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Abstract: The government's initiative to enhance energy resilience and independence include the
augmented use of green energy. PLTA Singkarak is a renewable energy facility that harnesses water from
Lake Singkarak to operate its turbines, featuring an average tailrace discharge of 30 m?/s. The Singkarak
Hydroelectric Power Plant receives its energy from PLN's Singkarak Substation, utilizing a 5 MVA
transformer for distribution to meet its own consumption needs. Consequently, each month, the Singkarak
Hydroelectric Power Plant must diminish its total KWH output by its own use, averaging 4,127.8 kW each
day. A small-scale Micro Hydro power plant will be developed to utilize the potential water source at the
outflow of the Singakrak Hydroelectric Power Plant, serving as the primary supply for the facility and so
decreasing the company's performance target for its own consumption. A sufficiently big outflow tailrace
discharge is likely to be repurposed for a micro-hydropower plant. The initial elevation of the Singkarak
Hydroelectric Power Plant tailrace exit is 71 meters above sea level, whereas the end elevation is 67 meters
above sea level, according to hand measurements. A micro-hydropower plant (PLTMH) can be engineered
with a net head of 3.8 m and a flow rate of 10,618 m3/s, yielding a maximum power output of 327.8 kW.
The turbine employed is a Kaplan turbine, while the generator utilized is a 3-phase synchronous generator,
with both components functioning at 1000 rpm .This PLTMH design can supplant the self-consumption of
the Singkarak hydropower plant (PLTA), hence enhancing the system's energy efficiency.
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INTRODUCTION

The increased utilization of green energy is the government's effort to maintain energy resilience and
independence (Upadhyay et al., 2024). This study will discuss the potential of green energy in Indonesia,
specifically in the West Sumatra region, particularly in Asam Pulau, Kecamatan 2 x 11 Enam Lingkuang,
Padang Pariaman Regency. In that area, there is potential energy from the residual water usage or Outflow
from the electricity consumption of the Singkarak Hydroelectric Power Plant, as well as the disposal
location adjacent to the flow from Batang Anai. The Singkarak Hydroelectric Power Plant is one of the
hydroelectric power plants under the auspices of PT PLN (Persero) UPK Bukittinggi with a maximum
capacity of 4 x 43.5 MW. The Singkarak Hydroelectric Power Plant utilizes water from Lake Singkarak as
the main material to rotate the turbines with an average inflow of 50 m3/s and an average outflow of 30
m3/s.

In order to support the optimal operation of Common equipment at the Singkarak Hydroelectric
Power Plant, the Singkarak Hydroelectric Power Plant utilizes Power Supply directly from PLN electricity,



namely GI Singkarak, as the main supply for the Control Building. The recording of KWh transactions is
carried out on the Ist of each month between the GI Singkarak staff and the PLTA Singkarak operation
staff as an attachment to the monthly report.

Based on the potential water resources found in the outflow of the Singkarak Hydroelectric Power
Plant, a small-scale power generation (Micro Hydro) has been designed to become the main supply for the
Singkarak Hydroelectric Power Plant, thereby reducing the company's performance target for Self-
Consumption (Gallego-Castillo et al., 2021).

This research, introduces an analytical methodology for assessing the capacity of run-of-river power
plants to optimize energy production and economic profitability (Alonso-Travesset et al., 2022). He
employs a miniature hydroelectric power facility in Italy to illustrate its potential as a design instrument
(Shahzad et al., 2022). This model offers insights into the hydrological and economic regulation of optimal
plant capacity, aiding in the identification of policy initiatives to bridge the disparity between economic
and energy optimization of run-of-river plants (Yuvaraj et al., 2025). The run-of-river system for medium
size can manage disturbances such garbage, however mini-hydro employs a penstock because to the longer
channel compared to medium-scale hydro (Basso & Botter, 2012).

In this article, the discussion is about Planning Complexity, covering technical, environmental,
social, and economic factors that must be considered (Lu et al., 2022). Stages of the Hydroelectric Power
Plant Project, such as feasibility studies, preliminary design, risk assessment, and implementation (Johri et
al., 2025). Similarly, there are planning constraints, namely uncertainties related to location, water
availability, construction costs, and government regulations (Bradley et al., 2016).

The article titled evaluates the impact of cost overruns on hydropower projects within Canada’s
electricity generation strategy (Babaei et al., 2022). It uses the GCAM (Global Change Assessment Model),
which includes an endogenous representation of hydropower to analyze its role relative to other renewable
energy sources (Vilotijevi¢ et al., 2021). Hydropower's Current Role: Hydropower contributes around 60%
of Canada’s and is projected to grow as part of renewable energy goals (Zhironkin et al., 2023). However,
the economic viability of these projects is challenged by frequent cost overruns(Shi et al., 2024) .

This research stands at the intersection of technical, ecological, and climate issues (Daramola et al.,
2023). Scientific literacy on this topic indicates that the future success of RoR plants in the alpine region
heavily depends on technological adaptation to climate change, a deep understanding of ecological flow
requirements, and the implementation of energy policies that support sustainability (Hanna & Gross, 2021).

METHOD

For the data collection technique, we conducted field observations to understand the characteristics
of the Singkarak Hydroelectric Power Plant's outflow and the environmental conditions around the Tailrace
flow.

The data processing technique used systematic calculations and trial-and-error methods based on
Layman’s Hydropower Handbook.
1. To determine water discharge, based on Chezy and Manning:

Q = AxV Q)
Where Q is the water discharge (m3/s), A is the river cross-section (m2), and V is the water velocity
(m/s).

2. Potential Water Power
For potential water power, we use the formula:

P = Neurbin X Ngenerator X P X g X HxQ (2)

Where P is the power generation capacity (Watts), p is the water density (1000 kg/m3), g is the
gravitational acceleration (9.81 m/s), H is the height difference from the forebay to the turbine center (m),
and Q is the water discharge (m3/s). As seen in Figure 1, we conducted measurements of water discharge
and head at the PLTA Singkarak discharge location.
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Figure 1. The process of measuring the depth of the Outflow at Singkarak Hydroelectric Power
Plant

To calculate how much capacity is needed for self-consumption, we need to calculate how much
energy is produced per hour each month over a period of 5 months (Lombardi et al., 2024). For the
specifications of the turbine and generator to be used in the planning of this SHP, we use an approach
method based on the guidelines from Layman's (Refdinal et al., 2016).

How to develop a small hydro power plant, europe 1990 , and the efficiency graph for selecting the
type of turbine can be seen in Figure 2.
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Figure 2. How to develop a small hydro power plant, Europe 1990 , and the efficiency graph for selecting
the type of turbine



FINDINGS AND DISCUSSION
Monitoring Distributed Energy

This channeled energy is highly relevant in research because it affects the sustainability and
efficiency of various energy technologies we use (Trahan & Hess, 2022). Understanding the workings,
conversion, and efficiency of energy distribution can help us improve systems and develop more
environmentally friendly and efficient energy sources (Martinez-Pérez et al., 2023). Energy consumption
profiles need to monitor energy usage patterns, including peak and low loads, to assist in the management
and planning of more efficient energy distribution (Zhang & Liu, 2025). This is done to determine how
much energy used at a certain time can help optimize the system to reduce excess capacity or supply
shortages (Markom et al., 2022). The monitoring of the transmitted energy can be seen and efficient energy

sources (El-Madany et al., 2012). The monitoring of the transmitted energy can be seen in table 1.

Table 1. Hydrological data for the month of July
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This hydrological data was collected over a period of 3 months, namely July, August, and September. In
the data above, the flow rate at the tailrace is 54.35 m?3/s with an energy output of 84,221,387 KWh. If the
average is calculated from these three months, the flow rate is 44.5 m3/s. Therefore, the design flow rate
taken is 20 m?/s.

Monitoring KWh Transactions

Electricity payment tariffs are the costs charged to customers for the use of electrical energy (Zhu et
al., 2024). These tariffs are determined based on several factors, such as the amount of electricity
consumption, customer categories, electricity production costs, and the policies of the government and
electricity providers in each country or region (Sari et al., 2022).

In Figure 3, the energy data generated in August is shown, where the energy used from the own power
plant is seen in the data as 117,447 KWh. This energy data was taken over 5 months, June, July, August,
September, October, and the total energy generated is 639,820 KWh.

Table 2. Monitoring KWh transactions for the month of August

BERITA ACARA
FENGIRIMAN TEMAGA LISTRIK
DART FT PLM [PERSERQ) PEMBANGITAN SUMBAGSEL KE PT PLN (PERSERO) P3B SUMATERA

No, KITSEL
Mo, P3ES
Bulan : JULI 2021
PLTA STHGHARAK, SKR/FORM/{10.30.1.0
[ ' [ ENERGI (KWH) [
Mo, URATAN MU D DART PEMBANGKIT KE PEMBANGKIT SELISIH FAKTOR KALT HASIL KETERAMGAN
1| 2 | 3 4 | 5 3 ! b=t
1 | SKRE #1 [VOEST ALPN] 30108642 1.941.392.861  1,922.344.460 19.048.401 1 19,048,401
2 | SKRK #2 [VOEST ALPN] 30108641 722.569.450 701.932.007) 20.637.452 1 20,637,452
3 SKRK #3 [L'DESI' ﬁLFN] 30107604 1.905.624.063 1.BBD311.072 25.312.991 1 25,312,991
4 | SKRK #4 [VOEST ALPN] 30108640 1.789.210.770  1.765.588.227 19.222.543 1 19,222,543
6 | PS 20KV [TRAFQ SMYA] | 948956350 82,236,942 82.002.045 234,604 0,5 117.447 |
JUMLAH PENGIRIMAN ENERGI NETTO 84.103.940
Cakatan :

Berta fAcara akan dioreks bila terfadl kesalahan
- Daila pengitiman erergi o alas tdah mendepal persehujuan dan dilandatangani aleh

From the total energy of 639.820 KWh, the daily energy value can be calculated as 4127.8 KWh.
From the daily KWh usage of PLTA Singkarak of 4127.8 KWh, the self-consumption of PLTA Singkarak
per hour is 222 KW. Therefore, the planned self-generation capacity is 250 KW to replace the self-
consumption supply of PLTA Singkarak taken from the Singkarak Substation.

Planned Discharge Calculation
Based on the measured and calculated data, the planned discharge can be calculated using formula 2.

P =n_turbin xn_generator xpxgx HxQ

P

Nturbin X ngenerator xXpxgx H

B 250 kW
"~ 0.6 x1000 x 9.81 x 4

3
— m
=10.681 ™/ ;..

Therefore, based on the calculations that have been carried out, a discharge of 10.618 m3/s, a height (head)
of 4 meters, and a planned power of 250 KW were obtained. Thus, according to figure 2, the most suitable
turbine for the planning of this micro-hydropower plant is the Kaplan turbine .



Limitations and Future Work

Upon reevaluation, numerous deficiencies persist in this research, particularly on the investigation of
environmental hazards stemming from the discharge of the Singkarak Hydroelectric Power Plant.
Consequently, research must be undertaken to guarantee that the use of the outflow preserves a balance
between ecological and human requirements. Establish training programs for the community to comprehend
micro-hydro technology and enhance their involvement in operations and maintenance (Nguyen et al.,
2024). Investigating the integration of micro-hydro with additional renewable energy sources, such as solar
or wind, to establish a more stable and sustainable hybrid energy system, with the deployment of smart grid
technology to regulate energy supply and demand in the vicinity. It is essential to examine the legal
considerations pertaining to the utilization of river water or the byproducts of hydroelectric power plants as
an energy source.

CONCLUSION

Conclusions should answer the objectives of research. Tells how your work advances the field from
the present state of knowledge. Without clear conclusions, reviewers and readers will find it difficult to
judge the work, and whether or not it merits publication in the proceedings. This research shows that the
outflow from the Singkarak Hydroelectric Power Plant has the potential to be utilized as a micro-hydro
energy source, which is an innovative solution to improve water use efficiency. It can provide an efficient
alternative for generating electricity from renewable energy sources. The sustainable development of
renewable energy, by utilizing existing water flows without requiring large additional infrastructure. By
utilizing the outflow as an energy source, this research emphasizes the importance of sustainability in water
resource management, as well as its contribution to reducing carbon emissions and promoting the use of
renewable energy. It is crucial to ensure that the development of renewable energy does not harm the
environment. The use of water from this stream can be directly utilized by the local community, both for
providing stable electricity and for creating new economic opportunities, such as supporting infrastructure
or developing small industries.
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