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Abstract

The aim of this study is to investigate the causal relationship between electricity consumption and real output at the macro
level and the sectoral levels in three main economic sectors, namely the agricultural, industrial, and services sectors in
Egypt during the period 1971-2013. I use Johansen cointegration approach, vector error correction model, and Toda and
Yamamoto (J Econom 66:225-250, 1995) approach. Empirical findings reveal the existence of a cointegration relationship
between the variables at the macro level and the sectoral levels. At the macro level, there is bidirectional causality between
real output and electricity consumption. Whereas at the sectoral levels, there exists bidirectional causality between electric-
ity consumption and real output in the services sector and unidirectional causality running from real output in the industrial
sector to electricity consumption. However, there is no causal relationship between electricity consumption and real output
in the agricultural sector. These results can help policymakers in setting the appropriate electricity conservation policies that
enhance economic growth at the macro level and the sectoral levels to prevent any possible adverse effect that may harm
economic and social development. Additionally, ensuring a higher level of electricity generation needed for achieving high
and sustainable economic growth is vital, where higher electricity generation can be provided through investing in clean
technologies and renewable energy resources, such as wind and solar energy.

Keywords Electricity consumption - Economic growth - Sectoral output - Cointegration - Granger causality - VECM - Toda
and Yamamoto - Egypt

JEL classification Q41 - Q43 - C32

Introduction

During the last decade, the importance of electricity has
increased, as it has been undoubtedly an essential pillar for
economic and social development, especially for develop-
ing countries. Thus, researchers are concerned with analyz-
ing the importance of electricity through investigating the
causal relationship between electricity consumption and eco-
nomic growth to help policymakers in setting their policies
concerning plans for energy conservation policies and for
achieving development and economic growth.

Moreover, investigating the causal relationship between
electricity consumption and sectoral outputs is vital
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nowadays to help in setting the appropriate policies at the
sectoral levels not only the aggregate one, especially that dif-
ferent economic sectors (agriculture, industry, and services)
differ in their dependence on electricity consumption and the
polluted emissions released from them.

Egypt nowadays is seeking to achieve a high and sus-
tainable economic growth rate at the aggregate level and
the sectoral levels, however, policymakers, when setting the
policies targeting high and sustainable economic growth,
have to take into consideration several challenges, such as
the increasing demand for energy and electricity needed for
economic growth, without adversely affecting the environ-
ment, besides the high rate of population growth and the
poor planning urbanization system [30, 31].

The real GDP per capita and electricity consumption per
capita in Egypt have increased on average during most of the
period (1971-2014, Fig. 1). It can be noticed that electric-
ity consumption per capita has increased from 201.2 kWh
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Fig. 1 Real GDP per capita (US dollars) and electricity consumption
per capita (kWh) in Egypt. Source: compiled by the author based on
The World Bank [70]

in 1971 to 375.15 kWh in 1980; then after two decades, it
became 961.9 kWh; then it reached 1657.76 kWh after a
decade in 2014 with an average annual growth rate of 3.96%
from 2000 to 2014.

Moreover, real GDP per capita has increased from 800
dollars in 1971 to 1192.5 dollars in 1980; then it was 1950
dollars in 2000 and 2608 dollars in 2014, with an average
annual growth rate of 2.1% from 2000 to 2014. Also, by
comparing the real economic growth rate in Egypt with the
real economic growth rate in emerging-market and develop-
ing economies and advanced economies, it is found that the
real economic growth rate in Egypt has exceeded that of
emerging-market and developing economies and advanced
economies during the period 1980 to 1987, with some
fluctuations after 1987; but during the period 1997-2014,
the real economic growth rate in Egypt (around 4.2%) was
below the real economic growth rate in emerging market
(around 5.6%) [34, 60].

Also, per-capita income in Egypt during the last 10 years
has increased at a lower rate with comparison with per-cap-
ita income in the emerging-market and developing econo-
mies; whereas it has increased by about 50% on average in
Egypt, it has increased by about 75% in the emerging-market
and developing economies [60]. Additionally, Fig. 2 shows
the increasing trend of electricity consumption per unit of
GDP during (1990-2014) and this may be an indication for
depending more on electricity consumption in achieving
more economic growth.

Not only real GDP per capita shows continuous increase
but also the share of the value added of the two economic
sectors (industry and services) to GDP, and as Table 1
reveals the contribution of the three sectors to GDP in Egypt,
it is shown that the contribution of the agricultural sector to
GDP in Egypt has decreased during the period (1990-2014)
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Fig.2 Electricity consumption per unit of real GDP (kWh per PPP
constant international dollars) in Egypt. Source: compiled by the
author based on The World Bank [70]

Table 1 Share of the value added of the three sectors in GDP (%) in
Egypt Source: [70]

Years Agriculture Industry Services (com-
mercial and
public)

1990 19.36 28.67 51.96

1995 16.67 323 50.12

2000 16.74 33.1 48.79

2005 14.87 36.33 48.79

2010 13.99 37.52 48.48

2014 11.088 39.88 49.89

Table 2 Share of electricity consumption by three sectors (% of total
electricity consumption) in Egypt. Source: compiled by the author
based on IEA [32] and The World Bank [70]

Years Agriculture Industry Services
1995 35 43.4 -

2000 3.7 36.5 20.8
2005 3.9 343 22.8
2010 3.7 31.2 21.5
2014 4.3 25.1 24.1

from 19.36% in 1990 to 11% in 2014. On the contrary, the
share of value added of the industrial sector has witnessed
a continuous increase during the period 1990-2014 and
the contribution of the services sector to GDP has been the
greatest one since 1990, as it has been on average around
50%.

The growth of these economic sectors depends on elec-
tricity consumption. Table 2 shows the share of electricity
consumption by the three sectors (agriculture, industry, and
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services) in Egypt as a percentage of total electricity con-
sumption. It can be noticed that although electricity con-
sumption has been considered the highest in the industrial
sector, it has shown a decreasing trend, contrary to the ser-
vices sector and agricultural sector with an increasing trend.
Moreover, electricity consumption per unit of value added of
the three sectors represented in Fig. 3 shows that electricity
consumption per unit of real value added of industrial sec-
tor has the highest value during the period as compared to
electricity consumption per unit of real value added of the
services sector and agricultural sector.

Overall, it can be concluded from the share of electric-
ity consumption by three sectors together with electricity
consumption per unit of real GDP and electricity consump-
tion per unit of real value added of the three sectors, the
importance of electricity consumption and sectoral outputs
for the Egyptian economy and the importance of electricity
consumption to economic growth at the macro level and the
sectoral levels.

However, the importance of electricity consumption
raises a very important issue that needs to be addressed by
policymakers in setting their electricity conservation poli-
cies and this is related to the effect of electricity genera-
tion and consumption on environmental conditions, which
mainly depends on primary energy sources that fuel electric-
ity generation in Egypt.

As shown in Fig. 4 that 79% of electricity generation is
fueled by natural gas, 12% is fueled by oil sources, and the
remainder of electricity generation depends upon renewable
energy resources and hydropower. This dependence on natu-
ral gas and oil sources in electricity generation has resulted
in carbon dioxide emissions, and this is shown in Fig. 5,
which presents carbon dioxide emissions from electricity
and heat production as a percentage of total fuel combustion
during the period 1971 to 2014. Carbon dioxide emissions
have increased from 22.7% in 1980 to 32.57% in 1990, to
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Fig.3 Electricity consumption per unit of real value added of the
three sectors (GWh/LCU) in Egypt. Source: compiled by the author
based on IEA [32] and The World Bank [70]
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Fig.4 Electricity generation by primary energy sources (2014) in
Egypt. Source: compiled by the author based on The World Bank [70]

35.3% in 2000 and then to 50.33% in 2014 to be responsible
for releasing half of the carbon dioxide emissions in Egypt.

This continuous increase in carbon dioxide emissions
makes it necessary for the Egyptian government to set effi-
cient electricity-conservation policies aiming at reducing
the polluting emissions without adversely affecting the eco-
nomic growth either at the aggregate level or the sectoral
levels.

Thus, the purpose of the study is to investigate the causal
relationship between electricity consumption and real out-
put at the macro level and the sectoral levels and the study
focuses on three main economic sectors, namely the agricul-
tural, industrial, and services sectors.

The study contributes to the existing literature in two
parts; firstly, as to the best of my knowledge, this is the first
study to examine the causal relationship between electricity
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Fig.5 Carbon dioxide emissions from electricity and heat production
(% of total fuel combustion) in Egypt Source: compiled by the author
based on The World Bank [70]
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consumption and sectoral outputs in Egypt, and the results
can be important in helping policymakers in setting the con-
servation electricity policies taking into consideration the
possible effects of these policies on economic growth at the
macro level and the sectoral levels and aiming at reducing
the possible polluted emissions resulted from higher elec-
tricity generation. Secondly, the present study comprises
long-term period data.

The paper employs Johansen cointegration approach and
Granger causality based on vector error correction model
(VECM) and Toda and Yamamoto [71] approach to explore
the causal relationship between electricity consumption and
real output at the macro level and the sectoral levels over
the period 1971-2013, which is chosen based upon data
availability.

The rest of the paper is structured as follows: Sect. 2 pro-
vides a brief review of the literature, Sect. 3 provides an
overview for electricity sector in Egypt, Sect. 4 describes
data and methodology, Sect. 5 discusses empirical results,
and Sect. 6 concludes and recommends some policy
implications.

Literature review

Different studies have explored the causal relationship
between electricity consumption and economic growth
either in a single county or multiple countries and others
have investigated this relationship using panel data approach
and they concluded the existence of four hypotheses: (1)
conservation hypothesis; (2) growth hypothesis; (3) feedback
hypothesis, and (4) neutrality hypothesis, and a summary of
these studies is shown in Table 3.

Conservation hypothesis

The conservation hypothesis states that there exists a uni-
directional causal relationship from economic growth to
electricity consumption and this means that electricity con-
servation policies may have minimum effects on economic
growth, and several studies confirm this hypothesis as Ghosh
[24], Halicioglu [27], Narayan and Smyth [47], Mozumder
and Marathe [44], Lean and Smyth [40], and Belaid and
Youssef [13].

Growth hypothesis

The growth hypothesis suggests that unidirectional causality
from electricity consumption to economic growth exists and
this leads to the possible negative effects of the implementa-
tion of electricity conservation policies on economic growth,
and several studies confirm this hypothesis. Among them
can be highlighted several studies such as Aqeel and Butt
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[8], Shiu and Lam [65], Altinay and Karagol [7], Yuan et al.
[78], Narayan and Singh [46], Abosedra et al. [1], Akinlo
[5], Chandran et al. [18], Ciarreta and Zarraga [19], Koua-
kou [39], Bildirici and Kayikci [14], Tang and Shahbaz [68],
Mawejje and Mawejje [42], and Sharif et al. [64].

Feedback hypothesis

The feedback hypothesis proposes that there exists bidirec-
tional causality between electricity consumption and eco-
nomic growth, and there is interdependence between the two
variables. Several studies can be highlighted confirming this
hypothesis, such as Yoo [74], Zachariadis and Pashouortidou
[79], Yoo [75], Tang [67], Odhiambo [50], Ouedraogo [52],
Lorde et al. [41], Ahamad and Islam [3], Shahbaz et al. [62],
Gurgul and Lach [25], Polemis and Dagoumas [58], Belaid
and abderrahmani [12], Karanfil and Li [37], Ibrahiem [29],
Osman et al. [51], Ahmad et al. [4], and Sarwar et al. [61].

Neutrality hypothesis

The neutrality hypothesis suggests that there is no causal
relationship between electricity consumption and economic
growth, and so implementation of conservation electricity
policies may have no effect on economic growth. Several
studies confirm this hypothesis, including Wolde—Rufael
[73] for Algeria, Congo Republic, Kenya, South Africa,
and Sudan; Chen et al. [17] for China, Taiwan and Thai-
land; Narayan and Prasad [45]; Yoo and Kwak [76] for Peru;
Karanfil and Li [37] for North America, Sub-Saharan Africa,
Upper—-Middle income countries; and Bah and Azam [9].

Others investigate this relationship through examining
multiple countries and the results are mixed and differ across
countries [17, 45, 66, 73, 75].

Moreover, several studies examine the electricity con-
sumption-economic growth nexus in the MENA region, and
also results are mixed [15, 23, 48, 53].

Although mainly all the previous studies are concerned
with the relationship between electricity consumption and
economic growth, other researchers focus on the relation-
ship between electricity consumption and specific sectoral
outputs to examine the causal relationship between them
and to recommend the appropriate policy in each sector. A
summary of these studies is shown in Table 4.

Nathan and Liew [49] examine the causal relationship
between electricity consumption and several economic sec-
toral outputs in Cambodia using autoregressive distributed
lag (ARDL) model and Granger causality test. They con-
clude the existence of unidirectional causality running from
electricity consumption to agricultural, industrial, and trans-
portation sectors, and unidirectional causality from services
sector to electricity consumption.
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Table 3 Summary of the literature of the causal relationship between electricity consumption and economic growth

Author(s) Period Methodology Countries/regions Results
Ageel and Butt [8] 1995-1996 Hsiao’s version of Granger Pakistan Electricity — economic
causality growth
Ghosh [24] 1950-1997 Granger causality test India Economic growth — elec-
tricity
Shiu and Lam [65] 1971-2004 Error correction model China Electricity — economic
growth
Altinay and Karagol [7] 1950-2000 Standard Granger causality Turkey Electricity — economic
test growth
Dolado-Lutkepohl test
using the VARs in levels
Narayan and Smyth [47] 1966-1999 Vector error correction Australia Economic growth — elec-
model tricity
Yoo [74] 1970-2002 Error correction model Korea Electricity <> economic
growth
Wolde—Rufael [73] 1971-2001 The Toda and Yamamoto Cameroon, Ghana, Sen- Economic growth — elec-
[71] approach to Granger  egal, Nigeria, Zambia tricity
causality and Zimbabwe
Benin, the Democratic Electricity — economic
Republic of the Congo growth
and Tunisia
Egypt, Gabon and Morocco Electricity <> economic
growth
Algeria, Congo Republic,  No causality
Kenya,
South Africa, and Sudan
Yoo [75] 1971-2002 Hsiao’s version of the Indonesia and Thailand Economic growth — elec-
Granger causality tests tricity
Malaysia and Singapore Electricity <> economic
growth
Chen et al. [17] 1971-2001 Error correction model China, Taiwan and Thai- No causality
land
Hong Kong and Korea Economic growth — elec-
tricity (long run)
India, Malaysia, Singapore Economic growth — elec-
and The Philippines tricity (short run)
Indonesia Electricity — economic
growth (long run)
Panel error correction 10 newly industrializing Electricity <> economic
model and developing Asian growth (Long run)
countries Economic growth — elec-
tricity (short run)
Halicioglu [27] 1968-2005 Vector error correction Turkey Economic growth — elec-
model tricity
Mozumder and Marathe 1971-1999 Vector error correction Bangladesh Economic growth — elec-
[44] model tricity
Squalli [66] 1980-2003 Toda and Yamamoto non-  Iran, Qatar, Saudi Arabia Electricity <> economic
causality test results and growth
Indonesia, Nigeria, United  Electricity — economic
Arab Emirates, and growth
Venezuela
Algeria, Iraq Kuwait, and ~ Economic growth — elec-
Libya tricity
Narayan and Singh [46] 1971-2002 Granger causality F test Fiji islands Electricity — economic
growth
Yuan et al. [78] 1978-2005 Error correction model China Electricity — economic
growth
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Table 3 (continued)

Author(s)

Period

Methodology

Countries/regions

Results

Zachariadis and Pashouor-
tidou [79]

Narayan and Prasad [45]

Tang [67]
Abosedra et al. [1]
Akinlo [5]
Odhiambo [50]

Chandran et al. [18]

Ciarreta and Zarraga [19]

Lean and Smyth [40]
Lorde et al. [41]
Ouedraogo [52]

Yoo and Kwak [76]

Ahamad and Islam [3]

Kouakou [39]

1960-2004

1960-2002 (in most
countries)

1972-2003

1995-2005

1980-2006

1971-2006

1971-2003

1970-2007

19712008

1960-2004

1968-2003

1975-2006

1971-2008

1971-2008

Vector error correction
model
Granger causality test

Bootstrapped causality test-
ing approach

Standard Granger causality
test, MWALD test

Granger causality test
Error correction model
Error correction model

Autoregressive distributed
lag model
Error correction term

Panel vector error cor-
rection model—GMM
approach

TYDL approach to Granger
causality test

Vector error correction
model

Vector error correction
model

Hsiao version of the stand-
ard Granger causality test

Vector error correction
model

Error correction model
Granger causality test

Cyprus

Australia, Italy, Portugal,
the Czech Republic and
the Slovak Republic

Austria, Belgium, Canada,
Denmark, France, Ger-
many, Greece, Ireland,
Japan, Luxembourg,
Mexico, New Zealand,
Norway, Poland, Spain,
Sweden, Switzerland,
Turkey, and the USA

Finland, Hungary, and the
Netherlands

Iceland, Korea and the
United kingdom

Malaysia

Lebanon

Nigeria

South Africa

Malaysia

12 European countries

Malaysia

Barbados

Burkina Faso

Argentina, Brazil, Chile,
Columbia, Ecuador

Venezuela

Peru
Bangladesh

Cote d’Ivoire

Residential electric-
ity <> income

Electricity — economic
growth

No causality

Economic growth — Elec-
tricity

Economic growth <> Elec-
tricity

Electricity <> economic
growth

Electricity — economic
growth

Electricity — economic
growth

Economic growth <> elec-
tricity

Electricity — economic
growth (short run)

Electricity — economic
growth

Economic growth — Elec-
tricity

Electricity <> economic
growth

Electricity <> economic
growth (long run)

Electricity — economic
growth

Electricity <> economic
growth

No causality

Electricity — economic
growth (short run)

Electricity <> economic
growth (long run)

Electricity — economic
growth
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Table 3 (continued)
Author(s) Period Methodology Countries/regions Results
Shahbaz et al. [62] 1971-2009 Vector error correction Portugal Electricity <> economic
model growth (long run)
Bildirici and Kayikei [14]  1990-2009 Autoregressive distributed ~ Former Soviet Republics Electricity — Economic
lag model growth (long run)
Error correction term
Gurgul and Lach [25] Q1 2000-Q4 2009 Vector error correction Poland Electricity <> economic
model growth
Belaid and Abderrahmani ~ 1971-2010 Vector error correction Algeria Electricity <> economic
[12] model growth
Polemis and Dagoumas 1970-2011 Vector error correction Greece Electricity <> Economic
[58] model growth
Tang and Shahbaz [68] 1972-2010 TYDL Pakistan Electricity — Economic
Granger causality growth
Ibrahiem [29] 1980-2011 Granger causality test Egypt Renewable electric-
ity <> economic growth
Karanfil and Li [37] 1980-2010 Vector error correction 160 countries Electricity <> economic
model growth (long run)
East Asia and Pacific, Economic growth — elec-
Middle East and North tricity (short run)
Africa, lower middle
panels
North America, Sub-Saha- No causality (Short run)
ran Africa
Upper-Middle income
countries
Ahmad et al. [4] 1971-2014 Vector error correction India Electricity <> economic
model growth
Mawejje and Mawejje [42]] Q1 2005-Q1 2015 Granger causality Uganda Electricity — Economic
growth
Osman et al. [51] 1975-2012 Panel VAR Granger causal- Gulf Corporation Council  Electricity <> economic
ity test countries growth
Sharaf [63] 1980-2012 Toda and Yamamoto Egypt Economic growth — elec-
Granger causality test tricity
Bah and Azam [9] 19712012 Toda and Yamamoto aug-  South Africa No causality
mented Granger causality
test
Belaid and Youssef [13]] 1980-2012 Vector error correction Algeria Economic
model growth — renewable
electricity
Economic growth — non-
renewable electricity
Sarwar et al. [61] 1960-2014 Panel vector error correc- 210 countries Electricity <> economic
tion model growth
Sharif et al.[64] 1983-2016 (monthly data) Wavelet approach Singapore Electricity — Economic

growth (long run)
Electricity <> Economic
growth (medium run)
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Table 4 Summary of the literature of the causal relationship between electricity consumption and sectoral outputs

Author(s) Period Country

Methodology Results

Mawejje and Mawejje [42] Q1 2005-Q1 2015 Uganda

Pei et al. [54]
Nathan and Liew [49]

1975-2009
1980-2010

Malaysia
Cambodia

Granger causality Electricity — industry (long run)
Service — electricity (short run)

No causal relationship in agriculture
Granger causality Electricity — agriculture
ARDL Granger causality Electricity — agriculture
Electricity — industry
Electricity — transport

Service — electricity

Mawejje and Mawejje [42] explore the causal relation-
ship between electricity consumption and sectoral output,
namely agriculture, industry, and services in Uganda using
Granger causality test and found a short-run unidirectional
causal relationship running from the services sector to elec-
tricity consumption and a long-run causal relationship run-
ning from electricity consumption to industrial sector and
no causal relationship between electricity consumption and
agricultural sector was detected. Pei et al. [54] investigate
the causal relationship between electricity consumption and
sectoral output of agriculture, manufacturing, and services
in Malaysia using Granger causality. The results confirm
the existence of a causal relationship running from electric-
ity consumption to agricultural sector and non-existence of
causal relationship between electricity consumption and the
other two sectors (manufacturing and services).

As shown from the previous literature review that the
results of a causal relationship between electricity consump-
tion and real output at the macro level or sectoral levels
are inconclusive, and as pointed out by Zhang et al. [80]
that although there is evidence for the existence of a causal
relationship between electricity consumption and economic
growth, the direction of causality is still debatable among

research and this may be attributed to several factors; some
are related to the selection of variables, sources of data,
methodologies applied, and different energy policies adopted
by different countries.

Overview of electricity sector in Egypt

In Egypt, private companies owned electricity as it was first
launched in 1893. Then, in 1962, the electricity was owned
by the government, and all the private companies were
nationalized. Thus, the electricity industry is a government-
owned monopoly (Yousri, [77]).

Electricity production and consumption have witnessed
a continuous increase during the period 1985-2014, as
shown in Fig. 6. Electricity generation has increased from
31.7 TWhin 1985 to 53.4 TWh in 1995, 104 TWh in 2005
and 170.2 TWh in 2014. Also, electricity consumption has
increased from 24.48 TWh in 1985 to 46.46 TWh in 1995,
95.3 TWh in 2005 and 152.2 TWh in 2014. It can be noticed
also that electricity generation has been in excess over elec-
tricity consumption during this period, making Egypt a net
exporter of electricity over the period 1985-2014.

Fig. 6 Electricity generation 180
and consumption (terawatt-
hours) in Egypt Source: com- 160
piled by the author based on 140 |
The World Bank [70] and [16]
120
100
80
60
40
20

86 88 90 92
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In fiscal year 2015/2016, Egypt’s total installed capacity
of electricity was 38.8 GW and 186.3 GWh was generated
[72]. Moreover, in recent years, Egypt has had challenges
in facing electricity demand among all sectors (agriculture,
industry, services, and residential), which is manifested in
several power blackouts [26], and this can be attributed to
shortages in natural gas production, especially that about
79% of electricity production in Egypt is fueled by natural
gas, increasing energy demand, insufficient production and
transmission capacity, and aging infrastructure [72].

For decades, electricity prices have been subsidized,
where prices were lower than real marginal costs, indicat-
ing rigidity in domestic electricity prices and this has had
bad consequences represented mainly in increasing energy
demand and misusing of electricity, and made a burden on
the government, especially that fueling electricity depends
on non-renewable resources (natural gas) with high marginal
costs unlike renewable resources (wind and solar) with high
fixed costs but nearly zero marginal costs [11, 77]. Also,
electricity subsidies comprise direct and indirect ones. As
for direct, they are related to the provision of electricity to
consumers, and for indirect ones they are related to the sub-
sidies for oil and natural gas production used in the produc-
tion of electricity [6].

The government in 1986 made an attempt to raise energy
prices gradually, but for social reasons this attempt was
stopped [11]. In 2011, total energy subsidies in Egypt
exceeded seven times health expenditures and three times
education spending [33].

In 2012/2013, however, the government began an efficient
pricing scheme by making a gradual increase in the energy
prices and subsidy reform and the increase has reached about
18% in some segments and prices for oil and natural gas
used for electricity production have increased by about 33%
[6, 77]. The government also issued the decree 1257 for
the year 2014 to set electricity prices gradual adjustment

Table 5 Summary of descriptive statistics

plan aimed to increase electricity tariffs gradually during the
period (2014/2015-2018/2019), where tariffs are expected to
increase by 114% and 47% for high-consumption households
and low consumption households, respectively during the
5 years [6, 43].

Moreover, in 2014, the government removed about 22%
of energy subsidies [28] and still this gradual increase in
energy and electricity prices continues especially that one
of the conditional policies for the loan given to the Egyptian
government by IMF in 2016 is to remove energy subsidies.

In addition, the Supreme Council of Energy has imple-
mented a plan aiming at shifting to renewable energy
resources by 2020 to cover 20% of Egypt’s total generated
electricity, where 12% would be provided by wind energy
and the rest of renewable energy resources would be from
biomass, solar, and hydro sources [26].

Data description and econometric modeling

Annual data that cover the period 1971-2013 in this study
are obtained from World Bank indicators [70]. GDP or real
output per capita (y) and sectors value added namely agri-
culture (agr), industry (ind), services (ser) are expressed in
constant local currency while electric power consumption
per capita (ec) is expressed in kilowatt-hours (kWh). I have
converted sectors value added into per-capita terms by divid-
ing them by total population. All variables in this study are
transformed to their natural logarithmic form. Table 5 pro-
vides a summary of descriptive statistics.

Johansen and Juselius [36] maximum likelihood estima-
tion method is conducted to explore the relationship between
electricity consumption and real output at the macro level
and the sectoral levels to investigate the presence of multi-
ple cointegrating vectors. According to Johansen [35] test

Variables ec y agr ind ser

(Variables descrip- [Electric power con- [GDP per capita [Agriculture value added [Industry value added [Services value added

tion) sumption (kWh per (constant LCU)] per capita (constant per capita (constant per capita (constant
capita)] LCU)] LCU)] LCU)]

Mean 6.502223 8.334449 7.472585 8.374866 8.557714

Median 6.544258 8.353844 7.411204 8.442577 8.642332

Maximum 7.438819 8.912873 7.680278 8.949339 9.207509

Minimum 5.280979 7.599717 7.325067 7.475375 7.416246

Standard deviation 0.649698 0.395832 0.103334 0.420582 0.471334

Skewness —0.347312 —0.351940 0.766546 —0.609075 —0.801408

Kurtosis 2.128955 2200418 2.191514 2.525430 2.929334

Jarque—Bera 2.223857 2.033144 6.640834 3.923502 5.093320

Observations 43 43 43 43 43
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for multivariate cointegration, there are two likelihood ratio
tests: maximum eigenvalue test and trace test.

Before conducting Johansen and Juselius [36] maximum
likelihood estimation method, however, stationary will be
tested, as in time series analysis and based upon Engle and
Granger [22], most variables may be non-stationary vari-
ables due to the presence of trends and thus testing for sta-
tionary must be conducted as a first step. Two unit root tests
are conducted; augmented Dickey—Fuller (ADF) [20] and
the Phillips—Perron (PP) [57], however, as stated by Per-
ron [55], failure in detecting structural break(s) may result
in misleading hypothesis testing, so Perron test based on
Dickey—Fuller test adds dummy variables in the ADF test
regression to account for the presence of structural break(s),
then the structural break test is modified with an innovative
outlier and additive one [59]. Thus, for avoiding misleading
results, I conduct two approaches of the Perron and Vogel-
sang [56] unit root test besides ADF and PP tests before
proceeding in conducting Johansen—Juselius cointegration
approach. The first one is the additive outlier (AO) model
permitting immediate change in the time series and the
second one is the innovative outlier (I0) model permitting
gradual shift and adjustment in the mean of the time series
and (AO) model is employed through two steps; the first one
concerned with estimation of

x, =06, +pit+ ¢, DU, +9,DT, +%,. (1)

while the second one estimates

As for (IO) break, however, it can be tested by estimating

X, = 8, + fot + »,DU, + ,D(TB), + byx,_; + Z]];l A _i+ €,

3)

where A is the first difference operator, dummy variables

are represented by DU, which is equal to 1, and DT, is equal

to t—TB if ¢ is greater than TB and zero otherwise, also

D(TB), is equal to one if # = TB + 1 and zero otherwise. ¢,
and ¢, are the residuals [68].

And if it is concluded that time series are non-stationary
at level, then cointegration and vector error correction model
can be employed in the next step.

Moreover, before conducting cointegration analysis, opti-
mal lag length has to be determined using different criteria
as Akaike information criteria (AIC) and Schwartz criteria
(SC), and then after choosing optimal lag length, Johansen
and Juselius [36] maximum likelihood estimation method
will be employed to examine the existence of multiple coin-
tegrating vectors, and then, VECM can be employed to iden-
tify the short-run and long-run relationships between them.

This can be represented by Eqgs. (4) and (5) for model 1
to explore the causal relationship between electricity con-
sumption and real output at the macro level and Eqs. (6),
(7), (8), and (9) for model 2 to explore the causal relation-
ship between electricity consumption and real output at the
sectoral levels. In each equation, it can be noticed that the
dependent variable is explained by itself, the others explana-
tory variables and the error correction term.

k k
~ ~ ~ P P
X =bx_, + Z 9,D(TB),_; + Z C;A%,_; + €, (2) Aec, =+ Zi:] Ynidec,; + Zi:l Y12y, +aject,_; + gy,
J=0 j=1 “
p p
Ay, =, + Z Y218y, + Z yoidec, ; + mect, | + &,
i=1 pay
&)
14 14 14 14
Aec, = @ + Z PriiAec,; + Z PryAagr,_; + Z Pi3;Aind,_; + 2 PraiAser,_; + dect,_ + uy, (6)
i=1 i=1 i=1 i=1
p P P p
Aagr, = ¢y + Z Py Aagr,_; + Z Prrilec,; + Z Pr3;Aind,_; + Z PasiAser,_; + drect,_y + uy, 0
i=1 i=1 i=1 i=1
p p p p
Aind, = @5 + 2 Bs1;Aind,_; + 2 PoiAec,_; + 2 Bs5;Aagr,_; + 2 BssiAser,_; + 9zect,_y + ps, ®
i=1 i=1 i=1 i=1
p , p r
Aser, = @, + Z By Aser,_; + z BiiAec, ; + Z Bz Aagr,_; + z BuuAInd,_; + d4ect,_; + py ©))

i=1 i=1 i=1

i=1

@ Springer



Energy Transitions (2018) 2:31-48

4

where A is the difference operator, ect is the error cor-
rection term, and y, and ¢, are the error terms. y and f are
coefficients of explanatory variables in model 1 and model 2,
respectively, which are concerned with the short-run effect,
while a and d the coefficients of error correction term in
model 1 and model 2, respectively, are concerned with the
speed that the variables in the model could come back to
long-run equilibrium when there is a deviation from it.

For robustness check, Toda and Yamamoto [71] approach
is conducted. This can be done through several steps. The
first step is to detect the order of integration in all-time series
for the purpose of specifying the maximum order of inte-
gration (d,,,y, for all groups of variables. The second step
involves specifying VAR model as follows:

where d,,,, denotes maximum order of integration of all
group variables and k is the optimal lag length. The third
step involves determining optimal lag length in the VAR
model. The final step is estimating Granger test based on
Egs. (10) and (11) for model 1 and Egs. (11) (12), (13), (14),

and (15) for model 2 [9].

Empirical results and discussions

This study examines the causal relationship between elec-
tricity consumption and real output at the macro level and
the sectoral levels, namely agricultural, industrial, and

dumv dumv
=0+ 2 ¢1lect i + 2 ¢2ject —j + Z leyt i + 2 QZJyt—j + His (10)
J=k+1 J=k+1
k nax k Anax
’
=0+ Z 06+ 2 0yi€C,; + Z 01Y-i + Z 02jY1—j + Mo (11)
i=1 Jj=k+1 i=1 j=k+1
c, =0 + z 71,€C,_; + Z Y2j€C,_; + z my;agr,_; + Z Tyagr,_; + z 0,;ind,_;
Jj=k+1 =kt (12)
d!)lll\’ dmax
+ Z 0ind,_; + Z pyiser,_; + Z pyser,_; + &y,
Jj=k+1 i=1 Jj=k+1
k nax k Anax k
/ .
agr, =6' + Z w,ec,_; + Z wyec,_; + Z pagr,_; + Z Bjagr,_; + Z a,;ind,_;
i=1 Jj=k+1 i=1 Jj=k+1 i=1 (13)
dl)lHX dl)l{L‘(
+ Z ayind,_; + Z 9,;ser,_; + Z 9yser,_; + €,
Jj=k+1 i=1 j=k+1
k Drnax k Drnax k
ind, =5" + 2 616C,_; + 2 oyec, ;+ Z o,; agr,_; + Z xy; agr,_; + Z d,;ind,_;
i=1 Jj=k+1 i=1 Jj=k+1 i=1 (14)
Dnax k na
Z 0yind,_; + Z €,; ser,_; + Z €y ser,_; + €3
Jj=k+1 i=1 J=k+1
k dmax k dm{l.’( k
ser, =6"" + Z Q,ec,_; Z Qec, i+ Z ¥, agr,_; Z ¥oagr,_; + Z Ayind,_;
i=1 j—k+1 i=1 Jj=k+1 i=1 (15)
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+ Z Ayind,_; + Z yy;ser,_; + WySer,_; + &y
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Table 6 Results of unit root ADF test statistics

PP test statistics

ADF and PP tests
Variables Level form First differenced form Level form First differenced form
ec —1.875 —5.781%%** —1.875 —5.781%**
y —1.661 —3.948%* —1.661 —3.707%*
agr 1.572645 —3.054 —0.931 —7.9905%**
ind -1.6012 — 4,147 —1.5089 —4.147%**
ser —1.475 —4.454% % —2.945832 —4.780121 %%

*# And *** indicate the rejection of the null hypothesis of ADF and PP tests at 5% and 1% level of signifi-

cance, respectively

Table 7 Results of Perron—Vogelsang test

Variables 10 model AO model
Levels t-statistics ~ Time break  First dif- Time break  Levels t-statistics ~ Time break  First dif- Time break

ferences ferences
t-statistics t-statistics

ec —2.351 1995 —6.361%%** 1985 -3.077 1991 —5.97 %% 1988

y —3.7989 1998 —5.415%%* 1984 —2.262 1992 —4.35237* 1985

agr —2.065 1997 —8.146%** 1995 —2.655 1987 —8.7105%*: 1993

ind —2.081 1989 —5.858%* 1987 —2.687 1988 —4.716%** 1991

ser —4.06 1990 —6.6825%: 1984 -2.399 2003 — 6.84%3%:* 1984

*, #% And *** indicate the rejection of the null hypothesis of Perron—Vogelsang test at 10%, 5% and 1% level of significance, respectively

services sectors in Egypt during the period 1971-2013.
Several steps would be done to explore the causal rela-
tionship between the variables. Augmented Dickey—Fuller
(ADF), Phillips—Perron (PP), and Perron and Vogelsang
[56] unit root tests would be employed for the purpose
of examining the order of integration for every variable.
After testing for stationary, Johansen’s maximum likeli-
hood multiple cointegration approach will be conducted
for exploring the existence of the long-run relationship
among the variables. Then, if the variables are cointe-
grated vector error correction model (VECM) will be
conducted to investigate the causal relationship between
the variables. Moreover, Toda and Yamamota approach is
conducted as a robustness check for causality relationship
between the variables.

I begin with augmented Dickey—Fuller (ADF) and Phil-
lips—Perron (PP) tests to examine the stationary of all the
variables under consideration, where the null hypothesis
is that the series is non-stationary and it is checked on the
time series in levels and first differences. The results are
reported in Table 6.

The results indicated that all the variables (electricity
consumption, real output, agriculture value added, indus-
try value added, and services value added) are integrated
of order 1 and that they are non-stationary at levels using
Phillips— Perron test and ADF test except for agriculture
value added in case of using ADF test.

@ Springer

For the reason of the possibility of the presence of
structural breaks, and aiming at avoiding misleading
results concerning the decision related to the null hypoth-
esis of unit root test, Perron—Vogelsang test is conducted
for robustness and the results are reported in Table 7.

The results indicate that all the variables (electricity
consumption, real output, agriculture value added, indus-
try value added, and services value added) are integrated
of order 1 and that they are non-stationary at levels and sta-
tionary at first differences with different structural breaks as
reported in Table 7.

Table 7 shows that electricity consumption, economic
growth, and sectoral outputs have structural breaks in the
1980s and the 1990s, and these results may be attributed to
several causes; the existence of period of oil boom in the
Arab Gulf states late 1970s and early 1980s where Egypt
benefited from it and also the 1986 oil price collapse [10,
21].

In addition, structural breaks can coincide with a sharp
rise in oil prices in 1990 associated with the Gulf War and
Iraq’s invasion of Kuwait, and UN embargo of crude oil
exports from Iraq and Kuwait, and as a result, oil prices
increased from the second quarter of 1990 to the fourth
quarter of 1990 from 16.1 dollars per barrel to 30 dollars
per barrel, an almost 86.3% increase [69]. Moreover, the
Egyptian government signed an agreement with both the
World Bank and the International Monetary Fund (IMF),
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Table 8 Selection of lag length

Models Lag AIC SC LogL LR
Model 1 0 —2955776  —2.869588  58.15975 NA
1 —8.791616  —8.533050* 173.0407 211.6228*
2 —8.859273* —8.428329 178.3262 9.180029
3 —8.797746  —8.194425 181.1572 4.618978
4 —8.632744  —7.857045 182.0221 1.320213
5 —8.531144  —7.583068 184.0917 2.941020
Model 2 0 —7.549209 —7.376832 147.4350 NA
1 —17.40334  —16.54146* 350.6635 352.9759
2 —17.75449  —16.20309  373.3353 34.60421
3 —18.22174  —15.98083  398.2131 32.73400
4 —18.81388  —15.88347  425.4638 30.11921
5 —19.55281* —15.93288  455.5034 26.87751*

known as the Economic Reform and Structural Adjustment
Program (ERSAP), in 1991 and according to it, the Egyp-
tian government increased electricity prices to about 74% of

Table 9 Results of Johansen cointegration test

long-run marginal costs in 1994 and oil prices to 100% of
international prices [2, 38, 63]. Moreover, economic growth
has risen from 2.1% in 1991 to reach 4.5% in 1995, then
7.5% in 1998 [34].

Since all the variables seem to be integrated of order one,
then investigating the long-run relationship between the var-
iables using Johansen cointegration approach is possible.

Before proceeding with the second step, however, which
focuses on employing Johansen maximum likelihood cointe-
gration test, vector auto regression (VAR) model on the basis
of Schwarz criterion (SC) and Akaike information (AIC) cri-
terion has to be conducted to determine optimal lag length.
The results are presented in Table 8 where the optimal lag
length is 1 for model 1 model 2 based on Schwarz criterion
(SO).

Then, for the purpose of detecting cointegrating vec-
tors of equations’ number, Johansen’s maximum likelihood
multiple cointegration test is employed. The results for both
model 1 and model 2 are presented in Table 9. As for model
1, and based upon trace statistics and maximum eigenvalue,

Hypothesized Rank test (trace) Rank test (maximum eigenvalue)
no. of CE(s
® Eigenvalue Trace statistic 0.05 critical value Prob. Max-Eigen statistic 0.05 critical value Prob.

Model 1

None** 0.470475 25.72818 12.32090 0.0002 25.43099 11.22480 0.0001

At most 1 0.007402 0.297185 4.129906 0.6470 0.297185 4.129906 0.6470
Model 2

None** 0.538143 62.86855 47.85613 0.0011 31.67251 27.58434 0.0141

At most 1 0.395986 31.19604 29.79707 0.0343 20.67044 21.13162 0.0579

At most 2 0.225430 10.52560 15.49471 0.2424 10.47332 14.26460 0.1827

At most 3 0.001274 0.052281 3.841466 0.8191 0.052281 3.841466 0.8191
**Represents the rejection of null hypothesis of no cointegration at 5% significant level
Table 10 Results of VECM for model 1
Dependent variable Source of causation (short-run) Source of causa-

tion (long-run)
ECT
Aec Ay
Aec - 5.370* —0.07%%*
(0.0682) [-5.47]
Ay 7.656%* - 0.017%*
(0.0217) [—2.145]

Diagnostic tests Test-statistics p value
Serial correlation LM 6.691965 0.1531
Jarque—Bera 0.802701 0.6694
Kurtosis 3.345738 0.6513

Numbers in square brackets are t-statistics while those in parentheses are p values

*, #% And ***represent 10%, 5% and 1% level of significance, respectively
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Table 11 Results of VECM for model 2

Dependent variable Source of causation (short-run)

Source of causa-
tion (long-run)

ECT

Aec Aagr Aind Aser

Aec - 0.112 3.933%* 10.58*** —0.002
(0.73) (0.047) (0.0011) [-0.281]

Aagr 0.09 - 2.627 3.7408* 0.0006

(0.76) (0.105) (0.053) [—0.246]
Aind 0.0007 0.356 - 9.50%** —-0.0159

0.977) (0.550) (0.0021) [1.58]
Aser 6.7767*** 4.606%* 6.8%%* - —0.0403***

(0.0092) (0.031) (0.0091) [—6.305]
Diagnostic tests Test-statistics p value
Serial correlation LM 16.58 0.413
Jarque—Bera 1.647768 0.4387
Kurtosis 3.919381 0.2295

Numbers in square brackets are t-statistics while those in parentheses are p values

*, #% And *** represent 10% level, 5% and 1% level of significance, respectively

one cointegrated equation at 5% significant level can be
detected, thus, it can be concluded that electricity consump-
tion and real output are co-integrated in model 1. Similarly,
for model 2, it can be observed that based upon maximum
eigenvalue and trace statistics, electricity consumption, and
real value added for the three sectors (agriculture, industry,
and services) are co-integrated.

Based upon the results of Johansen cointegration test and
the existence of long-run relationship between the variables
in model 1 and model 2, VECM is conducted for Egs. 4, 5, 6,
7,8, and 9. The direction of causality using standard Granger
causality test and the results are reported in Tables 10 and 11
for model 1 and model 2, respectively. The long-run causal
relationship is detected through the significance of the coef-
ficient of error correction term by using 7 test, whereas Wald
statistic determines the short-run causal relationship.

In model 1, the coefficient of the error term in Egs. (4)
and (5) is negative and statistically significant where the
dependent variables are electricity consumption per capita
and real output (real GDP per capita), respectively. This
is an indication for the existence of long-run bidirectional
causal relationship between electricity consumption and
real output. Also, it is shown that the error correction
term is —0.07 in case of electricity consumption being
the dependent variable, so it can be concluded that about
7% of the disequilibrium of electricity consumption per
capita of the shock of previous year can adjust back in
the current year to the long-run equilibrium. Additionally,
the error correction term is —0.017 in case of real output
being the dependent variable, so it can be concluded that
about 1% of the disequilibrium of real output of the shock
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of previous year can adjust back in the current year to the
long-run equilibrium.

The results of Wald statistics also show the existence of
a bidirectional causal relationship between electricity con-
sumption and real output in the short run. These results are
consistent with Wolde—Rufael [73] that also concluded a
bidirectional causal relationship between electricity con-
sumption and economic growth in Egypt but inconsistent
with Sharaf [63] that concluded unidirectional causal rela-
tionship from economic growth to electricity consumption
and Ozturk and Acaravci [53] that found a unidirectional
causal relationship from electricity consumption to eco-
nomic growth. As for the existence of a bidirectional causal
relationship between electricity consumption and real out-
put, it is consistent with the Egyptian case, as mentioned
above that both real GDP per capita and electricity consump-
tion per capita are increasing, and Egypt as a developing
country faces challenges in achieving a high and sustainable
economic growth rate so it depends on energy sources as a
stimulus for accomplishing its development and thus elec-
tricity consumption is needed for achieving high economic
growth. Moreover, the dependence of economic growth on
electricity consumption may be manifested by a decreasing
trend of GDP per unit of electricity consumption where it
has decreased from 8.916 PPP dollar per KWh in 1990 to
7.6 PPP dollar per KWh in 2000 to reach 5.95 PPP dollar
per KWh in 2014 [70], which may be an indication for the
importance and the vital needs of more electricity consump-
tion in achieving more economic growth.

Similarly, economic growth causes greater electric-
ity consumption where some of the resources generated
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from economic growth are devoted towards investment in
advanced technologies aiming at increasing sources of elec-
tricity generation.

As for model 2, the coefficient of the error term in Eq. (9)
is negative and statistically significant at 1% level where the
dependent variable is the real value added of services sector.
This result indicates the existence of unidirectional long-run
causality running from electricity consumption to real value
added in the services sector, and it is shown that the error
correction term is —0.04, so it can be concluded that about
4% of the disequilibrium of value added of services sector
of the shock of previous year can adjust back in the current
year to the long-run equilibrium.

Moreover, unidirectional causality running from value
added in industrial sector to electricity consumption is
detected using Wald statistics, besides the existence of bidi-
rectional causality between electricity consumption and ser-
vices sector in the short run. This may be consistent with the
continuous increase of share of electricity consumption by
the services sector as compared to industrial sector, as repre-
sented above in Table 2; but no causal relationship between
electricity consumption and real value added in the agricul-
tural sector is detected.

Finally, diagnostic tests are presented at the bottom of
Tables 10 and 11 to ensure the robustness of the obtained
results.

Toda and Yamamoto augmented Granger causality is
conducted for robustness check. The first step involves
determining the order of integration for all variables and
from Tables 6 and 7 and based on Phillips—Perron test and

Table 12 Results of Toda and Yamamoto augmented Granger causal-
ity

Causal relationship Chi-sq p value Decision concerning
causal relationship
Model 1
y—ec 4.753 0.029 y causes ec
ec—Yy 14.31 0.0002 ec causes y
Model 2
ec— agr 1.353 0.244 No causal relationship
agr—ec 1.18 0.27 No causal relationship
ec—ind 1.051 0.3051 No causal relationship
ind—ec 3.583 0.058 ind causes ec
ec— ser 3.078 0.079 ec causes ser
ser—ec 8.672 0.0032 Ser causes ec
ind— agr 0.421 0.516 No causal relationship
agr—ind 0.669 0.415 No causal relationship
ser— agr 3.125 0.077 ser causes agr
agr— ser 6.77 0.009 agr causes ser
ind— ser 1.689 0.193 No causal relationship
ser— ind 8.87 0.002 ser causes ind

Perron—Vogelsang test, all the variables are integrated of
order one. Thus, it can be detected that the maximum order
of integration (d,,,,) is one. Additionally, the optimal lag
length is 1, according to Schwarz criterion (SC) for both
model 1 and model 2 based on results from Table 8. Thus,
VAR order is (1 + 1) and the Egs. (10), (11), (12), (13), (14)
and (15) are estimated and then Granger causality is esti-
mated and the results are presented in Table 12.

The results of the Toda—Yamamota causal relationship are
presented in Table 12. For model 1, there exists bidirectional
causality between electricity consumption and real output,
which is consistent with the results from VECM.

As for model 2, there exists bidirectional causality
between real value added in the services sector and elec-
tricity consumption, unidirectional causality from real value
added in the industrial sector to electricity consumption,
and no causal relationship between real value added in the
agricultural sector and electricity consumption and these
results are consistent also with that of VECM in the short
run. Therefore, it can be concluded that the results of Toda
and Yamamoto augmented Granger causality confirm that of
VECM and based upon these results, several recommenda-
tions can be suggested to policymakers.

Conclusions and policy implications

This study explores the causal relationship between electric-
ity consumption and real output at the macro level and the
sectoral levels in three main economic sectors, namely the
agricultural, industrial, and services sectors in Egypt dur-
ing the period 1971-2013. Johansen cointegration approach,
vector error correction model, and Toda and Yamamoto
Augmented Granger causality are employed to achieve the
aim of the study.

Johansen multivariate cointegration approach confirms
the existence of a long-run relationship between the vari-
ables at the macro level and the sectoral levels. In addition,
results from conducting Ganger causality test through apply-
ing VECM and Toda and Yamamoto Augmented Granger
causality show the existence of a feedback hypothesis at the
macro level. At the sectoral levels, the neutrality hypothesis
exists in case of the agricultural sector, whereas the feedback
hypothesis and conservation hypothesis exist for the services
sector and industrial sector, respectively.

Depending upon these results, several policy implica-
tions can be suggested for policymakers. The existence of
bidirectional causality between electricity consumption
and real output at the macro level and between electricity
consumption and real value added in services sector makes
it necessary for the government to design a sustainable
plan aiming at providing efficient electricity supply, as it is
vital for achieving economic growth. Moreover, electricity
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conservation policies and electricity efficient policies can
be adopted aiming at reducing pollutants and avoiding envi-
ronmental degradation, but any possible adverse effect on
economic growth must be taken into consideration while
accomplishing these policies.

Also, the existence of unidirectional causality from indus-
trial output to electricity consumption and non-existence of
causal relationship between agricultural output and elec-
tricity consumption could help policymakers in designing
their conservation electricity policies without much fear of
deteriorating real output in the industrial sector or agricul-
tural one, and some efforts for energy conservation activi-
ties have been adopted by several Egyptian institutions as
those applied in the industrial sector and led to about 25%
of energy saving besides removing, gradually, the historical
energy subsidies [11]. Although several energy conserva-
tion policies have been adopted in Egypt, still more efforts
are needed. These can be accomplished through enhancing
domestic and international competition to help in improv-
ing the quality of the products and decreasing the operating
expenses, besides effective enforcement of the Environ-
mental Law number 4 for the year 1994 to control polluted
emissions and improve water and air quality [11]. Moreover,
incentives for encouraging usage of electricity-efficient tools
and efficient utilization of natural gas and full utilization of
hydropower in an attempt to minimize the dependence on
oil sources can be adopted [11]. The government also must
encourage private-sector companies to invest into clean tech-
nologies and renewable energy resources, as Egypt has enor-
mous renewable energy resources such as wind and solar
energy but investing in them needs huge funds.
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