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Abstract — The study examines the trends in electricity generation from renewable sources in Tiirkiye and
Japan from 1965 to 2023. It aims to forecast future renewable energy production using statistical models,
comparing both countries' progress in renewable energy adoption. The data used for this analysis were
sourced from Our World in Data and converted into time series for modeling. Several forecasting models,
including AUTO.ARIMA, SES, ETS, TBATS, THETAF and Holt-Winters, were utilized to predict future
trends, with the most accurate predictions evaluated based on Mean Absolute Percentage Error (MAPE)
values. Tiirkiye and Japan's renewable energy trends reflect significant growth, particularly post-2010,
with Japan showing a higher overall production.
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I. INTRODUCTION

For all countries in the world, generating electricity from renewable sources such as solar, wind and
hydroelectricity, reducing greenhouse gas emissions, mitigating climate change and protecting the
environment is of great importance. Unlike fossil fuels, renewable energy sources are abundant,
sustainable and do not run out over time. This makes them a long-term solution for energy needs. They
also reduce dependence on limited and polluting resources such as coal and oil, promote energy security
and encourage economic growth while also protecting the environment. Advances in renewable energy
technologies allow for the establishment of more cost-effective systems. This advantage means cleaner,
healthier and more affordable power for communities around the world.

Between 1965 and 2023, electricity produced from renewable energy sources in Tiirkiye has increased
significantly, especially in recent years. While hydroelectric power plants were at the forefront in the
early years, major investments have been made in other renewable sources such as wind, solar and
geothermal since the 2000s. Since the 2020s, the share of these sources in energy production has
increased rapidly and Tiirkiye has significantly expanded its renewable energy capacity. As of 2023,
approximately 40% of Tiirkiye's electricity production will come from renewable energy sources [1].

Between 1965 and 2023, Japan achieved significant growth in electricity generation from renewable
sources, driven by changes in energy policy and environmental concerns. Initially, renewables had a small
share. Hydropower was the dominant energy source. However, after the 2011 Fukushima nuclear disaster,
Japan accelerated its move toward renewables, especially solar and wind energy. By 2023, solar energy
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had become a major contributor, along with the expansion of wind and biomass energy. Despite
challenges such as geographic limitations and costs, Japan’s commitment to reducing carbon emissions
has steadily increased the share of renewables in its energy mix [2].

This study provides future projections of electricity production from renewable sources in Tiirkiye and
Japan for the period 1965-2023. Statistical models were employed for comparative forecasts, and the
results were assessed using various metrics. The aim was to contribute to the literature through both the
data and the models utilized.

Il. MATERIALS AND METHOD

In this study, time series, which have a very wide application area [3], [4], [13]-[22], [5], [23], [6]-
[12][24][25][26] , were used. The data used in this study were obtained from the Our world in Data
(https://ourworldindata.org/energy) system and converted into time series format. Statistical information
on electricity production processes and electricity production from renewable resources for Tiirkiye and
Japan is collectively provided in Table 1.

Table 1. Statistical information about the time series of electrical energy produced from renewable sources between 1965 and
2023 of the Tiirkiye and Japan

Electricity generation from Length Min. 1st Qu. Median Mean 3rd Qu. Max

renewable sources (1965-2023) (Year) (TWh) (TWh) (TwWh) (TwWh) (TwWh) (TWh)
1- Tirkiye (TR) 59 2.27 10.88 30.72 37.71 45.41 134.35
2- Japan (JPN) 59 67.03 84.19 98.32 108.96 112.28 241.52

The time series given in Figure 1 shows the electricity production (terawatt-hours-TWh) from
renewable sources for Tiirkiye and Japan between 1965-2023. Renewable sources include hydroelectric,
solar, wind, geothermal, bioenergy, wave and tidal.

The graph compares the electricity production from renewable sources (in TWh) between Tiirkiye and
Japan from 1965 to 2023.

Tiirkiye:
o Tirkiye's renewable energy production shows a clear and sharp upward trend, particularly after
2000.

e From 1965 to the early 2000s, the growth was slow, staying below 40 TWh. However, after
2005, production increased significantly, surpassing 120 TWh by 2023.

e The most rapid growth occurs between 2010 and 2023, where there are frequent fluctuations,
but the overall trajectory remains sharply upward.

e This indicates Tiirkiye's heavy investment in renewable energy sources, especially in recent
decades, possibly driven by solar, wind, and hydroelectric power.

Japan:

e Japan's renewable energy production appears more stable and less volatile until 2010, staying
mostly between 50-100 TWh.

o After 2010, there's a sharp rise, with production exceeding 200 TWh by 2023, indicating a
dramatic increase in renewable energy capacity.

e The rapid increase after 2010 could be related to Japan's response to energy policy shifts
following the 2011 Fukushima nuclear disaster, which likely pushed the country to invest more
in renewable energy.

Both countries show a significant increase in renewable energy production after 2010, but Japan's
production is notably higher. While Tiirkiye's trajectory shows more consistent, gradual growth, Japan's
sharp increase post-2010 suggests a more policy-driven or urgent response to energy challenges.
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Both countries are investing heavily in renewables, but Japan has achieved higher overall production
levels, while Tiirkiye is experiencing rapid growth.

Tiirkiye (1965-2023) Japan (1965-2023)
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Fig. 1 Electricity production from renewable sources in Tiirkiye and Japan between 1965-2023
I1. RESULTS

In the forecast analyses, autoregressive integrated moving (Auto.arima), simple exponential smoothing
(SES), Error-Trend-Seasonal (ETS) and Trigonometric seasonality, Box-Cox transformation, ARMA
errors, Trend and Seasonal components (TBATS), THETAF [9], HOLT-WINTERS [27] models were
used. In making future forecasts, four different lengths of training and test data were used for each model.
While the training data lengths were initially taken as 50, 48, 46, 43, the rest lengths were taken as 9, 11,
13, and 16, respectively. The mean absolute percentage error (MAPE) values of the analyses are given in
Table 2. The best results for each model are shown in bold in the table. When the training and test lengths
are taken as 48 (81%) and 11 (19%) respectively, the estimation graphs of the electrical energy obtained
from Tiirkiye's renewable resources are given in Figure 2.

Table 2. MAPE values of the analyses performed on the Tiirkiye data set depending on four different training and test lengths

Model Test length :9 | Test length:11 | Test length:13 | Test length:16
MAPE (%) MAPE (%) MAPE (%) MAPE (%)
Auto.arima 51.01 28.44 30.01 40.83
SES 49.66 35.15 39.18 48.33
ETS 48.60 32.25 33.70 44.89
TBATS 31.39 15.16 16.53 19.85
THETAF 47.09 30.92 30.85 32.38
HOLT-WINTERS | 44.59 28.02 30.62 29.58
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Forecasts from Auto.Arima Forecasts from SES
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Fig. 2 Model prediction graphs obtained when the dataset of Tiirkiye's electricity production is divided into 81% and 19% for
training and testing, respectively.

Model estimates for the data set used for Japan's electricity generation from renewable sources are given
in Table 3 and model estimate graphs are given in Figure 3.

Table 3. MAPE values of the analyses performed on the Japan data set depending on four different training and test lengths

Test Test Test Test Test
Model Length:9 Length:11 Length:13 Length:16 Length:19
MAPE (%) | MAPE (%) | MAPE (%) | MAPE (%) | MAPE (%)
Auto.arima 3341 35.47 31.96 28.25 24.09
SES 33.61 35.54 32.05 28.26 24.17
ETS 36.22 32.31 27.60 23.77 20.80
TBATS 33.45 35.49 32.00 28.25 24.11
THETAF 32.21 32.00 23.93 14.66 7.07
HOLT-WINTERS | 34.62 30.52 21.62 12.97 6.65
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Fig. 3 Model prediction graphs obtained when the dataset of Japan's electricity production is divided into 68% and 32% for
training and testing, respectively.

IV.  DISCUSSION

In the analysis conducted for the Tiirkiye dataset, the training and test split ratio number was taken as
four, while it was taken as five for Japan. In the estimation analyses made for both datasets, the TBATS
model made the best estimation with a MAPE value of 15.6% on the Tiirkiye dataset, while the HOLT-
WINTERS model made the best estimation with a MAPE value of 6.65% on the Japan dataset.

The red lines in the graphs indicate the mean of the test data, while the blue lines show the mean of the
predictions for the test data. The dark gray shaded areas represent the 80% probability prediction interval,
and the light gray shaded areas represent the 95% probability prediction interval.

V. CONCLUSION

The study highlights a sharp increase in renewable energy generation in both Tirkiye and Japan,
especially after 2010. While Tiirkiye's growth has been rapid in recent years, Japan's renewable energy
production remains substantially higher. The most accurate forecasting models suggest that renewable
energy will continue to play a critical role in both countries' future energy landscapes. This research
contributes valuable insights into the comparative performance of different predictive models and offers
useful projections for future renewable energy output in these nations.
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