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Abstract

The increasing demand for renewable energy sources is driven by population growth, rising national energy
consumption, and government commitments to reducing carbon emissions. Mini hydro power plants (MHPPs)
represent an environmentally friendly renewable energy solution with significant development potential,
particularly in regions with sustainable river flows. This study aims to analyze the potential of the Padee River in
Tenguwe Village, West Kalimantan, as a source of hydroelectric energy for MHPP development through a
technical approach that includes hydrological, hydraulic, topographic, and system efficiency aspects. The analysis
includes dependable flow estimation based on climatic data and watershed characteristics. Results show that the
Padee River provides a sufficient and reliable discharge with stable year-round flow conditions and optimal site
topography to support the construction of mini-hydro power infrastructure. The results show that the site has
enough water flow to be used for generating renewable energy. This study serves as a reference for early-stage
site selection and technical planning in similar river-based MHPP developments.

Keywords: Mini-Hydro Power Plant, Hydrological Potential, Dependable Flow, Padee River, Renewable Energy,
Site Feasibility

1. INTRODUCTION

Water resources are essential for development across multiple sectors, including energy supply (1). One strategic
use of water is for hydropower plants, which takes advantage of the energy from flowing water to produce electricity
(2). On a smaller scale, Mini Hydro Power Plants (MHPPs) are a practical and renewable energy solution, especially
in areas where access to electricity is still limited (3).

Indonesia has a large potential for hydropower, with a total technical capacity of more than 94 GW, although only
a small part of it has been utilized so far (4). This situation highlights the need to develop small-scale power plants
like MHPPs. The Padee River in Tenguwe Village is one of the potential sites, with flow and topographic conditions
that are suitable for a run-of-river system. This study aims to analyze the hydrological and technical feasibility of
developing an MHPP on the Padee River by estimating the dependable flow and the potential electrical output.

1.1. Concept of Mini-Hydro Power Plants

The basic working principle of a Mini Hydro Power Plant (MHPP) is to convert the potential energy of water into
mechanical energy through a turbine, which is then transformed into electrical energy (5). The process begins by
diverting river water into a penstock, where it flows downward following a specific elevation drop (head). As the
water descends, its potential energy increases due to the height difference. This energy is then converted into kinetic
energy as the water accelerates through the penstock toward the turbine. The force of the high-speed water flow
rotates the turbine, generating mechanical motion that is subsequently converted into electricity (6).

Most Mini Hydro Power Plant (MHPP) systems adopt a run-of-river design, which utilizes the natural flow of a
river without the need for large-scale water storage or dam structures. This approach is considered efficient and
environmentally sustainable, as it minimizes disruption to the river ecosystem and can operate continuously in
regions where river discharge remains relatively stable throughout the year (7).

329


mailto:adhityahafidz@upi.edu

Proceedings of the International Seminar on Civil Engineering (ISCE-UPI 2025)
Civil Engineering Study Program, Universitas Pendidikan Indonesia

Powerplant

Tailwater

“Diversion canal
. from the river

7

1 S
| DN
e

] ’I'urhmg il
— B
it &= |
i Genera;orif

P e ok

Figure 1. Mini Hydro Power Plant Scheme (7)
1.2. Dependable Flow

Dependable flow refers to the minimum river discharge expected to be available at a certain probability level,
typically 80% or 90% of the time. Ideally, this flow is determined using long-term observed streamflow data.
However, in cases where such data is unavailable, river discharge can be estimated using hydrological simulation
methods. One widely used approach is the F.J. Mock method, which calculates water balance based on rainfall,
evapotranspiration, and watershed characteristics (13).
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Figure 2. Rainfall-Runoff Model (13)

The dependable flow generated from the F.J. Mock simulation can be presented as a Flow Duration Curve (FDC),
which illustrates the percentage of time a specific discharge is equaled or exceeded within a one-year period. The
FDC serves as a fundamental reference in determining turbine capacity, as it reflects the consistency and reliability
of river flow over time (8).

1.3. Head

The water head refers to the elevation difference between the highest and lowest points of the water flow utilized
to drive the turbine. This parameter plays a critical role in determining the amount of potential energy available for
conversion. A higher head value corresponds to greater potential energy, which can be more effectively transformed
into mechanical and electrical energy (7).
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Figure 3. Head Scheme (7)
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In head calculations, it is essential to account for energy losses (headloss) caused by friction, constrictions, and
flow obstructions along the channel (11). According to Bernoulli's principle, the total energy of the flow remains
constant; however, it can decrease due to frictional forces and changes in flow geometry. These energy losses are
generally categorized into two types: friction losses that occur along the length of the conduit, and minor losses
resulting from flow direction changes, bends, or contractions (10).

L v
hy=f- o 27 ................................. 1)
2
hm =K - 2? ................................. )
hlo%s hf + Z hm ................................. (3)
Where:
hy = Major head loss (m);
/- = Minor head loss (m);
Pioss = Total head loss (m);
L = Length of the pipe (m);
v = Flow velocity (m/s);
g = Acceleration due to gravity (m/s?);
f = Darcy—Weisbach friction factor (dimensionless);
K = Minor loss coefficient (dimensionless);
D = Diameter of the pipe (m).

The net head is calculated using the following equation
Hnet = Hgross —hloss — .....cccooiviiiiiiiiiiniienn, “)

Where:
Hnet = Net head (m), the effective height available for power plants;
Hgross = Gross head (m);
Hloss = Total head loss (m).

1.4. Power Generation Estimation

The performance of a hydro power plant is determined by the annual electrical energy output, which depends on
the flow discharge, net head, and overall system efficiency. It can be expressed using the following equation (12):

P=ppater X GX HpetX QX1 coveviiiii )
Where:
= Power output (Watt)
= Overall system efficiency (turbine, generator, transmission)
= Density of water (typically 1000 kg/m?)
= Acceleration due to gravity (9.81 m/s?)
= Average flow rate (m%/s)
Hnet  =Nethead (m)

According to the Regulation of the Minister of Energy and Mineral Resources of the Republic of Indonesia Number
12 0of 2017, hydro power plants with an installed capacity of up to 10 MW are required to maintain a minimum
capacity factor of 65%. For plants with capacities exceeding 10 MW, the capacity factor is determined based on
the requirements of the electricity system. The regulation also provides the formula for calculating the capacity
factor of a Mini Hydro Power Plant (MHPP), which is expressed as follows:

QO © I T

c v Factor(%) = Annual Average Energy ©)
apacity Factor(%) = (365 Day)x(@d HounmPower)y

2. METHOD

This study aims to analyze the potential of the Padee River for the development of a Mini Hydro Power Plant
(MHPP). A quantitative approach with descriptive-analytical methods was employed to assess the feasibility of
MHPP development along the river. The methodology includes the analysis of climatological and hydrological
data based on rainfall records and watershed characteristics, which were processed to estimate the dependable
flow. In addition, a topographic contour model was developed using elevation data to determine the effective head
(net head) for power plants.
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2.1. Research Object

The object of this study is the Padee River, located in Tenguwe Village, Landak Regency, West Kalimantan. This
river was selected based on its hydrological and topographical characteristics, which indicate significant potential
for utilization as an energy source in a Mini Hydro Power Plant (MHPP) system. The research focuses on the
analysis of dependable flow as the basis for estimating potential electrical energy output, as well as the calculation
of the net head, which is a key factor in determining the plant’s power capacity. The aim of this study is to assess
the development potential of the Padee River for MHPP implementation as a renewable energy solution in villages
areas.
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Figure 4. Research Object
2.2. Research Stage

This research was conducted through a series of systematic stages. The initial stage involved the collection of
rainfall data, land use information, topographic data, and technical specifications of the power plants system.
These datasets were analyzed using hydrological methods, including the Mock method, to estimate the dependable
flow, which reflects year-round water availability.

Topographic analysis was then carried out to determine the effective head (net head), taking into account energy
losses along the flow path. Based on the calculated flow and head, the potential electrical power output was
estimated, along with the projected annual capacity factor. The final stage involved evaluating the technical
feasibility of the proposed MHPP system, which serves as the foundation for considering renewable energy
development in the study area.

2.3. Data Inventory

The hydrological and climatological data used in this study were obtained through a combination of ground-based
observations and satellite-derived datasets. Surface data were collected from the nearest rainfall and streamflow
monitoring stations, while satellite data were sourced from the Modern-Era Retrospective Analysis for Research
and Applications (MERRA), which provides global climate variables such as precipitation, temperature, humidity,
and evapotranspiration. The use of MERRA data aimed to supplement the limited field observations and enhance
the accuracy of dependable flow analysis and water balance calculations within the watershed.

Table 1. Location Rainfall Station

Rainfall Station Coordinate Available Data
Karangan 033'30" LU-109 22' 34" BT 27 Year
Untang 042'49" LU-109 30'31" BT 27 Year
Senakin 022'22"LU-109 34' 02" BT 27 Year
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Figure 5. Hydrological Data from Rainfall Stations
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Figure 6. Climate Data
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3.  RESULTS AND DISCUSSION
3.1. Dependable Flow Analysis

Rainfall and Runoff Graphs Using Mock Method 1997-2023
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Figure 7. Simulation of F.J Mock Dependable Flow vs Rainfall

The river flow shows a clear seasonal pattern, where peak discharge usually follows periods of heavy rainfall.
However, the time between rainfall and peak flow varies, suggesting that certain processes, like soil storage and
infiltration, are influencing how water moves through the watershed.

Dependable Flow F.J. Mock
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Figure 8. Results of F.J. Mock's Reliable Discharge Modeling

The analysis results show that Q50 discharge, which represents the average annual flow, reaches its highest value
in December and its lowest in September. Q80, the dependable minimum flow available 80% of the year, displays
a fluctuating trend-lower during the dry season (August—September) and higher during the rainy season
(November—December). Meanwhile, Q95 reflects the extreme minimum flow conditions and represents the lowest
possible discharge throughout the year. Among these, Q80 is considered the most appropriate basis for MHPP
system design, as it offers a balance between water supply reliability and power generation efficiency. It is a
conservative yet practical choice to ensure continuous plant operation throughout the year.
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3.2. Flow Duration Curve

Flow Duration Curve
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Figure 9. Flow Duartion Curve

The Flow Duration Curve (FDC) generated from the Mock Method simulation illustrates the distribution of
streamflow based on its frequency of occurrence during the 1997-2023 period. The graph indicates that high flows
(>4 m®/s) occurred in less than 10% of the time, while moderate flows (2—3 m?/s) dominated 30% to 60% of the
observed period. Low flows (<1.5 m*/s) appeared 20% to nearly 100% of the time, reflecting typical dry season
conditions.

The Q80 discharge, recorded at 1.562 m*/s and marked on the graph, was selected as the dependable flow since it
is available 80% of the time throughout the year. This value is considered ideal for Micro Hydro Power Plant
(MHPP) planning, as it ensures continuous operation, reliable water supply, and efficient energy generation year-
round.

3.3. Net Head

The calculation of energy loss (headloss) in this study focuses only on the primary components that significantly
affect the net head within the penstock system. Based on the system configuration and site conditions, the headloss
estimation is limited to major elements that contribute substantially to the reduction of fluid energy. The results
of the headloss analysis are presented as follows:

Table 2. Headloss

No Remark Elevation
A Forebay 122.46 m
B PowerHouse 106.65 m
C Head Static Gross 15.81 m

D Headloss

1 Losses due to flow friction in pipes Hiction 0.299 m
2 Head loss due to flow friction through Trashrack Hi 0.049 m
3 Head loss at intake/ Entrance Losses He 0.008 m
4 Head loss at penstock bend Hy, 0.207 m
5 Head loss in penstock valve Hy 0.126 m
6 Head loss at the branch Hy, 0.050 m
7 Headloss at the Nozzle Hy, 2.115m
Total Headloss 2.854m
Head Static Nett 12.956 m

The gross static head is determined from the elevation difference between the forebay and the powerhouse, which
is 15.81 meters (122.46 m — 106.65 m). After accounting for the total headloss, the resulting net static head is
12.956 meters. This net head value is used as the basis for power generation calculations.
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3.4. Potential Power Generation

The net power output is obtained by multiplying the theoretical power by the overall system efficiency, which
combines both turbine and generator efficiencies. The electrical power generated by each turbine is calculated
using Equation (5), which accounts for energy losses during the conversion process from water potential energy
to electrical energy, as shown below:

Table 3. Calculation of Total Power and Energy

Dependable Design Flow Rate per Turbine Residual Install Capacity Annual Energy Production
Flow Flow Rate Turbine 1 Turbine 2 Flow Turbin 1 Turbin 2 Total Turbin 1 Turbin 2
% m®/s mYs mYs m’/s kW kW kW kWh kWh
5% 423 0.78 0.78 2.66 84.36 84.36  168.72 36948.71 36948.71
10% 3.72 0.78 0.78 2.16 84.36 8436  168.72 36948.71 36948.71
15% 343 0.78 0.78 1.87 84.36 84.36 168.72 36948.71 36948.71
20% 3.08 0.78 0.78 1.52 84.36 84.36 168.72 36948.71 36948.71
25% 2.76 0.78 0.78 1.20 84.36 8436  168.72 36948.71 36948.71
30% 257 0.78 0.78 1.00 84.36 8436  168.72 36948.71 36948.71
35% 2.44 0.78 0.78 0.88 84.36 8436  168.72 36948.71 36948.71
40% 2.35 0.78 0.78 0.79 84.36 8436  168.72 36948.71 36948.71
45% 229 0.78 0.78 0.73 84.36 8436  168.72 36948.71 36948.71
50% 221 0.78 0.78 0.65 84.36 8436  168.72 36948.71 36948.71
55% 2.10 0.78 0.78 0.54 84.36 8436  168.72 36948.71 36948.71
60% 2.04 0.78 0.78 0.48 84.36 8436  168.72 36948.71 36948.71
65% 1.96 0.78 0.78 0.40 84.36 8436  168.72 36948.71 36948.71
70% 1.84 0.78 0.78 0.28 84.36 8436  168.72 36948.71 36948.71
75% 1.71 0.78 0.78 0.15 84.36 8436  168.72 36948.71 36948.71
80% 1.56 0.78 0.78 0.00 84.36 8436  168.72 36948.71 36948.71
85% 1.38 0.78 0.60 0.00 84.36 65.10  149.46 36948.71 28514.57
90% 1.14 0.78 0.35 0.00 84.36 3830 122.66 36948.71 16775.23
95% 0.75 0.31 0.31 0.13 33.74 33.74 67.49 14779.48 14779.48
Total 679856.30 651248.67
Total/Year kWh 1331104.97
GWh 1.33
Capacity Factor 90.1%
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Figure 10. Graphic Flow Rate and Power Based on Probability

Based on the calculation results, a capacity factor of 90.06% was obtained, indicating that the power plant is
capable of operating consistently near its maximum capacity throughout the year. This value is considered very
high, both technically and in terms of regulatory standards. This achievement demonstrates that the MHPP system
design has successfully optimized flow utilization and energy conversion efficiency, enabling the system to
operate reliably and sustainably.
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4. CONCLUSIONS

This study has demonstrated the hydrological and technical feasibility of developing a Micro Hydro Power Plant
(MHPP) on the Padee River in Tenguwe Village, West Kalimantan. The following key conclusions highlight the
study’s main contributions:

1. The application of the F.J. Mock method successfully provided a dependable flow estimate that supports the
viability of a run-of-river MHPP system. This confirms that hydrological modeling can be effectively used
in regions with limited streamflow observation data to support energy planning.

2. The integration of topographical analysis and hydraulic loss evaluation led to an accurate determination of
the net head, which is critical for realistic power output estimation. This approach strengthens design
reliability for small-scale hydropower in rural areas.

3. The resulting capacity factor of over 90% and projected annual energy output exceeding 1.3 GWh highlight
the strong performance potential of the planned MHPP system. This shows that well-planned micro-hydro
systems have the potential to deliver stable, sustainable, and affordable electricity to isolated communities.
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