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ABSTRACT

This study examines the relationship between the share of renewable energy sources in total energy consumption and economic growth by comparing
the data of Kazakhstan and Turkiye using the annual data for the 1991-2019 period. Impulse - Response Analysis and Variance Decomposition Analysis
were applied to the data using the Vector Autoregressive (VAR) model. Research findings showed that although there is a relationship between
renewable energy consumption and economic growth for Kazakhstan, this is not valid for Turkiye. The causality of this relationship, which is valid for
Kazakhstan, is determined by the Granger causality analysis. According to the analysis, renewable energy consumption affects Kazakhstan’s economic
growth, but this effect does not translate into a causal relationship. Again, for both countries, we see that the impact of renewable energy shocks on
economic growth remained limited and faded in a few periods. Another important finding is that the share of renewable energy consumption in the
economic growth variance decomposition is higher for Kazakhstan.
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1. INTRODUCTION

tidal waves, and biofuels. Although renewable energy technologies
are more costly than fossil energy sources, new technologies

In developed and developing countries, the increase in energy
consumption and, accordingly, environmentally harmful wastes
produced by conventional energy sources, raises concerns about
the deterioration of sustainability and ecological balance. These
concerns can be grouped under two main headings, namely the
depletion of easily accessible fossil energy sources such as oil, gas,
and coal, and the global warming caused by the greenhouse effect
of carbon dioxide and methane gases produced by the consumption
of these sources. These concerns have brought the use of clean
and renewable energy sources such as geothermal, wind, solar,

are emerging to reduce the costs. This global orientation and
investments in renewable energy indicate that renewable energy
sources will overtake fossil energy sources in energy production
over time (Apergis and Danuletiu, 2014).

Kazakhstan, which has 1.5% of the world’s total natural gas
reserves, about 3.3% of coal reserves, and about 3.2% of oil
reserves, is also rich in renewable energy resources such as
hydroelectric, wind, solar, geothermal, and biofuels (Xiong et al.,
2015; Ongarova, 2018; Sabenova et al., 2023; Taibek et al., 2023).
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Despite its richness in renewable energy resources, Kazakhstan’s
dependence on fossil fuels can be seen from the fact that 75%
of the total energy produced in the country is produced in coal-
fired power plants. Kazakhstan’s dependence on coal in energy
production puts Kazakhstan at the forefront of the world in terms of
the ratio of greenhouse gas emissions to GDP (Syzdykova, 2020).
Kazakhstan can reduce its national greenhouse gas emission rate
only by diversifying its energy sources and turning to renewable
energy sources in energy production. For this reason, Kazakhstan
has published policies aiming to divert 50% of its electricity
generation to renewable energy sources by 2050 (Karatayev
et al., 2016; Koshim et al., 2018; Karatayev and Hall, 2020;
Myrzabekkyzy et al., 2022; Bolganbayev et al., 2022; Saiymova
et al., 2023).

Since the 1980s, the growth in the industry and service sectors,
along with the integration into the world economy, has also
increased Turkiye’s energy demand. Unlike Kazakhstan, Turkiye
has limited domestic fossil energy resources, meets more than
70% of'its energy needs through imports, and is highly dependent
on foreign energy. While Turkiye’s dependence on foreign
energy creates serious risks in terms of the balance of payments,
it also increases input costs and causes local goods and services
to lose their competitive advantage in the international market.
Turkiye also should turn to renewable energy sources to reduce
its dependence and CO, emissions (Durgun and Durgun, 2018;
Alper, 2018). For Turkiye to reach its 35% absolute emission
reduction target by 2030, the share of renewable energy sources
in electricity generation should be increased to 75% (Alkan and
Albayrak, 2020; Shan et al., 2021; Saiymova et al., 2023).

This study examines the relationship between the share of
renewable energy sources in total energy consumption and
economic growth by comparing Kazakhstan and Turkiye using
the annual data for the 1991-2019 period. Annual percentage
data are used in economic growth as well as in renewable energy
consumption. We collected the data from the World Bank website
(https://data.worldbank.org/indicator/). Impulse - Response
Analysis and Variance Decomposition Analysis were applied to
the data using the Vector Autoregressive (VAR) model.

2. LITERATURE REVIEW

In recent years, many academic studies have been published on the
energy resources, renewable energy resources, energy policies, and
economic growth indicators of Turkiye and Kazakhstan. Here we
will only mention the major ones that are relevant to our objective.

Saiymova et al. (2023) examined the link between renewable
energy consumption and economic development in Turkiye and
Kazakhstan using vector auto-regression analysis for the period
1990-2021. They found that income level and energy prices have
a significant impact on renewable energy use over the period
studied, and a new market has emerged in the energy sector
that has the potential to significantly replace existing traditional
energy markets, at least in the medium or long term, if not in the
short term.

Apergis and Danuletiu (2014) analyzed the relationship between
renewable energy usage and economic development using the
panel VAR model. They found both short- and long-run Granger
causality between renewable energy usage and economic growth.
They also found strong evidence that renewable energy is
important for economic growth, and similarly, economic growth
encourages the use of more renewable energy sources.

Bhattacharya et al. (2016) examined the effect of renewable
energy consumption on economic growth in 38 countries using
the data for the 1991-2012 period. The research concluded that
renewable energy consumption has a significant positive effect on
economic output in 57% of selected countries. They emphasized
that governments, planners, international organizations, and
relevant organizations should move together to increase the share
of renewable energy investments for low-carbon growth.

Fotourehchi (2017) analyzed the long-term causality relationship
between energy consumption and economic growth for 42
developing countries during the 1990-2012 period using the
Canning and Pedroni (2008) long-term causality test. He found
that renewable energy usage has a long-term positive causal effect
on the GDP of developing countries.

Allam and Nader (2021) analyzed the relationship between
renewable energy consumption and economic growth in three
Mediterranean countries, namely France, Italy, and Turkiye, using
data from the 1990-2015 period. According to this study, a one
percent increase in the share of renewable energy in total energy
consumption has resulted in a 10.44% increase in France’s GDP
Growth, a 6.77% increase in Italy’s GDP Growth, and finally a
1.58% increase in Turkiye’s GDP Growth. The accuracy of the
measurement in France was 92%, in Italy 83%, and in Turkiye
97%.

Sarkhanov and Huseynli (2022) made an econometric analysis
of the relationship between renewable energy consumption and
economic growth in Kazakhstan and Kyrgyzstan using the data
for the 1996-2018 period. They found that there is a positive
relationship between economic growth and the amount of
renewable energy consumption in both countries.

Xie et al. (2023) analyzed the relationship between the rate of
renewable energy use and economic growth in N-11 countries
using data for the period 1990-2020. In their analysis, they used a
non-parametric panel data approach, namely the quantile moment
regression method, together with the second-generation panel unit
root test. Using the panel causality test, they determined a two-way
causal relationship between the variables.

Durgun and Durgun (2018) examined the causality relationship
between renewable energy consumption and economic growth in
Turkiye by subjecting per capita GDP and per capita renewable
energy consumption (including hydroelectric) data for the 1980-
2015 period to time series analysis. By applying the Toda-Yamamoto
causality test to their cointegrated series, they found a one-way
causality running from renewable energy consumption to growth.
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Alper (2018) analyzed the relationship between renewable energy
and economic growth in Turkiye using data from the 1990-
2017 period, using the Bayer-Hanck co-integration test and the
Toda-Yamamoto causality test. He found that the variables are
cointegrated in the long term, and a 1% increase in renewable
energy use increases economic growth by 0.19%. Moreover, based
on causality test results, he determined a unidirectional causality
from economic growth to renewable energy use.

Naimoglu (2022), on the other hand, analyzed the relationship
between renewable energy use and economic growth in 16 energy-
importing countries during the 1990-2018 period. In this study, unit
root tests are used to determine the stationarity of the series. Then
the cointegration relation is tested with the heterogeneous panel
cointegration test, and its existence is identified. In addition, the
error correction model used in the study showed a unidirectional
causality from economic growth to renewable energy usage in
both the short and long terms.

3. DATAAND ECONOMETRIC METHOD

This study examines the relationship between the share of renewable
energy sources in total energy consumption and economic growth
by comparing data from Kazakhstan and Turkiye. Both renewable
energy consumption and economic growth are taken as annual
percentages. The data period is 1991-2019 and the data period is
annual (Source: https://data.worldbank.org/indicator/). Variable
names and their short explanations are provided in Table 1.

3.1. Vector Autoregressive (VAR) Model

The vector autoregressive (Vector Autoregressive VAR) model is the
generalized form of the autoregressive model to multivariate cases
and was introduced to the econometrics literature by Sims (1980).
It can be seen as an alternative to models consisting of simultaneous
equation systems in terms of mathematical structure. All variables in
the model are dependent variables. Thus, the value of each variable
in the observed period can be expressed as a linear function of its
lagged values and the lagged values of other variables.

The VAR model is handy for explaining and predicting the
dynamic structure of economic and financial time series (Yavuz,
2014). It is easy-to-apply, especially on series with dynamic
structures, such as the daily return of a stock.

The mathematical form of the VAR model is as follows:

Yt:a1+Zﬁth—j+z5th—j+51t (1)
=1 =

Table 1: Variable names and explanations
Variable Difference Explanation

variable
T_GDP DT GDP  Turkiye GDP growth (annual %)
K GDP DK GDP Kazakhstan GDP growth (annual %)
T REC DT REC  Turkiye Renewable energy consumption
(% of total final energy consumption)
K REC DK REC Kazakhstan Renewable energy consumption

(% of total final energy consumption)

m m
X,:a2+29th7j+29th7j+82t )
Jj=1 Jj=1

And can be formulated as above (Ertek, 2000). As can be seen in
the model, the lagged values of X affect Y, and the lagged values
of Y affect X.

Although the VAR model was developed to analyze economic series,
it has become an important method used in many series types that
show dynamic structures ranging from economic to meteorological.

3.2. Impulse - Response Analysis

After estimating with the VAR model, the effect, period, and
directionality of the shocks on the variables are determined using
the impulse-response function. It is commonly used to examine
the effects of shocks for the first ten periods. The reactions of the
other series to the 1-unit change in shocks are revealed with the
help of graphics (Tar1, 2010).

3.3. Variance Decomposition Analysis

Variance decomposition analysis is used to express the parts of the
variability of a variable in the model arising from itself and other
variables as percentages. In VAR analysis, variance decomposition
analysis is one of the two analysis steps together with impulse-
response analysis. It is calculated retrospectively for ten periods,
like impulse-response analysis (Tar1, 2010).

The stationarity of the data was examined with the ADF
(Augmented Dickey-Fuller) test. In the ADF test, if the null
hypothesis is rejected for £=0, 1, 3.,values, the series is deemed
stationary for the level (Seviiktekin and Nargelecekenler, 2007).

The lag length of the VAR model was determined by calculating
Sequential Modified LR, Final Prediction Error (FPE), Akaike
Information Criterion (AIC), Schwarz Information Criterion (SC),
and Hannan-Quinn Information Criterion (HQ).

4. FINDINGS

This study analyzed the relationship between the ratio of renewable
energy in total energy consumption and economic growth. The
first step provides the explanatory statistics, goodness-of-fit, and
time path graphs. The second step is to examine the stationarity
of the variables. The third step applies VAR analysis by taking
the appropriate difference. Variance decomposition analysis
and impulse response function findings are obtained from VAR
analysis. At each step of the study, a separate analysis was made
for Kazakhstan and Turkiye, and the findings were compared.

When we examine the explanatory statistics (Table 2), we see that
the average economic growth is 4.1 in Kazakhstan and 5.76 in
Turkiye. In addition, the economic growth varies between —12.6
and 13.5 in Kazakhstan and between —5.75 and 11.20 in Turkiye.
Likewise, renewable energy consumption is 1.73 on average in
Kazakhstan, with a minimum of 1.15 and a maximum of 2.77. In
Turkiye, on the other hand, the average is 16.75, with a minimum
of 11.40 and a maximum of 24.24. Jarque-Bera test showed that
the data fit the normal distribution.
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The time path graph of economic growth (Graph 1) shows a
stable situation in Turkiye, and an increase can be observed in
Kazakhstan until 2000. While the time path graph of renewable
energy consumption shows a stable situation for Kazakhstan, it
shows a decrease for Turkiye.

The stationarity of the series was examined using the ADF unit
root test, and the findings are presented in Table 3. According to
the analysis, economic growth is stationary for Turkiye, while other
series are stationary at the first difference. Therefore we used the
first difference of all series.

Table 2: Descriptive statistics for data

Mean 3.006897 1.730541 4.461920 16.74709
Median 4.100000 1.700000 5.763206 15.34000
Maximum 13.50000 2.770000 11.20011 24.24308
Minimum —12.60000 1.150000 —5.75001 11.40000
Standard deviation  6.829345  0.427814 4.548346 4.385104
Skewness -0.80128 0.578710 —0.9165 0.515560
Kurtosis 2.866712  2.622325 2920707 1.808336
Jarque-Bera 3.124723  1.791062 4.067438 3.000620
Probability 0.209640  0.408391 0.130848 0.223061
Observations 29 29 29 29

Table 3: ADF unit root test findings for series

The analysis findings of the VAR models created for Kazakhstan
and Turkiye are given in Table 4. In the preliminary stage of the
analysis, the lag length was determined. For this purpose, optimum
values of LR: sequential modified LR test statistic (each test at
5% level), FPE: Final Prediction Error, AIC: Akaike Information
Criterion, SC: Schwarz Information Criterion, and HQ: Hannan-
Quinn Information Criterion (highest delay length criterion) was
used and the lag length was calculated as 2 for both models. The
findings show that the two-period lagged value of economic growth
and the one-period lagged value of renewable energy consumption
affects the economic growth of Kazakhstan. According to the
estimation values, the two-period lagged value of economic growth
has a negative effect, while renewable energy consumption has a
positive effect. According to the model, the adjusted coefficient
of determination of the economic growth model for Kazakhstan
is 0.41. This means that the VAR model created in the research
explains 41% of the variability in economic growth.

Findings for Turkiye show that only one period lagged value of
economic growth is effective on economic growth, and this effect
is also negative according to the prediction value. Again, according
to the determination coefficient of the model, 27% of the variability
in economic growth in Turkiye is explained by the research model.

The serial correlation and varying variance findings of the VAR
models created for Turkiye and Kazakhstan are given in Table 5.
The findings didn’t show serial correlation and varying variance

K_GDP 287552 0.0625 623969  0.0000  problems in both models,
T GDP —5.35378  0.0002 —8.75544 0.0000
K REC —2.06863  0.2580 —4.60364 0.0011 . .
T REC —1.64792  0.4457  —5.07342  0.0004 The effects of a shock on either one of the economic growth and
Test critical values: renewable energy consumption variables for Kazakhstan are
1% level —3.72407 —3.71146 given graphically in Graph 2. We see that the shock in economic
S(Vg level —2.98623 —2.98104 growth continues for 7-8 consecutive periods, both negatively and
10% level 26326 —2.62991 positively, on itself and renewable energy consumption. We see
Graph 1: Time path plot for series
K_GDP K_REC
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Graph 2: Impact of shocks on economic growth and renewable energy consumption for Kazakhstan

Response of DK_GDP to DK_GDP

Response of DK_REC to DK_GDP

Response to Cholesky One S.D. (d.f. adjusted) Innovations +2 S.E.

Response of DK_GDP to DK_REC

Table 4: VAR analysis findings for research models

DK _GDP (-1) 0.281777 0.012694
DK GDP (-2) —0.58877* —0.00274
DK REC (-1) 3.446090* 0.079982
DK REC (-2) —0.56160 —0.21664
C 0.689305 0.014650
R-squared 0.500765 0.059439
Adj, R-squared 0.405672 —0.11972
F-statistic 5.266083 0.331777
Log likelihood —60.4917 —5.30947
Akaike AIC 5.037824 0.793036

DT _GDP(-1) —0.62881%* 0.025264
DT _GDP(-2) ~0.16875 0.051574
DT REC(-1) 1.195661 ~0.28878
DT REC(-2) 1.365001 ~0.3756
C 0.971130 ~0.70704
0.388544 0.222494

0.272076 0.074398

3.336060 1.502363

~79.8422 ~40.9278

6.526322 3.532904

*The predictive value for P<0.05 is statistically significant

Table 5: Serial correlation and varying variance findings
for research models

1 5.634302 4
2 1.097227 4
6.766240

0.2282
0.8947

4.202586 4
1.316404 4
4.626490

0.3793
0.8586

14.58141 24

0.9324 21.88111 24 0.5864

that the impact of the shock on renewable energy on economic
growth is low. We see that the effect on itself is high in the first
period, whereas it drops to low from the second period on.

The effects of a shock on either one of the economic growth and
renewable energy consumption variables for Turkiye are given
graphically in Graph 3. The effect of a shock on economic growth

on itself is positive in the first period and negative in the second
period. Although this effect in the third period is positive, it
disappears from the fourth period. Whereas a shock in economic
growth does not affect renewable energy in the first period, the
effect appears in the second and third periods. As in the case of
Kazakhstan, a shock in renewable energy consumption seems to
have a low impact on economic growth and disappears as of the
fifth period. We see that the effect of the shock on itself is high
and positive in the first period, but decreases and disappears in
the following periods.

The variance decomposition analysis findings of economic growth
and renewable energy consumption according to the research
model are given in Table 6. In the economic growth data of
Kazakhstan, while all variance decomposition is on itself in the
first period, at the end of the tenth period, this decomposition
is differentiated as 83% economic growth and 17% renewable
energy. In renewable energy consumption, the share of economic
growth in variance decomposition is 2.7% in the first period and
4.9% at the end of the tenth period, but the share of renewable
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Graph 3: Impact of shocks on economic growth and renewable energy consumption for Turkiye

Response to Cholesky One S.D. (d.f. adjusted) Innovations +2 S.E.

Response of DT_GDP to DT_GDP

Response of DT_GDPto DT_REC

1.5 ]

1.0

0.5 |

0.0

Table 6: Variance decomposition analysis findings of variables according to the VAR model

1 100.0000 0.000000 2.697142 97.30286 100.0000 0.000000 6.390213 93.60979
2 87.13474 12.86526 4.034384 95.96562 95.67903 4.320966 8.847972 91.15203
3 88.50887 11.49113 3.943433 96.05657 95.63587 4.364129 11.17789 88.82211
4 84.94778 15.05222 4.562321 95.43768 92.53737 7.462634 15.11487 84.88513
5 84.26684 15.73316 4.645734 95.35427 91.72914 8.270856 15.39021 84.60979
6 83.88514 16.11486 4.774257 95.22574 91.64943 8.350568 15.62261 84.37739
7 83.27468 16.72532 4.861638 95.13836 91.34643 8.653571 15.89694 84.10306
8 83.34646 16.65354 4.871228 95.12877 91.33221 8.667792 15.88778 84.11222
9 83.10388 16.89612 4.911069 95.08893 91.28524 8.714761 15.95959 84.04041
10 83.13022 16.86978 4.910721 95.08928 91.25199 8.748006 15.98010 84.01990

energy is 97.3% in the first period and 95.1% at the end of the Table 7: VAR/Granger causality analysis findings

tenth period.

In the economic growth data of Turkiye, while all variance DT _GDP DT REC 2.475817 2 0.2900

decomposition is on itself in the first period, at the end of the tenth BE_I({}];:)(; Bﬁ_ggg ;%ﬂgg? % 8?2 gg

iod, thi ition is differentiat 1.39 i h - = : ’

period, this decomposition is differentiated as 91.3% economlc.growt DK REC DK GDP 0451472 5 07979

and 8.7% renewable energy. In renewable energy consumption, the = =

share of economic growth in the first period is 6.4%, while the share

of renewable energy is 93.6%. At the end of the tenth period, the share 5. CONCLUSION AND

of economic growth in the variance decomposition changed to 16%, RECOMMENDATIONS

and the share of renewable energy consumption to 84%.

This study examined the effect of renewable energy consumption
on economic growth in Turkiye and Kazakhstan. The findings
showed that although there is a relationship between renewable
energy consumption and economic growth in Kazakhstan,
there is no such relationship in Turkiye. However, the Granger

Granger causality analysis findings based on Kazakhstan and
Turkiye VAR models are given in Table 7. There is no causal
relationship between renewable energy consumption and economic
growth in both models.
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causality analysis determined that the relationship obtained
for Kazakhstan is not causal. Accordingly, renewable energy
consumption affects Kazakhstan’s economic growth. However,
this effect does not translate into a causal relationship. Again,
in both countries, the impact of renewable energy shocks on
economic growth remains limited and is reset after a few periods.
Another important finding is that the share of renewable energy
consumption in the variance decomposition of economic growth
is higher in Kazakhstan.

The study only analyzes the effect of renewable energy
consumption on economic growth. The study can be extended to
analyze the effects of renewable energy on the economy and the
environment by including other variables that renewable energy
consumption affects. Carbon dioxide emissions and technology
investments are some of the examples.
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