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ABSTRACT

This study is an initial attempt to examine the correlation between energy consumption and economic growth in Saudi Arabia’s carbon emissions 
from 1985 to 2021. Notably, despite the prominence of low-carbon economic growth in the Paris Agreement and the Sustainable Development Goals, 
this specific link has yet to be previously investigated. The study used an autoregressive distributed lag approach to analyse the relationship between 
carbon emissions from energy consumption and economic development in Saudi Arabia. The bound test shows that the relationship has been going 
on for a long time, and the error correction equation shows that the endogenous and exogenous variables are negatively related by 0.58. This indicates 
that the system adjusts its previous period’s imbalance by 58% within a single period. The Granger causality test reveals a one-way causal relationship 
between energy use and carbon dioxide emissions, economic growth, and oil consumption. Additionally, the generation of energy through oil-based 
power plants is known to result in the release of carbon emissions, although in a unidirectional manner. It is necessary to prioritize exploring alternate 
methods for power generation, particularly those that rely on non-conventional or renewable energy sources.
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1. INTRODUCTION

Degradation of the environment, emissions of greenhouse gases 
(GHG), and changes in the climate have all emerged as some of 
the most urgent challenges in recent years. Emissions of carbon 
dioxide and other GHG continue to grow, which poses a significant 
risk to the world’s natural environment. As a direct consequence, 
the world’s economies have ratified the Paris Agreement (often 
referred to as COP21) and made a pact to slow the increase in 
greenhouse gas emissions. This is done to cooperatively bring the 
rise in world temperature in this century down to <2°C over the 
level it was at before industrialization. The increased production of 
GHG poses a substantial risk to the health of the environment on 
a worldwide scale. Consumption of fossil fuels like coal, oil, and 
gas, which are responsible for the majority of the world’s carbon 
emissions and have received much attention as the primary driver 

of the greenhouse effect, is causing an increase in the number of 
residues and wastes that are being released into the atmosphere as 
a result of the rapid expansion of industry and the rising energy 
demand. These two factors have led to the rapid growth of the 
industry. Unfortunately, Saudi Arabia’s economy heavily relies 
on several commodities that need to replenish themselves.

Carbon dioxide was the primary contributor to greenhouse gas 
emissions in 2018, making up over three-quarters of the total GHG 
emissions (World Bank, 2021). As a result, it is frequently asserted 
that such a high level of carbon dioxide emissions is a significant 
contributor to global warming. As a result, reducing carbon dioxide 
emissions is generally considered the most significant obstacle 
facing economies worldwide in terms of achieving compliance 
with the Paris Accord. In addition, since adopting the Paris 
Agreement, global carbon emission levels have grown, contrary to 
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the goals of the COP21 conference. According to the projections 
by National Oceanic Atmospheric Administration, if adequate 
actions are not taken to stop the development of carbon dioxide 
emissions, it will increase the earth’s temperature by 3–4°C above 
the pre-industrial level. This would result from a lack of action to 
stop the growth in carbon dioxide emission levels. Consequently, 
several nations, including Saudi Arabia, have formulated strategies 
to achieve carbon neutrality soon.

The Saudi Arabian economy primarily depends on oil revenues 
and includes energy-intensive manufacturing, construction, and 
transportation industries. In addition, in 2016, it contributed 
517,079,407 tons’ worth of carbon emissions, which put it in 
11th place globally in terms of its share of carbon emissions, which 
equated to a 1.45% share of global emissions. In light of this, the 
country’s overall energy consumption is rapidly expanding despite 
the controls and laws put in place. Saudi Arabia’s government 
has made many significant and positive strides in preserving the 
country’s natural resources.

Developed and underdeveloped economies worldwide are more 
concerned about achieving environmental sustainability than ever 
(Khan et al., 2022). To add to the conversation, Murshed et al. 
(2022) said that using more productive energy could balance the 
destructive effects of economic inclusion on the environment. 
An increase in studies on the linkages between environmental 
contaminants and economic activity in developed and developing 
nations can be attributed to rising concerns about climate change 
and carbon dioxide emissions. Numerous variables, such as 
patterns of energy production and consumption, the intensity of 
energy use, the cost of energy, and the availability of energy, all 
impact the progression of carbon emissions. Since energy is the 
driving force behind industrialization and economic progress, 
high energy consumption levels are often connected with high 
living standards. However, high energy use leads to significant 
carbon emissions, which harm the natural environment. These 
emissions contribute to global warming. As a direct consequence 
of this, academics and industry experts have invested a significant 
amount of time and effort into comprehending the implications 
that global warming and climate change would have on the 
economy of the whole world. The environmental Kuznet curve 
(EKC) theory seeks to study the link between economic expansion, 
energy consumption, and pollution levels in the surrounding 
environment. Much research has been conducted on these topics, 
yet the empirical literature has not agreed on a single answer. 
Therefore, it is prudent to investigate the linkages between energy 
use, the release of carbon emissions, and the economy’s growth.

2. LITERATURE REVIEW

In recent years, there has been a significant amount of scholarly 
focus on the correlation between environmental degradation, 
energy use, and economic development. The EKC hypothesis 
posits that a positive relationship exists between greenhouse gas 
emissions and economic production until a certain threshold is 
reached, beyond which emissions begin to decline. The investigation 
of carbon emissions is primarily motivated by their prominent role 
in issues of environmental preservation and promoting sustainable 

development. A  positive correlation exists between energy 
consumption and economic expansion since the former catalyses 
the latter. However, achieving a higher economic growth rate is 
imperative to optimise the utilisation of energy resources.

The existing body of work about the interplay between economic 
growth, energy consumption, and environmental pollution may 
be categorized into three main strands, as identified by Zhang and 
Cheng (2009). The first scholarly work centres on the relationship 
between environmental contamination and economic growth. This 
particular body of work examines the existence of an EKC. It posits 
that during the initial phases of economic development, there is a 
negative relationship between per capita income and environmental 
quality. Nevertheless, beyond a certain threshold, a noticeable 
resurgence in quality coincides with a rise in per capita income. This 
association suggests that the ecological impact indicator exhibits an 
inverted U-shaped pattern concerning per capita income. The EKC 
hypothesis posits that a quadratic equation represents the logarithm of 
the indicator variable in terms of the logarithm of income. Grossman 
and Krueger (1991) introduced and empirically examined the EKC 
hypothesis. Following this, Stern (2004) and Dinda (2004), along 
with other scholars, have conducted comprehensive literature 
reviews on the empirical research examining the relationship between 
economic growth and environmental pollution. The second aspect 
of the scholarly literature pertains to the interconnection between 
energy consumption and economic development. This body of 
research posits a strong correlation between economic growth and 
energy consumption, asserting that increased economic development 
levels necessitate more significant energy consumption. Numerous 
scholarly investigations have examined the empirical data using the 
Granger causality test and the co-integration model. The third strand 
of academic literature involves an integrated approach that challenges 
the validity of both nexuses within a unified framework. This section 
provides a concise overview of prior research about the relationships 
among carbon dioxide (CO2) emissions, energy consumption, and 
economic development. Specifically, Table 1 presents a summary of 
the methodologies, approaches employed, and key conclusions from 
past studies. This study examines the interplay between economic 
development, environmental pollution, and energy use.

3. METHODOLOGY

This study investigates the influence of carbon dioxide emissions on 
economic growth, namely the gross domestic product (GDP), in Saudi 
Arabia. It also examines the significance of oil and energy consumption, 
particularly electricity generated from oil and gas sources, within the 
abovementioned context. The research utilizes data from 1985 to 2021, 
extracted from BP statistics and World Bank data, as delineated in 
Table 2 for each variable source and the units. The present study was 
designed to investigate the interrelationships among carbon emissions, 
economic growth, and energy consumption in the context of Saudi 
Arabia. The empirical modelling employed in this study is grounded 
in the autoregressive distributed lag (ARDL) approach (Gangopadhyay 
et al., 2023; Pachiyappan et al., 2022; Khan et al., 2022).

Descriptive statistics are studied, followed by correlation, to 
examine the relationship between two sets of time series data. The 
concept of correlation can be defined as follows:
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Table 1: Delineated the comprehensive overview of the extant empirical literature pertaining to the interrelationships 
among carbon dioxide (CO2) emissions, energy consumption, and economic development
Study Countries Periods Methodologies Causality relationship
Carbon dioxide emissions and Economic growth nexus

Holtz‑Eakin and Selden (1995) 130 countries 1951–1986 EKC hypothesis Monotonic rising curve
Stern (2004) EKC hypothesis There is little evidence for a 

common inverted U‑shaped 
pathway that countries 
follow as their income rises

Dinda (2004) EKC hypothesis Inverted‑U shape curve
Richmond and Kaufmann (2006) 36 nations 1973–1997 No relationship
Saboori et al. (2012) Malaysia 1980–2009 EKC hypothesis C→G (in the long‑run)

Inverted‑U shape curve
(in the long and short‑run)

Energy consumption and Economic growth nexu
Stern (1993) United States 1947–1990 Multivariate VAR model E→G
Yuan et al. (2007) China 1963–2005 Johansen–Juselius, VECM E→G; G→E
Belloumi (2009) Tunisia 1971–2004 Johansen–Juselius, VECM E↔G (in the long‑run); 

E→G 
(in the short‑run)

Ghosh (2010) India 1971–2006 ARDL bounds test, Johansen–Juselius, 
VECM

Miscellaneous

Carbon dioxide emissions, Energy consumption and Economic growth nexus
Ang (2007) France 1960–2000 EKC hypothesis, Johansen Juselius, 

VECM, ARDL bounds test.
E→G

Soytas et al. (2007) United States 1960–2004 EKC hypothesis, Granger causality test E→G
Apergis and Payne (2009) 6 central 

American 
countries

1971–2004 EKC hypothesis, panel VECM C↔G; E→C; G→C
Inverted U‑shaped curve

Halicioglu (2009) Turkey 1960–2005 ARDL bounds test, Johansen–Juselius, 
VECM

C↔income; C→E
C↔square of income

Soytas and Sari (2009) Turkey 1960–2000 Granger causality test C↔E (in the long‑run)
Zhang and Cheng (2009) China 1960–2007 Toda–Yamamoto procedure G→E; E→C
Chang (2010) China 1981–2006 Johansen cointegration VECM Miscellaneous
Lean and Smyth (2010) 5 Asean 

countries
1980–2006 Panel cointegration EKC hypothesis, 

panel VECM
C→E
Inverted U‑shaped curve

Lotfalipour et al. (2010) Iran 1967–2007 Toda‑Yamamoto method G→C (in the long‑run)
Ozturk and Acaravci (2010) Turkey 1968–2005 ARDL bounds test, VECM C→G (in the long‑run)
Shahbaz et al. (2012) Pakistan 1971–2009 ARDL bounds test, Granger Causality G→C; E→C
Arouri et al. (2012) 12 MENA 

countries
1981–2005 Panel unit root tests and co‑integration E↔C (in the long‑run)

Shahbaz and Lean (2012) Pakistan 1972–2009 Granger causality test E→G
Omri (2013) 14 MENA 

countries
1990–2011 Cobb‑Douglas production function E→C; G↔C

Shahbaz et al. (2013) Indonesia 1975Q1–2011Q4 ARDL Bound test, VECM Granger 
causality

E→C; G↔C (both in long 
&short run)

Yang and Zhao (2014) India 1970–2008 Granger causality test E→C; E→G; C↔G
Mirza and Kanwal (2017) Pakistan 1971–2009 ARDL, VECM Causality E↔C; G↔C
Stamatiou and Dritsakis (2017) Italy 1960–2011 VECM G→C; G→E; E↔C
Adebayo et al. (2021) South Korea 1965–2019 ARDL, Gradual Shift Causality E→G; C→G; G→U
Jahanger et al. (2022) MINT countries 1990–2018 CS‑ARDL G→C; FDI→C; R→C
Khan (2023) Bahrain 1995–2020 Granger C→T
Khan et al. (2023) Kuwait 1995–2020 VECM, Granger causality C→T; E→T; G→T
Khan (2023) India Quantile Regression, Granger causality C→G; C→U; O→C; O→U; 

G→U
→ and↔indicate unidirectional causality and bidirectional causality, respectively. G, C, E, U, T, R, O indicate economic growth, carbon dioxide emissions, energy consumption, 
urbanization, tourism, renewable energy consumption and oil consumption, VAR represents vector auto regressive model, VECM refers to the vector error correct model, ARDL denotes 
the auto regressive distributed lag procedure and EKC refers to the environmental Kuznets curve

Table 2: Unit and genesis of specified variables
Variable Description Source Units
LNC Carbon dioxide emissions from energy BP (2022) Millions Tonnes of CO2
LNO Oil Consumption BP (2022) Million Tonnes
LNG Economic growth WDI (2023) Constant US$2015
LNEC Primary Energy Consumption BP (2022) Exajoules
LNELG Electricity generated by Gas BP (2022) Terawatt‑Hours
LNELO Electricity generated by Oil BP (2022) Terawatt‑Hours
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The covariance between two-time series, X and Y, is represented as 
Cov (X, Y), whereby Var (X) and Var (Y) represent the respective 
values of the time series X and Y.

The ARDL strategy was utilised in this investigation due to its 
ability to handle restricted observations. The model is appropriate 
for a model that incorporates various delays and a combination of 
multiple orders of integration. This approach offers benefits due 
to its ability to concurrently show coefficients in both the short 
and long term while also addressing the issue of autocorrelation. 
The effectiveness of the proposed policy in this study enhances its 
legitimacy. The equation below presents the definition of ARDL 
modelling.
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Where alpha and beta are the long-run and short-run parameters 
represent the error correction term, ECT, which is the adjusted 
speed to long-run balance from short-run shock. The ARDL 
hypotheses are written below.

H0 1 2 3 4 5 6:� � � � � �� � � � �

HA :� � � � � �1 2 3 4 5 6� � � � �

The null hypothesis (H0) reiterates that there is no cointegration 
presence in the model, while the alternate hypothesis (HA) affirms 
a contradictory view: the presence of cointegration. The testing 
technique in the ARDL model involves comparing the generated F 
or T statistics with the critical bounds, which consist of both lower 
and upper bounds. The diagnostic methods employed to assess 
the Best Linear Unbiased Estimators include the normality test, 
heteroscedasticity test, Ramsey RESET test, and serial correlation 
test. The assessment of model stability was conducted using two 
techniques: The cumulative sum of recursive residuals (CUSUM) 
and the cumulative sum of squares of recursive residuals (CUSUM 
of squares). Additionally, the long-term coefficient of the ARDL 
model was examined by using the fully modified ordinary least 
squares (FMOLS) and dynamic ordinary least squares (DOLS) tests.

4. RESULTS AND DISCUSSION

The elementary summary statistical characteristics that report 
the central tendencies outlined in Table 3 show that economic 
growth reveals the highest average, followed by carbon dioxide 
emissions, oil consumption, electricity produced by gas and 
oil, and, at the end, energy consumption. Likewise, it is seen 
that economic growth has the most pronounced range of both 
upper and lower limits, with carbon dioxide emissions, power 
generation from gas and oil, and energy consumption following 
suit. Electricity generated from gas exhibits the most significant 
standard deviation, while economic growth demonstrates the 
lowest standard deviation.

Table 4 presents the correlation coefficient matrix indicating the 
strong and positive correlations observed among the variables 
under examination. The primary factor exhibiting the most robust 
correlation with carbon dioxide emissions is energy consumption, 
with oil consumption following closely. Additionally, there exists 
a notable association with economic growth and the generation of 
electricity from gas and oil. Conversely, economic growth has the 
weakest connection with carbon dioxide emissions.

Table 3: Descriptive Statistics
Variables LNC LNEC LNELG LNELO LNG LNO
Mean 5.795 1.765 4.386 4.372 26.798 4.475
Median 5.751 1.731 4.515 4.32 26.77 4.418
Maximum 6.427 2.412 5.375 5.213 27.366 5.142
Minimum 5.068 0.966 3.393 3.087 26.113 3.828
SD 0.45 0.45 0.61 0.57 0.36 0.46
SD: Standard deviation

Table 4: Correlation coefficient matrix
Variables LNC LNEC LNELG LNELO LNG LNO
LNC 1
LNEC 0.998 1
LNELG 0.973 0.976 1
LNELO 0.972 0.969 0.925 1
LNG 0.987 0.984 0.972 0.962 1
LNO 0.994 0.996 0.964 0.957 0.974 1

Table 5: Unit root stationarity test
Variables   Augmented Dickey‑Fuller Phillips‑Perron Decision

I (0) I (1) I (0) I (1)
P P P P

LNC −1.098 0.71 −6.265 0.00 −1.15 0.685 −6.274 0.00 I (1)
LNEC −1.54 0.5 −3.155 0.03 −1.464 0.54 −5.812 0.00 I (1)
LNELG −0.605 0.857 −3.511 0.01 −0.341 0.91 −3.501 0.014 I (1)
LNELO −3.195 0.03 −3.848 0.006 −3.195 0.03 −3.802 0.007 I (0), I (1)
LNG −0.694 0.84 −6.022 0.00 −0.692 0.84 −6.0097 0.00 I (1)
LNO −0.67 0.84 −5.587 0.00 −0.671 0.84 −5.62 0.00 I (1)
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In addition, the study employed the Augmented Dickey-Fuller 
(ADF) and Phillips-Perron (PP) techniques to assess the 
stationarity properties of the data. The results indicate that the 
parameters are integrated in a combination of mixed orders, 
namely I(1) and I(0), as seen in Table 5. After confirming that the 
series is stationary with a lag value of one, we estimate the ARDL 
framework, which can be seen in Table 6.

The F-value that was determined is 17,702, which is greater than 
the upper and lower limits tests combined. At a significance level 
of 1%, the upper bound critical value is calculated to be 4.68. 
In addition, the t-statistic value is  -6.739, which is more than 

the lower limits and the upper bounds. The null hypothesis of 
no cointegration connection can be thrown out. Carbon dioxide 
emissions are linked to energy use, oil and gas-based electricity 
generation, economic growth, and oil consumption. Therefore, a 
connection exists between the variables over the long term, which 
is delineated in the Table 7.

The coefficient of the Coint Equation (-1) is −0.58, making it a 
negative equation. This suggests that the adjustment rate towards 
a long-run equilibrium is 58% or that the system corrects its prior 
period disequilibrium at a speed of 58% during a single period. 
The t-statistics come out to −11.25, and the coefficient reaches a 
significance level of 1%. Consumption of energy has a positive 
coefficient of 0.62, which is likewise significant; in contrast, the 
electricity generated from oil and gas has negative coefficients 
of 0.58 and 0.1, respectively; both are significant. The long-run 
regression is also stable and significant, as evidenced by the 
significance of its F-statistics and Durbin-Watson.

The Cointegration regression test by FMOLS, dynamic least 
squares (DOLS) and canonical cointegration regression (CCR) was 
also estimated. The result presented in Table 8 below shows that 
economic growth significantly impacts carbon emission in the long 
run in all three methods mentioned above. Besides the economic 
growth, the electricity produced by oil significantly impacts carbon 
emissions in the long run by the FMOLS and CCR. In comparison, 
oil consumption positively impacted carbon emissions by the DOLS.

Table 9 delineates the pairwise Granger causality outcomes at one 
lag, where energy consumption has a unidirectional causality with 
carbon dioxide emissions, economic growth, and oil consumption. 
The other variables do not demonstrate any causal relationship 
among the variables, even though oil-based electricity also has 
a one-way causality with carbon dioxide emissions. Figure  1 
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Figure 1: CUSUM and CUSUM square stability test

Table 6: Autoregressive distributed lag bound test at 
(1,1,1,0,0)
Test Value Significance I (0) I (1) Decision
F‑statistics 17.702 10% 2.26 3.35 F‑statistics 

is greater 
than I (1)

5% 2.62 3.79
2.50% 2.96 4.18

1% 3.41 4.68
t‑statistics ‑6.739 10% −2.57 −3.86 t‑statistics 

is greater 
than I (1)

5% 2.86 −4.19
2.50% 3.13 −4.46

1% −3.43 −4.79

Table 7: Error correction model regression
Variable Coefficient SE t‑statistics P
C −5.22 0.46 −11.256 0.00
D (LNEC) 0.62 0.07 8.63 0.00
D (LNELG) −0.1 0.04 −2.48 0.02
D (LNELO) −0.58 0.05 −11.25 0.00
Coint Eq(‑1) −0.58 0.05 −11.25 0.00
Adjusted R‑square 0.94
Durbin‑Watson Stat 2.5
F‑statistics 134.32 0.00

Table 8: Co‑integration regression
Variables FMOLS DOLS CCR

Coefficient P Coefficient P Coefficient P
LNEC 0.496 0.038 0.054 0.81 0.338 0.19
LNELG 0.016 0.72 0.063 0.155 0.038 0.44
LNELO 0.095 0.011 0.098 0.03 0.098 0.03
LNG 0.249 0.0001 0.385 0.00 0.26 0.0002
LNO 0.135 0.4 0.41 0.008 0.252 0.114
C −2.833 0.081 −7.17 0.0006 −3.597 0.047
CCR: Canonical cointegration regression
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demonstrates the stability of the model, as seen by the blue line 
falling inside the boundaries defined by the two red lines of the 
CUSUM and CUSUM squares. This observation suggests that 
the CUSUM and CUSUM squares possess statistical significance.

5. CONCLUSION

This paper contributes to the extant body of literature by examining 
the relationship between carbon dioxide emissions, energy 
consumption, gas and oil-generated power, economic growth, and 
oil consumption in Saudi Arabia. The analysis utilizes annual data 
spanning the period from 1985 to 2021. The aims are achieved 
by utilizing the ARDL limits and Granger causality tests. The 
results indicate a combination of statistically significant and 
non-significant relationships between carbon emissions and the 
independent variables. The results of the limits test indicate that 
there exists a long-term relationship among all the indicators.

The cointegration equation also shows a negative sign coefficient, 
meaning the adjustment rate is 58% towards the long-term 
equilibrium. The regression analysis of the error correction model 
reveals a positive relationship between energy consumption and 
carbon dioxide emissions, indicating that an increase in energy 
consumption leads to higher levels of carbon dioxide emissions. 
Additionally, the analysis suggests that producing electricity from 
gas and oil sources harms Saudi Arabia’s carbon dioxide emissions. 
Therefore, Saudi Arabia must consider alternate strategies for 
power generation, such as embracing renewable energy sources or 
fulfilling its electrical demands through other means. The Granger 
causality analysis reveals a significant presence of causation 
throughout the series as a whole.

Nevertheless, there needs to be more empirical evidence supporting 
bidirectional causal relationships among the variables under 
consideration. However, it is worth mentioning that a unidirectional 
causality has been observed between energy consumption and 
carbon dioxide emissions, economic growth, and oil consumption. 
Specifically, energy consumption has significantly impacted 
carbon dioxide emissions, economic growth, and oil consumption. 
Additionally, it has been observed that producing electricity using 
oil also contributes to carbon dioxide emissions. According to 
Murshed et al. (2022), implementing measures to increase the 
utilization of renewable energy sources and generate renewable 
power is a viable strategy for mitigating the environmental impact. 
Thus, policymakers can also think about this.
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