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Abstract—Research on the availability of water potential for
the development of power plants with various scales and types
of power plants has been done. Since most existing water sources
have small discharges and low heads, this study aimed at
designing a micro-hydropower center as one of the ways the
electrical energy crisis could be avoided, with one of the
renewable energy potentials, namely the potential energy of
water in Micro Hydro Power Plant. Further studies were related
to water resources to Micro Hydro Power Plants (MHPP)
construction, especially Archimedes screw turbines guide
parameters that corresponded to flow velocity, channel cross-
section, and flow volume. It aimed to connect the local energy
potential to the output power of the Archimedes screw turbine.
The methods used for this study were 1. Observation 2. Data
collection, and 3. Data Analysis. The study was carried out using
an observation method that adopted field data collection
techniques assisted by measuring equipment to collect data
coverage that refers to related parameters. The power available
on the channel resulted was 946 kW, and the power generated
in the turbine was 5.9 KW.
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l. INTRODUCTION

The largest natural resource potential that Indonesia has
is water, yet the use of this potential is still limited to the
fulfillment of daily life. The energy content of water flowing
from a certain height at a certain amount can be used as an
alternative to electricity generation [1] — [5]. A water turbine
is one of the techniques used to convert the potential energy
of water into mechanical energy. Mechanical energy can be
further converted to electricity. Renewable electricity
generation using small hydropower is known as the Mini
Hydro Power Plant (MHPP) [6] — [8].

Nature is very rich in potentials to be used as a source of
electrical energy, such as the water sources as a micro-hydro
power center [8] — [10]. Most existing water sources only
have small discharges and low heads; therefore, the authors
seek to design a micro hydropower center as one of the ways
the electricity crisis can be avoided adopting one of the
potential renewable energy potentials that is water potential
in Micro hydro power plant (MHPP) [8].

Currently, energy consumption uses a lot of fossil energy
as a primary energy, including the use of energy in the

country. Its use continues to increase, while the supply is
limited. There is, therefore, a need to take steps to save fossil
energy, one of the steps that can be taken is the development
and utilization of renewable energy sources. Water as a
renewable energy source is a potential target point that can be
optimally utilized. The other derivative of the electrical
power generation system is MHPP [11]-[13].

1. LITERATURE REVIEW

Electrical energy is a primary need. Every country
consequently competes for the construction and development
of power plants, according to the geographical conditions and
the available natural resources. Indonesia has many energy
sources that can be utilized such as water (micro-hydro), solar
[12], [14], [15], geothermal, and wind [12], [16] — [19].
Efforts to develop a power plant are in line with suggestions
to encourage the development of renewable energy, namely
the reduction of coal energy sources [16], [20] — [23].

A. Micro Hydro Power Plant (MHPP)

Micro hydro power plant (MHPP) is an alternative to
small-scale electricity generation with a power output of <
100 kw, utilizing water resources/potentials such as river
flow, irrigation, and waterfall. The development of MHPP is
more likely in residential areas or locations in remote areas.
Some technical reasons related to the development of MHPP
are 1. The diverse scale of the potential of local sources of
energy, 2. SES distribution, 3. Social aspects related to the
community's adaptive attitude to the availability and
utilization of energy, 4. The amount of investment in MHPP.
The direct effect of the amount of power that will be
generated is related to the amount of investment from
planning to system utilization.

TALL. AN HYDREO - T EENATOR.

Fig.1. MHPP.
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B. Work Principle of MHPP

The working principle of MHPP is to take advantage of
the height difference and the amount of water per second in
the river flow. Water flowing through the intake and the
carrier channel to the penstock that will rotate the turbine
shaft to produce mechanical energy. Turbines will turn
generators and generate electricity.

Fig. 2. MHPP System Chart

C. Water Turbine

A water turbine is a device for converting water energy
into rotary energy. This rotary energy is then converted to
electrical energy by a generator. Water turbines were
developed in the 19th century and have been widely used for
power generation based on the operating principle of turbines
for converting the potential energy of water to kinetic energy
[24].

Water energy utilization is essentially the use of
gravitational potential energy. The mechanical energy of
water flow, which is the transformation of gravitational
potential energy, is used to drive turbines or windmills.
Generally, turbines are used to generate electricity while the
wheels are used directly for mechanical energy purposes.
Water turbine technology is the advancement of the water
wheel. The main difference between the water wheel and
water turbine is that the water wheel only changes the flow
velocity, while the water turbine changes the direction and
the flow velocity.

D. The working principle of water turbine

The operating principle of a water turbine is to convert the
potential energy of water into mechanical energy.
Mechanical energy is converted into electrical power by an
electrical generator, based on the turbine's operating principle
for converting potential water energy into an energy
mechanism. The water flow potential energy enters the
turbine runner blades. The rotation of the blades will cause
the turbine shaft to move, and then an electrical generator
converts the rotary energy into electrical energy.

E. Advantages and disadvantages of water turbines

Viewed in terms of capital, the use of a water turbine
requires a small investment. It is one way to overcome the

low-cost electricity crisis, easy maintenance, and an electrical
energy crisis saving. Yet, if the turbine rotation is low, the
power produced is also low.

F. Archimedes Screw Turbine

Archimedes screw is a type of screw turbine that has been
known since ancient times and has been used as irrigation
pumps in Babylonian hanging gardens [25] — [27]. It was
once very well known to Roman engineers. This pump was
designed by Archimedes which aimed to elevate water from
the river. Due to the energy crisis occurred in the world and
the limited potential of high headed water energy, an
engineer, in 2007, found that water flow could control a pump
to convert the potential energy of water flow into mechanical
energy. A generator placed above the pump used mechanical
energy supplied by the water pump, which caused the flow of
electric charge. This flow of electric charge was the output
electric current supplied by the generator.

Fig. 3. Archimedes Turbine Screw

G. Turbine Power and Efficiency

The power produced by the turbine is defined as the work
carried out by the water weighing m (kg) in which, due to the
acceleration of the Earth's gravity, the waterfalls at the higher
place reach the lowest area where the turbine is installed. The
water flowing Q (m3/s) between the turbine blades creates
forces with a certain rotational speed at the turbine blades.

The following equations calculate the power produced by
a turbine with a certain efficiency.

Pth = p.g.Q.h.n 1)
with,

Pth = Turbine Power (Watt (W))

p = density of water [kg / m3]

Q = Debit [m3 /3]

g = Acceleration of gravity [m/s2]

H = “net head”/effective height.

Efficiency is obtained by equation:

n = Pout/Pin.100% 2
with,

n = Efficiency

Pout = Power out
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Pin = Power in
H. Flow Capacity

River flow discharge measurements are usually carried
out using a buoy and stopwatch measurements, made at a
certain point and can be calculated using the following
formula:

Q=A.V (3)
with,

Q = water discharge, m3/s

V = Speed, m/s

A = Cross-sectional area, m2.

I. Power Available

Power available is the power that could be produced by
the turbine at the time of designing the turbine. The following
equation determines the power produced by a turbine with a
certain efficiency.

Pth = rgQ.H.h 4)
with,

Pth = Turbine Power (Watt (W))

p = density of water [kg/m3]

Q = Debit [m3/s]

g = Acceleration of gravity [m/s2]

H =“net head” /effective height

The efficiency of turbines ranges from 75% to 90%,
depending on the type of turbine (a large turbine will have the
highest efficiency).

J. Turbine Power

The power generated by the turbine can be determined by
the following equation (Saleh & Syafitra, 2016).

Pt = f (n2).r.2mn / 60 (5)
with,
Pt = Turbine Power (Watt)
f (n2) = function n,
N = turnine shaft spin
r = pulley diameter (m)
Il RESEARCH METHOD
A. Fishbone Diagram

The data collection techniques depended on the
characteristics of variable data, so the techniques used were
not always the same for every variable as shown in figure 4.
The study was conducted through an observation method that
adopted field data collection techniques assisted by
measuring equipment to collect data coverage referring to
related parameters.

h effective
Flow speed
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Local energy E
potential and |}
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i
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Fig. 4. Fishbone Diagram
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V. RESSULT AND DISCUSSION
A. Data

The study focused on the parameters inherent in the
Archimedes turbine. The parameter segmentation is adopted
from resource measurement data in the field with a review of
its derived calculations.

B. Channel data

Flow data collection in the cross-channel was carried out
in the watershed with a moderately good flow potential. The
measurements were carried out at 10 (ten) sample point
measurements taken to be the basis for calculation at the
channel cross-section measurement point.

57¢cm

Fig. 5. Channel section

TABLE I. SECTION DATA FLOW

B=42 H=57
Cross section VA VB VC VD
1 13,30 10,10 10,60 2,70
2 11,20 12,60 9,60 2,40
3 10,70 10,50 10,40 1,90
4 10,50 11,80 10,10 2,00
5 11,10 10,00 10,60 2,60
6 11,20 10,60 9,90 2,30
7 10,50 11,30 9,80 2,60
8 10,30 11,20 9,90 2,30
9 10,60 9,50 9,70 2,40
10 11,00 11,30 10,00 2,40
Average value 11,04 10,89 10,06 2,36

Table 1 presents measurements of the cross-sectional
width and channel depth are repeated 3 (three) times each, the
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measurement data is shown in Table 1 with the average cross-
sectional width value of 30 cm and the average channel depth
is 20 cm.

TABLE Il TURBINE ROTATION DATA

No Rpm Rpm Rpm Rpm rpm Rpm Rpm rpm Rpm rpm

1 160 200 170 210 200 180 210 210 210 210

2 205 210 190 200 160 210 210 200 190 200

3 210 165 210 180 190 205 175 196 190 200

4 180 170 205 185 210 210 205 195 180 190

5 203 210 210 190 210 190 210 210 210 180

6 210 175 200 190 185 200 180 200 200 200

7 190 205 160 210 195 210 160 210 160 210

8 200 210 190 200 210 200 205 200 203 200

9 210 170 190 175 182 196 168 205 200 203

Aver 196 190 191 193 193 200 191 202 193 199
age 44 56 67 33 56 11 44 89 67 22
valu 196 190 191 193 193 200 191 202 193 199
es 44 55 66 33 55 11 44 88 66 22
4 6 7 3 6 1 4 9 7 2

The investigation of the flow capacity was carried out in
the Saruan waterfall area, expected to have a good capacity.
The measurements were carried out at four points taken as the
basis for the calculation at the four-channel cross-sections.
Table 2 presents the measurement results.

C. Cross-sectional area and flow discharge capacity

The cross-sectional area of the channel is determined by
2 (two) parameters, the width, and height of the cross-section.

A=BxH
A=042x0.57
A = 0,2394 m2
Flow discharge capacity can be formulated by
multiplying 2 (two) parameters, namely; the cross-sectional
area of 0,2394 m2 and flow rate of 3.2228 m/sec.

Q = vxA
Q = 3.2228x0.2394
Q = 0.7618

Calculation of channel cross-sectional area and flow
discharge capacity, can be seen in table 3 below.

TABLE IlI. DATA FLOW
No  Description Symbol Unit Dimension
1 Effective fall height H M 2
2 Channel area A m? 0,2394
3 Flowrate \% m/dt 3,223
4 Water density [ kg/m? 1000
5 Gravity G m/dt 9,81
6 Efficiency n - 0,8
7 Flow Q m/dt 0,7618

D. Power Available

The power available can be determined four parameters,
namely the density of water, gravity, flowrate, and effective
fall height.

Pa=pxgxQxH
Pa = 1000 x9.81 x 0.7618 x 2

Pa = 14946.516 W

Pa = 14.946 kW
E. Turbine Power

The value of turbine power is obtained from:
r= xD Pulley

X (20 in)

=10in

=10x2,54

=25,4cm

=0,254m

Prediction of Archimedes screw turbine power capacity is
determined by adopting some of these parameters.

Pt=200 x 0,254 x2x3,14x7/60
Pt = 40,004 x 8,932672 / 60

Pt = 40,044 x 0,148

Pt =5,926 Watt

Pt = 5,9kW.

V. CONCLUSIONS

Based on the measurement value data and the calculation,
the maximum channel cross-section speed on the surface
flow obtained is 10.79 m/sec, and the minimum channel
bottom speed is 3.2228 m/sec. The power of available flow at
the channel is 5.9 kW, greater than the power produced on
the turbine that is 4.7 kW. The time limitation in conducting
the research results in data limitation. This aspect suggested
that future research should consider to carry out more
rigorous research in Micro Hydro Power Plant.
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