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ABSTRACT

This study investigates the correlation between carbon dioxide (CO2) emissions, renewable energy consumption (REC),
and the consumer price index (CPI) in Azerbaijan between 1995 and 2019. The research employs measurements of
CO2 emissions in kilotons, renewable energy consumption as a proportion of total energy consumption, and the con-
sumer price index using real values as of 2010. Various analytical techniques such as Johansen, DOLS, FMOLS, and
CCR were applied to analyze the time series data. Additionally, the Granger causality test was employed to establish
the causal relationship between the variables. The findings of the empirical analysis indicate that a 1% increase in CPI
is associated with an average CO2 increase of 0.14%, whereas a 1% increase in REC is linked to an average CO2 de-
crease of 0.06%. The research suggests that improving state policies to promote alternative energy sources for energy
consumption in Azerbaijan is necessary.

Keywords: Consumer price index, Renewable energy, CO2 emissions, Environmental Kuznets curve, Cointegration.

RESUMEN

Este estudio investiga la correlacion entre las emisiones de didxido de carbono (CO2), el consumo de energia renova-
ble (REC) y el indice de precios al consumidor (IPC) en Azerbaiyan entre 1995 y 2019. La investigacion emplea medi-
ciones de las emisiones de CO2 en kilotones, el consumo de energia renovable como proporcion del consumo total de
energia y el indice de precios al consumidor utilizando valores reales a partir de 2010. Se aplicaron diversas técnicas
analiticas como Johansen, DOLS, FMOLS y CCR para analizar los datos de series de tiempo. Ademas, se empled la
prueba de causalidad de Granger para establecer la relacion causal entre las variables. Los hallazgos del analisis em-
pirico indican que un aumento del 1% en el IPC esta asociado con un aumento promedio de CO2 del 0,14%, mientras
que un aumento del 1% en REC esta relacionado con una disminucion promedio de CO2 del 0,06%. La investigacion
sugiere que es necesario mejorar las politicas estatales para promover fuentes de energia alternativas para el consumo
de energia en Azerbaiyan.

Palabras clave: indice de precios al consumo, Energias renovables, Emisiones de CO2, Curva de Kuznets ambiental,
Cointegracion.
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INTRODUCTION

Since the Industrial Revolution, we have witnessed va-
rious ecological threats such as global warming, clima-
te change, deforestation, drought, and water scarcity.
Industrialization has contributed to environmental pollu-
tion along with economic growth. Mechanization has in-
creased the production levels of countries, but it has also
increased the levels of greenhouse gas (GHG) emissions
and ecological footprints, leading to water pollution, wa-
ter scarcity, and other negative impacts (Ozcan & Oztirk,
2019). Human activities such as burning fossil fuels,
emitting excessive smoke from factories, and deforesta-
tion contribute to the increase in GHG emissions, mainly
carbon dioxide (CO2) concentration (Danish et al., 2017).
Therefore, clean energy is the key to combating climate
change since energy production accounts for the majority
of GHG emissions (Ozcan & Oztiirk, 2019).

Understanding the causes of global invasion and climate
change, which pose threats to all living organisms in recent
times, is a crucial concern. Among these factors, the con-
nection between economic growth and environmental po-
llution stands out as a highly debated subject in economic
literature. The Kuznets curve hypothesis is one of the pro-
minent theories that explores this relationship. According
to this theory, there exists a reverse-U-shaped association
between income growth and environmental degradation.
It suggests that initially, as economic growth progresses,
environmental pollution also increases. However, beyond
a certain turning point, economic growth starts to mitigate
environmental pollution (Dinda, 2004).

The Kuznets hypothesis presents a persuasive argument
that aligns with fundamental principles governing various
phenomena. Specifically, it resonates with the principle
of transitioning from quantitative changes to qualitative
changes, which is a fundamental concept in dialectical
change. This principle is one of the three guiding princi-
ples that explain societal transformations (Kolb, 2005). In
this context, the hypothesis asserts that as the per capita
amount of chemistry surpasses a certain threshold, a qua-
litative shift occurs, resulting in a reduction of environmen-
tal harm. Thus, the hypothesis not only convinces but also
conforms to these overarching principles.

By regarding the Consumer Price Index (CPIl) as a me-
tric that captures economic dynamics, we can enhance
our understanding by incorporating the impact of quality
change, represented by technological innovation, as well
as the environmental consequences stemming from the
utilization of alternative energy sources, specifically the
emission of carbon dioxide (CO2). This integration allows
for the formulation of a novel interconnected framework

comprising these indicators. The expansion of macroeco-
nomic indicators is a fundamental feature of economic ad-
vancement (Ullah & Rauf, 2013). Nonetheless, the growth
of economic indicators may not necessarily indicate sus-
tainable economic development. If economic growth is
achieved through environmentally harmful practices, it
may necessitate significant future expenditures or poten-
tially unattainable remediation efforts to mitigate the resul-
tant environmental damage.

Primarily, conventional economic growth metrics such as
GDP are imperfect gauges of economic and human well-
being since they encompass goods and services that
have negative impacts on individuals and society (e.g.,
environmental remediation, law enforcement, and can-
cer treatment) and do not consider valuable goods and
services that lack market trade but are of significant im-
portance (e.g., household services, ecosystem services,
bartering, and sharing). Additionally, correlation does not
guarantee causation; some of the benefits in well-being
may arise from technological advancements and poli-
cies instead of economic growth. Furthermore, econo-
mic growth can occur with negligible or no net benefits
to laborers or communities. For instance, wages and be-
nefits may be inadequate to fulfill workers’ fundamental
necessities, and projects that generate economic growth
may lead to detrimental consequences for communities
(Hammer & Pivo, 2017). Therefore, employing indicators
that portray changes in people’s well-being and the envi-
ronment when analyzing and devising economic policies
is appropriate.

It is of utmost significance to enforce a policy aimed at
augmenting the adoption of renewable energy sources,
implementing this policy in the existing economic cir-
cumstances, and assessing its effect on carbon dioxide
emissions, which are the most frequently emitted gases
into the atmosphere by power plants. Resolving worldwi-
de issues triggered by population growth, surging CO2
emissions, and climate change is reliant on the reforms
that nations will introduce in their economic policies. Then,
our research endeavors to investigate the co-integration
relationship between the influence of heightening the
usage of renewable energy sources on CO2 emissions
and the perceived tendency in the Consumer Price Index
(CPI). Through a series of consecutive government po-
licies, Azerbaijan has witnessed an increase in its forest
area from 11.6% to 13.6% between 1995 and 2019. This
systematic approach, driven by the goal of reducing CO2
emissions and enhancing the ecological environment,
forms part of a comprehensive plan of action.

Furthermore, the country has placed significant emphasis
on expanding the utilization of alternative energy sources,
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leading to notable advancements in recent years. For instance, the production of energy from renewable sources
such as wind and solar has surged by 25 times between 2014 and 2021 (AR State Statistical Committee, 2021). It is
worth noting that the share of energy generated from renewable sources in overall energy production stands at 5.8%.
While the current contribution of renewable energy to the total energy output may not be ideal, Azerbaijan possesses
substantial potential for viable and economically feasible renewable energy sources. In this context, the estimated
potential of renewable energy sources in Azerbaijan amounts to 26,940 MWh, including 3,000 MWh for wind energy,
23,040 MWh for solar energy, 380 MWh for bioenergy, and 520 MWh for mountain river potential (Azerbaijan Renewable
Energy Agency, 2022). The presence of such renewable energy potential in Azerbaijan, coupled with the implementa-
tion of state policies in this domain, underlines the importance of examining the relationship between CO2 emissions
and renewable energy consumption within the Azerbaijani context. Considering the above, the research also aims to
assess the necessity for improvement in the country’s economic policy based on the identified relationships among the
variables included in the model. Furthermore, it seeks to evaluate the significance of the correlation findings from an
economic theory perspective.

MATERIALS AND METHODS

The rise in CO2 emissions is closely linked to the increase in greenhouse gas emissions from fossil fuels, with appro-
ximately 74% of these emissions being CO2 (Climate Watch, 2019). The concentration of atmospheric CO2 has been
rapidly rising since the late 19th century, primarily due to the extensive utilization of fossil fuels following the Industrial
Revolution. Notably, the energy, transportation, and industry sectors are the key contributors to fossil fuel consumption.
In 2010, these sectors accounted for two-thirds of global carbon dioxide emissions (Le Quéré et al., 2012). Conversely,
variations in the consumer price index are influenced by the prevailing conditions in the energy, transportation, and
industry sectors. Consequently, one of the main objectives of this research is to establish the relationships among CO2
emissions, the consumer price index, and the consumption of alternative energy sources.

Database

The study investigates the interplay among carbon dioxide emissions, renewable energy consumption, and the con-
sumer price index in the Republic of Azerbaijan between 1995 and 2019. Carbon dioxide emissions were quantified
in kilotons, renewable energy consumption was expressed as a percentage of total energy consumption, and the con-
sumer price index was presented in real prices relative to the year 2010. All three annual indicators were derived from
statistical data provided by the World Bank. The logarithms of carbon dioxide emissions and the consumer price index
variables were utilized, while the renewable energy consumption percentage was included in the model as its original
value. This is shown in equation (1) where the terms are: (In_C0O2) - CO2 emissions (kt); CPI (In_CPI) - consumer price
index (2010 = 100); REC - percentage of renewable energy consumption in total energy consumption and et is an error
term.

In(CO,,) = B, + B, In(CPL,) + B,REC, + &, (2)

Table 1 and Figure 1 show the descriptions and some descriptive statistics of the carbon dioxide emissions, renewable
energy consumption, and consumer price index variables included in the model.

Table 1: Descriptive statistics.

Cc0o2 CPI REC
Mean 10.27613 4.363281 2.538556
Median 10.26011 4.345644 2.350000
Maximum 1047757 5.055555 4.450000
Minimum 10.09864 3.751379 1.366840
Std. Dev 0.097424 0.432367 0.760867
Skewness 0.118366 0.168277 0.658348
Kurtosis 2.030880 1.517460 2.814616
Jarque-Bera 1.036704 2.407493 1.841727
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Probability 0.595501 0.300068 0.398175
Sum 256.9034 109.0820 63.46391
Sum Sq. Dev 0.227792 4.486583 13.89404
Observations 25 25 25

Source. Author’s calculations.

Fig 1: Graphics of the variables.
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Source: own elaboration.
Econometric Model and Methodology

In this study, the relationship between carbon dioxide emissions, renewable energy consumption, and the consumer
price index was explored through various tests on time series data. To begin with, stationarity tests were conducted
using different unit root tests. The results indicated that all three variables exhibit stationarity in their first differences.
Since the stationarity levels of all variables were found to be equal, the Johansen test for cointegration was not em-
ployed. Subsequently, the Fully Modified Ordinary Least Squares Method (FMOLS), Dynamic Ordinary Least Squares
Method (DOLS), and Canonical Cointegration Regression (CCR) tests were applied to determine the long-term impact
of the independent variable on the dependent variable. Furthermore, Granger causality analysis was employed to in-
vestigate the causal relationship between the variables.

RESULTS AND DISCUSSION
Literature review

The initial observation of an inverted U-shaped association between indicators of environmental degradation and econo-
mic growth was made by Grossman and Krueger (1991). Subsequently, this relationship was coined the Environmental
Kuznets Curve hypothesis by Panayotou (1993), which led to numerous studies on the subject in subsequent years.
To minimize the loss of information caused by missing variables, various explanatory factors have been incorporated
into the conducted research. These factors encompass a wide range of variables, including fossil fuel consumption,
recovered energy consumption, trade openness, financial development, population density, tourism, globalization, de-
mocratization, education, urbanization, and industrialization, in addition to the income variable that varies over time
(Efeoglu, 2022).

conducted a study to examine the influence of industrialization, renewable energy, energy consumption, and financial
development on CO2 emissions in E7 countries, considering the Environmental Kuznets Curve hypothesis, covering
the period of 1989-2016. The research employed the panel data method and utilized a fixed effects model, which was
evaluated using the Parks-Kmenta estimator. The findings of the study indicated that per capita GDP, industrialization,
and energy consumption contributed to an increase in CO2 emissions in E7 countries. Conversely, the square of per
capita GDP, renewable energy, and financial development were associated with a reduction in CO2 emissions. Based
on these results, the study suggests that the Environmental Kuznets Curve hypothesis holds validity within this context.
Other research conducted in this field and their results are provided in Table 2.
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Table 2: Interesting research conducted about the topic.

Author

Country, period of
research

Method

Results

(Sulaiman et al.,

The production of electricity with renewable energy re-

2015)

the Sahara to the south /
1980-2010

Granger causality

2013) Malaysia / 1980-2009 ARDL duces CO2 emissions, and the Environmental Kuznets
Curve hypothesis is reliable.
(Ben Jebli et al., 24 African countries from Panel cointegration, Renewable energy consumption does not have a sig-

nificantimpact on CO2 emissions and the Environmen-
tal Kuznets Curve hypothesis is not reliable.

(Tamazian et al.,
2009)

BRIC/1992-2004

Panel data analysis

Financial development reduces CO2 emissions. Ener-
gy consumption increases CO2 emissions and the En-
vironmental Kuznets Curve hypothesis is reliable.

(Shahbaz et al.,

Financial development reduces CO2 emissions and

al., 2017)

ping countries. / 1991-2012

2013) SAR /1965-2008 ARDL the Environmental Kuznets Curve hypothesis is valid.
) While unrenewable energy consumption increases
(Bhattacharya et 85 developed and develo System GMM CO2 emissions, renewable energy consumption redu-

ces CO2 emissions.

(CaRlar & Mert,
2017)

Turkey/1960-2013

Cointegration

Recovering energy consumption reduces CO2 emis-
sions.

An increase in renewable energy consumption redu-

(2%?%% & Ozturk, USA/1980-2014 ARDL ces CO2 emissions, while an increase in non-renewa-
ble energy consumption increases CO2 emissions.
(Dong et al, BRIC/1985-2016 Panel cointegration R_enewable energy consumption reduces CO2 emis-
2017) sions.
While non-renewable energy consumption increases
(Chen et al, China/1980-2014 ARDL, Granger causa-|CO2 emissions, renewable energy consumption redu-
2019) lity ces CO2 emissions, and the Environmental Kuznets

Curve (EKC) hypothesis is valid.

The impact of renewable energy consumption on CO2

(Pata, 2018) Turkey/1974-2014 ARDL emissions is insignificant,

ﬁggi 25‘1 8) S India/1971-2015 ARDL Renewable energy production reduces CO2 emissions
Non-renewable energy consumption increases CO2
emissions, while renewable energy consumption redu-

(Okurnus, 2019) | Turkey/1968-2014 ARDL ces CO2 emissions in the short term, and renewable

energy consumption does not have a significant im-
pact on CO2 emissions in the long term. The Environ-
mental Kuznets Curve hypothesis is valid.

Source: own elaboration.

Econometric findings

This section presents the econometric findings obtained during the research, employing a three-stage analysis ap-
proach to assess the relationship between carbon dioxide emissions, renewable energy consumption, and the consu-
mer price index. Initially, stationary tests were carried out using unit root tests to examine the stationarity properties of
the variables. Subsequently, a cointegration test was conducted to explore the existence of a relationship and determi-
ne the long-term dependence coefficients among the variables. Finally, a causality analysis was performed to ascertain
the direction of the causal relationship between these variables.

Unit root test results and ADF test
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To assess the stationarity of the time series data, unit root tests are employed. Stationarity implies that the mean, varian-
ce, and covariance of a series remain constant over time. In this study, the Augmented Dickey-Fuller and Phillips-Perron
tests were used to examine the stationarity of variables associated with carbon dioxide emissions, renewable energy
consumption, and the consumer price index.

The Augmented Dickey-Fuller (ADF) unit root test examines whether a series possesses a unit root and is non-statio-
nary, as indicated by the null hypothesis (HO). Conversely, the alternative hypothesis (H1) suggests that the series lacks
a unit root and is stationary. Table 3 displays the results of the ADF test, revealing that the absolute value of the t-statistic
for the level (1(0)) values of the time series is smaller than the critical value. Therefore, the null hypothesis cannot be
rejected, indicating that the CO2, CPI, and REC series are non-stationary at a 5% significance level. Consequently, the
aforementioned tests were re-applied to the time series after taking their first differences. The subsequent application of
the ADF test on the first-differenced series demonstrates that the absolute value of the t-statistic surpasses the critical
value. Hence, the null hypothesis is rejected, and the alternative hypothesis is accepted. Consequently, the CO2, CPI,
and REC series are deemed stationary at a 5% significance level when considering their first differences.

Table 3: Results of the “Augmented Dickey-Fuller” stationary test.

Variables [  T-stat } T ‘t:rltlcg‘!/:lalute‘ o } Prob.
Cco2 0.224369 -2.66485 -1.95568 -1.60879 0.7428
A CO2 -5.56489 -3.75295 -2.99806 -2.63875 0.0002
CPI -3.40073 -4.41635 -3.62203 -3.24859 0.0759
A CPI -2.8737 -2.66936 -1.95641 -1.6085 0.0061
REC -0.40746 -2.66485 -1.95568 -1.60879 0.5259
A REC -5.53965 -2.66936 -1.95641 -1.6085 0.0000

Source: Author’s calculations.
Phillips-Perron unit root test results

According to the Phillips-Perron unit root test, the null hypothesis (HO) suggests that the series includes a unit root and
is non-stationary. Conversely, the alternative hypothesis (H1) indicates that the series lacks a unit root and is therefore
stationary. Table 4 presents the results of the Phillips-Perron test, indicating that for the level (I(0)) values of the time
series, the absolute value of the adjusted t-statistic is lower than the critical value. Consequently, the null hypothesis
cannot be rejected, affirming that the CO2, CPI, and REC series are non-stationary at a 5% significance level. In light of
this, the time series were differenced once, and the aforementioned tests were subsequently conducted. By examining
the results of the Phillips-Perron test applied to the differenced series, it is evident that the absolute value of the adjusted
t-statistic exceeds the critical value. Hence, the null hypothesis is rejected, and the alternative hypothesis is accepted,
signifying that the CO2, CPI, and REC series are stationary at a 5% significance level after undergoing one differencing
operation (I(1)).

Table 4: “Phillips-Perron” stationarity test results.

Variables T-stat critical value Prob.
1% 5% 10%
coz 17713 | 373785 | -2.09188 | -2.63554 | 0.3848
A CO2 .5.83708 | -A41635 | -3.62203 | -3.24859 | 0.0005
cpl 170137 | -430431 | -36122 | -3.24308 | 0.7191
ACPI 358432 | 375005 | -2.00806 | -2.63875 | 0.0145
REC 148803 | -439431 | -36122 | -324308 | 0.8054
A REC 544762 | -375295 | -2.00806 | -2.63875 | 0.0002

- 76
Source: Author’s calculations.
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After conducting the ADF and Phillips-Perron unit root tests, it can be inferred that the time series data in their original
level values are non-stationary, indicating the presence of unit roots. As a result, each series was subjected to first diffe-
rencing. The unit root tests performed on the differenced data revealed that the variables became stationary in their first
difference. In the subsequent stage, an optimal lag length will be determined by constructing a Vector Autoregression
Model (VAR), which will be followed by applying the Johansen Cointegration Test.

VAR Model

To conduct the cointegration test on the variables, a VAR model will be constructed using the level values (I(0)) of the
variables, and the suitable lag order will be determined. The VAR model, originally proposed by Sims, eliminates the
distinction between endogenous and exogenous variables and enhances predictive accuracy by incorporating lagged
values of explanatory variables. Concerning the Yt and Xt series, the VAR model is formulated as shown in equations
(2) and (3).

m m
Vo=a+ Z _.[i‘_i-l"r__i- +Z 'S_i'xr—_i' + &
(2)

m m
Y =a+ Z 8 ¥_;+ Z DX+ e
j=1 j=1 (3)
After introducing the model, we can determine the optimal lag length. Here, K1t and K2t are errors, and m re-
presents the optimal lag length. Lagged values of Y affect the X variable, and lagged values of X affect the
Y variable. Results are shown in Table 5.

Table 5: Determining the optimal lag length.

Lag LogL LR FPE AIC SC HQ
0 -4.679651 NA 0.000391 0.667796 0.815904 0.705044
1 59.75084 106.4504* 3.19E-06 -4.152247 -3.559815* -4.003252
2 71.72647 16.66174 2.59e-06* -4.410997* -3.374241 -4.150256*

Source: Author’s calculations.

As indicated in Table 5, both the modified (LR) Lagrange multiplier test and the Schwartz information criterion (SC) in-
dicate an optimal lag length of 1. On the other hand, the final prediction error (FPE), Akaike Information Criterion (AIC),
and Hannan-Quinn information criterion (HQ) suggest an optimal lag length of 2. However, when the lag length of 1 was
chosen, issues such as variable variance and non-normal distribution were observed in the model residuals. Therefore,
considering the FPE, AIC, and HQ criteria, the optimal lag length was determined as 2. Following this, tests for stability,
autocorrelation, heteroskedasticity, and normality were conducted on the model.

To guarantee the stability of the VAR model, the autoregressive (AR) roots must be smaller than 1. As illustrated in Figure
2, it has been observed that all the inverse roots lie within the unit circle. This indicates that the VAR model satisfies the
stability criterion.

Fig 2: Stability plot of the VAR model.
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Inverse Roots of AR Characteristic Polynomial | goot
Modulus
1.5
0.997266
0.997266
1.0 0.881534
0.881534
0.5 0.521758 - 0.282664i
° . 0.593406
0.0 B 0.521758 + 0.282664i
: 0.593406
. ’ -0.301889 - 0.434296i
-0.5 0.528914
-0.301889 + 0.434296i
1.0 0.528914
15 No root lies outside the unit circle.
-1 0 1 VAR satisfies the stability condition.

Source: Author’s calculations.

The Lagrange Multipliers (LM) test was performed to examine the presence of autocorrelation among the residuals of
the estimated VAR model. As presented in Table 6, for lag orders up to three, the null hypothesis (HO) of no autocorre-
lation could not be rejected at the significance levels of 1%, 5%, and 10%. This suggests that there is no evidence of
autocorrelation among the residuals.

Table 6: Results of Autocorrelation LM test.
[Lag [ LRE*stat | df Prob. Rao F-stat df Prob.

1 7.397749 9 0.5958 0.823474 (9, 26.9) 0.6002

2 13.18266 9 0.1545 1.622441 (9, 26.9) 0.1589

3 6.565778 9 0.6822 0.720562 (9, 26.9) 0.6860
Source: Author’s calculations.

Based on the findings presented in Table 7, the null hypothesis, which suggests that the residuals of the model have
constant variance (homoscedasticity), cannot be rejected. This indicates that there are no issues with varying variances
in the model.

Table 7: Heteroskedasticity (varying variance) test.

Joint test:
Chi-sq df Prob.

73.42771 72 1 04311
Source: Author’s calculations.

Based on the results provided in Table 8, the Jarque-Bera test statistic value for the VAR model is computed as 1.409247
(p=0.9653). Since the p-value is greater than 0.05, it can be concluded that the residuals of the model are considered
to follow a normal distribution.
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Table 8: Jarque-Bera normality test.

|  Component |  Jarque-Bera df Prob
1 0.630045 2 0.7298
2 0.188097 2 0.9102
3 0.591104 2 0.7441
Joint 1.409247 6 0.9653

Source: Author’s calculations.
Johansen cointegration test

After performing unit root tests on the variables of carbon dioxide emissions, renewable energy consumption, and the
price index in Azerbaijan from 1995 to 2019, it was found that these variables are integrated in the first order (I(1)),
indicating they are non-stationary. To explore the long-term relationship between the series, the Johansen cointegration
analysis, which can be applied to multiple series over time and is also integrated in the same order, was conducted.
The outcome of the Johansen cointegration test is presented in Table 9.

Table 9: Johansen cointegration test.

Hypothesized
0.05 . 0.05
. Trace o Max-Eigen s
Eigenvalue L Critical Prob.** - Critical Prob.**

No. of CE(s) Statistic Value Statistic Value
r=0 0.735304 51.03728 35.0109 0.0005 29.24183 24.25202 0.0101
r<i 0.580351 21.79544 18.39771 0.0161 19.10342 17.14769 0.0257
r<2 0.115174 2.69202 3.841465 0.1008 2.69202 3.841465 0.1008
Trace test indicates 2 cointegrating equation(s) at the 0.05 level
Max-eigenvalue test indicates 2 cointegrating equation(s) at the 0.05 level

Source: Author’s calculations.

The results of the Johansen cointegration test indicate that the null hypotheses of no cointegration for r=0, r<1, and
r<2 can be rejected. This suggests the presence of one or two cointegration relationships among the variables. Upon
examining Table 9, it can be observed that the null hypothesis HO is rejected, as the trace statistic values for r=0 and
r<1 exceed the critical values, and the maximum eigenvalue statistics also surpass the critical values. Hence, the coin-
tegration test results demonstrate the existence of two cointegration relationships among the variables, implying the
presence of long-term equilibrium relationships between them.

Analysis of long-term forecast results using FMOLS, DOLS, and CCR methods

After obtaining the results of the cointegration test, several methods were employed in the research to assess the
long-term impact of the independent variables on the dependent variable. The Fully Modified Ordinary Least Squares
(FMOLS), Dynamic Ordinary Least Squares (DOLS), and Canonical Cointegration Regression (CCR) methods were
utilized for these analyses.

The coefficients of the long-term trend, as hypothesized, exhibit positive values for the CPI variable and negative values
for the REC variable, as presented in Table 10. It is worth noting that, except for the CPI coefficient obtained using the
DOLS method, all the results are statistically significant. From the analysis, we can infer that holding other variables
constant, the impacts of energy consumption and the price index on carbon dioxide emissions are as follows:

- A 1% increase in CPI can increase CO2 emissions by an average of 0.1377-0.14728%.

- A 1% increase in REC can decrease CO2 emissions by an average of 0.05138-0.06973%.
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Table 10: Results of the estimation of the long-term relationship.

FMOLS DOLS CCR
Variable Coefficient Prob. Coefficient Prob. Coefficient Prob.
CPI 0.14728 0.0023* 0.083963 0.1754 0.1377 0.0045*
REC -0.05138 0.0468™* -0.06973 0.0313** -0.05213 0.0507***
Note: The dependent variable is CO2. *, **, and *** indicate that the null hypothesis is rejected at the 1%, 5%, and 10% sig-
nificance level, respectively.

Source: Author’s calculations.
Granger causality test

The Granger causality analysis is employed to identify the causal relationship between variables. This test helps deter-
mine whether there is a relationship between variables and, if so, the direction of causality. The findings of the Granger
causality test performed in the study are outlined in Table 11, showcasing the results.

Table 11: Granger causality test.

Source: Author’s calculations.

Based on the results presented in Table 11, it can be observed that the Consumer Price Index (CPI) is identified as a
causal factor for carbon dioxide emissions at a significance level of 10% (p=0.0551<0.10). However, renewable energy
consumption is not found to be a causal factor for carbon dioxide emissions (p=0.1259). Furthermore, carbon dioxide
emissions are found to be a causal factor for the Consumer Price Index at a significance level of 1% (p=0.0027<0.01),
while renewable energy consumption is identified as a causal factor for the Consumer Price Index at a significance level
of 1% (p=0.0020<0.01). Additionally, carbon dioxide emissions are considered a causal factor for renewable energy
consumption at a significance level of 10% (p=0.0579<0.10), whereas the Consumer Price Index is not found to be a
causal factor for renewable energy consumption (p=0.2578). A comprehensive summary of all the results is provided
in Table 12.

Table 12: Generalized result of the Granger causality test.

— REC
CO2

- CPI
CO2
REC JEN CPI

Source: Author’s calculations.
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CONCLUSIONS

In this study, the Johansen cointegration test was utilized
to examine the effects of renewable energy consump-
tion and the consumer price index on CO2 emissions in
Azerbaijan. The test indicated the existence of long-term
equilibrium relationships among the variables. Following
this, the impacts of renewable energy consumption and
the consumer price index on CO2 emissions were analy-
zed using the FMOLS, DOLS, and CCR cointegration
estimation methods. The findings consistently demons-
trated that renewable energy consumption harmed CO2
emissions, while the consumer price index had a positive
effect.

Moreover, the research uncovered that a 1% increase
in renewable energy consumption would lead to an ap-
proximate reduction of 0.06% in CO2 emissions. This im-
plies that augmenting renewable energy consumption is
of utmost significance in ensuring environmental cleanli-
ness. Consequently, there is a dire need to enhance the
government’s policy aimed at diversifying energy produc-
tion in Azerbaijan. Particularly, given the surging energy
demand triggered by population growth and economic
activities, meeting energy needs through clean, renewa-
ble sources rather than conventional means is imperati-
ve. It is worth noting that Okumus (2019) also observed
comparable results concerning CO2 emissions and re-
newable energy consumption in their study, where they
proposed an expansion in the use of renewable energy
sources as an environmentally friendly policy measure by
the government.

Our empirical analysis has revealed that a 1% increase
in the consumer price index is associated with an estima-
ted 0.14% increase in CO2 emissions. This finding aligns
with the study conducted by Musarat et al., (2021), which
investigated the correlation between inflation rates, cons-
truction costs, and the value of construction work, along
with the identification of interest rate differentials. The
study observed a positive relationship among these va-
riables, indicating that a decrease in inflation rates leads
to lower material prices and subsequently stimulates in-
creased construction work. Consequently, an increase in
construction work directly contributes to higher CO2 emis-
sions. Although the results obtained in the specific context
of the construction industry may not directly apply to our
research, which is based on the Consumer Price Index
encompassing a broader range of goods and services,
we can deduce that our study provides more comprehen-
sive insights.

As is known in economic theory, normal inflation stimula-
tes the use of medium- and long-term credit, which in turn

promotes economic growth. This is because mild inflation
can help promote expenditure and investment, as well as
promote price stability and avoid the harmful effects of de-
flation, thereby stimulating economic growth. In summary,
we can consider the results we have obtained to be rele-
vant for normal inflation levels. In other words, under nor-
mal inflation conditions, a 1% increase in the inflation rate
is associated with a positive impact on economic growth,
potentially leading to an estimated 0.14% increase in CO2
emissions.

Considering the above, we believe that the implementation
of the following measures can support the government’s
policy in this area:

Formulate support programs that promote the adoption
of renewable energy. Such initiatives will contribute to the
reduction of CO2 emissions and facilitate the growth of
clean energy consumption.

Take immediate action to implement international stan-
dards aimed at reducing reliance on fossil fuels. This will
result in a decrease in CO2 emissions and a greater utili-
zation of alternative energy sources.

Develop incentive programs that incentivize both organi-
zations and individuals to decrease their CO2 emissions.
This will result in a decrease in overall CO2 emissions and
an increase in the adoption of renewable energy sources.

Endorse scientific research and development initiatives
associated with renewable energy implementation. Such
endeavors are conducive to advancing renewable energy
studies and innovative problem-solving approaches.
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