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Mini Hydro Power Plant connected to 20 kV network as
a replacement of Diesel Power Plant

Abstract. Renewable energy power plants such as Mini Hydro Power Plants are currently being developed in Indonesia to fulfill electrical energy.
Generally, the location of the Mini Hydro Power Plant (MHPP) far from the load center, and it requires a long electricity network so it is necessary to
know the optimal position when connecting to a 20 kV distribution system. The technical and economic approach is carried out on the
interconnection of the MHPP to the 20 KV distribution system. One thing that needs to be added to the selection of connection point locations is the
environmental criteria that are intended to reduce GHG emissions by reducing the use of oil-fired plants such as Diesel Power Plants. Because
sometimes the decision to choose the location of the generator connection point is technically and economically more optimal than other locations,
but from an environmental perspective it is less than optimal compared to other locations. As explained in the decision making of the Rongkong
MHPP which is directly connected to Masamba which can reduce the power capacity of the Cakaruddu Diesel Power Plant (Diesel-PP) maximally,
even though the connection investment costs are more expensive than the closest location to the Diesel-PP.

Streszczenie. W Indonezji trwajg prace nad budowg elektrowni wykorzystujgcych energie odnawialng, takich jak mini elektrownie wodne, ktére majg
dostarczac¢ energie elektryczng. Generalnie lokalizacja Mini-Elektrowni Wodnej (MHPP) z dala od centrum obcigzenia wymaga dtugiej sieci
elektroenergetycznej, dlatego konieczna jest znajomo$c¢ optymalnego potozenia przy podtgczaniu do systemu dystrybucyjnego 20 kV. Do wyboru
lokalizacji przytacza nalezy dodac kryteria $rodowiskowe, ktére majg na celu redukcje emisji gazéw cieplarnianych poprzez ograniczenie
wykorzystania elektrowni opalanych olejem, takich jak elektrownie Diesla. Czasami decyzja o wyborze lokalizacji punktu przytgczenia generatora
Jest technicznie i ekonomicznie bardziej optymalna niz inne lokalizacje, ale z punktu widzenia ochrony $rodowiska jest mniej niz optymalna w
poréwnaniu z innymi lokalizacjami. Jak wyjasniono w procesie decyzyjnym Rongkong MHPP, ktéry jest bezpos$rednio potgczony z Masamba, co
moze maksymalnie zmniejszy¢ moc elektrowni Diesla Cakaruddu (Diesel-PP), mimo ze koszty inwestycji w przytaczenie sq wyzsze niz lokalizacja

najblizsza Diesel-PP. (Mini elektrownia wodna dofgczona do sieci 20 kV jako alternatywa dla generatora Diesla)
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1. Introduction

Energy plays an important role in humans, especially in
modern life like today, humans cannot live without energy
[1]. Human activity is highly dependent on the availability of
energy for various purposes, namely transportation,
electricity, household needs, and the needs of Mini and
macro industries. Energy is very broad when viewed from
its source, the most common of which is fossil energy in the
form of oil, natural gas, and coal but recently there are new
and renewable energies.

In 2015, Indonesia's need for 166 MTOE fulfilled its
needs by using petroleum (oil) as the main source. Fig. 1
concerning Indonesia's National Energy Mix in 2015 shows
that new and renewable energy (NRE) has been used as
much as 5% of the total national energy mix [2]. The
installed capacity of the Renewable Energy power plant in
2015 was recorded at 8215 MW of the total potential of
443208 MW, in other words, only 1.9% of the total potential
of Renewable Energy in Indonesia has been successfully
utilized.
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Fig. 1. Indonesial energy mix in 2015

With reference of National Energy Policy (NEP) as
stipulated in the Government Regulation of the Republic of
Indonesia No.79 of 2014, the realization of the use of
Renewable Energy in the national energy mix is targeted to
reach 23% in 2025 and 31.2% in 2050.
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Hydropower is a very large potential source of
renewable energy, but the utilization is still far below its
potential. The potential for hydropower in the South
Sulawesi area (one of the provinces in Indonesia located on
the island of Sulawesi) is estimated at around 3709 MW [3].

Renewable energy power plants in the form of Mini
Hydro Power Plant (MHPP) are generally located in
suburban areas far from the load center [4]. To make use of
it, the Mini hydro power plant is interconnected in the
electricity system, especially in the 20 kV electric power
distribution system. Long distances will result in reduced
power that reaches the load due to power losses.

When connecting the MHPP to the 20 kV power
distribution system, it will have a positive and negative
impact on technical and economic parameters [5]. There
are several kinds of sources of electrical energy supply in
the distribution network, namely: (a) a network whose
source is directly supplied from Substation, (b) there is a
system supplied by a substation and a conventional energy
power plant in the form of a Diesel Power Plant (Diesel-PP),
(c) there are those from substations and renewable energy
power plants such as Mini Hydro Power Plants, (d) and
those supplied from substations and a mixture of
Renewable Energy (MHPP) and conventional power plants
(Diesel-PP).

One of the objectives of developing a renewable energy
power plant in the form of a MHPP is to reduce energy
consumption from petroleum, where this petroleum energy
will produce carbon dioxide (CO) which has an impact on
the increase in emissions of the Greenhouse Gasses
(GHG) [6]. Therefore, in this paper, it is explained how the
interconnection process of a MHPP in a 20 kV distribution
system which is supplied from the Grid, MHPP and Diesel-
PP. This interconnection study is approached technically,
economically, and environmentally. An environmental
approach is carried out by reducing as much as possible
the power capacity of the Diesel Power Plant when the
MHPP is connected to the system.
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2. Methodology
Object analysis

The object of analysis in this paper is the Rongkong
MHPP in the North Luwu area. North Luwu Regency has a
population of 290365 people consisting of 146312 men and
144053 women. With an annual population growth rate of
0.98%. The population growth continues to increase every
year should be the government's attention in development
planning in the area. The total population is divided into
68904 households, where the average number of
household members is 4 people.

In the area of North Luwu Regency, there are 8 (eight)
large rivers that cross the area, and the longest river is the
Rongkong River with a length of about 108 km. Based on
the hydrological flow system in North Luwu Regency, it
shows that the movement of water (surface water and
groundwater) both moves towards the sea. The condition of
clear surface water is an opportunity for the development of
a Hydro Power Plant.

In the area of North Luwu Regency, there are 8 (eight)
large rivers that cross the area, and the longest river is the
Rongkong River (Fig. 2) with a length of about 108 km.
Based on the hydrological flow system in North Luwu
Regency, it shows that the movement of water (surface
water and groundwater) both moves towards the sea. The
condition of clear / clear surface water is an opportunity for
the development of a Hydro Power Plant.

Fig. 2. The flow of the Rongkong river’s

The supply of electrical energy to North Luwu Regency
is an important infrastructure that should have adequate
reliability, quality, security and economic characteristics in
line with the function and role of the electricity sector in the
Regency. Capacity development and expansion of the 20
kV medium voltage distribution network that will consistently
meet the electricity needs of industry and other customers
in North Luwu Regency, require correct handling in terms of
selecting supply so that load centers in the area are served,
so that a service system is obtained that is optimal. The
electricity load in North Luwu Regency is 12786 kW, mostly
in the Sabbang and Masamba areas.

Before the evaluation is carried out, it is necessary to
provide data that will be used in the analysis process.
Primary data is obtained from field measurements of the
length of the network, the type and dimensions of the
cable/conductor, as well as the distance between
nodes/points (between distribution substations and between
branches) in the distribution network of the Palopo
Substation (SS), Cakaruddu Connecting Substation (SSC)
to the location of the Rongkong MHPP powerhouse plan as
shown in Fig. 3.
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Fig. 3. Location of Rongkong MHPP and Tandipau Feeder

Connection Scenarios

Near the location of the Rongkong MHPP, there is a 20
kV medium voltage network, namely the Tandipau feeder
(outgoing Palopo SS), if you draw a distance of 40 km from
the planned location of the Rongkong MHPP 7600 kW as
shown in Fig. 3 and Fig. 4. Cakaruddu SSC with a 70 km
long Rongkong MHPP. The distance of the Palopo SS to
the Rongkong MHPP is 99 km.
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Fig. 4. Single line diagram of the Palopo System

The plan for the distribution of electrical energy from the
Rongkong MHPP to the load center which are Sabbang
Distribution ~ Substation and Masamba Distribution
Substation which will use the 20 kV Medium Voltage
Network connected to the Tandipau feeder. Besides being
able to pass through the Tandipau feeder, the electrical
energy from Rongkong MHPP can also be directly
connected to Cakaruddu SSC using an express feeder. And
also go directly to the Palopo SS. So that this distribution
plan will be analyzed in 4 models/scenarios (Fig. 5), which
are:
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Fig. 5. Four (4) scenarios for connecting the Rongkong MHPP

1. Scenario 1: Rongkong MHPP is connected to the South
Sulawesi system via an express feeder using an A3CS
240 mm? conductor with a line length of 99 km by
connecting to the Palopo SS in Palopo City.

2. Scenario 2: Rongkong MHPP is connected to the
Palopo distribution system via a 40 km sub feeder using
an A3CS conductor with type 240 mm? by connecting to
a 20 kV Medium Voltage Network power pole in
Sabbang to the Tandipau feeder at the LHAJ distribution
substation pole.

3. Scenario 3: Rongkong MHPP is connected to a
Tandipau Feeder with a 20 kV voltage at one of the
distribution substations in Masamba City. Electrical
energy will be channeled using an A3CS 240 mm?
conductor along 57 km.

4. Scenario 4: In this scenario, the Rongkong MHPP is
connected to the Cakaruddu SSC via a sub feeder using
an A3CS 240 mm? conductor along 70 km.

Calculation

To determine the value of the operational parameters of
the 20 kV distribution system, a power flow analysis is
performed. This power flow study will determine the voltage,
voltage phase angle, current, active power, and reactive
power found at various points in an electrical network under
normal operating conditions, both currently running and
those expected to occur in the future. The Newton-Raphson
method is used in this study report.

This method has good results for large systems. The
small number of iterations required to solve a problem
based on the size of the system. The Newton-Raphson
method [7][8] is formulated in the following equation:

AP] [,1 ]2] [AtS
1) AQIUs 1AV
Notes :

AP and AQ is the real power and the reactive power.
Ad and AV is the phase angle and the bus voltage value.
For J4, J2, J3, and J4 is a Jacobian matrix.

The operational limitation of the power system consists
of the limitation of the power generated by the power plant,
the power produced by the generator must be the same as
the load power itself plus the data transmitted to other
buses with losses in the line. Where is the active power
equation on the bus i is PGij - PDy - PLij = 0. The defined
stress inequality Vimin £ Vi £ Vimax. And the inequality of
generating capacity iS PGimin < PGi < PGimax.

The things that will be considered in the analysis for
these four scenarios are as follows:

v Effect of Rongkong MHPP on network losses.
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v Change in voltage at the distribution substation by
looking at the voltage drop.

v/ Additional network investment costs.

v" Reduction of the power capacity of the Diesel-PP to
maximize the function of the MHPP as renewable
energy in the electricity system.

3. Result and Discussion
Results of Power Supply and Losses for Diesel-PP 5000
kW

Table 1 and Table 2 below are the results of simulation
calculations when the Rongkong MHPP 7600 kW is
connected to the Tandipau feeder, where the Simbuang
MHPP 3000 kW, the Siteba MHPP 6000 kW, and the
Cakaruddu Diesel-PP 5000 kW (maximum operates).

Table 1 shows the calculation results of the generation
of each source in the existing conditions, scenario 1,
scenario 2, scenario 3, and scenario 4. Table 1 is showing
the impact of connecting the Rongkong MHPP to the 20 kV
distribution system.

Table 1. Palopo System Profile when supplying 5000 kW from
Cakaruddu Diesel-PP

Item Witt:::m Connection Scenario of
Rongkong Rongkong MHPP
MHPP 1 2 3 4
Supply of
Palopo SS 975 -4747 | -5308 | -5349 | -5148
(kW)
Power
losses of 2189 4066 | 2013 | 2201 | 2665
network
(kW)
Total cost
(Rop Billion) 0 94.38 | 38.92 | 54.90 | 67.12

The power supply from the Palopo SS is urgently
needed before the Rongkong MHPP is connected to the
Palopo system so that the table shows a positive value or
direction towards the Tandipau Feeder. Likewise, if the
Rongkong MHPP is connected to the electrical system, the
direction of the power flow is negative because there is
excess power in the Tandipau feeder.

Table 1 also shows the conditions for losses before and
after the Rongkong MHPP is connected to the electrical
system. And the 3™ row of table 1 also shows the
investment costs for the 20 kV Rongkong MHPP network.

For the next, the results of the calculation of the stress
value for each scenario are shown in Table 2.

Table 2. Voltages in all scenarios

Voltage (kV) Voltage (kV) of Connection
of Without Scenario of
Busbar the Rongkong MHPP
Rongkong
MHPP 1 2 3 4
Cakaruddu
SSC 19.02 19.02 20 20 20
Sabbang
Distribution 17.12 17.12 | 19.40 | 18.60 | 18.26
Substation
Masamba
Distribution 17.90 17.90 | 19.34 | 19.46 | 18.93
Substation

The results of power supply and losses for reduced
Diesel-PP

Based on the voltage limitation in the power system, the
power capacity of the Cakaruddu Diesel-PP can be reduced
due to the operating effectiveness of the Rongkong MHPP
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which is renewable energy, where the purpose of being
operated by the Rongkong MHPP is to reduce the operation
of the Cakaruddu Diesel-PP.

By maintaining the voltage at Cakaruddu SSC of 19.02
kV according to the existing voltage, it can be seen in Table
3 that the power of the Cakaruddu Diesel-PP can be
reduced to 3400 kW in scenario 2, 2685 kW in scenario 3,
and 3040 kW in scenario 4.

Table 3. Palopo System Profile when Cakaruddu Diesel-PP supply

is reduced
W'tt::m Connection Scenario of
Item Rongkong Rongkong MHPP
MHPP 1 2 3 4
Power Supply
of Cakaruddu 5000 5000 | 3400 | 2695 | 3040
Diesel-PP
(kW)
Losses of
network (kW) 2189 4066 | 2266 | 2040 | 2431
Masamba
Distribution 1790 | 17.90 | 18.41 | 18.63 | 18.16
Substation
Voltage (kV)

Discussion

The electric power system in the Tandipau Feeder is
based at the Palopo SS, there is the Simbuang MHPP with
a capacity of 3000 kW, the Siteba MHPP with a capacity of
6000 kW, the Cakaruddu Diesel-PP 5000 kW which serves
a load of 12786 kW.

The results of the simulation on the Palopo / Masamba
system and the South Sulawesi system, it was found that
when the existing conditions, the voltage of Cakaruddu SSC
in the existing conditions was 19.02 kV and at the bus the
closest point to the LHAJ distribution substation (Sabbang)
which is the connection point for Rongkong MHPP on the
Tandipau feeder equal to 17.12 kV.

Scenario 1 shows that there is no voltage change in the
Palopo / Masamba system due to the interconnection of the
Rongkong MHPP at the Palopo SS power transformer.
Meanwhile, power losses increased due to power losses
along the express feeder of the 99 km-long Rongkong
MHPP. Based on International Energy Agency (IEA)
statistical data, the average energy loss during distribution
and transmission in a centralized electricity generation
system is the range between 8 and 15% [9]. This is
evidenced by the change in losses from 2189 kW to 4066
kW. The Rongkong MHPP can only sell its electric power of
5723 kW. The investment cost that must be provided due to
the addition of the 20 kV network along the 99 km is 94.38
billion rupiah.

Scenario 2 is a scenario for the connection of the
Rongkong MHPP with a capacity of 7600 kW to the Palopo /
Masamba system via the Tandipau feeder. The impact of
connecting the Rongkong MHPP to the Tandipau feeder is
that the voltage at Cakaruddu SSC changes to 20 kV, this is
due to the reduced voltage drop on the Tandipau feeder
due to the reduced electric current flowing from the
Simbuang MHPP and Siteba MHPP towards Sabbang and
Masamba. This is also supported by changes in power
losses in the system from 2189 kW to 2013 kW. This power
loss includes power losses in an additional 40 km line. The
investment cost in scenario 2 is IDR 38.92 billion.

Table 1 and Table 2 show the conditions when the
Rongkong MHPP is connected to the Masamba system to
be precise at the LMCT distribution substation (Masamba
City) as far as 57 km through a medium voltage network of
20 kV with a 240 mm? cross-section. When Rongkong
MHPP is connected, the voltage at the LMCT distribution

substation changes from 17.90 kV to 19.46 kV. This is also
supported by changes in power losses in the Masamba
system from 2189 kW to 2201 kW. And it can be concluded
that if scenario 3 is realized, then Rongkong MHPP with a
capacity of 7600 kW will improve the voltage of the
Masamba system but increase the losses. The investment
cost required to build a network of 57 km is 54.90 billion
Rupiahs.

Scenario 4 shows an improvement in voltage due to the
integration of the Rongkong MHPP in the Palopo /
Masamba system through the Cakaruddu SSC, where the
working voltage of the Cakaruddu SSC is 20 kV, which was
previously 19.02 kV. For the number of power losses, there
is an increase in power losses when the Rongkong MHPP
is connected to the Cakaruddu SSC, from 2189 kW to 2665
kW. The investment cost in this scenario is IDR 67.12
billion.

Of the 4 (four) scenarios, technically and economically
(voltage drop, power losses, and investment) the scenario
chosen for the connection of the Rongkong MHPP is
scenario 2. Of the 4 scenarios, interconnection has been
described by maximizing the use of Cakaruddu Diesel Power
Plant by 5000 kW.

This section explains the selection of the connection
location based on the use of the smallest capacity of the
Diesel Power Plant by limiting the busbar working voltage of
the Cakaruddu SSC by 19.02 kV (based on the existing
voltage conditions of the Cakaruddu SSC). The results of
the voltage limitation are shown in Table 3. Scenario 3 gets
the smallest Cakaruddu Diesel-PP, which is 2695 kW which
means a decrease of 2305 kW.

Scenario 1 cannot reduce the power at the Cakaruddu
Diesel Power Plant because it is the same as the existing
condition. Furthermore, in scenario 2 the capacity of the
Cakaruddu Diesel-PP becomes 3400 kW, and the voltage
on the Masamba Distribution Substation becomes 18.41 kV.
Likewise, the loss value is 2266 kW.

The selection of scenarios for the connection of the
Rongkong MHPP is focused on scenario 2 and scenario 3,
the interconnection of the Rongkong MHPP is carried out so
it can be seen in terms of investment and reduction of
thermal generators. Then back to the renewable energy
development plan, the choice of integration falls into
scenario 3.

4. Conclusion
With an explanation of the results and discussion, the
conclusions are:

1. Rongkong MHPP is a power plant using renewable
energy in the form water emergy converted into
electrical energy which is currently the goal of
Indonesia's national energy development.

2. In addition to assessing the limits of losses, voltages,
and investment costs of the electric power system in
the process of selecting a location for connecting a Mini
Hydro Power Plant (MHPP) or renewable energy
generator, a reduction in the power capacity of a Diesel
Power Plant or conventional (thermal) energy
generator must also be used for this assessment.

3. Technically and economically, scenario 2 is preferable
to be used as a scenario for connecting the Rongkong
MHPP, but in reducing the power of Diesel Power Plant
(Diesel-PP) which is conventional energy using diesel
fuel, scenario 3 is superior than scenario 2.
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