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Abstract: Given the increasing reliance on natural gas as a primary energy source in Egypt and its pivotal role
in supporting industrial production and electricity generation, understanding the relationship between natural gas
consumption and economic growth is of great importance. This is particularly crucial in the context of energy policy
formulation, sustainable development, and efficient resource allocation. This study investigates the causal nexus
between natural gas consumption and economic growth in Egypt during the period from 1988 to 2018. The pri-
mary aim is to determine whether economic growth drives gas consumption or vice versa, which carries significant
implications for energy policy and sustainable development planning. The research adopts the Auto Regressive Dis-
tributed Lag (ARDL) approach to analyze long-term relationships, while the Vector Error Correction Model (VECM)
Granger causality test is employed to explore short-run and long-run causal dynamics between the variables. The
empirical findings reveal a unidirectional causality running from economic growth to natural gas consumption in
the short run, supporting the conservation hypothesis. This suggests that economic expansion leads to increased
gas consumption, but not the other way around. In contrast, no causality is detected in the long run, aligning with
the neutrality hypothesis, which implies that natural gas consumption does not significantly influence long-term
economic growth.
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1. Introduction

Energy is fundamental to all sectors of economic activity, yet its central role in driving long-term economic
growth was underappreciated until the 1973 oil crisis. This event exposed the structural vulnerabilities of indus-
trial economies to energy shocks and firmly established the link between energy security and macroeconomic per-
formance [1]. Since then, energy policy has become an integral part of national development strategies, as the
consumption of energy is now widely recognized as both a driver and a consequence of economic growth.

From 1988 to 2018, global real GDP increased by 132.11%, rising from USD 35.525 trillion to USD 82.458
trillion [2]. Over the same period, global primary energy consumption rose by 76.22%, while natural gas consump-
tion grew substantially, with a notable 5% annual increase in 2018 alone [3]. Natural gas has become a vital part
of the global energy mix due to its efficiency and relatively lower environmental impact. In Africa, natural gas
consumption rose from 30.8 million tonnes of oil equivalent (Mtoe) in 1988 to 129 Mtoe in 2018—an increase of
318.8%—with Egypt accounting for 33% of the continent’s usage in 2018 [3]. Domestically, Egypt consumed 59.6
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billion cubic meters of natural gas in 2018, making it the dominant energy source in the country. Recent discover-
ies, favorable geographic positioning, and substantial infrastructure investments have further strengthened Egypt’s
ambition to become a regional energy hub [4].

Despite this strategic importance, the literature reveals a critical gap in country-specific studies examining the
causal relationship between natural gas consumption and economic growth in Egypt. Most prior research either
aggregates various energy sources or includes Egypt only as part of broader regional panels, which fail to capture
its unique structural, policy, and market dynamics. Furthermore, many existing studies rely on bivariate models or
overlook the short- and long-run causal directions that are crucial for policy formulation.

This paper addresses these shortcomings by making three key contributions:

1.  Empirical Contribution: Itisolates natural gas—Egypt’s most consumed energy source—as a distinct variable,
and analyzes its relationship with GDP using a multivariate ARDL and VECM framework that includes capital
and labor. This allows for a more accurate and policy-relevant estimation of both short- and long-run effects.

2.  Theoretical Contribution: It offers an integrated review of economic thought on energy and growth, from
classical physiocracy to modern biophysical and ecological economics, thereby situating the empirical analysis
within a broader conceptual framework.

3. Policy Contribution: The paper links its empirical findings directly to Egypt’s ongoing energy transition—
specifically, the shift away from subsidies and the promotion of renewable energy—providing actionable in-
sights into how energy policy can support sustainable growth without compromising efficiency.

By bridging theoretical foundations with rigorous empirical analysis and current policy relevance, this study
offers novel insights into the energy-growth nexus in Egypt and helps inform strategic decisions on energy conser-
vation, investment, and development planning.

2. Literature Review

This section aims to investigate the relationship between natural resources, particularly energy resources, and
economic growth from the perspective of economic theory and empirical evidence. This section is divided into two
parts. Part One focuses on tracing and contrasting the different views of economic theories starting from the phys-
iocracy economic theory to the modern biophysical economics theories concerning the role of natural resources,
particularly energy resources in achieving economic growth. In addition, Part Two presents the empirical literature
concerning the nexus between energy consumption and economic growth.

2.1. Theoretical Background

This section reviews the evolution of economic thought concerning the role of natural resources—especially
energy—in shaping economic growth. The analysis is structured chronologically, tracing the theoretical progres-
sion from early classical theories to modern ecological and biophysical frameworks. Understanding this evolution
provides essential context for interpreting the empirical relationship between energy use and economic perfor-
mance, particularly in resource-dependent countries like Egypt.

2.1.1. Classical and Early Views on Natural Resources

Early economic theories placed natural resources, especially land, at the center of wealth creation. The Phys-
iocrats in the 18th century, led by Quesnay, Mirabeau, and Dupont, considered land-based agriculture as the only
productive economic activity, producing surplus beyond capital and labor inputs [5]. They viewed land as a renew-
able natural asset essential for national prosperity.

Following the Physiocrats, Classical economists such as Adam Smith, Malthus, Ricardo, and Mill refined the
resource-growth nexus. Smith emphasized the productive surplus of agriculture but assumed nature’s bounty was
limitless and therefore did not treat scarcity as a constraint [5]. Malthus and Ricardo, in contrast, introduced the
concept of diminishing returns to land and emphasized resource scarcity as a potential limit to economic expansion
[6]. Mill expanded this view by incorporating exhaustible resources, stressing that knowledge and technological
progress could partially offset resource limitations.
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2.1.2. The Conservationist Perspective

By the mid-19th to early 20th centuries, the conservationist doctrine emerged, framing natural resources as
finite and essential to human welfare. Conservationists emphasized the biological and ecological constraints of the
economic process and called for resource-saving strategies, such as preserving renewable capacities, substituting
minerals with renewables, and recycling exhaustible inputs [6]. This laid the groundwork for the idea that managing
natural resources wisely is not optional, but central to sustainable economic growth.

Neoclassical Economics and the Rise of Substitution Thinking

Early neoclassical economists, including Jevons, Marshall, and Solow, shifted focus from nature to capital, labor,
and technology as the primary factors of production. Jevons, however, warned about the limits of substitution, par-
ticularly in the case of coal scarcity [6]. Marshall recognized diminishing returns on land but believed institutional
reforms and knowledge diffusion could counteract these effects [7].

Solow’s (1956) neoclassical growth model largely treated natural resources as intermediate inputs, downplay-
ing their strategic role [8]. This model assumed that technological progress could indefinitely substitute for natural
capital, a view that came under increasing scrutiny during the energy and environmental crises of the 1970s.

In response, economists like Dasgupta, Heal, Solow (1974), and Stiglitz introduced modified growth models
that explicitly incorporated exhaustible resources as inputs [9-13]. These models—collectively known as the DHSS
framework—argued that sustainability could be maintained if societies reinvested resource rents into other forms
of productive capital (as per the Hartwick Rule [14]). These ideas formed the foundation of “weak sustainability”,
which assumes substitutability between natural and man-made capital.

Yet, critiques emerged. Scholars noted that manufactured capital itself relies on natural resources, and that
assuming perfect substitutability overlooks thermodynamic constraints and resource quality decline [9].

2.1.3. Biophysical and Ecological Economic Critiques

The late 20th century saw a paradigm shift toward biophysical and ecological economics, which challenged neo-
classical assumptions. Drawing from thermodynamics, Nicholas Georgescu-Roegen (1979) argued that increasing
capital (K) inevitably requires increasing resource (R) inputs, refuting the neoclassical notion that natural capital
can be diminished to near-zero without affecting output [15]. His critique targeted the oversimplified Cobb-Douglas
production function and its unrealistic substitution assumptions.

Building on these ideas, Daly, Costanza, and others institutionalized ecological economics, which treats the
economy as a subsystem embedded in the finite biosphere [16]. This school introduced the concepts of:

e  Strong Sustainability, which insists that some forms of natural capital are non-substitutable.
e  (ritical Natural Capital (CNC), whose loss would be irreversible and extremely harmful to human well-being [17].

These frameworks emphasize that economic growth must respect planetary boundaries, especially when rely-
ing on non-renewable resources like fossil fuels and natural gas.

2.1.4. Synthesis and Relevance to This Study

Across these theoretical strands, a key insight emerges: natural resources, particularly energy, are not merely
auxiliary inputs but potentially binding constraints or enablers of economic growth, depending on how they are
managed. While classical and neoclassical models offer mechanisms for overcoming resource limits through cap-
ital deepening and technological innovation, ecological economics urges caution, especially where exhaustible re-
sources like natural gas dominate.

This theoretical foundation supports the need to empirically assess whether Egypt’s heavy reliance on natural
gas is a driver, a consequence, or independent of economic growth. The next section turns to empirical literature
to explore how these theoretical views manifest in real-world data.

2.2. Empirical Literature

Before the 1980s, the dominant belief was that natural resource abundance was beneficial for economic growth,
as resource wealth could support various sectors of the economy and enhance overall production. However, this

230



New Energy Exploitation and Application | Volume 04 | Issue 02

assumption was increasingly questioned after the 1980s, as emerging studies began to highlight a negative relation-
ship between natural resource abundance and economic performance. This phenomenon, known as the “resource
curse” hypothesis, has become a well-established concept in the literature [18].

There are several explanations for this negative relationship. One is based on the Dutch Disease theory, which
refers to the economic challenges faced by the Netherlands following the discovery of significant natural gas re-
serves in the 1950s. The boom in the resource sector led to a decline in manufacturing, demonstrating how re-
source wealth can distort economic structure [19]. Another explanation emphasizes institutional quality. In cases
where natural resources are exploited by rent-seeking elites, poor governance and mismanagement tend to follow,
leading to negative consequences for long-term economic growth [18]. Because the link between natural resources
and growth varies across countries, it is essential to investigate this relationship to inform effective energy policy
design.

In the literature, the economic relevance of different energy sources is typically assessed through the causal
relationship between energy consumption and national income. Researchers use either a bivariate or multivariate
methodological approach to analyze this relationship. The multivariate approach is generally preferred, as it helps
to address the omitted variable bias inherent in the bivariate model [20].

The multivariate method consists of two main analytical perspectives. The supply-side approach examines
how energy consumption contributes to economic output within traditional production functions, particularly the
Cobb-Douglas framework. The demand-side approach, on the other hand, explores the relationship between energy
consumption, economic growth, and energy prices [21-23].

Empirical studies have identified various types of relationships between energy consumption and economic
growth as showed in Table 1. The growth hypothesis posits that energy consumption plays a direct role in driving
economic growth or complements other inputs like labor and capital. In such cases, energy conservation policies
may hinder growth, especially if the causality runs from energy use to economic expansion. This hypothesis has
been supported by researchers such as Lee (2005), Oh and Lee (2004), Chang (2010), Isik (2010), Yang (2000), and
Narayan and Popp (2012) [24-29].

The conservation hypothesis suggests a unidirectional causality from economic growth to energy consumption,
indicating that implementing energy-saving measures would not negatively impact growth. Studies by Lee (2005),
Yang (2000), Narayan and Popp (2012), and Sharaf (2016) support this perspective [24,28-30].

The neutrality hypothesis asserts that there is no significant causal link between energy consumption and
economic growth, implying that changes in energy use have little or no effect on GDP. This view is reflected in the
findings of Narayan and Popp (2012) and Sharaf (2016) [29,30].

The feedback hypothesis proposes a bidirectional relationship between energy consumption and economic
growth, meaning the two variables influence each other. This conclusion is supported by studies such as those by
Apergis and Payne (2010), Erdal et al. (2008), Oh and Lee (2004), Chang (2010), Yang (2000), and Zhang and Yang
(2013) [20,25,26,31,32].

Lastly, some studies found a negative causal link from energy consumption to economic growth. This has been
attributed to factors such as structural shifts towards less energy-intensive sectors, inefficient energy use in low-
productivity industries, poor institutional quality, or the adverse spillover effects of resource booms on other eco-
nomic sectors. Such conclusions were drawn by Narayan and Popp (2012) and Zhang and Yang (2013) [29,32].

Table 1. Results of the previous studies on the causality between energy consumption and economic growth.

Author Countries Period Methodology Variables Causality
ECe>Y
Yang (2000) [28] Taiwan 1954-1997 ~ Standard granger GDP, aggregate energy, Coal, vy
causality test oil, gas and electricity
0C«Y
Oha and Leeb (2004) [25] Korea 1970-1999 Cointegration, VECM GDP, capital, labm'lr and EC - Y in the long run
and Granger causality energy consumption EC - Y in the short run

18 developing GDP, energy consumption

Lee (2005) [24] 1975-2001 (FMOLS) and VECM EC — Y except for Hungary

countries and capital
Erdal et al (2008) [31] Turkey 1970-2006  Johnson cointegration GNP and energy EC oY
and Granger causality consumption
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Table 1. Cont.

Author Countries Period Methodology Variables Causality
Real GDP, capital, labour
Apergis and Payne (2010) [20] 67 countries 1992-2005 FMOLS and VECM force and natural gas ECe>Y
consumption
. Cointegration, VECM GDP, CO2, oil, NG, Coal OC«Y CoalC«Y ElecC
Chang (2010) [26] China 1981-2006 and Granger causality Electricity consumption -Y NC-Y
Isik (2010) [27] Turkey 1977-2008  ARDL economic growth rate and NCoY
Natural gas consumption
The study found mixed
results regarding the impact
of energy consumption on
Panel cointegration, real GDP and ener real GDP, though the
Narayan and Popp (2012) [29] 93 countries 1980-2006 VECM and granger ] &y evidence at the individual
. consumption
causality test country level more strongly
supports a negative causal
relationship between energy
use and economic growth
Real GDP, gross fixed capital
VAR and Toda formation, employed labour EC «-Y and Coal.c «-Y
Zhang and Yang (2013) [32] China 1978-2009 Yamamoto granger force, energy consumption, (negative)
causality test Coal, oil and gas 0Ce->Y NCe-Y
consumption
6 Central . . GDP, energy consumption, )
Apergis & Payne (2009) [22] American 1980-2004 Panel cointegration and labor force, gross fixed EC > (in both short and
- Error Correction Model - . long run)
countries capital formation
11countries
Eigljrenon— GDP, energy consumption,
Apergis and Payne (2009) [23] wealth of 1991-2005 FMOLS and VECM real gross fixed capital EC-Y
formation and labour force
Independent
States
Var analysis, today .
Sharaf (2016) [30] Egypt 1980-2012 yamamoto granger GDP, capital, labour and EC—Y.

causality test

energy consumption

EC, 0C, NC, Elec.C, coal.C, Nuclear.c and Y refer to energy consumption, oil consumption, natural gas consumption, electricity consumption, coal consumption, nuclear
energy consumption and real GDP. EC- Y indicates a unidirectional causality from energy consumption to economic growth, while EC « Y indicates that causality runs
from economic growth to energy consumption. EC «— Y indicates a two-way causality, and EC— Y indicates no causality. VECM refers to Error Correction Model, ARDL
refers to Auto Regressive Distributed Lag model, FMOLS refers to fully modified ordinary least squares, DOLS refers to dynamic ordinary least squares.

These different results are mainly due to different econometric approaches, different time periods and different
countries.

Conceptual Framework

This study adopts a conceptual framework that integrates key economic theories with a practical empirical
model to investigate the relationship between natural gas consumption and economic growth in Egypt. The frame-
work is grounded in four theoretical schools—classical, neoclassical, conservationist, and ecological/biophysical
economics—which collectively inform the roles of natural resources, capital, labor, and technology in the growth
process.

Economic growth (Y) is conceptualized as a function of capital (K), labor (L), technology (T), and natural gas
consumption (E). These core variables are selected based on both theoretical justification and data availability.
Capital and labor are standard in growth models, technology is proxied by a time trend reflecting the influence of
innovation, and natural gas is isolated as a distinct energy input due to its central role in Egypt’s energy mix and its
environmental and economic policy relevance. Unlike many prior studies that rely on total energy use, this study
focuses on natural gas specifically to reflect Egypt’s structural reliance and policy context.

While the conceptual model also recognizes the importance of mediating factors—such as institutional frame-
works, substitutability, and environmental constraints—these are not explicitly included in the empirical analysis
due to data limitations and methodological considerations. Many of these factors are either qualitative (e.g., reg-
ulatory quality) or conceptual (e.g., elasticity of substitution), making them difficult to quantify reliably over the
1988-2018 period. Moreover, adding imprecise proxies could compromise the integrity of the time-series analysis.
Instead, their influence is accounted for indirectly through interpretation of the results within the theoretical and
policy context.
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This theoretical foundation guided the empirical strategy, which employs an ARDL bounds testing approach
and VECM Granger causality analysis to explore both short-run dynamics and long-run equilibrium relationships.
This dual structure allows the study to determine whether gas consumption acts as a driver of growth, a conse-
quence of it, or is neutral—thereby contributing to the ongoing debate in the energy-growth literature.

Finally, the limitations in incorporating mediating variables present a clear avenue for future research. Up-
coming studies could seek to integrate policy indices, institutional quality metrics, or environmental performance
indicators into the empirical model. Techniques such as structural equation modelling (SEM) or extended ARDL
models with interaction terms could allow for deeper analysis of how institutional and environmental factors con-
dition the energy-growth relationship in Egypt and similar economies.

All of these relationships are illustrated in Figure 1, which maps out how theory, core inputs, and contextual
factors come together to shape the energy-growth relationship examined in this study.

Theoretical
Perspectivess

! R }

Capital Labor | | Technolog | | Matural

(k) (LJ (T) Gas
Economic
Growth (Y)
| Folicy & Substitutability| |EMronmental
nstitutions Limits

MNatural Gas
Consumption
(E)

Figure 1. Conceptual framework.

3. Data, Model and Estimation Procedures

To support the empirical analysis conducted in this study, it is essential to first understand the trends in natural
gas consumption in Egypt over the past three decades. Egypt is the largest consumer of natural gas in Africa, with
domestic consumption reaching 59.6 billion cubic meters (BCM) in 2018. This represents a substantial increase
from 6.66 BCM in 1988—an overall growth of approximately 795% over 30 years.
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As shown in Figure 2, consumption rose steadily between 1988 and 1998, growing by 98% to reach 13.19
BCM. A more pronounced increase occurred from 1998 to 2012, with consumption surging to 50.64 BCM, marking
a growth of over 280%. Between 2013 and 2015, a slight decline was observed, largely due to political instability
and economic uncertainty. However, consumption rebounded in the following years, reaching 59.6 BCM in 2018.
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Figure 2. Consumption of natural gas in Egypt (1988-2018).

Source: constructed by the author based on data from British Petroleum Statistical Review of World Energy, 2019 [3].

Natural gas plays a vital role in Egypt’s energy landscape. Itis the primary source of energy used across four key
sectors: electricity generation, industry, petroleum, and residential use. According to Figure 3, in FY 2018/2019,
the electricity sector was the dominant consumer, accounting for 62% of total gas use, followed by the industrial
sector (23%), while the petroleum and residential sectors made up the remaining 15% [4]. Gas is favored in power
generation due to its efficiency and lower emissions, while in industry, it is used both as a fuel and as a feedstock for
producing chemicals, fertilizers, plastics, and steel. In the residential sector, it serves heating and cooking purposes.

M Electricity
B Industry
I Residential

M Petroleum

Figure 3. Natural gas consumption by four sectors in the economy in the FY 2018/2019.
Source: Constructed by the author based on data from EGAS annual 2018/2019 report [3].

The consistent rise in gas consumption can be attributed to several factors: government policies in the 1990s
promoting gas as a substitute for petroleum products; mandated domestic sales at subsidized prices; increasing
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economic activity; population growth; and energy subsidies. Conversely, the temporary decline in consumption
during 2013-2015 can be linked to the aftermath of the 2011 revolution and subsequent reductions in government
energy subsidies.

To further explore the connection between energy use and economic activity, Figure 4 presents a scatter plot
showing the relationship between natural gas consumption and real GDP in Egypt from 1988 to 2018. The observed
positive correlation suggests the relevance of testing for causality between these variables, forming the basis for the
methodological approach adopted in this study.

4.5

1 y T
3.5 ’“—‘ L LA
3 R 4
. v
2.5 ’,“4-0—0
2 ‘—O—l
1.5
1

Ln (total gas consumption)

0.5
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274 27.6 27.8 28 28.2 284 28.6 28.8 29

Ln (real GDP)

Figure 4. The relationship between the domestic gas consumption and real GDP in Egypt (1988-2018).
Source: Constructed by the author based on data from British Petroleum Statistical Review of World Energy, 2019 and World Bank, 2019 [4].

3.1. Data

It is apparent from the previous tracing of economic growth theories by classical, biophysical and ecological
economists in Section One that the most important variables affecting growth are capital, labour, knowledge and
natural resources. Hence, the Cobb-Douglas production function is used for assessing the relationship between the
two concerned variables by adding labour and capital to the conventional natural gas growth nexus bivariate frame
work perspective.

Gas consumption data were obtained from BP statistical review of world energy, 2019. The values are ex-
pressed in billion cubic meters. Gross domestic product, Gross fixed capital formation and labour data are obtained
from the World Bank noting that Labour force data for 1988 and 1989 were obtained from Radwan (2002) and
the IME respectively [33]. The Gross domestic product and Gross fixed capital formation are expressed in constant
LCU. Labour is expressed in persons.

3.2. The Basic Supply Side Model

The gas and economic growth nexus will be examined using the supply side model. The cobb-Douglas pro-
duction function is utilized for assessing the relationship between the two concerned variables by adding labour
and capital to the conventional natural gas growth nexus bivariate frame work perspective [34]. The multivariate
production function can be expressed in the following form:

Y = AETK™ 2L 3eu (1)

In this model, Y represents real GDP, while E, K, and L correspond to energy consumption, real capital, and labor,
respectively. The technological factor is denoted by A, and eee stands for the normally distributed error term. The
parameters al, a2, and a3 reflect the output elasticities associated with energy, capital, and labor. For empirical
analysis, the non-linear Cobb-Douglas production function is transformed into a linear form by applying logarithms,
as this log-linear transformation yields consistent and efficient estimators. The model transformation is as follows:

235



New Energy Exploitation and Application | Volume 04 | Issue 02

InY, =InA+ oy InE; + o, InK; + oz In Ly + Uy (2)

InY,=a+a;InE + ay InK; + oz InL; + Uy 3

Where InY,, InE,, InK; and In L; are the natural logarithms of real gross domestic product, Gas consumption,
real gross capital formation and labour force, respectively. u; is the error term.

In the literature, Heidari, Katircioglu et al. (2013), Oh and Lee (2004), Apergis and Payne (2009), Zhi-Guo,
Chengetal. (2018) used Equation 3 in their studies to investigate the relationship between natural gas consumption
and economic growth [22,25,35,36]. Accordingly, we have adopted Equation 3.

3.3. Estimation Procedures

In our attempt to investigate the impact of the natural gas on economic growth, stationarity of each variable
in the model is investigated to assess the order of integration for each one. If the variables are stationary, the
usual OLS regression may be suitable in this case. But if the variables are not stationary, the usual regression will
not be suitable since the regression of a non-stationary variable on another non-stationary one may result in a
spurious regression. This gives incorrect estimation results. One way of solving this problem is to differ each series
consecutively to be stationary. Although the problem is resolved, the model in this case reflects only the short run
relationship between the variables and can no longer provide a unique long run equilibrium solution [37].

The concept of cointegration allows for meaningful regression analysis using non-stationary time series data.
When individual variables are non-stationary, a stationary linear combination of them may still exist, indicating that
the variables are cointegrated. In such cases, standard econometric practice involves estimating the model using
either a Vector Autoregressive (VAR) model or a Vector Error Correction Model (VECM), depending on whether
cointegration is present, to analyze short-run dynamics [34].

In this context, the Johansen cointegration technique (1988) requires all variables to be integrated of the same
order, typically I(1). However, this assumption can be restrictive when variables have mixed orders of integration.
To address this limitation, Pesaran et al. introduced the Autoregressive Distributed Lag (ARDL) model for cointe-
gration testing, which does not require prior classification of variables as [(0) or I(1) [27].

This study adopts the ARDL bounds testing approach for several reasons. First, unlike other multivariate coin-
tegration methods such as the Engle-Granger and Johansen techniques, the ARDL bounds test is more straightfor-
ward, as it allows the estimation of cointegrating relationships using Ordinary Least Squares (OLS) once the appro-
priate lag length is determined [27]. Second, it yields consistent and asymptotically normal estimates of long-run
coefficients, regardless of whether the variables are stationary, non-stationary, or fractionally integrated. This fea-
ture removes the uncertainty related to pre-testing for the order of integration. Additionally, the method generates
unbiased long-run coefficient estimates and reliable t-statistics, even in the presence of endogenous regressors.
Third, the ARDL method is particularly effective in small or limited sample sizes [35].

Therefore, the ARDL bounds testing method is employed in this study to explore both the long-run relation-
ships and short-run dynamics among the selected variables.

A two variable ARDL model of order (p) can be represented by equation 4:

p p
Ay, =p+ Z ) c]-Ayt_]. + Z ) djAxe_j + a1y, + axXeq + &t 4
j= j=

Where p is the intercept and & t is the white noise error term. The long run effects are inferred by the sign and
significance of o; and a, whereas the short run dynamics are captured by ¢; and d;. p is the number of lags selected
to minimize some known information criteria.

The ARDL bound testing approach involves two steps. First, the existence of a long run relationship is tested
by estimating equation (4) using ordinary least squares (OLS) method where each variable is taken as a dependent
variable once to investigate the cointegration between the underlying variables in the model. A Wald test is con-
ducted for the joint significance of the coefficients of the lagged levels in included variables, with the null hypothesis
of the absence of cointegration, defined by ho: o; = a, = 0, which indicates the absence of a long run relationship
between the variables against the alternative of the presence of cointegration.

236



New Energy Exploitation and Application | Volume 04 | Issue 02

Pesaran et al. (2001) provided the critical values for the F-statistic used in the bounds testing procedure, tai-
lored to various numbers of independent variables and model specifications. The ARDL framework includes five
model forms, each differing based on the inclusion of deterministic elements like the intercept and trend: (i) a
model with no intercept and no trend, (ii) a model with a restricted intercept but no trend, (iii) a model with an
unrestricted intercept and no trend, (iv) a model with an unrestricted intercept and a restricted trend, and (v) a
model with both an unrestricted intercept and trend. Among these, the last three configurations are considered
more suitable for economic modelling and real-world data characteristics [38].

For each model specification, two critical bounds are presented: the upper bound assumes that all variables
are integrated of order one (I(1)), while the lower bound assumes they are stationary (I1(0)). If the computed F-
statistic exceeds the upper bound, it indicates that a long-run relationship exists, leading to the rejection of the null
hypothesis of no cointegration. If the F-statistic is below the lower bound, the null hypothesis cannot be rejected.
However, if the F-statistic falls between the two bounds, the result is considered inconclusive [39].

However, Narayan (2005) noted that the critical values provided by Pesaran et al. are based on large sam-
ples and may not be appropriate for small samples. To address this, Narayan developed alternative critical values
specifically for smaller samples, ranging from 30 to 80 observations [40].

To compute the F-statistics in the ARDL bounds testing procedure, each variable is alternately treated as the
dependent variable using the formulation presented in Equation 4.

If the variables turn out to be cointegrated, the next step is to estimate an error correction representation of
the ARDL model so as to determine the speed of adjustment for restoring the long run equilibrium.

The ECM version of the ARDL model can be written as follows:

p p
Ay, = p+ Z chyt_]. + Z djAxej + ayy,_, +Bet—1+Et (5)
j=1 j=1

where the ¢; and d; are the short run coefficients, e._; is the lagged error term that is computed using the
coefficient estimates obtained from the ARDL model by estimating Equation (6).

eMNo1 =V — W — X (6)

And B is the coefficient of the error correction term that shows the speed of adjustment toward the long run
equilibrium. A significant negative value for this coefficient indicates that the variables actually converge to equi-
librium and reinforce the presence of a long run relationship among the variables [41]. If the variables are not
cointegrated, the VAR model is chosen as it is considered a means for dealing with non-stationary time-series, in
the absence of cointegration.

When the variables are found to be non-stationary but exhibit a long-run relationship, the next step is to assess
causality using the Vector Error Correction Model (VECM) based Granger causality approach. Unlike the traditional
Granger causality test, this method incorporates the lagged error correction term derived from the cointegration
equation. Including this term reintroduces the long-term dynamics that are otherwise lost when the data are dif-
ferenced, and does so in a statistically valid manner. Causality is determined by examining the significance of the
coefficient on the lagged error correction term (which indicates long-run causality) and the joint significance of the
lagged differences of the explanatory variables using the Wald test [39].

However, if no cointegration exists among the variables, a standard Vector Autoregressive (VAR) model is used
instead. In this case, causality is assessed solely through the joint significance of the lagged differences of the inde-
pendent variables in each equation of the VAR model, also using the Wald test [39,42].

In addition, the forecast error variance decomposition allows for the assessment of how much of the variation
in a specific time series is attributable to its own past disturbances compared to shocks originating from other
variables [43]. Causality methods can only test causality within sample period, but variance decomposition analysis
can be considered an out of sample causality test [44]. In addition, the Granger-causality tests presented above refer
only to the existence of causality between the dependent variable and the concerned independent variable. They
do not offer any insight into the magnitude or significance of the causal effect that the independent variable exerts
on the dependent variable. Hence, the generalized forecast error variance decomposition analysis is applied to
provide an indication of how important the causal relationship between the dependent variable and the concerned
independent variable is and to assess how each variable responds to innovations in other variables [45].
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4. Empirical Results
4.1. Stationarity Tests

Stationarity refers to a condition where a time series maintains a constant mean and variance over time, and
its auto-covariance remains stable and does not vary with time. Testing for stationarity is essential in order to
correctly specify and estimate the appropriate econometric model, as an incorrect model selection can result in
biased outcomes and misleading interpretations [27]. In this study, two unit root tests—the Augmented Dickey-
Fuller (ADF) and Phillips-Perron (PP) tests—are employed to assess the stationarity of the variables.

Table 2 displays the results of the ADF test for the sample (1988-2018). Schwartz information criterion was
applied to determine the lag length of the ADF regressions. Under the results of the ADF test, the results indicate
that only the time series of KS and LS are stationary at level. However, all the time series have become stationary at
the first difference.

Table 2. ADF results.

Variable Level Series First Difference Series Decision
Deterministic term p-value Lag Deterministicterm  p-value lag

LnY, Trend and intercept 0.1860 1 Intercept 0.0118 2 I(D*

Ln K; Trend and intercept 0.1478 0 None 0.0001 0 I(1)*

Ln L Trend and intercept 0.4971 0 Intercept 0.0017 0 I(1)*

LnGC, None 0.9861 1 Intercept 0.0202 0 I(1)*

Note: *denotes significance at 5 percent level.

The Phillips Perron test is also applied to confirm the results of the ADF test. The results of the PP test are
reported in Table 3. According to the PP test, not all the variables are stationary (integrated of order one).

Table 3. PP results.

Variable Level Series First Difference Series Decision
Deterministic term p-value Deterministic term P value

LnY, None 1.000 Intercept 0.0368 I(1)*

Ln K, Trend and intercept 0.1270 None 0.0005 I(D)*

LnL, Trend and intercept 0.3932 Intercept 0.0017 I(1)*

LnGC, Intercept 0.5187 Intercept 0.0248 I(1)*

Note: *denotes significance at 5 percent level.

4.2. Cointegration Analysis

Based on the results of the unit root tests, there is evidence that none of the series has been integrated of order
2. Hence, the ARDL bounds test can be applied to test the cointegration relationship between the four variables.

The first step is to run the unrestricted error correction model (UECM) in order to test the cointegration. Hence,
the UECMs represented in Equations 7, 8, 9 and 10 which are estimated by Ordinary Least Squares method where
each variable in the model works as a dependent variable once to investigate the existence of along run relationship
between the variables. The equations are compressed as follows: F(Y/x1,x2,x3); where Y is the dependent variable,
and x1, x2 and x3 are the explanatory variables, respectively.

P P P P
ALny, = u+ bT + Z ajALny,_; + Z bjALnK,_; + z GALnL,_; + Z d;ALnGCy_j+
j=1 j=1 j=1 j=1

any,_q + ay,LnK;_1 + azlnli_q + a4 LnGCi_q + &t

(7

14 14 14 14
ALTth =u + bT + E ejALnyt_j + E fjALTLKt_j + E g]ALTlLt_] + E h]ALTlGCt_]+
j=1 j=1 j=1 j=1

any,_q + ay,LnK;_1 + azlnli_1 + a4 LnGCi_q + &t

(8)
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P p P P
AlnL; = u+ bT + E I]-ALnyt_]- + E ]jALnKt_j + E KjALnLt_j + E L]-ALnGCt_j-f-
j=1 j=1 j=1 j=1

alny,_ + arLnK,_q + azlnly_q + a,LnGCi_q + &t

9)

14 p 14 14
ALnGC, = u+ bT + Z M]-ALnyt_j + Z NjALTth_j + Z OjALnLt_]- + Z PjALnGCt_j-i-
j=1 j=1 j=1 j=1

ailny,_q +arLnK;_1 + azlnls_ 1 + a4 LnGCi_q + &t

(10)

Table 4 shows the results of examining the cointegration relationship between the four variables included in
this study in Egypt. The null hypothesis of no cointegration is rejected when the UECM is normalized on Y,K and L,
but it is rejected when the UECM is normalized on GC.

Table 4. Results of bounds testing for cointegration.

Equation F-Statistic Calculated Decision
F(Y/KL,GC) 5.331207** Cointegration
F(K/Y,L,GC) 5.337122** Cointegration
F(L/Y,K,GC) 5.297445** Cointegration
F(GC/YK,L) 3.432676* No cointegration
Lower critical values: Upper critical values:

At 1%: 5.333 At 1%: 7.063

At 5%: 3.71 At 5%: 5.018

At 10%: 3.008 At 10%: 4.15

Note: *denotes significance at 1 percent level and ** denotes significance at 5 percent level.

The ARDL bounds testing approach confirms the presence of a long-run cointegrating relationship among real
GDP, capital, labor, and natural gas consumption in Egypt. This implies that, over time, these variables tend to
move together, indicating a stable long-run association. However, cointegration was not established for all model
specifications. Specifically, for equation (9), the null hypothesis of no cointegration could not be rejected. Therefore,
an unrestricted Vector Autoregressive (VAR) model is employed for that specification, enabling the examination of
short-run causal relationships through Granger causality testing, rather than including an error-correction term.

Table 5 presents the estimated long-run coefficients based on the ARDL model when real GDP is used as the
dependent variable. The results indicate that capital is the only variable with a statistically significant long-run
impact on economic growth at the 5% level. A 1% increase in capital stock is associated with a 0.08% increase in
GDP, consistent with theoretical expectations and the growth literature. In contrast, both natural gas consumption
and labor are statistically insignificant in explaining long-term variations in GDP. This outcome may reflect Egypt’s
increasing reliance on renewable energy sources, such as solar, wind, hydro, and biomass, which are gradually dis-
placing fossil fuels like natural gas. Moreover, recent energy reforms and subsidy restructuring may have weakened
the direct growth dependence on gas consumption.

When capital is the dependent variable, the ARDL model reveals that economic growth exerts a significant
and positive long-run effect. A 1% rise in GDP leads to a 4.6% increase in capital accumulation, suggesting that
rising economic activity stimulates investment and capital formation. However, natural gas consumption remains
insignificant in this equation, implying that capital availability does not directly influence gas use. This may reflect
the sector-specific nature of energy consumption, where capital investments are not necessarily directed toward
gas-intensive production.

In contrast, the model where labor is the dependent variable yields a noteworthy result: natural gas consump-
tion has a statistically significant and positive effect on labor. Specifically, a 1% increase in gas consumption leads
to a 0.05% increase in labor input. This finding suggests that gas expansion may be associated with increased labor
demand, possibly due to job creation in gas-intensive sectors such as manufacturing, petrochemicals, and power
generation. It also reflects the labor-absorbing nature of energy infrastructure development in Egypt.

Overall, the results reveal a nuanced relationship: while capital plays a central role in long-run economic
growth, natural gas consumption does not exert a direct effect on output growth in the long term—possibly due
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to ongoing energy transition strategies. However, its influence on labor suggests that energy policy still holds im-
plications for employment, particularly in the short-to-medium term. These findings underscore the importance
of aligning energy investment with broader development goals, including labor market participation and green
growth.

Table 5. Long run coefficients using the ARDL-bounds model.

Dependent Variable Regressors Coefficient ARDLIag (AIC) Standard Error T-Ratio (Prob)
LnK 0.081566 0.018142 4.495899(0.0001)
LnY LnL 0.127855 (1,0,0,0) 0.109439 1.168273(0.2537)
Ln GC 0.011398 0.018432 0.618399(0.5419)
LnY 4.684781 1.108464 4.226371(0.0003)
LnK LnL -0.446595 (1,1,0,0) 0.812402 -0.549722(0.5876)
Ln GC -0.040516 0.135069 -0.299963(0.7668)
LnY 0.134706 0.090653 1.485961(0.1498)
LnL LnK -0.023366 (1,0,0,0) 0.022630 -1.032518(0.3117)
Ln GC 0.050626 0.020425 2.478640(0.0203)

4.3. Error Correction Model

Table 6 presents the short-run coefficient estimates obtained through the Error Correction Model (ECM) de-
rived from the ARDL approach. These estimates provide important insights into the short-term dynamics among
real GDP, capital, labor, and natural gas consumption in the Egyptian economy, while also shedding light on the
system’s adjustment behavior toward its long-run equilibrium.

When real GDP is specified as the dependent variable, natural gas consumption is found to be statistically
insignificant at the 5% level. This result suggests that, in the short run, gas consumption does not make a measur-
able contribution to Egypt’s economic growth. One potential explanation lies in the government’s active pursuit
of energy diversification, particularly its substantial investment in renewable energy sources such as solar, wind,
and hydropower. These structural changes in the country’s energy strategy may have reduced the short-term de-
pendence on natural gas in the production process. Furthermore, the error correction term carries the expected
negative sign, indicating a theoretically correct adjustment direction, but it is not statistically significant. This sug-
gests that any deviations of GDP from its long-run path are not quickly corrected in the short term, possibly due to
institutional lags or inertia in energy reallocation.

In the ECM model where capital is treated as the dependent variable, real GDP exhibits a statistically signifi-
cant and positive short-run effect, consistent with economic theory which posits that economic expansion stimu-
lates capital accumulation. In contrast, both labor and natural gas consumption remain statistically insignificant in
explaining short-term variations in capital. The error correction term in this model is correctly signed and statisti-
cally significant, indicating that the model exhibits a meaningful speed of adjustment. This implies that short-term
shocks to capital tend to converge back to their long-run path, reinforcing the validity of the long-run cointegration
relationship previously established.

When labor is the dependent variable, the short-run dynamics reveal a statistically significant and negative re-
lationship between capital and labor. This inverse relationship implies that increases in capital may be associated
with short-term reductions in labor demand, possibly due to capital-labor substitution effects in response to invest-
ment in automation or more efficient technologies. However, both real GDP and gas consumption do not exhibit
significant short-run effects on labor. The error correction term in this model is again negative and statistically
significant, confirming the existence of a stable adjustment process in which the labor market gradually returns to
its long-run equilibrium following short-term disturbances. The magnitude of this term also reflects the speed of
correction, with a smaller coefficient indicating a slower adjustment toward equilibrium [46,47].

Overall, these short-run results highlight important structural features of Egypt’s economy. The lack of signifi-
cance of natural gas consumption in the short-term equations for GDP, capital, and labor suggests that the influence
of gas may be more medium- to long-term in nature, or is currently being moderated by policy shifts favoring renew-
able energy sources. Atthe same time, the short-run responsiveness of capital to GDP, and the negative capital-labor
relationship, underscore the dynamic nature of internal factor allocation and investment. The significance of the
error correction terms in two of the three models supports the validity of the long-run relationships and confirms
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the robustness of the error correction mechanism in re-aligning the variables after shocks.

Table 6. The short run estimates using the ECM model.

Dependent Variable Regressors Coefficients Standard Error T-Ratio (Prob)
Constant 0.017450 0.012906 1.352142(0.1895)
D(LN_CAPITAL(-1)) 0.008219 0.025355 0.324176 (0.7487)
LnY D(LN_GDP(-1)) 0.483238 0.288381 1.675694(0.1073)
D(LN_LABOUR(-1)) 0.308642 0.162190 1.902966(0.0696)
D(LGC_BCM_(-1)) -0.037530 0.042531 -0.882427(0.3867)
CointEq(-1) -0.075728 0.356119 -0.212647(0.8335)
Constant 0.114125 0.067308 1.695564(0.1072)
D(LN_CAPITAL(-1)) 1.539688 0.334547 4.602304(0.0002)
D(LN_CAPITAL(-2)) 0.227429 0.176824 1.286189(0.2147)
D(LN_GDP(-1)) -6.849652 2.006831 -3.413169(0.0031)
D(LN_GDP(-2)) 4.167912 1.633086 2.552169(0.0200)
LnK D(LN_LABOUR(-1)) 1.282055 1.173924 1.092110(0.2892)
D(LN_LABOUR(-2)) -1.584767 1.243316 -1.274629(0.2186)
D(LGC_BCM_(-1)) -0.338040 0.334198 -1.011496(0.3252)
D(LGC_BCM_(-2)) -0.084299 0.326952 -0.257832(0.7995)
CointEq(-1) -2.354682 0.456451 5.158677(0.0001)
C -0.005016 0.008255 -0.607630(0.5494)
D(LN_LABOUR(-1)) 0.992566 0.218636 4.539814(0.0001)
D(LN_CAPITAL(-1)) -0.051530 0.020424 -2.522970(0.0190)
LnL D(LGC_BCM_(-1)) -0.050299 0.039419 -1.276013(0.2147)
D(LN_GDP(-1)) 0.275858 0.160938 1.714066(0.1000)
CointEq(-1) -1.333184 0.292179 -4.562895(0.0001)

The robustness of the previous models has been examined by the diagnostic tests such as Breush-Godfrey se-
rial correlation LM test, Breusch-Pagan-Godfrey heteroskedasticity Test and the cumulative sum of recursive resid-
uals (CUSUM) stability test. The results of these tests are reported in Table A1 in the appendix, while the stability
of the models based on the CUSUM test is also visually reflected in Figures A1, A2 and A3.

4.4. Granger Causality Test

According to the results of the cointegration analysis, a stable long-run relationship exists among the variables
in equations (6), (7), and (8), thereby justifying the use of the Vector Error Correction Model (VECM) Granger causal-
ity framework to assess the direction of causality between the variables involved. In contrast, equation (9), where
gas consumption is specified as the dependent variable, does not exhibit evidence of cointegration, as the null hy-
pothesis of no cointegration cannot be rejected. Consequently, an unrestricted Vector Autoregressive (VAR) model
is applied in this case to test for short-run Granger causality between gas consumption and real gross domestic
product.

The short-run causality results presented in Table 7 indicate that economic growth Granger-causes gas con-
sumption, providing empirical support for the conservation hypothesis in the short run. This implies that policies
aimed at conserving or restricting natural gas use are unlikely to hinder economic growth, at least in the short run.
In contrast, capital does not Granger-cause either GDP or gas consumption, suggesting that short-term changes
in capital stock are not significant drivers of economic performance or energy demand. On the other hand, labor
Granger-causes economic activity, reflecting its vital role in the productive capacity of the economy, but it does not
Granger-cause gas consumption in the short run.

Regarding long-run causality, the coefficient of the lagged error correction term (ECT ,_4) in the VECM carries
the correct negative sign, indicating the expected convergence behavior. However, the term is statistically insignifi-
cant, implying the absence of long-run causality between GDP and gas consumption in either direction. This finding
supports the neutrality hypothesis in the long run, suggesting that economic growth and natural gas consumption
evolve independently over time, without exerting significant long-term influence on one another.

These findings offer important policy implications. While economic growth appears to drive gas consump-
tion in the short term, its long-run disconnection suggests that structural energy policies, such as transitioning to
renewables or reforming subsidies, can proceed without threatening macroeconomic stability. Furthermore, the
short-run causality from labor to GDP highlights the importance of labor market dynamics in driving output, under-
scoring the need for integrated energy and employment strategies.
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Table 7. Granger causality test results.

e:rl_ji:gfeent Causal Flow Coefficients t-Statistic (prob) ECM Coefficient  T-test on ECM (Prob)
LnK-LnY 0.007408 0.302437(0.7650)

D(LnY) LnL-LnY 0.305048 1.898594(0.0702) -0.048939 -0.542591(0.5926)
LnGC-»LnY -0.027532 -0.595954(0.5570)
LnY- LnK 0.690951 0.397328(0.6948)

D(LnK) LnL- LnK 0.895690 0.609389(0.5482) 0.932840 1.130579(0.2699)
Ln GC- LnK -0.286195 -0.677183(0.5050)
LnY-LnL 0.273129 1.527294(0.1403)

D(LnL) LnK-LnL -0.037025 -1.606701(0.1218) 0.301042 3.547934(0.0017)
LnGC—»LnL -0.037630 -0.865822(0.3955)
Ln Y- Ln GC 1.618641 2.051007(0.0513)

D(Ln GC) Ln K- Ln GC -0.083640 -0.830481(0.4145)
LnL- Ln GC -0.130293 -0.193982(0.8478)

The robustness of the previous models have been examined by the diagnostic tests such as the normality test of
Jarque-Bera, residual serial correlation LM test, Breusch-Pagan-Godfrey, Heteroskedasticity Test and the cumulative
sum of recursive residuals stability test. It can be found that all models passed successfully the tests of normality,
serial correlation, heteroskedasticity and stability as shown in Table A2 and Table A3 in the Appendix, while the
stability of the models based on the CUSUM test is also visually reflected in Figures A4, A5, A6 and A7.

5. Conclusions

This study represents one of the earliest comprehensive attempts to examine the causal relationship between
natural gas consumption and economic growth in Egypt over the period 1988-2018, both in the short run and the
long run. In addition to identifying the direction of causality, the study aimed to offer practical policy recommenda-
tions to ensure alignment between Egypt’s energy strategy and its economic development goals.

To support this objective, a theoretical exploration of economic thought was undertaken to understand how
different schools—ranging from physiocracy and classical economics to ecological and biophysical approaches—
have viewed the role of natural resources in production and growth. While early classical thinkers emphasized the
centrality of land and resource scarcity as constraints on growth, later neoclassical models introduced the idea of
capital accumulation and technological progress as mechanisms for overcoming resource limitations. Conserva-
tionists and ecological economists, however, have challenged this substitution logic, arguing that the depletion of
non-renewable energy resources, such as fossil fuels, poses fundamental long-term risks to sustainability. These
theoretical debates informed the conceptual framework of the study and helped guide the selection of variables in
the empirical analysis.

Using time-series econometric tools, the study tested for both long-run cointegration and short-run causal
dynamics between real GDP, natural gas consumption, capital, and labor. The results indicated no significant long-
run causality between natural gas consumption and economic growth, thereby supporting the neutrality hypothesis.
This implies that, over the long term, changes in gas consumption do not drive GDP growth, nor does economic
activity stimulate gas usage. In contrast, short-run analysis found unidirectional causality running from GDP to gas
consumption, consistent with the conservation hypothesis. This suggests that increases in economic activity may
trigger a temporary rise in gas consumption, but not vice versa.

Furthermore, the analysis confirmed that natural gas consumption and capital are not substitutes in either the
short or long term. This finding is especially relevant in light of Egypt’s ongoing energy transition, which involves
reducing dependence on fossil fuels and increasing investment in renewable energy. The sectoral distribution of
gas usage—particularly its concentration in electricity generation and industry—highlights the importance of con-
sidering sector-specific dynamics when formulating energy policy.

Policy Implications

The findings from this study carry several important implications for policymakers. The long-run neutrality
between gas consumption and economic growth implies that energy conservation policies can be implemented
without compromising economic performance. In the short run, where growth leads gas demand, conservation
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policies can still be pursued without harming output, suggesting a strategic window to implement energy-efficiency
reforms.

Notably, given that natural gas consumption is heavily concentrated in the electricity (62%) and industrial
(23%) sectors, targeted efficiency measures in these areas can deliver meaningful reductions in overall gas demand
without negatively affecting productivity. Policies that improve thermal efficiency in power plants, encourage fuel-
switching in heavy industries, and promote technology upgrades in energy-intensive sectors can help decouple gas
use from output growth. In the residential and commercial sectors, behavioral awareness and appliance efficiency
standards remain key levers. These sector-specific interventions can complement macro-level reforms to ensure
energy security and economic resilience.

Accordingly, a comprehensive national energy conservation strategy should consider the following:

e Accelerate the implementation of government-led energy efficiency programs and promote public awareness
of energy-saving behaviors.

¢ Incentivize private sector engagement through revised tax and pricing policies, and provide dedicated financ-
ing tools—such as grants or low-interest loans—for small and medium-sized enterprises adopting energy-
efficient technologies.

e  Establish clear institutional frameworks for managing, evaluating, and reporting national energy efficiency
indicators (e.g., energy intensity metrics).

e  Gradually phase out outdated, energy-intensive production technologies while promoting innovation, digitiza-
tion, and high-efficiency industrial alternatives.

e  Expand public investment in research and development of alternative fuels and clean energy technologies.

e Integrate energy education into public and vocational training systems by offering workshops, seminars, and
awareness materials to a wide audience.

¢ Launch targeted national campaigns to promote energy conservation as a public responsibility.

e  Reform the natural gas pricing system to reflect market conditions, reduce subsidies, and promote energy
efficiency across all consuming sectors. Liberalizing the gas market would help curb overconsumption and
attract new investments into more sustainable and efficient energy systems.

Future Research Directions

This study opens the door to several promising avenues for further investigation. Future research should ex-
plore the relationship between natural gas consumption and economic growth at the sectoral level, particularly in
high-demand sectors such as electricity, industry, and transportation. Utilizing higher-frequency data (e.g., quar-
terly or monthly) would also allow for more detailed and responsive analysis of short-run dynamics. In addition,
employing alternative methodological approaches—such as sector-specific demand-side models—could provide
more precise insights for designing gas pricing regulations and sector-targeted energy policies. Such extensions
would not only enrich the academic literature but also offer more actionable recommendations for policymakers
navigating Egypt’s evolving energy landscape.

Future research should also incorporate mediating variables that may influence the relationship between natu-
ral gas consumption and economic growth, such as energy pricing policies, subsidy structures, institutional quality,
technological efficiency, and environmental regulations. While this study acknowledged their theoretical impor-
tance, limited data availability prevented their inclusion. However, future studies could adopt methods such as
interaction terms, structural equation modelling, or panel data approaches to examine how these factors shape or
condition the energy-growth nexus. Including such variables would enhance explanatory power and provide more
nuanced insights for sector-specific and policy-relevant energy planning.
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Appendix A
Table A1. Diagnostic tests of the ARDL-error correction models.
De}fendent Diagnostic Test Test Statistic  HO Prob. Values/ Decision
Variable Graph
Breusch Godfrey LM .
test for serial 0.769079 HO: no serial correlation 0.3900 The moc.lel has no serial
. correlation
correlation
Breusch Pagan . . There is no
Lny Heteroscedasticity test 0.815874 HO: Constant variance 0.5507 heteroscedasticity
. HO: residuals are Residuals are normally
Normality test 2.576637 normally distributed 0.275734 distributed
CUSUM test CUSUM 1
Breusch Godfrey LM .
test for serial 0.351222 HO: no serial correlation ~ 0.5612 The mo<.iel has no serial
i correlation
correlation
LnK Breusch Pagan. . 4.066400 HO: Constant variance 0.0055 There is heteroscedasticity
Heteroscedasticity test
. HO: residuals are Residuals are normally
Normality test 0.334403 normally distributed 0.846029 distributed
CUSUM test CUSUM 2
Breusch Godfrey LM .
test for serial 1.779523 HO: no serial correlation ~ 0.1959 The m0<.iel has no serial
i correlation
correlation
Breusch Pagan . . There is no
LnL Heteroscedasticity test 0.871272 HO: Constant variance 0.5154 heteroscedasticity
. HO: residuals are Residuals are normally
Normality test 2.351819 normally distributed 0.308538 distributed
CUSUM test CUSUM 3
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Figure A1. CUSUM 1 Plot.
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Figure A2. CUSUM 2 Plot.
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Figure A3. CUSUM 3 Plot.
Table A2. Diagnostic tests of the VECM.
Dependent . . I Prob. .
Variable Diagnostic Test Test Statistic HO Values,/Graph Decision
Breusch Godfrey LM .
test for serial 0.271136 HO: no serial correlation 0.6078 The m0(.1el has no serial
. correlation
correlation
Breusch Pagan . There is no
D(L :
(LnY) Heteroscedasticity test 0.380867 HO: constant variance 0.9183 heteroscedasticity
. HO: residuals are Residuals are normally
Normality test 3.018319 normally distributed 0.22109 distributed
CUSUM test CUSUM 4
Breusch Godfrey LM .
test for serial 1.057641 HO: no serial correlation 0.3149 The m0<.iel has no serial
. correlation
correlation
Breusch Pagan . . There is no
D(LnK) Heteroscedasticity test 1.701363 HO: constant variance 0.1596 heteroscedasticity
. HO: residuals are Residuals are normally
Normality test 2.750376 normally distributed 0.252792 distributed
CUSUM test CUSUM 5
Breusch Godfrey LM .
test for serial 4.160882 HO: no serial correlation ~ 0.0536 The mo<.iel has no serial
i correlation
correlation
Breusch Pagan . . There is no
D(LnL) Heteroscedasticity test 0.568995 HO: constant variance 0.7908 heteroscedasticity
. HO: residuals are Residuals are normally
Normality test 1433560 normally distributed 0.488322 distributed
CUSUM test CUSUM 6
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Figure A4. CUSUM 4 Plot.
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Figure A5. CUSUM 5 Plot.
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Figure A6. CUSUM 6 Plot.

Table A3. Diagnostic tests of the VAR.

Dependent

Variable Diagnostic Test Test Statistic HO Prob.Values/Graph Decision

Breusc-h Godfrey [.'M test 0.10844 HO: no serial correlation 0.7449 The model has no serial
for serial correlation correlation

Breusch Pagan

D(Ln GC) Heteroscedasticity test 0.37293 HO: Constant variance 0.9227 There is no heteroscedasticity

HO: residuals are normally

Normality test 1.50964 distributed

0.470095 There is normality

CUSUM graph CUSUM 7
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Figure A7. CUSUM 7 plot.
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