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Jakarta, as a rapidly growing urban area, faces challenges in balancing
energy demand with supply while addressing environmental concerns
associated with traditional energy sources. Electrical energy production
prediction in urban environments like Jakarta is crucial for effective energy
management, ensuring stable supply, and promoting sustainable
development. The prediction of electrical energy production in Jakarta is
critical for ensuring stable and sustainable energy supply. This research
proposed the application of the adaptive neuro-fuzzy inference system
(ANFIS) as a predictive tool specifically tailored for Jakarta's energy
production prediction context. The research methodology used in this study
is the ANFIS. Five levels make up the architecture of the ANFIS model:
output, normalization, defuzzification, rule evaluation, and fuzzification. The
fuzzification layer converts input variables into linguistic terms using
membership functions, while the rule evaluation layer calculates the
activation strength of each rule based on the input values. The predicted
results of Jakarta electrical energy production from 2023 to 2028 are
65,288 GWh and there is an annual increase of 5.25%. The error contained
in ANFIS is with a root mean square error (RMSE) value of 0.0001058%
and a mean absolute percentage error (MAPE) value of 0.00875%.
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1. INTRODUCTION

An electrical energy production is a cornerstone of modern civilization, providing the essential
power needed for homes, businesses, industries, and technological advancements [1]. The process involves
converting various primary energy sources into electricity, which is then distributed through the power grid
to end-users. Understanding the diverse methods of generating electrical energy, their benefits, and their
environmental impacts is crucial for developing sustainable energy strategies and addressing the challenges
posed by climate change [2], [3]. As the global electricity demand continues to rise, the landscape of
electrical energy production is undergoing a transformative shift. This change is driven by the need for
sustainable and environmentally friendly energy sources to combat climate change and reduce our
dependence on fossil fuels [4]. The future of electrical energy production will be characterized by
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advancements in technology, increased use of renewable resources, and the integration of innovative
solutions to create a resilient and sustainable energy system [5].

The future of electrical energy production is poised for significant transformation, driven by
technological innovation, environmental imperatives, and evolving energy demands. As the world grapples
with the challenges of climate change and finite fossil fuel resources, the energy sector is shifting towards
more sustainable and efficient means of generating electricity [6]. Predicting electrical energy production is
crucial for various industries and policymakers to ensure efficient resource allocation and meet energy
demands [7]. With the advent of renewable energy sources [8] like solar, wind, and hydroelectric power,
accurate prediction becomes even more critical due to their intermittent nature [9]. In this research
background, we'll discuss the importance of predicting electrical energy production, the challenges involved,
and the methods commonly employed for accurate prediction [10].

The electricity demand continues to rise globally especially in Jakarta. Jakarta, the capital city of
Indonesia, is a rapidly growing urban area with a burgeoning population and escalating energy demands.
Meeting these demands while managing environmental sustainability and grid stability is a significant
challenge. The city's energy production is a complex mix of traditional and renewable energy sources,
influenced by various factors including population growth, economic activities, and climatic conditions.
However, the generation of electricity relies on various factors, including weather conditions, fuel
availability, and infrastructure capabilities. With the integration of renewable energy sources into the grid,
predicting energy production becomes inherently more complex due to their dependence on weather patterns,
which are often unpredictable. Therefore, it is very important to predict the production of electricity to
develop a plan to develop the electricity system in Jakarta. To support the planning, we need an appropriate
method for the calculation. The objective of this proposed research is to develop a predictive model using the
adaptive neuro-fuzzy inference system (ANFIS) for the prediction of electrical energy production in Jakarta.
This model will help in optimizing energy production where previous research used the regression method in
the Simple E application, where the prediction results have a greater error rate than the actual results. So, this
research uses the ANFIS method so that the ANFIS prediction results have a small error from the actual results.

2. METHOD

Electrical energy is essential for policymakers, engineers, researchers, and consumers to make
informed decisions regarding energy production, consumption, and sustainability. This underlies efforts to
transition towards a cleaner and more efficient energy system, ensuring a reliable electricity supply while
minimizing environmental impacts and increasing economic benefits. Continued advances in technology and
policy frameworks are critical to achieving a sustainable energy future globally. Electrical energy production
is a multifaceted process encompassing generation from diverse sources, efficient transmission and
distribution, and consumption across various sectors. The evolution towards sustainable energy systems
involves integrating renewable energy sources, enhancing grid reliability through smart technologies, and
addressing environmental and operational challenges [11]. As global energy demand grows, innovation,
policy support, and international cooperation will be pivotal in shaping a resilient and sustainable future for
electrical energy production worldwide [12]. To predict electrical energy production in Jakarta, we can use a
data-driven approach involving statistical modeling, artificial intelligence and machine learning techniques.
In this research, the data-based approach method used is ANFIS. The ANFIS model can be used to predict
future electrical energy production based on new input data. ANFIS models require sufficient data for
accurate predictions. Ensure the dataset is representative and covers a wide range of scenarios as like as fuel
consumption, economics, population, and industry.

This section will explain about the steps of the process of the course of research. The steps of this
research process begin with a study of the previous research literature using the ANFIS and some parameters
used as input data for this research. The steps of the research process can be seen in Figure 1. Figure 1
explains the steps of the research process using the ANFIS technique. Where ANFIS is a hybrid computing
methodology that integrates the principles of fuzzy logic and neural networks [13]. MATLAB provides a
comprehensive environment for implementing ANFIS models due to its built-in functions and toolboxes
specifically designed for fuzzy logic and neural networks [14]. Methodology for implementing ANFIS using
MATLAB [15].

Start by collecting or obtaining historical data relevant to the problem want to model. Ensure that
the data is properly formatted and preprocessed, including handling missing values, scaling, and
normalization if necessary. Design the architecture of the ANFIS model [16]. Determine the number of input
variables, membership functions, rules, and output variables based on the characteristics of problem [17].
MATLAB provides functions for creating fuzzy inference systems and defining membership functions [18].
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Figure 1. The step of the research process

Divide the dataset into sets for testing, validation, and training. The ANFIS model is trained using
the training set, parameters are adjusted and over fitting is prevented using the validation set, and the trained
model's performance is assessed using the testing set [19]. Train the ANFIS model using the training data.
MATLAB provides functions such as 'anfis' or 'genfis' for training ANFIS models [20]. Specify parameters
such as the number of epochs, learning rate, and optimization algorithms during training.

Validate the trained ANFIS model using the validation dataset to ensure that it generalizes well to
unseen data. Adjust model parameters if necessary, based on validation performance [21]. Test the final
ANFIS model using the testing dataset to evaluate its performance and assess its accuracy in predicting
outputs. Use relevant measures, such as mean squared error (MSE), root mean square error (RMSE), or
coefficient of determination, to assess the ANFIS model's performance. To understand how the ANFIS
model predicts, visualize the input-output linkages, membership functions, and rule activation. Plotting
functions for fuzzy inference systems and neural networks are available in MATLAB.

2.1. ANFIS

The ANFIS is a hybrid intelligent system that combines the capabilities of fuzzy logic and neural
networks to perform tasks such as classification, regression, and control [22]. The learning process is then
carried out against the data in order to generate the output as a prediction result [23]. The training algorithm
for ANFIS is a hybrid learning technique that uses gradient descent and error backpropagation (EBP) on
reverse streams to compute errors occurring on each layer, and least-squares estimator (LSE) approach to
determine consequent values on advanced streams [24].

Five layers make up ANFIS. The fuzzification method maps the input and target data in the degree
of membership, constituting the first layer [25]. The inference procedure that determines fuzzy rules is
carried out by the second and third layers using Sugeno inference, and the results are handled in the
computation that follows. LSE is used at layer 4 to conduct the ensuing value search procedure. Layer 5
processes the two outputs from layer 4 in a summary manner.

Layers 1-4 of ANFIS contain the fuzzy inference system, which is responsible for identifying the
neural network system's hidden nodes [26]. Gradient descent is used to adjust the input parameter values after
the forward flow computation, and the error value for each layer is obtained by doing a backward flow
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computation [27]. The computing process described above will continue until the error value approaches the
maximum error value that has been set [10].

The ANFIS used to predict is initialize the ANFIS parameters, namely learning rate (Ir), momentum
(mc), error limit (err), and maximum iteration (max epoch). The first stage carried out is a forward path
which contains several stages to find the consequent value of the rule created and add up all the input in the
last layer [28]. The stages of the forward lane are as follows:
—  Layer 1 (input layer): this represents the input variables of the system with node functions as in (1).

0,,; = pA;(x) or O1; = uB;_»(x) (1)
Where x or y is input from node i, A; or Bjis a linguistic label connected to node i, and O ; is degree of
membership of a fuzzy set with the Gbell curve function.

—  Layer 2 (fuzzy layer): this layer computes the degree of membership for each input variable to each
fuzzy set. It applies fuzzy logic operations [29].

0,,; = w; = p4;(x) uB;(y) 2

—  Layer 3 (normalization layer): it normalizes the membership grades obtained from the fuzzy layer [30].

031 = W; = —* ©)

Wi1+Wy

—  Layer 4 (consequent layer): this layer computes the output by combining the normalized membership
grades with parameters called consequent parameters.

04 = W;if; = Wi(pix + q;y +17) )

—  Layer 5 (output layer): it produces the final output of the ANFIS system.

05 = XiWif; = St 5)
f=MWx)pr + (Wy)gn + (W)r + (Wex)p, + (Wey) gy + (Wo)r, (6)

Where f'is forecast/prediction result, w;, W is 3rd layer output value, p, ¢, r is consequent parameter
value, and x, y is independent variable.

—  After carrying out training, the error in the prediction results is calculated using mean absolute
percentage error (MAPE) [31], [32] and RMSE [33], the following is the formula used:

2
s i=vi") |
i=1 Vi

MAPE = (7)

RMSE = S vi—yin? )
n

Where yi is actual value of electrical energy production, yi’ is predicted value of electrical energy
production, and n is number of observations.

3.  RESULTS AND DISCUSSION

The Jakarta region yearly electrical energy production, population, economy (GRDB), industry, and
fossil fuel usage from 2017 to 2022 were utilized to assess the suggested ANFIS effectiveness (see Table 1).
In total there are 5 annual data and during the experiment it consists of 117 parameters, 6 pairs of training
data, 0 checking data, and 81 fuzzy rules. We used MATLAB tools to run the experiments.

To enable the algorithm to recognize the data in Table 1, the first round of pre-processing is carried
out. One of the simplest ways to preprocess data is to divide all historical data by a constant, and then, when
making a prediction, return the data to its original value. The data contained in Table 1 will be entered into
the ANFIS structure form which can be seen in Figure 2. ANFIS generates 193 nodes, 81 linear parameters,
and 36 non-linear parameters, as shown in Figure 3. These results should be shown in Figure 3.
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Table 1. Yearly electrical energy production (GWh), population, economy (GRDB), industry and fossil fuel
usage from 2017 to 2022 Jakarta region

Year 2017 2018 2019 2020 2021 2022
Electrical energy production (GWh) 36,365 38,988 41,284 44,119 47,039 49,647
Population (million people) 10,374 10,467 10,557 10,562 10,644 10,640
Economics (GRDB) 1,635.35 1,735.20 1,836.24 1,792.40 1,856.30 1,453.32
Industry 2,582 2,118 1,792 1,825 1,628 559
Fossil fuel usage 164.2 165.7 176.0 188.3 204.2 218.2
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Figure 2. The structure of ANFIS
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Figure 3. Fuzzy rules

The fuzzy rules are depicted in Figure 3, whereby 53 rules are formed based on testing and
experimentation with data on power production projections for the province of Jakarta. We obtained 1 fuzzy
rule with correct results out of 53 rules generated by fuzzy, which is the 41st fuzzy rule. Therefore, we had an
inaccuracy of 0.0001058% when we tested the data. Figure 4 shows the results of these mistakes. The
prediction results of the ANFIS have a very tiny error value with the actual data, as shown in Figure 4. The
predicted value results for electrical energy production in Jakarta in 2022-2028 can be shown in Table 2.
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Table 2. Prediction results for Jakarta region electrical energy production from 2022-2028
Year 2022 2023 2024 2025 2026 2027 2028
Prediction results of electrical energy production (GWh) with 49,647 53,253 54,860 57,467 60,074 62,681 65,288
RMSE 0.0001058%
Prediction results of electrical energy (GWh) with MAPE 49,642 52,250 54,858 57,466 60,074 62,682 65,290
0.00875%
Prediction results of electrical energy (GWh) from PLN 49,647 44,315 46,395 48544 51,025 53,623 56,358
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Figure 4. ANFIS results

From the Table 2, the calculations produced by the ANFIS method have a RMSE
value=0.0001058% while the MAPE value is=0.00875%. So, the results of this ANFIS method have small
errors from the actual results and have a growth in electrical energy production in Jakarta of 5.25% every
year from the actual data. Meanwhile, the prediction results made by PT. PLN (Persero) regarding electrical
energy production uses Simple E application were 4.80%. So, from the results shown in Table 2, it will be
presented in Figure 5 which is a comparison of the results of ANFIS predictions, predictions from PT. PLN
(Persero) with actual data. From the prediction results issued by ANFIS according to Figure 5, the author
suggests to PT. PLN (Persero) to use this method, because this method provides very precise and accurate

results and has very small errors.
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Figure 5. The comparison of the results of ANFIS predictions, predictions from PT. PLN (Persero) with
actual data
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4. CONCLUSION

The production of electrical energy is at a pivotal juncture, driven by the need for sustainable
practices, technological advancements, and increasing global energy demands. As like as Jakarta, the future of
electrical energy production hinges on balancing reliable supply, environmental sustainability, and economic
viability. Jakarta, Indonesia’s capital, and a dynamic metropolis faces significant challenges in meeting its
growing energy demands while addressing environmental and infrastructural concerns. The city's current
energy mix predominantly relies on fossil fuels, with a growing but still limited contribution from renewable
energy sources. This research proposed on prediction of electrical energy production in Jakarta. The
application of the ANFIS for the prediction of electrical energy production in Jakarta offers a sophisticated and
effective approach to addressing the city's energy challenges. The results of calculations carried out using the
ANFIS method obtained an RMSE of 0.0001058%, while the MAPE was 0.00875%. And the results of the
prediction analysis of electrical energy production in Jakarta in 2028 are 65,288 GWh and have growth of
5.25%. The results obtained using the ANFIS method have a small error compared to the actual results rather
than the prediction results made by PT. PLN (Persero) uses the regression method in the Simple E application,
where the prediction results have a greater error rate and the author suggests to PT. PLN (Persero) to use this
method, because this method provides very precise and accurate results and has very small errors.
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