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Abstract. This research aims to determine the feasibility of a location to build Wind Power Plant
(WPP). One of the challenges in wind energy development is to find area or location with high
suitability for optimizing wind farm to allow the installation of as many wind turbines as possible
within a limited area. To construct as many wind turbines as possible, the Adaptive Neuro Fuzzy
Inference System (ANFIS) method is adopted using 7 parameters i.e wind potential, elevation,
slope, type of land use, soil condition, access to roads, and populated areas and 2178 rules of
fuzzy logic. The research was conducted in Kelara District, Jeneponto Regency, South Sulawesi,
Indonesia. The most optimal result is obtained in the village of Tolo with a percentage of
feasibility of 91% and error 0.48287. The output of this system can determine the feasibility of
a location of wind turbine installation and can be used as a reference for determining wind farms
in Indonesia and other countries.

1. Introduction

The increase in carbon dioxide (CO2) emissions caused by the consiEption of fossil fuels has attracted
worldwide attention because almost all of the world's gzmnissions come from coal 44%, oil 36% , and
natural gas 20%. One way to overcome the increase in CO2 emissions is the use of renewable energy
sources to reduce dependence on fuels [1].

Renewable energy is energy made from sources that will never run out, or that can be replenished.
The use of renewable energy sources is a form of commitment from countries in the world to reduce
carbon emissions and limit changes in global average temperature. One of the possible renewables is
wind. The wind is everywhere, easily available, easily converted, and does not require high operational
costs [2].

One of the challenges in developing wind energy is to find areas or locations with high compatibility
because building wind power plants requires a long concept and research [3]. Therefore, it is necessary
to make a location mapping to determine the potential of an area based on the elf@ibility criteria for
installing wind turbine sites. The more wind fields installed, the higher the amoufffof wind energy lost
due to the of the turbine-to-turbine interaction. Optirfiizing wind farms are needed to achieve the highest
efficiency of the wind and allow the installation of as many wind turbines as possible within a limited
488 a. Therefore, it is necessary to optimize the installation of wind turbine locations at wind power plants
[4].
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Previously, research on location determination used?combinalion of Boolean logic. fuzzy logic, af#l
Weighted Product methods to determine suitable locations for the development of wind power plants in
Palladam Taluk, Tamil Nadu. The location selection process uses ten criteria, namely wind source,
slope, hospital distance, river distance and water source, air force base and settleuant distance, distance
from the road and transmission, and distance from the forest. The results showed that 2.99% of the study
area was classified as the most suitable for the development of wind power plants, 10.2% were found to
be quite suitable, 0.535% was the least suitable, and 86.267% were permanently unsuitable [5].

Research conducted by Said et al shows that Kelera Sub-District, Jeneponto Regency has a lot of
potential location suitable for building a Wind Power Plant. The research succeeded in getting a
feasibility value according to the criteria needed by an area with the help of Geographic Information
System (GIS), which was then calculated by the weighting or scoring method. However, the result
obtained by weighting or scoring methods are still done manually to determine the feasibility of an area
and the determination of wind turbine installation points [6].

Based on the description from previous studies, the authors propose a method that can optimize the
determination of locations for the construction of wind power plants using Fuzzy Logic and Adaptive
Neuro-Fuzzy Inference System (ANFIS) with the help of GIS. The output of this system can determine
the feasibility of the location of wind turbine installation. Therefore, it can be used as a reference for
determining wind farms in Indonesia and other countries.

2. Literature Review
B)!. Fuzzy Logic
A very important aspect of fuzzy logic is the use of fuzzy if-then rules. Although in the field of artificial
inteagence systems that rely on rules have long existed, but the system has a deficiency in connecting
[ie gap between fuzzy antecedents and fuzzy consequences. Fuzzy logic removes these shortcomings
by adopting calculus practices for fuzzy rules. The ability to strike a balance between important factors
Ehd accuracy has made fuzzy logic an interesting field of research. Humans have practiced this balance
for a long time. Therefore, fuzzy logic is simultaneously new and old.
Fuzzy systems have two main characteristics to ensure increased performance for specific
applications. The two characteristics are as follows:
e Fuzzy systems are suitable for uncertain or estimated analyzes. In particular, fuzzy systems are
suitable for applications that have complex mathematical derivations.
e Fuzzy logic can make decisions that have approximate values below partial or temporary
information.

Instead of giving a right or wrong answer, fuzzy logic tries to integrate the decision-making process
followed by humans. Therefore, fuzzy logic provides an approximate but efficient mefflod for explaining
system performance, which is usually very difficult to accurately illustrate. Thus, fuzzy logic can be
applied to intelligent decision-making systems in unpredictable and dynamic environments [7].

2.2. Adaptive Neuro-Fuzzy Inference System

Adaptive neuro-fuzzy inference system (ANFIS) is a hybrid rule-based learning system that is a
combination of artificial neural networks and fuzzy logic for logical calculations and analysis. The
ANFIS structure, as shown in Figure 1, consists of nodes and directional links that connect nodes.
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Figure 1. ANFIS
architecture

These nodes may be adaptive when the output of the node depends on the parameters of the node ie,
the output of the node depends on the output of the previous layer. The purpose of directional links is to
connect nodes of various layers and provide a path for signal flow without weight requirements for
modifying signals.

ANFIS structure consists of five layers. Each layer has a fixed or adaptive node, connected by a
directional link. Layer 1 has four nodes namely Al, A2, Bl and B2. Each node is a fuzzy set which
output gives ownership level of input to the fuzzy set. Outputs Okl (k = 1 to 4), the output of node k
from layer 1 is given by equations (1) to (4).

= m( )
1, (x) @)
)

(D

= Hp (x (3

041 = Hg> (I) (4

Layer 2 consists of a fixed node that performs the multiplication function for the incoming signal.
Equations (5) and (6) give the output of layer 2.

@y = iy (X)% g () (5)
@, =y, (X)X iy, () ©6)
Node on layer 3 used for normalizing layer 2 output using equations (7) and (8).
@ =0 /(o +o,) (7
@, =of(o+o,) (8

The output of the layer 4 adaptive nodes depends on the consequence parameters of the node. The
output is obtained using equations (9) and (10).

0,=af, €))

0, =a,f, (10)

Where @) and m: are normalized outputs from layer three, while f; and f> are determined by the
Sugeno fuzzy system, using equations (11) and (12).
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fLi=px+qy+r (11
f=px+qy+n (12)

where, p, q, and r are the system parameter sets.

The function of layer 5 is to do the sum of the incoming O14 and 024 signals to give the total output
(O15) calculated by equation (13) [8].

Os=(arf, +o.f.) /(@ +o,) (13)

3. Proposed System

The study area for the development of WPP in Indonesia is focused on Jeneponto, as shown in Figure.
2. Jeneponto, which has eleven districts, is one of the districts in the province of South Sulawesi. It
located in the northern boundary of Gowa and Takalar Regencies, the eastern border with Bantaeng
Regency, the southern border with the Flores Sea, and the western border with Takalar District with an
area of 749.79 km’. Average wind speed is generally above 5 m/s. Thus, the area in Jeneponto has
enough potential to develop WPP and interesting to be observed in more detail.

i i ‘' i i i i L i i i i i i n i i

Siryai

Figure 2. Location map of Jeneponto regency

Feasibility testing is done by the Fuzzy logic method shown in the flowchart in Figure 3.
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The first step is input parameters, where the parameters used in this study are wind speed, elevation,
slope, forest, land, road, and settlement with values, wind potential, elevation, slope, type of land use,
soil conditions, access, and area populated.

Wind speed parameter is classified into 5 categories, namely very low (<2 m/s), low (2-3 m/s),
medium (3-4 m/s), high (4-5 m/s), and very high (> 5 m/s). Elevation parameter (above sealevel (ASL)),
is categorized as high (> 100 m), medium (50-100 m), low (0-0 m). The slope is divided into five
categories, which are very good (0-8°), good (9-15°), neutral (16-25°), bad (25-40°), and very bad (>
40°). Land use is divided into five categories, very good (non-forest (NFA)), good (protection forest
(PF)), neutral (production forest (PRF)), poor (limited production forest (LPR)), and very poor (hunting
park (HP)). Soil type is divided into very good (hap-ustalfs), good (haplustult), neutral (ustropepts), poor
(ustipsamments), and very poor (dystrandepts).

As for the distance to the road (access). the road is classified into very suitable (> 300 m, fine
asphalt), suitable (250-300 m, asphalt), neutral (150-250 m, fine soil), unsuitable (50- 150 m, non-
smooth land), and very unsuitable (0-50 m, rocky land). Meanwhile for populated areas, it is divided
into very suitable (> 300 m, very not crowded), suitable (250-300 m, not crowded). neutral (150-250 m,
medium), unsuitable (50-150 m, busy ), and very unsuitable (0-50 m, very crowded) [6].

After giving criteria, the next step is to set rules with all possible combinations of a total of 2178
combinations shown in Table 1 with the combination rules as follows:

e If the Al wind combined with the others, it will produce a low value unless Al is combined with

C2 C3 C4 C5 C6 C7, then it will be of an average value.

o If the wind Bl combined with the others, it will produce an average value. But if B1 combined

with B2 B3 B4 B5 B6 B7, it will be of high value.

e If the C1 wind combined with the others, it will produce high values unless it combined with C2

C3 C4 C5 C6 C7, then it will be very high.
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Table 1. Rules table

Wind " Land Soil ___ Populated )
d Elevation  Slope Use Type Access Area Result

A4 A6 A7 Low < 30%
B4 B6 B7 Medium 30 - 60 %
c4 c6 c7 High 60 - 90%

Very High 90 - 100 %

Code A represents the low parameter condition, code B represents the medium parameter condition,
and code C represents the high parameter condition. The results have 4 conditions, namely low if below
30% , medium between 30 - 60% ,high between 60 - 90%, very high above 90%. The number | represents
wind speed parameter, number 2 represents elevation parameter, number 3 represents slope parameter,
number 4 represents land use parameter, number 5 represents soil type parameter, number 6 represents
access parameter, and number 7 represents populated area parameter.

Furthermore, these rules are tested using the ANFIS method by taking samples to test errors based
on the rules that have been made and determine the suitability of the rules with parameters to get the
feasibility of a location. The rules of all the parameters that have been set are:

e  Wind area between 0 to 8

o The elevation from sea level is 0 to 200
e Slope type 0 to 50

e Forest or land use 0 to 100

e Soil types 0to 100

» Access roads from 0 to 350

e Populated area from 0 to 350

After that, the minimum to a maximum range of each parameter is divided by 100 to equalize the
conditions so that there are 100 consecutive samples of each parameter for the ANFIS test data, then the
data are trained as shown in Figure 4.

100 Training data : o FIS output : * — ANFISInfo.  —
j “ofavous
#of outputs: 1
g #of input mfs:
E8ED 3333333
5]
0 o~ = = P _smewe || Figure 4. Training chart
Inday ~cereet 1| with ANFIS testing

Figure 4 illustrates the simulation of the data provided by the method, where blue color is the rule of
testing data while red color is a simulation designed by the ANFIS method to mimic the obtained data.
Furthermore, the two data trained with the results of the training test in Figure 5 shows that the rules
made by the ANFIS method approach get an error value of 0.4287 in the second iteration as in Figure
3.
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ANFIS info:
Number
Number of linear parameters:
Number of nonlinear parameter
Total number

of nodes: 4426

187

63

E-H
parameters: 22
Numbezr of training data paizs

of

Number of checking data pairs: 0
Number of fuzzy rules: 2187

Warning: number of data is smaller than number of modifiable parameters

Start training ANFIS ...

1 0.480977
2 0.48287| = C
Figure 5. Training result
Designated spoch number reached --> ANFIS training completed at spoch 2. W][h ANF[S testing

Then, the testing is done by trying each region data with the input of each village, according to the
data taken. Village selection is focused on Kelara sub-district because the area is considered as a
potential WPP development area [6].

The assignment of values for land/forest use conditions and soil types is only sorted according to the
highest to lowest order and is given a range between 0 to 100 as shown in Tables 2 and 3.

Tabel 2. Soil type parameter

Criteria Description Slope Value
Very Poor Dystrandepts (Andisol) 0-20
Poor Ustipsamment (Entisol) 20-40
Neutral Ustropepts (Inceptisol) 40-60
Good Haplustults (Aluvial) 60-80
Very Good Haplustalfs (Alfisolf) 80-100
Tabel 3. Land use parameter
Criteria Land Use Value
Very Poor Hunting Park 0-20
Poor Limited Production Forest 20-40
Neutral Production Forest 40-60
Good Protection Forest 60-80
Very Good Non-Forest 80-100
The data of each area are shown in Table 4
Table 4. Data of each village
- Wind - Land Soil . Populated
Village Speed Elevation Slope Use Type Access Area
Tolo 7.39 170 4 90 90 301 301
Tolo Barat  7.39 145 4 90 90 301 275
Tolo 7.39 150 4 90 90 301 275
Selatan
Tolo 739 255 1250 80 301 275
Timur
Tolo Utara  7.39 365 325 70 80 301 275
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- Wind . Land Soil .. Populated
Village Speed Elevation Slope Use Type Access Arca
Bonto
Lebang 7.39 170 12 50 80 301 275
Samataring  7.39 215 325 50 80 301 301
Bonto 539 240 325 50 80 301 75
Nompo
Gantarang ~ 7.39 180 325 50 80 301 75
Tombolo  7.39 275 325 50 80 301 75

Data are obtained by direct acquisition, such as wind data are obtained by measuring wind conditions
for 2 months using anemometer measurement, soil type data by taking soil samples, road access data by
observing the state of the village area, land use data by observing forests in the area, data settlements by
directly observing the state of the number of houses in each village while data on sea level and slope
obtained from the Geographic Information System (GIS) software shown in Figures 6 and 7.

MAP OF POTENTIAL TYPE OF SOIL IN KELARA DISTRICTS, JENEPCNTO MAF OF POTENTIAL SLOP IN KELARA DISTRICTS, JENEPONTO

Figure 6. Map of potential type of soil in Figure 7. Map of potential slop in Kelara
Kelara

4. Result and Discussion
The testing carried out in each village in the Kelara sub-district of Jeneponto using the mentioned
parameter values produced the results as shown in Table 5.

Table 5. Test result
Village Feasibility (%)
Tolo 91
Tolo Barat T84
Tolo Selatan 784
Tolo Timur 693
Tolo Utara 608
Bonto Lebang 65
Samataring 684
Bonto Nompo 55
Gantarang 55
Tombolo 55
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Table 5 shows that the percentage of the feasibility values obtained is different, the highest value in
the village of Tolo with a percentage value of 91%, then the villages of West and South Tolo get the
second-highest value with a percentage of 78.4%, in the third place in the village of East Tolo with a
percentage of 69.3%, in order fourth in the village of Samataring with a percentage of 68.4%, ranked
fifth in the village of North Tolo with a percentage of 60.8%, and then in the last three positions with a
percentage of 55% are the villages of Bonto Nompo, Gantarang and Tombolo. This allows that the
feasibility of a location determined with the highest value.

o

Tl Villagg (548 H st

Figure 8. Map of Tolo
village

The Tolo village area, as shown in Figure 8, is the best location to place the WPP with the highest
percentage value using the ANFIS method. The area of Tolo village is 568 hectares. Based on the
existing conditions, the potential location for placing wind turbines in Tolo is around 127 hectares for
the optimal location of WPP.

The proposed method can be used to help determine the feasibility of a location of the wind turbine
installation. Utilization of wind energy for WPP in Tolo Village, Jeneponto Regency, could be one of
the solutions for the Indonesian government to increase the use of electricity generation by using
renewable energy sources. Hence, the use of alternative energy to meet electricity needs in South
Sulawesi in addition to the Sidrap WPP, and WPP in Kayuloe village, Jeneponto district in the next few
years can be increased.

5. Conclusion

(Bhis study presents an analysis of location suitability for WPP placement using the Fuzzy Logic method
and the Adaptive Neuro-Fuzzy Inference System (ANFIS) to find the feasibility value using seven
parameters and 2178 rule sets. The obtained results are the Tolo village gets a percentage of the
feasibility of 91% with an error of 0.48287. The proposed system can be used to determine locations in
other areas by looking for values by adjusting the parameters that exist in that region.
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