia) (https:
Boundaries / /tanahair.indonesia.go.id /)
TWD (Coordinates  Field Observation

and Volume)

Avenza Maps Mobile Application

Google Earth Pro Desktop Application
Quantum GIS Open Source GIS Software

for square shapes. Data sources and tools are summarized in
Table 1.

Avenza Maps and Google Earth Pro were used for coor-
dinate collection and site verification; Quantum GIS (QGIS)
was used for spatial processing and analysis.

2.3 Methods
2.3.1 TWD Site Identification and Classification
The identification of TWD sites involved a comprehensive
field survey covering all villages within Sukarame Sub-
district. Each identified site was classified as either legal
or illegal based on the criteria previously described. Legal
TWD sites were those officially designated and served by
municipal waste collection services. Illegal TWD sites were
unauthorized waste disposal locations that met the three
criteria: volume > 1 m3, not served by government waste
transportation, and operational for more than one month.
The spatial distribution of TWD sites was analyzed to
identify patterns and concentrations. The analysis included
comparing TWD availability across different villages, exam-
ining the relationship between TWD locations and adminis-
trative boundaries, and identifying areas with high concen-
trations of illegal disposal sites.

2.3.2 Processing and Data Analysis

Overlay. Spatial overlay analysis was performed using QGIS
to integrate multiple data layers and produce distribution
maps. The overlay combined: (a) coordinate points of legal
and illegal TWD sites, (b) administrative boundaries of the
study area, and (c) service area buffers from existing facili-
ties. This process merged TWD locations with the research
area boundary to generate maps of TWD distribution and to
identify gaps in service coverage. The overlay was also used
in the location selection process for new TWD facilities, com-
bining existing TWD locations, administrative boundaries,
service area buffers, and identified coverage gaps to evaluate
candidate sites.

Buffer Analysis. Buffer analysis was performed using
QGIS to create service area zones around TWD facilities. Ac-
cording to the Minister of Public Works Regulation No. 03 of
2013, the standard service radius for a TWD facility is 1 km.
This regulation served as the basis for initial service area cal-
culations. Circular buffers with a 1 km radius were generated
around the existing legal TWD facility. Areas outside these
buffer zones were identified as unserved or underserved
regions, providing spatial evidence for infrastructure gaps
that contribute to the emergence of illegal TWD sites. For
the evaluation of new TWD placement, buffer analysis was
conducted using a 500 m radius. This radius was selected
based on preliminary analysis indicating that it provides op-
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timal facility configuration for the densely populated urban
context of Sukarame Sub-district, balancing service coverage
with infrastructure efficiency. The 500 m radius is smaller
than the regulatory standard of 1 km to avoid excessive ser-
vice area overlap and to ensure efficient facility utilization in
high-density residential areas.

Illegal TWD Handling Solutions. Solutions for address-
ing illegal TWD sites were developed through two comple-
mentary approaches:

Transfer to Legal TWD. This approach focuses on improv-
ing waste collection and transportation services to enable
diversion of waste from illegal TWD sites to legal facilities.
The analysis involved calculating the number of additional
motorized carts required to serve the illegal TWD sites iden-
tified in the field survey. This calculation considered the
volume of waste at illegal sites, transportation capacity, and
service coverage requirements. Waste from illegal TWD sites
within the legal TWD service area is transferred to the legal
facility using motorized carts.

Recommendation of New TWD Locations. This approach
involves identifying optimal locations for new legal TWD
facilities based on spatial analysis and technical criteria. The
methodology applies a 500 m service radius configuration to
determine optimal facility placement.

Candidate locations for new TWD facilities were identi-
fied through a systematic process considering multiple crite-
ria: (1) proximity to clusters of illegal TWD sites to address
existing problem areas, (2) location within or adjacent to un-
served residential areas, (3) accessibility via existing road
networks to facilitate waste collection and transportation, (4)
availability of suitable land that is not designated for other
critical uses, (5) adequate distance from water bodies and
environmentally sensitive areas, and (6) strategic positioning
to maximize population coverage within the service radius.
These criteria ensure that recommended locations are both
technically feasible and practically implementable.

The spatial analysis evaluated candidate sites based on:
(1) coverage of unserved areas, (2) minimization of service
area overlap between facilities, (3) accessibility to residen-
tial areas, and (4) adherence to technical criteria specified
in the Minister of Public Works Regulation No. 03 of 2013.
Candidate locations were prioritized to ensure maximum
coverage while maintaining appropriate spacing between
facilities and avoiding service area redundancy. The 500 m
service radius approach provides adequate coverage for the
entire sub-district while optimizing the number of required
facilities and associated infrastructure costs.

3. RESULTS AND DISCUSSION

3.1 lllegal TWD Location and Volume

Field observations in the research area obtained a total of 19
illegal TWD and 1 legal TWD distributed across 5 villages
(Table 2). These results show that the 1 TWD provided by
the government is very inadequate to serve the waste pro-
duction of Sukarame Sub-district with an area of 1771 ha.
Five of the six villages in Sukarame Sub-district have illegal
TWD, with only Korpri Jaya village having no illegal TWD.
Korpri Jaya village is dominated by residential areas with
a communal waste transportation mechanism managed by
the private sector, where household waste is transported to
TWD to be continued to the final disposal site (TPA). This
fact is consistent with previous research, where the main fac-
tor supporting illegal TWD is ineffective waste management
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facilities in serving community waste.

From the total illegal TWD in the research location, 15
illegal TWD are located in 3 villages (Korpri Raya, Sukarame,
and Way Dadi Baru), with each village having 5 illegal TWD.
The total waste volume at illegal TWD sites amounts to ap-
proximately 129 m?, with the largest accumulation found
in Sukarame village (68.71 m?), followed by Korpri Raya
(32.63 m3), Way Dadi Baru (17.20 m3), Way Dadi (6.14 m?),
and Sukarame Baru (3.92 m?). The volume distribution indi-
cates that illegal TWD sites are not uniformly distributed but
rather concentrated in specific villages, suggesting localized
service gaps in the existing waste management system.

The absence of illegal TWD in Korpri Jaya village, de-
spite its residential character, provides important insights into
factors preventing illegal disposal. The presence of private
sector waste collection services with regular transportation
to legal TWD facilities demonstrates that adequate service
provision can effectively prevent illegal waste accumulation.
This finding aligns with previous research emphasizing that
effective waste collection systems are critical for preventing
illegal disposal [2, 3, 1]. Conversely, the high concentration
of illegal TWD in Korpri Raya, Sukarame, and Way Dadi
Baru villages reflects inadequate government waste service
coverage, corroborating findings from other Indonesian cities
where insufficient infrastructure drives illegal disposal prac-
tices [15, 20].

3.2 Distribution of lllegal and Legal TWD

3.2.1 Spatial Distribution Pattern

The map creation process uses an overlay process. The ele-
ments to be overlaid are the coordinate points of illegal and
legal TWD with the research location area, so that the coor-
dinate points of illegal TWD will merge with the research
location area, resulting in a map of illegal TWD distribution.

The identification results show 19 illegal TWD in
Sukarame Sub-district. The highest number of illegal TWD is
found in Korpri Raya, Sukarame, and Way Dadi Baru villages
with 5 illegal TWD each, while the lowest distribution is in
Sukarame Baru village with 1 illegal TWD. Other illegal TWD
are located in Way Dadi village with 3 TWD. Korpri Jaya
village has no illegal TWD. The number of legal TWD is 1
unit located in Sukarame village. The spatial distribution of
legal and illegal TWD is shown in Figure 1.

The existence of illegal TWD in Sukarame Sub-district
is influenced by several interrelated factors. First, land use
patterns play a crucial role, with illegal TWD sites predom-
inantly located in vacant or underutilized lands at the pe-
riphery of residential areas, consistent with findings from
other urban studies [16-18]. Second, population density con-
tributes to waste generation rates, with higher density areas
experiencing greater pressure on existing waste management
infrastructure. Third, and most significantly, the inadequacy
of government waste collection services is the primary driver
of illegal TWD formation. With only one legal TWD facil-
ity serving the entire 1771 ha sub-district, vast areas remain
outside the effective service radius, forcing residents to seek
alternative disposal locations. This infrastructure deficit is a
common challenge in rapidly urbanizing Indonesian cities
[19]. Fourth, road accessibility influences the location of ille-
gal TWD sites, as residents tend to dispose waste at accessi-
ble locations along roadways, creating visible accumulations
that further attract additional dumping—a phenomenon de-
scribed as the "broken windows" effect in waste management
literature [9].
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The spatial distribution pattern reveals clustering of ille-
gal TWD sites in areas farthest from the legal TWD facility,
demonstrating a clear relationship between service accessi-
bility and illegal disposal. Villages with the highest number
of illegal TWD (Korpri Raya, Sukarame, and Way Dadi Baru)
are located at distances exceeding the practical service range
of the single legal facility, highlighting the spatial dimen-
sion of service inadequacy. This finding supports previous
research indicating that distance to legal disposal facilities
is a critical determinant of illegal dumping behavior [10].
The concentration of multiple illegal sites within individual
villages suggests localized service gaps rather than system-
wide failure, indicating that targeted infrastructure expansion
could effectively address the problem.

3.2.2 Quantitative Distribution Analysis

A quantitative assessment of the spatial distribution reveals
significant disparities in illegal TWD density across villages.
Normalizing by village area, Sukarame village exhibits the
highest density of illegal TWD per hectare, followed by Way
Dadi Baru and Korpri Raya. This spatial heterogeneity indi-
cates that illegal TWD formation is not simply proportional to
village size but reflects complex interactions among popula-
tion density, land use patterns, and infrastructure availability.
The ratio of legal to illegal TWD facilities (1:19) quantifies
the severe infrastructure deficit in the sub-district, substan-
tially exceeding ratios reported in comparable urban areas in
developing countries. The average distance from residential
areas to the nearest TWD (combining legal and illegal sites)
is approximately 350 m, suggesting that residents prioritize
proximity over legality when disposing of waste, consistent
with behavioral economics principles regarding convenience
and compliance [9].

Furthermore, the spatial autocorrelation analysis reveals
positive clustering of illegal TWD sites, with Moran’s I statis-
tics indicating non-random spatial patterns. This clustering
effect demonstrates that illegal disposal sites tend to emerge
in proximity to existing illegal sites, a phenomenon explained
by the normalization of illegal behavior when such practices
become visible and prevalent in specific areas. This finding
has important policy implications, suggesting that address-
ing illegal TWD requires not only infrastructure provision
but also rapid intervention when new illegal sites emerge, to
prevent cascade effects and normalization of illegal disposal
practices in neighborhoods.

3.2.3 Comparative Analysis with Other Studies

The findings from Sukarame Sub-district align with and ex-
tend previous research on illegal waste disposal in urban con-
texts. The infrastructure deficit identified in this study (1 legal
TWD serving 1771 ha) is more severe than reported in com-
parable Indonesian cities. For instance, studies in Semarang
City documented better TWD coverage ratios, though still
inadequate by international standards. The role of private
sector collection services in preventing illegal disposal, as
observed in Korpri Jaya village, corroborates findings from
waste management studies in other Indonesian cities, where
community-organized collection systems effectively supple-
ment inadequate government services.

Internationally, the spatial patterns observed in Sukarame
align with research on illegal dumping in developing country
contexts. Studies in the Philippines [14] and Ecuador [21]
have similarly identified distance to legal facilities and inade-
quate service coverage as primary drivers of illegal disposal.
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Table 2. Location and characteristics of illegal TWD in Sukarame

No. Village Coordinate Dimensions (m) Volume Shape
Long. Lat. L w H (m?3)
0 Korpri Raya 105.30 -5.37 3.37 1.31 0.35 1.55 Block
1 Korpri Raya 105.29 -5.37 2.51 3.40 0.53 1.49 Pyramid
2 Korpri Raya 105.29 -5.37 2.63 2.46 0.48 1.02 Pyramid
3 Korpri Raya 105.29 -5.37 6.45 8.80 0.36 20.43 Square
4 Korpri Raya 105.29 -5.37 7.28 211 0.53 8.14 Block
5 Sukarame 105.29 -5.39 3.40 3.20 0.65 7.07 Block
6 Sukarame 105.29 -5.39 13.10 11.50 0.92 45.74 Pyramid
7 Sukarame 105.29 -5.39 3.10 2.60 0.23 1.85 Block
8 Sukarame 105.31 -5.38 8.48 2.96 0.42 10.54 Block
9 Sukarame 105.30 -5.39 5.29 3.02 0.22 3.51 Block
10 Sukarame Baru 105.32 -5.39 2.74 2.51 0.57 3.92 Block
11 Way Dadi 105.30 -5.38 3.44 3.30 0.80 3.00 Pyramid
12 Way Dadi 105.29 -5.38 3.48 3.13 0.15 1.63 Block
13 Way Dadi 105.28 -5.39 2.13 2.55 0.84 1.51 Pyramid
14 Way Dadi Baru 105.28 -5.38 3.68 1.14 0.38 1.59 Block
15 Way Dadi Baru 105.29 -5.38 2.48 2.50 0.52 3.22 Block
16 Way Dadi Baru 105.28 -5.37 4.62 1.47 0.53 1.19 Pyramid
17 Way Dadi Baru 105.28 -5.37 6.62 5.73 0.78 9.76 Pyramid
18 Way Dadi Baru 105.28 -5.37 6.93 1.97 0.32 1.44 Pyramid

However, the concentration of illegal TWD in residential-
dominated areas, rather than industrial or commercial zones,
distinguishes this study from patterns observed in some other
urban areas where illegal disposal is more prevalent in peri-
urban or industrial zones. This difference may reflect the
specific land use patterns and waste generation characteris-
tics of Indonesian residential areas, where mixed commercial-
residential land use is common.

The methodology employed in this research—integrating
spatial analysis with evidence-based solution formula-
tion—represents an advancement over previous approaches
that primarily focused on identification and characterization
without developing actionable recommendations. While stud-
ies such as those by Biotto et al. [16], Seror et al. [17], and
recent GIS-based workflows [22] have effectively mapped il-
legal disposal sites using GIS, they typically did not integrate
infrastructure planning solutions within the same analytical
framework. The dual-strategy approach (service improve-

for handling illegal TWD in those areas.

3.3.1 Transfer to Legal TWD

The transfer of illegal TWD to legal facilities is planned by cal-
culating the number of motorized carts required to transport
waste to the nearest legal TWD. The transportation equip-
ment will subsequently operate to serve each village. The
area served is determined based on the distribution of illegal
TWD locations per village (kelurahan), and the calculation
of transportation equipment needs is adjusted to the waste
volume in each village.

Waste transportation in Sukarame Sub-district uses a man-
ual stationary container system, in which waste collected
from households is transported to the nearest TWD using
motorized carts with a frequency of 2 times per day. The
equations used to calculate the number of motorized carts
required are as follows:

ment plus facility expansion) demonstrated in this study pro- - 1)
. . . : CxFxR
vides a more comprehensive solution framework applicable G—Pxr )

to other urban areas facing similar challenges. Recent sys-
tematic reviews of waste facility location selection [23] have
emphasized the need for integrated methodologies combin-
ing spatial analysis with multi-criteria evaluation, which this
research accomplishes through its comprehensive approach
to TWD site recommendation.

3.3 lllegal TWD Handling Solution

The solution for handling illegal TWD is designed based on
the existing conditions of the distance between illegal TWD
and legal TWD service areas using buffer analysis and in
accordance with applicable technical provisions for waste
management. Two complementary solutions are proposed:
(a) illegal TWD within the legal TWD service area can be
transferred to legal TWD using motorized carts; and (b) illegal
TWD located outside the legal TWD service area are analyzed
to identify recommended new TWD locations around the
illegal TWD sites, so that the new TWD can serve as a solution

© 2026 The Authors | CC-BY 4.0 @ ®

where N = number of collecting tools; G = waste generation
(L/day); C = collector capacity (L); F = compaction factor;
R = rotation (times/day); P = total population; r = waste
generation rate (L/person/day).

As an example, the calculation for Sukarame village is
presented. The input parameters are: waste generation rate of
2.8 L per person per day, motor cart capacity of 2.5 m? (2500 L),
compaction factor of 1.2, total population of 12,648 inhabi-
tants, and rotation of 2 times per day. The total waste gener-
ation is 12,648 x 2.8 = 35,414.4 L/day. Applying Eq. (1), the
number of collecting tools is 35,414.4/(2500 x 1.2 x 2) =5.9,
rounded to 6 units. The recapitulation of motorized cart re-
quirements for all six villages in Sukarame Sub-district is
presented in Table 3.

Currently, 10 units of motorized carts are operating in
Sukarame Sub-district. To accommodate all waste genera-
tion and transport it to the nearest legal TWD, an additional
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Figure 1. Spatial distribution of legal and illegal TWD in Sukarame Sub-district, Bandar Lampung City.

Table 3. Motorized cart calculation and recapitulation for Sukarame Sub-district

Village No. of Motor Carts Total Waste Gen. (L/day) E, Rotation (day) Capacity (L)
Korpri Jaya 7 39,676 1.2 2 2500
Korpri Raya 5 29,999 1.2 2 2500
Sukarame 6 35,414 1.2 2 2500
Sukarame Baru 6 31,713 1.2 2 2500
Way Dadi 2 11,281 1.2 2 2500
Way Dadi Baru 4 23,080 1.2 2 2500

20 units of motorized carts are required, representing a 200%
increase in transportation capacity. This substantial infras-
tructure investment addresses illegal TWD within areas that
could feasibly be served by the existing legal TWD facility
and would significantly reduce negative environmental and
aesthetic impacts on the community.

The motorized cart approach is particularly suitable for
areas already within or near the service radius of legal fa-
cilities, as it requires lower capital investment compared to
establishing new TWD facilities. However, successful im-
plementation requires consideration of several operational
factors. First, regular collection schedules must be established
and maintained to prevent waste accumulation. Second, ad-
equate personnel must be recruited and trained to operate
the expanded fleet. Third, maintenance systems must be de-
veloped to ensure long-term operational reliability. Fourth,
community awareness campaigns are needed to inform resi-
dents about collection schedules and proper waste disposal
practices. These considerations are consistent with best prac-
tices in waste collection service expansion documented in
other developing country contexts [2, 1] and recent optimiza-

© 2026 The Authors | CC-BY 4.0 @ ®

tion studies [24, 12]. The phased implementation approach,
prioritizing villages with the highest illegal TWD concentra-
tions, could optimize resource allocation and demonstrate
early success to build public support.

3.3.2 Recommendation of New TWD Locations

For illegal TWD located outside the legal TWD service area,
spatial analysis was conducted to determine optimal place-
ment of new TWD facilities. Based on previous research
and technical considerations, a 500 m service radius was se-
lected as the optimal configuration for new TWD placement
in Sukarame Sub-district.

Based on further analysis, the recommendation for new
TWD locations with a service radius of 500 m amounts to 9
units distributed across 6 villages. This configuration pro-
vides optimal coverage and reduces unserved areas while
minimizing overlapping service zones. The recommended
TWD locations are strategically placed to serve the maximum
population while adhering to technical criteria specified in
the Minister of Public Works Regulation No. 03 of 2013.

Road access to the recommended new TWD locations
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is shown in Figure 2, while the configuration of the 500 m
service areas for new TWD is presented in Figure 3.

The spatial analysis results demonstrate that the 500 m
service radius provides optimal coverage for Sukarame Sub-
district, ensuring that all residential areas are adequately
served by legal TWD facilities. The nine recommended TWD
locations strategically distribute service coverage across the
sub-district, with each facility positioned to serve clusters
of existing illegal TWD sites and underserved residential
populations. This spatial configuration reduces the maximum
distance residents must travel to reach a legal TWD facility,
addressing the accessibility barrier that drives illegal disposal
behavior.

The selection of a 500 m service radius, rather than the
regulatory standard of 1 km, reflects adaptation to local ur-
ban context. In densely populated areas like Sukarame Sub-
district, smaller service radii provide several advantages: (1)
reduced travel distance for residents, increasing the likeli-
hood of proper waste disposal, (2) prevention of excessive ser-
vice area overlap that would result in underutilized facilities,
(8) more even distribution of facilities matching population
density patterns, and (4) reduction of waste accumulation at
individual facilities, facilitating more efficient collection and
transport to final disposal sites. This approach aligns with
findings from other high-density urban areas where com-
pact service radii improve waste management effectiveness
[11] and multi-criteria site selection studies that emphasize
optimal service area configuration [14, 25].

The comprehensive solution combining both motorized
cart expansion and new TWD establishment represents an
integrated approach addressing both service delivery and in-
frastructure gaps. This dual-strategy framework differs from
conventional approaches that focus on single interventions,
whether enforcement-based [9] or infrastructure-only [3]. By
combining improved collection services for areas within ex-
isting facility reach with strategic facility expansion for un-
derserved areas, the methodology optimizes resource alloca-
tion and maximizes impact. The spatial analysis foundation
ensures that infrastructure investments are evidence-based
rather than ad hoc, addressing documented needs rather than
assumptions.

However, successful implementation requires address-
ing several challenges beyond the technical and spatial con-
siderations. First, land acquisition for new TWD sites may
encounter legal and social obstacles, requiring engagement
with landowners and communities. Second, construction and
operation of new facilities require sustained financial commit-
ment from municipal authorities. Third, regulatory compli-
ance and environmental impact assessment may be necessary
for facility establishment. Fourth, community acceptance
of new TWD locations must be cultivated through transpar-
ent planning processes and demonstration of proper facility
management. Fifth, coordination among multiple stakehold-
ers—municipal government, waste management agencies,
community organizations, and private contractors—is essen-
tial for integrated implementation. These challenges are com-
mon in waste infrastructure development projects in Indone-
sian cities [20, 26] and require comprehensive planning that
extends beyond spatial and technical analysis to encompass
institutional, financial, and social dimensions.

3.3.3 Policy Implications and Sustainability Considerations

The research findings generate several important policy impli-
cations for municipal waste management planning. First, the

© 2026 The Authors | CC-BY 4.0 @ ®
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evidence-based approach demonstrated here provides a repli-
cable methodology for other sub-districts and cities to system-
atically assess illegal TWD problems and develop targeted
solutions. Municipal authorities can adapt the spatial analy-
sis framework to local contexts, using readily available GIS
tools and field survey data to identify service gaps and pri-
oritize infrastructure investments. Second, the dual-strategy
solution framework suggests that effective waste manage-
ment requires both short-term operational improvements
(expanded collection services) and long-term infrastructure
development (new facility establishment), rather than relying
on single interventions. Policy frameworks should therefore
incorporate both dimensions in waste management planning
and budgeting processes.

Third, the finding that private sector collection services
effectively prevent illegal disposal in Korpri Jaya village sug-
gests potential for public-private partnerships or community-
based waste management models. Municipal policies could
incentivize or facilitate such arrangements in underserved
areas, leveraging community resources to complement gov-
ernment services. This aligns with emerging circular econ-
omy principles in Indonesian waste management [27], where
diverse stakeholders contribute to integrated systems, includ-
ing innovative community-based approaches such as waste
banks and waste sadaqah initiatives [28, 29]. Fourth, the spa-
tial analysis results demonstrate that regulatory standards for
TWD service radii (1 km as specified in national regulations)
may not be optimal for densely populated urban contexts.
Policy frameworks should allow flexibility for local adapta-
tion of service area standards based on population density,
land use patterns, and accessibility considerations, as demon-
strated by the 500 m radius optimization in this study.

From a sustainability perspective, the proposed solutions
address multiple dimensions of sustainable development. En-
vironmentally, reducing illegal TWD prevents soil and water
contamination from uncontrolled waste accumulation and
leachate [4, 5]. Socially, providing adequate legal waste collec-
tion facilities improves urban aesthetics, reduces public health
risks, and promotes environmental justice by ensuring equi-
table service provision across all neighborhoods. Enhanced
public participation in waste management [30] is crucial for
ensuring the social acceptability and long-term success of
infrastructure interventions. Economically, the investment
in waste infrastructure generates employment opportunities
in collection and transportation services while potentially
reducing long-term costs associated with environmental re-
mediation and public health impacts from illegal disposal.
The integration of spatial analysis tools and evidence-based
planning demonstrated in this research contributes to gover-
nance dimensions of sustainability by promoting transparent,
rational decision-making processes in public infrastructure
development. However, long-term sustainability requires
sustained political commitment, adequate budgetary alloca-
tion, and institutional capacity for ongoing facility operation
and maintenance—factors that extend beyond the technical
solutions themselves and require sustained attention from
policymakers and administrators.

3.3.4 Methodological Contributions and Future Research
Directions

This research makes several methodological contributions

to the field of urban waste management planning. First, it

demonstrates an integrated workflow that combines field sur-

vey, GIS spatial analysis, and solution formulation within a
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Figure 2. Road access map for recommended new TWD locations in Sukarame Sub-district.

unified framework, addressing the gap identified in previ-
ous research where spatial analysis typically ends with prob-
lem characterization rather than actionable recommendations
[22]. The systematic criteria for candidate site identification
and the explicit consideration of service area optimization
provide replicable methodological components that other re-
searchers and practitioners can adapt to different contexts.
Second, the dual-strategy solution framework provides a
practical model for addressing waste management challenges
through complementary approaches that optimize resource
allocation between service improvement and infrastructure
expansion. This integrated approach contrasts with single-
solution methodologies and provides more comprehensive
problem-solving frameworks, incorporating insights from
recent optimization techniques in municipal solid waste man-
agement [31].

Third, the application of buffer analysis at multiple scales
(1 km regulatory standard vs. 500 m optimized radius)
demonstrates the value of evaluating alternative configura-
tions rather than simply applying standard parameters. This
methodological approach can inform similar analyses in other
contexts where regulatory standards may not optimally fit
local conditions. The explicit documentation of criteria and
decision-making processes throughout the methodology en-
hances transparency and replicability, contributing to more
rigorous practices in applied GIS research for waste manage-
ment.

Future research should address several directions to build
on this work. First, longitudinal studies tracking illegal TWD
formation and elimination over time would provide insights

© 2026 The Authors | CC-BY 4.0 @ ®

into temporal dynamics and enable evaluation of interven-
tion effectiveness. Such studies could identify seasonal pat-
terns, growth rates of illegal sites, and factors influencing
site persistence or abandonment. Second, integration of so-
cioeconomic data with spatial analysis would enable more
sophisticated modeling of illegal TWD risk factors, poten-
tially using machine learning approaches to predict high-
risk locations for preventive interventions. Third, compar-
ative studies across multiple sub-districts or cities would
enable development of generalized models and identification
of context-specific vs. universal factors influencing illegal
disposal. Fourth, detailed economic analysis incorporating
cost-benefit assessment, lifecycle costing, and financial feasi-
bility analysis would strengthen the practical applicability of
recommended solutions. Fifth, community perception and
behavioral studies would complement the spatial-technical
analysis with social dimensions, examining factors influenc-
ing resident disposal behavior and acceptance of waste man-
agement facilities. Finally, integration of remote sensing tech-
nologies with ground surveys could enhance efficiency and
coverage of illegal TWD identification, particularly for large-
scale applications. These future research directions would
contribute to more comprehensive, effective, and evidence-
based approaches to urban waste management challenges in
Indonesian cities and beyond.

4. CONCLUSION

The identification results show 19 illegal TWD in Sukarame
Sub-district, Bandar Lampung City. The highest number of
illegal TWD is found in Korpri Raya, Sukarame, and Way
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Figure 3. Service area scheme for recommended new TWD with a 500 m radius in Sukarame Sub-district.

Dadi Baru villages with 5 illegal TWD each, while the lowest
distribution is in Sukarame Baru village with 1 illegal TWD.
Other illegal TWD are located in Way Dadi village with 3
TWD. Korpri Jaya village has no illegal TWD.

The existence of illegal TWD in Sukarame Sub-district is
influenced by several factors including land use type, pop-
ulation density, waste service provision by the government,
and road access. The inadequate number of legal TWD facili-
ties (only 1 unit serving the entire sub-district) is a primary
contributing factor to the emergence of illegal waste disposal
sites.

Solutions for handling illegal TWD are implemented
through two approaches: (1) diversion to legal TWD, which
requires an additional 20 units of motorized carts to improve
waste collection and transportation services, and (2) recom-
mendation of new TWD locations with a service radius of
500 m, amounting to 9 units distributed across 6 villages. The
spatial analysis demonstrates that the 500 m service radius
provides optimal coverage for the 1771 ha area of Sukarame
Sub-district, ensuring adequate waste management services
throughout the region.

This research demonstrates the effectiveness of GIS-based
spatial analysis in identifying illegal waste disposal sites and
formulating evidence-based solutions for waste management
challenges in urban areas. The methodology developed in
this study can be applied to other sub-districts and cities
facing similar waste management problems.

© 2026 The Authors | CC-BY 4.0 @ ®

4.1 Limitations

Several limitations of this study should be acknowledged.
First, the field survey was conducted at a single point in time
and may not capture temporal variations in waste generation
patterns or seasonal fluctuations in illegal TWD formation
and size. Second, waste volume measurements were con-
ducted manually using geometric approximations, which
may introduce measurement errors compared to more ad-
vanced volumetric assessment technologies. Third, the analy-
sis did not include detailed economic feasibility assessment
of the proposed solutions, including capital investment re-
quirements, operational costs, and cost-benefit analysis of the
infrastructure expansion. Fourth, social acceptance factors
and community behavioral aspects were not empirically eval-
uated through surveys or stakeholder consultations, though
these factors are critical for successful implementation. Fifth,
the study focused on spatial and technical aspects without de-
tailed examination of institutional capacity and governance
mechanisms required for sustainable waste management. Fi-
nally, the methodology was applied to a single sub-district,
and while the approach is replicable, local contextual fac-
tors may influence its applicability in different urban settings.
Future research should address these limitations through
longitudinal studies, automated measurement technologies,
comprehensive economic analysis, community engagement
studies, and comparative multi-site investigations to develop
more generalized frameworks for illegal waste management
in Indonesian cities.
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4.2 Recommendations

Based on the research findings, the following recommen-
dations are proposed. Immediate action should focus on
implementing the recommended solution by establishing 9
new TWD locations with a 500 m service radius to provide
adequate waste collection coverage throughout Sukarame
Sub-district. Infrastructure improvement is needed through
the procurement and deployment of 20 additional motor-
ized carts to support waste collection and transportation
services, enabling diversion of waste from illegal TWD to
legal facilities. Enforcement and monitoring measures should
be strengthened to prevent the establishment of new illegal
TWD and to monitor existing illegal sites for cleanup and re-
mediation. Public awareness campaigns are recommended to
educate residents about proper waste disposal practices and
the importance of using legal TWD facilities. A regular mon-
itoring system using GIS technology should be established
to track changes in TWD distribution and identify emerging
illegal disposal sites. Policy development based on spatial
analysis results is advised, including zoning regulations and
service area requirements for TWD facilities. Finally, the
methodology developed in this research can be applied to
other sub-districts in Bandar Lampung City and other cities
facing similar waste management challenges. The implemen-
tation of these recommendations will contribute to improved
waste management practices, reduced environmental pollu-
tion, and enhanced public health in Sukarame Sub-district
and potentially other urban areas in Indonesia.
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