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This research examines the design and implementation of a Portable Pico Hydro Power Plant
(PHPP) featuring a cross-flow turbine with a capacity of 300 watts. Pico hydro is a compact and
efficient form of hydropower generation tailored to meet the energy requirements of remote
plantation areas. The primary aim of this study is to optimize the use of low-flow water sources
and low-head conditions. The research encompasses a comprehensive evaluation of several
critical factors, including the assessment of water source conditions, the selection of suitable
turbine and generator designs, the configuration of the system, and a thorough performance
evaluation. By employing a cross-flow turbine, the Pico Hydro system is designed to convert
the kinetic energy generated by flowing water into mechanical energy, which is then
transformed into electrical energy. The findings of this study reveal that the portable PHPP
provides a stable and sustainable energy supply for off-grid locations. This system holds
considerable promise for improving energy accessibility in rural and remote regions,

CORRESPONDENCE

positioning it as a viable solution for renewable energy applications.
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INTRODUCTION

Indonesia possesses unique geographical and geological factors,
making it rich in natural resources as it is located in the tropical
region between the Indian and Pacific Oceans [1]. The potential
for renewable energy sources such as geothermal, wind, and
water [2] indicates that Indonesia has significant clean energy
potential [3]. High rainfall, particularly in Sumatra, Kalimantan,
and Papua, supports hydropower potential by providing abundant
water for hydroelectric power generation [4,5]. However, the
utilization of hydropower remains suboptimal, requiring more
significant efforts to support national energy sustainability [6].

This research involves the development of pico hydro systems in
plantation areas, aiming to provide a stable and affordable local
electricity supply. Plantations are often situated in remote areas
far from the primary power grid due to infrastructure limitations
or the high costs of extending the power grid. Some plantations
connected to the main power grid face issues related to
dependency on unstable or intermittent external electricity
supplies, especially in regions with extreme weather or frequent
power outages. Electricity costs can significantly burden
plantations, particularly if they rely on gasoline or diesel
generators to meet their needs.

The fluctuating prices of fossil fuels can lead to unstable
operational costs. Uncertainty in electricity supply can hinder the
planning and operations of plantations, disrupting production and
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distribution activities. Plantations have various energy needs,
ranging from operational requirements such as lighting and the
use of agricultural machinery to workers' demands. Given these
issues, this research aims to design a portable Pico hydropower
plant system utilizing local natural resources. Pico hydro systems
use moving water, such as river flows, to generate electricity.
Thus, the design and construction of portable pico hydro systems
can address the energy challenges plantations face.

A pico hydro power plant is a technology that uses water to
generate electricity on a small scale [10,15]. This power plant is
environmentally friendly, does not have negative effects [19], and
is a sustainable solution for producing electrical energy in areas
far from electricity infrastructure and with adequate access to
water sources [11,12]. It uses renewable energy through water
flow, naturally replenished by the hydrological cycle [13]. This
differs from conventional power plants that use limited fossil
fuels and contribute to greenhouse gas emissions. Pico
hydropower plants do not produce carbon emissions or other air
pollutants during normal operation [14]. This power plant utilizes
rivers, springs, and lakes [19] to generate electricity while
maintaining ecological and social sustainability. Newton's
principles of fluid motion are applied in these plants to convert
the kinetic energy of water into mechanical energy through
turbines or water wheels [15].

The efficiency of turbines is influenced by their design, size, and
water flow conditions. Bernoulli's and Archimedes' principles
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also play roles in pico hydropower plants, ensuring optimal
turbine performance to generate electricity on a small scale. A
pico hydro system consists of three main components: water
energy as the source, water turbines for energy conversion, and
generators to convert mechanical energy into electric energy. The
components needed to design a pico hydro power plant are the
turbine, generators, dam, and conduit pipe.

The turbines used in pico hydropower plants are designed to
harness the kinetic energy of flowing water and convert it into
mechanical energy to drive an electrical generator. A turbine is a
mechanical device that rotates when water flows through it,
utilizing the hydrodynamic forces exerted by the water flow. Pico
hydropower plants use specific types of turbines depending on the
characteristics of the available water flow.

Commonly used turbines include the Pelton turbine, Francis
turbine, and cross-flow turbine. The cross-flow turbine has a
horizontal rotor with open blades, allowing water to flow through
the rotor from both directions horizontally. This design makes the
cross-flow turbine suitable for water flows with low discharge
and moderate head heights. The cross-flow turbine construction
is shown in Figure 1.
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Figure 1. Cross-Flow Turbin Construction [16, 17]

An electrical generator is a component of an electric machine that
converts mechanical energy (rotation) into electrical energy
through electromagnetic induction. When the generator’s rotor
spins within a stationary magnetic field, the changing magnetic
field induces an electric current in the stator coils. In pico
hydropower plants, the generators typically used are alternating
current (AC) generators, either synchronous or asynchronous
(induction) types, modified to meet the needs of small-scale
power generation.

The dam is another component in the design of a pico hydro
power plant. A dam is a structural building used to hold back or
redirect the flow of water from a natural source into a pipeline
leading to the power plant turbines. Several factors must be
considered when designing a dam, including location,
construction materials, dimensions and capacity of the dam,
connection to the diversion channel, incorporation of a water flow
regulation system, ease of maintenance and upkeep, and
consideration of environmental impacts.
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The conduit pipe controls and directs water flow efficiently
towards the turbine to generate mechanical energy. The conduit
helps channel the water flow with the appropriate pressure to the
turbine. With the correct pressure, the turbine can operate under
optimal conditions. This pipe can be made from various materials
suitable for the local environmental conditions, such as PVC
(polyvinyl chloride), steel, or concrete.

METHOD

This research focuses on the Portable Pico Hydro Power Plant
(PHPP) with a 300-Watt Cross-Flow Turbine." The research
methods include site surveys, design of the PHPP model, model
testing through simulations, collection of equipment and
materials, construction of the portable PHPP, and testing of the
equipment. The design and implementation of this pico hydro
power plant are applied to plantation areas located far from the
PLN (State Electricity Company) power grid.

Figure 2. Design of the Pico Hydro Power Plant [18]

Pico hydro is a micropower generation system that uses water
energy to produce electricity. The process begins with water
flowing into the turbine, which converts the kinetic energy of the
water into mechanical energy. The turbine then drives a generator
to produce electricity. During this process, the potential energy of
the water decreases as it flows through the turbine, while its
kinetic energy is transformed into electrical energy. Thus, the
potential energy of the water is converted into usable electrical
energy to supply local electricity needs.

The image above shows the construction of a pico hydro system
using a portable design, allowing for easy relocation if needed.
To determine the characteristics of the turbine, including
variations in rotational power and turbine efficiency, water flow
is used to drive the turbine. The turbine's rotation is connected to
the generator via a shaft, transmitting the rotational energy to the
generator. Subsequently, the electrical energy produced by the
generator is delivered to the load.
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Figure 3. Design of Turbin and Generator Pico Hydro Power
Plant
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Determines available power

The best way to calculate the available power is to estimate the
energy. Energy estimates can be calculated with the formula [19];

Phszx.QXHnet (1)
szQXQXHnetxrl 2)
Q = AxV x correction factor 3)

For small hydro systems, turbine efficiency is 85%, drive
efficiency 95%, and generator efficiency 93%. Thus, the system's
overall efficiency becomes = 75,1 % [21].

Determine the turbine type

Each region has unique PHPP characteristics; therefore, it is very
important to determine the most suitable turbine type. One
method for determining the type of turbine is to consider the
height of the waterfall and the flow rate [20], as shown in Figure
4.

wt et v

Lindfew o o

B 0l (i} } } 4 RATEWMA M [ L]

Fiom ()

Figure 4. Turbine selection based on height and flow rate [20].

The design of a cross-flow type hydroelectric power system is
suited for utilizing river flows with relatively low flow rates and
low heads. The cross-flow turbine is the pico hydro scale water
turbine that can be used for river flows with relatively small rates
and a head below 5 meters. This is a low-pressure turbine with a
tangential water injection into the runner with a horizontal axis.

The PHPP installation location is 4.1 kilometers from Politeknik
Negeri Padang and 1.5 kilometers from the PLN (State Electricity
Company) power grid. Given the distance, connecting to the PLN
grid would be challenging and costly. The development of
hydroelectric power plants can be utilized in durian plantation
areas located on hilltops. The installation location is shown in
Figure 5.
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Figure 5. Installation Location for the Pico Hydro

This Pico hydro utilizes spring water as a potential energy source,
which will later be converted into electrical energy. This spring
produces relatively constant water throughout the year. This Pio
Hydro is equipped with a dam volume of 0.251 m?. Pico Hydro
uses a 6-inch PVC pipe as a rapid pipe. The appropriate pipe size
for the nozzle is a 3-inch pipe; to connect these two types of pipe,
a 4-inch pipe is used. The length of the rapid pipe is 23.8 m, with
a slope of 7.11 degrees and a waterfall height of 3 m. The water
flow to the turbine can be regulated by turning the lever on the
nozzle. The range of settings can be made is 0 — 2 V4 rotations.
The turbine diameter is 10cm, while the shaft is Scm. The turbine
is 12.5 cm long with 14 blades. NYM 2 x 2.5 cable is used to
transmit electrical energy from the generator to the load with a
length of 75 meters. The planned fixed load is 39 Watts with
details: 12-watt terrace light, 15-watt living room light, 12-watt
side light, and two variable loads in the form of sockets. Electrical
installations on generator loads are shown in Figure 6.

Singic Swikch

i - d Lamg
Lamp [ %

H—— )
Serled Swiich
Ceiler Room 1
Saockel
L | |-phase MCH
y
Termaee Fa g
Sockel
Lamp

Figure 6. Generator load installation
RESULTS AND DISCUSSION

Based on measurements, it was found that the height of the
waterfall was 2.95 m. The length of the rapid pipe is 23.83 m, the
water flow rate in the rapid pipe is 0.04196 m3/s, and the dam
volume is 0.256 M3. Photos of the PHPP construction are shown
in Figure 7.
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Figure 7. PHPP construction

Nozzle Opening, RPM Turbine, Load and Voltage

The larger the nozzle opening, the greater the water flow speed
and mass. The greater the mass (m) and flow acceleration (a), the
greater the water pressure (P) on the turbine. This corresponds to
the following power formula;

P=-= —— (3)

The larger the nozzle opening, the higher the water pressure and
turbine RPM. The load connected to the generator affects the
turbine RPM. The greater the load connected, the lower the
turbine RPM will be. The graph of the relationship between
nozzle opening, load variations, and turbine RPM is shown in
Figure 8.

The voltage generated by the generator tends to increase as the
nozzle opening size increases. This indicates a positive
relationship between the nozzle opening size and the output
voltage, which can be explained by the greater fluid flow, which
converts more kinetic energy into electrical energy. A study on
pico-hydro systems showed that adjustments in flow rate
significantly affect the generator's performance, highlighting that
the generator voltage correlates with the rotational speed of the
water turbine and the excitation voltage applied to the system
[21].

Another study shows that the output voltage of a pico-hydro
generator is influenced by the turbine’s rotational speed and the
excitation current, with higher speeds producing higher voltages
[23]. The generator’s output voltage is also affected by the load
being supplied. The voltage drop is directly proportional to the
load size: the larger the connected load, the more significant the
voltage drop. This analysis is consistent with the basic principles
of power distribution, where an increase in load causes more
current to flow, ultimately leading to a more significant voltage
drop due to the generator's internal resistance. These results align
with previous research, which indicates that large current
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variations or increased loads can lead to significant voltage drops
[22], [23]. However, this study demonstrates that the voltage
increase caused by nozzle opening variations can provide
additional flexibility in load management and power efficiency.
The graph of the relationship between nozzle opening, load
variations, and generator voltage is shown in Figure 9.

LK

Figure 8. Relation nozzle opening, load, and turbine’s RPM.

Figure 9. Relation nozzle opening, load, and generator voltage.

The load variations supplied to the generator include increments
of 0 Watts, 12 Watts, 24 Watts, 39 Watts, and 61 Watts, each
influencing the generator's output voltage (as shown in Table 1).
These variations are crucial to understanding the system’s
performance under different electrical demands. As the load
increases, fluctuations in the output voltage become apparent. A
voltage regulator mitigates these fluctuations and ensures the
system's stability. This device plays a vital role in maintaining a
steady output voltage of 220 V, effectively compensating for
changes in load up to a maximum of 39 Watts, as demonstrated
in Table 2. The voltage regulator’s capacity to stabilize voltage
despite load shifts is essential for protecting sensitive electrical
components and ensuring efficient energy distribution. The effect
of using a voltage regulator on improving generator voltage
output is shown in Figure 10.
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Figure 10. Influence of the voltage regulator on the PHPP output
voltage

Previous research examined how load variations influence the
voltage output of generators and analyzed the role of voltage
regulators in maintaining stability. One study utilized a heuristic
method to analyze the optimization of distributed generation in a
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33-bus radial distribution system, highlighting that load
variations significantly affect voltage levels and power losses.
The findings emphasize the importance of voltage regulators in
keeping the output voltage within safe limits under fluctuating
load conditions, with simulations showing the efficiency of
optimization techniques like PSO and IGSA in minimizing
voltage deviation and maintaining system stability [24],[25].

Table 1. Effect of load on generator current, voltage, power, RPM
and frequency.

N Load Voltage Curren  Power RPM Freq
0 (Watt) V) t (D) W) (Hz)
1 0 220 0 0 1695 80
2 15 216 0,07 15 1681 77,1
3 30 211 0,14 31 1661 74,2
4 45 209 0,2 43 1623 71,2
5 60 201 0,26 53 1581 65,8
6 85 196 0,3 66 1521 62
7 110 176 0,47 77 1470 50

Table 2. Impact of Adding a Voltage Regulator on Generator

Loading
N ity o osor iy M ™
1 0 Watt 220 220 80 1696 0
2 V&llitt 211 220 77 1680 0,14
3 \le:tt 201 220 74 1630 0,17
4 Viztt 188 220 71 1610 0,22
5 VS;“ 180 211 65 1470 0,26
CONCLUSIONS

In this study, we developed and analyzed a PHPP utilizing a 300-
watt Cross-Flow Turbine. The research encompassed
comprehensive methodologies, including site surveys, the design
and modeling of the PHPP, simulations to test the model,
procurement of necessary equipment and materials, construction
of the portable system, and subsequent performance testing. The
results highlight the effectiveness and potential of the designed
PHPP in harnessing renewable energy in remote or off-grid
locations, paving the way for further advancements and
optimizations in small-scale hydropower applications.

The findings of this research indicate that increasing the nozzle
opening results in a significant rise in water flow speed and mass.
As the nozzle size enlarges, water pressure and turbine RPM also
increase, demonstrating a direct relationship between nozzle size
and turbine performance. Moreover, the integration of a voltage
regulator effectively maintained a stable output voltage of 220 V,
even when subjected to varying loads up to 39 Watts. This
highlights the critical role of nozzle size and voltage regulation in
optimizing the efficiency and stability of small-scale hydropower
systems.
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NOMENCLATURE

The symbols used in this article are;
Pp, ; Hidro power
Fyen ; Generator Power
Q ; Water flow rate (L/s)
Hy,et ; Net Head (meter)
g ;gravity (9,81 m/s?)
Il ;efficiency
A ; Cross section area (average, m?)
A\ ; flow speed
F ; the force.
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