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Indonesia's relocation of its capital to IKN Nusantara presents significant challenges in 

establishing a sustainable and cost-effective water supply system. This study investigates the 

impact of hydraulic escalation, characterized by significant elevation differences, on 

production costs and economic feasibility in the new capital. Utilizing data from existing water 

utilities in Danum Taka and Tirta Mahakam, the research conducts a comprehensive analysis, 

including hydraulic gradient calculations, pressure requirements, and cost assessments. Key 

findings show that the elevation difference demands substantial energy for continuous 

pumping, increasing production costs by IDR 478.05 per cubic meter. The estimated 

production cost for IKN is IDR 3,313.5 per cubic meter. The projected base tariff is IDR 1,938 

per cubic meter, with an average tariff of IDR 4,827 per cubic meter, yielding a positive margin 

of IDR 3,943.4 per cubic meter. To cover increased costs, the study recommends a tariff 

increase of 35%, raising the rate to IDR 6,516 per cubic meter. These results emphasize the 

need for optimized hydraulic design, energy-efficient practices, and strategic financial 

planning to ensure the sustainability and affordability of the water supply in IKN Nusantara. 

The study provides critical insights for policymakers and stakeholders, supporting the 

development of resilient water infrastructure and informing strategic planning for water supply 

management in the new capital.  
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1. INTRODUCTION

Indonesia's decision to relocate its capital from Jakarta to 

IKN Nusantara is a monumental undertaking aimed at 

addressing urban challenges, including congestion, 

environmental degradation, and socio-economic disparities. 

The new administrative region spans five sub-districts from 

Kutai Kertanegara Regency and one sub-district from Penajam 

Paser Utara Regency, covering approximately 256,142 

hectares of land and 68,189 hectares of marine area. This 

ambitious initiative is not merely an infrastructure project but 

a blueprint for sustainable urban development in the Global 

South solutions [1, 2]. Among the critical concerns, ensuring 

an adequate and affordable drinking water supply stands out 

as a key challenge, particularly in light of the region’s 

hydraulic complexities and topographical constraints [1, 3-5]. 

Previous studies have highlighted the challenges in 

integrating water supply systems in new urban developments. 

Elevation differences and associated hydraulic pressures [6], 

then significantly impact operational costs. Strategic planning 

in managing raw water sources is vital to optimizing 

production costs and ensuring a sustainable water supply 

system. These studies emphasize the need to consider both 

hydraulic and economic factors in water supply infrastructure 

planning. 

International experiences also provide valuable insights. 

For example, the case of Brasilia, shows that how selecting 

water sources and efficiently managing water distribution can 

mitigate costs and improve coverage [7]. The importance of 

advanced modeling techniques in predicting and addressing 

challenges in water distribution networks. These lessons are 

crucial for planning and implementing the water supply 

system for IKN Nusantara to ensure reliable and affordable 

drinking water [8]. 

The water supply system for IKN Nusantara relies heavily 

on raw water sources from the Sepaku River and Sepaku 

Semoi Dam [9], which must traverse significant elevation 

differences to reach distribution points. These hydraulic 

escalations necessitate substantial energy inputs for pumping, 

leading to higher production costs and financial burdens on the 
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system [6]. Hydraulic gradients, characterized by elevation 

disparities, directly impact energy consumption and 

operational efficiency [5, 10, 11]. Without addressing these 

factors, the economic feasibility and sustainability of water 

supply infrastructure in Nusantara may be jeopardized [8]. 

Population growth and urban expansion in Nusantara add 

further complexity to water resource management. As the 

capital develops, the demand for potable water will surge, 

placing significant strain on existing infrastructure [12, 13]. 

Moreover, the high hydraulic gradient in the region poses 

additional challenges, such as increased risks of water loss and 

system inefficiencies [14-16]. These issues necessitate a 

comprehensive approach to focusing on minimizing energy 

consumption, reducing water losses, and ensuring equitable 

access to resources [1, 17]. Advanced modeling and predictive 

analytics can play a vital role in anticipating future demands 

and optimizing system performance [4, 18-21]. 

The primary objective of this research is to investigate and 

analyze the hydraulic and financial challenges associated with 

delivering drinking water to Nusantara. Specific aspects 

examined include: (1) Hydraulic Gradient and Pressure; (2) 

Cost of Production. The research question to be answer as 

follow: “How does the hydraulic gradient and pumping 

requirements in IKN Nusantara affect production costs, 

economic feasibility, and tariff structures, and what technical 

and financial strategies can be implemented to improve cost 

efficiency and long-term sustainability?”. By addressing these 

objectives and answering the research question, this study 

aims to provide a comprehensive understanding of the 

hydraulic and cost factors involved in establishing a reliable 

drinking water supply system for Indonesia's new capital city. 

Given the complexity of water distribution in regions with 

varying elevations, designing an efficient system requires a 

thorough understanding of both engineering and economic 

parameters. Elevation-induced pressure differentials 

significantly affect energy consumption for water transport, 

leading to increased operational costs. By evaluating the 

hydraulic gradient, pressure losses, and power requirements, 

this research identifies critical inefficiencies and proposes 

mitigation strategies to enhance system resilience. 

Furthermore, financial modeling based on cost production 

equations enables an in-depth assessment of water tariffs, 

ensuring economic feasibility while maintaining accessibility 

for end users. 

The findings aim to inform policymakers and stakeholders 

on the best practices for implementing efficient and cost-

effective water infrastructure systems in the new capital. 

Moreover, beyond its immediate implications for Nusantara, 

this research contributes to the broader discourse on 

sustainable urban development in emerging economies. The 

interplay between hydraulic engineering, environmental 

sustainability, and economic feasibility is a global concern, 

particularly in regions with challenging topographies 

worldwide [22-25]. By presenting actionable insights and 

context-specific solutions, this study seeks to position IKN 

Nusantara as a model for resilient and fostering knowledge 

transfer to similar projects worldwide.  

 

 

2. METHODS 

 

This explanatory research examines the relationship 

between hydraulic escalation (independent variable) and cost 

of production (dependent variable). The study focuses on the 

impact of hydraulic elevation on production costs and the 

resulting tariffs. Given the complex interplay between 

hydraulic factors and economic viability, this study integrates 

both engineering and financial analyses to ensure a holistic 

understanding of water distribution challenges. The research 

employs a multi-variable approach to assess the impact of 

elevation differences, flow velocity, hydraulic pressure, and 

power consumption on production costs. 

This study employs a combination of direct field 

measurements and analytical calculations. Primary data were 

collected through direct observation using various measuring 

tools, while secondary data were obtained from literature, 

interview, visiting the location). The methodology is 

structured as follows: (1) Section 2.1 describes the study 

location; (2) Section 2.2 explains the focus of the study; (3) 

Section 2.3 details the data collection process; (4) Section 2.4 

elaborates on the analysis conducted; (5) Section 2.5 discusses 

the conceptual model; (6) Section 2.6 describes the outcome 

indicators; (7) Section 2.7 provides the evaluative criteria. 

 

2.1 Study area  

 

IKN region administratively lies within two existing 

regencies: Penajam Paser Utara Regency (Penajam and 

Sepaku sub-districts) and Kutai Kertanegara Regency (Loa 

Kulu, Loa Janan, Muara Jawa, and Samboja sub-districts). The 

IKN area is located north of Balikpapan City and south of 

Samarinda City, encompassing a land area of approximately 

256,142 hectares and a marine area of approximately 68,189 

hectares. The development of the IKN region is divided into 

three planning areas (see Figure 1). 

(1) Core Government Area (Indonesian: Kawasan Inti 

Pusat Pemerintahan or KIPP) covering approximately 6,671 

hectares. 

(2) IKN Area (Indonesian: Kawasan IKN or KIKN) 

covering approximately 56,180 hectares. 

IKN Development Area (Indonesian: Kawasan 

Pengembangan IKN or KP IKN) spanning 199,962 hectares. 

The topography of IKN is characterized by diverse 

elevation levels, river basins [9, 26], and dense forested areas, 

which pose significant engineering challenges for 

infrastructure development, particularly in water distribution 

and hydraulic management. The Sepaku River and the Sepaku 

Semoi Dam serve as the primary raw water sources, requiring 

long-distance transmission pipelines and energy-intensive 

pumping mechanisms to supply water efficiently to the urban 

core. Given the region’s uneven terrain, elevation differences 

significantly influence hydraulic pressure and operational 

efficiency, making strategic planning essential for sustainable 

water supply management. 

Climate variability and seasonal rainfall patterns 

significantly affect water availability and demand in the IKN 

region. Despite high annual precipitation, uneven distribution 

may cause shortages or excess runoff, impacting storage and 

distribution. To mitigate these risks, climate-resilient 

strategies such as reservoir optimization, adaptive pumping, 

and groundwater recharge are essential. 

Rapid population growth and urban expansion further 

challenge water quality, service reliability, and infrastructure 

durability. Ensuring equitable access requires balancing 

supply, demand, and financial sustainability. Smart 

distribution systems, real-time monitoring, and predictive 

analytics are crucial for optimizing performance and 

minimizing water losses. Additionally, the integration of 
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decentralized water treatment facilities can enhance system 

resilience by reducing reliance on a single supply source. 

Investing in energy-efficient pumping solutions can help 

reduce long-term operational costs while maintaining optimal 

water pressure across the distribution network.  

  

 

 
 

Figure 1. Map of study location 

 

 
 

Figure 2. A detailed map illustrating the water supply infrastructure for the new Indonesian capital, Nusantara. The map includes 

the Sepaku Semoi Dam, locations of water treatment plants, reservoirs, junctions, and distribution plans 
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2.2 Focus of the study  

 

The planned raw water sources for Nusantara, which will be 

transported to the water treatment installation and then 

distributed through the distribution system (see Figure 2).  

With the projected population expected to reach 1,542,000 

by 2035, the production scenario for Nusantara from 2025 to 

2035 will involve two raw water sources: (1) the Sepaku 

Semoi Dam (Location A); and (2) the Sepaku River Intake 

(Location B) [27].  

From the Sepaku Semoi Dam (Location A), 2,500 liters per 

second of raw water will be extracted, with 350 liters per 

second delivered to KIPP (Location C), 1,650 liters per second 

reserved for further development, and 500 liters per second 

distributed to Balikpapan. While the Intake of the Sepaku 

River (Location B) 3,000 liters per second of raw water will 

be extracted, treated, and distributed in varying amounts: 900 

liters per second to KIPP (Location C), and 2,100 liters per 

second reserved for the KIKN.  

However, delivering raw water from the Sepaku Semoi 

Water Treatment Plant (Location A) to KIPP (Location C) 

requires a 16.84 km raw water pipeline (see Figure 3). 

The transmission system for Nusantara's water supply must 

address significant elevation differences and hydraulic 

challenges to ensure efficient delivery. The raw water 

collected from the Sepaku River and Sepaku Semoi Dam must 

be transported through an extensive pipeline network, 

requiring optimized hydraulic design to minimize energy 

losses and operational costs. Given the elevation variations 

between the intake points and the final distribution areas, a 

combination of gravity-fed and pumped transmission systems 

is essential to balance energy efficiency and pressure stability. 

Proper planning of storage reservoirs, booster stations, and 

pressure management zones will play a crucial role in ensuring 

a steady and reliable water supply for Nusantara’s growing 

population. 

Pumping water against gravity presents significant 

economic and operational challenges, particularly in a system 

as large as Nusantara's raw water transmission network. The 

elevation differences between the Sepaku Semoi Water 

Treatment Plant and KIPP necessitate continuous pumping to 

overcome gravitational resistance, leading to substantial 

energy consumption. This increased energy demand translates 

directly into higher operational costs, making water 

distribution less cost-effective over the long term. Furthermore, 

pumping over long distances and steep inclines requires high-

capacity pumps, which not only increase capital expenditures 

but also accelerate equipment wear and maintenance costs. If 

the system is not carefully optimized, rising energy and 

maintenance expenses could result in higher water tariffs [28], 

placing a financial burden. Overcoming these economic 

challenges requires strategic integration of gravity-fed 

sections where possible, along with energy-efficient pumping 

technologies to minimize electricity usage and reduce long-

term costs. 

 

2.3 Data collection 

 

This study utilized both primary and secondary data 

collected during field surveys conducted on three separate 

occasions: (1) Initial Field Survey (September 11 - 16, 2023) 

conducted in the IKN region in the form of Preliminary 

interviews with local government officials and water utility 

managers; (2) interview with the Planning Stakeholder 

conducted between November 13 - 16, 2023, Bandung. The 

Interviews with the experts and planners involve in digging 

how they planning the drinking water supply system for IKN; 

(3) Follow-up Field Survey (February 19 - 23, 2024, IKN). 

Follow-up surveys in the IKN region, Detailed interviews with 

a broad range of stakeholders (Figure 4). 

 

 
 

Figure 3. Elevation difference 

 

 
 

Figure 4. Field survey sequences 

The key stakeholders involved in this study included 

representatives from various government and institutional 

bodies such as the Ministry of Public Works and Housing 

(Indonesian: Kementerian Pekerjaan Umum dan Perumahan 

Rakyat; abbreviated as Kemen PUPR), the Infrastructure and 

Facilities Deputy of the IKN Authority (Indonesian: Otorita 

Ibu Kota Nusantara; abbreviated as OIKN), and the Drinking 

Water Utilities (Indonesian: Perusahaan Daerah Air Minum 

or PDAM) of Kutai Kartanegara Regency and Penajam Paser 

Utara. Other important entities included the Kalimantan IV 

River Basin Organization (Indonesian: Balai Besar Wilayah 

Sungai or BBWS), the Meteorology, Climatology, and 

Geophysical Agency (Indonesian: Badan Meteorologi, 

Klimatologi, dan Geofisika; abbreviated as BMKG), and the 
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Forestry Department (Indonesian: Dinas Kehutanan). 

Additional stakeholders comprised the Environmental 

Agencies (Indonesian: Dinas Lingkungan Hidup) of North 

Penajam Paser Utara and Kutai Kartanegara, the Public Works 

and Spatial Planning Departments (Indonesian: Dinas 

Pekerjaan Umum dan Perencanaan Wilayah) of both regions, 

as well as technical centers such as the Hydraulic and Water 

Geotechnics Center (Indonesian: Balai Hidrolika dan 

Geoteknik Keairan) and the Directorate of Groundwater and 

Raw Water (Indonesian: Direktorat Air Tanah dan Air Baku) 

under the Directorate General of Water Resources (Indonesian: 

Direktorat Jenderal Sumber Daya Air) within the Ministry of 

Public Works and Housing. 

 

2.4 Analytical approach 

 

The analytical approach is divided into two sections: (1) 

Analysis of Hydraulic Escalation (Section 2.4.1); (2) Analysis 

of Cost Escalation (Section 2.4.2). 

 

2.4.1 Hydraulic escalation 

To design and optimize water distribution systems 

effectively, it is essential to consider the hydraulic principles 

governing flow behaviour, pressure loss, and energy 

requirements. These principles enable engineers to evaluate 

and address challenges such as friction-induced head loss, 

pressure gradients, and surge effects in pipelines. Accurate 

calculations of flow velocity, hydraulic pressure, and surge 

pressures (such as water hammer) are critical for ensuring 

system efficiency, reliability, and resilience. By integrating 

these calculations with hydraulic gradient analysis, engineers 

gain valuable insights into pressure demands, energy losses, 

and potential risks, forming the foundation for optimizing 

hydraulic infrastructure under diverse conditions. 

The following assumptions are made when applying these 

equations: 

1. Steady-State Flow: The fluid flow is assumed to be 

steady, meaning the flow rate and velocity are 

constant over time. 

2. Incompressible Fluid: Water is considered 

incompressible, meaning its density remains constant. 

3. Laminar or Turbulent Flow: The flow inside the 

pipe is assumed to be turbulent, which is typical for 

most large-scale water supply systems. The Darcy 

friction factor is calculated for turbulent flow. 

4. Constant Pipe Diameter: The pipe diameter DDD is 

constant along the length of the pipe. 

5. Roughness: The pipe surface is assumed to have a 

certain level of roughness, affecting the friction 

factor. 

A Hydraulic Gradient is a critical parameter in pipeline 

systems, representing the slope or inclination of the hydraulic 

head along the pipe's length. It can be calculated using key 

equations such as the Darcy-Weisbach [29] (Eq. (1)), Power 

Loss equation (Eq. (2)), and Hydraulic Gradient equation (Eq. 

(3)), depending on the specific parameters of the system. The 

hydraulic gradient ( 𝐼 ) can be either positive or negative, 

reflecting the relative positions of key points along the pipeline. 

A positive hydraulic gradient occurs when Position C (as 

depicted in Figures 2 and 3) is at a lower elevation than 

Position A, indicating downward flow that requires less energy 

to maintain. Conversely, a negative hydraulic gradient occurs 

when Position C is higher than Position A, increasing flow 

resistance and potentially necessitating additional pumping 

power to overcome the elevation difference. These 

calculations and principles are indispensable for effective 

planning, sustainable management, and the long-term 

reliability of water distribution systems. For more clarity, see 

the nine equations below: 

 

(1) Darcy-Weisbach equation to determine head loss due 

to friction in the pipelines. The Darcy-Weisbach equation is 

utilized to determine the head loss (ℎ𝑓) due to friction in the 

pipeline system, enabling an understanding of energy losses as 

water flows through. 

 

ℎ𝑓 = 𝑓 × (
𝐿

𝐷
) ×  (

𝑉2

2𝑔
)   (1) 

 

where, ℎ𝑓 = head loss (m); 𝑓 = friction factor (dimensionless); 

𝐿= length of the pipe (m); 𝐷 = diameter of the pipe (m);𝑉 = 

flow velocity (m/s); 𝑔 = acceleration due to gravity (9.81 m/s²). 

 

(2) Power loss is calculated to assess the energy required 

to maintain flow under varying conditions, particularly in 

regions with steep gradients [30]. Assessing the necessary 

pumping power to maintain adequate water pressure at 

different elevations: 

 

𝑃𝑙𝑜𝑠𝑠 = 𝜌 × g × 𝑄 × ℎ𝑓     (2) 

 

where, 𝑃𝑙𝑜𝑠𝑠 = power loss (W); 𝜌 = density of the fluid (kg/m³); 

𝑄 = volumetric flow rate (m³/s); ℎ𝑓= head loss (m). 

Assumed Density of Fluid ( 𝜌 ) to be 1000 kg/m³ for 

freshwater, which is the standard density of water at ambient 

temperature (20-25℃). This assumption is critical for the 

accurate calculation of power loss as the density directly 

impacts the energy required to maintain water flow. The 

rationale behind this is that the density of water remains 

relatively constant under normal operational conditions, but 

variations could exist depending on the temperature and water 

quality, particularly in regions where significant changes in 

water properties are expected. 

The volumetric flow rate Q is assumed to be based on the 

projected demand for water in each zone, and it is estimated at 

X m³/s (based on the water demand estimates for the new 

capital). This flow rate is subject to change based on 

population growth, seasonal demand fluctuations, and system 

efficiency. The rationale behind this is that the Flow rate is 

directly tied to water demand and affects the overall pumping 

energy required. The assumptions on Q ensure that the 

system's energy needs are accurately estimated. 

Head loss ℎ𝑓  is calculated using the Darcy-Weisbach 

equation, accounting for frictional losses and elevation 

changes in the water distribution network. An estimated value 

of ℎ𝑓  = X meters has been used, based on the hydraulic 

gradient calculated for each zone and the expected elevation 

differences across the network. The Head loss plays a 

significant role in determining the energy required to 

overcome friction in the system and to maintain flow under 

varying pressure conditions. Assumptions about pipe material, 

diameter, and length, as well as roughness coefficients, 

contribute to the accuracy of these estimates. 

 

(3) Hydraulic Gradient (I) 

 

𝐼 =
𝐻1− 𝐻2 

𝐿
      (3) 
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where, 𝐼 = Hydraulic Gradient; 𝐻1 = Height (m); 𝐻2 = Height 

(m) 𝐿 = length between 𝐻1 and 𝐻2 (km). 

 

(4) Flow Velocity (V) [31]. 

 

𝑉 =
4×𝑄

𝜋×𝑑2           (4) 

 

where, 𝑉 = Velocity (m/s); 𝑄 = flow (m3/s); d = Diameter (m). 

 

(5) Hydraulic pressure (𝑝) [32, 33]. 

 

𝑝 = 𝜌 × 𝑔 × 𝐻        (5) 

 

where, 𝜌 = 1000 kg/m3; 𝑔 = 9,8 m/s2;  𝐻 =  𝐼; 𝑝 = Hydraulic 

pressure ( Pa)/(kPa)/(
N

m2)/(𝐵𝑎𝑟). 

 

(6) Power Generated (𝑃) [32]. 

 

𝑃𝑙𝑜𝑠𝑠 = 𝜌 × g × 𝑄 × ℎ𝑓      (4) 

 

where, 𝑄 = Flow m3/s; 𝑝 = Hydraulic pressure ( Pa)/(kPa)/

(
N

m2)/(𝐵𝑎𝑟);𝑃 = power generated (Watt/KiloWatt/KVA). 

 

This equation comes from the fundamental principle of 

energy conservation in fluid flow. When a fluid flows through 

a pipe, friction between the fluid and the pipe wall causes a 

loss of energy in the form of heat. The power loss is directly 

related to the head loss, which is the difference in pressure 

caused by the frictional forces. 

1. Energy per unit mass is given by Energy = 𝑃 / 𝜌, where 

𝜌 is the density of the fluid. 

2. Power is the rate at which energy is used or transferred. In 

this case, it is the rate at which energy is being lost due to 

frictional losses as water moves through a pipe. 

3. Flow Rate: The power loss is related to the volumetric 

flow rate 𝑄, which is the amount of fluid passing through 

the pipe per second. This term is multiplied by the head 

loss ℎ𝑓 to determine the total energy lost. 

 

(7) Surge Pressure Velocity “Water Hammer” [34, 35],  

 

𝐴𝑃 =  𝜌 ×  𝑎 ×  ∆𝑣   (7) 

 

where, 𝐴𝑃  = surge pressure (Pa ); 𝜌  = density of the fluid 

(1000 kg/m³); 𝑎  = wave speed (1400 m/s); ∆𝑣  = change in 

flow velocity (m/s) 

1. 𝐴𝑃  represents the increase in pressure within the 

pipeline due to the sudden change in flow velocity. Water 

hammer is a sudden shock pressure that can cause pipe 

damage, valve failure, and other issues in water supply 

systems. 

2. Density (𝜌): This is the mass per unit volume of the 

fluid (water). For water at standard conditions, the density 

is (1000 kg/m³, but for other fluids, this value would 

change. 

3. Wave Speed ( 𝑎 ): This is the speed at which the 

pressure wave travels in the pipeline. For water, a typical 

value of 1400 m/s is used, but this can vary based on the 

type of fluid and pipe material. 

4. Change in Flow Velocity (∆𝑣): This represents the 

change in the velocity of the fluid within the pipe. It is the 

difference between the initial and final velocities of the 

water, caused by events like valve closures or pump 

failures. 

The formula is used to assess the water hammer 

phenomenon in a pipeline system. When there is a sudden 

change in velocity (such as a valve closing too quickly), it 

generates a pressure spike, which can cause pipe bursts, 

damage to fittings, and other structural damage to the system. 

By calculating surge pressure, engineers can design systems 

with appropriate measures (e.g., surge tanks, slow-closing 

valves) to mitigate the effects of water hammer. 

 

(8) Acceleration (𝑎) [34], 

 

𝑎 =
1400 𝑁

√1+
2,1×109×𝑑

𝐸×𝑡

  
(8) 

 

where, Acceleration (𝑎) = 1400 N (10 m/s2); (𝐸) = 2 × 1011 

N/m2 = 200 × 109 N/m2; Penstock Diameter (d) (m); 

Thickness (t) (m). 

 

(9) The height of a water hammer surge in a pipeline 

system) [32]. 

 

ℎ𝑠𝑢𝑟𝑔𝑒 =
𝑎. 𝑣

𝑔
 (9) 

 

where, ℎ𝑠𝑢𝑟𝑔𝑒  = Surge head (meters of water column) (m); 𝑎 

= Wave speed (m/s); 𝑔 = 9,8 m/s2. 

 

2.4.2 Cost escalation 

This section delves into the financial implications of 

hydraulic escalation, focusing on the increased costs 

associated with pumping water to higher elevations and 

addressing the economic challenges of providing an efficient 

water distribution system. The analysis leverages comparative 

data from water utilities in Kutai Kartanegara and North 

Penajam Paser, as a dedicated water utility for IKN Nusantara 

has not yet been established. To assess the economic 

sustainability of water supply systems, the section integrates 

several critical financial equations that quantify production 

costs, tariffs, and profitability. 

The Basic Cost of Production (BCP), calculated using Eq. 

(10), serves as the foundation for evaluating the minimum cost 

of producing each cubic meter of water, incorporating variable 

costs (𝑉𝐶), overhead costs (𝑂𝐶), production volume (𝑉𝑃), and 

volume losses (𝑉𝐿). Building on this, the Base Tariff (𝐵𝑇) in 

Eq. (11) evaluates the minimum tariff required to cover total 

operating costs ( 𝑇𝑂𝐶 ), while accounting for water losses 

during distribution, assumed at 20% of production (𝑊𝑃). 

To provide insights into revenue efficiency, the Average 

Tariff (𝐴𝑇) in Eq. (12) calculates the revenue generated per 

cubic meter of water delivered, based on total water revenue 

(𝑇𝑊𝑅) and the volume of water delivered (𝑊𝐷). Finally, the 

Margin (M), as expressed in Eq. (13), measures the 

profitability of the water supply system by comparing the 

average tariff with the basic cost of production. Together, 

these equations form a comprehensive framework for 

analyzing the financial sustainability of hydraulic 

infrastructure, particularly in the context of elevation 

challenges and growing water demand in IKN Nusantara. 

 

(1) Basic Cost of Production (BCP). BCP represents the 

minimum cost of producing a unit volume of water, factoring 

in variable costs, overhead costs, production volume, and 
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losses. Determines the baseline cost for producing each unit of 

water after accounting for losses [36, 37]. 

 

𝐵𝐶𝑃 =
𝑉𝐶 + 𝑂𝐶

𝑉𝑃 −(𝑉𝐿 ×𝑉𝑃)
    (10) 

 

where, 𝐵𝐶𝑃  = Basic Cost of Production (IDR/m3);  𝑉𝐶  = 

Variable Cost (IDR/m3); 𝑂𝐶 = Overhead Cost (IDR/m3); 𝑉𝑃 

= Volume of Production (m3/s); 𝑉𝐿 = Volume Losses (m3/s). 

 

The Electricity Tariff used to estimate operational costs 

based on energy consumption is assumed to be IDR X per 

kWh, derived from local utility rates for water utilities. The 

rationale behind this that the electricity tariff is crucial for 

determining the cost of power loss as calculated in Eq. (2). The 

value of 𝑃𝑙𝑜𝑠𝑠  (power loss) directly translates to an energy cost, 

and this cost impacts the overall economics of water supply 

and distribution. 

The Energy Cost Assumption, to be specific, the 

efficiency of pumps and associated equipment is assumed to 

be X% (e.g., 85%), which reflects the real-world performance 

of modern centrifugal pumps. This efficiency directly 

influences the amount of energy required to achieve the 

desired flow rate. Rationale behind this is that the 

assumption of pump efficiency helps convert the calculated 

power loss into practical energy consumption. A higher 

efficiency reduces the energy required, while a lower 

efficiency increases energy costs. 

 

(2) Base Tariff (𝐵𝑇). BT is the cost per cubic meter of 

water that covers total operating expenses. Helps determine 

the minimum tariff required to sustain operations, accounting 

for production losses 

 

𝐵𝑇 =
𝑇𝑂𝐶

𝑊𝑃 − (20% ∗ 𝑊𝑃)
 (11) 

 

where, 𝐵𝑇 = Base Tariff (IDR/m3); 𝑇𝑂𝐶 = Total Operating 
Costs (IDR); 𝑊𝑃 = Water Produce (m3). 
 

(3) Average Tariff (𝐴𝑇) [38]. The average price charged 

per unit of water delivered. Provides an overall measure of 

revenue generated relative to water delivery. 

 

𝐴𝑇 =
𝑇𝑊𝑅

𝑊𝐷
 (12) 

 

where, Average Tariff (𝐴𝑇) (IDR/m3); WR = Total Water 
Revenue (IDR); WD = Water Delivered (m3). 
 

(4) Margin (𝑀). Margin is the profit or surplus per unit 

of water after covering basic production costs. Highlights the 

financial sustainability of the system by comparing revenue 

and production costs. 

 

𝑀 =  𝐴𝑇 −  𝐵𝐶𝑃 =  
𝑇𝑊𝑅

𝑊𝐷
−

𝑉𝐶+𝑂𝐶

𝑉𝑃−(𝑉𝐿 ×𝑉𝑃)
  (13) 

 

where, Average Tariff (IDR/m3); TWR  = Total Water 
Revenue (IDR); WD = Water Delivered (m3). 
 

This comprehensive approach ensures a clear understanding 

of the financial impacts of hydraulic escalation and informs 

economic sustainability assessments [39].  

2.5 Conceptual model 

 

The conceptual model presented in this study (Figure 5) 

examines the relationship between hydraulic escalation 

(independent variable) and production costs (dependent 

variable). Properly designed gravity-based water systems are 

hypothesized to reduce costs by eliminating unnecessary 

pumping expenses, thereby enhancing the system’s financial 

viability. This approach provides essential insights for 

decision-making in water provision, ensuring both technical 

optimization and economic sustainability in the development 

of Nusantara's water infrastructure. 

 

 
 

Figure 5. Conceptual model 

 

This article presents several novel contributions: (1) 

Comprehensive Multi-Aspect Analysis: research conducts a 

comprehensive analysis encompassing hydraulic gradient, 

pressure requirements, cost of production, infrastructure needs, 

and strategic management. (2) Context-Specific Solutions for 

a unique context of IKN Nusantara, considering the specific 

geographical, demographic, and infrastructural characteristics 

of the new capital. This context-specific focus ensures that the 

proposed solutions are practical and applicable, addressing the 

real-world challenges faced by the region. (3) Strategic 

Management Recommendations: The study not only identifies 

challenges but also provides strategic management 

recommendations to ensure the sustainability and accessibility 

of the water supply system. These recommendations are 

grounded in integrated water resource management principles, 

making them robust and forward-thinking. 

 

2.6 Outcomes indicator 

 

The outcomes are generated by the conjuncture of the 

outputs [40]. The outcome indicators presented in Table 

below. The outcomes are evaluated by comparing the planned 

targets and actual performance of the system and financial 

metrics. The evaluation criteria are detailed in the system 

performances, which are expected to impact the financial 

results. 

 

2.7 Evaluation criteria 

 

Evaluative criteria are used to judge the performance of the 

system [41] examining the potential impact of hydraulic 

escalation on system performance (see Table 1). 

Section 2 provides a comprehensive analysis of the 

relationship between hydraulic escalation and production costs, 

emphasizing its role in determining water tariffs in IKN 

Nusantara. By integrating field data, analytical methods, and 

stakeholder inputs, the study highlights the impact of elevation 

challenges on cost and infrastructure planning. The conceptual 

model and supporting equations establish a framework for 

optimizing water distribution systems, ensuring both technical 

efficiency and economic sustainability. 
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Table 1. Evaluative criteria and outcome indicator 

 

No. 
Evaluation 

Criteria 
No. 

Outcome 

Indicator / 

Output 

Unit 

1 
System 

Performance 

1. 
Hydraulic 

Gradient 
+ / - 

2. Flow Velocity m/s 

3. Pressure (N/m2)/(bar) 

4. Power Generate KVA 

5. Surge Pressure Pa 

2 
Financial 

Performance 

6. 
Basic Cost of 

Production 
IDR/m3 

7. Average Tariff IDR/m3 

8 Margin IDR/m3 

 

 

3. RESULTS  

 

The results of this study are derived from calculations using 

the formulas presented Section 2.4. The analysis encompasses 

various aspects of hydraulic and financial implications of the 

water supply system for IKN Nusantara. The findings are 

divided into several key areas: (1) Hydraulic Calculations for 

the main pipeline from Sepaku Semoi Dam to Sepaku River 

Intake and then to the Core Government Area (KIPP) are 

presented, and Detailed assessments of pressure requirements 

and potential issues such as water hammer are included 

(Section 3.1); (2) Cost Analysis consist of BCP, Base Tariff 

(BT), Average Tariff (AT), Margin (M). These costs are then 

compared to existing water tariffs to assess economic 

feasibility and sustainability (Section 3.2); (3) Section 3.3, 

which focuses on the impact of pumping costs. 

 

3.1 Hydraulic escalation 

 

This section presents a comprehensive analysis of the key 

hydraulic and financial parameters influencing the design, 

efficiency, and sustainability of the water distribution system 

in IKN Nusantara. These parameters, derived from earlier 

calculations, highlight critical challenges and propose 

necessary engineering solutions to maintain optimal system 

performance. The analysis focuses on hydraulic gradient, flow 

velocity, hydraulic pressure, power requirements, and water 

hammer risks, each serving as an independent variable 

impacting the overall system operation. 

The subsequent analysis is structured into subsections 3.1.1 

to 3.1.9, detailing each parameter and its implications in the 

context of IKN's water infrastructure development. 

 

3.1.1 Head loss analysis 

The Darcy-Weisbach equation was used to calculate the 

head loss due to friction in the primary pipeline. Where 𝑓 = 

0.0114 (dimensionless); 𝐿= 16,840 (m); 𝐷  = 2.40 (m); 𝑉  = 

2.21 (m/s); 𝑔  = acceleration due to gravity (9.81 m/s²). 

Substituting these values into Eq. (1), result as follow: 
 

ℎ𝑓 = 0.0114 × (
16,840

2.40
) × (

2.212

2 ×  9.81
) = 4.95 m 

 

The calculation shows that a total head loss of 4.95 m occurs 

over the pipeline length. This indicates that friction in the 

pipeline contributes to a moderate energy loss, which must be 

considered in the pumping power calculations to maintain 

adequate pressure throughout the distribution network. 

3.1.2 Assessing the pumping power requirement 

To maintain adequate water pressure at different elevations, 

the power loss ( 𝑃𝑙𝑜𝑠𝑠 ) due to head loss. Where 𝜌  = 1000 

(kg/m³); 𝑄  = 0.3 (m³/s); ℎ𝑓 = 4.95 (m). Substituting these 

values into Eq. (2), result as follow: 

 

𝑃𝑙𝑜𝑠𝑠 = 1000 × 9.81 × 0.3 × 4.95 = 14,566.35 𝑊
= 14.57 𝑘𝑊 

 

The required pumping power loss to maintain flow at the 

given elevation and friction conditions is 9.7 kW. This value 

is critical for designing a sustainable pumping system to 

ensure stable water pressure distribution while minimizing 

energy consumption. 

 

3.1.3 Hydraulic gradient calculation 

The Hydraulic Gradient (I) represents the slope of the 

hydraulic head along the pipeline. where H1 = 14 (m); H2 = 

140 (m); L = 16.84 (km). Substituting these values into Eq. (3), 

result as follow: 

 

I =
14 (m) −  140 (m) 

16840 (m)
=  −0.00748 m =  −7.48 km  

 

A negative hydraulic gradient indicates that the water must 

be pumped uphill, requiring additional energy to overcome the 

elevation difference. This calculation is crucial for pumping 

system design and optimizing energy efficiency in the water 

distribution network. 
 

3.1.4 Flow Velocity (V) 

The Flow Velocity (V) represents the speed at which water 

travels through the pipeline [42]. Given the parameters: Q = 

0,2 m3/s; d = 1 m or 1000 mm. Substituting these values into 

Eq. (4), result as follow: 

 

𝑉 =
4 × 𝑄

𝜋 × 𝑑2
=

4 × 0.3

3.14 × (1)2
=

1.2

3.14
= 0.382 𝑚/𝑠 

 

The calculated flow velocity of 0.382 m/s indicates the 

movement speed of water through the pipeline. This value is 

critical for evaluating hydraulic efficiency, ensuring optimal 

pipe sizing, and minimizing energy losses in the distribution 

system. 

 

3.1.5 Hydraulic pressure (𝑝) 

The Hydraulic Pressure (𝑝) quantifies the force exerted by 

water at a given elevation. Given the parameters: ρ = 1000 

kg/m3; g = 9.8 m/s2; H = −126. Substituting these values into 

Eq. (5) , result as follow: 

𝑝 =  1000
𝑘𝑔

𝑚3
×  9.8 × (−126) =  − 1234800 𝑃𝑎

= − 12.348 𝐵𝑎𝑟 

 

The negative hydraulic pressure of -12.348 Bar indicates a 

potential vacuum or suction condition within the system. This 

result is crucial for designing appropriate pumping 

mechanisms to prevent cavitation and ensure stable pressure 

regulation in the pipeline network. 

 

3.1.6 Power Generated (𝑃) 

The Power Generated (𝑃) represents the energy required to 

sustain water movement under specific hydraulic conditions. 
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Where Q = 0.3 m3/s; 𝑝 = − 1,235,000
N

m2. Substituting these 

values into Eq. (6), result as follows: 

 

𝑃 = 𝑄 × 𝑝 =  0.3 × 1,234,800 watt = 370.44 

 

The calculated power of 370.44 kW indicates the energy 

required to maintain the water flow under the given hydraulic 

pressure. This value is essential for designing efficient 

pumping systems and ensuring adequate power supply in 

water distribution infrastructure. 

 

3.1.7 Surge pressure velocity “Water Hammer” 

The Surge Pressure Due to Water Hammer (ΔP) represents 

the sudden rise in pressure caused by abrupt changes in water 

velocity within the pipeline system. This phenomenon is 

critical for assessing the structural integrity of pipelines and 

designing mitigation strategies to prevent damage. Given the 

parameters:  = 1000 kg/m³; a = 1400 m/s. 

Δv = 0.382 m/s. Substituting these values into Eq. (7), result 

as follows: 

 

ΔP = ρ × a × Δv = 1000×1400×0.382 = 534,800 Pa = 

5.348 Bar. 

 

This result indicates that the water hammer effect causes a 

surge pressure of 5.348 Bar (534.8 kPa). Understanding and 

managing this pressure surge is crucial to preventing pipeline 

failure, selecting appropriate pipe materials, and implementing 

pressure relief systems to enhance the reliability of the water 

distribution infrastructure. 

 

3.1.8 Acceleration (𝑎) due to water tension constant 

The acceleration 𝑎 is derived based on the elasticity of the 

pipeline material and the influence of internal stress caused by 

sudden changes in flow conditions. This calculation is 

essential for understanding the dynamic response of pipelines 

to pressure surges. Given the parameters: Water Tension 

Constant = 1400 N; E = 2 × 1011 N/m2 = 200 × 109 N/m2; d = 

1 m or 1000 mm; t = 3.91 mm = 0.391 m. Substituting these 

values into Eq. (8), result as follow: 

 

a =
1400 N

√1 +
2,1 × 109  × 1 m 

200 ×  109 N
m2 × 0.391 m

=  
1400 N

1,0133

= 1,381 m/s2 

 

This calculated acceleration of 1381 m/s² highlights the 

dynamic forces acting within the system, which must be 

considered in pipeline design and surge protection strategies. 

Ensuring that materials and construction specifications can 

withstand these forces is critical to preventing failures due to 

water hammer effects. 

 

3.1.9 The surge height (hsurge) due to water hammer effect 

The surge height (hsurge) represents the pressure rise in the 

pipeline caused by a sudden change in flow velocity, 

commonly referred to as water hammer. This effect can lead 

to significant pressure surges, which may damage the pipeline 

system if not properly accounted for. Given the parameters: 

a = 1,381 
m

s2 ; v = 0.38 m/s ; g = 9,8 
m

s2 . Substituting these 

values into Eq. (9), result as follows: 

 

hsurge =
1,381 

m
s2  ×  0.38 m/s 

9,8 
m
s2 

= 53.57 m =  5.25 bar 

 

The calculated surge height of 53.57 m (5.25 bar) indicates 

a substantial pressure increase due to the water hammer effect. 

This result emphasizes the need for surge protection measures, 

such as: (1) Installing air chambers or surge tanks to absorb 

pressure fluctuations; (2) Implementing slow-closing valves to 

reduce abrupt velocity changes; (3) Using reinforced pipeline 

materials capable of withstanding pressure spikes. This 

analysis is crucial in pipeline system design, ensuring that 

hydraulic infrastructure remains resilient, reliable, and 

protected against sudden pressure surges. 

The findings in Section 3.1 emphasize the critical role of 

hydraulic parameters in determining the efficiency, reliability, 

and cost-effectiveness of the water distribution system in IKN 

Nusantara. The hydraulic gradient of -0.00748 indicates 

insufficient gravitational head, necessitating additional 

pumping power for adequate water flow. The flow velocity of 

0.382 m/s ensures stable water transport, balancing flow 

efficiency, system design, and maintenance needs. 

However, the negative hydraulic pressure of -12.348 Bar 

highlights the substantial energy demand required to push 

water to higher elevations, reinforcing the need for optimized 

pumping infrastructure. The power requirement of 370.44 kW 

underscores the operational cost implications, necessitating 

energy-efficient solutions. Additionally, the high-water 

hammer risk, with a surge pressure of 5.348 Bar, demands 

effective mitigation strategies, such as surge tanks, air 

chambers, and slow-closing valves, to prevent pipeline 

damage. 

Overall, hydraulic factors significantly impact system 

sustainability. Proper management of hydraulic gradient, 

velocity, pressure, power demands, and surge risks is essential 

for designing a robust, cost-efficient, and resilient water 

distribution network for IKN Nusantara. 

 

3.2 Cost escalation 

 

The cost of pumping water from different elevations will 

become a permanent component of production costs [43]. Low 

cost [44] or high cost pumping [45] lead to different situation. 

To estimate the cost of production in IKN, we used an 

approach that averages the production costs of two water 

utilities that have been operating since before IKN was 

established. The cost of production is obtained by summing 

the variable costs and overhead costs. The total variable and 

overhead costs for producing drinking water for Danum Taka 

are IDR 1,444 per cubic meter, whereas for Tirta Mahakam, 

they are IDR 5,180 per cubic meter (Table 2). 

In Table 2, the significant cost difference is primarily due to 

varying overhead costs, while the variable costs remain 

relatively similar are presented. By averaging the total variable 

and overhead costs from both utilities, the estimated 

production cost for water utilities in IKN is IDR 3,313.5 per 

cubic meter. This suggests there is potential for cost 

adjustments depending on the overhead and variable cost 

components of the water utilities in IKN. 

For IKN, predictions indicate a much-improved scenario 

due to the planned infrastructure. The cost of production is 

estimated at IDR 3,313.5 per cubic meter, derived from 

variable costs of IDR 1,188.5 per cubic meter and overhead 

costs of IDR 2,125 per cubic meter. The volume of production 
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is expected to be significantly higher, at 5 m³/s or 157,680,000 

m³/year, with a production efficiency of 100%. Water losses 

are projected to be only 5%, a marked improvement over the 

35% and 32% losses seen in Danum Taka and Tirta Mahakam, 

respectively. These data for IKN are based on planned future 

operations and projections outlined in the table provided, 

which uses averages and estimations from the existing utilities 

to forecast performance in the new capital. 

The base tariff is the fundamental cost required to produce 

one cubic meter of drinking water, regardless of whether each 

cubic meter is produced with high overhead costs (such as high 

employee salaries) or not. The total production costs for the 

two utilities are as follows: for Danum Taka, with a production 

capacity of 10,722,240 m³/year and an operational cost of IDR 

14,052,306,000, the base tariff is IDR 1,311 per cubic meter. 

For Tirta Mahakam, with a production capacity of 52,854,336 

m³/year and an operational cost of IDR 135,606,380,000, the 

base tariff is IDR 2,711 per cubic meter.  

To estimate the base tariff for IKN, we used data from 

Danum Taka and Tirta Mahakam. By averaging the production 

costs of these two utilities, we derived an estimated production 

cost for IKN of IDR 3,313.5 per cubic meter. The operational 

costs were also averaged, resulting in an estimated base tariff 

for IKN. The calculations consider the projected production 

volume for IKN, which is significantly higher at 157,680,000 

m³/year due to the expected efficiency of the new facilities and 

reduced water losses. The base tariff for IKN is estimated to 

be IDR 1,938 per cubic meter. This is calculated by 

considering the improved efficiency and reduced water losses 

compared to Danum Taka and Tirta Mahakam. The result 

suggests that the new infrastructure and efficient management 

planned for IKN will allow for a lower base tariff, making the 

water supply more cost-effective and sustainable. 

The average tariffs are IDR 4,977 per cubic meter for 

Danum Taka and IDR 4,677 per cubic meter for Tirta 

Mahakam, with a predicted tariff of IDR 4,827 per cubic meter 

for IKN. This prediction assumes improved infrastructure, 

high operational efficiency, and that the water produced will 

meet drinking quality standards [46]. The base tariff for IKN 

is estimated to be IDR 1,938 per cubic meter. The margin, 

calculated as the difference between the average tariff and the 

basic cost of production, highlights the financial sustainability 

of the utility. For IKN, a margin of IDR 3,943.4 per cubic 

meter (average tariff minus production cost) indicates a 

favorable economic scenario. 

The results are presented in Table 3. This analysis provides 

a comprehensive overview of the expected financial and 

operational metrics for the future water utilities in IKN 

Nusantara, forming a basis for strategic planning and decision-

making in establishing a sustainable and cost-effective water 

supply system. 

 
Table 1. Cost escalation analysis of Danum Taka and Tirta Mahakam: The two nearest water utilities to IKN 

 
No. Cost Unit Danum Taka Tirta Mahakam Nusantara 

1 Variable IDR/m3 1,158 1,219 1188.5 

2 Overhead IDR/m3 289 3,961 2125 

3 Cost of Production IDR/m3 1,447 5,180 3313.5 

4 Volume of Production m3/s 0.34 1,676 5 

  m3/year 10,722,240 52,854,336 157,680,000 

5 Production Efficiency Lps 31% 82.97% 100% 

6 Volume of Production Lps 105 1391 5000 

  m3/s 0.11 1.39 5.00 

  m3/year 3,323,894 43,853,243 157,680,000,000 

7 Water Losses % 35% 32% 5% 

  Lps 235 285 0 

  m3/s 0.037 0.445 0.250 

  m3/year 1,163,363 14,033,038 7,884,000 

8 Basic Cost of Production IDR/m3 6,506 4561 883,6 

9 Total Cost of Operation IDR 14,052,306,000 135,606,380,000 244,482,079,377 

10 Base Tariff IDR/m3 1,311 2,566 1,938 

11 Average Tariff IDR/m3 4,977 4,677 4,827 

12 Margin IDR/m3 -1,529 116 3,943.4 

 
Table 2. Cost escalation prediction for IKN Nusantara 

 
No. Cost Escalation Parameter Result 

1 BCP 
VC = 1188,5 IDR/m3; OC = 2125 IDR/m3; VP 

= 5 m3/s; VL = 0,250 m3/s 
𝐵𝐶𝑃 =

1188,5 
IDR
m3 + 2125 IDR/m3

5
𝑚3

𝑠
− 0,250

𝑚3

𝑠
 × 5

𝑚3

𝑠

=  883,6 IDR/m3 

2 
Total Operating 

Costs (TOC) 

𝐵𝑇 = 1.938 IDR/m3; 

𝑊𝑃 = 157.680.000 m3 

𝑇𝑂𝐶 =  𝐵𝑇 ×  𝑊𝑃 − (20% ∗ 𝑊𝑃) = 1.938
IDR

m3  ×

(157.680.000 m3 −  (20% ∗

157.680.000 m3)) =244,903,680,000 IDR 

3 
Average Tariff 

(AT) 

𝐴𝑇𝐷𝑎𝑛𝑢𝑚 𝑇𝑎𝑘𝑎= 4977 IDR/ m3 

𝐴𝑇𝑇𝑖𝑟𝑡𝑎 𝑀𝑎ℎ𝑎𝑘𝑎𝑚= 4677 IDR/ m3 
𝐴𝑇 =

𝐴𝑇𝐷𝑎𝑛𝑢𝑚 𝑇𝑎𝑘𝑎 + 𝐴𝑇𝑇𝑖𝑟𝑡𝑎 𝑀𝑎ℎ𝑎𝑘𝑎𝑚

2
=  

4977 +  4677

2
= 4.827 IDR/m3 

4 Margin (𝑀) 𝐴𝑇 =  4.827 IDR/m3 𝑀 =  𝐴𝑇 −  𝐵𝐶𝑃 =  4.827
IDR

m3  - 883,6
IDR

m3 = 3943,4
IDR

m3  
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Table 3 calculations are crucial for understanding the 

economic viability of water supply in the new capital, 

providing a roadmap for efficient and sustainable water utility 

management. The detailed financial metrics outlined in Table 

3 offer insights into the expected costs and revenues, 

highlighting the potential for a significant positive margin, 

ensuring the financial sustainability of the water supply system 

in IKN Nusantara. 

 

3.3 Impact of pumping costs  

 

The 126-meter elevation difference significantly impacts 

production costs, necessitating additional daily and annual 

pumping expenses. The breakdown of pumping costs is as 

follows: 

(1) When (1) Power required for pumping (𝑃)(
𝑘𝑊ℎ

𝑑𝑎𝑦
) = 

11,115 
𝑘𝑊ℎ

𝑑𝑎𝑦
; (2) Electricity tariff (𝐶𝑒𝑙𝑒𝑐)= 1,114.74 (

𝐼𝐷𝑅

𝑑𝑎𝑦
), then 

Daily energy cost (𝐸𝑑𝑎𝑖𝑙𝑦 ) (
𝐼𝐷𝑅

𝑑𝑎𝑦
) calculates as follow:  

 

𝐸𝑑𝑎𝑖𝑙𝑦 = 𝑃 ×  𝐶𝑒𝑙𝑒𝑐 = 11,115 × 1,114.74

= 12,391,035.1
𝐼𝐷𝑅

𝑑𝑎𝑦
   

 

(2) When (1) Daily energy cost (𝐸𝑑𝑎𝑖𝑙𝑦)  (
𝐼𝐷𝑅

𝑑𝑎𝑦
)  = 

12,391,035.1
𝐼𝐷𝑅

𝑑𝑎𝑦
 ; (2) Number of days in a year is 365 days 

(𝐷𝑦𝑒𝑎𝑟), then the Annual Energy Cost (𝐸𝑎𝑛𝑛𝑢𝑎𝑙) calculates as 

follow: 

 

𝐸𝑎𝑛𝑛𝑢𝑎𝑙 = 𝐸𝑑𝑎𝑖𝑙𝑦  ×  𝐷𝑦𝑒𝑎𝑟 =  12,391,035.1 ×  365

= 4,523,745,811.5 IDR/year  
 

(3) When (1) Daily energy cost ( 𝐸𝑑𝑎𝑖𝑙𝑦  ) (
𝐼𝐷𝑅

𝑑𝑎𝑦
)  = 

12,391,035.1
𝐼𝐷𝑅

𝑑𝑎𝑦
  ; (2) Daily pumped water volume 

( 𝑚3) ( 𝑉𝑑𝑎𝑖𝑙𝑦  )= 25,920 
𝑚3

𝑑𝑎𝑦
 , then Pumping Cost per m³ 

(𝐶𝑝𝑢𝑚𝑝) calculates as follow: 

 

𝐶𝑝𝑢𝑚𝑝 =
𝐸𝑑𝑎𝑖𝑙𝑦

𝑉𝑑𝑎𝑖𝑙𝑦

=  
12,391,035.1 

𝐼𝐷𝑅
𝑑𝑎𝑦

25,920 
𝑚3

𝑑𝑎𝑦

= 478.05 
𝐼𝐷𝑅

𝑚3
 

 

(4) When (1) Base cost of production (BCP) (
𝐼𝐷𝑅

𝑚3  ) = 

883,6
IDR

m3 ; (2) Pumping Cost per m³ (𝐶𝑝𝑢𝑚𝑝) =  478.05 
𝐼𝐷𝑅

𝑚3  , 

then Total Cost of Production (𝐶𝑝𝑢𝑚𝑝) calculates as follow: 

 

𝐶𝑡𝑜𝑡𝑎𝑙 =  BCP + 𝐶𝑝𝑢𝑚𝑝 =  883,6
IDR

m3 
+  478.05 

𝐼𝐷𝑅

𝑚3

= 1, 361.05 
IDR

m3 
  

 

This analysis highlights the financial burden imposed by 

hydraulic escalation, emphasizing the need for energy-

efficient solutions, such as optimized pipeline design, 

advanced pumping technology, and alternative energy sources. 

A strategic approach to infrastructure planning is essential to 

balance cost-effectiveness and sustainability, ensuring a 

reliable and affordable water supply for IKN Nusantara. 

Pumping costs alone add IDR 478.05 per cubic meter, 

increasing the total production cost to IDR 1,361.05 per cubic 

meter. Total cost of water production for IKN Nusantara is 

IDR 1,361.05 per cubic meter, where 35% of the cost is 

attributed to pumping due to the high hydraulic gradient. The 

high hydraulic gradient requires substantial energy for water 

transport, directly influencing operational expenses. For water 

utility management, the only option is to increase the tariff by 

at least 35% above IDR 4,827 per cubic meter is IDR 6,516.45 

per cubic meter. 

 

 

4. DISCUSSION 
 

In this section, the findings of the study are analyzed, 

interpreted (in Section 4.1 and Section 4.2), and compared 

with other relevant research (Section 4.3). in Section 4.3, the 

key results are discussed in terms of their implications for 

water supply management in IKN Nusantara. The challenges 

presented by hydraulic gradients are explored, with a focus on 

how these factors impact the economic feasibility and 

sustainability of the water supply system. Additionally, this 

section addresses strategies to optimize hydraulic design and 

reduce the production costs, drawing on both the study's 

findings and other similar research. This evaluation provides 

insights for policymakers and stakeholders as they plan the 

future water infrastructure for the new capital. 
 

4.1 Interpretation of the results 
 

The study found that the significant elevation difference in 

the IKN Nusantara region necessitates substantial power for 

continuous pumping, leading to elevated production costs. 

This high hydraulic gradient requires increased energy to 

overcome the elevation difference, resulting in an additional 

cost of IDR 478.05 per cubic meter. This additional cost 

underscores the financial challenges in providing a sustainable 

water supply in the new capital. Without addressing these 

challenges, the cost burden could be significant, impacting the 

affordability and accessibility of water for residents. 

This elevation difference directly impacts the hydraulic 

gradient, necessitating increased energy consumption and 

infrastructure investment to maintain adequate water pressure 

and flow rates. Consequently, these factors drive up the overall 

cost of production, making it imperative to explore cost-

effective and energy-efficient solutions for water supply 

management in the new capital. The high energy costs 

associated with pumping water to higher elevations can strain 

financial resources, necessitating careful planning and 

optimization of the water supply system. 

Furthermore, the high production costs highlight the need 

for innovative solutions to reduce energy consumption and 

improve system efficiency. Implementing advanced pumping 

technologies and optimizing pipeline design can help mitigate 

some of these costs. The use of energy-efficient pumps and 

materials that reduce friction losses can significantly impact 

the overall cost of production. Additionally, exploring 

alternative energy sources, such as solar or wind power, could 

provide sustainable and cost-effective solutions for continuous 

pumping operations. 

 

4.2 Comparison with other studies 

 

These findings are consistent with previous studies on the 

impact of hydraulic gradients on water supply costs [47]. 

Research has shown that significant elevation differences lead 
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to increased operational costs due to the need for more robust 

pumping systems and higher energy consumption and 

substantial financial burden imposed by high hydraulic 

gradients in water supply systems, reinforcing the need for 

strategic planning and resource management. 

The similarity between this study's results and those of 

previous research highlights the universal challenge posed by 

elevation differences in water supply systems. Both studies 

underscore the importance of addressing hydraulic gradients 

to manage costs effectively. This alignment with existing 

literature reinforces the validity of the current study's findings 

and underscores the importance of addressing these challenges 

in the planning and implementation of water supply systems. 

Additionally, high production costs could deter the 

economic feasibility of water supply projects. This finding 

aligns with the current study's results, which indicate that 

without efficient management, the high costs associated with 

hydraulic gradients could hinder the sustainability of the water 

supply system in IKN Nusantara. The alignment with previous 

studies suggests that the challenges identified in this study are 

not unique to IKN Nusantara but are common in regions with 

significant elevation differences. 

Moreover, previous studies have suggested various 

mitigation strategies that can be applied to reduce the impact 

of hydraulic gradients on production costs. These include the 

use of gravity-fed systems where possible, optimizing pump 

operation schedules to reduce energy consumption, and 

incorporating renewable energy sources. Implementing such 

strategies in IKN Nusantara could help mitigate the high costs 

identified in this study and improve the overall sustainability 

of the water supply system. 

 

4.3 In-depth analysis  

 

The results underscore the importance of optimizing the 

hydraulic design to mitigate the negative impacts of elevation 

differences on production costs. Implementing advanced 

pumping technologies, enhancing pipeline materials, and 

adopting energy-efficient practices can help reduce 

operational expenses. For instance, the use of variable 

frequency drives (VFDs) [48] on pumps can optimize energy 

consumption by adjusting pump speed based on demand, 

thereby reducing energy costs. 

Enhancing pipeline materials can also play a significant role 

in reducing friction losses [49] and improving overall system 

efficiency. Materials such as high-density polyethylene 

(HDPE) or ductile iron, which have lower friction coefficients, 

can help minimize energy losses during water transmission. 

Additionally, properly sizing pipelines to match the flow rates 

can prevent unnecessary pressure losses [50] and improve the 

efficiency of the water supply system [51]. 

Adopting energy-efficient practices involves not only using 

efficient equipment but also optimizing operational schedules. 

By strategically operating pumps during off-peak hours when 

energy costs are lower, it is possible to reduce overall energy 

expenses [52]. Additionally, regular maintenance and timely 

upgrades of pumping equipment can ensure that the system 

operates at peak efficiency, preventing energy wastage and 

reducing costs. 

Furthermore, integrating renewable energy sources, such as 

solar or wind power, for pumping operations could provide 

long-term cost savings and environmental benefits. Solar-

powered pumps, for example, can be particularly effective in 

reducing reliance on grid electricity and lowering operational 

costs. The use of renewable energy also aligns with sustainable 

development goals, contributing to a greener and more 

resilient water supply system. 

Given the projected population growth and increased water 

demand in Nusantara, it is crucial to develop a comprehensive 

water management strategy that balances cost efficiency and 

sustainability [53]. This strategy should include regular 

maintenance of infrastructure, investment in modern 

technologies, and continuous monitoring of system 

performance to ensure reliable and affordable water supply for 

the residents of the new capital. By focusing on both 

immediate and long-term solutions, it is possible to address the 

challenges posed by the high hydraulic gradient and ensure a 

sustainable water supply system for IKN Nusantara. 

 

4.4 Mitigation strategies for water hammer 

 

One of the primary concerns in managing water hammer is 

the selection of appropriate mitigation techniques that align 

with the specific characteristics of the fluid system. Various 

factors, including pipeline material, flow velocity, pressure 

fluctuations, and system configuration, play a crucial role in 

determining the effectiveness of mitigation strategies [54]. 

The goal is to minimize sudden pressure surges while 

maintaining system efficiency and longevity. Among the 

widely adopted methods, surge tanks, air chambers, and 

pressure relief valves are commonly utilized to absorb excess 

pressure and prevent structural damage. The following 

sections will explore these strategies in detail, starting with the 

use of surge tanks as an effective solution for controlling 

transient pressure waves in fluid systems. 

 

4.4.1 Surge tanks 

Surge tanks are vertical vessels placed along the pipeline to 

absorb sudden pressure increases (surge pressures) caused by 

rapid changes in flow velocity [54]. When there is a water 

hammer event (e.g., sudden valve closure), the surge tank 

temporarily absorbs the excess energy, preventing the pressure 

spike from reaching damaging levels. 

Surge tanks can be designed as either open or closed. In an 

open surge tank, the top is open to the atmosphere, and air is 

allowed to enter or exit freely, adjusting to pressure changes. 

In a closed surge tank, the tank is sealed and has a pressure 

relief valve to release excess pressure when necessary. The 

size and location of surge tanks depend on the pipeline 

characteristics and the expected surge pressures. 

Surge tanks help in reducing the magnitude of the pressure 

surge, allowing for smoother transitions in pressure within the 

pipeline. This protection prevents the pipeline from 

experiencing damaging overpressures, reducing the risk of 

pipe bursts and system failures. 

 

4.4.2 Slow-closing valves 

Slow-closing valves are designed to close gradually rather 

than rapidly, which helps prevent the rapid deceleration of 

water in the pipeline [55]. By slowing the closing process, 

these valves reduce the pressure spike associated with the 

water hammer effect. 

Slow-closing valves are often fitted with adjustable 

mechanisms that control the closing speed. This can be 

accomplished by using hydraulic or pneumatic control 

systems, which ensure that the valve closes at a controlled rate. 

Additionally, these valves are often installed in critical points 

of a pipeline, such as at pump stations or system junctions, to 
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manage flow changes. 

These valves provide a controlled approach to managing 

flow changes, which can significantly reduce the likelihood 

and severity of water hammer. By preventing sudden stops or 

starts in flow, slow-closing valves reduce the potential for 

damage to pipelines and associated infrastructure. 

 

4.4.3 Air chambers or air vessels 

Air chambers or vessels act as shock absorbers in the 

pipeline [56]. They are typically installed at high points in the 

system or at locations where the flow velocity may change 

abruptly. Air in the chamber absorbs the shock from pressure 

surges by compressing when a surge pressure occurs and 

slowly releasing the pressure as the system stabilizes. 

These chambers are designed to trap air and allow it to 

expand or contract in response to pressure changes. They are 

commonly used in conjunction with surge tanks to provide 

additional support in high-risk areas of the water distribution 

system. 

The primary advantage of air chambers is their ability to 

quickly absorb energy from a surge, reducing the immediate 

impact on the system. They are especially useful in smaller or 

less complex systems where full-scale surge tanks may not be 

feasible. 

 

4.4.4 Water hammer arrestors 

Water hammer arrestors are devices installed in pipelines 

that act as a buffer between sections of the system that may 

experience water hammer [57]. They work by allowing water 

to enter an internal chamber, which has either a spring or air 

cushion, to absorb the shock from pressure waves. 

Water hammer arrestors are typically installed near valves 

or pumps where rapid changes in velocity are likely to occur. 

They are designed to function automatically when a surge 

occurs and to provide a quick response to the pressure change. 

These devices are cost-effective and easy to install in 

pipelines, especially in areas with intermittent or minor water 

hammer issues. They are particularly useful for addressing 

localized pressure spikes caused by rapid valve closure or 

pump shutdown. 

 

4.4.5 Pipeline sizing and material selection 

Proper pipeline design, including adequate sizing and 

material selection, can help mitigate water hammer by 

ensuring that the pipeline can handle expected pressure surges 

without excessive deformation [58]. Using materials with high 

strength, such as ductile iron or steel, and choosing larger 

diameter pipes can reduce the likelihood of water hammer. 

The diameter of the pipeline should be selected based on 

flow requirements and expected pressure conditions. Larger 

pipes have lower velocity and can reduce the impact of sudden 

flow changes. Additionally, the use of flexible or durable 

materials can improve the pipeline’s ability to absorb pressure 

surges. 

Proper sizing and material selection help to ensure that the 

pipeline system can withstand normal operating conditions 

and occasional water hammer events. It also reduces the need 

for excessive mitigation measures in the system. 

 

4.5 Comparison with other projects facing hydraulic 

gradient challenges 

 

This comparison section helps provide a broader 

understanding of the challenges associated with hydraulic 

gradients and presents potential solutions that have been 

successfully implemented in other urban projects. Perhaps 

strengthen the argument by demonstrating the universal nature 

of the issue and offering practical approaches that could 

benefit IKN Nusantara. 

 

4.5.1 Amman, Jordan 

Amman, the capital of Jordan, is situated approximately 

1,000 meters above sea level, while its primary water sources 

are located at much lower elevations [59]. This significant 

elevation difference necessitates the use of extensive pumping 

systems to transport water uphill, leading to high energy 

consumption and operational costs. 

The water supply infrastructure in Amman includes the Disi 

Water Conveyance Project, which extracts water from the 

fossil Disi aquifer located 325 km south of Amman. This 

project involves pumping water over a height difference of 

1,200 meters to reach the city, highlighting the challenges 

associated with managing hydraulic gradients in urban water 

supply systems.  

 

4.5.2 Metro West Water Supply Tunnel, Boston, USA 

The Metro West Water Supply Tunnel is an advanced 

underground aqueduct designed to supply potable water to 

residents of much of Greater Boston [60]. The tunnel traverses’ 

areas with varying topography, requiring careful management 

of hydraulic gradients to ensure efficient water distribution. 

The tunnel starts at the John J. Carroll Water Treatment 

Plant in Marlborough and ends at an MWRA terminal in 

Weston, Massachusetts. It is about 17.6 miles (28.3 km) long 

and constructed mostly in bedrock, with several vertical shafts 

used to make connections throughout the system. The design 

considerations for managing hydraulic gradients in this tunnel 

are detailed in its construction and operational reports.  

 

4.5.3 Qanat systems in Iran 

Qanats are traditional underground aqueducts developed in 

ancient Iran to transport water from aquifers in highland areas 

to arid regions [61]. The construction of qanats involves 

managing significant elevation differences to ensure a steady 

flow of water over long distances without the need for 

pumping. 

Qanats are constructed as a series of well-like vertical shafts 

connected by a gently sloping tunnel, allowing water to drain 

by gravity from an upland aquifer to a lower elevation. This 

system efficiently delivers large amounts of subterranean 

water to the surface without the need for pumping, effectively 

managing hydraulic gradients in arid regions. 

 

4.6 Policy implications and strategic management 

 

The study's findings have significant policy implications for 

the planning and management of water supply systems in IKN 

Nusantara. Policymakers need to consider the impact of 

hydraulic gradients on production costs when designing and 

implementing water infrastructure projects. By incorporating 

the study's recommendations, such as optimizing hydraulic 

design and adopting energy-efficient practices, policymakers 

can develop strategies that enhance the sustainability and 

affordability of water supply systems. 

Strategic management of water resources involves not only 

technical solutions but also effective governance and 

stakeholder engagement [62]. Engaging local communities, 

water utilities [46], and government agencies in the planning 
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process can ensure that the water supply system meets the 

needs of all stakeholders. Transparent communication and 

collaborative decision-making can foster a sense of ownership 

and responsibility among stakeholders, leading to more 

effective and sustainable water management practices. 

Furthermore, policymakers should prioritize investments in 

modern technologies and infrastructure upgrades to enhance 

the efficiency and resilience of the water supply system [63]. 

Funding for research and development of innovative solutions, 

such as smart water management systems and advanced 

treatment technologies, can drive continuous improvement 

and adaptation to changing conditions. Policies that 

incentivize the adoption of renewable energy and energy-

efficient technologies can also support the transition to a more 

sustainable water supply system. 

Regulatory frameworks should be established to ensure that 

water utilities operate within defined efficiency and 

sustainability standards [64]. These frameworks can include 

performance benchmarks, regular audits, and accountability 

mechanisms to monitor and evaluate the performance of water 

utilities. By setting clear standards and expectations, 

regulators can drive improvements in operational efficiency 

and cost management, ultimately benefiting consumers and 

the environment. 

 

 

5. CONCLUSION 

 

After evaluating the hydraulic design and production costs 

for the water supply system in IKN Nusantara, the study has 

provided valuable insights into the impact of hydraulic 

gradients and pumping requirements on system efficiency and 

cost. The findings underscore the importance of addressing 

these factors for a sustainable and cost-effective water supply. 

In this section, we will summarize the key findings of the study 

and discuss their implications for the future development of 

water infrastructure in the new capital. Additionally, 

recommendations for improving energy efficiency and 

reducing operational costs will be presented 

 

5.1 Impact of hydraulic gradient and pumping 

requirements on production costs 

 

The study confirms that the 126-meter elevation difference 

in IKN Nusantara significantly increases production costs due 

to higher energy consumption for pumping. The key findings 

include: 

• High Energy Demand: The daily power requirement 

for pumping is 11,115 kWh/day, leading to an annual 

energy cost of IDR 4.52 billion (USD 284,000). 

• Pumping Costs: The additional pumping cost is IDR 

478.05 per cubic meter, making up 35% of total production 

costs. 

• Total Cost of Production: When including variable 

costs and overhead, the final production cost is IDR 

1,361.05 per cubic meter. 

These findings illustrate that hydraulic escalation directly 

increases production costs, requiring efficient energy use and 

financial adjustments to maintain feasibility. Particularly 

regarding the high production costs due to the hydraulic 

gradient and other technical challenges in IKN Nusantara, 

underscore the need for a comprehensive policy and financing 

strategy. While tariff increases provide one avenue for 

managing the costs, they may not be sufficient to ensure the 

affordability of water services for all residents, especially in 

the early phases of the capital's development. Thus, exploring 

alternative financing mechanisms becomes crucial. 

Alternative Financing Mechanisms as follow: 

 

5.1.1 Government subsidies 

Role in Reducing Consumer Costs: Government subsidies 

can be a critical tool in ensuring that the water tariffs remain 

affordable for residents, particularly during the initial stages of 

development [65]. By covering a portion of the water 

production and distribution costs, subsidies can buffer the 

economic strain on consumers while allowing the water supply 

system to remain financially viable. 

Targeted Support: Subsidies could be targeted at low-

income households, ensuring equitable access to water. This 

approach would align with broader social goals of inclusivity 

and affordability. 

 

5.1.2 Private sector investments 

Public-Private Partnerships (PPP): Engaging the private 

sector through public-private partnerships (PPP) can attract 

investment in water infrastructure, alleviating the financial 

burden on public finances. Private sector involvement can 

bring in efficiency, innovation, and additional capital to 

finance projects such as advanced pumping technologies or 

infrastructure upgrades. 

Incentives for Investment: To attract private investors, the 

government can offer financial incentives, such as tax breaks 

or guaranteed returns on investment for water supply projects. 

This will encourage private capital flow into public 

infrastructure, ensuring long-term sustainability. 

 

5.1.3 International funding 

Development Banks and NGOs: The government could also 

seek funding from international development banks (e.g., 

World Bank) or non-governmental organizations (NGOs) 

focused on sustainable infrastructure. These sources of capital 

often offer favorable interest rates or grants for projects aimed 

at achieving the Sustainable Development Goals (SDGs). 

Green Bonds: Given the growing interest in environmental 

sustainability, issuing green bonds could be an innovative way 

to raise funds for water infrastructure projects that meet 

environmental and energy efficiency standards. 

 

5.1.4 Strategic financial management 

The study's findings suggest that innovative financial 

strategies [66], such as combining tariff increases with 

subsidies or external investments, can create a balanced 

funding model for IKN Nusantara's water infrastructure. This 

combined approach could help reduce the financial strain on 

both residents and the government while ensuring long-term 

sustainability for water supply management. 

 

5.2 Economic feasibility and tariff adjustments 

 

The economic feasibility of the water supply system 

depends on the ability to cover operational costs while 

maintaining affordability. The study finds that: 

• Current Base Tariff (IDR 4,827/m³) is Insufficient: 

Given the high pumping costs, maintaining the existing 

tariff would lead to financial losses for the utility. 

• Tariff Increase Required: To offset additional costs, a 

minimum tariff increase of 35% is necessary, raising the 

tariff to IDR 6,517/m³. 
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• Potential Financial Risks: If these costs are not 

managed, financial sustainability is at risk, potentially 

requiring government subsidies or alternative funding 

mechanisms. 

Thus, tariff restructuring is crucial to ensure economic 

viability while maintaining equitable access. 

 

5.3 Strategies for cost optimization and long-term 

sustainability 

 

To address the economic burden of high hydraulic gradients, 

a combination of technical and financial strategies is required: 

Technical Strategies: 

• Gravity-Based Distribution Optimization by 

Utilizing gravity-fed systems where possible to reduce 

dependence on energy-intensive pumping. 

• Energy-Efficient Pumping Systems by Implementing 

variable-speed pumps to optimize energy consumption and 

upgrading to high-efficiency motors to reduce operational 

costs. 

• Pipeline Optimization by Reducing friction losses 

through optimized pipe materials and diameter selection 

and Implementing pressure zoning to enhance energy 

efficiency. 

• Renewable Energy Integration by using solar or wind 

power to offset electricity costs for pumping stations. 

The study confirms that the high hydraulic gradient in IKN 

Nusantara significantly increases water production costs, 

requiring tariff adjustments and optimized infrastructure. To 

ensure long-term sustainability, a combination of energy-

efficient pumping, pipeline optimization, and financial 

restructuring is needed. Implementing these strategies will 

reduce costs, enhance system resilience, and provide a 

sustainable water supply for IKN Nusantara.  

 

 

6. RECOMMENDATION 

 

The findings of this study highlight the critical challenges 

posed by the high hydraulic gradient in the water distribution 

system of IKN Nusantara. The significant elevation 

differences (126 meters) necessitate high energy consumption 

for pumping, leading to increased operational costs and 

economic feasibility concerns. Without strategic interventions, 

the financial sustainability of the water supply system could 

be at risk. 

This section provides recommendations and policy 

implications to address the identified challenges. The focus is 

on technical solutions, financial strategies, and governance 

mechanisms to optimize cost efficiency while ensuring long-

term sustainability. These recommendations aim to guide 

decision-makers, policymakers, and water utilities in 

designing a resilient, efficient, and financially viable water 

supply system for Indonesia’s new capital. 

The following analysis answers the research question by 

examining how hydraulic escalation affects production costs 

and economic feasibility, while outlining strategies to mitigate 

these challenges. 
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