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ABSTRACT: The development of Indonesia’s New Capital City (Ibu Kota Negara (IKN)) does not only offer oppor-
tunities but also faces uncertainties. One of these concerns is wastewater management, in terms of volume, location,
and treatment facilities. To evaluate how the city might be able to manage this, this study starts with a theoretical
evaluation of which wastewater management principles are crucial. Then the empirical study evaluates where and
how the current infrastructure of the IKN could manage the wastewater and assesses—based on spatial scenarios—if
the current wastewater management plans for the IKN are adequate. A Geographic Information System (GIS)-based
analysis assesses the suitability of current wastewater treatment locations and develops scenarios for the best possible
infrastructure extensions. The analysis yields that the most suitable sites for wastewater treatment primarily depend
on existing topography and on land use changes due to future migration. As the latter is largely unknown, it requires
expert assessments on deciding where to set up and/or expand the wastewater management system (WWMS), and
how to manage it economically and socio-culturally. The assessments are compared to how the IKN authority aims for
“Circular and Resilient” WWMS, which differs from conventional wastewater treatment plants. The comparison proves
that it is necessary to tailor a WWMS to how and where IKN may develop. The early findings necessitate, however,
further monitoring of spatial expansion and further research in smart city designs.
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1 Introduction
The decision of the Indonesian government to relocate Indonesia’s National Capital (Ibu Kota Negara

(IKN), also referred to as Nusantara) to the geographic center of the country on Borneo Island, in the
province of Eastern Kalimantan, creates various challenges. Besides the socio-political debates and concerns
about why the declaration of a new capital city would be necessary [1,2], there are a number of practical issues
to consider when planning and constructing a new city, such as choosing the right location, acquisition or
conversion of land, planning and constructing or expanding infrastructure. Moreover, multiple factors may
affect the socio-spatial and physical dynamics of any city development, which will influence how and where
the city can change and expand. These factors need to be considered when planning, but in the case of a new
city, such as the IKN, many of these factors are unknown, which results in a high number and diversity of
planning uncertainties.

One of such uncertainties concerns how much and where the new city creates waste and how one
can create an effective and sustainable wastewater management system. Currently, the location of the IKN
development is in a relatively sparsely populated area in East Kalimantan with limited waste and wastewater
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requirements. Wastewater typically contains various pollutants that, if released untreated, pose significant
risks to aquatic ecosystems and human health. Historically, the development of wastewater management
systems focused on addressing the adverse impacts of untreated fecal wastewater in urban settings on natural
watercourse [3]. Wastewater management does not only focus on pollution mitigation but also re-envisions
wastewater as a valuable resource and prioritizes sustainability requirements that advocate economically
viable, environmentally sound, and socially acceptable systems [4–6].

The construction of the new city in an area currently largely covered by forests and uninhabited
land requires the development of all basic amenities from scratch and sustainability-oriented. Therefore,
effectively managing wastewater is thus crucial and involves sophisticated treatment processes designed to
reduce pollutants to levels safe for discharge into the environment, especially regarding different types of
environment [7]. Domestic wastewater, typically generated from residential areas, involves biological and
chemical treatment processes. Due to heavy metals and toxic chemicals, industrial wastewater requires
specialized treatment methods like chemical precipitation and advanced filtration. Stormwater management,
crucial in urban environments, requires infrastructure capable of capturing, slowing, and treating runoff
before reusing or safely discharging into natural water bodies.

Previous studies have proved that wastewater management effectively brings positive effects into the
urban environment, fostering environmental protection, significantly reducing pollution in natural water
bodies, and promoting biodiversity [6,8]. Molinos-Senante et al. [9] and Obaideen et al. [10] furthermore
highlight that these systems also bolster public health by curbing the spread of waterborne diseases and
enhancing economic efficiency through water recycling. Despite these advantages, there are also critical
concerns regarding construction and operational costs, which may exceed the financial resources of a
city administration and ultimately lead to serious bottlenecks in further development and expansion [11].
Furthermore, new infrastructure developments may require changing community wastewater handling
practices, which may not always be accepted [12].

In addition to the different views on implementation, there are also epistemic differences between
domains involved. Economists decide on investing in wastewater systems based on operational cost
implications, financial sustainability of wastewater systems, and economic benefits [13], whereas envi-
ronmental scientists prioritize the long-term ecological and health benefits of reducing pollutants and
conserving ecosystems [14]. Social scientists would focus on how to shape and embed new social norms
facilitating wastewater management practices [15]. Although these epistemic differences are not necessarily
contradicting, they demonstrate that wastewater management requires a transdisciplinary holistic approach.

Wastewater management planning in new cities must consider how the demands of growing popula-
tions and industries affect the system’s capacity. The governance should ensure effective strategies that address
the barriers—economic, cultural, social, and contextual factors—to establishing and maintaining efficient
wastewater systems that can support urban growth and substantial investments with long-term sustainability
and resilience objectives [16]. Sustainability and resilience are vital to encompass the development of envi-
ronmentally viable, economically feasible, and socially equitable systems. Economic indicators assess costs
and benefits, ensuring systems are financially viable, while environmental sustainability focuses on reducing
pollutants and conserving resources. Social acceptability involves community impact and engagement for
successful implementation [9]. Resilience, conversely, refers to a system’s ability to adapt to and recover from
environmental or infrastructural stresses [17].

The geographical condition of the location of IKN development and the theoretical perspective of
wastewater management place crucial questions surrounding where to collect waste(water), how and where
to treat it, and how and where to dispose or reuse it. As the IKN’s government needs to plan for a wastewater
management system (WWMS) that can manage wastewater effectively and mitigate potential problems given
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multiple urban growth scenarios, there is a need to understand where and how wastewater needs to be
managed and how the wastewater management requirements change over time and place.

The contemporary discourse around wastewater management in Indonesia mostly emphasizes per-
formance implementation and socio-environmental impact, such as the different impacts of domestic
wastewater characteristics [18], effectiveness evaluation of communal wastewater systems [19–21], wastewater
treatment scenarios for a sustainable industry [22], and community impact in wastewater management [23].
Although identifying optimal locations for wastewater treatment system planning has been widely imple-
mented by other previous studies, such as the critical analysis of wastewater management for new city
development, it remains constrained. Previous overviews only discussed the significance of spatial con-
siderations and wastewater treatment facility construction methodologies. While spatial assessments and
spatial development planning evaluations provide valuable insights for improving wastewater management,
challenges remain in integrating these findings into cohesive future urban planning strategies. Addressing
these challenges is essential for sustainable urban development and public health.

Given this challenge, this study poses three questions. First, it investigates how the principles of wastew-
ater management can be applied in developing the IKN, particularly in the absence of established urban
growth scenarios. Second, it examines where and how the current infrastructure of the IKN can manage
different types of wastewater. Finally, it evaluates the adequacy of the current wastewater management plans
for the IKN under varying spatial growth scenarios.

This article addresses these questions in the following sequence. First, we start with a theoretical
introduction to defining wastewater and formulating wastewater management conditions and requirements.
The subsequent section addresses the data collection and analysis methodology and the approach of
comparing theory with practice. Next, we present the results of the analyses, followed by a conclusion and
recommendation section.

The findings of this study provide critical insights for policymakers and urban planners in designing
a resilient and sustainable wastewater management system for IKN. This research addresses immediate
infrastructure needs by offering a framework that integrates sustainability and resilience principles. It lays
a foundation for adaptive urban management strategies for other cities facing wastewater management
problems. Hence, the study contributes to a broader academic discourse on urban wastewater management
in growing and emerging cities, offering a replicable methodological framework for other rapidly urbanizing
regions globally.

2 Methods

2.1 Study Area
The study area, IKN, is strategically located in East Kalimantan on Borneo Island. The area spans

two regencies: Penajam Paser Utara and Kutai Kartanegara, selected for their proximity to the established
cities of Balikpapan and Samarinda. These cities, located 35 km and 70 km from IKN, respectively, provide
critical connectivity and infrastructure for the new capital’s development [24]. As shown in Fig. 1, IKN forms
part of a three-city ecosystem with Balikpapan and Samarinda. It emphasizes its role as a hub for local
integration, global connectivity, and sustainable development to drive economic growth in East Kalimantan
while enhancing global trade and connectivity. Samarinda, the provincial capital, serves as an economic
driver, while Balikpapan contributes as an oil and gas industrial center, creating a balanced network of
urban centers.
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Figure 1: The three-city ecosystem of IKN

The IKN site covers an expansive area of approximately 256,142 hectares and 68,189 hectares of marine
territory. IKN development is structured into three key zones. The first zone is the IKN Development Area
(KP-IKN), encompassing 199,962 ha, which supports long-term urbanization and ecological integration. The
second zone is defined as the IKN Area (K-IKN), spanning 56,180 ha, that accommodates housing, commer-
cial, and recreational spaces. The third zone, known as “Kawasan Inti Pusat Pemerintahan” (KIPP), covers
6671 ha and is designated as the core government area for administrative and governance functions [25].

IKN’s development is driven by a vision of becoming a “World City for All” integrating smart, inclusive,
and sustainable city planning principles. The phased implementation plan seeks to preserve biodiversity
and address critical infrastructure challenges, including wastewater management, while aligning local and
global standards.

2.2 Data Collection and Processing
This study employed a robust mixed-method approach to comprehensively understand which issues

must be considered to develop IKN’s wastewater management system. Given the multiple unknowns in
predicting the changes and the effects of the changes by the constellation of the IKN, we opted for combining
quantitative and qualitative data collection and analysis approaches [26]. This approach enables effectively
integrating other approaches and triangulating data from multiple sources [27,28]. In developing projects
such as the IKN, mixed approaches are crucial for assessing the changing circumstances, considering the
interplay between multiple factors and the unpredictability of future conditions. Fig. 2 illustrates the process
diagram of the mixed-method procedure.
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Figure 2: Flowchart of study method

The data collection and analysis took place through successive supervised fieldwork and projects of stu-
dents [29–31]. The first stage drew on gathering documentary and observational evidence to comprehend the
plan and determinations. Three data collection approaches were employed: collecting official documents of
the IKN development master plan and regulations, visiting selected sites, and interviewing IKN experts and
authorities. Analyzing the official documents provides a complete picture of the current strategies, challenges,
and opportunities for wastewater management in the IKN area. In addition, interviewing key planning
authorities of IKN provided direct insights into the plans, policies, and strategies for wastewater management
and their perceptions of criteria for selecting wastewater sites. Stakeholders were identified based on their
professional interest and competency in wastewater management and IKN development [32]. Table 1 presents
the list of interviewees. Following interviews, there were site visits to obtain a holistic picture of the existing
IKN’s wastewater management system planning and implementation.

The second stage involved utilizing a GIS-based spatial suitability analysis to assess the suitability
of candidate sites for wastewater treatment plants in conjunction with multi-criteria analysis (MCA).
This approach is instrumental in evaluating potential locations for wastewater treatment plants using a
cooperative approach between decision-makers and stakeholders [33]. MCA is an appropriate approach to
compare and rank stakeholders’ preferences and assign associated weights in a decision-making process [34].
The integration of MCA with GIS enables a systematic evaluation and selection of suitable locations based
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on both geographical characteristics and on weighted preferences of experts and stakeholders. The specific
method employed for the MCA was the Analytical Hierarchy Process (AHP).

Table 1: Stakeholders’ roles

Stakeholders-institution Role
Researcher at the

University of Pancasila,
Jakarta

Has prior work experience in water treatment plants and lecturer of
water resource management program

Civil engineer responsible
for residential areas in IKN

Has insight into the current plans and strategies around wastewater
management in IKN

Advisor at GIZ Office
Jakarta

Specialize in water and wastewater management projects in Jakarta

Head of Envitech Perkasa,
Jakarta

Has Experience in providing solutions for water and wastewater
treatment in various industries

Researcher at the Institut
Teknologi Kalimantan

Has experience related to urban management and planning and insight
related to new city development in IKN area

Ministry of Agrarian
Affairs and Spatial

Planning

Has insight related to wastewater management plans and scenarios in
IKN

Corporate sustainability
officers at Allianz

Indonesia

Offers insight on wastewater management from a corporate social
responsibility (CSR) perspective

Project Manager with a
focus on water-related

challenges

Expert in membrane-based but thermally driven desalination and
currently working on water and wastewater-related challenges in the

semiconductor and chip industry

The pairwise comparison method using AHP ascertains the relative weights of criteria based on
stakeholder input [35]. Stakeholders’ perspectives are acquired through surveys to analyze the relative
importance of each criterion comparison. The stakeholders’ perceptions are analyzed on a scale ranging
from 1 to 9, where a rating of 1 indicates equal selection and 9 represents complete selection [36]. We then
followed Goepel [37] for the subsequent analysis, generating each criterion’s weight, and calculating an
Inconsistency Ratio (IR). We continued the process until the IR reached a value below 0.10, as recommended
by Awawdeh et al. [38]. These weights are then applied to compute the percentage suitability, providing an
accurate reflection of the significance of each criterion within the site selection process.

The suitability of wastewater treatment sites largely depends on land use [33] and on what is econom-
ically affordable, environmentally sustainable, and socially acceptable [39]. Using multiple indicators for
each of these crucial factors, the study derives suitability maps where wastewater can be stored, treated,
and/or released.

The first factor to consider in site selection is land use. Areas of certain existing land use need
to be excluded in the analysis. These include existing residential zones, water bodies, and vegetation
areas [40,41]. Similarly, protected environmentally sensitive areas are de facto forbidden zones that require
preservation [42]. On the other hand, areas with agricultural or industrial land use may be suitable if not
effectively used, while vacant unused land would be most suitable [43]. A second factor is distance from
roads. How far a wastewater treatment plant (WWTP) lies from roads significantly affects construction and
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maintenance costs [44]. Yet, proximity to roads can also affect the landscape, climate, and public health, all
of the urban growth uncertainties. Maintaining a sufficient distance from surface water is crucial to protect
the ecosystem from pollution. To balance these contradicting recommendations, Asefa et al. [45] find a
pragmatic solution stating that locations within 300 m of surface water streams are inappropriate. In contrast,
those between 300 and 500 m are the most suitable. The buffer zone protects against potential untreated
wastewater leakage into surface waters [46]. A third factor concerns soil texture, which determines the
environment’s ability to manage seepage and pollutant absorption. Soil permeability should be low enough
to significantly slow leachate flow from the site [45]. Clay-textured soils are ideal for wastewater treatment
plants because they are impermeable to leachate [47]. Orthic soil has little permeability, making it highly
suitable, whereas Cambic soil is the least favorable type.

For the economic criteria, the elevation of a WWTP site is a critical factor in its optimal functioning and
environmental impact [48]. Ideally, WWTPs should be situated at elevations lower than the city areas they
serve to facilitate gravity-fed wastewater flow, reducing the need for energy-intensive pumping systems [42].
Therefore, steep elevations are less desirable due to their association with increased construction costs. Con-
sidering its environmental and economic implications, the following indicator slope is equally important.
WWTPs constructed on steep terrain might lead to higher costs and generate leachate sewage problems [49].
The optimal slope range for these plants typically falls within 0%–10%, as it is considered highly suitable [50].
Steep slopes are not economically feasible because of the substantial expenses associated with excavation
and pumping.

The final step is to assess current wastewater treatment locations and derive potential extensions. This
process uses a raster-based suitability analysis with ArcGIS Pro Software. Before the analysis, the data from
the different sources were converted into a raster format (Table 2). For the MCA to identify alternative
possible sites we used eight criteria reflecting the economic, environmental, and social factors (Table 3),
resulting in a new classified map. Each reclassification derives a level of suitability, which is differentiated
into five levels from most suitable to least suitable. The rank of suitability levels was adopted from the various
literature discussed above. Following this, the various suitability maps in each criterion were integrated
into a composite suitability map by summing the mapped scores with a weighted system using Weighted-
Sum Overlay analysis. The composite suitability maps containing summing scores of all criteria were then
reclassified into five classes using the Reclassification tool in ArcGIS Pro. The entire process generated
three types of maps: (1) criterion classification maps, (2) criterion suitability maps, and (3) composite
suitability wastewater treatment maps. The final step was to compare the current IKN’s wastewater treatment
infrastructure locations with the composite suitability map.

Table 2: Types and sources of data

Type of data Format Source of data
Slope, elevation, and streams Raster USGS earth explorer database

Land use and land cover (LULC) Vector, Shapefile ITK database
Global map of soil Vector, Shapefile FAO database

Protected areas Vector, Shapefile ITK database
Roads Vector, Shapefile Open street map

The location of the wastewater plan in IKN Planning report and design IKN authority database



132 Revue Internationale de Géomatique. 2025;34

Table 3: Values and the suitability level for each criterion source: a compilation of data presented by [33,42,45,46,51,52]

Criteria Weight (%) Sub-criteria values Level of suitability Rank

Soil type (related to water
absorption) 3

Orthic Acrisols Most suitable 10
Ferric Acrisols Highly suitable 8
Humic Acrisols Medium 6

Dystric Fluvisols Low 3
Cambic Arenosols Least suitable 1

Surface Water proximity (meters) 5

0–300 Very low 1
300–500 Very suitable 10
500–1000 High 7
1000–5500 Low 3

Distance to protected areas 28 Protected area Not suitable 0
Non protected area Most suitable 10

Land use (based on their
sensitivity to wastewater

treatment plants)
30

Water bodies Unsuitable 0
Vegetation Low 3

Built up Medium 5
Agricultural area Suitable 7

Open space Highly suitable 10

Distance to main roads (meters) 5

0–500 Not suitable 1
500–1500 Most suitable 10
1500–5500 Suitable 7

5500–13,000 Least suitable 2

Elevation (meters) 19

−15–50 Very high 9
50–100 High 7
101–160 Medium 5
161–300 Low 2
301–605 Very low 1

Slope (percent) 10

0–10 Very high 10
11–20 Highly suitable 8
21–25 Medium 6
26–40 Low 2
41–60 Very low 1

3 Results

3.1 Documentary and Observational Evidence
Managing the development of IKN Nusantara depends on crucial datasets for effective urban planning

and infrastructure management. The Detailed Spatial Plans, known as “Rencana Detail Tata Ruang” (RDTR),
are the essential spatial planning designs for Nusantara’s urban area, including the Central Government
Core Area (KIPP). Those documents serve as a framework for managing the utilization of space through the
implementation of a zoning regulation, depicting which type of land use, infrastructure, and development
priorities for service centers, transportation, and water resources should be [53]. Although the RDTR is solely
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intended for strategic areas, development in the IKN Nusantara is completely integrated and outlined in the
Indonesian Capital City Master Plan and National Strategic Area Spatial Plan (RTR KSN) for the Indonesian
Capital City 2022–2042. These plans provide a comprehensive roadmap for the development of the new
capital city, including key performance indicators (KPIs) for a fully functional waste management system
by 2045, targeting net-zero emissions, a minimum 60% recycling rate, public internet connectivity for waste
management engagement, minimal residue during waste processing, and energy generation from waste [54].

Waste management in IKN Nusantara is specifically stated in the fifth KPI in the Indonesian Capital
City Master Plan, focusing on sustainable waste management in the whole IKN Nusantara region. Waste
is categorized into solid and liquid waste, with specialized treatment and energy conversion facilities,
supporting sustainability goals. As illustrated in Fig. 3, Liquid waste is treated at Wastewater Treatment
Plants (WWTP) using advanced processes, while solid waste is converted into energy, creating an energy-
efficient system that reduces environmental impact [53]. This bi-directional energy flow signifies a highly
efficient and eco-friendly approach. The energy generated by the Integrated Treatment Plant fulfills the
power requirements of the WWTP partially, so this energy self-sufficiency reduces the overall environmental
footprint and lowers the demand for external energy sources, reinforcing the sustainability of the entire
system [53].

Figure 3: IKN waste and wastewater management plan (source: [53])

The phased development of IKN Nusantara aims to transform IKN Nusantara into a technologically
advanced, sustainable city by 2045 [25]. The phased development is structured into five strategic phases,
illustrated in Fig. 4. The initial phase up to 2024 focuses on establishing the Central Government Core
Area (KIPP), including government buildings, residential units, and essential public amenities like hospitals,
schools, and markets. From 2025 to 2029, the expansion phase aims to strengthen core infrastructure,
enhancing public transportation, residential neighborhoods, and commercial areas. The subsequent phases
from 2029 to 2045 focus on extensive development in education, healthcare, and high-tech industries,
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positioning IKN as a leader in sustainability and technological advancement with significant investments in
high-tech infrastructure and sustainable urban planning.

Figure 4: Development phases of IKN (Source: [25])

The RDTR has comprehensive spatial structural plans for strategic areas, encompassing service centers,
transportation networks, energy distribution, telecommunications, water resource distribution, drinking
water networks, wastewater management, hazardous and toxic waste management, waste distribution, and
drainage networks [55]. Nine strategic areas in the IKN Nusantara have been equipped with detailed spatial
plans and have different regional roles, as shown in Fig. 5. The area planned as a residential and government
center will have residential wastewater treatment plants (WWTP), such as in the KIPP and East Nusantara
areas. Hazardous and toxic waste treatment installations are provided for areas with defense and security
functions in South and West Nusantara and the food industry in Kuala Samboja. Non-domestic WWTPs
are also planned precisely in the Muara Jawa area to support agricultural and fisheries activities. In addition,
there are unique installations for processing fecal sludge in West Nusantara and Simpang Samboja, which
serve as rural settlement centers.

The RDTR outlines a centralized domestic wastewater treatment system, divided into the Collection
Subsystem and the Centralized Processing Subsystem. The IKN Nusantara will employ a centralized domestic
wastewater treatment system (SPALD-T) for managing wastewater. This system facilitates the transportation
of domestic wastewater from individual residential blocks/parcels to the Domestic Wastewater Treatment
Plant (IPAL) through a pipe network. The collection subsystem is equipped with a reticulation pipe
network directly connected to the building. The wastewater is subsequently conveyed by parent pipes to
the Centralized Processing Subsystem. Concurrently, wastewater from industrial activities (non-domestic)
has a separate centralized treatment plant. Several non-domestic WWTP units will be located in the
Muara Jawa. As illustrated in Fig. 6, the Centralized Processing Subsystem includes residential wastewater
management installations in each urban area, hazardous waste processing facilities in West and East
Nusantara, and Simpang Samboja, and city-scale installations in Core Area and East Nusantara, ensuring
effective local and regional treatment. Some subsystems will also be integrated with the integrated waste
management site (TPST) using the reduce, reuse, and recycle principle, forming a Smart Integrated Urban
Domestic Wastewater Management (UDWM) framework, promoting sustainable wastewater treatment and
resource management.
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Furthermore, the spatial plan includes detailed zoning provisions on the SPALD-T facilities, which are
crucial for maintaining the wastewater network system’s integrity and functionality. These provisions specify
permitted, conditionally allowed, and prohibited activities, along with minimum infrastructure and facility
requirements to prevent system disruptions [55–63]. The Nusantara Capital Authority’s RDTR for the KIPP
area also addresses comprehensive wastewater and hazardous waste management. This promotes effectively
integrating and managing all waste-related activities within the IKN Nusantara’s urban area.

Figure 5: Spatial structural plan of the waste management network (Source: Compilation from Detailed Spatial Plan
of 9 urban areas of IKN Nusantara—[55–63])

The example of the integration between waste and wastewater management can be seen at TPST 1 in
the government Core Area, as illustrated in Fig. 6, which is currently under construction. It aims to manage
household waste within the areas SWP IA of KIPP IKN. Co-located with Domestic Wastewater Treatment
Plant 1 (IPALD 1), illustrated in Fig. 7. This facility will handle 74 tons of waste and 15 tons of sludge daily,
enhancing efficiency by integrating waste and wastewater treatment [64].
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Figure 6: Location of TPST 1 in Sub-WP 1 KIPP IKN (source: [1])

Nusantara’s Smart Building Guideline emphasizes sustainable wastewater management, aiming for a
60% recycling rate for solid waste by 2045 and universal wastewater treatment coverage by 2035. Progress
includes constructing three wastewater treatment plants within the core KIPP area and introducing Smart
Restrooms, which integrate economic growth with environmental sustainability. Nusantara aims to be a
“World City for All,” leveraging advanced technology and innovative approaches to enhance urban living
and demonstrate the interconnectedness of urban development and ecological responsibility [65].
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Figure 7: Layout plan of TPST-1 and IPALD-1

3.2 GIS-Based Location Suitability Assessment
3.2.1 Data Transformation and Suitability Levels in Each Factor

All available vector data underwent rasterization to align the spatial resolution before resampling. This
study employed the UTM zone 50S system for spatial projection and a resolution of 30 m. Because polyline
doesn’t show area, spatial multi-buffer analysis was employed for road networks and water stream data,
separating the research sites into five distance zones based on suitability proximity. All spatial data was then
reclassified into five suitability categories following their value distribution for a suitability map of each
criterion, as illustrated in Figs. 8–14.

The study area’s topography ranges from 0 to 605 m. The western and central regions have the highest
elevations. More than half of the study area is eligible for WWTP development due to its altitude below
50 m. In addition to appropriate water flow, lower elevation sites typically have more stable and favorable
climatic conditions, ensuring better oxygen availability and preserving the microbial diversity required for
the efficient operation of WWTPs [66]. Similarly, the slope gradient in this area does not fluctuate and is
consistently less than 25%. Steep terrain with a gradient greater than 25% is prevalent in high-altitude regions.
Such regions are judged inappropriate for establishing wastewater facilities due to the increased requirement
for excavation during construction, resulting in higher building costs [67].



138 Revue Internationale de Géomatique. 2025;34

Figure 8: Reclassified data and suitability levels in slope criteria

Figure 9: Reclassified data and suitability levels in elevation criteria

Figure 10: Reclassified data and suitability levels in surface water criteria
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Figure 11: Reclassified data and suitability levels in roads criteria

Figure 12: Reclassified data and suitability levels in soil type criteria

Figure 13: Reclassified data and suitability levels in protected area criteria



140 Revue Internationale de Géomatique. 2025;34

Figure 14: Reclassified data and suitability levels in land use criteria

The suitability classification from proximity variables indicates situations that are not significantly
different. The study area has a widely distributed river network as an upstream area near the coast. In
addition, the study area still has appropriate road networks, especially in the Sepaku and Penajam urban
areas in the west and Samboja urban areas along the East Coast. These two factors enable the possibility of
more accessibility-based wastewater plant installation. An appropriate distance from surface water sources
is critical to preventing pollution and ensuring the safe use of clean water for domestic purposes. At
the same time, a buffer zone of 500 m from roads significantly impacts the cost and maintenance of
building construction.

The research area contains five soil types. Ferric Acrisols in the western areas and Orthic Acrisols in
the center region are ideal for WWTP building since they are clay-textured and impermeable to leachate.
Furthermore, Dystric Fluvisols and Cambic Arenosols, which are abundant in the study area, have poorer
permeability. Meanwhile, restricted areas in the center regions are designated as protected forests for
preserving animals and biodiversity. One kilometer outside this protected area is the most suitable for
construction to maintain this intent.

The last layer to identify wastewater treatment facilities relates to the type of land use to minimize
impacts on existing populations and protect vulnerable areas. In the current conditions, built-up and
agricultural land have been recognized as the major areas outside forest zones, particularly along Samboja’s
west coast and Sepaku’s urban areas in the western region. These areas are considered inappropriate for such
development. On the other hand, according to Presidential Regulation No. 64 of 2022 on Spatial Planning
for IKN development, future land use is intended to retain a green share of 67.75% as protected areas. Fig. 15
depicts the expansion of residential areas and urban infrastructure from the current built-up areas to the
western part of the IKN core area. Unfortunately, the expected land use map is inaccessible for public
spatial data sharing or replication from regulatory papers due to extremely poor image quality for GIS-based
analysis. As a result, existing land use data was used to conduct further analysis.
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Figure 15: Future land use in the IKN area

3.2.2 AHP Results
The results of the AHP analysis—based on an in-depth examination of stakeholders’ perceptions who

assigned their weights on how significant certain layers were for the WWTP site selection—show that the
top 3 criteria that need to be considered when selecting a WWTP location are land use and distance to
protected areas. These two factors have weights of 30% and 28%, respectively. Prioritizing land use as the
main criterion in site selection is often associated with avoiding environmental and social impacts. However,
several stakeholders highlighted that the priority weight of land use is also related to the ease of land
acquisition, pointing out the potential expenses associated with the issues. Apart from that, the prioritization
also derived from the stakeholders’ notion that extensive deforestation and the construction of buildings in
prohibited zones in IKN areas may lead to increased soil erosion and flood occurrences during rainfall.

Elevation and slope were assigned a moderate ranking with 19% and 10% weights, respectively. The
development of IKN is intended to utilize cutting-edge technology and automation to enhance the efficiency
of operating and maintaining the infrastructure system. These factors influence stakeholders’ perceptions,
ensuring WWTPs in the IKN area can successfully handle changes in wastewater inflow. Meanwhile, the
remaining three factors, distance to surface water, main highways, and soil type, are given little priority,
weighted at 5%, 5%, and 3%, respectively. These findings align closely with the outcomes of various studies,
which indicate that accessibility to the roads and rivers exhibits a relatively lower effect as technology can
manipulate these factors.
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3.2.3 Suitability Maps and Evaluation
Table 4 presents the distribution area of each suitability class in the final analysis of the WWTP site

susceptibility map. The level of suitability is classified into five levels, ranging from very high to unsuitable
(very low). The study reveals that almost 80% of the study area, outside the protected forest, falls into the
very high (dark green) and high (green) suitability categories for WWTP construction. The unsuitable zone,
encompassing 66,167.6 hectares, is predominantly comprised of protected forest areas where building is
strictly forbidden. Zones exhibiting low suitability, including an area of 1487.81 hectares, are located on the
western side and are characterized by elevated altitudes and steep slopes. Moderate zones are often located
near KIPP, with an area of 4357.7 hectares. Regions exhibiting high and very high adaptability are located on
the eastern side of the IKN, with areas of 127,804.8 hectares and 17,024.83 hectares, respectively.

Table 4: Values and the suitability level for each criterion

Suitability level Hectares % Distribution
Unsuitable 66,167.6 25.83 Protected forest and coastal areas

Low 1487,813 0.58 Western region
Moderate 43,657,7 17.04 Around KIPP

High 127,804.8 49.90 Middle region
Very high 17,024.83 6.65 Eastern and middle region
IKN area 256,142,7

Most suitable zones are non-built-up areas with low elevation, slope, and accessibility. These areas are
ideal for establishing settlements and infrastructure necessary for basic sanitation and wastewater treatment
plant placement. Sustainable urban planning and development must consider the suitability of construction
and effective wastewater management to improve inclusivity and sustainability in urban sanitation services.
The city development may improve wastewater management and sustainability by strategically locating
infrastructure in green zones.

Evaluation of the current plan for the construction of wastewater plants in IKN areas, as illustrated
in Fig. 16, indicates that there are 81 designated locations, including four units in the KIPP area. IKN
development was carried out in stages over five development phases. Providing guidance in the development
process in land use management context, the Detailed Spatial Planning Plan (RDTR) of the IKN urban areas
provides the location of the WWTP building plan and has been drawn up in the whole IKN Nusantara
area, even though only in the planned urban areas. The spatial plan for areas outside urban areas is a
general master plan that has not been detailed. Therefore, only identified locations were included in the
evaluation. The research findings confirm that all the WWTP’s proposed location meets the appropriateness
requirements. All proposed WWTP locations are situated within the designated suitable zone. Particularly in
North and South Nusantara, just three spots fall within the moderate zone. In the future, wastewater systems
must be built and distributed equally throughout the IKN area, especially in residential areas outside the
IKN core area. The research results emphasize that the construction of new WWTPs can be carried out in
almost all regions. However, this must be done with consideration of the optimal proximity to the planned
residential areas, which are the zones to be supplied, hence increasing economic viability and decreasing
health risk consequences.

With three urban growth scenarios, the analysis derives a suitability map for wastewater treatment
plants, which is compared to the existing infrastructure plans of the IKN authority. For the core government
Knowledge (KIPP) area in the IKN area the suitability for wastewater treatment plant (WWTP) construction
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is low, despite a considerable wastewater generation. Unsuitable areas include existing water bodies and
protected zones. Certain development zones are predominantly characterized by moderate to high suitability,
but here the uncertainties of how these areas will develop are also the highest.

Figure 16: Final suitability map in the IKN area for wastewater plants

4 Discussion
Despite the decision to relocate the capital city from Jakarta to the new city in East Kalimantan, the

Indonesian government also has an ambitious target for strict wastewater treatment standards to cope with
greenhouse gas mitigation and water pollution reduction goals [22]. Also, the landscape of the new city
for IKN development is dominated by forest. Consequently, urban development in the IKN area must
prioritize sustainable practices to yield various advantages in climate change mitigation and water pollution
prevention [17]. To address these challenges, it is essential to identify and assess the site for the building of the
WWTPs to be implemented in the IKN region, hence establishing an effective and sustainable wastewater
treatment system.

Nowadays, research on wastewater management in Indonesia emphasizes assessing communal wastew-
ater treatment system implementation. The challenges associated with the centralized wastewater treatment
system contribute to its limited implementation in Indonesian cities. Harahap et al. [68] demonstrated that
off-site sanitation infrastructure at the urban scale exists in only 12 cities across Indonesia. Previous studies
have indicated that urban growth presents challenges [23], the state of sanitation facilities is critical [19], and
social conditions significantly influence on-site wastewater management, particularly in the context of black
water treatment [18]. In urban areas, black water constitutes 5%, while in rural areas, it accounts for 24%.
Furthermore, 51%–53% of grey water in Indonesia is discharged directly into the environment [20]. Research
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on wastewater treatment in Indonesia indicates that domestic wastewater significantly contributes to urban
waste production, highlighting the challenge of providing reliable wastewater treatment and extensive
networks amid urban expansion.

The provision of the RTR KSN and the RDTR for the IKN Development Area, which includes guidelines
for waste management, particularly hazardous and toxic waste, demonstrates the government’s commitment
to reducing the environmental impact of residue processing in the IKN as a new city. Presidential Regulation
No. 64 of 2022 [54] states that advanced technology will be utilized to enhance the effectiveness and
efficiency of urban waste management, encompassing the entire process from collection to processing.
The waste management system is connected to the internet, enabling public access to information and
participation in waste management activities. This connectivity facilitates data monitoring, reporting, and
public engagement. The spatial distribution of the proposed waste processing facilities requires further
examination to ensure sustainability. This study uniquely integrates the spatial suitability assessment for
constructing sustainable WWTPs into the current spatial plan for IKN development.

The findings of this study indicate that the proposed locations for the WWTP are not fully situated in
regions with a high degree of suitability for their construction. While most of the IKN Area ranks as highly
suitable for WWTP development, certain WWTP units, particularly in the KIPP area, remain at a moderate
level of suitability. Therefore, the government must prioritize the establishment of wastewater treatment
plants (WWTPs) that are highly suitable to optimize service coverage and construction costs while also
mitigating environmental impacts, particularly on groundwater quality [19].

Regarding the distribution, the proposed WWTP locations are evenly allocated among the designated
urban areas of the IKN to support the anticipated population increase. This study’s findings suggest that
monitoring space utilization in the IKN is essential to maintain development within designated zones,
thereby ensuring the optimal distribution of centralized wastewater treatment systems throughout the IKN
area. Blackett et al. [23] on the implementation of wastewater treatment plants (WWTPs) in Jakarta indicated
that community readiness to embrace a wastewater management development program poses a challenge
for establishing decentralized WWTPs, as residents are accustomed to individual septic tanks and sanitation
systems. Consequently, the development of the IKN must guarantee the presence of WWTP units in every
settlement cluster and that each structure is equipped with a direct drainage system leading to the designated
wastewater treatment facility.

Based on the land cover aspect, the IKN area is indeed dominated by green cover. However, the study
results confirm the development of existing settlements, especially in coastal areas. To ensure a sustainable
waste management system and minimize social resistance, the government must prioritize the development
of WWTP networks in developed regions. Widyarani et al. [18] stated that the issue of domestic wastewater
pollution in the environment, especially in urban areas, primarily stems from insufficient on-site treatment
of black water and the direct discharge of grey water into water bodies. This study strongly suggests that the
development of the IKN also needs to adopt an incentive and disincentive system and increase community
understanding of the importance of decentralized WWTP.

5 Conclusions
In response to the first research question, the analysis demonstrates that the principles of wastewater

management are effectively applied in the IKN development. Nevertheless, several challenges remain in
making the wastewater spatially and socio-economically resilient and sustainable. Spatially, the management
is strongly dependent on how fast and in which direction the city may grow, and therefore urban growth
scenarios will influence the degree to which current plans will be effective. The GIS-based analysis has
identified how to translate the principles of wastewater management into concrete indicators for spatial
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distance, identification of restricted and non-restricted areas, and trends of land use change. These spatial
indicators highlight where the principles might come under threat.

For the second research question we find that the current infrastructure is indeed suitable for the
modest development plans of IKN, yet probably not ideal if any urban growth occurs beyond the current
expectations. Extensions are possible in the lower areas closer to the coast rather than the more elevated areas,
and extensions in the core area of the IKN are not feasible (also because having been excluded from the start).
Instead, the plans of IKN authorities aim for “Circular and Resilient” WWMS, which are quite different from
conventional wastewater treatment plants. Stressing further that the system is tailor-made for IKN to suit
city-specific requirements better. While other smart cities may follow existing examples, IKN has introduced
new smart city designs, including the WWMS. Despite these concerns, the plans of IKN authorities aim
for “Circular and Resilient” wastewater management systems, which are quite different from conventional
wastewater treatment plants. Stressing further that the system is tailor-made for IKN to suit city-specific
requirements better. While other smart cities may follow existing examples, IKN has introduced something
new and forward-thinking. They are innovating smart city designs by taking such a comprehensive approach
to WWMS.

Future research should expand beyond wastewater management to include an integrated study of all
water types, such as groundwater and stormwater, to address comprehensive urban water management
challenges. This approach will ensure resilience in water systems under changing climate and rapid urban
growth scenarios. Additionally, it is crucial to evaluate the governance models applied in IKN, focusing
on sustainable urban planning within emerging contexts, to assess their adaptability and effectiveness
in promoting equitable and inclusive development. Comparative studies with other emerging smart city
projects globally could yield valuable insights into best practices and transferable strategies for sustainable
water governance. Finally, a longitudinal analysis of the IKN’s wastewater management system, particularly
its “Circular and Resilient” model, will provide essential lessons on how these strategies perform in practice,
offering a blueprint for other rapidly urbanizing regions.
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