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Abstract. Non-renewable energy power plants are barely able to meet all electricity needs but
they have negative impacts on the environment as does greenhouse gas pollution. For now,
mvestors and academics are competing to make renewable energy power plants, one of them is
hydroelectric power plant. National Energy General Plan Data (RUEN) issued by the
government shows that East, Central and South Kalimantan has water potential in the amount of
16.844 MW. Therefore, this study chose Tabang, East Kalimantan as a case study to build a
hydroelectric power plant. Belayan River according to the East Kalimantan Region III River
Agency has potential water reaches 424,36 m*fs, so it is very strategic for hydroelectric power
plants. The survey results provide 3 possible alternatives for dam construction. The type of water
turbine chosen is Francis vertical shaft with output power 71.701,98 kW and generator with
output power 69.550,922 kW. The output power that can be generated by this hydroelectric
power plant is equal to 280 MW by use 4 generating units.

1. Introduction

Alternative energy or commonly referred to as a solution to all the problems of the energy crisis that
exists in the world provides several options, namely, hydropower, solar energy or solar power plants
and wind power plants [1]. Each alternative energy choice certainly has a different impact, depending
on location, resources produced, impacts on the surrounding environment, and others [2].

Indonesia is an island nation that has the potential of each type of alternative energy. However, based
on the results of previous studies, it would be more efficient in Indonesia to apply alternative energy
based on water flow, namely hydropower, for renewable energy programs [3]. East Kalimantan is a
province that has water ener gy potential because it is supported by a large number of river channels with
a large amount of discharge. One area that is very suitable for building hydropower is Tabang, in Kutai
Kertanegara Regency.

National Energy General Plan (RUEN) data released by the government shows that East, Central and
South Kalimantan have a water potential of 16,844 MW. This potential is, of course, a power plant that
can meet electricity needs in East Kalimantan because the National Capital will be moved to East
Kalimantan. The move of the State Capital will make high electricity demand in East Kalimantan. So
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that it is expected that the construction of a hydroelectric power plant in Tabang can help meet electricity
needs in the future [4].

However, the figure is also questioned whether this potential can be realized or not. In this study, we
will analyze the planning and utilization of water in East Kalimantan as a hydroelectric power station,
thus, it can be seen the potential of the Belayan River as a hydroelectric power station.

2. Methods

2.1. Research sites

Tabang is one of the sub-districts in the interior of Kutai Kartanegara Regency which is located in an
intermediate position 115° 26" BT — 116° 18’ BT and 1° 28’ LU — 0° 18" LU. Basic data on the potential
of the Belayan river to be used as hydropower can be obtained through preliminary studies, surveys and
data analysis[5]. The survey was divided into several aspects including implementation, aspects of
hydrological conditions, rainfall, water availability, and regional geology. Figure 1 is the Location of
the Tabang Hydroelectric Power Plant from Tenggarong City[6]. Table 1 is the discharge generation
data for the Belayan River in 1990-2008 from the East Kalimantan River Region III Agency.

Table 1. Belayan river discharge generation data for 1990-2008

Year Ja Feh Mar Apr Mei Jm TJal Auz Sep Okt Nov Dec

1920 23087 | 15221 | 34294 | 31486 | 13282 | 2141 | 332,62 | 36748 | 301,95 | 153,64 | 47397 | 590,56 | 300,67

1981 45921 | 34511 [ 42595 | §93.62 | 58091 | 385359 | 401,32 | 329,27 | 403,08 | 313,75 | 53,78 | 497,63 480,60

1002 | 50458 | 543,30 | 20106 | 263,23 | 404,75 | 13054 | 26775 | 142,07 | 11744 | 10402 | 333,07 | 312,87 | 30041

1003 | 14347 | 26160 | 45083 | 26057 | 22247 | 11335 | 20199 | 11201 | 18530 | 35026 | 184 | 26587 | 23882

1964 | 24129 | 23058 | 2383 | 22498 | 27997 | 16591 | 121,16 | 9655 | B892 | 143,39 | 6780 | 23515 | 18433

1985 109,13 1023 2508 | 15854 | 14066 | 20292 | 123 | 14762 | 7472 | 10042 | 23797 | 13334 | 14846

1006 | 30212 | 26488 | 105,71 | 17845 | 16121 | 18667 | 200,61 | 8837 | 8173 | 284,82 | 62721 | 54424 | 12525

007 | 51026 | 368 | 46851 | 48300 | 37401 | 32808 | 16438 | 60043 | 326 | 410,75 | 42827 | 47704 | 49865

1955 | 2825 | 20413 | 1475 | 1438 | 29627 | 49635 | 673,27 | 231,06 | Z15,08 | 45808 | 64525 | 8157 | 395,18

1000 830,45 | 82697 | 73526 | 64751 [ 43136 | 53116 | 43320 | 352,75 | 461,73 | 332,36 | 7025 584,85 5009

000 | 51538 | 54205 | 53033 | 508 | 66347 | S4405 | 40405 | 55412 | 350,04 | 413,66 | 70045 | #4535 | 54076

2001 83528 | 150517 | 147755 | 14552 | 128841 | 7706 | 51225 | 87715 | 51699 | 32645 | 39412 | 112117 | S4460

001 | 642,13 | 66800 | 37793 | 68750 | 736,78 | 36391 | 3031 | 24517 | 2000 | 178,53 | 5268 | 31601 | 415,19

2003 4671 390,61 | 41402 | 2866 | 27047 | 13478 | 13695 | 201,36 | 224,05 | 26660 | 26236 | 17006 | 28834

04 | 365,17 | 31088 | 141,71 | 2IL83 | 18782 | 196,15 | 265,05 | 108,71 | 137,53 | 7609 | 26755 | #6338 | 23857

2005 | 3182 | 32003 | 28143 | 42600 | 412437 | 41506 | 274,18 | 280,00 | 25409 | 526,86 | 4046 | 635,44 | 38065

2006 | 45841 | 700,15 | 37541 | 47246 | 630,64 | 293,03 | 226,28 | 183,27 | 174,01 | 120,30 | 0983 | 43582 | L%
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W07 | ¥a5 | 20845 | 51282 | 7439 | 63708 | 0606 | 3076 | 13518 | 475,69 | 31673 | 505,69 | 41333 | 42836
W08 | 3031 | 4551 | 490 | TEEED | 9836 | 40014 | SILI1 | 43574 | 4654 | 4140 | 75088 | 663,65 | 53621
N | AL | BT | W0755 | 1551 | EAL| 776 | 657 | 870 | 526 | 3566 | 1945 | 11Z00

Averags | 43436 | 43887 | 43405 | 46677 | 40066 | 3707 | 320,18 | 29546 | 27497 | 296,60 | 45009 | 43628

QE0%) | 26602 | 255,73 | 2458 | 21672 | 20830 | 21965 | 19432 | 150,04 | 12947 | 145,54 | 5260 | 209,77

Q0% | 21338 | 103,75 | 1463% | 17447 | 1571 | 20057 | 150,16 | 10635 | €48 | 1164 | 167,17 | 250,72 | 1588
Min | 10015 | 10238 | 105,71 | 14358 | 13282 | 18667 | 121,16 | 8837 | 74,72 | 7800 | 618 | 13334 5]
Persent (%) 0 10 20 30 40 50 60 70 20 ] 100

Discharge

@' 1503,17 | 670,24 | 544,16 | 490,13 | 42436 | 34E44 | 280,45 | 241,38 | 20035 | 14196 | €78
m s,

2.2. Research variable

The research variables were obtained from the analysis of the planning of hydroelectric power plants
using the Belayan River to determine the potential of the Belayan River. The calculation of generator
planning analysis consists of net fall height, installed unit and generating output power.

This research uses primary data and secondary data. Primary data is data that is directly obtained
from the results of measurements and observations at the research location, while secondary data comes
from literature studies in the form of data that support analysis related to research[7]. Data analysis
techniques using the concept of generator planning which is an optimal plant design plan with various
limitations associated with technicians. The limitations of the problem stem from detailed field
observations by determining the best engineering design and in accordance with the conditions at the
Tabang Hydroelectric Power Plant site[8].

3. Result and discussion
Results and discussion in the form of dam location survey, dam design, water turbine type selection,
generator and transformer selection.

3.1. Dam location survey

The choice of alternative dam locations considers the width of the river, the shape of the river basin
upstream of the dam, and the shape of the ridge next to the dam. Based on field studies, altemative dams
L, IL, and III were found at the foot of the dam. Geological conditions in the Tabang area have the
appropriate characteristics to apply the type of dam containing rocks with upright nuclei (Zonal type)[9].
Figure 2 shows the alternative dams surveyed.
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Figure 2. Alternative locations for talj..ang hydroe\lectric dam
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The formulation of the project scale plan is carried out with an optimization study to obtain the
optimal scale of the development of the Tabang Hydroelectric Power Plant at the dam site as an
alternative, namely alternatives I, II, and III[10]. Optimization is carried out with various dam heights
and reservoir volumes to regulate reservoir disposal which is used to produce electricity efficiently and
economically. Some factors considered in determining the formulation of the plan include effective
storage volume, company discharge, dam height, installed capacity, and energy production. Alternative
locations of alternative dams I, II, and III can be seen more clearly in Figure 3, Figure 4, and Figure 5.

L i L 150 . meeg| . 21999

Figure 4. Alternative Dam Site 11
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Figure 5. Alternative Dam Site I1I -

From the calculation of height, area, and volume, alternative II was chosen as the location of
manufacture for hydroelectric power plants in Tabang where one of the factors influencing the selection
of alternative II was the ease of layout of the dam, its complementary buildings, and the volume of water
in the dam watershed not far different from alternative III[11].

3.2. Dam design

The design of alternative dam II is close to the incorporation of water flow from the Len River[12].
Figure 6 is the design of the dam and other power plant components that are in accordance with the
geographical conditions of Tabang.

, I R
I Altornatif Lokasi Bendungan 11

Figure 6. Désign of alternative dam hydro power plants II

The optimal dam design is carried out with various dam heights and reservoir volumes to regulate
the discharge from the reservoir which is used to generate electricity efficiently and economically. Some
factors that are considered in determining the formulation of the plan are the effective storage volume,
firm discharge, dam height, installed capacity, and energy production. Table 2 is the optimal and
efficient dam design.

Table 2. Dam optimization results data

Variable Variabel Value
Dam Height 105 m
Dam Peak Elevation EL 155 m
Full Supply Level EL 149 m
Minimum Operate Level ElL 102,6 m
Tail Water Level El 52,95 m
Effective Reservoir Volume 2508,48 m’
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Rated Water Level El 142,12 m

Maximum Plant Discharge 424,36 m'/s
Net Fall Height 76,55 m

Sediment elevation EL. 83,14 m

3.3. Selection of water turbine type

By using the data capacity on the dam and technical calculations, it is obtained that the net fall height is
76.55 m with water discharge per unit is 106.09 m’/ s because it uses 4 units for plant reliability[13].
The maximum efficiency of a Francis turbine is 0.9, so the output power of the Francis type turbine with
vertical shaft is 71.701,98 kW; thus, 4 turbines are needed to get a 286 MW power plant. Figure 7 is a

graph of the choice of turbine type used to select the right turbine based on net fall height and water
discharge.

)
Figure 7. Turbine type selection chart

3.4. Selection of generators and transformers

By using high data the net fall is 76.55 m and the water discharge per unit is 106.09 m® / s. The efficiency
of the generator produced from water turbines is 97%][ 14], then the output power of the generator is
69.550,922 kW and be rounded to 70 kW; thus 4 generators produce 280.000 kW of power. The
transformer used uses a larger capacity than the generator capacity. Generator with a power factor of

0.85 produces a capacity of 85.000 kV A so the transformer used is 100.000 kVA[15]. In figure 8, it isa
100 MVA transformer

Figure 8. Transformer 100 MVA
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4. Conclusion
From the research that has been done, it can be concluded that the construction of a hydropower plant
in Tabang, Kutai Kertanegara Regency produces energy up to 280 MW by using 4 generator units.
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